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ABSTRACT

This study aimed to investigate the effects of volatile organic compounds exposure
on blood and cardiovascular parameters of Petrol station workers of West
Bengal.The study included 153 male Petrol station workers and 50 male control
group individuals of similar socio economic status having age range 20-60 years.
Different hematological parameters and cardiovascular parameters (blood
pressure and heart rate) has been evaluated. Blood samples were collected and
analyzed by fully automated hematology analyzer. The analysis of the results
showed significant hematological changes in exposed workers and 21% workers
were anaemic. There is a significant decline in hemoglobin and RBC count but
significantly higher neutrophil, ESR and eosinophil count were observed compared
to the control group. Besides, significantly higher heart rate, systolic and diastolic
blood pressure was found in exposed group indicating cardiovascular risk,
reflected as hypertension (41.17%). Again, hemoglobin, Red Blood Cell, White
Blood Cell and platelet count declined insignificantly and eosinophil count
increased significantly with increase in exposure duration. ESR and Neutrophil-
Lymphocyte ratio (NLR) values increased maximum above 20 years and between
11-20 years of exposure respectively. This high NLR value is associated with
anaemia and hypertension among petrol filling workers. Thus, NLR value can be
used in routine clinical assessment of anaemia and hypertension. Thus, health of
workers of fuel station should be protected from exposure to benzene and other
toxic substances by introduction of petrol vapour recovery system and minimizing
leakage and spillage, by wearing protective gadgets and by giving health education

and awareness to these workers.

Keywords: Petrol filling workers, hematological parameters, Cardiovascular parameters,

BTEX, Neutrophil -Lymphocyte ratio (NLR).

INTRODUCTION

Benzene is an aromatic hydrocarbon and a natural component of crude oil and natural gas. It is
toxic to the blood and blood-forming organs. Chronic hematotoxic effects of benzene exposure
including reduced lymphocyte, neutrophil and platelet count in peripheral blood have been
detected [1]. The previous studies were carried out on composite fumes evaporating from
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kerosene, petrol and diesel mainly on experimental animals. Benzene, lead and volatile nitrates
have been shown to produce harmful effects on the bone marrow, spleen and lymph nodes [2].
Chronic and long period of exposure to benzene was found to be associated with progressive
degeneration of bone marrow [3]. Elderdery et al [4] showed a significant decrease in
hemoglobin and RBC levels among Petrol Filling workers (PFW). There is a significant harmful
health effect on human exposure to benzene and might be associated with a risk of blood
abnormalities including aplastic anemia, leukemia, lymphoma, pancytopenia and chromosomal
aberration. But exact pathophysiology of hematological effects following exposure to benzene
is still unclear.

Clinical laboratory investigation on effects of benzene exposure on blood level might help in
diagnosis of hematological disorders like anaemia. Complete blood count (CBC) is known to be
an easy, quick method of screening hematotoxicity of benzene [4]. Benzene is metabolized in
liver and bone marrow, hence these are major site of benzene toxicity.

A major effect of long-term benzene exposure is on the blood. Besides causing anaemia, it can
also lead to excessive bleeding and increase the chance of infection. Benzene has a role in
causing human leukemia [5]. Benzene exposure is also linked to the development of multiple
hematological malignancies [6]. Along with benzene exposure, petrol filling workers are also
exposed to air pollutant due to vehicular exhausts. Air pollutants exposure also induces
cardiovascular changes and elevated blood parameters is an established risk factor for
coronary heart disease.

Besides, neutrophil to lymphocyte ratio (NLR) has now adays considered as a novel
inflammatory and oxidative stress marker. The NLR comprises two immune pathways that are
related to the oxidative response and angiotensin Il mediated hypertensive response [7,8]. NLR
has been applied in predicting the prognosis of malignancies, mortality and chronic diseases.

Therefore, the aim of the present study is to
1. Assess the effects of occupational exposure to benzene and air pollutants on
hematopoietic system of petrol filling workers.
2. Assess the effects of work place environmental effluents on Pulse rate and Blood
Pressure among PFW.
3. Investigate the correlation between Neutrophil -Lymphocyte ratio (NLR) and
prevalence of hypertension and anaemia among petrol filling workers of West Bengal.

METHODS AND MATERIAL
This cross-sectional study was carried on petrol filling workers of petrol stations located in
various regions of the Howrah and Hooghly districts of West Bengal. The study population
consisted of 153 male petrol filling workers and 50 male control individuals of same age and
socioeconomic background. The study participants were selected through a simple random
sampling method, which ensures a representative and unbiased sample.

Ethical Considerations

The study has been approved by the Institutional Ethical Committee of Raja Peary Mohan
College under University of Calcutta. Prior to the commencement of the study, written consent
was taken from both the petrol station owners and the workers. The data were only used for
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research purposes and subject to Helsinki Declaration. Individual workers willing to
participate in health checkup was assured confidentiality and anonymity of the data.

Inclusion Criteria
e Participants had to be male.
e Age ranges from 20-60 years.
e Participants must have worked for a minimum 8 hours per day over a period of one
year.
e Participants must not have any prior history of cardiorespiratory and metabolic
disorders.

Sample Size Determination and Sampling Technique

One hundred fifty-three petrol filling workers of 15 petrol stations selected at random mainly
from Howrah and Hooghly district of West Bengal and 50 control group individuals were
included from staff members of college, laboratory workers, shopkeepers and sedentary office
workers. The representative sample size was calculated using PS Power and Sample Size
Calculator Software (Version 3.1.6).

Study of Physical Parameters

Physical characteristics like age, height, weight and Body Mass Index were documented as
standard health criteria. To keep accuracy on demographic data, Aadhar card, anthropometric
rod and weighing machine were used to note age, height and weight respectively. BMI was
calculated using the formula: body weight (in kg) divided by the square of body height (in
meters) 2.

Data Collection and Laboratory Methods

Socio-demographic Data:

Socio-demographic related data were collected using a pretested questionnaire by interview
method comprising of duration of service, smoking habit, education, monthly income, family
member, no. of working days per week, use of protective equipment, any type of cardiac
problem like chest pain, respiratory discomfort during walking and stair climbing etc.

Collection of Blood Samples:

A volume of 5 ml of venous blood was collected from median cubital vein of which 3.5 ml and
1.5 ml were immediately transferred to heparinized and EDTA vial respectively. The
anticoagulant tube blood samples were gently but thoroughly mixed by inversion to ensure
the blood did not clot and then stored in the refrigerator (at 4° C) for a maximum period of 3
days, within which the samples were analyzed for the study of hematological parameters.

Study of Complete Hemogram:
Blood samples collected in heparinized vials were used to analyze complete hemogram by the
help of hematology auto analyzer. The complete hemogram includes

e Hemoglobin concentration

e Total Count of RBC

e Total Count of WBC

e Total Count of Platelets
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e Differential Count of Neutrophils

e Differential Count of Lymphocytes

e Differential Count of Monocytes

e Differential Count of Eosinophils

e Differential Count of Basophils

e Packed Cell Volume (PCV)

e Mean Corpuscular Volume (MCV)

e Mean Corpuscular Hemoglobin (MCH)

e Mean Corpuscular Hemoglobin Concentration (MCHC)
e Erythrocyte Sedimentation Rate (ESR).

The hemiglobincyanide method by Van Kampen and Zijlstra [9] was used to quantify
hemoglobin concentration whereas method provided by Dacie & Lewis [10] was used for Total
Count, Differential Count, cell volumes of blood cell and ESR. In addition, neutrophil to
lymphocyte ratio (NLR) was calculated.

Statistical Analysis

Data were entered and exported into Statistical Package for Social Science (SPSS Version 25.0)
for analysis. The results were summarized as mean + standard deviation (SD), P value < 0.05
was set as statistically significant for all analysis. Student t-test for normally distributed data
and one way ANOVA was used for comparison between groups.

RESULTS

Table 1 represents demographic pattern of both the experimental group and the control
group. 37.2% of petrol filling workers were in the lower age group (20-35 years) and 62.7%
of workers were from a higher age group (36-60 years) in contrast to 56% of control group
individuals were in a lower age group and 44% were in a higher age group. 54.9% PFW and
14% control group individuals were overweight but 5.8% PFW and 4% control group
individuals were underweight. 55.5% of PFW had 1-10 years of working exposure, 18.3% had
11-20 years and 26.1% had >20 years of exposure. 58.8% of PFW and 72% of control group
workers were smoker but 41.2% PFW and 28% of control group workers were nonsmokers.

Table 1: Demographic pattern of both study group and control group

Socio-demographic Petrol Filling Workers Control (n=50)
Characteristics (n=153)
No. of Percentage No. of
participant participants | Percentage

Age in Years 20- 35Years 57 37.2% 28 56 %
36- 60Years 96 62.7% 22 44 %
BMI (kg/m2) | Underweight 9 5.8% 2 4%
Normal 60 39.2% 41 82 %
Overweight 84 54.9% 7 14 %

Type of work | Petrol fillers 153 100% - -
Student - - 8 16 %
Driver - - 3 6 %
Lab - - 7 14 %

Technician
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Office - - 23 46 %
workers
Shop keepers - - 9 18 %
Year of 1-10 Years 85 55.5% - -
Exposure 11-20 Years 28 18.3% - -
>20 Years 40 26.1% - -
Smoking Smokers 90 58.8% 36 72 %
Habit Nonsmokers 63 41.2% 14 28 %

Table 2: Comparison of hematological parameters between PFW and control group

Parameters PFW (n=153) Control (n=50) | P -value
Hemoglobin (g/dl) 13.90 + 1.37 15.50 £ 0.52 0.000Q 1 ****
RBC (millions/cu.mm) 4.70 + 0.43 5.07 £ 0.47 0.0001****
WBC (cu.mm) 8116.34 + 1349.92 | 8462 + 1138.18 0.1
Platelets (Lakhs/cu.mm) 2.56+0.20 2.54+0.26 0.5
Neutrophil (%) 60.63 +6.17 57.02+4.71 | 0.0001****
Lymphocyte (%) 31.89 +6.27 32.32+593 0.6
Monocyte (%) 2.52+0.52 2.62 +0.49 0.2
Eosinophil (%) 5.14 + 2.37 3.4 +0.85 0.000 7 ****
PCV (%) 41.92 +4.08 41.86 + 3.54 0.9
MCV (fl) 89.07 + 1.04 89.47 + 0.65 0.01*
MCH (pg) 29.48 + 0.78 29.83 + 0.55 0.004**
MCHC (gm/dl) 33.17 £ 0.25 33.24+0.32 0.08
ESR (mm/hr) 14.65 + 8.75 6.82 + 2.36 0.0007 ****
NLR 2.01 +0.63 1.82 +0.38 0.04*

P<0.05-* P<0.01-**, P<0.001-***, P <0.0001****

Table 2 represents a comparison of hematological parameters between the PFW and the control
group. The percentage of hemoglobin and total RBC count are lower in PFW than control group.
Neutrophil, ESR and eosinophil count is significantly (P<0.0001) higher in PFW than the control
group. Neutrophil to lymphocyte ratio (NLR) which is considered as an inflammatory marker,
can be utilized to examine various pathological conditions such as chronic kidney disease,
metabolic syndrome, anaemia, cancer and infections. NLR value was significantly higher in
exposed group workers compared to the unexposed control group.

Table 3: Comparison of cardiovascular parameters between PFW and control

Parameters PFW (n=153) | Control (n=50) | P - value
Heart Rate (bpm) 78.12 +10.03 74.64 + 4.24 0.01*
SBP (Hg mm) 132.29+17.46 | 125.44 + 6.04 0.006**
DBP (Hg mm) 85.92 + 12.07 81.08 + 6.77 0.007**
Pulse Pressure (Hg mm) 46.50 + 9.95 44.36 + 5.85 0.1
Mean Arterial Pressure (Hg mm) | 101.42 + 13.18 95.88 + 5.93 0.004**

P<0.05-* P<0.01-**, P<0.001-*** P <0.0001****

roup

Table 3 represents a comparison of cardiovascular parameters between the PFW and the
control group. Heart rate, systolic and diastolic blood pressure and MAP (mean arterial
pressure) were significantly (P< 0.01-0.007) higher in PFW than control group indicating
cardiovascular stress among PFW.
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Table 4: Comparison between hematological and cardiovascular parameters based on
different duration of exposure

Parameters Year of Exposure F P
1-10 year 11-20 years >20 years Value | Value
(n=85) (n=28) (n=40)
Hemoglobin (g/dl) 14.09 +1.07 13.95+1.35 13.47 + 1.50 1.09 0.3
RBC (millions/cu.mm) 476 + 0.41 4.72 + 0.42 4.56 + 0.47 0.69 0.8
WBC (cu.mm) 8043.52 + 8096.42 + 8285 +1254.23 | 1.071 .381
1468.51 1103.69
Platelets 2.54+0.21 2.55+0.18 2.61+0.18 0.74 0.8
(Lakhs/cu.mm)
Neutrophil (%) 60.54 + 6.58 61.14 +591 60.47 + 5.53 1.330 127
Lymphocyte (%) 31.81+592 32.5+841 31.62+5.34 1.057 399
Monocyte (%) 2.54 + 0.54 2.42 +0.50 2.55+ 0.50 945 .566
Eosinophil (%) 5.09 + 2.60 5+1.98 535+2.14 2.062 | .002**
PCV (%) 42.5 +3.83 423 +391 40.6 +4.48 1.1 0.3
MCV (fl) 89.15 + 1.05 89.08 + 0.93 88.88 +1.11 1.07 0.3
MCH (pg) 29.46 +1.01 29.55 +0.27 29.48 + 0.35 0.3 1
MCHC (gm/dl) 33.16 + 0.25 33.17 +0.27 33.17+ 0.25 1.11 0.3
ESR (mm/hr) 13.22+7.61 13.78 +9.32 18.27 +9.74 1.25 0.1
NLR 1.98 + 0.63 2+0.58 1.94 + 0.55 1.1 0.3
HR (bpm) 78.61 +9.65 77.85+12.43 7717 +9.13 0.88 0.65
SBP (Hg mm) 128.54 +16.50 | 131.14 +15.02 140.8 +18.12 1.27 0.1
DBP (Hg mm) 84.02+12.09 86 +10.95 89.55+11.99 1.03 0.4
PP(Hg mm) 44.18 + 8.22 45.57 +7.18 51.8+127 1.44 0.07
MAP (Hg mm) 98.74 +12.97 101.18+12.16 | 106.81 +12.63 1.18 0.2

P<0.05-* P<0.01-**, P<0.001-***, P <0.0001****

Table 4 reflects a comparison between haematological parameters with different levels of year

of exposure.

Haemoglobin and RBC count decrease insignificantly with the duration of

exposure to petrol vapour. WBC count and platelet count elevate insignificantly with an
increase in year of exposure. No significant change was observed in neutrophil, lymphocyte and
monocyte count. Percentage of eosinophil count increases with the duration of exposure. ESR
value increases insignificantly with an increase in year of exposure with the maximum increase
in >20 years of exposure. Heart rate and blood pressure values increase with duration of
exposure, but the F values are not significant.

Table 5: Correlation between year of exposure, age, height, weight and BMI with
hematological and cardiovascular parameters

URL: http://dx.doi.org/10.14738/bjhr.1203.18849.

Parameters Year of Exposure | Age | Body Height | Body Weight | BMI

Hemoglobin (g/dl) -0.25** -0.27** 0.11 0.04 -0.01
RBC (millions/cu.mm) -0.11 -0.08 0.06 0.02 0.001
WBC (cu.mm) 0.05 0.05 -0.05 0.13 0.18*
Platelets (Lakhs/ cu.mm) 0.14 0.13 -0.01 0.05 0.07

Neutrophil (%) 0.04 0.19* -0.08 0.08 0.16*
Lymphocyte (%) -0.01 -0.12 0.05 -0.12 -0.18*
Monocyte (%) -0.02 -0.12 -0.08 -0.12 -0.10
Eosinophil (%) -0.01 0.02 0.13 0.09 0.03
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PCV (%) -0.26%* -0.27* 0.11 0.04 -0.003
MCV (fl) -0.11 -0.09 -0.02 0.01 0.02
MCH (pg) -0.02 -0.09 0.05 -0.16* -0.24*
MCHC (gm/dl) -0.03 -0.07 0.06 -0.08 -0.14
ESR (mm/hr) 0.29** 0.29%* -0.11 -0.001 0.07
NLR 0.02 0.14 -0.10 0.10 0.18*
Heart Rate (bpm) -0.03 -0.02 -0.008 0.01 -0.007
SBP (Hg mm) 0.34** 0.53** 0.10 0.25** 0.24**
DBP (Hg mm) 0.21** 0.35** 0.09 0.29** 0.29**
PP (Hg mm) 0.37** 0.48** 0.10 0.09 0.06
MAP (Hg mm) 0.29%* 0.44%* 0.11 0.29** 0.28**

P<0.05-* P<0.01-**, P<0.001-***, P <0.000 1****

Table 5 represents the correlation between year of exposure, age, body height, body weight and
BMI with different haematological and cardiovascular parameters. A significant negative
correlation has been found between haemoglobin and PCV with age and year of exposure, but
a significant positive correlation exists between ESR, SBP, DBP, PP and MAP with age and
duration of exposure. Neutrophil count value has a significant positive relation with age. A
significant negative correlation has been found between body weight and BMI with MCH but a
significant positive correlation has been present between body weight and BMI with SBP, DBP
and MAP.

Table 6: Effects of smoking habit, high NLR (H-NLR) and high ESR (H-ESR) on the
prevalence of hypertension and anaemia with ODDs Ratio and 95% CI among Petrol

Filling Workers
No. Hypertension Anaemia
Group examined | No. % OR 95%CI | No. % OR 95%CI
Smokers 90 39 | 433% | 1.24 | 0.64-239 | 17 | 18.8% | 0.74 0.34- 1.63
Nonsmokers 63 24 | 38.09% 1 - 15 | 238% | 1 -
H-NLR 11 3 | 27.2% | 051 | 0.13-2.01] 2 |[18.1% | 0.82 0.17 - 4.04
N-NLR 142 60 | 42.2% 1 - 30 [211% | 1 -
H-ESR 42 23 | 54.7% | 2.14* | 1.04-4.41 | 28 | 66.6% | 53.5 | 16.33 - 175.25
kkkk
N-ESR 111 40 [ 36.03% | 1 4 1360% | 1 -
Total 153

P<0.05-* P<0.01-**, P<0.001-***, P <0.0001****

Table 6 represents the effects of smoking habit, high NLR and high ESR value on the prevalence
of hypertension and anaemia with odds ratio and 95% CI. Odds ratio values indicate smoker
PFW are more prone to hypertension. Odds ratio of high ESR are more prone to hypertension
and anaemia. NLR and ESR both are prognostic markers for disease progression, including
diabetes, cardiovascular disease, chronic kidney disease and hypertension. So these values have
predictive abilities, severity and mortality of cardiovascular diseases and others.

Table 7: Multiple logistic regression equation of hypertension and anaemia among
Petrol Filling Workers

Parameters

Coefficient

SE

P value

Adjusted OR

95% Confidence Interval

Lower | Upper
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Hypertension

Age 0.12 0.02 | 0.000Q7**x* 1.13 1.08 1.19
BMI 0.05 0.05 0.3 1.05 0.95 1.16
Smoking habit -0.80 0.45 0.07 0.44 0.18 1.07
Year of Exposure -0.005 0.02 0.8 0.99 0.95 1.04
NLR 0.11 0.33 0.7 1.12 0.58 2.13
ESR 0.008 0.02 0.7 1.00 0.96 1.05
Anaemia

Age 0.01 0.04 0.8 1.01 0.93 1.09
BMI -0.09 0.07 0.2 0.91 0.78 1.05
Smoking habit 0.79 0.77 0.3 2.20 0.48 9.99
Year of Exposure -0.02 0.04 0.6 0.97 0.89 1.06
NLR -0.83 0.61 0.1 0.43 0.12 1.44
ESR 0.39 0.07 | 0.000Q7**x* 1.48 1.28 1.70

P<0.05-* P<0.01-**, P<0.001-*** P <0.0001****

Table 7 shows Multiple Logistic Regression equations of the prevalence of hypertension and
anaemia. From the analysis of the logistic regression equation and the association of age, BMI,
smoking habit and year of exposure, NLR and ESR with the prevalence of hypertension and
anaemia at the multivariate level, it was observed that only age (P<0.0001) was significantly
associated with hypertension. ESR value is significantly associated with anaemia.

Table 8: Comparison of haematological and cardiovascular parameters between

anaemic and on-anaemic PFW

Parameters Anaemic (n=32) | Non-anaemic (n=121) | P -value
Hemoglobin (g/dl) 11.84 +1.08 14.45 + 0.79 0.0001%**x*
RBC (millions/cu.mm) 4.04 + 0.33 4.87 £ 0.26 0.00071#***
WBC (cu.mm) 8087.50 + 1209.30 8123.97 + 1389.30 0.8
Platelets (Lakhs/cu.mm) 2.55+0.23 2.56 +£0.20 0.6
Neutrophil (%) 61 +5.46 60.54 + 6.36 0.5
Lymphocyte (%) 31.34+5.32 32.03 +6.52 0.6
Monocyte (%) 2.72 £ 0.52 247 +0.51 0.02*
Eosinophil (%) 494 + 1.60 5.20 + 2.54 0.4
PCV (%) 35.66 +3.05 43.58 +2.33 0.000 7 ****
MCV (f1) 88.10 £ 1.19 89.32 + 0.84 0.000 7 ****
MCH (pg) 29.24 £ 045 29.54 + 0.84 0.007**
MCHC (gm/dl) 33.18 £ 0.32 33.16 £ 0.23 0.7
ESR (mm/hr) 27.53+7.70 11.24 £ 5.07 0.0001%**x*
NLR 2.02 £0.51 2.00 £ 0.66 0.8

HR (bpm) 78.78 £ 9.94 77.95 +10.09 0.6
SBP (Hg mm) 132.31+£ 13.06 132.41 +18.50 0.9
DBP (Hg mm) 85.31 +8.82 86.08 +12.82 0.6

PP (Hg mm) 47.25 +8.79 46.31+10.24 0.6
MAP (Hg mm) 101.05 £ 8.90 101.51 £ 14.12 0.8

P<0.05-* P<0.01-**, P<0.001-*** P <0.0001****

Table 8 represents a comparison of hematological and cardiovascular parameters between
anaemic and nonanaemic PFW. Hemoglobin, RBC count, PCV, MCV, MCH values are significantly
lower in the anaemic group in comparison to the nonanaemic. Monocyte percentage and ESR
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values increase significantly in anaemic group PFW than non anaemic. WBC and eosinophil
count decrease insignificantly in the anaemic PFW group than the nonanaemic. No such changes
have been found in cardiovascular parameters between the anaemic and the nonanaemic PFW

groups.

Table 9: Comparison of hematological parameters between Hypertensive and

Normotensive PFW

Parameters Hypertensive (n=63) Normotensive (n=90) P - value
Hemoglobin (g/dl) 13.6 +1.52 14.1+1.22 0.03*
RBC (millions/cu.mm) 4.61+0.48 4.76 £ 0.39 0.04*
WBC (cu.mm) 8144.44 + 1347.85 8096.67 + 1358.57 0.8
Platelets (Lakhs/cu.mm) 2.59+0.19 2.54+£0.21 0.1
Neutrophil (%) 61.75+5.70 59.86 + 6.40 0.05*
Lymphocyte (%) 31.14 +6.81 32.41+£5.85 0.2
Monocyte (%) 2.43 +0.53 2.59+0.51 0.06
Eosinophil (%) 5.14 +1.86 5.14 + 2.68 0.9
PCV (%) 41.10 +£4.51 42.50 + 3.66 0.04*
MCV (f1) 88.98 + 1.15 89.13 £ 0.97 0.3
MCH (pg) 29.34+1.18 29.58 £ 0.22 0.1
MCHC (gm/dl) 33.13+0.26 33.19 £0.25 0.2
ESR (mm/hr) 16.73 +7.47 13.19+7.01 0.02*
NLR 2.09 £ 0.63 1.94 + 0.63 0.1

P<0.05-* P<0.01-**, P<0.001-***, P <0.0001****

Table 9 represents a comparison of hematological parameters between the hypertensive and
non-hypertensive group of PFW. Hemoglobin, RBC count, PCV values decrease significantly
but neutrophil count and ESR value increase significantly (P<0.05) in the hypertensive PFW
group compared to the non-hypertensive. An insignificant increase in WBC count and NLR has
been observed in the hypertensive PFW group in comparison to the non-hypertensive group.
Increase in NLR value, ESR and WBC count has high prognostic importance. ESR and NLR
values are also inflammatory markers and indicators of cardiorespiratory and renal function
impairment.

DISCUSSION

The study aimed to investigate the changes in hematological and some biochemical parameters
among petrol station workers exposed to VOCs compared to control group. Environmental
exposure to benzene has long been known as a carcinogen to human blood components. In
addition, occupational exposure to benzene and other volatile organic compounds may cause
non-carcinogenic effects including hematologic, hepatic, neurologic, renal and immunologic
dysfunctions [11]. But the precise mechanism of benzene, xylene, toluene, dust particles (PM1o,
PMz2s), SO2, and NO:2 present in the workplace air is not fully understood. Several studies
indicates that bone marrow failure was found to be one of the serious health problems of
benzene exposure which can impair blood cell formation and can increase the risk of
developing cancer [12]. The principal screening tool for clinical assessment of benzene toxicity
is complete blood count (CBC) including hemoglobin and red blood indices [13].

Services for Science and Education - United Kingdom 222



Majee, A. M. & Basak, S. (2025). Alteration of Hematological and Cardio-Vascular Parameters Among Petrol Filling Workers of West Bengal, India.
British Journal of Healthcare and Medical Research, Vol - 12(03). 214-230.

From the result of this study hemoglobin and total RBC count decreased significantly (p<
0.0001) in petrol filling workers but WBC count decreased insignificantly compared to control
group. A consistent result had been reported from Sudan, Korea and Nigeria [4, 14, 15, 2]. It
was suggested that a reduction in the cell size could be due to the membrane alterations.
Benzene may have an impact on flexibility and permeability of the cell although its mechanism
is not clearly known [16]. Again, metabolism of petrol chemicals leads to the formation of free
radicals that can damage the cell membrane. Further, free radicals produced from benzene and
other VOCs can affect erythrocyte membranes and heme synthesis, resulting in shortened life
span as well as impairment of heme synthesis and as a result lowering of hemoglobin content
and RBC count [17]. This result was in agreement with Ray etal [18]; Lan etal [19]; Mohammed
[20] and D’Andrea and Reddy [21]. But RBC indices - MCV and MCH decreased significantly in
PFW than control group in our study which was inconsistent with the study of Binsaleh et al
[22] where MCH and MCHC values elevated significantly, and no significant difference was
found in MCV between studied group. The difference in these findings might be due to
individual susceptibility to petroleum products, such as benzene [23].

Our study revealed that neutrophil and eosinophil count increased significantly in PFW
compared to control group but total WBC count, lymphocyte and monocyte count decreased
insignificantly in studied groups. The result of our study corroborates with the findings of
D’Andrea and Reddy [21] and Abdel Azia et al [24]. Using animal models Orisakwe et al [25]
reported significantly decreased in PCV and total WBC in a group of rat for 7 days treatment
with 200mg/kg Bonny light crude oil compared to the respective control and before treatment
groups. Chu etal [26] in a 14 days study reported that light gas oil caused a decrease in Hb, PCV
and RBC with bone marrow myeloid hyperplasia and dyserythropoiesis. Except PCV that
showed insignificant variation in our study with human subject, all other blood parameters
mentioned above showed similar results. The variation might be due to variation in nature of
exposure of petroleum product. In animal experiment petroleum products directly or
invasively introduced into the animal body but in our study petroleum product exposure was
made through inhalation and skin contact. In contrast, Salem et al [27] reported significantly
higher Hb level, WBCs and Platelet count in PFW of Libya than those of comparison group.
Again, Salem et al [11] found significantly lower hematocrit value, MCV, MCH and MCHC in
Petrol station attendants of Libya, Tripoli than comparison group. Sirdah et al [28] reported
similar result among workers exposed to petroleum vapour of Gaza except WBCs count where
significantly lower values were recorded. In another study conducted in India Ray et al [18]
also showed a significant increase in WBC count, neutrophils, eosinophils and monocytes in
benzene exposed workers. D’Andrea and Reddy [21] reported that platelet count was
significantly elevated in benzene exposed group compared with the control group. In contrast,
Teklu etal [17] and Ray et al [18] observed lower platelet count in benzene exposed group than
non-exposed group. In present study no significant difference has been found in platelet count
between exposed group and control group.

These conflicting findings could be attributed to many factors like adaptation to petroleum
products such as benzene in the bone marrow with little response from leucocytes [22] which
was supported by the findings of Schlebusch et al [29] where adaptation to toxic chemical has
been reported and ability to tolerate an environmental stressor by Andean population [22].
Another possible explanation could be that exposure to other types of pollutants could
influence the susceptibility to hematotoxicity. Besides, nutritional status, genetic
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polymorphism and individual’s natural ability to detoxify chemicals like benzene might be the
reason for variation in results of different studies. Nourozi et al [30] concluded that certain
specific genotypes increase the susceptibility to benzene induced hematological disorder. Ye et
al [31] and Wan et al [32] indicated that individual with high levels of metabolic enzymes that
oxidize benzene into more toxic metabolites (such as CYP2E1) and low level of metabolic
enzyme that detoxify pathways. In our study ESR value is significantly high in PFW compared
to control group. This finding is the result of the increased inflammatory process in exposed
workers. ESR is very useful nonspecific test for certain chronic infection with or without fever,
inflammatory conditions, anaemia and neoplastic conditions particularly if there is tissue
degeneration or extensive metastasis [33].

In the present study hemoglobin, total RBC, WBC and platelet count decrease insignificantly
with increase in year of exposure. Similar observation of reduction of hemoglobin
concentration was found in studies by Bharmota et al [34]; Mahapatra et al [35]; Joshi et al [1]
and Jabbar et al [36] between 1-5 years and > 5 years of exposure. But RBC count significantly
increase within 1-5 years of exposure and decrease with >5 years of exposure in comparison to
control was observed by Bharmota et al [34]; Firouzkouhi et al [37] and Getu et al [23]. No
significant difference has been found in RBC count in studies by Shilpi et al [38] and Jothery et
al, 2017 [39].

In our study total leucocyte count increase insignificantly with increase in duration of exposure
and maximum increase was observed in >20 years of exposure. No statistically significant
difference in leucocyte count was found in studies by Bharmota et al [34]; Qafishesh et al [40]
and Mohammad [20]. In contrast study of Lavanya et al [41] showed significant decrease while
study of Awodele et al [42] showed significant increase in total WBC count compared to
controls. Besides in present study, neutrophil and lymphocyte count increased maximum in
between 11-20 years of exposure. Eosinophil count increased significantly with increase in year
of exposure. Bharmota et al [34] reported significant neutropenia and lymphocytosis with
increasing duration of exposure in comparison to controls. This finding corroborates with the
study of Elderdery et al [4]. No significant difference in basophil, eosinophil and monocyte
count was observed in a study by Bharmota et al [34] which was not in accordance with our
study. Mahapatra et al [35] observed significant decrease in eosinophil count with increase in
duration of exposure. ESR value increased maximum above 20 years of exposure although this
value was not significant. Neutrophil Lymphocyte ratio increased maximum between 11-20
year of exposure, monocyte count increased maximum between >20 years of exposure.

In the present study insignificant decrease in MCV value was obtained with increase in duration
of exposure. This finding is not in accordance with the studies by Teklu et al [17]; Nair et al [43]
and Bharmota et al [34].

No significant difference has been found in MCH and MCHC values in our study with increase in
duration of exposure. In contrast Bharmota et al [34] and Ajugwo et al [44] found significant
decrease in these parameters with increase in duration of exposure. But values observed by
Mohammed et al [45] corroborate with our study. Hematological parameters when compared
between anaemic and nonanaemic PFW, significant decrease was found in Hb concentration,
RBC count, WBC count, PCV, MCV, MCH and ESR values might be due to long term exposure to
gasoline that can create blood toxicity and decrease in Hb levels. According to Kponee et al [46]
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and Owusu et al [47] polycyclic aromatic hydrocarbons (PHAs) detected in the residue after
gasoline combustion are persistent organic pollutants which can reduce Hb content after long
term exposure. Thus, occupational gasoline exposure may be a potential risk factor for anaemia,
suggested by Getu et al [23] and Garcia-Casal et al [48]. A positive correlation exists between
gasoline exposure concentration and severity of anaemia, consistent with the studies by
Ezejiofor [33]; Ramirez et al [49] and Cakmak et al [50].

The toxic components in gasoline such as benzene may also trigger autoimmune reactions,
causing the immune system to attack its own RBC and resulting in immune mediated hemolytic
anaemia [51]. Besides, benzene has genotoxic effects, causing damage of DNA which can affect
gene expression related to RBC production, resulting anaemia [52].

Previous studies recognize that alterations in hematologic indices have strong link with
hypertension [53, 54, 55]. Sun et al [56] revealed that WBC can independently predict
hypertension in chinese adults. Nakamishi et al [57] demonstrated that WBC count might be an
important risk factor for hypertension in Japanese adult male office workers. Significant
association between WBC count and development of hypertension after adjustment for the
effects of confounding factors such as age, gender, smoking habit, alcohol intake, regular
exercise habits, obesity, diabetes and dyslipidemia was established by Ishida et al [58]. In our
study significant increase in heart rate, systolic and diastolic blood pressure and mean pressure
was observed in PFW than control group. Hypertensive and normotensive PFW in our study
when compared, significant reduction in hemoglobin, total RBC count and PCV was observed
but total WBC count, neutrophil and ESR value increased significantly in hypertensive
compared to normotensive person. Siedlinski et al [59] concluded that high blood lymphocyte
count may play a causal role in the development of hypertension. It was also observed that
blood lymphocyte count might influence albuminuria which might be the underlying
mechanism of hypertension. It is hypothesized that WBC count might reflect chronic
inflammation which could lead to endothelial dysfunction [60]. Other possible mechanism of
hypertension might be arteriosclerotic changes, vasoconstriction, greater sympathetic tone and
chronic kidney disease [61-66].

In the present study neutrophil lymphocyte ratio (NLR) increases in hypertensive PFW
compared to control group which is associated with increased risk of hypertension suggested
by Sarejloo et al [67]. Wang et al [68] indicated that the NLR might be a predictor of mortality
and cardiovascular events in patients undergoing angiography. Balta et al [69] proposed that
NLR might have correlation with vascular disease associated risk factor.

In the present study it is focused that NLR value is insignificantly higher in anaemic which is
in agreement with the study by Singh [70]. Sharma et al [71] indicated that elevated NLR
combined with decrease Hb predicted the onset of major adverse cardiovascular events in
patients with SI- elevation myocardial infraction. NLR is also an emerging marker in patients
with heart failure, acute coronary syndrome, hypertension and diabetes [71-73, 7]. In our
study NLR value is insignificantly high in hypertensive PFW in comparison to non-
hypertensive PFW, indication association of NLR value with hypertension as well as anaemia
[71].
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Neutrophil and lymphocyte count are valuable blood parameters provide insights into systemic
inflammatory status and balance between natural immunity (neutrophil) and acquired
immunity (lymphocyte). The ratio of this count is called NLR, a more predictive indicator than
either parameter alone [74]. NLR has demonstrated a predictive ability towards severity and
mortality of cardiovascular diseases [75, 76]. Zhang et al [77] have underscored the pivotal role
of inflammation and immune responses in the onset and persistence of hypertension,
contributing to elevated blood pressure by triggering vascular inflammation and micro
vascular remodeling. Thus, our study demonstrated elevated NLR in anemic subjects as well as
hypertensive PFW. So NLR can be used in routine chemical assessment of anemia and
hypertension among PFW.

CONCLUSION

This study concluded that there are variations in hematological parameters among PFW mainly
hemoglobin, total RBC count, neutrophil and eosinophil count, RBC indices compared to control
although variation in result are not always consistent with other studies. These mixed results
highlight the multifaceted nature of workplace environment in petrol stations that can
influence hematological health. However, long term exposure to volatile organic compounds
such as benzene, xylene, toluene might have effects on human hematopoietic system and
suppression of bone marrow to cause abnormal hematological profile and other related health
complications like hypertension and anaemia.

There is statistically significant correlation between age, year of exposure and BMI with most
of the hematological parameters indicating that age, year of exposure and nutritional status
have strong impact on variation of hematological parameters of PFW. Crude OR values indicate
smoking habit as important risk factor for hypertension and high ESR value is the risk factor
for prevalence of hypertension and anaemia. Multiple logistic regression equations indicate age
is the risk factor for prevalence of hypertension and ESR value is the significant risk factor for
prevalence of anaemia among PFW. The results indicate increase exposure to VOC of petrol
station is associated with higher incidence of anaemia and decrease in Hb concentration.
Besides higher NLR value indicates the incidence of hypertension among PFW.

Therefore, it is necessary to improve the workspace air quality of petrol station by application
of sophisticated technologies and equipments like Petrol vapour recovery system, use of
protective gadgets like gloves, masks and protective clothing, periodic health assessment,
screening and health education. Thus, health of the workers will remain protected that can
reduce the absenteeism as well as early mortality among these petrol station workers and
society will be benefitted and productivity will be increased.

ACKNOWLEDGEMENT
The authors are thankful to the authorities and workers of all participating petrol stations for
permitting us and actively engaged in our research study. Special thanks to Mr. Somnath
Chatterjee, management person ale of Petrol stations for his unconditional support in every
sphere of this study.

References
1. Joshi D, Awasthi G, Mandal T K. Impact of long term exposure to petroleum products on hematological
parameters in petrol pump workers of Dehradun region. Int. ] Pure App Biosci. 2019; 7(2): 446-454.

Services for Science and Education - United Kingdom 226



Majee, A. M. & Basak, S. (2025). Alteration of Hematological and Cardio-Vascular Parameters Among Petrol Filling Workers of West Bengal, India.
British Journal of Healthcare and Medical Research, Vol - 12(03). 214-230.

2. Okoro AM, Ani EJ, Ibu JO, Akpogomeh BA. Effect of petroleum products inhalation on some haematological
indices of fuel attendants in Calabar metropolis, Nigeria. Niger ] Physiol Sci. 2006;21(1-2):71-5.

3. Abraham NG. Hematopoietic effects of benzene inhalation assessed by long-term bone marrow culture.
Environ Health Perspect. 1996 Dec;104(suppl 6):1277-82.

4. Elderdery AY, Ahmed ME, Ali NY, Elsaken AA, AbdElgabar RE, Elbashier RA, et al. Alterations in
haematological parameters among workers of fuel stations in White Nile State, Sudan. International Journal
of Biomedical and Advance Research. 2015;6(11):780-4.

5. Patel AS, Talbott EO, Zborowski ] V, Rycheck JA, Dell D, Xu X, et al. Risk of cancer as a result of community
exposure to gasoline vapors. Arch Environ Health. 2004 Oct;59(10):497-503.

6. Khalade A, Jaakkola MS, Pukkala E, Jaakkola JJK. Exposure to benzene at work and the risk of leukemia: a
systematic review and meta-analysis. Environ Health. 2010 Jun 28;9:31.

7. LiuX, Zhang Q, Wu H, Du H, Liu L, Shi H, et al. Blood Neutrophil to Lymphocyte Ratio as a Predictor of
Hypertension. Am ] Hypertens. 2015 Nov;28(11):1339-46.

8. Guzik T], Hoch NE, Brown KA, McCann LA, Rahman A, Dikalov §, et al. Role of the T cell in the genesis of
angiotensin Il induced hypertension and vascular dysfunction. ] Exp Med. 2007 Oct 1;204(10):2449-60.

9. van Kampen EJ, Zijlstra WG. Standardization of hemoglobinometry II. The hemiglobincyanide method.
Clinica Chimica Acta. 1961 Jul;6(4):538-44.

10. Dacie ]V, Lewis S M (1995). Practical haematology, oth ed., International Student Edition.

11. Salem GM, Aljidaemi FF, Hwisa SA, Hasan HMA, Zaid AA, Amer 10. of the Human Resources Office at the
Health Services Administration 2024. Vol. 20, Nanotechnology Perceptions.

12. Tunsaringkarn T, Soogarun S, Palasuwan A. Occupational exposure to benzene and changes in hematological
parameters and urinary trans, trans-muconic acid. Int ] Occup Environ Med. 2013 Jan;4(1):45-9.

13. Verma DK, des Tombe K. Benzene in gasoline and crude oil: occupational and environmental implications.
AIHA | (Fairfax, Va). 2002;63(2):225-30.

14. Kang SK, Kim EA. Occupational Diseases in Korea. ] Korean Med Sci. 2010;25(Suppl):S4.

15. Ibeh N, Aneke ], Okocha C, Ogenyi S. Study of haematological parameters of lubricating engine oil factory
workers and controls in Nnewi, South-East Nigeria. Tropical Journal of Medical Research. 2016;19(2):124.

16. Williams Lippincott, Wilkins. Wintrobe’s Clinical Hematology. 12th ed. Philadelphia; 2009.

17. Teklu G, Negash M, Asefaw T, Tesfay F, Gebremariam G, Teklehaimanot G, et al. Effect of Gasoline Exposure
on Hematological Parameters of Gas Station Workers in Mekelle City, Tigray Region, Northern Ethiopia. ]
Blood Med. 2021 Sep;Volume 12:839-47.

18. Ray MR, Roychoudhury S, Mukherjee S, Lahiri T. Occupational benzene exposure from vehicular sources in
India and its effect on hematology, lymphocyte subsets and platelet P-selectin expression. Toxicol Ind Health.
2007 Apr;23(3):167-75.

19. Lan Q, Zhang L, Li G, Vermeulen R, Weinberg RS, Dosemeci M, et al. Hematotoxicity in Workers Exposed to
Low Levels of Benzene. Science (1979). 2004 Dec 3;306(5702):1774-6.

20. Mohammed S. Hematological, Biochemical and Blood Lead Level Profile among Gasoline Exposed Station
Workers in Sulaimaniya City. ARO, The Scientific Journal of Koya University. 2014;2(1):6-11.

21. D’Andrea MA, Reddy GK. Hematological and hepatic alterations in nonsmoking residents exposed to benzene
following a flaring incident at the British petroleum plant in Texas City. Environ Health. 2014 Dec 20;13:115.

22. Binsaleh NK, Eltayeb R, Bashir EM, Idris HME, Althobiti MM, Ahmed HG, et al. Insight into hematological
parameters of petrol station workers. Eur Rev Med Pharmacol Sci. 2024 Apr;28(8):3135-43.

23. Getu S, Shiferaw E, Melku M. Assessment of hematological parameters of petrol filling workers at petrol
stations in Gondar town, Northwest Ethiopia: a comparative cross-sectional study. Environ Health Prev Med.
2020 Aug 29;25(1):44.

227
URL: http://dx.doi.org/10.14738/bjhr.1203.18849.



British Journal of Healthcare and Medical Research (BJHR) Vol 12, Issue 03, June-2025

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Azia A. Hematological and Biochemical Studies for Gasoline Toxicity Among Gasoline Workers In Gaza Strip.
J. Al-Agsa Unv. 2006; 10.

Orisakwe OE, Akumka DD, Njan AA, Afonne O], Okechi 00. Hepatotoxic and haematological effects of
Nigerian Bonny light crude oil in male albino rats. Toxicol Environ Chem. 2005 Apr;87(2):215-21.

Chu I, Villeneuve DC, Secours VE, Otson R, Valli VE. Short-term dermal toxicity and mutagenicity of coal
coprocessing products in the rat. ] Toxicol Environ Health. 1991 Jul;33(3):317-26.

Salem GM, Shaboun S, Algamodei YM, Almalyan MF, Althwadi EM, Zaid AA, et al. Effect of occupational
exposure on hematological and biochemical parameters in workers at oil and gas companies. 2022;2(1):100-
108

Sirdah MM, Al Laham NA, El Madhoun RA. Possible health effects of liquefied petroleum gas on workers at
filling and distribution stations of Gaza governorates. Eastern Mediterranean Health Journal. 2013 Mar
1;19(03):289-94.

Schlebusch CM, Gattepaille LM, Engstrom K, Vahter M, Jakobsson M, Broberg K. Human adaptation to
arsenic-rich environments. Mol Biol Evol. 2015 Jun;32(6):1544-55.

Nourozi MA, Neghab M, Bazzaz JT, Nejat S, Mansoori Y, Shahtaheri S]. Association between polymorphism of
GSTP1, GSTT1, GSTM1 and CYP2E1 genes and susceptibility to benzene-induced hematotoxicity. Arch
Toxicol. 2018 Jun;92(6):1983-90.

Ye L 1i, Zhang G hui, Huang ] wen, Li Y, Zheng G giao, Zhang D ting, et al. Are polymorphisms in metabolism
protective or a risk for reduced white blood cell counts in a Chinese population with low occupational
benzene exposures? Int ] Occup Environ Health. 2015;21(3):232-40.

Wan ], Shi ], Hui L, Wu D, Jin X, Zhao N, et al. Association of genetic polymorphisms in CYP2E1, MPO, NQO1,
GSTM1, and GSTT1 genes with benzene poisoning. Environ Health Perspect. 2002 Dec;110(12):1213-8.

Ndubuisi Ezejiofor TI. Haematological Indicators of Exposure to Petroleum Products in Petroleum Refining
and Distribution Industry Workers in Nigeria. ] Clin Toxicol. 2016;06(01).

Bharmota V, Singh ], Kaur Bagga P, Paul R, Singh Pannu ], Randhawa M. Assessment of haematologicaland
biochemical parameters in petrol pump workers in amritsar, punjab- a comparative study. Int ] Sci Res. 2023
Apr 1;36-9.

Mahapatra AK, Pradhan SR, Patnaik JR. Assessment of Haematological Parameters among Petrol Pump
Workers in Bhubaneswar. International Journal of Medical Research Professionals. 2016 Sep;2(5).

Sajid Jabbar A, Ali ET. Impact of Petroleum Exposure on Some Hematological Indices, Interleukin-6, and
Inflammatory Markers of Workers at Petroleum Stations in Basra City. ] Environ Public Health.
2020:7693891.

Firouzkouhi M, Abdollahimohammad A, Babaiepur-Diveshali M, Firouzkouhi A, Shaikh M. Effects of Gasoline
on Blood, Kidney and Liver Parameters of Unregulated Gasoline Traders. Scholar Research Library.
2016;8(8):58-61.

Shilpi, Sreedhar G, Shafi Dar M, Baghel A, Singh A, Sonam M. Cytogenetic Biomonitoring among Petrol Filling
Station Workers; A Hematological and Micronucleus Study. International Journal of Contemporary Medical
Research. 2016;3(7):2060-2063.

Handil Al Jothery A, Tareq Al-hassnwi A, Jothery A. Changes in the hematological profile among workers at
patrol stations in Babil Province/Iraq. Mesopo Environ j. 2017;3(4):25-32.

Qafisheh N, Mohamed OH, Elhassan A, Ibrahim A, Hamdan M. Effects of the occupational exposure on health
status among petroleum station workers, Khartoum State, Sudan. Toxicol Rep. 2021;8:171-6.

Lavanya M, Rajanand G, Kumar ZN. A study of blood cell count in petrol pump workers. ] Evol Med Dent Sci.
2016 Nov 5;5(89):6611-3.

Awodele O, Sulayman AA, Akintonwa A. Evaluation of haematological, hepatic and renal functions of
petroleum tanker drivers in Lagos, Nigeria. Afr Health Sci. 2014 Mar 11;14(1):178.

Services for Science and Education - United Kingdom 228



Majee, A. M. & Basak, S. (2025). Alteration of Hematological and Cardio-Vascular Parameters Among Petrol Filling Workers of West Bengal, India.
British Journal of Healthcare and Medical Research, Vol - 12(03). 214-230.

43. Nair DS, Yogesh Bedekar M, Agrawal M], Professor A. Deleterious Effects of Petrol Fumes on Erythrocytes.
International Journal of Health Sciences & Research (www.ijhsr.org) [Internet]. 2015;5:237.

44. 0. Ajugwo A, C. Adias T, Aghatise K, K. Fadairo ], U. Nyenke C. Reduced Haematological Indices in Auto-
Mechanics and Fuel Attendants in Elele Nigeria. American Journal of Medical and Biological Research. 2014
Feb 3;2(1):1-4.

45. Riaz MA, ljaz B, Riaz A. Overview of Occupational Exposure to Petroleum Derivatives and Risk of Anemia in
Petrol Station Workers. Greener Journal of Environmental Management and Public Safety. 2014;3(1):021-
25.

46. Kponee KZ, Chiger A, Kakulu II, Vorhees D, Heiger-Bernays W. Petroleum contaminated water and health
symptoms: a cross-sectional pilot study in a rural Nigerian community. Environ Health. 2015 Nov 6;14:86.

47. Owusu BA, Lim A, Pongsiri N, Intawong C, Rheanpumikankit S, Suksri S, et al. Latent Trajectories of
Haematological, Hepatic, and Renal Profiles after Oil Spill Exposure: A Longitudinal Analysis. Int ] Environ
Res Public Health. 2023 Feb 6;20(4).

48. Garcia-Casal MN, Dary O, Jefferds ME, Pasricha SR. Diagnosing anemia: Challenges selecting methods,
addressing underlying causes, and implementing actions at the public health level. Ann N'Y Acad Sci. 2023
Jun;1524(1):37-50.

49. Ramirez MI], Arevalo AP, Sotomayor S, Bailon-Moscoso N. Contamination by oil crude extraction - Refinement
and their effects on human health. Environ Pollut. 2017 Dec;231(Pt 1):415-25.

50. Cakmak S, Cole C, Hebbern C, Andrade ], Dales R. Associations between blood volatile organic compounds,
and changes in hematologic and biochemical profiles, in a population-based study. Environ Int. 2020
Dec;145:106121.

51. Caiado F, Pietras EM, Manz MG. Inflammation as a regulator of hematopoietic stem cell function in disease,
aging, and clonal selection. ] Exp Med. 2021 Jul 5;218(7).

52. Monyarch G, de Castro Reis F, Zock JP, Giraldo ], Pozo-Rodriguez F, Espinosa A, et al. Chromosomal bands
affected by acute oil exposure and DNA repair errors. PLoS One. 2013;8(11):e81276.

53. Tsuda K. Red blood cell abnormalities and hypertension. Hypertens Res. 2020 Jan;43(1):72-3.

54. Tsuda K, Kimura K, Nishio I, Masuyama Y. Nitric oxide improves membrane fluidity of erythrocytes in
essential hypertension: An electron paramagnetic resonance investigation. Biochem Biophys Res Commun.
2000 Sep 7;275(3):946-54.

55. Leo F, Suvorava T, Heuser SK, Li ], LoBue A, Barbarino F, et al. Red Blood Cell and Endothelial eNOS
Independently Regulate Circulating Nitric Oxide Metabolites and Blood Pressure. Circulation. 2021 Sep
14;144(11):870-89.

56. Sun YT, Gong Y, Zhu R, Liu X, Zhu Y, Wang Y, et al. Relationship between white blood cells and hypertension
in Chinese adults: the Cardiometabolic Risk in Chinese (CRC) study. Clin Exp Hypertens. 2015;37(7):594-8.

57. Nakanishi N, Sato M, Shirai K, Suzuki K, Tatara K. White blood cell count as a risk factor for hypertension; a
study of Japanese male office workers. ] Hypertens. 2002 May;20(5):851-7.

58. Ishida S, Kondo S, Funakoshi S, Satoh A, Maeda T, Kawazoe M, et al. White blood cell count and incidence of
hypertension in the general Japanese population: ISSA-CKD study. PLoS One. 2021;16(2):e0246304.

59. Siedlinski M, Jozefczuk E, Xu X, Teumer A, Evangelou E, Schnabel RB, et al. White Blood Cells and Blood
Pressure. Circulation. 2020 Apr 21;141(16):1307-17.

60. Elkind MS 'V, Sciacca RR, Boden-Albala B, Tondella MLC, Feikin DR, Fields BS, et al. Leukocyte count is
associated with reduced endothelial reactivity. Atherosclerosis. 2005 Aug;181(2):329-38.

61. Jia B, Jiang C, Song Y, Duan C, Liu L, Liu C, et al. Association Between White Blood Cell Counts and Brachial-
Ankle Pulse Wave Velocity in Chinese Hypertensive Adults: A Cross-Sectional Study. Angiology. 2022
Jan;73(1):42-50.

URL: http://dx.doi.org/10.14738/bjhr.1203.18849.



British Journal of Healthcare and Medical Research (BJHR) Vol 12, Issue 03, June-2025

62.

63.

64.

65.

66.

67.

68.

69.

70.
71.

72.

73.

74.

75.

76.

77.

Huang M, Li F, Chen S, Liu M, Qin W, Wu ], et al. Total White Blood Cell Count is Associated with Arterial
Stiffness Among Hypertensive Patients. Angiology. 2023 Aug;74(7):657-63

Told R, Fuchsjager-Mayrl G, Wolzt M, Schmetterer L, Garhofer G. Effects of increased white blood cell count
on endothelin-induced vasoconstriction in healthy subjects. Exp Eye Res. 2012 Apr;97(1):49-54.

Friedman GD, Selby ] V, Quesenberry CP. The leukocyte count: a predictor of hypertension. ] Clin Epidemiol.
1990;43(9):907-11.

FanF, Jia ], Li ], Huo Y, Zhang Y. White blood cell count predicts the odds of kidney function decline in a
Chinese community-based population. BMC Nephrol. 2017 Jun 7;18(1):190.

Fedak KM, Good N, Walker ES, Balmes |, Brook RD, Clark ML, et al. Acute Effects on Blood Pressure Following
Controlled Exposure to Cookstove Air Pollution in the STOVES Study. ] Am Heart Assoc. 2019 Jul 16;8(14):
e012246.

Sarejloo S, Dehesh M, Fathi M, Khanzadeh M, Lucke-Wold B, Ghaedi A, et al. Meta-analysis of differences in
neutrophil to lymphocyte ratio between hypertensive and non-hypertensive individuals. BMC Cardiovasc
Disord. 2023 Jun 3;23(1):283.

Wang X, Zhang G, Jiang X, Zhu H, Lu Z, Xu L. Neutrophil to lymphocyte ratio in relation to risk of all-cause
mortality and cardiovascular events among patients undergoing angiography or cardiac revascularization: a
meta-analysis of observational studies. Atherosclerosis. 2014 May;234(1):206-13.

Balta S, Celik T, Mikhailidis DP, Ozturk C, Demirkol S, Aparci M, et al. The Relation Between Atherosclerosis
and the Neutrophil-Lymphocyte Ratio. Clin Appl Thromb Hemost. 2016 Jul;22(5):405-11.

Singh K. Leucocyte counts in anaemia. Indian ] Physiol Pharmacol. 2010;54(1):85-8.

Sharma DJ, Nath HJ, Batta A, Goala AK. Neutrophil-to-Lymphocyte Ratio (NLR) Useful as a Cost-Effective
Preliminary Prognostic Marker in ST-Elevation Myocardial Infarction (STEMI): An Observational Study from
a Tertiary Care Hospital in Northeast India. Cureus. 2023 Mar 29;

Curran FM, Bhalraam U, Mohan M, Singh S, Anker SD, Dickstein K, et al. Neutrophil-to-lymphocyte ratio and
outcomes in patients with new-onset or worsening heart failure with reduced and preserved ejection
fraction. ESC Heart Fail. 2021 Aug 16;8(4):3168-79.

Alfhili MA, Alsughayyir |, Basudan A, Ghneim HK, Aboul-Soud MAM, Marie M, et al. Isolated and Combined
Effect of Age and Gender on Neutrophil-Lymphocyte Ratio in the Hyperglycemic Saudi Population. Medicina
(B Aires). 2022 Aug 3;58(8):1040.

Bhat T, Teli S, Rijal ], Bhat H, Raza M, Khoueiry G, et al. Neutrophil to lymphocyte ratio and cardiovascular
diseases: a review. Expert Rev Cardiovasc Ther. 2013 Jan;11(1):55-9.

Buonacera A, Stancanelli B, Colaci M, Malatino L. Neutrophil to Lymphocyte Ratio: An Emerging Marker of
the Relationships between the Immune System and Diseases. Int ] Mol Sci. 2022 Mar 26;23(7).

Wu CC, Wu CH, Lee CH, Cheng CI. Association between neutrophil percentage-to-albumin ratio (NPAR),
neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR) and long-term mortality in
community-dwelling adults with heart failure: evidence from US NHANES 2005-2016. BMC Cardiovasc
Disord. 2023 Jun 21;23(1):312.

Zhang X, Wei R, Wang X, Zhang W, Li M, Ni T, et al. The neutrophil-to-lymphocyte ratio is associated with all-
cause and cardiovascular mortality among individuals with hypertension. Cardiovasc Diabetol. 2024 Apr
2;23(1):117.

Services for Science and Education - United Kingdom 230



