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Introduction: The aim of our study was to compare complete blood count
(CBC) parameters between two populations to determine if there is a need for
intervention to improve the health status of workers in the work place .
Methods: This study utilized a comparative cross-sectional studydesign. A
total of 654 male workers aged 20-69 years at the Shahid Hasheminejad Gas
Processing Company (S.G.P.C) were included. Additionally, a control group of
employees in Mashhad city (N=681), matched for age and sex, were enrolled
in the study. Fasting blood samples were collected from both groups and
blood parameters for all participants were analyzed.

Results: Employees exposed to gas in S.G.P.C had higher white blood cell
(WBC) and red blood cell (RBC) counts compared to the control group (P-
value<0.05). Furthermore, mean corpuscular hemoglobin concentration
(MCHC) and mean corpuscular hemoglobin (MCH) were significantly higher
in the control group (P-value<0.01). However, there was no significant
difference in hemoglobin (Hb) levels between the two groups (P-value>O0.
05) .

Conclusion: Occupational status and working environment may contribute
to higher RBC and WBC counts in exposed workers.
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Introduction

Life style is an important aspect of life,
consistently affecting human health. Jobs and
occupations, as parts of life style have
considerable effects on health in various
ways. The working environment plays a very
influential role, especially for individuals
living away from their families in specific
dormitories or other separated places with
certain nourishing programs (1). An
association between several syndromes and
particulate matter exposure has been
suggested (2). Economic concerns, being
away from family and hometown, or just the
conditions of workmay cause occupational
stress, which is a source of many
psycho/neuro/digestive diseases.
Additionally, depending on the nature of
work, workers are faced with a variety of
exposures such as radiations, gas, chemicals
and even over exposure to sunlight. Work or
occupational activity may lead to persistent
illnesses. Anemia and leukemia are two
examples that can be regarded as disorders
related to occupational diseases (3).

A complete blood count (CBC) is a set of
blood markers that is usually ordered for
health checks prior to recruitment.
Monitoring overall health and screening for
certain medical conditions are among the
advantageous applications of CBC (4). Recent
evidence suggests that CBC may be a helpful
test for monitoring the health of
employeeswho have been exposed to
benzene (5).

Lifestyle factors such as hours of work can
affect an individual’s white blood cell (WBC)
count. Exposure to polycyclic aromatic
hydrocarbons (PAH) is associated with
higher levels of WBC count among
petrochemical workers (6). A previous study
on a population of Iranian adult workers who
had exposure to H2S, found that the mean
methemoglobin and sulfhemoglobin levels
were significantly higher than the normal
population (7). Other studies suggest that
exposure to benzene can depress bone
marrow and lead to a decrease in hemoglobin
(Hb), hematocrit (Hct) and eosinophil counts
(8). Another study reported that among
Iranian subjects, the inflammatory marker,
high-sensitivity C-reactive protein (hs-CRP)
is strongly and positively associated with a
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marker of oxidative stress and several
traditional risk factors of cardiovascular
disease (CVD) (9). It is likely that connections
exist between psychological and physical
aspects of the workplace and certain CBC
indices such as WBC, neutrophils, and
lymphocytes.

The aim of this study was to compare CBC
parameters between these two populations
of employees to identify any potential health
issues related to occupational situations and
determine if any health interventions (such
as changes in food, environment, health care,
physical activity, or sleep habits) are required
to improve personal health and job efficacy .

Methods
1. Study Population

This study utilized a comparative cross-
sectional design. The survey was conducted
on 654 men aged 30-65 years old who were
employees of Shahid Hasheminejad Gas
Processing Company (S.G.P.C) in Sarakhs, and
681 males from Mashhad, who had no
working involvement with occupational
exposure to gas or other chemicals, served as
the control group (9). The majority of gas
company employees work away from their
families and cities. S.G.P.C provided similar
facilities for all its employees. All
demographic and socioeconomic data,
including age, gender, residential
information, educational and marital status,
occupational history, and smoking habits,
were collected using an interviewer-
administered questionnaire. Participants
were included in the study based on having
no significant medical history and not being
on any medication within the previous 3
months. Subjects with poorly controlled
diabetes (glycated hemoglobin, HbAlc >7%)
(10), severe hypertension (11), and overt
signs/symptoms  of CVD, endocrine
abnormalities, or those who chose not to
participate were excluded from the study.

Anthropometric and Other Measurements

All patients wore light clothing and fasted
overnight when their height and weight were
measured. Height was measured with a
standard scale to an accuracy of 0.1 cm, and
body weight (BW) to an accuracy of +0.1 kg.
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Body mass index (BMI) and body fat mass
were measured using a body composition
analyzer BC-418 (Tanita, Tokyo, Japan)
following a standard protocol. BMI was
calculated as weight (kg) divided by height
squared (m2). Hip circumference (HC) was
measured at the levels of the major
trochanters through the pubic symphysis,
and waist circumference was measured mid-
way between the lateral lower rib margin and
the iliac crest with a scale to the nearest +0.1
cm. The demi-span was measured with an
accuracy of 0.1 cm (12).

Dietary intake was assessed using a 24-hour
dietary recall based on Iranian foods (13).
Additionally, a self-rating scale was used to
detect depression and anxiety in all
participants (14,15).

Blood sampling

After a 12-hour fasting period, blood
samples were collected from each subject.
CBC was measured using the Sysmex auto
analyzer system KX-21 N in whole blood.
Blood samples were collected into
“Vacutainer®” tubes, centrifuged at 5000 g
for 15 minutes at 482C, and aliquots of serum
were frozen at -80 degrees Celsius for future
analysis. A lipid profile, including total
cholesterol, triglycerides,  high-density
lipoprotein cholesterol (HDL-C) and low-
density lipoprotein cholesterol (LDL-C), was
determined for each fully fasted subject.
Serum lipid, fasting blood glucose (FBG) and
uric acid concentrations were measured
using commerecial kits and the BT-3000 auto-
analyzer machine (Biotechnica, Rome, Italy).
Hs-CRP was measured using a polyethylene
glycol (PEG)-enhanced immunoturbidimetry
method with an “Alcyon” analyzer (Abbott,
Chicago, IL, USA).

Statistical analysis

Data analysis was performed using SPSS
16.0 software (SPSS Inc., Chicago, IL, USA).
The normality of distribution was assessed
using the Kolmogorov-Smirnov test.
Descriptive  statistics including mean,
frequency, and standard deviation (SD) were
calculated for all variables. Normally
distributed variables were expressed as
mean * SD, while not normally distributed
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variables, were expressed as median and
interquartile range (IQR). The Student t-test
was used for normally distributed variables
and the Mann-Whitney U test was used for
not normally distributed variables. A P-value
< 0.05 was considered significant.

Ethics

Participants were informed about the study
verbally and through written information
sheets. All patients provided written consent
to participate in the study, which was
approved by the Mashhad University of
Medical Science Ethics Committee.

Results
Sample Characteristics

Table 1 highlights the essential
characteristics of workers from S.G.P.C and
matched samples from Mashhad. The average
age of patients was 45.08+6.28 and
45.02+7.48 in Mashhad and Sarakhs,
respectively. Employees in S.G.P.C had
Significantly higher BMI, weight, waist
circumference, hip circumference, waist/hip
ratio, and mid-upper circumference (P-
value<0.05), while no significant differences
were found for height between groups (P-
value>0.05). Additionally, there were no
Significant differences in cholesterol, uric
acid, and triglyceride (TG) levels (P-
value>0.05), but significantly differences
were observed in serum levels of LDL-C, HDL-
C, and FBG (P-value<0.001). Table 2 also
indicates notable differences in depression
score, calorie intake, diastolic blood pressure,
and systolic blood pressure in these
populations.

CBC Indices Among Populations

We analyzed hematological factors
including WBC and red blood cell (RBC)
counts, Hb, Hct, mean corpuscular volume
(MCV), mean corpuscular hemoglobin
concentration (MCHC), mean corpuscular
hemoglobin (MCH), and red blood cell
distribution width (RDW) for all patients.
Table 2 summarizes the statistics for these
markers. S.G.P.C workers had higher of WBC
and RBC counts compared to Mashhad
samples (P-value<0.05).
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Table 1. The baseline characteristics of employees among two study groups.

Place Mashhad Sarakhs P-value

Parameter (n=681) (n=654)

BMI(kg/m2) 26.47 £3.90 27.33+3.78 <0.001
Age(yrs) 45.08 +6.28 45.02 +7.48 0.24*
Weight(kg) 76.37 £12.02 79.46+12.03 <0.001
Height(cm) 169.86 + 6.74 170.51 + 6.63 0.077
Waist Circumference(cm) 93.03 £9.93 95.79 £ 9.58 <0.001
Hip Circumference(cm) 101.4 £7.15 103.2749.04 <0.001
Waist/Hip ratio 0.91 +0.06 0.93+0.15 0.011
Mid Upper Circumference(cm) 30.36 £4.04 32.11+7.34 <0.001
Demispan(cm) 82.14 +4.27 88.71+7.81 <0.001
FBG(mg/dl) 87.69 + 33.48 102.25 £31.05 <0.001
Cholesterol(mg/dl) 186.14 £+ 35.76 | 184.76 + 35.66 0.477
TG(mg/dl) 128 (84 -182) 134(94.7- 190) 0.052
Uric acid(mg/dl) 5.43 +1.34 5.30+1.87 0.162
LDL-C(mg/dl) 108.98 + 35.17 128.97 + 33.99 <0.001
HDL-C(mg/dl) 40.18 +9.73 40.56 £11.47 0.0153
Depression Score 9.64 £7.52 6.05+6.59 <0.001
Anxiety Score 8.18 +8.17 6.81 +7.34 0.001
hs-CRP(mg/1) 1.31 (0.83-2.61) | 1.83(1.13-3.32) <0.001
Calorie Intake 2128 +706 2438 + 595 <0.001
Protein Intake 83.6 £40.5 96 +32.2 <0.001
CHO Intake 278.9 £102.9 321.5 102 <0.001
Fat Intake 82.9 +£40.1 94.9 + 26.8 <0.001
Systolic BP(mmHg) 119.63+15.92 | 115.75 + 14.75 <0.001
Diastolic BP(mmHg) 79.49 £10.72 77.18 £ 9.89 <0.001

-Values are expressed as a mean+SD or median and IQR for normally or non-normally distributed variables,
respectively.

-Abbreviations; BMI: Body Mass Index, FBG: Fasting Blood Sugar, TG: triglyceride, LDL: Low-density Lipoprotein,
HDL: High-density Lipoprotein, Hs-CRP: High Sensitivity C reactive Protein, CHO: Carbohydrate, BP: Blood Pressure.
-The Student t-test was used for all variables except for age.

* Mann-Whitney U test was used.

Table 2. Comparison of CBC indices among two study groups.

Place Mashhad Sarakhs
P-value

Parameter (n=681) (n=654)
WBC (103/p) 6.07 + 1.81 6.67 + 1.72 <0.001
RBC (103/u) 5.16 £ 0.48 5.22 +0.48 0.015
Hb(g/dl) 14.81+1.29 14.8 +1.12 0.872
Hct% 43.80 +3.59 45.16 +2.80 <0.001
MCV(fL) 84.82 + 5.84 86.39 + 6.41 <0.001
MCH(Pg) 28.74 * 2.04 28.40 +2.27 0.004
MCHC(103/n) 33.72 +1.73 32.73+1.26 <0.001
RDW (%) 40.76 + 2.82 42.26 £ 2.82 <0.001
PDW (%) 12.85 +1.98 12.97 £1.92 0.264
MPV( fL) 10.25 + 4.60 10.11+ 0.96 0.457

- Values are expressed as a mean+SD

- Abbreviations; WBC: White Blood Cell, RBC: Red Blood Cell, Hb: Hemoglobin, Hct: Hematocrit, MCV: Mean
Corpuscular Volume, MCH: Mean Corpuscular Hemoglobin, MCHC: Mean Corpuscular Hemoglobin Concentration,
RDW: Red blood cell Distribution Width, PDW: Platelet Distribution Width, MPV: Mean Platelet Volume.

- The Student t-test was used for all variables except for age.
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Additionallyy, MCHC and MCH were
significantly higher in Mashhad samples (P-
value<0.004), although the differences in Hb
were not statistically significant (P-
value>0.05). The Hb concentration was
greater in the Mashhad population compared
to the Sarakhs population. The results in
table1l show that Hct is differs among these
groups, with the total Hct in Sarakhs
employees being higher than in Mashhad
samples (P-value<0.001). RDW also showed
significant differences (P-value<0.001), while
there were no significant differences in Mean
Platelet Volume (MPV) and Platelet
Distribution Width (PDW) (P-value>0.05).
Further analysis revealed that the neutrophil
count is higher in S.G.P.C workers compared
to the Mashhad population, while the
lymphocyte percentage is higher in the
Mashhad population with no significant
differences as expected.

Discussion

In this study we found out, by means of CBC
indices (RDW, MCHC, Hct, Hb, hs-CRP), that
the working life style and the workplace can
affect health status (1). Comparing our two
populations in order to find out probable
health issues related to occupational
situation, led us to possible relations between
blood indices and occupational diseases. In
the subjects from Sarakhs, higher WBC count,
Hct, MCV, MCHC and RDW compared with the
Mashhad individuals was detected (P<0.001).
A remarkable difference was also seen in CBC
indices like RBC and MCH (P<0.05). It would
be necessary to consider that this changes in
the level of blood factors may reflect blood
disorders as an example, the worldwide
health challenge, anemia (16).

Increased RDW is the most sensitive
feature for folate, iron, and B12 deficiencies
(all causes of anemia). Also MCV and MCH are
used for detection of early iron, folate, and
B12 deficiencies (17). These deficiencies may
be nutritional; so it shall be a relationship
between the higher levels of CBC markers in
the Sarakhs population and their shared
nutritional program.

In addition to blood related disorders,
other markers were also studied. Hs-CRP, as
a biochemical marker of inflammation, is
associated  with  atherosclerosis  and
cardiovascular disease. This marker is higher
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in patients with hypertension,
hyperlipidaemia, obesity, diabetes, and
metabolic syndrome (MetS). Hs-CRP is shown
to be related with DM and MetS. As this factor
is firmly associated with lifestyle-related
diseases and a number of risk factors, results
of studies suggest that it might be beneficial
to measure hc-CRP for risk management in
clinical practice (18). [t would be agreeable to
discuss Hct as a considerably related with
environmental factors. Hct is highly affected
by both environment and life style; slightly
lower in older age groups, and appears
slightly lower in the rural area in comparison
with the urban (19). A higher Hct level is
associated with cigarette smoking, higher
relative weight, higher blood pressure, and
higher serum cholesterol. The factor of sex
influences Hct in different ways; Hct is
decreased with advancing age in men, but not
in women. The average value for Hct is
significantly lower in women than in men.
The levels are related with other variables
such as serum total cholesterol, serum total
protein, and prevalence of hypertension in
both sexes (19). An elevated Hct level is
associated with an increased risk of
myocardial infarction (MI), coronary
insufficiency or CHD death in the urban area
(20). High hematocrit values are also
associated with a higher risk of cerebral
infarction (19). As it is both mentioned and
proved, the factors measured and their
changes in level in this study are each
representing various illnesses, so further
studies on each factor in different working
environments would be highly
recommended. Although the observed
differences between the study populations
may be due to life style related factors, the
most influential risk factor in this study,
Chemical exposures should also be
considered.

Prior studies that have noted the
importance of lifestyle in hematological
factors, and the result of them showed that
exposure to high levels of benzene as a
workplace factor of lifestyle can end in
decrease of blood cell count (5, 21-24).
Another study discussed, particularly,
determined hematological factors (RBC,
WBC, and platelet) have been lowered
significantly in human population exposed to
relatively high levels of benzene (3). Unlike
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these results, in our study the amounts of
WBC and RBC counts are higher in non-
exposed population. Hb is also a novel risk
marker for the MetS in men (25). A number of
studies investigated that all hematological
parameters, including RBCs, WBCs, platelets,
and lymphocyte were significantly decreased
among exposed workers in contrast to
control population (24). It has been shown
that nutritional factors, including differences
in dietary iron or vitamin B12 intake, might
further contribute to variations in
hematologic indices (26). It is somewhat
surprising that the absolute lymphocyte
count was identified as the most sensitive
markers of benzene associated hem toxicity
(21). Likewise, lymphocyte counts were
lower in S.G.P.C workers who were exposed
to benzene compared to Mashhad population.

Study Strengths and limitations

The advantage of this study is the large
sample size which results in a more accurate
conclusion; in addition, it is the first study
which has been undertaken in Sarakhs
population. It is important to bear in mind the
possible bias in these responses, however, we
didn’t’ separate white collar workers from
blue collars, so the results can be affected by
this factor. Also the gender risk factor was not
considered, and all the samples in both
groups were males. As a matter of fact, gender
influences Hb and Hct factors differently, so it
can affect the results. Furthermore,
information on smoking habits, alcohol
consumption, or chronic minor illnesses that
could have strengthened the study was not
examined.

Clinical Implications

This research has shown that involving with
occupational exposure to gas or other
chemicals may lead to leucocytosis and
erythrocytosis. Our results might provide one
explanation for the association between job
and the health status of employees. The
results may help authorities to make further
efforts in enhancement of working conditions
and environment.

Furthermore, these findings highlight the
importance of monitoring strategies among
gas industry employees. Regular medical
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check-ups including CBC and inflammatory
markers, smoking cessation programs,
nutritional consult and ensuring proper
hydration- particularly for physically active
workers- are recommended. Improving air
quality and ventilation in processing facilities
may also reduce systemic inflammatory
burden and promote overall worker health.
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