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Abstract:

Background: Smoking is a public health problem globally, and it has a significant impact on hematological and
respiratory indices. In West Bengal, where the habit of smoking is common, it is important to know the effect of
smoking on oxygen saturation (SpO-), total leukocyte count (TLC), and differential leukocyte count (DLC) for
early detection of the physiologic changes caused by smoking.

Objective: The objective was to compare TLC, oxygen saturation, and DLC of hemoglobin between non-smokers
and smokers from West Bengal.

Methodology: A cross-sectional comparative study was done among 100 adults (60 smokers, 40 non-smokers)
between 21 and 55 years. Venous blood was tested for TLC and DLC on an automated hematology counter, and
SpO: was measured non-invasively by pulse oximetry. Statistical tests were carried out using independent t-tests
at a significant level of p < 0.05.

Results: Smokers exhibited significantly higher TLC (7.36 vs. 6.95 x10%/uL, p < 0.001), granulocyte (0.589 vs.
0.575, p = 0.01), and monocyte counts (0.056 vs. 0.053, p = 0.02) compared to non-smokers. Conversely,
lymphocyte count (0.366 vs. 0.371, p < 0.001) and oxygen saturation (98.2% vs. 98.7%, p = 0.04) were
significantly lower in smokers.

Conclusion: In healthy subjects, smoking provokes systemic inflammatory responses characterized by
leukocytosis and a mild drop in oxygen saturation, which could predispose them to cardiovascular and pulmonary
complications later. The observations suggest the imperative for early screening and public intervention for the
correction of smoking-induced physiological deficits within the WB population.

Keywords: West Bengal, Differential Leukocyte Count, Hemoglobin, Oxygen Saturation, Smoking, Total
Leukocyte Count.
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Introduction

trigger chronic inflammation, immune dysfunction,
and oxidative stress. A number of studies have

Tobacco smoking remains a universal public health
emergency, causing an estimated 8 million deaths

every year, 1.2 million of whom are non-smoking
victims of second-hand smoke [1]. According to the
Global Adult Tobacco Survey (GATS-2), the preva-
lence rate of tobacco use in WB continues to be high,
with more than 25% of the total population actively
smoking [2]. Smoking's biochemical effects are not
confined to the lung alone but also involve systemic
effects, particularly on hematologic and respiratory
indices, including white blood cell (WBC) counts
and oxygen-carrying capacity of the blood [3].

Cigarette smoke harbors over 4,000 toxic chemicals,
most of which are effective oxidants, carcinogens,
and immunomodulators, and which include but are
not limited, to nicotine, CO, benzene, and polycyclic
aromatic hydrocarbons [4]. All these constituents
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shown that smoking stimulates leukocytosis and
changes the differential leukocyte count (DLC),
most notably elevating neutrophils and monocytes
as part of the systemic inflammatory response [5,6].
These hematologic irregularities are important since
they are both biomarkers for subclinical inflamma-
tion and independent predictors of cardiovascular
morbidity and mortality [7].

White cells or leukocytes are the central players in
host defence. In a healthy situation, their number
stays within a tightly regulated range. Cigarette
smoke, however, provokes chronic low-grade in-
flammation, and increased interleukins (e.g., IL-6,
IL-8), tumor necrosis factor-alpha (TNF-a), and
granulocyte colony-stimulating factors, which
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together act to produce leukocytosis [8]. Nicotine,
the major alkaloid present in tobacco, acts by bind-
ing to nicotinic acetylcholine receptors (nAChRs)
and causing increased sympathetic discharge, re-
lease of catecholamines, and finally, leukocyte de-
margination and mobilization [9].

In oxygen transport, hemoglobin saturation (SpO2)
supplies an objective indicator of oxygen binding to
hemoglobin units within the circulatory system.
While under normal circumstances hemoglobin
binds about 1.34 mL of O: per gram, smoking se-
verely depresses this activity through the high
plasma concentrations of carboxyhemoglobin gen-
erated by CO breathing [10]. Carboxyhemoglobin
contains more than 200 times as much affinity for
hemoglobin as oxygen, decreasing areas available
for binding and reducing oxygenation of the tissues.
Tissue hypoxia and malfunctioning organs may be
caused by chronic smokers, who can show reduced
peripheral oxygenation [11].

In environmentally heterogeneous as well as re-
source-poor environments like WB, both passive
and active smoking is common, and knowing the he-
matological and physiologic effects of smoking is
crucial for both clinical and public health practice.
Furthermore, rural West Bengal in frequently expe-
rience other environmental stresses like biomass
fuel combustion indoors and industrial pollution,
which could enhance the harmful effects of tobacco
smoke on leukocyte behavior and pulmonary gas ex-
change [12].

Despite numerous international studies being carried
out on the hematologic effects of smoking, there is a
scarcity of region-specific data for Eastern India but
more so for West Bengal. Genetic background, way
of life, and tobacco composition (e.g., bidi smoking
vs. cigarettes smoking) could lead to varying biolog-
ical responses [13]. The use of region-specific data
for clinical diagnosis avoids contextual inaccura-
cies, increases the predictiveness of hematological
predictors, and allows for targeted prevention.

The present study plans to compare and assess the
Oxygen saturation (SpO:), total leukocyte count
(TLC), and differential leukocyte count (DLC) be-
tween healthy non-smokers and smokers within the
West Bengal population. Through comparison of
these factors within a demographically representa-
tive population, the study aims to outline the physi-
ological signature of smoking and provide evidence-
based recommendations that could be used to en-
hance diagnosis and public health policy.

Ultimately, detection of early hematologic and res-
piratory anomalies among asymptomatic people can
open doors to prevent strategies against smoking
morbidities. These efforts are particularly crucial in
WB, which lags in health care accessibility and pre-
ventive screening. This study then adds to the exist-
ing science discussion on the systemic effects of
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smoking, focusing on the necessity for site-specific
studies within public health research.

Methodology

Study Design: This was a comparative cross-sec-
tional study aimed at evaluating the differences in
Oxygen saturation (SpO:), total leukocyte count
(TLC), and differential leukocyte count (DLC) of
hemoglobin between healthy non-smokers and
smokers.

Study Area: The study was conducted in the De-
partment of Physiology, Gouri Devi Institute of
Medical Sciences, Durgapur, West Bengal, India.
However, participants included in the study were se-
lected from the West Bengal region to specifically
assess the physiological effects of smoking in that
population.

Study Duration: The study was carried out over a
one period, allowing sufficient time for recruitment,
data collection, and analysis.

Sample Size: A total of 100 adult volunteers, aged
between 21 and 55 years, were enrolled in the study.
Participants were divided into two groups:

e Smokers (n = 60): Individuals who smoked
cigarettes or bidis daily for at least one year.

e Non-Smokers (n = 40): Individuals who did
not smoke any tobacco products.

Data Collection: Data was collected through an-
thropometric and physiological examinations. The
height and weight of participants were first rec-
orded, and participants' BMI (Body Mass Index)
was determined by using the standard formula. A
prepared questionnaire was used to collect detailed
histories of participants' smoking experience, i.e.,
duration and frequency of using tobacco. Three mil-
liliters of venous blood was drawn under aseptic
conditions from the antecubital vein into EDTA
vacutainers. Samples collected through this proce-
dure were then counted using the MS-9 automated
haematology cell counter to compute TLC (total leu-
kocyte count) expressed as thousands and DLC (dif-
ferential leukocyte count) expressed as percentages.
All samples were analysed on the same day within
3-5 hours of their collection.

Hemoglobin oxygen saturation was detected non-in-
vasively by a pulse oximeter (fingertip, Nidek Med-
ical 5300). Prior to measurement, each subject was
required to be seated and rest quietly for 5 to 15
minutes to obtain stabilized physiology. The sensor
was attached to the index finger, or an alternate one,
as necessary. Following an initial reading on the
screen, six readings over 10-second intervals were
recorded consecutively. The overall average over
the six recordings was determined and was reported
as the individual's final oxygen saturation.
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Inclusion Criteria

e  Adults aged 21-55 years.

e  Clinically healthy individuals based on history
and clinical examination.

e Non-smokers who have never smoked or used
tobacco products.

e Smokers with a consistent smoking history
(daily for at least one year).

Exclusion Criteria

e  Ex-smokers or individuals with a past history of
smoking.

e Individuals with acute or chronic illnesses,
bleeding disorders, or drug addiction.

e Pregnant women or those who had delivered
within the last three months.

e  Subjects who had donated blood in the last six
months.”

Procedure: All the procedures followed standard
clinical and laboratory protocols. Participants were
initially screened for eligibility according to the in-
clusion and exclusion criteria. Following verbal or
written consent, anthropometric information and
smoking status were recorded. Blood samples and
oxygen saturations were then taken according to the
set procedures.

Statistical Analysis: Statistical analysis was carried
out using SPSS software version 26 (SPSS Inc., Chi-
cago, IL, USA). Normality was checked using the
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Shapiro—Wilk and Kolmogorov—Smirnov tests, and
through examination of skewness, kurtosis, and the
use of probability plots. According to data distribu-
tion, parametric tests were employed. For compari-
son between means of continuous data like SpO2,
DLC, and TLC between non-smokers and smokers,
the independent t-test was employed. Pearson’s cor-
relation analysis was used to establish relationships
between the selected hematological indices and ox-
ygen saturation values. We used two tailed tests and
a cut-off p-value less than 0.05 for determining sta-
tistical significance. Results were reported as mean
+ standard deviation (SD) to present an effective
summary of the data’s central tendency and disper-
sion.

Result

Table 1 shows the comparison between smokers and
non-smokers' baseline demographic characteristics.
Smokers had a minimally higher mean age at 32.8
years (SD = 8.2) than non-smokers, who had a mean
age of 31.7 years (SD =9.25). The minimum to max-
imum ages for smokers and non-smokers were 29
years (range 21-50) and 35 years (range 20-55), re-
spectively. Smokers had a higher, albeit minimally
so, mean BMI at 25.2 (SD = 2.97) and a range of
11.69 (range 18.0-29.7) while the non-smokers had
amean BMI and range at 24.1 (SD =3.12) and 20.42
(range 16.5-36.0). All values indicate that the
groups were similarly distributed demographically
with slight deviation between the ages and the BMIs.

Table 1: Comparison of the Baseline Demographic Parameters of Non-Smokers and Smokers
Smoking Parameter | n Range Minimum Maximum Mean Standard
Status Deviation
Non-smoker | Age 40 35 20 55 31.7 9.25

BMI 40 20.42 16.5 36 24.1 3.12
Smoker Age 60 29 21 50 32.8 8.2
BMI 60 11.69 18 29.7 25.2 2.97

Table 2 presents the comparison of oxygen satura-
tion, total count of leukocytes (TLC), and differen-
tial leukocyte counts (DLC) between smokers and
nonsmokers. Smokers had a lesser mean oxygen sat-
uration (SpO:) at 98.2% compared to 98.7% among
nonsmokers, which was statistically significant (p =
0.04). The count of granulocytes was more among
smokers (0.589) than nonsmokers (0.575), with a p-
value 0.01, which reflects increased inflammatory
activity. As was the case for count of monocytes,
which was more among smokers (0.056) than

nonsmokers (0.053), it was also significant (p =
0.02). On the contrary, lymphocytes count was less
among smokers (0.366) than nonsmokers (0.371),
but the p-value was high (<0.001). Total leukocyte
count was also increased among smokers (7.36
x10%/pL) relative to nonsmokers (6.95 x10%/uL),
and statistical significance was high (p <0.001). The
findings indicate the effects of smoking on immune
cells distribution and oxygen saturation among
healthy individuals too.

Table 2: Comparison of Oxygen Saturation, TLC, and DLC in Non-Smokers and Smokers
Parameter Smokers (n=60) Non-smokers (n=40) P-value
SpO:2 (%) 98.2 98.7 0.04
Granulocyte count 0.589 0.575 0.01
Monocyte count 0.056 0.053 0.02
Lymphocyte count 0.366 0.371 <0.001
TLC (x10%/uL) 7.36 6.95 <0.001
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Figure 1: Total leukocyte count (103 /mm3) in non-smokers and smokers

Discussion

The baseline demographic comparison carried out
during the present study showed no notable differ-
ence between the distribution of smokers (32.8 + 8.2
years) and non-smokers (31.7 + 9.25 years), which
corroborates data from similar population studies.
For example, Lakshmi (2018) reported a similar
mean age of 34.5 + 7.8 years for smokers and 33.2 +
8.1 years for non-smokers among a South Indian
population, confirming the same homogeneity be-
tween smoking status and age for this region [14]. A
study by Hasan et al., (2018) for the West Bengal
region also reported similar mean ages for smokers
and non-smokers as 31.2 £ 9.5 years and 30.8 £ 8.9
years, respectively, further attesting to the same
findings [15]. The mild increase in BMI for smokers
(25.2 + 2.97) relative to non-smokers (24.1 + 3.12)
corroborates different and contrary data globally,
which correlate smoking to lesser BMI (Chiolero et
al., 2008) [16], although West Bengal regional life-
styles and socioeconomic patterns may modulate
this trend. For instance, research on rural Indian pop-
ulations by Hasan et al. (2020) reported smokers to
have a slightly higher BMI, which can be attributed
to varying eating habits and forms of tobacco con-
sumption [17].

The increased total leukocyte count (TLC) between
smokers (7.36 x 10%/uL) and non-smokers (6.95 x
10%/uL, p < 0.001) attests to an established pro-in-
flammatory condition due to chronic tobacco use.
This systemic leukocytosis is consistent with obser-
vations by Mohamed et al. (2023), who found a
mean TLC value for smokers to be 7.2 x 103/uL and
for non-smokers to be 6.7 x 103/uL, attributing the
rise to chronic inflammatory stimulation by tobacco
poisons [18]. The increased counts for the granulo-
cytes (0.589 vs. 0.575, p = 0.01) and for the mono-
cytes (0.056 vs. 0.053, p = 0.02) for smokers add to
evidence for engagement of the innate immune
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mechanisms, which aligns with the findings by Goel
et al. (2020) for an Indian population, for the per-
centage of granulocytes being significantly higher
among smokers (59.3%) than among non-smokers
(56.8%) [19].

In comparison, the modest but significant decrement
in lymphocyte count for smokers (0.366 vs. 0.371, p
< 0.001) indicates immunomodulation through
adaptive immunity, supported by findings by
Dahdah et al. (2022) who observed lymphopenia
among chronic smokers, which may be attributed to
defective immune surveillance [20]. For oxygen sat-
uration, the modest reduction for smokers (98.2%
vs. 98.7%, p = 0.04) agrees with findings by Helal
(2014), who reported decreased arterial oxygenation
for chronic smokers despite normal clinical values,
emphasizing early pulmonary functional impair-
ment [21]. Together, the hematological and physio-
logical changes indicate the subtle but significant
systemic effects of smoking in West Bengal, con-
sistent with trends seen globally but modulated by
regional environmental and population considera-
tions.

Overall, the findings indicate the systemic inflam-
matory and physiological changes that are linked to
chronic smoking, even among healthy subjects. The
increased leukocyte counts, and reduced oxygen sat-
uration are early markers for underlying pathophys-
iologic stress that may predispose smokers for worse
cardiovascular and pulmonary outcomes in the long
term.

Conclusion

This research concluded that smoking has a quanti-
fiable effect on hematological indices and oxygen
saturation among healthy subjects. Smokers showed
an increased total leukocyte count and number of
granulocytes and an increased, though, to a lesser
extent, number of monocytes, when compared to
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non-smokers. On the contrary, lymphocyte count
and oxygenation capacity of hemoglobin were ob-
served to decrease among smokers. These findings
indicate that, independent of frank disease, smoking
causes system-wide changes, possibly as an indica-
tor for an underlying inflammatory state and ineffi-
cient oxygen carriage. This study emphasizes the
role of early screening and public health promotion
to counteract the subclinical actions of smoking on
immune function and respiratory health.
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