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ABSTRACT

Cigarette smoking is a modifiable major risk factor that induces systemic physiological changes,
including alterations in hematological profiles. This study evaluated how cigarette consumption
affected platelet levels, white blood cell (WBC) counts, and red blood cell (RBC) indices, and
associated lifestyle behaviors among healthy adult males. A cross-sectional comparative study was
carried out on 100 healthy male blood donors, ages 18 to 52, who were divided into two groups: 29
smokers and 71 non-smokers. Data on demographics, anthropometry, and lifestyle were collected via
structured questionnaires. Complete blood counts were analyzed using automated hematology
analyzers. Statistical analysis was conducted using independent t-tests and chi-square, with a
significance level of p < 0.05. The two groups did not differ significantly in terms of age, height,
weight, physical activity, or dietary habits. However, alcohol consumption (p = 0.002) and pan
chewing (p = 0.004) were significantly more prevalent among smokers. Hemoglobin (p = 0.234),
RBC count (p=0.832), and packed cell volume (p = 0.245) were slightly higher in smokers; however,
these variations did not reach statistical significance. Among RBC indices, mean corpuscular
hemoglobin (MCH) was significantly elevated in smokers (p = 0.038), while mean corpuscular
volume (MCV) showed a non-significant increase (p = 0.10). MCHC, WBC counts, leukocyte
differentials, and platelet levels remained comparable. Smoking is significantly associated with
specific alterations in red cell morphology, particularly increased MCH. These hematological changes
may represent early subclinical responses to tobacco-induced hypoxia and oxidative stress.
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INTRODUCTION

Cigarette smoking is among the most preventable morbidity and mortality and has an impeccable
effect on almost all physiological systems of the body. The most affected system is the hematopoietic
system, which is highly responsive to the systemic inflammatory effects of the smoke and hence
hypoxic effects. In tobacco smoke, over 7,000 chemicals have been identified, among them carbon
monoxide, nicotine, and reactive oxidants, many of which affect the red blood cell production, turn
over as well as morphology, via oxidative stress, hypoxia, and abnormal cytokine signalling pathways
[1]. Red blood cells (RBCs) provide oxygen delivery and, as a result, the overall tissue oxygenation,
which is why they are of special interest to the pathophysiological studies of smoking influence.
Bonding of carbon monoxide with haemoglobin (through cigarette tar) leads to the covalent
combination of carboxyhemoglobin forming thus reducing the oxygen carrying capacity of RBCs,
and this causes compensatory erythropoiesis [2]. Such an adaptation mechanism usually occurs in the
form of elevated hemoglobin, high hematocrit, and progression in RBC count in long-time cigarette
smokers, which strives to provide tissues with oxygenation in a hypoxic condition that is chronic
[3,4]. In addition, a long-term exposure to nicotine and other toxins has been documented to induce
changes in the structure of erythrocyte membranes and changes in RBC indices as mean corpuscular
volume (MCV), mean corpuscular hemoglobin (MCH), and red blood cell distribution width (RDW)
[5].

The studies have reported that smoking can increase hematological values of hemoglobin, RBC count,
and packed cell volume, that usually regarded as secondary polycythemia, which can further lead to
blood viscosity and cardiovascular vulnerability [6]. Anemia affects more than the red cell mass,
however. It has been shown that the process of oxidative damage to the membrane of erythrocytes is
more thoroughly conducted in smokers, which reduces the viability of these cells and their
deformability [7]. A deterioration of the erythrocyte membrane structure has the potential to affect
the process of oxygen delivery and has been noted in smokers as well as those with comorbidities [8].
The hematologic changes that occur in smokers also tend to be age, nutritional, and co-morbid status
dependent, as the effects of smoking in conjunction with other lifestyle choices may further add to
the developing influences of the inflammatory or hypoxic conditions of smoking [9]. Notably,
previous research has frequently depended on hospital-based or cross-gender ones, which reduces the
applicability of its results. Conversely, studying healthy male donors who are young adults with
special emphasis on those of voluntary donation centers enables one to study the toxic changes related
to smoking in a rather homogeneous group of individuals that are not complicated by disease or drugs
[10]. Moreover, the examination of people in their most productive donation years acts as a virtual
representation of the subclinical disruptions in hematology, which can be viewed as a foretelling sign
of pathology at the systemic level. A potential cause-effect relationship between smoking and
anatomy and pathophysiology of hematological changes is also being confirmed by emerging
evidence using genomic investigations and large-scale databases of biobanking, because in
Mendelian randomization studies, the increment in the average number of RBC and hemoglobin has
been confirmed as genetically profiled consequences of the smoking habit [11]. Equally, an expanding
literature base has also seen a connection between smoking and alterations in RDW, another index
that continues to gain recognition as a prognostic indicator in cardiovascular and inflammatory
diseases [12,13]. Nevertheless, despite increasing evidence on the hematologic effects of smoking,
there has been an absence of finer population-level data of specific demographic subpopulations, like
that of the healthy Indian male, where regional lifestyle, dietary, and environmental factors might
modify hematologic response. Additionally, the bystander effect of the correlated risk behaviors, such
as the use of alcohol and the consumption of betel nut, needs a complex evaluation model that factors
in several determining behaviors and lifeways covariates [14].

The current research aims to cover the gap in the existing knowledge and examine the red blood cell
indices within a clearly defined group of healthy adult male blood donors. The nature of the study
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also makes the comparison between the smokers and the non-smokers easier since they exclude those
with prior medical conditions, history of infection, and those on any kind of medications that may
affect the hematologic values.

Research Objectives

1. To compare the red blood cell indices of healthy adult males who smoke and those who do not
2. To assess the impact of smoking on hematological values alongside lifestyle factors

3. To identify early hematological changes linked to smoking in asymptomatic individuals

METHODOLOGY

Study Design and Setting

A cross-sectional comparative study was utilized to examine the effect of cigarette smoking on RBC
indices along with other related parameters, among healthy adult male blood donors. The research
was done in the Blood Bank of PIMS & RC (Prathima Institute of Medical Sciences and Research
Centre). The key purpose of the research was to evaluate the outcome of smoking cigarettes on diverse
hematological parameters and demographic, lifestyle, anthropometric, and dietary factors.

Sample Selection

The 100 volunteer male blood donors in the research had a mean age of 30.3 + 7.1 years and ranged
in age from 18 to 52. The participants were recruited sequentially during their attendance at the blood
donation center and registered into the study through informed consent. Normal eligibility standards
were used to donate blood. The participants who were older patients with identified acute or chronic
medical conditions, recent infections, or taking medications that might influence hematological
parameters were excluded on the basis of homogeneity in the baseline health status.

Variables and Data Collection

Data were collected using a structured, interview-based schedule along with standard hematological
laboratory reports. Variables were grouped into six categories: demographic and occupational
characteristics, anthropometric measurements, physical activity metrics, dietary habits, substance use
patterns, and hematological indices.

Demographic and Occupational Variables

The demographic characteristics were age (completed in years) and the place of residence
(urban/semi-urban/rural). The occupational details were also identified and distributed into physical
activities needed, like sedentary occupations, slightly sedentary, heavy physical labor, or occupations
that require frequent travel.

Anthropometric Measurements
Both height (in centimeters) and weight (in kilograms) were recorded for each participant as key
indicators of body composition and general health status.

Physical Activity Metrics

The participants were told to answer the question of whether they engage with exercise regularly,
frequently, and with intensity. Exercise type and classification were categorized in this manner. Along
with exercise, the data was provided on the use of walking, sporting activities, and yoga, which was
also provided with specific groupings (walking group, sports group, and yoga group) to stratify the
level of activity.

Dietary Habits

Information obtained from the diet was based on non-vegetarian consumption of food. The
participants were categorized depending on their non-vegetarian versus vegetarian status and further
ranked depending on the status of frequency and regularity of non-vegetarian food consumption.

Vol.32 No. 07 (2025) JPTCP (1633-1644) Page | 1635


https://jptcp.com/index.php/jptcp/issue/view/79

Effect Of Cigarette Smoking On Red Blood Cell Indices In Healthy Adult Male Population

Substance Use Patterns

There was a thorough evaluation of substance use behaviors. Questionnaires were used to determine
the cigarette smoking status of the participants, the frequency of smoking, and to categorize them
categorized into groups (e.g., daily smokers, occasional smokers, non-smokers). Consumption of
alcohol was also estimated and categorized in term of frequency considered. Pan chewing (the use of
areca nut or betel leaf products) was also recorded and pooled.

Hematological Indices

An automated hematological analyzer was used to examine venous blood samples. The parameters
measured included hemoglobin (g/dL), red blood cell count (x10%uL), packed cell volume (PCV),
mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), and mean corpuscular
hemoglobin concentration (MCHC). In addition, there were the platelet count, neutrophils (N),
lymphocytes (L), mixed white cells (Mxd), and total white blood cell count (WBC).

Statistical Analysis

Descriptive statistics, such as means, standard deviations and ranges, were used to characterize
continuous variables, while frequencies and percentages were used to summarize categorical data. In
inferential comparisons, people were stratified in such a way that there were smokers and non-
smokers. Most of the continuous variables appeared to have a non-parametric distribution; hence, the
differences between the two groups were examined using the Mann-Whitney U test. Whenever
feasible, the chi-square or Fisher's exact test was applied to categorical variables. Every comparison
was considered statistically significant if the p-value was less than 0.05.

RESULTS

Overview of Participant Characteristics

A total of 100 healthy adult male blood donors, aged between 18 and 52 years (mean + SD: 30.3 +
7.1 years), participated in the study. Based on smoking history, participants were categorized into
Smokers (n = 29) and Non-Smokers (n = 71). The distribution showed that 71% of participants were
non-smokers, while 29% were smokers (Fig.1).

m Smokers

Non- Smokers

Figure 1. Percentage distribution of smokers and non-smokers

Smokers' mean age (32.55 = 7.91 years) was marginally older than non-smokers' (29.42 + 6.60 years)
although the difference was not statistically significant (p = 0.382). Anthropometric measurements
also showed no discernible variation as shown in Table 1:
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Table 1. Demographic and Anthropometric Profile by Smoking Status
Variable Smokers (Mean £ SD) Non-Smokers (Mean = SD) p-value
Age (years) 32.55+7091 29.42 + 6.60 0.382
Height (cm) 165.86 + 8.40 166.51 £9.14 0.483
Weight (kg) 70.90 £ 11.02 69.28 +11.18 0.553

These findings confirm that the baseline demographic and physical parameters were statistically
comparable between smokers and non-smokers, ruling out confounding due to age or body habitus.
A comparative bar chart of these variables is presented in Figure 2, highlighting the visual similarity
in age, height, and weight between the two groups.
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Figure 2. Comparison of age, height, and weight between smokers and non-smokers

Physical Activity and Lifestyle Patterns

Physical activity participation, including regular exercise, walking, sports, and yoga, was comparable
among smokers and non-smokers. These lifestyle factors did not significantly differ and were evenly
distributed across groups. Table 2 summarizes the statistical test results for each variable:

Table 2. Physical Activity Distribution by Smoking Status

Physical Activity Test Statistic p-value
Regular Exercise 0.270 0.603
Walking Habit 0.002 0.961
Sports Participation 0.010 0.922
Yoga Practice 0.390 0.532

These results are visually represented in Figure 3, which shows a bar chart of the p-values for each
activity compared against the standard threshold of significance (0.05). None of the bars fall below
the red threshold line, reinforcing the conclusion of non-significance across the variables assessed.
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Figure 3. Physical activity behavior comparison between smokers and non-smokers, represented by
p-values

Dietary and Substance Use Patterns

Dietary patterns showed no significant difference in non-vegetarian food consumption between the
two groups. However, alcohol consumption and pan chewing were significantly more frequent among
smokers, indicating clustering of multiple risk behaviors. Table 3 summarizes the p-values for each
behavioral parameter, showing that while dietary habits are comparable, substance use patterns differ
meaningfully between the groups.

Table 3. Dietary and Substance Use Patterns

Behavior Test Statistic p-value
Non-Vegetarian Diet 0.011 0.918
Alcohol Use 9.244 0.002 **
Pan Chewing 8.493 0.004 **

There was no significant difference in non-vegetarian dietary habits between smokers and non-
smokers, and the p-value was 0.918. However, alcohol use and pan chewing were significantly more
prevalent among smokers, as indicated by their low p-values (p = 0.002 and p = 0.004, respectively).

These conclusions suggest a clustering of multiple risk behaviors among individuals who smoke.
Figure 4 visually demonstrates the comparative p-values for these lifestyle behaviors, with alcohol
consumption and pan chewing crossing the threshold for statistical significance.
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Figure 4. Comparison of Dietary and Substance Use Patterns by Smoking Status

Figure 4 displays the statistical comparison of lifestyle behaviors among smokers and non-smokers.
While the bar representing non-vegetarian diet rises above the red threshold line, indicating no
significant difference, both alcohol use and pan chewing bars fall well below this threshold. This
visual representation confirms that smokers are significantly more likely to engage in alcohol
consumption and pan chewing compared to non-smokers, reinforcing the clustering of behavioral risk
factors in this population.

Red Blood Cell (RBC) Indices

This section examines how smoking affects red blood cell (RBC) properties in healthy adult male
volunteers. The study evaluated potential smoking-related differences in erythrocyte profiles by
comparing hemoglobin parameters among smokers and non-smokers (Table 4).

Table 4. Red Blood Cell Indices by Smoking Status

RBC Parameter Smokers (Mean £ SD) | Non-Smokers (Mean = SD) | p-value
Hemoglobin (g/dL) 15.56 + 1.36 15.14 +1.00 0.234
RBC Count (x10%uL) 5.28 £0.50 5.29+0.43 0.832
Packed Cell Volume (%) 48.02 +4.87 46.81 £3.40 0.245
Mean Corpuscular Volume (MCV) (fL) 91.05+4.05 88.60 £4.41 0.10
Mean Corpuscular Hemoglobin (MCH) (pg) | 29.56 + 1.54 28.69+1.77 0.038 *
Mean Corpuscular Hb Conc. (MCHC) (%) 3245+ 1.53 32.45+1.40 0.580

*Note: *p < 0.05 indicates statistical significance.

The results in Table 4 indicate that while hemoglobin concentration, RBC count, and packed cell
volume were marginally higher in smokers, the differences did not reach statistical significance (Fig.
5). This suggests that the overall red cell mass and oxygen-carrying capacity were comparable across
the two groups.
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Figure 5. Hemoglobin, RBC Count, and Packed Cell Volume in Smokers and Non-Smokers

Three red blood cell indicators are compared between smokers and non-smokers in this clustered bar
chart: hemoglobin, RBC count, and packed cell volume. Visual similarities reflect the absence of
statistical significance in these parameters.

Regarding red cell morphology, only MCH showed a statistically significant elevation among
smokers (p = 0.038), while MCV showed a higher mean value but did not reach statistical significance
(p = 0.10) (Fig.6). This suggests a partial morphological alteration in erythrocytes, possibly as a
physiological response to chronic hypoxia and oxidative stress from smoking exposure. MCHC levels
remained stable between groups, indicating that hemoglobin content relative to cell volume was
unaffected.
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Figure 6. MCV, MCH, and MCHC in Smokers vs Non-Smokers
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This grouped bar chart displays the distribution of MCV, MCH, and MCHC between smokers and
non-smokers. While MCH values are significantly much in smokers, MCV shows a mild elevation
that does not achieve significance. MCHC remains unchanged across groups, highlighting a selective
impact of smoking on red cell morphology.

In summary, smoking appears to influence red blood cell morphology, particularly through elevated
MCH, though not all indices reach statistical significance. The significance of taking smoking status
into account when analyzing erythrocyte indices especially those that include hemoglobin content, is
highlighted by these findings.

White Blood Cell and Platelet Indices

White blood cell counts (WBC), differential leukocyte percentages, and platelet counts did not show
statistically substantial variations between smokers and non-smokers, according to the investigation.
This implies that red blood cell characteristics are the main effects of smoking and does not induce
notable alterations in leukocyte or thrombocyte indices among otherwise healthy individuals. These
observations are presented in Table 5, which summarizes the comparative values and associated p-
values for WBC subtypes and platelet count.

Table 5. WBC and Platelet Indices by Smoking Status

Parameter Smokers (Mean £ SD) | Non-Smokers (Mean = SD) | p-value
WBC Count (x10°%/uL) 6.88 +£1.97 6.52 +1.85 0.337
Lymphocyte % 28.63 +7.15 29.48 + 6.50 0.486
Neutrophil % 60.48 + 7.87 59.31 +7.65 0.426
Mixed WBC % 10.90 +2.89 11.21 £2.76 0.623
Platelet Count (x10%/uL) | 234.2 + 64.1 2294+ 61.8 0.702

To visually interpret these findings, Figure 7 illustrates the grouped mean values for total and
differential WBCs, along with platelet counts.

260
240 23425594
220
200
180
160
§ 140
= 120
100
50 60.4859.31
60
40 28.63 29 48
20 6.88 6.52 109 11 21
0 I
WBC Count Lymphocyte % Neutrophil % Mixed WBC % Platelet Count
(x10%/puL) (x10%/uL)
Parameters

= Smokers (Mean + SD) B Non-Smokers (Mean = SD)

Figure 7. WBC and Platelet Indices

The bar chart presents a side-by-side comparison of mean WBC, lymphocyte, neutrophil, mixed WBC
percentages, and platelet count for both groups. The bars show proximity in height, reflecting minimal
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variation between smokers and non-smokers across all white cell and platelet parameters. The visual
supports the statistical conclusion of non-significance, reinforcing that smoking’s hematological
impact is limited to red cell indices.

DISCUSSION

Red blood cell indices were the primary focus of the current investigation, which examined the
hematologic effects of smoking on normal adult men. White blood cell and platelet profiles, along
with behavioral and lifestyle characteristics, were also included in the analysis. Demographic and
anthropometric traits, namely age, height and weight, were not observed to differ significantly
between smokers and non-smokers, reducing the possibility that age-related or physiological
differences could influence the study's findings. The degree of physical activity, such as performing
regular exercises, walking, sports, and yoga, was also not statistically different among the groups,
implying that both cohorts were equally physically active [15]. The consistency adds to the internal
validity of the hematological comparisons. Nevertheless, smokers recorded a considerably increased
rate of alcohol use and chewing of pan compared to the rates of non-smokers. These results align with
other literature that defines clustering of the risk behaviors when it comes to smokers, as there are
always other bad habits tied to tobacco smoking, which increase the cumulative physiological stress
[16]. Although they were numerically greater in smokers due to an anti-plasma impact of smoking,
hemoglobin (p = 0.234), RBC count (p = 0.832), and packed cell volume (PCV) (p = 0.245) did not
significantly vary between those who smoke and those who don't in red blood cell indices. This
implies that in this group, smoking did not change the general erythrocyte mass and oxygen transport
capacity [7]. However, smokers had a significantly greater mean corpuscular hemoglobin (MCH) (p
= 0.038), implying a higher hemoglobin concentration per red cell. It might be a compensatory
response to chronic hypoxic stress resulting state of carbon monoxide exposure in smoking cigarettes
[17].

Smokers also showed a trend towards higher mean corpuscular volume (MCV); however, it fell short
of statistical significance (p = 0.10). This finding may indicate a possible subclinical macrocytic shift,
although the study may not have had sufficient power to detect a definitive morphological difference
[18]. The unchanged MCHC levels between the groups indicated hemoglobin saturation per unit
volume of red cell was maintained irrespective of hemoglobin content, thus confirming the theory of
controlled erythrocytic homeostasis during oxidative conditions [19]. The overall number of white
blood cells did not significantly change, both in the comparison of the leukocyte differentials, as well
as the number of platelets, between the groups. These findings are contrary to those of other earlier
reports, which have associated smoking with both leukocytosis and thrombocytosis, which may be a
marker of the sample population, the extent of smoking, or the duration of use [14]. The fact that
participants were on a relatively healthy level and at a reasonable age can have reduced inflammatory
or hematopoietic alterations characteristic of chronic or intensive smokers [20]. The very strong
relation between smoking and co-occurring behaviors, i.e., alcohol and pan use, is crucial. Together,
these might augment oxidative and cytotoxic strain within the hematopoietic tissues, notwithstanding
normal outward arrangements of hematological parameters [12].

The obtained increase in MCH, in this regard, can be regarded as an initial indicator of systemic
adaptation or distress. Clinically, more moderate changes in the hematological parameters may have
faint antecedents like an increase in MCH. As early as macrocytosis, it has been reported to be linked
with lower red cell deformability and poor microcirculation, which leads to subsequent cardiovascular
risk [21]. The result points towards the necessity to incorporate detailed erythrocyte indices along
with the total counts in the health monitoring programmes of smokers. Furthermore, recent research
highlights the role that red blood cells play in maintaining vascular homeostasis and controlling
immunity. The effect of the structural or functional alterations in erythrocytes can thus be both
systemic in the context of oxygen transportation [22]. Examination of this study shows that the total
red cell count, WBCs, and platelet numbers in healthy males were not significantly impacted by
cigarette smoking, but there was a statistically significant rise in MCH and an approaching significant
rise in MCYV, indicating morphologic changes in the erythrocytes. Such results indicate that there may
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be subclinical hematological alterations that have implications since smoking may have
hematological implications, and routine monitoring of red cell indices, particularly in at-risk
populations, cannot be underestimated.

CONCLUSION

This study shows that among healthy adult males, smoking cigarettes is substantially linked to
specific changes in red blood cell morphology, particularly an increase in mean corpuscular
hemoglobin (MCH), with a borderline elevation in mean corpuscular volume (MCV). While other
hematological parameters, including total hemoglobin, packed cell volume, WBC count, leukocyte
differentials, RBC count, and platelet indices, remained statistically comparable between those who
smoke and those who don’t. The observed morphological changes in erythrocytes suggest early
physiological responses to smoking-induced oxidative and hypoxic stress. Moreover, the clustering
of harmful behaviors such as increased alcohol consumption and pan chewing among smokers
underscores a compounded risk profile, likely to amplify systemic stress on hematopoietic and
vascular systems. These findings highlight the importance of including red blood cell morphology in
routine hematological evaluations, even among clinically healthy individuals with a history of
smoking. The study calls for greater awareness regarding the subtle yet measurable effects of tobacco
exposure on hematological health. Public health interventions should not only focus on tobacco
cessation but also address associated risk behaviors to mitigate early subclinical changes that may
predispose individuals to long-term health complications.
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