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ABSTRACT: Smoking is considered a pervasive global concern, negatively affecting health and leading to several
diseases that cause millions of fatalities annually. The purpose of this research was to investigate the effects of
heavy and chronic tobacco use on testosterone levels, hematological parameters, renal function, cholesterol,
triglycerides, and liver enzymes in male smokers. Participants (n = 60) were recruited from a population cohort of
men in Al-Ramadi city, aged 20—63 years. The smoker group (n = 30) consisted of individuals who had been
addicted to smoking for 10 years or more, consuming 15—40 cigarettes per day. All subjects completed a detailed
survey regarding their health status, medication intake, and any other symptoms or diseases. The following
parameters were measured: sex hormones, RBC count, Hb, HCT, MCV, MCH, MCHC, WBC count, platelets, renal
function markers, lipid profiles, and liver enzymes (ALP, AST, and ALT). Our findings demonstrated a statistically
significant decrease in total blood testosterone levels (p < 0.001) among chronic smokers compared to non-smokers
(1.653 £ 0.097 vs. 5.980 + 0.195, respectively). Cigarette smoking also adversely affected hematological
parameters: RBC count, hemoglobin, hematocrit, MCV, MCHC, and total leukocyte count showed a statistically
significant increase (p < 0.05). No significant variations were observed in MCH and platelet count (p > 0.05).
Furthermore, the study revealed a highly significant increase in urea and creatinine levels (p < 0.001), indicating
impaired renal function. Lipid profiles and liver enzymes (ALP, AST, and ALT) were also significantly elevated (p
< 0.001) in smokers compared to non-smokers. In conclusion, the present study highlights the detrimental
consequences of prolonged smoking, including reduced serum testosterone levels, alterations in hematological
parameters, increased risk of kidney dysfunction (as evidenced by elevated urea and creatinine), dyslipidemia
(changes in total cholesterol and triglycerides), and abnormal liver enzyme levels. These findings suggest that
chronic smoking is a major risk factor for multiple systemic disorders..
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1. INTRODUCTION

The tobacco epidemic represents one of the most substantial threats to public health in history, accounting for
approximately 8 million deaths worldwide each year. Of these, more than 7 million fatalities are directly attributable to
tobacco consumption, while about 1.5 million result from non-smokers’ exposure to second-hand smoke [1].

Tobacco smoke contains around 8,000 chemicals, many of which have harmful and carcinogenic effects. Free radicals,
nicotine, and carbon monoxide are considered the primary contributors to the adverse health impacts of smoking [2].
Smoking is strongly associated with the development of numerous respiratory diseases; for example, more than 80% of
Chronic Obstructive Pulmonary Disease (COPD) cases in the United States are linked to smoking [3].

Extensive research has shown that smoking negatively affects health and is a major risk factor for the onset of various
pathological conditions and diseases, including cancers, cardiovascular disorders, oral diseases, fetal mortality,
impaired vision, reduced bone mass and fractures, diabetes, and certain autoimmune disorders [4].

Some researchers argue that the global decline in male reproductive capacity may be partly attributable to lifestyle
factors, particularly harmful behaviors such as smoking, excessive alcohol consumption, sedentary living, and
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overeating. These behaviors not only undermine general health but also impair sperm quality, potentially leading to
subfertility or infertility in men [5].

Testosterone is regarded as the primary hormone involved in reproductive function as well as metabolic processes.
Exposure to cigarette smoke can lead to hormonal imbalances, which in turn may cause DNA damage and exert toxic
effects on testicular cells [6].

Moreover, smoking exacerbates endothelial cell dysfunction and promotes thrombus formation in the coronary
arteries, with nicotine contributing to reduced vascular function. Elevated levels of carboxyhemoglobin can induce
hypoxia and are also responsible for subendothelial edema, as they alter vascular permeability and facilitate lipid
deposition [7]. Tobacco exerts both acute and chronic effects on hematological markers, as well as on liver and kidney
enzyme activity in the human body [8—10].

The present study aims to evaluate the impact of cigarette smoking on testosterone levels, selected hematological
parameters, and biochemical indicators in individuals with long-term smoking addiction, compared to non-smokers.

2. MATERIALS AND METHODS

2.1. Research methodology and participants

Sixty male volunteers were recruited, excluding individuals with chronic conditions such as hypertension, type 2
diabetes, cardiovascular disease, a history of infertility, or those undergoing hormonal therapy. Participants were
divided into two groups: 30 smokers (with a smoking history of at least 10 years and a daily consumption of 15—40
cigarettes) and 30 non-smokers as the control group. The ages of participants in both groups ranged from 20 to 63
years. All participants were residents of Al-Ramadi city during the study period, which extended from July to
November 2024.

2.2. Managements

Venous blood samples (approximately 10 ml) were collected from each participant in appropriate containers in the
morning after an overnight fast. Of this, 7 ml were used for the evaluation of serum testosterone, estradiol, and
biochemical parameters. After allowing the samples to clot, they were centrifuged at 3000 rpm for 15 minutes.
Hormone levels were measured using electrochemiluminescence immunoassay technology (Roche, Cobas, Germany).

A 3 ml blood sample was collected in vacuum tubes containing ethylenediaminetetraacetic acid (EDTA) and gently
mixed. The samples were then analyzed using a hematology analyzer (Dymind DH76, China) to perform a complete
blood count (CBC). The hematological parameters assessed included red blood cell count (RBC), hemoglobin
concentration (HGB), hematocrit (HCT or PCV), mean corpuscular volume (MCV), mean corpuscular hemoglobin
(MCH), mean corpuscular hemoglobin concentration (MCHC), white blood cell count (WBC), and platelet count
(PLT).

Furthermore, participants underwent the following biochemical assessments: serum levels of renal function markers
(urea and creatinine), lipid profile parameters (total cholesterol and triglycerides), total bilirubin, and liver function
enzymes (alkaline phosphatase [ALP], alanine aminotransferase [ALT], and aspartate aminotransferase [AST]). These
measurements were performed using the Diasys Response 920 analyzer (Diasys Co., Germany) with high-performance
diagnostic reagent kits. The assays were based on biochemical techniques employing spectrophotometry and
colorimetry to determine the concentrations of chemical compounds in biological samples.

2.3. Statistical examination

An independent samples t-test was used to compare the smoking group with the control group, with statistical
significance set at p < 0.05. Data were analyzed using SPSS software, and Microsoft Excel was employed for data

presentation [11].

3. RESULTS AND DISCUSSION

Tobacco Products: Smoking is recognized as a major contributor to preventable illness and death worldwide [12]. The
mean age of smokers and non-smokers was 42.5 + 1.58 and 41.27 + 1.92 years, respectively. The average duration of
smoking among smokers was 17.03 + 1.34 years.

Testosterone levels were significantly lower in smokers (1.653 + 0.097 ng/ml) compared to the control group (5.980 +
0.195 ng/ml), showing a highly significant difference (p < 0.001). In contrast, no significant differences were observed
in estradiol levels between smokers (34.987 + 2.222 pg/ml) and the control group (30.980 + 1.495 pg/ml; p = 0.141)
(Table 1).
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Both the free form of testosterone and the fraction bound to sex hormone-binding globulins (SHBG) are present in
circulation. The free form accounts for approximately 65-80% of total testosterone. Consequently, total testosterone
concentrations may be influenced by fluctuations in SHBG and other plasma proteins [13].

Our findings showed that serum testosterone levels in smokers were significantly lower than in non-smokers, which is
consistent with the results reported by El Salam et al. [14].

It has been hypothesized that smoking lowers testosterone levels by causing Leydig cell dysfunction through multiple
mechanisms, including chronic hypoxia and oxidative stress (ROS) induced by smoking. Several explanations have
been proposed for this phenomenon. Nicotine exerts neuroendocrine effects on the hypothalamo-pituitary-gonadal axis
and also directly affects Leydig cells by downregulating key steroidogenic enzymes (NR5A1, CYP11A1, and 3f-
HSD1) or by inducing cell apoptosis, which involves upregulating pro-apoptotic proteins (Bax and caspase-3) and
downregulating the anti-apoptotic protein Bcl-2 [15].

Table (1) Comparison between the levels of Testosterone and Estradiol expressed as mean + the standard error
of smokers group versus the non-smokers group

Parameters
Parameters T N Mean Std. Error t- test p- value
Smokers 30
425 £1.58 0.496
Age/ years 0-022
Non smokers 30 41.27 +1.92
Smokers 30 1.653 +0.097
Testosterone ng/ml 19.92 0.000
Non smokers 30 5980 +0.195
Smokers 30 34.987 +2.222
Estradiol ( E2)pg/ml Non smokers 30 30.980 +1.495 - B

Concerning the haematological parameters for the participants .The mean value of RBC, Hb, HCT, MCV,
MCH,MCHC, WBC and Platelets were higher in smokers who were dependence on chronic tobacco smoking ( 5.540 x
106/uL £ 0.066 , 15.853g/d1 £0.103 , 45.783% +0.387,88.373fL +£0.521, 29.863pg +0.239, 34.340 g/dL +0.157, 8.828
103/uL +0.655, 245.267 103/uL +20.995 respectively ) compared to non-smoker (5.087x 106/uL +0.051, 14.773 g/dl
+0.142, 44.360%+0.587, 86.000 fL +0.537, 29.373 pg+0.194, 33.660 g/dL+0.155, 6.955 103/uL + 0.223 ,
226.333103/uL  £7.080 respectively ) , ( table 2). The findings revealed that individuals in the smoking cohort
demonstrated significant disparities relative to non-smokers in the following metrics: RBC count (p < 0.001), Hb level
(p <0.001), HCT % (p = 0.048), MCV (p = 0.002), MCHC (p = 0.003), and WBC (p = 0.010). In contrast, there is no
notable difference in MCH (p=0.117) and platelets (p=0.399) among smokers when compared with the group of
control.

To provide context for these results, our analysis revealed a significant elevation in RBC count among individuals
with long-term smoking habits compared to non-smokers. These findings are consistent with those of Khalid et al. [16],
who conducted a similar study involving 100 male participants. In their study, smokers who consumed 7-10 cigarettes
daily showed a significantly higher RBC count compared to non-smokers (5.1304 x 10%uL vs. 4.3852 x 10%uL). In
addition to the increase in RBC count, smokers also exhibited higher hemoglobin (HGB) and hematocrit (HCT) levels
compared to non-smokers. These results align with the conclusions of numerous other studies [17, 18].

Several researchers have hypothesized that the elevated hemoglobin levels observed in smokers may serve as a
compensatory mechanism. This increase in hemoglobin is thought to result from exposure to carbon monoxide. When
carbon monoxide binds to hemoglobin (Hb), it forms carboxyhemoglobin, an inactive form of hemoglobin that cannot
transport oxygen. Moreover, carboxyhemoglobin shifts the hemoglobin-oxygen dissociation curve to the left, further
reducing hemoglobin’s ability to deliver oxygen to tissues.

To compensate for this diminished oxygen-carrying capacity, smokers maintain higher hemoglobin levels compared to
non-smokers. The increased erythrocyte and hematocrit levels in male smokers can be attributed to tissue hypoxia
induced by elevated carboxyhemoglobin, which stimulates erythropoietin release and enhances erythropoiesis.
Additionally, carbon monoxide in tobacco smoke increases capillary permeability, leading to a reduction in plasma
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volume. This effect resembles polycythemia, characterized by an increased proportion of red blood cells in blood
volume, as reflected in elevated hematocrit levels [19].

MCYV, MCH, and MCHC are the three principal indices of red blood cells employed to ascertain the average size of
red blood cells and their hemoglobin content. The findings of our research indicated that smokers exhibited
significantly elevated mean corpuscular volume (MCV) and mean corpuscular hemoglobin concentration (MCHC),
whereas the disparities in mean corpuscular hemoglobin (MCH) values among smokers and those who did not smoke
were not o statistical significant. Ahmed et al. [20] corroborated these findings, revealing that smokers exhibited
significantly elevated MCV and MCHC values in comparison to non-smokers. In the investigation of red cell indices,
including MCH, MCV, and MCHC conducted by Srivastava et al. [21], The WBC count was found to be significantly
elevated in smokers. Several studies have reported higher total leukocyte counts in smokers [22, 23]. Multiple
mechanisms may contribute to smoking-induced leukocytosis. Nicotine can stimulate the adrenal glands to release
catecholamines and steroid hormones, which in turn can increase WBC levels. The association between elevated
endogenous hormones—such as adrenaline and cortisol—and increased leukocyte counts is well established [24].

Additionally, the irritant effects of smoke on the respiratory tract induce inflammation and cytokine production, both of
which can influence leukocyte numbers [25]. These effects are believed to be dose-dependent. Notably, smoking
cessation has been associated with a reduction in leukocyte counts [26].

In contrast, platelet count (PLT) was the only hematological parameter that showed no significant increase in smokers
compared to non-smokers. These findings are consistent with those of Bilto [27], who studied the effects of smoking on
blood rheology and biochemistry in 606 subjects, including 302 smokers (smoking history: 5-20+ years; 10-40+
cigarettes/day) and 304 non-smoking controls. Similarly, Hasan et al. [28] reported no significant difference in PLT
counts between smokers (242.74 x 10%/uL) and non-smokers (245.74 x 10°/uL).

However, some studies have recorded a significant increase in platelet count, suggesting that both short- and long-term
smoking can damage the endothelium. Moreover, platelet production is regulated by hormonal metabolism, which may
be disrupted by smoking, resulting in elevated platelet numbers [29].

Table (2) Comparison between the levels of haematological parameters as mean = the standard error of smokers
group versus the non-smokers group

Parameters T N Mean Std. Error t- test p- value
LE T ;I::: l:lelrzkers 38 283(7) i 0(5906561 546 0.000
Hb g/dl zlzlr(:l:g(s)kers ;8 iiggi i gi?é 6.15 0.000
HCT%  |'Nowsmokers |30 | a0 | wossr| 2025 | 008
MCVFL  [Nomsmokers | 30 | seoo | osy] M0 | o002
MCH pg lil(l)ll(l)l;el:.(ikers ;8 ;gigg i 8%3491 1592 0.117
MCHCHA [ Nowmokers |30 | a0 | e oiss] ¥ | 0003
SUHE D L lil(l)ll(l)l;el:.(ikers ;8 §§§§ i 8332 27 0.010
Platlets 109 WL [ Non smokers | 30 | 226335 | s top0 ] 085 | 0%

Regarding the Biochemical parameters of the participants. The mean value of Urea, Creatinin, Cholesterol,
Triglyceride, ALP, ALT and AST were higher in smokers who were consuming chronic tobacco smoking ( 43.500
mg/dl £ 1.612,0.914 mg / dl + 0.049 , 203.000 mg/dl + 6.725 , 189.600 mg/dl + 21.499 , 80.133 U/L + 3.430, 37.600
U/L + 1.499 , 29.467 U/L + 0.872 respectively) compared to non-smoker ( 27.533 mg/dl + 2.306 , 0.414 mg/dl +
0.039, 124.333 mg/dl +4.015 , 90.500 mg/dl + 3.923 , 57.600 U/L + 1.307 , 23.500 U/L £ 1.415 ,22.400 U/L + 1.249
respectively ), ( table 3).
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Table (3) Comparison between the levels of Biochemical parameters as mean = the standard error of smokers
group versus the non-smokers group

Parameters
T N Mean Std. Error t- test p- value

Smokers 30 43.500 + 1.612

Urea mg/dl 5.675 0.000
Non smokers 30 27.533 + 2.306
Smokers 30 0914 + 0.049

Creatinin mg/dl 7.99 0.000
Non smokers 30 0.414 + 0.039
Smokers 30 203.000 + 6.725

Cholesterol mg / dl 10.04 0.000
Non smokers 30 124.333 + 4.015

Triel . I Smokers 30 189.600 + 21.499 454 0.000

riglyceride mg Non smokers 30 90.500 + 3.923 ' '

Smokers 30 80.133 + 3.430

ALP U/L 6.14 0.000
Non smokers 30 57.600 + 1.307
Smokers 30 37.600 + 1.499

ALT U/L 6.84 0.000
Non smokers 30 23.500 + 1415
Smokers 30 29.467 + 0.872

AST U/L 4.64 0.000
Non smokers 30 22.400 + 1.249

This study examined the effect of cigarette smoking on blood lipid profiles, particularly total cholesterol and
triglyceride levels. The results demonstrated that smokers had significantly higher total cholesterol and triglyceride
levels compared to non-smokers (p < 0.001). Lipids are essential structural components of cells and participate in
numerous metabolic processes; therefore, imbalances in lipid fractions can compromise human health [32].

In a study by Nath et al. [33], non-smokers exhibited significantly lower mean total cholesterol levels compared to
smokers (172.05 £ 29.76 vs. 205.05 + 51.58, p < 0.001). In contrast, Gupta V et al. [34] reported no statistically
significant differences in cholesterol levels between smokers and non-smokers. This discrepancy may be explained by
differences in sample selection criteria, participants’ dietary habits, the younger age of the study group, and the shorter

duration of smoking in their study.

In this investigation, elevated levels of triglycerides were found to correlate with an increase in the levels of total
cholesterol. These results are consistent with what Sousa et al [35]. Chandran et al [36], who did studies that were
quite similar to this one, demonstrated that smoking causes a change in the lipid profile, which in turn leads to
dyslipidaemia in smokers. Furthermore, the effects of this shift grow more pronounced with the number of cigarettes
that are smoked.

In this investigation, elevated triglyceride levels were found to correlate with increased total cholesterol levels. These
results are consistent with the findings of Sousa et al. [35]. Chandran et al. [36], in similar studies, demonstrated that
smoking alters the lipid profile, leading to dyslipidemia in smokers. Moreover, the effects of this alteration become
more pronounced with the number of cigarettes smoked.

Compared to non-smokers, individuals with a smoking history of more than 10 years had significantly higher levels
of the liver enzymes ALT, AST, and ALP (p < 0.001). This suggests that chronic smoking may influence liver enzyme
activity. These findings are consistent with those reported by Baled and Mohamed [37], who also observed similar
results. However, according to Suriyaprom et al. [38] and several earlier studies, smoking may not directly damage

hepatocytes, implying that the observed changes in enzyme levels could be attributed to indirect mechanisms.

4. CONCLUSION

This study concluded that middle-aged men with heavy and long-term smoking habits tend to have markedly lower
testosterone levels. Moreover, several hematological parameters—including white blood cell count, mean corpuscular
hemoglobin concentration, mean corpuscular volume, hematocrit, hemoglobin level, and red blood cell count—differ
significantly between smokers and non-smokers. By contrast, no substantial differences were observed in mean
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corpuscular hemoglobin (MCH) or platelet counts. In addition, kidney function appears to be negatively affected in
smokers, as indicated by elevated serum creatinine and urea levels. Smoking was also clearly associated with increased
levels of total cholesterol and triglycerides, as well as significantly higher liver function markers (ALP, AST, and ALT)
in chronic tobacco users. Therefore, prompt smoking cessation may help reverse these adverse biochemical and
physiological alterations, ultimately reducing the risk of developing severe health complications in the future.
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