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Abstract 

Objective: The causal effect relationship between smoking and stress is a subject that invites continuous research.  

Hypothetically, investigation of stress biomarkers that are reported to be affected by tobacco intake may give us 

some explanation of the association between stress and smoking as a habit.  Consequently, the present study aimed 

to assess the serum level of some stress biomarkers and compare them among smokers and non-smokers in a 

sample of Egyptian male healthy volunteers. Methods: Fifty-nine subjects were enrolled in the study (29 smokers 

and 30 non-smokers of matched age and gender). We measured serum levels of cortisol and interleukin-6 (IL-6) 

using the ELISA technique, and serum levels of α-amylase, triglycerides (TG), and total cholesterol (TC) using 

colorimetric methods. Results: Serum cortisol levels were decreased in smokers, and IL-6, TG, and TC were 

significantly higher in smokers than non-smokers, whereas, serum α-amylase did not show a significant 

difference. Serum cortisol showed to be negatively correlated with serum IL-6 in smokers. Conclusions: The 

present study assumes that smokers suffer from a state of chronic stress as evidenced by the observed decrease in 

serum cortisol due to negative feedback effects and increase in levels of serum IL-6, TG, and TC. This in turn 

enhances the craving to smoke to face stressors and leads to a vicious circuit that smokers fail to quit smoking. 
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1. Introduction 

Smoking is believed by many smokers and health care 

professionals to reduce stress and improve symptoms 

related to poor mental health (Taylor and Munafò, 

2019). Many studies ensure that exposure to acute 

stress is often followed by an increase in cigarette 

craving (Buchmann et al., 2010). Smokers declare that 

stress relief and relaxation are their main driving force 

for smoking (Filder and West, 2009).  

Controversially, research states that nicotine found in 

tobacco cigarettes increases biomarkers of stress and 

affects the hypothalamic-pituitary-adrenal (HPA) axis 

(Kapoor and Jones, 2005). The HPA is known to 

mediate the body response towards physical and mental 

stress (Miller and O’Callaghan, 2002) and is 

responsible for the release of glucocorticoids like 

cortisol (Edwards C, 2012). Peripheral cortisol levels 

could also be increased through the direct activation of 

nicotine for the central nicotinic receptors (Chiodera et 

al., 1997).  

Interleukin-6 (IL-6) is another stress biomarkers 

positively associated with smoking. Many empirical 

studies show increased levels of IL-6 in smokers 

compared to non-smokers (Arnson et al., 2010; Moretti 

et al., 2014; Helmersson et al., 2005). Similarly, serum 

alpha-amylase is a biomarker of stress that is 

commonly affected by nicotine. Complex 

pharmacological actions of nicotine pressure were 

found to produce injury to a pancreatic cell at 

subclinical levels with subsequent elevation of alpha-

amylase in the blood (Azab and Dawood, 2012). 

According to Dubick et al. (1987), the basal serum 

amylase activity was found to be 100% higher in 

cigarette smokers than non-smokers. More recent 

research emphasized the same findings where serum 

alpha-amylase level was higher in smokers than non-

smokers (Hasan and Jabir, 2017; Weiner et al., 2009). 

Smoking is strongly associated with the malfunction of 

lipid metabolism and thus predisposes to 

cardiovascular diseases (Hallit et al., 2017). Lipid 

metabolism is also modulated by stressors (Maduka et 

al., 2015). Previous research postulated a causal 

relationship between increased stress and alterations in 

lipid profile (Najee and Miller, 1989). 

In this context, the present work aimed to assess the 

serum level of the aforementioned stress biomarkers 

and compare them among smokers and non -smokers in 

a sample of Egyptian male healthy volunteers.   

2. Subjects and Methods 

Study Participants 

The study is a case-control study performed on 29 adult 

male smokers and 30 controls of matched age and 

gender. A medical sheet was completed for all 

participants about respiratory complaints, blood 

pressure, and body mass index (BMI). Exclusion 

criteria were the presence of diabetes mellitus, 

malignancy, history of corticosteroid exposure, and 

also the presence of any disease that could affect the 

HPA axis. Consents were collected from all 

participants declaring their willingness to participate 

and ethical approval was taken from the ethical 

committee of the National Research Centre for study 

procedures. 

Biochemical assessment 

Five mls blood were collected in a plain red top 

venipuncture tube for serum samples. Blood was left to 

clot then centrifuged at 3000 rpm for 10 minutes and 

serum was separated. The serum was kept at -20 °C for 

five days until analysis. Serum cortisol and serum IL-6 

were measured by enzyme-linked immune sorbent 

assay (ELISA) technique using a kit manufactured by 

Elabscience, USA. Serum α-amylase, triglycerides 

(TG), and total cholesterol (TC) were determined using 

a colorimetric kit (Biodiagnostic, Egypt). 

 

Statistical Analysis  

Statistical analysis was done using Graph pad Prism 7. 

Descriptive analysis for mean and standard deviation, 
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student t-test, and Pearson correlation was performed. 

A p-value of less than 0.05 was considered significant. 

3. Results 

Both smokers and non-smokers showed mean values 

for systolic and diastolic blood pleasures within the 

normal range with a very low percentage of each 

suffering from a respiratory complaint (22% in smokers 

and 18 % in non-smokers). Mean values for BMI 

showed both groups to be overweight (27.33 in 

smokers and 27.24 in non-smokers). Smokers showed 

a mean age of 41.7 years ranging from 25 to 60. Non-

smokers showed a mean age of 40.06 years ranging 

from 23 to 58. 

Table 1 illustrated the measured parameters in the 

serum of smokers and non-smokers. Serum cortisol 

levels were decreased by 52.8% in the smoker's group 

with a significantly lower mean value of 164.4 ng/ml at 

p < 0.001 compared to the corresponding non-smoker's 

group (234.9 ng/ml). Serum IL-6 was increased by 

nearly 25% in smokers compared to non-smokers 

counterparts with a significant difference at p < 0.001. 

Significant increases in serum TG and TC levels were 

also detected in smokers as compared to non-smokers 

while α-amylase was lower in smokers (887.2 mg/dl 

versus 933.3 mg/dl) yet non significantly. 

Pearson correlation showed a significant negative 

correlation between serum cortisol and serum IL-6 (r= 

-0.4374, P= 0.0255) as shown in figure 1. No other 

significant results were detected yet a negative 

correlation appeared between serum cortisol and serum 

α-amylase, serum cortisol and serum TG, and serum 

cortisol and serum TC. 

 

 

Table 1. Serum levels of cortisol, α-amylase, IL-6, TG, and TC in smokers and non-smokers 

 Non-smokers (30) Smokers (29) 

Mean SD Min Max Mean SD Min Max 

Cortisol 

(ng/ml) 

234.9 99.84 46.74 410.9 164.4* 100.4 35.67 400 

α-amylase 

(U/L) 

933.3 261.3 551.6 1324 887.2 262.2 478 1287 

IL-6 

(pg /ml) 

0.1257 0.1162 0.01 0.479 0.2026* 0.1639 0.023 0.554 

TG (mg/dl) 101.7 53.1 42.5 264.3 143* 85.89 45.63 329.5 

TC (mg/dl) 129 63.63 36.46 328.6 167.5* 81.3 104.3 357.1 

*Significantly different from non-smokers group at p<0.001. Cortisol (normal range (8-10 a.m.): 

50-230 ng/ml), α -amylase (normal range: 70-340 U/L), IL-6: Interleukin-6, TG: Triglycerides 

(normal range: 60-165 mg/dL), TC: Total cholesterol (normal range: 150-225 mg/dL) 
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Figure 1. Pearson correlation between serum cortisol and serum α-amylase, IL-6, TG and TC in smokers, (a) 

cortisol and IL-6, (b) cortisol and α-amylase, (c) cortisol and TG, (d) cortisol and TC 

 

4. Discussion 

In the present study, serum cortisol was decreased 

significantly in smokers compared to non-smokers 

counterparts.  Similar results were reported by 

literature (Handa et al., 1994; Elbuken et al., 2015), 

nevertheless, the level of cortisol as compared between 

smokers and non-smokers is still controversial (Steptoe 

and Ussher, 2006). 

According to Neves et al. (2017), salivary cortisol level 

was higher in heavy smokers compared to both light 

smokers and non-smokers. The author introduced some 

explanations including the increased activation of the 

mesolimbic system due to the increase in nicotine 

exposure resulting in modifying the dopaminergic 

activity and lowering cortisol levels. Another 

explanation stated that frequent and prolonged 

activation of the HPA axis by tobacco smoking could 

have lead to downregulation of corticotrophic hormone 

receptors and reduced responsiveness of the adrenal 

cortex to a psychological challenge (al’Absi et al., 

2006). As evident, low HPA stress responsiveness 
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usually predate increased cigarette craving (Moss et al., 

1999). It was also stated by Kirschbaum and colleagues 

(1993) who compared the response of habitual smokers 

and non-smokers to a standardized public speaking task 

and mental arithmetic task in front of an audience that 

an attenuated cortisol response to such stressors was 

detected among smokers. Similar findings were 

reported by Childs and de Wit (2010) who illustrated 

that Smokers exhibited a blunted cortisol response to 

the Trier Social Stress Test and prolonged subjective 

scores of agitation in response to stressors as compared 

to non-smokers, suggesting a possible link between 

hypoactive HPA axis reactivity to stress and a 

prolonged time to recovery from the subjective mood-

altering effects of stress exposure. Moreover, such an 

explanation could clarify why acute physical or 

psychological stress and behavioral challenges enhance 

craving to smoke, smoking rate, and nicotine intake 

(al’Absi et al., 2002; al’Absi et al., 2003; Buchmann et 

al., 2010).  

According to the literature, the level of both serum and 

salivary α-amylase is higher in smokers compared to 

non-smokers (Nater et al., 2007; Dubick et al., 1987; 

Onyesom et al., 2012). Controversially, in the present 

study, serum α-amylase level was lower in smokers yet 

not significant. Strikingly, the level of serum α-amylase 

as detected by the present work in both smokers and 

non -smokers highly exceeded the normal range that 

could indicate a pathological state. Such rise could 

reflect renal insufficiency, nephrectomy (Onyesom et 

al., 2012), hepatic necrosis, or cirrhosis (Rueff and 

Bentamou, 1973).   

Another marker in the present study was the pro-

inflammatory cytokine; IL-6.  IL-6 is produced by 

macrophages in the bronchial epithelium in response to 

infections as well as other stimuli such as smoking 

(Rodrigues et al., 2014). Serum IL-6 level was 

markedly increased in the smoker's group in our 

investigation similar to other studies (Tibuakuu et al., 

2017; Daloee et al., 2017). Despite IL-6 is believed to 

stimulate HPA (Kunz-Ebrecht et al., 2003) and hence 

cortisol secretion, a significant negative correlation was 

detected in the present study between the two 

biomarkers. This result could augment the assumption 

of negative feedback for cortisol secretion previously 

mentioned.  

In the present study, smokers showed unfavorable lipid 

profiles, represented in a significant rise in serum TC 

and TG levels. Previous studies proposed smoking as a 

strong risk factor for dyslipidemia. Smoking increase 

TC, TG, and LDL cholesterol and lowers HDL 

cholesterol, while smoking cessation improves lipid 

metabolism (Lee et al., 1998; Hallit et al., 2017; Li et 

al., 2018). Mjos (1988) assumed the reason to be the 

stimulating effect of nicotine on the sympathetic 

activity leading to the release of catecholamines,  that 

mediate lipolysis and increases plasma levels of TG 

and free fatty acids. In their study, Maduka et al. (2015) 

suggested a relation between cortisol level and lipid 

profile under stressful conditions. Their results proved 

a significant increase in both cortisol and TC but not in 

TG. Generally speaking, both TG and TC are supposed 

to increase under stress (Le Fur et al., 1999). As 

represented by results obtained by the present study, 

both TG and TC indeed showed a significant increase 

in smokers compared to non -smokers, yet no 

significant correlation was distinguished between TC 

and cortisol, and TG was negatively correlated with 

cortisol but non-significantly. 

In conclusion, findings from the present study suppose 

that smokers are suffering from a state of chronic stress 

that is manifested by a significant decrease in cortisol 

due to negative feedback effect, increased levels 

beyond normal of α-amylase, IL-6, TC, and TG. Such 

findings can explain the vicious circuit in which 

chronic smokers are trapped in and that could be 

explained as follows. When smokers are faced with 

stressful conditions, cortisol levels increase in their 
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blood. In such a situation their craving for smoking 

increases since nicotine stimulates the secretion of 

cortisol that results from a final decrease in cortisol 

level by a feedback mechanism. More investigations 

are highly recommended concerning having more 

credible evidence to the concluded hypothesis. A larger 

sample size, using psychometric measurements for 

stress, degree of the smoking habit, and surveying 

smoker habits and explanations for their desire to keep 

smoking despite its harmful effect on health. Stress is 

to be measured using the aforementioned biomarkers in 

addition to the Allostatic load index that can give an 

indication of stress level attained by smokers to be 

correlated with their smoking habits.  
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