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Abstract

Introduction: Although there are some studies regarding the effects of cigarette smoking on serum total cor-
tisol (TC) and salivary cortisol (SaC) levels, the results are still not conclusive. For this purpose, we aimed to 
determine the effects of cigarette smoking on TC and SaC levels in a small sample of healthy volunteers.
Methods: Twenty-five (12 females and 13 males) smokers with a mean age of 42.6±15 years and 25 (12 fema-
les and 13 males) age- and gender-matched healthy non-smokers (mean age: 40.8±14.5 years)  were enrolled 
in the study. Hypothalamic-pituitary-adrenal (HPA) axis was evaluated by baseline TC and SaC levels, and 
TC and SaC responses to standard dose (250 µg) ACTH stimulation test. TC and SaC levels were obtained 
under baseline and stimulated conditions.
Results: Although mean TC and SaC levels were higher in smokers versus non-smokers, a statistically signi-
ficant difference was not found between the two groups.
Conclusion: TC and SaC levels were not statistically different between smokers and non-smokers. Further 
studies with a larger sample size are needed to draw definitive conclusions.
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Introduction

Cortisol is a stress hormone which may 
be influenced by cigarette smoking. Cigarette 
smoking can interfere with steroid hormone 
release, binding, transport, storage, metabolism, 
and clearance, resulting in changes in circulating 

hormone concentrations.1,2 It is known that 
smoking is associated with moderately elevated 
cortisol levels.2 Several studies have reported 
the stimulating effects of  acute doses of  
nicotine delivered by cigarette smoking on the 
hypothalamic-pituitary-adrenal (HPA) axis.2-

4 Nicotine has a stimulatory effect on HPA axis 
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activity with increased plasma cortisol and urinary 
17-hydroxycorticosteroid levels detected following 
cigarette smoking.2 Nicotine probably stimulates 
hypothalamic cholinergic receptors, leading to a 
release of  corticotropin-releasing hormone (CRH). 
Nicotine also stimulates adrenocorticotropic 
hormone (ACTH) secretion from the anterior 
pituitary with a subsequent cortisol release from 
the adrenal cortex. Additionally, nicotine induces 
vasopressin secretion which can lead to ACTH 
release.4 It is also known that total cortisol (TC) 
levels increase within the first 20 minutes after 
cigarette smoking.5 On the other hand, acute 
tobacco abstinence was shown to cause a reduction 
in TC.6

Cortisol levels can be measured in plasma, 
urine, and saliva. Salivary cortisol (SaC) directly 
diffuses along the capillaries to target tissues and 
it is a biomarker of  serum free cortisol (FC) level. 
Sampling of  saliva is easy and painless. SaC, as a 
surrogate biomarker of  FC has been increasingly 
used in scientific studies.7-10 There are controversial 
data in literature regarding the effect of  cigarette 
smoking on SaC. In one study, SaC levels were 
increased in current smokers compared with 
nonsmokers.11 Cessation of  cigarette smoking 
results in a reduction of  SaC levels.12 In a study 
by Wong et al., SaC levels were significantly 
lower during the abstinent session versus the 
non-abstinent session in the same population.13 

However, in some other studies it was concluded 
that SaC levels were not affected by cigarette 
smoking.14-16 As previously mentioned, evidence 
for an association of  smoking with SaC are mixed.  
For this purpose, we aimed to investigate SaC 
levels of  cigarette smokers and non-smokers in a 
population of  healthy volunteers.

Methods

Twenty-five healthy smokers (12 females and 13 
males) with a mean age of 42.6±15 years, and 25 
age- and sex-matched (12 females and 13 males) 
healthy non-smoker (mean age: 40.8±14.5 years) 
controls were enrolled in the study. The duration 
of cigarette smoking was estimated by pack-years 
(number of packs of cigarettes smoked per day x 
years smoked per person). This study was part 
of another study investigating the HPA function 
of healthy people at our hospital. The study 

was approved by the Local Ethics Committee 
and informed consent was obtained from all 
volunteers. Exclusion criteria included a diagnosis 
of diabetes mellitus, malignancy, history of 
corticosteroid exposure, oral contraceptive use, 
and also the presence of any condition that could 
affect functioning of the HPA axis.

ACTH stimulation tests: Tests were performed 
between 08:00-09:00 a.m., after an overnight 
fast. Blood and saliva samples for TC and SaC 
were obtained before and at 30, 60, 90 minutes 
after administration of 250 µg synthetic ACTH.17 
Samples were centrifuged, aliquoted and stored at 
-80 °C until analysis. 

Salivary samples: Sixty minutes before the 
test, individuals were not allowed to smoke, 
eat, drink liquids or brush their teeth. Saliva 
samples were collected by using oral swabs 
(Salimetrics®).18 Salivary cortisol was measured 
using a commercially available high-sensitivity 
enzyme immunoassay (EI) kit (Salimetrics®  
Inc, State College, PA, USA) according to the 
manufacturer’s instructions.9

Serum TC: Serum TC levels were measured by 
radioimmunoassay (RIA) method (Immunotech; 
Prague, Czech Republic).

Statistical analyses 
All statistical analyses were conducted using 

the Statistical Package for Social Sciences (SPSS 
for Windows, version 15; Chicago; IL). Since the 
data were distributed homogenously, statistical 
analyses were performed by parametric tests. 
The results were presented as mean and standard 
deviation (SD). Comparisons between two groups 
of data were done by paired t-test. Statistical 
significance was set at a p-value less than 0.05.

Results

Demographic and smoking status of  the study 
subjects are shown in Table 1. Mean duration of  
smoking   was 14±14 (median: 9, min: 1, max: 45) 
years for the study sample and 13.3±16 (median:7, 
min: 1, max: 45) and 15.5±10.4 (median: 15, 
min: 25, max: 30) years respectively for females 
and males. Baseline, peak and delta hormone 
levels of  the smoker and non-smoker groups are 
summarized in Table 2. 

Although mean TC and SaC levels at baseline 
and 30, 60 and 90 minutes after ACTH stimulation 



test were higher among smokers, a statistically 
significant difference was not found between the 
two groups (Figures 1a and 1b). As shown in Figure 
2, baseline and stimulated SaC levels were also 
similar among males, females and overall.

Discussion

In any investigation on the effects of  smoking 
on cortisol, consideration should be given to the 
type of  method used for cortisol measurement 
(TC, FC or SaC) while interpreting the results. 
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This is because it is known that the biologically 
active fraction of  cortisol is FC and it should be 
the primary fraction to be measured since it is not 
affected by cortisol-binding proteins. However, 
FC measurement is a cumbersome and time-
consuming method that is dependent on laboratory 
and technician. However, when SaC is directly 
measured using the EI method, it is not affected by 
cortisol-binding proteins or any factors that could 
have an impact on these proteins.

In our study, TC and SaC levels of  the subjects 
were not statistically different between smoking 
and non-smoking groups. Studies comparing 
smokers and non-smokers using TC showed that 
TC was generally higher among smokers.2,5,11 

However, Handa et al.19 found lower morning TC 
values in a group of  middle-aged male smokers.19 
In our study, baseline and stimulated TC values 
did not differ between sexes. We also found that 
SaC levels were not different between smokers and 
non-smokers in the present study. Considering that 
SaC reflects biologically active FC, we may suggest 
that smoking does not have any effect on FC levels. 
Consistent with our findings, in their study Yeh 
and Barbieri20 showed that urinary cortisol levels 

which reflected FC were not different between 
10 smokers and 15 non-smokers. Contrastingly, 
Kirschbaum et al. reported higher SaC levels in 
smokers than in non-smokers in two studies.21,22 In 
a new study published in 2019, examining cortisol 
secretion and sleep continuity in smokers and 
non-smokers, a marked difference was observed 
between SaC values of  38 regular smokers and 39 
non-smokers (0.73± 0.58 mg/dL versus 0.47± 0.26 
mg/dL, respectively).23 In the present study, we did 
not find any difference between SaC levels between 
smokers and non-smokers at baseline and following 
ACTH stimulation. This finding suggests that 
several ingredients found in cigarettes including 
nicotine do not have a local effect on SaC. Also, it 
suggests that smoking does not have an additional 
impact on the HPA axis. In conclusion, we believe 
that it might be more appropriate to utilize SaC to 
assess FC in future studies that examine the HPA 
axis in relation to smoking status.

Conclusion  

Although there were only 25 smokers in our 
study, we found that cigarette smoking did not 
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have an effect on TC and SaC levels. Further 
studies with a larger sample size are needed to 
draw definitive conclusions.
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