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Introduction: Brain-derived neurotrophic factor (BDNF) has been shown to impact neural function and development. The BDNF 
plasma levels may be affected by a smoker’s behavior. Thus, the aim of this study was to investigate the association between sleep, 
body weight and physical exercise with brain-derived neurotrophic factor (BDNF) in healthy male Saudi smokers.
Methods: A cross-sectional study, with a convenience sample, was conducted during personal visits to the Anti-Smoking Clinic and 
Family and Community Medical Center of Imam Abdurrahman Bin Faisal University (IAU) in Dammam at the end of 2018. Blood 
samples were taken from participants to measure the BDNF plasma levels. Multiple linear regression analysis was used to examine the 
relationship between plasma BDNF levels and participants’ background characteristics, such as smoking index, physical activity, body 
mass index (BMI) and Pittsburgh sleep quality index (PSQI).
Results: A sample of 73 (31 smokers and 42 non-smokers) males took part in the study. The results demonstrated a significant 
relationship between plasma BDNF levels with physical activity, smoking age, smoking index, PSQI and BMI 25–29.9 (overweight). 
However, the results showed no significant relationship between plasma BDNF levels and BMI (healthy weight) and obesity.
Conclusion: This study shows that physical activity and sleeping quality can provide a positive impact against smoking-associated 
variation of the BDNF plasma levels, which may affect the health of Saudi males. Further investigation is needed to understand what 
other potential background characteristics are best predictive or correlated with BDNF plasma levels.
Keywords: smokers, BDNF, PSQI, IPAQ, smoking index, physical activity, body mass index

Introduction
The brain-derived neurotrophic factor (BDNF) is a small dimeric protein and a member of the neurotrophin family of 
growth factors.1 It is one of the neurotrophins family that plays a critical role in survival and differentiation of neurons 
throughout their development.2 Another main function of BDNF is to sustain high levels of repair in adults’ brains.3 

Evidence has suggested that BDNF regulating the synaptic plasticity and survival as well as cell proliferation.4,5 In 
addition, BDNF also plays an essential role in the cellular model of memory and learning, which includes both long-term 
potentiation (LTP) and late-phase LTP in hippocampal neurons.2

The BDNF plasma levels may also be affected by smoking and heavy abuse of nicotine.6 Furthermore, BDNF 
upregulation might be related to the duration and amount of smoking.7

Cigarette smoking imposes a huge health and economic burden. It kills around seven million people every year.8 The 
number of deaths is expected to reach 8.3 million by 2030. The prevalence of cigarette smoking remains high worldwide, 
as 20% of the world population are tobacco smokers. In Saudi Arabia, the prevalence of tobacco smokers among adults 
(≥15 years) in 2013 was 16%. According to the World Health Organization (WHO) global report on the trends of tobacco 
smoking in 2015, “the prevalence of tobacco smoking in Saudi Arabia is projected to increase to 24% by 2025”.9
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Smoking has many hazardous compounds that are known to be highly toxic to the nervous system, where smoking 
primarily acts in the mesolimbic system (dopaminergic neurons) leading to release of dopamine, which is responsible for 
pleasure and euphoria feelings as well as considered the principal factor of addiction.10 In the same line, smoking may 
induce cognitive impairment through impairing other body systems.11

The exact relationship between smoking status to plasma BDNF levels remains controversial.12 According to 
published evidence, a functional variant of the BDNF human genome (polymorphism modifying) is highly related to 
smoking behavior13 and the age of smoking initiation.14

Furthermore, most studies that screened plasma BDNF and smoking were conducted on middle-aged and/or elderly 
participants and are compounded by the comorbidities of these subjects; therefore, there is a lack of studies conducted on 
young individuals to examine this relationship. More importantly, documented data confirm the diversity in BDNF levels 
among populations.15,16

To the best of our knowledge, very few studies have evaluated the influential effect of lifestyle factors on the plasma 
BDNF levels in healthy young smokers, especially in Saudi Arabia. In addition, since smoking is more common in males 
than females in Saudi Arabia and due to differences in smoking behaviors, as well as cyclic changes of BDNF levels in 
females.17 Thus, it would be interesting to explore the association between sleep, body weight and physical exercise with 
plasma BDNF levels in healthy young male Saudi smokers.

Materials and Methods
Participants
A cross-sectional study, with a convenience sample, was conducted during personal visits to the Anti-Smoking Clinic and 
Family and Community Medical Center of Imam Abdurrahman Bin Faisal University (IAU) in Dammam, Saudi Arabia 
at the end of 2018. The subjects were intentionally selected as young smokers to avoid any confounding effects on sleep 
due to aging.

Inclusion criteria were young healthy male subjects with a previous history of smoking at least one or more cigarettes 
per day over the previous six months. The study excluded participants with chronic and psychiatric disorders, or 
electronic cigarette users, along with alcoholics and those who had previously used drugs, such as heroin, cocaine and 
cannabis; they were excluded through structured survey items that elicited the health status of participants.

The nonsmokers were recruited from the Family and Community Medicine University Center in Dammam, Saudi 
Arabia and were matched for age and gender.

All participants filled out three questionnaires: “self-made questionnaire (includes questions related to smoking, 
health and socioeconomic status of the participant), Pittsburgh Sleep Quality Index (PSQI) and the short form of 
International Physical Activity Questionnaire. (IPAQ)”.

Dependent Variable (Outcome)
Plasma BDNF Measurements
Blood samples were collected early morning between 10 and 12 a.m. from all participants. Measurements of plasma BDNF 
concentrations were carried out in the biochemistry lab at IAU college of medicine, by using human BDNF sandwich ELISA 
kits (Aviva systems biology, OKBB00127, ELISA kits, USA), according to the manufacturer’s instructions. This assay has 
high sensitivity (<15 pg/mL) and an excellent specificity (<11.3 pg/mL) for detection of plasma BDNF.

Explanatory (Independent) Variables in the Study
Smoking Index
Smoking index is a parameter that measures the cumulative exposure to smoking.18 In other words, smoking index is the 
average number of cigarettes smoked during a day.
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Physical Activity
The purpose of using this questionnaire was to measure the amount of physical activity of the participants as it can 
influence plasma BDNF level.19 IPAQ has been developed and tested for use in adults aged 15–69 years. The reliability 
of the IPAQ short, self-administered version is 0.75, and the validity is 0.30.20

IPAQ total score is determined by summing up the scores of the three types of physical activity, which were 
calculated by using the following formulae: Walking MET-minutes/week = 3.3 * walking minutes * walking days; 
moderate MET-minutes/week = 4.0 * moderate-intensity activity minutes * moderate days; vigorous MET-minutes/week 
= 8.0 * vigorous-intensity activity minutes * vigorous-intensity days.

Pittsburgh Sleep Quality Index (PSQI)
PSQI is an instrument that measures the pattern and quality of sleep-in elderly people. In general, PSQI differentiates 
between bad and good sleepers through measuring seven dimensions: habitual sleep efficiency, sleep duration, subjective 
sleep quality, sleep latency, daytime dysfunction, use of sleep medications and sleep disturbances. PSQI total score is 
determined by summing up the 7 components’ scores to get a global score that ranges from 0 to 21, with higher scores 
denoting poorer sleep quality. The original authors set up a cutoff of >5 for the global score to distinguish poor sleepers 
(>5) from good sleepers (<5). PSQI consists of 19 self-rated questions.21

Body Mass Index (BMI)
The role BMI is to measure individuals’ weights adjusted for height and age. BMI is regarded as an indicator of the fat 
present in the body. In other words, BMI is an alternative measure of the fat in the body and excess weight. All 
participants were classified according to their BMI to “underweight (BMI < 18.5), normal (BMI = 18.5–24.9), overweight 
(BMI = 25–29.9), or obese (BMI ≥ 30)”.22

Ethical Considerations
The study protocol has been approved by the local ethical committee in IAU (IRB-PGS-2018-01-033) and complies with 
the Declaration of Helsinki. All participants have signed an informed consent provided with an introductory letter that 
has taken into account the confidentiality of data prior to the study.

Statistical Analysis
The collected data were entered to Statistical Package for Social Sciences version (26) SPSS. Cross-tabulation and 
frequency tables were used to explore the data in terms of missing values and outliers. The correlation among the 
independent variables was conducted to examine multicollinearity. The results found no collinearity, and all variables 
were entered to the model. The normal distribution of the outcome variable was tested using the one-sample 
Kolmogorov–Smirnov test and Q-Q plots, and the results showed the outcome variable was normally distributed since 
the p-value is greater than 0.05 (p=0.072>0.05).

Multiple linear regression was employed in this empirical study to develop a predictive model for plasma BDNF level among 
smokers and non-smokers. Multiple linear regression is widely used in assessing relationships between single outcome variable 
(plasma BDNF levels) and many explanatory variables (independent variables). This type of inferential statistical methods 
establishes the relative contribution of each independent variable in the regression model and its effect on the dependent variable.

Dummy Variables
Simple and multiple linear regressions allow researchers to include categorical variables (predictors) in the model, but 
these variables should be transformed to dummy variables that take “1” and “0” values. The value “1” shows that the 
attribute of the category is present, while the value of “0” shows that the value of attribute of the category is absent. In 
this study, six categorical variables were transformed into dummy variables. For example, the variable “smoking age 12– 
17 year” was given the value “0” and “smoking age 18–24 years” was given the value “1”. In the multiple regression 
equation, the dummy variable coefficient indicated how the “smoking age 18–24” with value “1” affects the plasma 
BDNF levels (dependent variable) in reference to “smoking age 12–17 year” was given the value “0”.
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Results
Features of Participants
A sample of 73 participants (31 smokers and 42 non-smokers) were involved in the present study (Figure 1). The sample 
size was calculated using G-power 3.34 software. The calculation was based on three components: effect size, level of 
significance (0.05) and power (0.90). The effect size used was 0.3, where the effect size measures the distance between 
the null hypothesis (H0) and alternative hypothesis (H1).

Table 1 presents the features characteristics and plasma BDNF levels among smokers and non-smokers who 
participated in the study. The mean age of smokers was significantly higher (24.7±4.1 years) compared to the non- 
smokers (20.9 ±2.7 years). The results demonstrate significant differences between smokers and non-smokers in relation 
to plasma BDNF levels (t=2.011, p=0.048<0.05). Nonetheless, the results showed that no significant differences between 
smokers and non-smokers in relation to BMI (mean = 26.71 and 24.55, respectively), physical activity (2749 and 2039, 
respectively) and PSQI (5.77 and 4.88, respectively) (p > 0.05).

The smoking history of participants is shown in Figure 2. The mean age of smoking initiation was 17.2±4 along with 
1.13±0.2 for smoking index. The mean duration of smoking was 7.3±5 years, and the mean number of cigarettes/days 
was 14.8 ± 9.2.

In order to investigate the association between sleep, body weight and physical exercise with plasma BDNF levels 
among the smoker’s group, a multiple regression model analysis was run. The overall model fit was (F(10) < 2.6, p < 
0.002)), with an R2 of 0.75 (Table 2), and the results show that participants whose smoking age began between 18 and 24 
years had higher plasma levels of BDNF than participants whose starting age of smoking was 12–17 years (0.606 

Figure 1 Distribution of participants.

Table 1 Baseline Features of the Study Sample According to Smoking Status

Demographics Smokers  
Mean (SD)

Non-Smokers  
Mean (SD)

p value

Age (years) 24.7 (4.1) 20.9 (2.7) <0.001

BDNF 360.63 (24.42) 269.28 (11.22) 0.048

BMI 26.71 (6.96) 24.55 (5.85) 0.162

Physical activity score 2749.01 (129.5) 2039 (117.86) 0.210

PSQI 5.77 (0.93) 4.88 (0.097) 0.149

Abbreviations: BDNF, Brain-derived neurotrophic factor; PSQI, Pittsburgh sleep quality index; BMI, 
Body mass index.
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+0.208=0.814, t = 5.526, p=0.000). Regarding smoking age, the results demonstrated a significant relationship with 
plasma BDNF levels (0.606+0.081=0.686, t = 2.129, p=0.047).

Regarding physical activity, the results indicate that participants who walk more than 4 MET-minutes (<4) per week 
(moderate intensity) had higher BDNF levels than their counterparts (the reference category) who walk less 4 MET- 
minutes per week (0.606+0.131=0.737, t = 2.127, p=0.03) as presented in Table 2.

Figure 2 Number of cigarettes/days, smoking starting age, smoking index and duration of smoking (years) among the smokers group.

Table 2 Relationship Between Participants’ Background Characteristics and BDNF Plasma Levels

Unstandardized Coefficients Standardized 
Coefficients

t

B Beta Beta Sig.

(Constant) 0.606 0.110

Smoking age: 12–18

Smoking age 18–24 years 0.208 0.098 0.255 5.526 0.000

Smoking Index 0.081 0.001 0.628 2.129 0.047

Physical activity score < 4

Physical activity score >4 0.131 0.069 0.208 2.127 0.037

PSQI score less than >5 poor sleeper

PSQI score greater than <5 good sleeper 0.078 0.067 0.013 1.992 0.043

Below 18.5 underweight: reference point

BMI: 18.5–24.9 healthy weight range −0.227 0.096 −0.371 0.118 0.907

BMI: 25–29.9 overweight range −0.071 0.102 −0.110 −2.375 0.021

BMI: 30–39.9 obese range −0.211 0.114 −0.269 −0.702 0.485

Notes: Dependent Variable: Fractional Rank of plasma BDNF levels. Predictors: Smoking index, physical score2, BMI, smoking age and PSQTOT2. 
Abbreviations: PSQI, Pittsburgh sleep quality index; BMI, Body mass index.
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Furthermore, our results show that participants with good sleepers (less than 5 PSQI) had higher plasma BDNF levels 
than their counterparts whose sleep is poor (more than 5 PSQI) (0.606+0.078=0.684, t = 1.992, p=0.043).

The results also indicate a negative insignificant relationship between BMI and plasma BDNF levels in general and 
underweight (below 18.5 pg/mL) participants have BDNF (B = 0.606). Nonetheless, the results demonstrate weak significant 
negative association between overweight (25–29.9 pg/mL) participants and plasma BDNF levels (0.606–0.071=0.535, t= 
−2.375, p=0.021). This result suggests that the increase in BMI leads to a decrease in plasma BDNF levels (Table 2).

Discussion
The current study demonstrated significant differences between smokers and non-smokers in relation to plasma BDNF 
levels, since these levels were found higher in smokers than in non-smokers. These results are in line with other studies 
that argued that plasma BDNF levels were higher in smokers than in non-smokers.13,23 Higher plasma levels of BDNF in 
smokers are proportional to the number of cigarettes consumed. In other words, usage of cigarettes leads to increase the 
plasma levels of BDNF. This, in fact, is attributed to what is so called the stimulus dependence scenario and contributes 
to rearrangement of mesolimbic synaptic connections used in retaining the habit of smoking.6 Furthermore, de Arbol et al 
argued that high levels of cortisol among heavy smokers contributed to increased levels of BDNF.24 Additionally, Zhang 
et al argued that negative symptoms in smokers correlate with nicotine-induced upregulation of BDNF.14

Importantly, there are other influential factors that may affect the plasma BDNF levels in smokers that should be 
accounted. In relation to physical activity, the results of this study showed a significant association between the plasma 
BDNF levels and practicing physical activities in smokers. These results are in line with another report that demonstrated 
a significant correlation between plasma BDNF and physical activity.25 There are several studies that emphasize these 
results which argued that physical activity is beneficial for cognitive functioning (ie, functional recovery and physical 
health in general).26,27 In general, plasma BDNF level is sensitive to exercise mode and duration. A 30-minute open- 
skills exercise stimulates relatively more BDNF production. This finding implies that exercise mode might be a modality 
factor for the relationship between exercise and plasma BDNF levels among smokers. In contrast, another study found no 
significant relationship between plasma BDNF levels and physical activity and BMI.15 This may explain the fact of gene 
variations among populations.16

Our data showed that participants classified as good sleepers have higher plasma levels of BDNF than participants 
who were classified as “poor sleepers”. Biologically, plasma BDNF levels are associated with the number of sleeping 
hours because BDNF is affected by brain tissues, which are regarded as the main contributor of circulating BDNF.28 

Furthermore, reported evidence showed that plasma BDNF levels were found to be significantly related to sleep patterns 
on weekends.29 BDNF levels were found to be negatively correlated with severity of insomnia. This correlation might be 
explained by the hypothesis that chronic insomnia might induce over activation of systemic inflammation and hypotha-
lamus pituitary axis, which in the long-term decreases BDNF levels.30 Furthermore, chronic activation of the hypotha-
lamus pituitary axis leads to increased secretion of glucocorticoid, which also affect the BDNF function.31 Along these 
lines, systemic inflammation could induce a significant decrease in the expression of brain BDNF.32 Therefore, BDNF 
was suggested to be a biomarker for insomnia.33

As mentioned in the results section, the results of multiple regression demonstrated a non-significant negative 
relationship between plasma levels of BDNF and BMI. These results suggest that BMI is not a good predictor of plasma 
BDNF levels. These results are consistent with the previous meta-analysis and systematic review conducted by Sandrini 
et al, who found no significant association between plasma BDNF levels and obesity.34

Limitation
First, the present study was a small cross-sectional. Second, we could not determine a causal relationship. These limit the 
generalizability of our findings.

Conclusions
This study model implies that physical activity and sleeping quality can provide a positive impact against smoking- 
associated variation of BDNF plasma levels, which may affect the health of Saudi males. Moreover, a large-scale 
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longitudinal study targeting female participants may be required to illustrate the mechanisms responsible for the elevation 
of BDNF, as well as to understand what other potential background characteristics are best predictive or correlated with 
BDNF levels.
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