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ABSTRACT 
 

Background: Smoking is one of the most serious health hazards because it affects every organ in 
our bodies. Cigarette smoking increases the chance of developing systemic and ocular vascular 
diseases significantly. Although the exact mechanism behind the association between ocular 
vascular disorders and smoking are unknown, the peripheral vasoconstriction action of nicotine is 
believed to lead to an increase in peripheral blood flow resistance. This study was designed to 
examine the impact of smoking with Spectral Domain Optical Coherence Tomography (SD-OCT) 
on the peripapillary retinal nerve fibre (RNFL), macular, and choroidal thickness. 
Methods: This prospective study was done on 50. It included 25 healthy cigarette smokers with no 
systemic or ocular illness and another 25 age- and gender-matched healthy non-smokers. 
Results: The smoking group had a substantial reduction in central macular and choroidal 
thickness as compared to the nonsmoker group. The RNFL peripapillary thickness across groups 
was not significantly altered, with the exception of the temporal (T) quadrant which was 
significantly thinner in the smoking group. This study discovered a substantial negative correlation 
between peripapillary RNFL, central macular thickness, and smoking exposure.  
Conclusions: Smoking reduces the mean thickness of the peripapillary retinal nerve fibre layer 
(particularly in the temporal quadrant), the choroidal layer, and the central macular layer 
statistically significantly. 
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1. INTRODUCTION 
 
Nicotine use is one of the most serious and 
avoidable public health concerns of our day.  
According to the World Health Organization, 
smoking kills up to 50% of its users. Each year, 
tobacco kills approximately 8 million people. 
Over 7 million of these fatalities are directly 
attributable to tobacco use, whereas around 1.2 
million are attributable to non-smokers who are 
exposed to passive smoking [1]. 
 
Cigarette smoke contains over 4000 compounds 
that have been shown to have a detrimental 
effect on the respiratory and cardiovascular 
systems. Smoking is recognized to change the 
macrovasculature and microvasculature 
anatomically, making it the major cause of 
atherosclerotic cardiovascular disease [2]. 
 
Smoking has an effect on the endothelium of the 
blood vessels by raising oxidative stress, 
reducing antioxidant vitamin C, and causing 
aberrant nitric oxide activity. These alterations 
cause increase in arterial wall thickness, 
atherosclerosis and thromboembolic events, 
besides to direct vasoconstrictive effect of 
nicotine [3]. 
 
The high vascular structure of the eye makes 
smoking a fascinating subject for the retina and 
choroid in addition to being a risk factor for ocular 
vascular disease such as hypertensive 
retinopathy, age-related macular degeneration, 
anterior ischemic optic neuropathy, cataract, 
glaucoma, thyroid eye disease, and 
keratoconjunctivitis sicca [4]. 
 
Although the exact mechanism behind the 
association between ocular vascular disorders 
and smoking are unknown, Nicotine's peripheral 
vasoconstriction effect is thought to result in an 
increase in peripheral resistance to blood flow. 
The pathophysiology of choroidal disorders and 
chorioretinal diseases must be understood by the 
quantitative study of choroidal vasculature [5]. 
Choroidal thickness measurement was utilized in 
this investigation since it has been established 
that choroidal blood flow alters choroidal 
thickness [6]. 
 
Numerous studies have been conducted in the 
past to measure ocular blood flow in smokers 
and nonsmokers using color duplex imaging, 
laser speckle technique, and laser Doppler 

flowmetry.  Recently, optical coherence 
tomography (OCT) has been shown to be 
effective at determining choroidal thickness when 
combined with specialized software programs 
such as enhanced depth imaging. This enables 
the capture of high-resolution pictures, which 
enables the assessment of ocular tissues deeper 
than the retina [7]. 
 
The purpose of this study was to assess the 
influence of smoking on the peripapillary retinal 
nerve fibre layer (RNFL), macular, and choroidal 
thicknesses using Spectral Domain Optical 
Coherence Tomography (SD-OCT). 
 

2. PATIENTS AND METHODS 
 
This is prospective descriptive cross-sectional 
research utilizing Spectral Domain Optical 
Coherence Tomography (SD-OCT) to determine 
the effect of smoking on the thickness of the 
macula, choroid, and peripapillary retinal nerve 
fibre layer (RNFL). It was carried out at Tanta 
university hospital's department of 
ophthalmology. The research lasted from August 
2019 through January 2021. The current study 
enrolled 50 participants, who were split into two 
groups: 25 were healthy cigarette smokers with 
no systemic or ocular illness (smoker group). 
While the remaining 25 participants were age- 
and gender-matched and had never smoked 
cigarettes (nonsmoker group). We included 
patients above 18 years, males & females with 
smoking index ≥ 200 cigarette-years. “Cigarettes-
years" is a unit of measurement for the      
quantity of cigarettes smoked over an     
extended period of time. It is calculated by this 
equation: 
 

Cigarettes-years = number of cigarettes  

smoked/ day ×  number of years smoked. 
 
Systemic disease like diabetes mellitus, 
hypertension, Ocular disease affecting choroidal, 
macular and peripapillary retinal nerve fiber layer 
(RNFL) thickness like glaucoma., Previous ocular 
operations affecting choroidal, macular and 
peripapillary retinal nerve fiber layer (RNFL) 
thickness, Smoking material like hashish, bango 
and marijuana were excluded. 
 
All participants were subjected to the following: 
 

History taking: Smoking index, past ocular history 
(disease, surgery and laser), other associated 
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systemic diseases (HTN, diabetes) and any other 
medication. 
 
Best corrected and uncorrected visual acuity was 
determined using a Snellen eye chart. A slit lamp 
examination of the anterior section was 
conducted. Posterior segment examination was 
performed using slit lamp biomicroscopy with a 
+90 diopter Volk lens after approximately 30 
minutes of pupillary dilatation with three drops of 
Cyclopentolate HCL. All OCT scans were done 
the morning following the examination (between 
9:00 and 12:00 am to avoid diurnal fluctuations). 
The macula and peripapillary RNFL were 
measured using the Heidelberg Spectralis 
(software version 5.7.5; Heidelberg Engineering, 
Heidelberg, Germany). The images of the 
choroid were acquired in enhanced depth 
imaging (EDI) mode. The Heidelberg Spectralis 
was used to determine the central foveal and 
choroidal thicknesses from a horizontal section 

passing directly through the fovea's center. The 
Central foveal thickness was measured as the 
distance between the inner border of the hyper-
reflective line representing the internal limiting 
membrane and the inner border of the hyper-
reflective line representing the retinal pigment 
epithelium  (Fig.1). 
 

Choroidal thickness was measured manually 
from the outer border of the hyper-reflective line 
corresponding to the retinal pigment epithelium 
to the hyper-reflective line of the inner sclera 
border. seven measurements; one subfoveal, 
three temporal to fovea, and three nasal to fovea 
were taken at 500 µm intervals up to 1500 µm 
via the software caliper (Fig.2). 
 

Peripapillary RNFL thickness was measured (G: 
global, T: temporal, Ts: temporal superior, Ti: 
temporal inferior, N: nasal, Ns: nasal superior, Ni: 
nasal inferior Fig. 3). 

 

 
 

Fig. 1. Measurement of central macular thickness 
 

 
 

Fig. 2. Measurement of choroidal thickness 
 

 
 

Fig. 3. Measurement of peripapillary retinal nerve fiber layer thickness 
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All participants completed the study, which 
included a comparison of the macula, choroidal, 
and peripapillary retinal nerve fibre layer 
thickness in both groups to determine the effect 
of smoking. 
 

2.1 Statistical Analysis 
 
The mean, standard deviation, student t-test, and 
Chi-square test were used to present and 
analyze the data in this study. The mean, 
standard deviation, student t-test, and Chi-
square test (The hypothesis that the row and 
column variables are independent, without 
specifying the strength or direction of the 
association) were used to present and analyze 
the data. SPSS V20 was used to determine the 

connection between two quantitative variables in 
one group using Pearson chi-square and 
likelihood-ratio chi-square) and Linear 
Correlation coefficients.  
 

3. RESULTS 
 
There was no significant statistical difference 
between the two groups; all the studied 
participants were males (100%) The mean value 
of age among the two groups; it was 32.2 ± 4.5 
years for smokers’ group (range, 20-38 years), 
and for the nonsmoker’s group, it was             
31.6 ± 5.47 (range, 22-42 years), this didn’t 
constitute a statistically significant  difference as 
P- value was 0.67 (P > 0.05),   Table 1. 

 
Table 1. Comparison between smoker group and nonsmoker group according to age 

 

 Group T-Test 

Smoker Non-Smoker t P-value 

Age Range 20 - 38 22 - 42 0.423 0.674 

Mean ± SD 32.20 ± 4.51 31.60 ± 5.47 

 
Table 2. Comparison between the peripapillary RNFL thicknesses measured by SD-OCT in 

smoker and nonsmoker groups 
 

Peripapillary Retinal quadrants Peripapillary RNFL thickness in (µm) T-Test 

Smokers group Non-Smokers group t P-value 

Temporal (T) Range 50 - 94 57 - 92 -2.501 0.014* 

Mean ± SD 69.36 ± 9.14 74.14 ± 9.95 

Superotemporal (ST) Range 112 - 167 114 - 182 -1.165 0.247 

Mean ± SD 139.90 ± 16.61 144.14 ± 19.66 

Inferotemporal (IT) Range 104 - 166 115 - 180 -1.741 0.085 

Mean ± SD 142.60 ± 12.09 148.62 ± 21.25 

Nasal (N) Range 50 - 122 53 - 109 0.756 0.452 

Mean ± SD 85.68 ± 15.54 83.44 ± 14.06 

Superonasal (SN) Range 70 - 166 93 - 156 -1.306 0.195 

Mean ± SD 124.28 ± 24.72 129.88 ± 17.55 

Inferonasal (IN) Range 70 - 156 66 - 156 -1.592 0.115 

Mean ± SD 110.18 ± 20.41 116.78 ± 21.04 

Global (G) Range 86 88 - 122 -2.009 0.047* 

Mean ± SD 103.52 ± 6.73 106.68 ± 8.86 
*: significant as P value < 0.05 

 
Table 3. Comparison between smoker group and nonsmoker group according to central 

macular thickness 
 

 Central macular thickness in (µm) T-Test 

Smokers group Non-Smokers group t P-value 

Range 224 - 296 218 - 301 -2.628 0.010* 

Mean ± SD 255.20 ± 18.91 264.82 ± 17.67 
*: significant as P value < 0.05 
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Table 4. Comparison between smoker group and nonsmoker group according to choroidal 
thickness 

 

Choroidal sections Choroidal thickness in (µm) T-Test 

Smokers group Non-Smokers group t P-value 

Sub-foveal Range 227 - 537 119 - 542 -3.708 <0.001* 
Mean ± SD 358.26 ± 84.56 426.56 ± 99.06 

Nasal 500µm Range 201 - 535 217 - 537 -4.251 <0.001* 
Mean ± SD 334.60 ± 95.59 414.44 ± 92.20 

Nasal 1000µm Range 193 - 523 220 - 540 -5.349 <0.001* 
Mean ± SD 328.48 ± 90.03 421.12 ± 83.02 

Nasal 1500µm Range 143 - 508 207 - 546 -4.863 <0.001* 
Mean ± SD 314.28 ± 92.53 402.52 ± 88.89 

Temporal 500µm Range 178 - 524 235 - 534 -4.378 <0.001* 
Mean ± SD 338.82 ± 91.927 417.40 ± 87.51 

Temporal 1000µm Range 174 - 505 252 - 506 -4.433 <0.001* 
Mean ± SD 330.10 ± 82.26 404.22 ± 84.90 

Temporal 1500µm Range 163 - 523 201 - 501 -5.161 <0.001* 
Mean ± SD 296.28 ± 89.79 386.50 ± 84.94 

*: significant as P value < 0.05 

 
Table 5. Correlation between peripapillary RNFL, central macular and choroidal thicknesses 

and smoking index 
 

Correlations 

 Smoking index 

r P-value 

Peripapillary RNFL thickness T 0.319 0.024* 
Peripapillary RNFL thickness ST -0.112 0.437 
Peripapillary RNFL thickness IT -0.153 0.289 
Peripapillary RNFL thickness N -0.379 0.007* 
Peripapillary RNFL thickness SN -0.450 0.001* 
Peripapillary RNFL thickness IN -0.290 0.041* 
Peripapillary RNFL thickness G -0.503 <0.001* 
Central macular thickness -0.274 0.054* 
Choroidal thickness SF -0.057 0.693 
Choroidal thickness N 500µm -0.023 0.875 
Choroidal thickness N 1000µm 0.046 0.753 
Choroidal thickness N 1500µm -0.005 0.973 
Choroidal thickness T 500µm -0.069 0.634 
Choroidal thickness T 1000µm -0.165 0.252 
Choroidal thickness T 1500µm -0.211 0.142 

*: significant as P value < 0.05 
 

 
 

Fig. 4. Correlation between central macular thickness and smoking 

r= -0.274     P-value = 0.054*

Smoking index
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Fig. 5. Correlation between peripapillary RNFL thickness and smoking index 
 
In the smoker group, the peripapillary RNFL 
thickness was 69.36±9.14 µm in the temporal 
quadrant, 74.14±9.95 µm in the nonsmoker 
group. Intergroup difference was statistically 
significant (p=0.014). In the remaining quadrants, 
there were no significant variations in 
peripapillary RNFL thickness between the two 
groups, Table 2. 
 
Mean central macular thickness (CMT) was 
255.2±18.91 µm in the smokers’ group, in 
comparison to 264.82±17.67 µm in the 
nonsmokers’ group, In the smoking group, there 
was a statistically significant reduction. in CMT 
as P- value was 0.010 (P < 0.05) Table 3. 
 
Choroidal thickness in smoker group; was 
measured sub-foveal (358.26±84.56), 500µm 
nasal to the fovea (334.6±95.59), 1000µm nasal 
to the fovea (328.48±90.03), 1500µm nasal to 
the fovea (314.28±92.53) and 500µm temporal to 
the fovea (338.82±91.93), 1000µm temporal to 
the fovea (330.1±82.27) and 1500µm temporal to 
the fovea (296.28±89.79). While in nonsmokers’ 
group were (426.56±99.06), (414.44±92.20), 
(421.12±83.02), (402.52±88.98), (417.4±87.51), 
(404.22±84.90) and (386.5±84.94), respectively. 
Between the two groups, all measures indicated 
a substantial decrease in choroidal thickness in 
the smoked group (p0.001). Table 4. 
 
In a correlation between smoking index and 
peripapillary RNFL, central macular and 
choroidal thickness (Table 5), it showed a 
negative significant correlation between smoking 
index and peripapillary RNFL and central 
macular thickness, so the higher the smoking 
index was, the thinner the peripapillary RNFL 
and central muscular thicknesses were. The 
smoking index had a negative association with 

choroidal thickness, although it was not 
statistically significant (Figs. 4, 5). 

 
4. DISCUSSION 
 
The smoking group had a substantial reduction in 
central macular and choroidal thickness as 
compared to the nonsmoker group. There were 
no significant changes in peripapillary RNFL 
thickness across the groups, except that the 
Temporal (T) quadrant was considerably thinner 
in the smoking group. The connection between 
peripapillary RNFL, central macular thickness, 
and smoking index was shown to be negative 
and significant. There are a few studies that used 
OCT to determine the thickness of certain retinal 
layers in smokers.  In our study there is a 
significant decrease in the temporal quadrant of 
the peripapillary RNFL in smoker group 
compared to nonsmoker group (p=0.014) with a 
negative significant correlation                 
between peripapillary RNFL and smoking    
index, while other quadrants did not show 
significant. 
 

Dervisoğulları et al. (2015) conducted research 
on the effects of smoking on the retinal layers, 
particularly the retinal nerve fibre layer (RNFL) 
and the ganglion cell-inner plexiform layer 
complex (GCIPL). The study found that smokers' 
Although the inferior and superior quadrants of 
RNFL were significantly thinner (p=0.001 and 
p=0.03, respectively), their nasal and temporal 
quadrants were not significantly thinner (p=0.07 
and p=0.96, respectively) [8]. Similarly, El-Shazly 
et al. (2017) studied the effect of smoking, both 
active and passive, on RNFL. The inferior and 
superior quadrants of RNFL were significantly 
thinner in the active smoker group (p0.0001 and 
p0.0001, respectively), but not the nasal or 

r= -0.504     P-value < 0.001*
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temporal quadrants (p=0.82 and p=0.18, 
respectively)  [9]. 
 
Ahuja et al. (2016)  studied the effects of chronic 
alcohol and/or tobacco use on the retinal nerve 
fibre layer RNFL (thickness and identified a 
substantial correlation between addiction severity 
and RNFL thinning, with RNFL thinning 
increasing as tobacco use severity increased 
[10]. 
 
Demirci et al. (2016) Ahmed examined the 
impact of cigarette smoking on the thickness of 
the peripapillary retinal nerve fibre layer (RNFL) 
in migraine sufferers. The study discovered that 
smokers with migraine had substantially lower 
average and inferior RNFL thicknesses than 
nonsmokers with migraine (p=0.011, p=0.045, 
respectively) [11]. 
 
Teberik (2019) demonstrated that smokers' 
temporal and inferonasal quadrants of 
peripapillary RNFL were substantially thinner 
than nonsmokers' (p=0.003 and p=0.005, 
respectively), but In the remaining quadrants, 
there were no significant variations in 
peripapillary RNFL thickness across the groups 
[12]. 
 
On the other hand, Duman et al. (2017) 
compared the thicknesses of the retinal layers in 
smokers and nonsmoking healthy participants 
utilizing (SD-OCT). Although the study focused 
on the thickness of all retinal layers inside the 
core Early Treatment Diabetic Retinopathy Study 
(ETDRS) zone of 1000, 3000, and 6000 m 
diameter, our study concentrated on peripapillary 
RNFL thickness. They found that there are not 
any significant differences in the RNFL thickness 
between smoker and nonsmoker group [13]. 
 
In our study, smokers had a substantially lower 
central macular thickness than nonsmokers 
(p=0.010), with a negative significant connection 
between central macular thickness and smoking 
index. In similar to our results, El-Shazly et al. 
(2018) recently published a cross-sectional 
clinical study in which he evaluated the influence 
of smoking on macular function and structure in 
100 active smokers and 100 healthy passive 
smokers who were age- and sex-matched. It was 
discovered that the active smoker group's central 
foveal thickness reduced considerably (P = 
0.0003) [9]. 
 
Opposing to our results, Teberik (2019) 
assessed the effect of smoking on central 

macular thickness and discovered no statistically 
significant difference between the two groups 
(p=0.99) [12]. 
 
The central macular thickness differences may 
be explained by the differences in race and 
gender percentage between the two studies, as 
in our study; males represent 100% of the 
smoker and nonsmoker group, while in Teberik's 
(2019) study; (males represent 67% of smoker 
group and 64% of nonsmoker group). CMT is 
influenced by gender, body mass index, and 
axial length. These criteria should be taken into 
account while evaluating retinal thickening as 
Wong et al. (2005) showed in his study [14]. 
CMT also affected by race as Kashani et al. 
(2010) reported that, African Americans have a 
considerably smaller mean foveal thickness than 
Caucasians (P 0.0001). [15]. 
 
The choroid is a dense network of blood vessels 
and pigmented stroma between the retinal 
pigment epithelium and the sclera. Its 
physiological function is to give nutrients to the 
retina's outer posterior layers, which means that 
choroidal thickness issues might impair vision.  
[16].   
 
 The choroidal thickness has a correlation with 
age and sex Lee et al. (2014. There were no 
significant variations in age between the two 
groups in our research (p=0.674). There are 
previous studies showed that choroid is thinner in 
females. 100% of the smokers and nonsmokers’ 
group were males, as a result, there were no 
statistically significant gender-based differences 
across the two groups. [17]. 
 
To prevent diurnal variations, all OCT scans 
have been carried out in the morning following 
the assessment between 9:00 and 12:00 am in 
our research decreases after wakening from 
sleep Lee et al. (2014) [18]. 
 
Choroidal thickness was determined manually 
between the outer border of the hyper-reflective 
line corresponding to the retinal pigment 
epithelium and the inner sclera border hyper-
reflective line. Seven measurements; sub-foveal, 
500, 1000 and 1500µm nasal and temporal to 
fovea via the software caliper. All parameters 
were significantly decreased in the smoker group 
(p<0.001). 
 

Similar to our result, Moschos et al. (2016) 
studied the effect of cigarette smoking on 
choroidal thickness on 31 smokers and 25 age- 
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and sex-matched nonsmokers in a cross-
sectional randomized study. The choroidal 
thickness was determined in the sub-foveal 
region and at distances of 1500 and 3000m from 
the fovea's center in the superior, temporal, 
inferior, and nasal quadrants. The variations in 
choroidal thickness between the two groups were 
statistically significant (p0.001), with the smokers' 
group being thinner. [19] 
 
Furthermore, Sızmaz et al. (2013) conducted a 
research that utilized Fourier domain OCT to 
determine the acute effect of cigarette smoking 
on choroidal thickness. The OCT measurements 
were taken eight hours before to smoking 
"baseline" cigarettes and one and three hours 
after smoking one standard cigarette (nicotine; 
1.3 mg, tar; 15 mg). As a result of smoking one 
cigarette, choroidal thickness decreased 
significantly as compared to baseline. 
Additionally, the choroidal thickness decreased 
for at least three hours following smoking. [20]. 
 
Similarly, Zengin et al. (2014) used optical 
coherence tomography to examine the acute 
effect of nicotine oral consumption (nicotine gum) 
on choroidal thickness (OCT). After 1 hour of oral 
consumption, nicotine produces a substantial 
reduction in choroidal thickness. This immediate 
reduction might be a result of decreased ocular 
blood flow caused by nicotine's vasoconstrictive 
impact. [21] 
 
On the other hand, Ulaş et al. (2014) investigated 
the acute and chronic effects of cigarette 
smoking on choroidal thickness in 40 
nonsmokers (20 men and 20 women) and 30 
chronic smokers (15 males and 15 females) 
aged 25–35 years. There was no statistically 
significant difference in choroidal thickness 
between smokers and nonsmokers, the 
researchers observed. They did discover, 
however, that in smokers, choroidal thickness 
rose considerably within the first 5 minutes after 
smoking but recovered to baseline levels after 1 
hour. Carbon monoxide, rather than nicotine, 
increases choroidal thickness during the acute 
stage of smoking by boosting retinal and 
choroidal blood flow. [22] 
 
Furthermore Kantarci et al. (2016) and Teberik 
(2019) no significant variations in macular and 
choroidal thickness existed between smokers 
and nonsmokers. The discrepancies in results 
across prior research might be ascribed to the 
use of different scanning technologies and 

algorithms for aligning and registering OCT 
images. [13, 23] 
 
Another Meta-analysis of all available 
observational studies was done by Yang et al. 
(2019) investigated the effects of cigarette 
smoking on the retinal and choroidal thicknesses. 
They performed subgroup analyses to get more 
data from the included studies. The subgroup 
analyses by regions demonstrated that only the 
studies conducted in Africa showed significant 
decrease in central retinal thickness, and the 
average, inferior and superior quadrants of RNFL 
thickness in smokers. Regarding to the subgroup 
analyses of the effect of smoking on choroidal 
thickness, it found that in America and Africa but 
not Europe there was a significant decrease in 
choroidal thickness [24]. 
 
Finally, we know that cigarette smoking is 
considered a risk factor for the incidence of 
several chronic diseases and contains a lot of 
chemicals which can affect the ocular vascularity 
but the exact mechanism of the effect of smoking 
on blood vessels has not yet understood and still 
being investigated in several studies. 
 

5. CONCLUSION 
 
Our study concluded that smoking induces a 
statistically significant decrease in mean 
peripapillary retinal nerve fiber layer thickness 
"particularly temporal quadrant", choroidal and 
central macular thickness. This implies that 
cigarette smoking as a factor of systemic         
and ocular vascular disorder has an effect         
on posterior layers of eye decreasing its 
thickness. 
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