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ABSTRACT | Purpose: This study evaluated changes in cho-
roidal and macular thickness in healthy volunteers and chronic
smokers. Methods: Thirty-three eyes of 33 chronic smokers
(study group) and 33 eyes of 33 healthy controls who had
never smoked were prospectively evaluated. Comprehensive
ophthalmic assessment included slit lamp biomicroscopy,
stereoscopic fundus examination, and intraocular pressure
measurement. Spectral domain optical coherence tomography
was used to measure choroidal and macular thickness 1
month before smoking cessation (smoking period) and after
3 months of smoking cessation (nonsmoking period). Results:
The mean age of the participants was 41.88 + 6.52 years
(range, 26-52), and the average smoking duration was 8.6
+ 2.5 years (range, 5-16). The thickness of the paracentral
choroid (nasal: 1,500 pm, p=0.001 and temporal: 1,500 um,
p=0.001) had significantly decreased after 3 months of
smoking cessation. The thicknesses of the subfoveal choroid in
the smoking and nonsmoking periods were not significantly
different (p=0.194). The mean central macular thickness was
267.21 + 18.42 um in the smoking period and 268.42 +
18.28 um in the nonsmoking period (p=0.022). Conclusions:
Smoking was associated with statistically significant changes
in paracentral choroidal and central macular thickness in
healthy volunteers. Pathological studies should be performed to
evaluate the effects of smoking on posterior ocular structures.

Keywords: Choroid/anatomy & histology; Macula lutea/anatomy
& histology; Smoking cessation; Tomography, optical coherence

RESUMO | Objetivo: Este estudo avaliou as mudangas na
espessura da coroide e da macula em voluntarios saudaveis e
fumantes cronicos. Métodos: Trinta e trés olhos de 33 fumantes
crénicos (grupo estudado) e 33 olhos de 33 controles saudaveis
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que nunca fumaram foram avaliados prospectivamente. A
avaliacdo oftalmolégica abrangente incluiu biomicroscopia de
lampada de fenda, exame de fundo estereoscépico e medigao
da pressdo intraocular. A tomografia de coeréncia éptica de
dominio espectral foi utilizada para medir a espessura da coroide
e da macula um més antes da cessagdo do tabagismo (periodo
de fumar) e apds 3 meses da cessagao do tabagismo (periodo de
abstinéncia). Resultados: A idade média dos participantes foi de
41,88 + 6,52 anos (faixa de 26-52 anos) e a duragdo média do
tabagismo foi de 8,6 + 2,5 anos (faixa, 5-16 anos). A espessura
da coroide paracentral (nasal: 1.500 pm, p=0,001, temporal:
1.500 um, p=0,001) diminuiu significativamente apds 3 meses
de cessagdo do tabagismo. As espessuras de coroide subfoveal
nos periodos de tabagismo e ndo-tabagismo nédo foram signifi-
cativamente diferentes (p=0,194). A espessura macular central
média foi de 267,21 + 18,42 um no periodos de tabagismo e
268,42 + 18,28 um no periodos de ndo-fumantes (p=0,022).
Conclusées: O tabagismo foi associado a mudancas estatis-
ticamente significativas na espessura paracentral de coroide e
macular central em voluntérios saudéveis. Estudos patolégicos
devem ser realizados para avaliar os efeitos do tabagismo nas
estruturas oculares posteriores.

Descritores: Coroide/anatomia & histologia; Macula latea/ana-
tomia & histologia; Abandono do hébito de fumar; Tomografia
de coeréncia 6ptica

INTRODUCTION

Smoking is the leading preventable cause of death
worldwide and the most damaging preventable lifestyle
factor affecting public health globally and nationally™.
Smoking-related causes of death include lung cancer,
chronic obstructive pulmonary disease, and cardiovas-
cular diseases®. Smoking is also associated with ocular
vascular diseases such as hypertensive retinopathy,
age-related macular degeneration, and anterior ischemic
optic neuropathy®.

Varenicline and bupropion are first-line medications
indicated for smoking cessation. Varenicline was approved
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by the US Food and Drug Administration as a smoking
cessation treatment™®. 1t is a high-affinity partial nico-
tinic agonist at the o,f, nicotinic receptor and a full
agonist at the neuronal o, nicotinic receptor®. Bupro-
pion was initially approved for the treatment of major
depressive disorders” and subsequently licensed as a
smoking cessation agent. It is currently available in the
United States as a first-line treatment to stop smoking®.
Bupropion acts by inhibiting dopamine and norepine-
phrine reuptake, and it weakens the stimulatory effects
of nicotine on nicotinic acetylcholine receptors®.

Age?, axial length"", chorioretinal diseases?, severe
myopia®¥, and smoking"¥ have been shown to affect
choroid and macular thickness. The effects of smoking
on the choroidal layer and ocular function have been stu-
died"*'® but data on the effects of smoking cessation on
posterior ocular structures are lacking. Spectral domain
optical coherence tomography (SD-OCT) is a noninvasive,
noncontact, highly sensitive modality that provides
high-resolution ophthalmic images and can be used to
measure choroid layer thickness. This study was desig-
ned to objectively assess the effects of smoking cessation
on the retina and choroid using SD-OCT.

METHODS
Study population and design

This prospective study was performed at the Depart-
ment of Ophthalmology and Chest Diseases Hospital,
Smoking Cessation Policlinic at, Kayseri Education and
Research Hospital, Turkey. The study adhered to the tenets
of the Declaration of Helsinki and was approved by the
local ethics committee. The participants were given oral
and written information about the study, and all provi-
ded written informed consent. Thirty-three eyes of 33
chronic smokers and 33 eyes of 33 healthy controls who
had never smoked were studied. The chronic smokers
were at the start of the study and reevaluated at the end
of the study after not smoking for 3 months.

Examination protocol and study measurements

One month before smoking cessation, each volunteer
was given a comprehensive ophthalmic evaluation that
included best-corrected visual acuity, slit lamp biomi-
croscopy, dilated stereoscopic fundus examination,
intraocular pressure measurement by Goldmann appla-
nation tonometry, and OCT imaging measurements. The
same evaluation was repeated after 3 months of smoking
cessation, and the results were compared with those
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obtained in the control group. Choroidal images were
obtained with a Heidelberg Spectralis SD-OCT (Heidelberg
Engineering, Heidelberg, Germany) equipped with an
enhanced depth imaging module. Choroidal thickness
was the vertical distance from the hyperreflective line
of Bruch’s membrane to the hyperreflective line of the
inner surface of the sclera. The choroidal thickness was
measured at the subfovea, temporally at 500, 1,000, and
1,500 um and nasally at 500, 1000, and 1,500 um from
the center of the fovea. The central foveal thickness was
also measured. All OCT scans were performed in the
morning to avoid diurnal fluctuations.

Exclusion criteria

Patients with a history of ocular disease that preven-
ted examination of the cornea and retina, a history of
ocular surgery, ocular or systemic diseases, a spherical
refractive error >3 D, or a cylindrical refractive error
>3 D were excluded.

Statistical analysis

Statistical analysis was performed with the Statisti-
cal Package for the Social Sciences version 21.0 (SPSS
Inc., Chicago, IL, USA). The normality of continuous
variable distributions normality was checked with the
Shapiro-Wilk test. If the differences in the foveal and
choroidal measurements before and after smoking
cessation were normally distributed, they were com-
pared with the paired t-test. If not, the Wilcoxon
signed-rank test was used. Differences in the mean
values of independent groups were compared with
the independent Student’s t-test or Mann-Whitney U
test was used. Analysis of covariance (ANCOVA) was
used to evaluate the significance of differences of ini-
tial and final participant evaluation measurements. The
initial choroidal thickness results were covariates in the
ANCOVA. Logarithmic transformation of nonparametric
data was performed as needed to perform parametric
analysis. Results were reported as means + standard de-
viation and with 95% confidence intervals p<0.05 were
considered statistically significant.

RESULTS

Thirty-three eyes of 33 chronic smokers (study group)
and 33 eyes of 33 healthy controls who had never smoked
were evaluated. The baseline ocular characteristics of the
participant are summarized in table 1. The mean age
of the smokers was 41.88 + 6.52 years (range, 26-52),
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23 (70%) were men, and 10 (30%) were women. The
average smoking duration was 8.6 + 2.5 years (range,
5-16). The subfoveal and paracentral choroidal thickness
measurements in the study group smoking period and
the control group are shown in table 2. The mean cen-
tral macular thickness was 267.21 + 18.42 um in the
smoking and 268.42 + 18.28 um in the nonsmoking
period (p=0.022). The mean subfoveal and paracen-
tral choroidal thickness values during the study group
smoking and nonsmoking periods are shown in table 3.
The paracentral choroidal thickness measurements

Table 1. Baseline ocular characteristics of the participants

Study group Control group

Characteristic (n=33) (n=33) P
Sex

Female 10 (30.3%) 11 (33.3%) 0.7922

Male 23 (69.7%) 22 (66.7%)
Age (years)

Mean + SD 41.88 + 65.00 41.12 + 440 0.583°
Axial length (mm)

Mean + SD 23.63 + 0.68 23.05 + 0.55 0.621°
10P (mmHg)

Mean + SD 15.06 + 1.68 14.94 + 1.48 0.756"
Spherical equivalent (D)

Mean + SD -0.61+ 0.77 -0.55 + 0.65 0.658"
Average central keratometry (D) ~ 42.94 + 1.39 42.78 + 1.55 0.765"

Mean + SD

Central corneal thickness (um) 561.36 + 16.13 0.658"

Mean + SD

558.31 £ 15.78

SD= standard deviation; D= diopters; IOP= intraocular pressure.
2= Chi square test; *= Independent Student’s t-test.

Table 2. Subfoveal and paracentral choroidal thickness of the study group
during the smoking period and the control group

were significantly lower than the baseline values after 3
months of smoking. The subfoveal choroidal thicknesses
in the smoking and nonsmoking periods were not signifi-
cantly different (p=0.194). The subfoveal and paracen-
tral choroidal thickness measurements of the control
and the study nonsmoking period are shown in table 4.

DISCUSSION

Central foveal thickness increased and parafoveal
choroidal thickness decreased after smoking cessation.
A change in subfoveal choroidal thickness has not pre-
viously been reported. Overall, the reported effects of
cigarette smoking on choroidal thickness are inconsis-

Table 3. Subfoveal and paracentral choroidal thickness of the study group
participants during the smoking and nonsmoking periods

Study group

(smoking period) Control group
Choroidal thickness (n=33) (n=33) p
Subfoveal choroidal thickness ~ 354.00 + 86.00 355.00 + 6.00 0.990*
(median =+ interquartile range)
(um)
Temporal,,,, (median + 305.00 + 77.00 281.00 + 50.00 0.133“
interquartile range) (um)
Temporal, ,,, (median + 327.00 £ 125.00 303.00 + 63.00 0.393*
interquartile range) (um)
Temporal,, (mean £SD) (um) ~ 333.88 + 93.20 323.24 +83.99 0.595°
Nasal,,,, (mean + SD) (um) 299.52 + 70.84 281.03 + 50.32 0.548F
Nasal,,, (mean = SD) (um) 315.69 + 78.14 307.39 + 67.08 0.607"
Nasal,,, (mean = SD) (um) 334.36 £ 79.55 314.97 + 60.49 0.269"

SD= standard deviation.

= Mann Whitney U test; P= independent Student’s t-test.

Study group Study group
(smoking periods) (nonsmoking
Choroidal thickness (n=33) period) (n=33) P
Subfoveal choroidal thickness 354.00 + 86.00 352.00 + 88.00 0.194%
(median + interquartile
range) (um)
Temporal ,, (median + 305.00 + 77.00 287.00 + 11.00 0.001¢
interquartile range) (um)
Temporal,,, (median + 327.00 + 12.00  296.00 + 12.00 0.001%
interquartile range) (um)
Temporal, (mean * SD) (um) 333.88 + 93.20 319.69 + 76.63 0.044"
Nasal,,, (mean + SD) (um) 299.52 + 70.84  276.58 + 65.60 0.001°
Nasal, ,,, (mean + SD) (um) 315.69 + 78.14  300.88 + 75.14 0.003"
Nasal,,, (mean + SD) (um) 334.36 + 79.55  314.36 + 80.44 0.001"
&= Wilcoxon signed-rank test; *= paired t-test.
Table 4. Subfoveal and paracentral choroidal thickness of the control
group and study group during the nonsmoking period
Study group
Control group (nonsmoking
Choroidal thickness (n=33) period) (n=33) P
Subfoveal choroidal 355.00 £ 6.00  352.00 + 88.00  0.783"
thickness (median +
interquartile range) (um)
Temporal , (median + 281.00 = 50.00  287.00 = 11.00  0.778"
interquartile range) (um)
Temporal, , (median = 303.00 £ 63.00  296.00 + 12.00  0.763"
interquartile range) (um)
Temporal,, (mean=SD) (um) 323.24 + 83.99 319.69 + 76.63 0.859¢
Nasal,,,, (mean = SD) (um) 281.03 + 50.32  276.58 + 65.60  0.397¢
Nasal, ,,, (mean + SD) (um) 307.39 + 67.08  300.88 + 75.14  0.713€
Nasal,,, (mean = SD) (um) 314.97 £ 60.49 314.36 + 80.44  0.973¢
= Mann-Whitney U test; ©= Independent Student’s t-test.
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tent. A study by Kantarci et al."¥ reported that choroidal
thickness in long-term smokers and in healthy partici-
pants was not significantly different, but other studies
found that cigarette smoking caused short-term‘>'® but
not long-term® changes. Others have reported decrea-
ses in choroidal thickness in chronic smokers"”'®. A
study by Tamaki et al." found that a decrease in tissue
blood velocity at the optic nerve head and possibly in
the choroid, suggesting a significant increase in vascular
resistance in those tissues.

An animal study found that increased choroidal vas-
cular resistance was associated with chronic exposure
to tobacco smoke®?. Kaiser et al. reported increased
flow rates in the ophthalmic artery, central retinal artery,
and posterior ciliary arteries of chronic smokers®”, but
others have reported decreased blood flow rates in
chronic smokers®?%23,

A study of the effects of carbogen breathing revea-
led abnormal choroidal vascular responses in chronic
smokers compared with nonsmokers®?.

Choroidal blood flow is responsive to pCO,?, but
the cause of vasodilation induced by CO, is not clear.
The reduction of nitrite to NO could lead to vasodila-
tation because of hypercapnia and reduced pO,*®, but
NO-mediated vasodilation is impaired in smokers®"2%.
The evidence suggests that the choroid is affected
by smoking because of the presence of a rich capillary
network. A recent study found that the central fovea
was thinner in active than in passive smokers. In addi-
tion to affecting the structure of the macula, multifocal
electroretinography showed that active smoking redu-
ced macular functional responses ?%. However, Kantarci
et al." reported that the central macular thickness did
not differ in long-term smokers and healthy participants.

Nicotine replacement therapy, bupropion, and vare-
nicline are medications indicated for smoking cessation.
The US Preventive Services Task Force reported that
intervention improved the likelihood of smoking cessa-
tion within 6 months or more®?, and a meta-analysis by
Cahill et al.®" reported that varenicline and bupropion
were superior to a placebo in smoking cessation. In this
single-center study, 33 of 150 chronic smokers with
baseline measurements quit smoking. The study was
limited by the small number of participants. They used
medications to help stop cigarette smoking, but smoking
cessation was self-reported. Despite its weaknesses,
this study is valuable because it is the first to examine
changes in the central foveal and choroidal thicknesses
of patients who stopped smoking. In conclusion, subfo-
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veal choroidal thickness did not change, central foveal
thickness significantly increased, and parafoveal choroi-
dal thickness was significantly decreased in patients who
quit smoking.
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