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Original Article

Purpose: To evaluate the effect of smoking on retinal thickness and macular and peripapillary vascular density in thyroid eye 
disease (TED).

Methods: In this cross-sectional study, subjects diagnosed with TED were analyzed in three groups: smokers, passive smok-
ers, and non-smokers. Ganglion cell complex thickness, total retinal thickness, macular superficial vascular plexus densities, 
deep vascular plexus densities, optic nerve head, and radial peripapillary capillary density were measured in each group. 

Results: Twenty-two eyes (21.6%) of active smokers, 11 eyes (10.8%) of passive smokers, and 69 eyes (67.6%) of non-smokers 
constitute the study subjects. Twenty-one eyes (12.6%) had active status (clinical activity score ≥3), 77 eyes (46.1%) were 
neither active nor compressive, four eyes (2.4%) of two patients constituted the compressive group. Age and disease activity 
adjusted analysis was performed. Ganglion cell complex thickness of smokers was significantly higher than non-smokers in 
the inferior hemi-parafoveal sector (p = 0.04). Active smokers had significantly higher (p < 0.01) retinal thickness in all sectors 
compared to non-smokers, except the foveal sector. Smokers had lower superficial vessel density in the superior parafoveal 
sector compared to non-smokers (p = 0.04). Considering deep vessel densities between smokers and non-smokers, no signifi-
cant difference was observed. Radial peripapillary capillary densities (significant difference was observed in the whole image 
and infranasal peripapillary sector), Macular vascular densities (significant difference was observed in parafoveal sectors), and 
optic nerve head (not reaching statistical significance level in any sectors) were highest in passive smokers.

Conclusions: Smoking is associated with increased total retinal thickness. Macular vascular densities were not different be-
tween smokers and non-smokers in TED.
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Thyroid eye disease (TED), also called “Graves’ ophthal-
mopathy” is an autoimmune condition that is characteristi-

cally seen in patients with hyperthyroidism. Common clin-
ical features are those of extraocular tissues such as 
proptosis, strabismus, conjunctival and eyelid swelling, and 
redness, however, it can also become sight threatening [1,2]. 
Smoking as a major risk factor, poses a crucial role in the 
progression of TED [3]. Although the pathophysiologic 
mechanisms of TED are not fully comprehended, emerging 
technologies can help interpret new aspects of the disease 
process. Some diagnostic tests have been used such as visu-
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al field, visual evoked potential, contrast sensitivity test, 
and optical coherence tomography (OCT), to identify early 
structural changes and to prevent permanent visual loss [4]. 

Orbital hemodynamics and vascular abnormalities have 
been investigated in TED. Retrobulbar blood f low is ab-
normal in TED and superior ophthalmic vein (SOV) flow 
velocity is altered in active disease [5,6]. Reversed SOV 
blood f low and venous stasis have also been reported in 
dysthyroid optic neuropathy [7]. Smoking is believed to 
correlate with orbital venous congestion and lower mini-
mum velocity in SOV flow in TED [8]. 

Optical coherence tomography angiography (OCTA) as 
an extension of OCT can quantify retinal and choroidal 
microvascular density [9]. Using OCTA, attenuation of 
peripapillary vascular density is disclosed in dysthyroid 
optic neuropathy [10]. Some other studies demonstrated a 
more prominent reduction in peripapillary and macular 
capillary densities in active TED [4,11]. On the other hand, 
there is a report of increased microvascular density in ac-
tive TED [9]. This study aims to evaluate the effect of 
smoking on retinal thickness and macular and peripapil-
lary vascular density in TED. 

Materials and Methods

Patients with a confirmed diagnosis of TED who were 
referred Farabi Eye Hospital from July 2016 to September 
2019 were recruited in the present study. This study was 
reviewed and approved by the ethical committee of Tehran 
University of Medical Sciences (IR.TUMS.FARABIH.
REC.1396.4176). Informed consent for contribution in this 
study was obtained from all participants. Healthy subjects 
from patients’ companions with normal ophthalmic exam-
inations were registered as the control group. Patients with 
any kind of optic neuropathy such as glaucomatous optic 
neuropathy, diabetes mellitus associated and other retinop-
athies, idiopathic orbital inflammation, sarcoidosis, vascu-
litis, cellulitis, orbital tumors, systemic conditions such as 
hypertension, and those with refractive errors beyond 
±6.00 diopters (D) or more than 3.00 D of astigmatism 
were excluded [4].

Demographic data of all patients including age, gender, 
body mass index, blood pressure, smoking status (smoker, 
passive smoker, and non-smoker), and current systemic 
and topical medications were also gathered. Active smok-

ing was defined as current daily smoking of at least one 
cigarette per day. Passive smoking was defined as environ-
mental exposure to cigarette smoke by individuals other 
than active smokers. All participants underwent complete 
ophthalmic examinations. Best-corrected visual acuity, 
slit-lamp biomicroscopy, Hertel exophthalmometry, intra-
ocular pressure (using Goldman applanation tonometry), 
fundus examination, and OCTA were evaluated for all pa-
tients. Laboratory serum biochemical parameters included 
thyroid-stimulating hormone, free thyroxine, free triiodo-
thyronine, anti–thyroid-stimulating hormone receptor an-
tibodies, anti-thyroid peroxidase antibodies, and anti-thy-
roglobulin antibodies. Diagnosis of TED was established 
according to Bartley’s international diagnostic criteria [12]. 
Disease activity was classified according to clinical activi-
ty score (CAS). Two groups of patients were enrolled: pa-
tients with CAS ≥3 at primary visit (active group) and pa-
t ients with CAS <3 at  pr imar y visit  (non-act ive 
non-compressive group) [4,13,14].

All participants of the present study underwent macula 
and optic nerve head (ONH) en-face OCTA imaging using 
RTVue XR Avanti Spectral Domain OCT system (Opt-
ovue, Fremont, CA, USA) with AngioVue software ver. 
2015.1.0.26 [14,15]. To evaluate superficial and deep capil-
lary plexuses a 6 × 6-mm macular scan was used. Addi-
tionally, parafoveal vascular density was measured in a 
3-mm ring around the fovea. A 4.5 × 4.5-mm scan centered 
on the optic disc was utilized for ONH measurements. To 
assess radial peripapillary capillary (RPC) density, vascu-
lar densities between internal limiting membrane and pos-
terior boundary of nerve fiber layer were captured. Total 
peripapillary vascular density was calculated as ONH im-
age by recording vascular densities from internal limiting 
membrane to the retinal pigment epithelium. Vascular den-
sities of both RPC and ONH images were also reported in 
six sections. Image quality was checked and images with a 
signal strength index of higher than 48 were included.

Descriptive statistics were calculated as mean and stan-
dard deviation. Linear mixed modeling, using Sidak cor-
rection for one-way ANOVA test, before and after adjust-
ment for age and disease activity status, was employed for 
comparisons between groups and calculation of p-values. 
We used the chi-square test to evaluate categorical vari-
ables. IBM SPSS ver. 22.0 (IBM Corp., Armonk, NY, 
USA) was used to perform statistical analyses. Significant 
level was considered as p-values <0.05.
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Results 

One hundred two eyes of 61 patients with TED were in-
cluded in this study. fifty-seven patients (93.4%) of 61 pa-
tients with TED had hyperthyroidism and only four pa-
tients (6.6%) had hypothyroidism. Twenty-two eyes (21.6%) 
of active smokers, 11 eyes (10.8%) of passive smokers, and 
69 eyes (67.6%) of non-smokers constitute the study sub-
jects. Mean age was 43.0 ± 12.9 years. Mean age of active 
smokers was 44.6 ± 11.9 years. Mean age of passive smok-
ers and non-smokers was 40.1 ± 14.2 and 44.4 ± 13 years, 
respectively (p = 0.42). In terms of disease activity, 21 eyes 
(12.6%) had active status (CAS ≥3), 77 eyes (46.1%) were 
neither active nor compressive, four eyes (2.4%) of two pa-
tients were in compressive status. Seventy-five point three 
percent (58 eyes) of neither active nor compressive group 
were non-smokers. Forty-seven point six percent (10 eyes) 
of the active group and 50% (two eyes) of the compressive 
group were active smokers (p = 0.001). Mean intraocular 
pressure of active smokers, passive smokers, and non-
smokers were 17.7 ± 2.5, 15.8 ± 1.2, and 16.5 ± 4.3, respec-
tively (p = 0.4). Hertel exophthalmometry was performed 
and the results for active smokers, passive smokers, and 
non-smokers were 23.2 ± 5.2, 24.8 ± 4.7, and 22.3 ± 4, re-

spectively (p = 0.31). Margin to reflex distance 1 was also 
measured and the results for active smokers, passive smok-
ers, and non-smokers were 5.2 ± 0.8, 4.7 ± 1.4, and 5.1 ± 1.1, 
respectively (p = 0.52). Mean visual field mean deviation 
of active smokers, passive smokers and non-smokers were 
-2.2 ± 2.3, -1.4 ± 2.5, and -1.3 ± 2.2, respectively (p = 0.2). 

Ganglion cell complex (GCC) thickness was compared 
between smokers, passive smokers, and non-smokers. Al-
though the mean GCC thickness was higher in smokers, 
the only statistically significant comparison was observed 
between smokers and non-smokers in the inferior hemi-
parafoveal sector (p = 0.04). 

Total retinal thickness was also compared among the 
three groups. Active smokers had significantly higher (p < 
0.01) retinal thickness in all sectors compared to non-
smokers and passive smokers, except the foveal sector in 
which the difference between smokers and non-smokers 
was not statistically significant (Table 1).

Superf icial macular vessel densities, measured by 
OCTA, were compared among three groups. Smokers had 
lower vessel density in the superior parafoveal sector com-
pared to non-smokers (p = 0.04) (Table 2). Deep macular 
vessel densities were measured using OCTA. Comparing 
vessel densities between smokers and non-smokers, no sig-

Table 1. Macular and GCC thicknesses in the smoker, passive smoker, and non-smoker groups

Variable

Smoking status p-value*

Smoker Passive smoker Non-smoker Smoker vs. 
passive smoker

Smoker vs. 
non-smoker

Passive 
smoker vs. 
non-smoker

GCC thickness
Total parafovea 125.5 ± 10.8 123.0 ± 2.6 120.6 ± 11.6 0.800 0.054 0.72
Superior hemi-parafovea 124.3 ± 11.5 122.6 ± 3.1 120.4 ± 11.3 0.910 0.130 0.73
Inferior hemi-parafovea 126.6 ± 10.3 123.2 ± 3.1 120.8 ± 12.3 0.670 0.040 0.78

Total retinal thickness
Fovea 255.6 ± 23.7 236.2 ± 12.5 246.3 ± 25.7 0.010 0.090 0.21
Total parafovea 326.1 ± 17.1 310.2 ± 7.1 312.3 ± 16.3 0.001 <0.001 0.92
Superior hemi-parafovea 326.5 ± 17.7 311.3 ± 7.6 313.1 ± 16.4 0.002 <0.001 0.95
Inferior hemi-parafovea 325.9 ± 16.6 309.1 ± 7.7 311.7 ± 16.8 0.001 <0.001 0.87
Temporal parafovea 316.1 ± 17.4 296.9 ± 6.3 304.1 ± 18.4 0.001 0.001 0.28
Superior parafovea 329.6 ± 16.9 316.5 ± 9.1 317.0 ± 16.0 0.007 <0.001 0.99
Nasal parafovea 330.5 ± 18.8 314.9 ± 9.8 314.8 ± 16.7 0.002 <0.001 1.00
Inferior parafovea 328.4 ± 16.8 312.2 ± 8.6 313.8 ± 16.7 0.001 <0.001 0.96

Values are presented as mean ± standard deviation.
GCC = ganglion cell complex.
*One-way ANOVA test was used to calculate p-values. 
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nificant difference was observed (Table 3). Mean vessel 
densities were highest in passive smokers in both superfi-
cial and deep macular vascular plexus (Table 2, 3).

ONH and RPC densities were evaluated among study 
groups. Whole image ONH vessel densities were 50.9 ± 5.7, 
53.4 ± 2, and 52.2 ± 3.4 for active smokers, passive smok-
ers, and non-smokers, respectively (p = 0.19). Whole image 
RPC densities were 53.7 ± 4.1, 57.6 ± 2.8, and 55.5 ± 3.8 for 
active smokers, passive smokers, and non-smokers, respec-
tively (p = 0.02) (Table 4). 

Discussion 

The effect of smoking on ocular blood circulation in 
TED has not been thoroughly investigated. This effect can 
be divided into two categories: the effect on orbital blood 
circulation and the effect on retinal microvasculature. Al-
though, these two categories may not be two separate phe-
nomena. Smoking is known to be associated with a de-
creased blood f low velocity of the SOV [16,17]. Some 
authors believe decreased SOV blood flow velocity is sec-
ondary to increased orbital muscle index [18]. Others didn’t 
see any correlations between SOV blood flow velocity and 
muscle index [19]. Choroidal blood circulation is also al-

Table 2. Superficial macular vascular densities in the smoker, passive smoker, and non-smoker groups

Variable

Smoking status p-value*

Smoker Passive smoker Non-smoker Smoker vs. 
passive smoker

Smoker vs. 
non-smoker

Passive 
smoker vs. 
non-smoker

Whole 50.9 ± 5.7 53.4 ± 2.0 52.2 ± 3.4 0.09 0.23 0.57
Parafoveal 53.3 ± 5.9 56.4 ± 1.6 54.6 ± 3.7 0.04 0.35 0.24
Superior hemi-parafoveal 53.5 ± 5.9 56.5 ± 1.4 54.8 ± 3.6 0.03 0.27 0.25
Inferior hemi-parafoveal 53.1 ± 6.1 56.4 ± 2.1 54.4 ± 4.2 0.08 0.49 0.31
Temporal parafoveal 52.6 ± 5.6 55.4 ± 1.8 53.8 ± 3.7 0.05 0.31 0.31
Superior parafoveal 53.5 ± 6.5 56.7 ± 1.9 55.8 ± 3.8 0.06 0.04 0.82
Nasal parafoveal 53.2 ± 5.5 56.1 ± 2.0 53.8 ± 4.3 0.13 0.90 0.19
Inferior parafoveal 53.3 ± 6.9 57.0 ± 2.1 54.8 ± 5.0 0.12 0.53 0.39

Values are presented as mean ± standard deviation.
*One-way ANOVA test was used to calculate p-values. 

Table 3. Deep macular vascular densities in the smoker, passive smoker, and non-smoker groups

Variable

Smoking status p-value*

Smoker Passive smoker Non-smoker Smoker vs. 
passive smoker

Smoker vs. 
non-smoker

Passive 
smoker vs. 
non-smoker

Whole 58.1 ± 4.2 60.3 ± 1.6 58.0 ± 3.9 0.15 1.0 0.056
Parafoveal 60.8 ± 4.0 63.8 ± 1.3 60.9 ± 1.3 0.04 1.0 0.020
Superior hemi-parafoveal 60.9 ± 4.0 64.0 ± 1.6 61.8 ± 5.6 0.20 0.8 0.400
Inferior hemi-parafoveal 60.6 ± 4.1 63.5 ± 1.4 60.2 ± 5.4 0.17 1.0 0.053
Temporal parafoveal 60.0 ± 3.4 62.9 ± 2.0 59.9 ± 4.7 0.04 1.0 0.020
Superior parafoveal 61.9 ± 4.7 64.8 ± 1.8 62.7 ± 4.0 0.04 0.7 0.100
Nasal parafoveal 60.0 ± 3.9 63.3 ± 1.7 60.2 ± 5.3 0.10 1.0 0.080
Inferior parafoveal 61.2 ± 4.8 64.0 ± 1.5 60.7 ± 6.4 0.30 1.0 0.100

Values are presented as mean ± standard deviation. 
*One-way ANOVA test was used to calculate p-values. 
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tered after smoking [20]. Blood flow velocity of the central 
retinal artery and vein has been studied in TED. Sade-
ghi-Tari et al. [8] did not find any significant differences in 
color doppler parameters of central retinal artery and vein 
between smokers and non-smokers in TED.

Oxygen and nutrients supply to the human retina is pro-
vided via two sources. The outer retina is supplied by the 
blood circulation of the choriocapillaris. The inner half of 
the retina is supplied by branches of the central retinal ar-
tery [21]. These branches form superficial and deep vascu-
lar plexus in the retina, regarding the current OCT nomen-
clature. Superficial vascular plexus is located in the GCC 
(determined as nerve fiber layer, ganglion cell layer, and 
inner plexiform layer). The deep vascular plexus is seg-
mented between the inner nuclear layer and the outer 
plexiform layer [22].

According to the results of the present study, total para-
foveal GCC thickness was not significantly different be-
tween smokers and non-smokers in TED. Total retinal 
thickness of smokers was significantly higher than non-
smokers in all sectors except for the foveal sector. Consid-

ering non-significant GCC thickness between smokers and 
non-smokers, the increased total retinal thickness in active 
smokers can be attributable to increased outer retinal 
thickness in this group. For example, the mean total para-
foveal GCC thickness of the smoker group is 4.9 microns 
(125.5 - 120.6 = 4.9) higher than non-smokers, and the 
mean total parafoveal retinal thickness of the smoker 
group is 13.8 microns (326.1 - 312.3 = 13.8) higher than 
non-smokers. Accordingly, in the mentioned sector, 8.9 
microns (13.8 - 4.9 = 9.1) is the difference caused by retinal 
layers outer to GCC. This interpretation brings us to a hy-
pothetical distinct effect of smoking on inner and outer 
retinal thickness. Another possible explanation is that as 
the total retinal thickness is the summation of all the reti-
nal layers, any changes in the thickness of the retinal lay-
ers are more obvious when all the layers are put together 
(total retinal thickness). Sadeghi-Tari et al. [8] using color 
doppler imaging reported that cigarette smoking can be 
associated with orbital venous congestion. On the other 
hand, Tamaki et al. [20] using the laser speckle method, 
showed that smoking possibly can increase blood velocity 

Table 4. ONH and RPC densities in the smoker, passive smoker, and non-smoker groups

Variable
Smoking status

p-value*

Smoker Passive smoker Non-smoker
ONH

Whole image 55.4 ± 5.0 58.1 ± 2.6 56.5 ± 3.9 0.19
Total peripapillary 58.4 ± 6.1 61.5 ± 2.5 59.8 ± 5.5 0.27
Nasal peripapillary 58.4 ± 3.9 60.9 ± 2.4 59.3 ± 4.0 0.22
Inferonasal peripapillary 58.7 ± 6.2 62.8 ± 3.5 60.5 ± 5.7 0.15
Inferatemporal peripapillary 62.8 ± 5.7 64.5 ± 4.3 63.6 ± 4.0 0.56
Superatemporal peripapillary 60.7 ± 4.5 61.6 ± 2.4 60.9 ± 5.8 0.89
Superanasal peripapillary 58.6 ± 6.6 60.7 ± 6.3 59.5 ± 5.1 0.09
Temporal peripapillary 58.9 ± 4.3 60.7 ± 4.1 59.9 ± 4.5 0.57

RPC
Whole image 53.7 ± 4.1 57.6 ± 2.8 55.5 ± 3.8 0.02
Total peripapillary 60.4 ± 4.2 63.9 ± 2.5 62.1 ± 4.3 0.07
Nasal peripapillary 59.4 ± 4.1 61.7 ± 2.9 60.0 ± 4.4 0.31
Inferanasal peripapillary 59.1 ± 7.4 64.5 ± 4.5 62.1 ± 5.5 0.03
Inferatemporal peripapillary 65.0 ± 5.4 67.9 ± 4.4 66.4 ± 4.7 0.23
Superatemporal peripapillary 62.5 ± 7.8 65.4 ± 1.8 64.3 ± 6.3 0.39
Superanasal peripapillary 58.9 ± 7.0 62.3 ± 6.3 60.5 ± 5.8 0.31
Temporal peripapillary 61.6 ± 4.6 64.4 ± 3.9 63.1 ± 5.5 0.34

Values are presented as mean ± standard deviation. 
ONH = optic nerve head; RPC = radial peripapillary capillary.
*One-way ANOVA test was used to calculate p-values. 
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in choroidal tissue. Increased retinal thickness, whether the 
outer retina or total retina, may be related to orbital venous 
congestion and altered choroidal blood circulation. Jam-
shidian Tehrani et al. [4] did not find any changes in retinal 
thickness in patients with TED. This contrast can be ex-
plained by the absence of the effect of smoking on subjects 
of that study. We recommend studies with higher sample 
sizes to examine the effect of smoking on inner, outer, and 
total retinal thickness in TED. 

We also compared vascular densities of the superficial 
and deep macular vascular plexus. Although smokers gen-
erally had lower superficial vascular densities, there was 
no significant difference in superficial macular vascular 
densities between smokers and non-smokers. Deep macu-
lar vascular densities were not significantly different be-
tween smokers and non-smokers. Some recent studies 
demonstrated a dropout of macular retinal capillary densi-
ties in both superficial and deep retinal vascular plexus in 
TED [4,11]. Some other studies revealed macular vascular 
densities are not altered by smoking [21,23]. Consistently, 
our findings showed that superficial and deep macular 
vascular plexus densities are not altered by smoking in 
TED. 

Surprisingly, superficial and deep vascular densities 
were highest in the passive smoker group. This difference 
was only notable in some sectors. To find a clear point of 
view with reasonable explanations, we suggest further 
studies with bigger study populations and more clear defi-
nitions of passive smoking. Comparing ONH densities 
among study groups revealed no significant differences. 
RPC densities were significantly higher in passive smokers 
in some comparisons. 

There are several limitations in the current study. First, 
because of the cross-sectional nature of the present study 
and the absence of longitudinal data, we were not able to 
establish any causative correlations and we could not pres-
ent any predictive effect of smoking on assessed parame-
ters. Second, we divided study subjects into smokers, pas-
sive smokers, and non-smokers. Considering the exact 
number of cigarettes smoked per day and the duration of 
smoking (pack-year) could have helped us verify more re-
liable dose-dependent effects. Future studies with such 
considerations and also larger study sample sizes are es-
sential to look into this matter. 

In conclusion, results of this study demonstrate that 
smoking is associated with increased total retinal thickness 

in TED. Macular vascular densities were not different be-
tween smokers and non-smokers in TED. ONH, RPC, and 
macular vascular densities may be higher in passive smok-
ing in TED. 
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