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Abstract
Purpose

To compare the effects of testosterone on intraocular pressure (IOP), retinal nerve �ber layer thickness
(RNFL), ganglion cell complex (GCC), macular thickness (MT), and ocular blood �ow between female-to-
male transgender (FMT) persons who use testosterone and healthy women and healthy men.

Method

The study included 39 eyes of 20 FMT(group 1), 40 eyes of 20 healthy women (group 2), and 42 eyes of
21 healthy men (group 3). In all subjects, RNFL, GCC, MT were measured by optical coherence
tomography (OCT). Ocular blood �ow was measured by Colour Doppler Ultrasonography in all subjects.

Results

IOP levels in FMT were signi�cantly higher than men (p = 0.02). Para superior (Sup), Para inferior (Inf)
and Peri nasal (Nas) thickness in FMT were signi�cantly higher than the group 2 (p = 0.02, p = 0.03, p = 
0.01). Peri Sup thickness in FMT was signi�cantly higher than group 3 (p = 0.01). Peri Inf thickness in
FMT was signi�cantly higher than group 2 and 3 (p = 0.03, p = 0.002). Mean thickness of RNFL Inf in FMT
was signi�cantly higher than the group 2 and 3 (p = 0.03, p = 0.03). Avg GCC, Inf GCC in FMT were
signi�cantly higher than group 2 (p = 0.02, p = 0.005). In correlation test, systole/diastole ratio(S/D) in
Ophthalmic artery (OA) (r = 0.504, p = 0.028) and Inf RNLF thickness (r = 0.485, p = 0.035) were positively
correlated with the serum levels of testosterone in FMT.

Conclusions

We found that the use of supraphysiologic testosterone dose increased IOP and the thickness of macula,
RNFL and GCC in FMT. Serum testosterone level was positively correlated with S/D ratio in the OA.

Introduction
Gonadal hormones play an important role in the function of other systems such as cardiovascular and
bone, as well as the reproductive system [1]. Although it is produced in both genders, its amount varies
according to gender and age. These hormones are also produced by other organs besides the gonads [2].

The fact that gonadal hormone receptors have been shown in the eye has increased the studies on the
effects of hormones on the eye. Sex steroid hormone receptor (SSHR) has been shown throughout the
eye such as conjunctiva, lacrimal gland, meibomian gland, cornea, iris, ciliary body, lens, and retina [3].
Estrogen receptor α, estrogen receptor β, progesterone receptor, and androgen receptor mRNAs have been
identi�ed in all these locations [4]. In addition, the synthesis of sex steroids in the retina and the presence
of enzymes involved in the synthesis have been shown [5, 6].
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Different physiological and pathological features of eye diseases between the sexes draw attention to the
effects of gonadal hormones. In many animal and clinical studies demonstrating the effects of estrogen,
estrogen has been shown to reduce intraocular pressure, increase ocular blood �ow, and exert
neuroprotective effects on the optic nerve [7–11]. In a clinical study conducted with multifocal
electroretinography (mERG), it is stated that neuroretinal function is better in women under 50 years of
age compared to men, and this difference disappears after the age of 50 [12]. In a study revealing the
effects of premenopausal and postmenopausal sex hormones, it is stated that testosterone works as an
antagonist of estrogen, with the bene�cial effect of estrogen on ocular hemodynamics. While estrogens
have a vasodilator effect on retinal perfusion, testosterone and progesterone have the opposite effect
[13].

Although the negative effects of testosterone on the cardiovascular system have been described,
con�icting results have been reported in this regard [14]. It is possible that androgens have direct effects
due to the presence of steroid receptors in the vascular endothelium [15]. In addition, testosterone
increases the level of endothelin, a potent vasoconstrictor [16]. However, studies on the effects of
testosterone on ocular blood �ow and optic nerve are limited. These studies have focused on patients
with Polycystic ovary syndrome (PCOS) with high androgen levels. High levels of nerve growth factor
have been found in animal experiments in cases with PCOS with hyperandrogenism and high plasma
luteinizing hormone (LH) concentration [17]. In a clinical study, an increase in retinal nerve �ber thickness
(RNFL) was found in patients with PCOS and it was assumed that this increase was due to the effect of
nerve growth factor [18]. The neuroprotective effect of testosterone on the nervous system has been
demonstrated by regeneration and improvement in neurons and glia [19, 20]. Additionally, it has been
shown that testosterone has an effect on the increase in myelin sheath thickness and axonal caliber [21].

The transition from female-to-male gender include stages such as the use of supraphysiologic
testosterone dose, mastectomy, and hysterectomy with bilateral salphingo-oophorectomy after
psychological and physiological controls of cases with female genetics.

In this study, we aimed to evaluate the effects of testosterone on intraocular pressure (IOP), RNLF,
ganglion cell complex (GCC), macular thickness (MT), and ocular blood �ow in female-to-male
transgender (FMT) persons. To the best of our knowledge, our research is the �rst study in the literature in
terms of the group characteristics and parameters included.

Method
This prospective study was carried out in accordance with the standards of the Helsinki declaration and
was approved by the Research Protocol and Ethics Committee of Haydarpasa Numune Training and
Research Hospital (HNEAH-KAEK 2020/212).

Study Design:
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The study group included 21 FMT cases (Group 1), 20 healthy women (Group 2) and 20 healthy men
(Group 3).

Twenty-one cases between the ages of 18–40 who have been using testosterone for at least one year for
conversion from female-to-male sex were included in the study. One of the cases was excluded due to the
presence of keratoconus disease. One eye of one patient was excluded because of optic disc drusen.
Thirty-nine eyes of 20 cases constituted Group 1. All cases had normal menstrual cycles before
testosterone use and ovarian sizes were within normal limits. All the FMT cases were evaluated pior to
hysterectomy and bilateral salphingo oopherectomy operation. All FMT cases had testesterone treatment
at least one year. Four of 20 cases was using Nebido vial (Testosterone undecanoate, Bayer, Germany)
1000mg / 3 months, 16 of them Sustanon (testosterone propionate 30 mg, testosterone
phenylpropionate 60 mg, testosterone isocaproate 69 mg, testosterone decanoate 100 mg, Eczacıbaşı,
Turkey) 250 mg/month. Serum levels were measured for oestradiol and free testosterone in Group 1.

The control groups were formed with two separate groups matched with the study group by age. Forty
eyes of 20 healthy women (Group 2) and 42 eyes of 21 healthy men (Group 3) were included in the
control group. The control groups were selected from healthy volunteers in their reproductive ages. None
of the patients in all groups had a systemic disease (endocrine diseases, hypertension, diabetes mellitus,
collagen vascular disease, cardiovascular diseases) or a history of any ocular disease; and refractive
errors were not greater than ± 3 diopters as spherical equivalent. Visual acuity was above 8/10 in all
cases. None of the subjects in the control group received any hormone therapy and/or supplements and
prior ovarian surgery. In the female control group, women with irregular menstrual cycles,
oligoanovulatory cycles, clinical or laboratory �ndings of hyperandrogensim, hormononal medication,
hyperprolactinemia, pregnancy and lactation were excluded from the study.

Opthalmologic Evaluation
A full ophthalmologic examination was performed on each patient which included medical history,
corrected visual acuity, detailed fundus examination, Goldmann applanation tonometry, and central
corneal thickness (CCT) measurement. Macular thickness (MT) (internal limiting membrane and retinal
pigment epithelial layer), RNFL, ganglion cell complex (GCC) (retinal nerve �ber, ganglion cell, and inner
plexiform layer), inner retinal layer (IRL) (retinal nerve �ber, ganglion cell, inner plexiform and inner nuclear
layer), outer retinal layer (ORL)(outer plexiform and outer nuclear layer) measurements were made with
FD-OCT (RTVue-100, Optovue, Fremont, CA). Measurements with low signal strength (< 50), not focused
on the fovea or optic disc center or artifacts were not evaluated. All opthalmologic examinations was
performed by the same opthalmologist (OA).

A mapping of nine sectoral thickness sub�elds in three concentric circles of diameters 1, 3, and 6 mm
was used to obtain MT measurements. Foveal, parafoveal, and perifoveal average (Avg), superior (Sup),
temporal (Temp), inferior (Inf), and nasal (Nas) sectors were evaluated. In addition, IRL and ORL
thickness of perifovea were measured.
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RNFL thickness was measured using 13 concentric ring scans 1.3 to 4.9 mm in diameter (587 to 965
different axial scans per ring) centered on the optic disc. The Avg, Sup, Temp, Inf, Nas RNFL
measurements were evaluated.

The GCC was measured using the scan protocol “GCC.” The GCC was measured with 1 horizontal line
with a 7-mm scan length (467 axial scans per line, centered 1 mm temporal to the fovea, and with a scan
time of 0.59 s) and 15 vertical lines with a 7-mm scan length (400 axial scans per line, 0.5-mm interval
between 2 lines, centered in the middle of the horizontal scan line). The Avg, Sup, and Inf GCC
measurements were evaluated.

The Color Doppler Evaluation
After 15 minutes of resting, the patients lay down with their eyes closed, both eyes held straight. We used
the linear probe with a frequency of range 4–15 MHz of Esaote, MyLab 9 eXP model ultrasonography
(Genova, Italy). We obtained our images using the triplex method i.e. combination of 2D ultrasonography
(two-dimensional real-time ultrasonography, 2D US), color-coded Doppler, and spectral Doppler method.
All Doppler evalautions were performed by the same ultrasonographer (AÖB).

The measurement angle for all arteries was approximately 10°-20°. Flow velocity parameters in the OA,
took at the intersection of the OA with the optic nerve 20–25 mm behind the eyeball in the nasal part of
the orbit.

During an examination, we determined peak systolic velocity (PSV), end-diastolic volume (EDV) which are
qualitative values, and resistance index (RI), pulsatility index (PI), and systole/diastole ratio(S/D) which
are quantitative values.

One hundred twenty-one eyes of 61 patients were examined. The examination took approximately 10–15
minutes per eye. We calculated and documented mean values; after this obtained arterial doppler values
of both eyes as were aforementioned.

Statistical analysis
The results are expressed as mean ± standard deviation. Statistical analysis was performed using SPSS
Version 22 ( IBM SPSS, Turkey). Data distribution was analyzed. If data were normally distributed, then
parametric statistical tests were used; otherwise, non-parametric tests were used.

The differences between all study groups in IOP, MT, RNFL, GCC measurements, and ocular blood �ow
parameters were determined by ANOVA test or Kruskal Wallis Test. A p-value < 0.05 was considered as
statistically signi�cant.

The relationship between all parameters and serum levels of oestradiol and testosterone was determined
by Pearson’s correlation or the Spearman ranked correlation coe�cients.

Results
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Subject characteristics and mean values of IOP, cup/disc ratio, CCT, Body Mass Index (BMI), estrogen 2,
and testosterone are shown in Table 1. The IOP levels in FMT were signi�cantly higher than in men (p = 
0.025). The cup/disc ratio in men was signi�cantly higher than in Groups 1 and 2 (p = 0.000, p = 0.002).
The duration of testosterone use was minimum 17, maximum 60 months in FMT (29.66 ± 9.80).

Table 1
Subject characterics: age, Body Mass Index (BMI), intraocular pressure (IOP), cup/disc ratio (C/D),central

corneal thickness (CCT),estrogen2, testosterone, testosterone usage time (mean ± SD)

  Group 1

(n = 20)

Group 2

(n = 20)

Group 3

(n = 21)

P1 Group/p  

Age (year) 28.05 ± 
5.38

29.35 ± 
4.42

30.33 ± 
4.60

0.32    

BMI (kg/m2) 24.15 ± 
3.19

22.60 ± 
3.08

24.38 ± 
3.34

0.16    

IOP (mmHg) 16.07 ± 
2.92

14.97 ± 
2.47

14.47 ± 
2.76

0.030 1–3 p = 
0.021

 

C/D 0.15 ± 0.06 0.17 ± 0.08 0.23 ± 0.1 0.000* 1–3 p = 
0.0001

 

          2–3 p = 
0.0032

 

CCT (µm) 553.21 ± 
29.10

554.16 ± 
30.88

559.24 ± 
23.93

0.58    

Estrogen2 (pg/ml) 75.60 ± 
58.71

         

Testosterone (pg/ml) 16.35 ± 
13.33

         

Testosterone usage time
(month)

29.66 ± 
9.80

         

1 Oneway Anova Test, 2 Kruskal Wallis Test *p < 0.05

The means of the 9 total MT sub�elds, and IRL and ORL thickness of fovea are shown in Table 2. The
thickness of fovea in men was signi�cantly higher than Group 2 (p = 0.01). Para Sup and Para Inf
thickness in FMT were signi�cantly higher than Group 2 (p = 0.02, p = 0.03). Peri Sup thickness in FMT
was signi�cantly higher than Group 3 (p = 0.01). Peri Nas thickness in FMT was signi�cantly higher than
Group 2 (p = 0.01). Peri Inf thickness in FMT was signi�cantly higher than Group 2 and 3 (p = 0.03, p = 
0.002). IRL of the fovea in men was signi�cantly higher than Group 2 (p = 0.003). ORL thickness of fovea
in FMT was signi�cantly higher than Group 2 (p = 0.033).
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Table 2
Macular thickness in the macular region, and inner and outher thickness in the fovea and perifovea:

comparison between all groups.
(µm) Group 1

(mean ± SD)

Group 2

(mean ± SD)

Group 3

(mean ± SD)

P1 Group/p

Fovea 243.49 ± 22.55 233.20 ± 17.90 245.81 ± 19.44 0.013* 2–3 p = 0.0141

Parafovea          

Avg 321.54 ± 10.57 314.78 ± 12.34 321.43 ± 12.84 0.017* 1–2 p = 0.0361

2–3 p = 0.0352

Sup 328.33 ± 10.531 321.23 ± 12.10 326.10 ± 12.27 0.024* 1–2 p = 0.0211

Temp 310.77 ± 11.88 304.25 ± 13.57 310.45 ± 12.42 0.037* 1–2 p = 0.0241

2–3 p = 0.0282

Inf 323.18 ± 11.24 316.18 ± 13.24 322.49 ± 12.84 0.025* 1–2 p = 0.0371

Nasal 323.97 ± 13.31 317.58 ± 13.17 324.52 ± 14.07 0.041* 1–2 p = 0.0381

2–3 p = 0.0222

Perifovea          

Avg 284.44 ± 9.72 278.53 ± 9.89 278.62 ± 9.85 0.011* 1–2 p = 0.0231

          1–3 p = 0.0242

Sup 286.46 ± 9.96 281.58 ± 9.65 279.93 ± 10.22 0.011* 1–3 p = 0.0111

Temp 272.44 ± 12.38 267.78 ± 11.24 269.88 ± 11.37 0.210  

Inf 278.18 ± 11.26 272.13 ± 10.57 269.95 ± 11.27 0.003* 1–2 p = 0.0381

1–3 p = 0.0022

Nasal 299.77 ± 11.38 292.72 ± 11.34 294.43 ± 11.12 0.017* 1–2 p = 0.0181

Fovea          

Inner 67.64 ± 13.19 62.75 ± 10.74 71.69 ± 11.86 0.005* 2–3 p = 0.0031

Outher 175.74 ± 10.26 170.25 ± 9.16 174.90 ± 9.45 0.026* 1–2 P = 0.0331

Perifovea          
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(µm) Group 1

(mean ± SD)

Group 2

(mean ± SD)

Group 3

(mean ± SD)

P1 Group/p

Inner 109.05 ± 4.57 105.97 ± 5.26 105.11 ± 4.09 0.001* 1–2 p = 0.0111

1–3 p = 0.0012

Outher 175.74 ± 6.43 172.62 ± 7.15 173.33 ± 6.56 0.101  

Perifovea Sup          

Inner 108.95 ± 3.88 106.05 ± 5.78 104.98 ± 4.52 0.001* 1–2 p = 0.0321

1–3 p = 0.0002

Outher 177.79 ± 7.57 175,53 ± 7.24 174.95 ± 6.85 0.182  

Perifovea Temp          

Inner 102.10 ± 6.11 98.53 ± 5,94 98.71 ± 5.69 0.012* 1–2 p = 0.0221

1–3 p = 0.0302

Outher 171.00 ± 8.29 169.13 ± 7.96 171.10 ± 7.47 0.454  

Perifovea Inf          

Inner 107.11 ± 6.40 103.80 ± 5.77 101.83 ± 4.84 0.000* 1–2 p = 0.0311

1–3 p = 0.0002

Outher 171.69 ± 6.33 168.35 ± 7.40 168.22 ± 7.11 0.046* 1–2 p = 0.0351

1–3 p = 0.0282

Perifovea Nasal          

Inner 119.18 ± 7.79 115.58 ± 6.94 115.48 ± 6.60 0.035* 1–2 p = 0.0271

1–3 p = 0.0212

Outher 182.18 ± 8.11 177.18 ± 9.73 178.83 ± 7.39 0.031* 1–2 p = 0.0261

Avg (avarage), Sup (superior), Temp (temporal), Inf (inferior), 1 Oneway Anova Test, 2 Kruskal Wallis
Test *p < 0.05

The means of the IRL and ORL thickness of perifovea are shown in Table 2. The Avg, Temp, Sup, Inf
thickness of IRL in perifovea in FMT were signi�cantly higher than the Groups 2 and 3 (p = 0.012, p = 
0.001, p = 0.000). Nas ORL in perifovea in FMT was signi�cantly higher than Group 2 (p = 0.026).
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The means of the RNLF and GCC values of all groups are shown in Table 3. The means of RNLF Sup in
men were signi�cantly higher than Groups 1 and 2 (p = 0.03, p = 0.031). The means of RNLF Inf in FMT
were signi�cantly higher than Groups 2 and 3 (p = 0.039, p = 0.032). The means of Avg, Inf of GCC in FMT
were signi�cantly higher than Group 2 (p = 0.02, p = 0.005).

Table 3
RNLF and GCC thickness: comparison between all groups

  Group 1

(mean ± SD)

Group 2

(mean ± SD)

Group 3

(mean ± SD)

P1 Group/p

RNFL (µm)          

Avg 109.54 ± 5.70 106.50 ± 10.00 107.40 ± 8.75 0.259  

Sup 132.79 ± 11.48 132.88 ± 15.75 140.48 ± 12.71 0.014* 1–3 p = 0.0301

2–3 p = 0.0312

Temp 83.03 ± 12.06 82.70 ± 9.48 80.50 ± 8.74 0.474  

Inf 139.95 ± 10.91 131.75 ± 15.91 131.57 ± 16.56 0.018* 1–2 p = 0.0391

1–3 p = 0.0322

Nasal 82.05 ± 11.33 78.75 ± 11.55 77.33 ± 9.58 0.14  

GCC (µm)          

Avg 101.01 ± 4.59 97.60 ± 6.47 99.10 ± 4.81 0.026* 1–2 p = 0.0201

Sup 100.38 ± 4.59 98.00 ± 6.30 99,14 ± 5.07 0.150  

Inf 101.85 ± 6.22 97.51 ± 6.69 99.06 ± 5.06 0.006* 1–2 p = 0.0051

RNFL (retinal nerve �ber layer), Avg (avarage), Sup (superior), Temp (temporal), Inf (inferior), GCC
(ganglion cell complex), 1 Oneway Anova Test, 2 Kruskal Wallis Test, *p < 0.05

The means of Colour Doppler USG in the ophthalmic artery (OA), central retinal artery (CRA), and posterior
ciliary artery (CA) parameters are shown in Table 4.There was no difference between the groups in OA,
CRA, and CA parameters.
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Table 4
Colour Doppler Ultrasonography in Ophthalmic Artery, Central Retinal Artery and Posterior Ciliary Artery

parametres: comparison between all groups.

  Group 1

(mean ± SD)

Group 2

(mean ± SD)

Group 3

(mean ± SD)

P1  

Ophthalmic Artery          

PSV 30.72 ± 6.51 29.45 ± 8.49 31.95 ± 7.69 0.579  

EDV 8.16 ± 2.39 7.46 ± 2.21 7.45 ± 2.99 0.604  

PI 1.47 ± 0.38 1.64 ± 0.47 1.73 ± 0.46 0.170  

RI 0.75 ± 0.14 0.74 ± 0.08 0.77 ± 0.06 0.700  

S/D 3.93 ± 0.99 3.97 ± 0.88 4.33 ± 1.06 0.365  

Central Retinal Artery          

PSV 9.10 ± 2.22 11.06 ± 2.52 9.95 ± 2.86 0.058  

EDV 2.80 ± 1.66 3.01 ± 1.18 3.17 ± 1.29 0.621  

PI 1.33 ± 0.38 1.40 ± 0.31 1.33 ± 0.34 0.785  

RI 0.70 ± 0.09 0.72 ± 0.07 0.70 ± 0.09 0.636  

S/D 3.44 ± 0.88 3.62 ± 0.90 3.29 ± 0.81 0.485  

Posterior Ciliary Artery          

PSV 13.38 ± 3.14 14.31 ± 5.19 14.06 ± 4.34 0.781  

EDV 4.18 ± 1.17 5.35 ± 2.21 5.13 ± 2.31 0.145  

PI 1.22 ± 0.17 1.13 ± 0.29 1.12 ± 0.23 0.352  

RI 0.68 ± 0.07 0.63 ± 0.07 0.69 ± 0.24 0.309  

S/D 3.11 ± 0.50 2.78 ± 0.53 2.92 ± 0.55 0.153  

Peak systolic velocity (PSV), end diastolic volume (EDV),resistance index (RI), pulsatility index (PI),
systole/diastole ratio(S/D) 1 Oneway Anova Test, * p < 0.05

In correlation test, S/D ratio in OA (r = 0.504, p = 0.028) and peri Inf RNLF thickness (r = 0.485, p = 0.035)
were positively correlated with the serum levels of testosterone in FMT.

Discussion
In this study, the effects of testosterone on IOP, MT, RNLF, GCC, and ocular blood �ow in FMT persons
were compared with healthy women and men. In our study, we found that the use of testosterone
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increased IOP, MT, RNFL, and GCC thickness in transgender male individuals having female genetics. In
addition, we found that the serum level of testosterone was positively correlated with Peri Inf thickness in
macula and S/D ratio in OA in FMT.

In our study, no difference was found between men and women in terms of IOP values. The highest IOP
was found in FMT individuals using testosterone, and this was statistically signi�cant when compared
with men. The effect of hormones, especially estrogen, on IOP has been shown in many studies [7, 22]. It
has been stated that despite the effect of estrogen's lowering IOP, high testosterone levels can increase
IOP and increase the risk of glaucoma [23, 24]. Evidence that testosterone increases IOP has also been
reported in patients with PCOS [18]. These studies are consistent with our work. In addition to studies
reporting lower IOP in women compared to men, there are also studies stating that gender is not effective
[25, 26]. In our study, the mean IOP of women was found to be higher than men, but this difference was
not statistically signi�cant. Endogenous high testosterone may not have the same effects as exogenous
testosterone [27]. However, this situation may explain the statistical signi�cance between FMTs, which
are genetically females, and males, and can be interpreted as exogenous testosterone IOP in the female
sex.

Although we found lower mean IOP in men in our study, we found that the cup/disc (C/D)ratio of men
were signi�cantly higher than FMT and women. In the literature, there are studies stating that the C/D
ratio is higher in men than in women [28]. A positive correlation between disk size and the C/D ratio has
been reported [29]. However, fundus photography of the cases was not performed in our study and this
may be a limiting point.

In our study, the foveal thickness was greatest in the male gender. Many studies in the literature also
support this �nding [30]. However, the striking point is that the mean of MT measurements in FMT was
signi�cantly increased in the Para Inf, Para Sup, Peri Nas, and Peri Inf area compared to women. In
addition, the mean of MT measurements in FMT has signi�cantly increased in the Peri Inf area compared
to men and it was correlated with serum testosterone levels. In a study conducted in patients with PCOS,
it was stated that testosterone increased MT, but this increase may be caused by metabolic syndrome
accompanying PCOS leading to Muller cell defect and macular edema [31].

Inner and outer layer thickness measurements of the macula were made to determine which layer was
affected by the testosterone. There were statistically signi�cant differences between the groups in terms
of IRL and ORN. Foveal measurement in 1mm area with FD-OCT device covers 0.35 mm foveola area due
to retinal anatomy and this area consists of rod and cone cells. Although there was no difference in the
ORL between men and women in the fovea region, the IRL was signi�cantly higher in men than women.
However, this difference was not present in the perifoveal area. In FTM, there was a signi�cant increase in
ORL in the foveal area compared to women. For these reasons, we think that testosterone may have a
trophic effect on rod and cone cells. At the same time, the increase in MT especially in the para and
perifoveal area and in the IRL of the macula in FMT cases suggests that testosterone may also be
effective in the inner nuclear layer with an increase in the GCC layer.
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Another important point of our study is the positive effects of testosterone on RNLF and GCC layers. In
FMT, Inf RNLF was signi�cantly higher than women and men. We found that the means of Avg GCC and
Sup GCC were signi�cantly higher in FMT than in women. The neuroprotective effect of testosterone on
the nervous system has been demonstrated by regeneration and improvement in neurons and glia [19,
20]. Besides, increased RNLF thickness has been reported in studies conducted with patients with PCOS.
It is stated that this trophic effect is partly due to androgen and partly to nerve growth factor (NGF)
detected in cases with PCOS [17, 18, 31]. Our patients had normal ovarian size and appearance and did
not show PCOS �ndings. Therefore, we think that the increase in thickness in RNLF and GCC is due to the
trophic and neuroprotective effects of testosterone.

In our study, we did not observe any difference in ocular blood �ow between the three groups in CRA, OA
and posterior CA. However, in correlation test, S/D ratio in OA was positively correlated with the serum
levels of testosterone in FMT. There are limited studies on the effects of hormones on ocular
hemodynamics and gender differences. A study investigating retrobulbar blood �ow in men and women
under 40 years of age indicated that ocular blood �ow velocity was higher in the OA and lower in the
short posterior CA in men compared to women [32]. Studies on ocular blood �ow and hormones mostly
focused on estrogen. Many studies have reported that estrogen decreases vascular resistance in the
retinal vessel and OA and increases �ow velocity [7, 9]. However, while testosterone increases RI in the
central retinal artery and ophthalmic artery, it decreases the �ow velocity in the central retinal artery.
Testosterone works as an antagonist despite the positive effect of estrogen [13]. In another study
conducted on patients with PCOS, it was reported that androgens increased ocular blood �ow however
they increased vascular resistance only in the OA[33]. In our study, there was no difference between the
groups in CRA, OA and CA parameters. However, the absence of our patients in surgical menopause may
have hidden the effects of testosterone on vessels. In addition, Doppler blood �ow studies have some
limitations. Doppler results depend on the experience of the ultrasonographer, which makes it di�cult to
generalize and standardize the results. Nevertheless, as studies on hormones and ocular blood �ow
increase, our knowledge on this subject will increase.

According to the Androgen Exess Society (AES), hyperandrogenism is indispensable in the diagnosis of
PCOS. Clinical or laboratory hyperandrogenism occurs in PCOS. However, the dose of testosterone taken
in FMT cases is a supraphysiological dose. Therefore the, FMT group creates valuable data to
understand the effects of testosterone on the eye. As far as we can �nd from the literature, ours is the �rst
study investigating the ocular �ndings of FMT individuals. The strengths of this study are its prospective
nature, the examination of multiple parameters, and compliance with exclusion criteria in selecting
control groups. The major limitation of the study was small sample size.

In conclusion, in our study comparing FMT individuals with normal controls, we found that testosterone
caused an increase in IOP and an increase in the macula, RNLF, and GCC thicknesses. The effects of
testosterone on macular thickness increase were prominent in the inner layer. In addition, serum
testosterone level was positively correlated with S/D ratio in the OA. In the light of these �ndings, we
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conclude that testosterone has trophic and neuroprotective effects and also has effects on ocular blood
�ow.
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Figure 1

(a) “Measuring total macular thickness (upper), outher macular thickness (middle) and inner macular
thickness (bottom) with producing a map with 09 sub�elds of sectoral thickness in three concentric
circles, as de�ned by ETDRS. (b) “Measuring RNFL thickness using 13 concentric ring scans 1.3 to 4.9
mm in diameter centered on the optic disc. (c) “Measuring GCC using the scan protocol GCC”.


