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Choroidal Thickness in Thyroid-associated Ophthalmopathy between Normal
Tension Glaucoma Using Optical Coherence Tomography
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Purpose: To compare the macular choroidal thickness in patients with thyroid-associated ophthalmopathy (TAO) with those with
normal tension glaucoma (NTG).

Methods: A total of 70 normal eyes, 74 eyes with TAO and 60 eyes with NTG were enrolled in this study. All patients underwent
spectral-domain optical coherence tomography (SD-OCT) (Cirrus HD-OCT, Carl Zeiss Meditec Inc., Dublin, CA, USA). Macular
choroidal thickness was assessed using enhanced depth imaging. The average macular choroidal thickness was defined as the
average value of three measurements: at the fovea and at the points located 1.5 mm in the nasal and temporal directions from
the fovea. Generalized estimating equations were used to uncover factors affecting the average macular choroidal thickness.
Results: The average, superior and inferior quadrant retinal nerve fiber layer thicknesses were significantly thinner in the NTG
group compared with the TAO and control groups (p < 0.001). The average macular choroidal thickness of the TAO group, NTG
group and controls was 281.01 + 60.06 um, 241.66 + 55.00 um and 252.07 + 55.05 um, respectively, which were significantly dif-
ferent (p = 0.013). The subfoveal, nasal and temporal side choroidal thicknesses were significantly thinner in the NTG group
compared with the TAO group (p=0.014, 0.012 and 0.034, respectively). Subjects with TAO were associated with a thicker aver-
age macular choroidal thickness compared with the NTG group after adjusting for age, sex, spherical equivalent and intraocular
pressure (8 =32.61, p=0.017).

Conclusions: Macular choroidal thickness was significantly thicker in patients with TAO compared with those with NTG. Further
evaluation is required to determine if a thick choroid in subjects with TAO has any role in glaucomatous optic neuropathy.
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Figure 1. Representative cases showing the different subchoroidal
thicknesses in control, thyroid associated ophthalmopathy (TAO)
and normal tension glaucoma (NTG) patients. Choroidal thick-
nesses were measured perpendicularly from the outer edge of the
hyper-reflective retinal pigment epithelium to the inner sclera at
the fovea, 1,500 um temporal from the fovea, and 1,500 pm nasal
from the fovea. (A) Normal. (B) TAO. (C) NTG patients.
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Table 1. Demographics of the control patients, TAO patients and NTG patients

Normal TAO NTG p—value* Post-hoc test
Number of eyes (n) 70 74 60
Age (years) 514 + 129 405+ 186 547 +163 <0.001°  <0.001%/0.767%/ <0.001"
SE (diopters) -1.3+28 17419 -1.8+42 0.686"
Phakic eye (n, %) 100.0 97.3 100.0 0.119°
Baseline IOP (mmHg) 149+38 17.6+45 162+25 <0.001"  <0.001%/0.019%0.113
Treated IOP (mmHg) 149 +3.8  16.1 +4.3 124 +26  <0.001°  0.009/0.004% <0.001"
Number of anti-glaucoma medications () 0.0 + 0.0 0.5+ 0.6 13+0.5 <0001"  <0.001%<0.001% <0.001™
History of diabetes (%) 20.7 11.5 24.0 0.244
History of hypertension (%) 26.9 20.0 24.0 0.712

Values are presented as mean + SD unless otherwise indicated.

TAO = thyroid associated ophthalmopathy; NTG = normal tension glaucoma; SE = spherical equivalent; IOP =

intraocular pressure.

*p—value by One-way analysis of variance (ANOVA); Tp—value by XZ test; *Values for comparison with Normal and TAO group: Post-hoc test;
$Values for comparison with Normal and NTG group: Post-hoc test; Nyalues for comparison with TAO and NTG group: Post-hoc test.

Table 2. The comparisons of the optic nerve head and peripapillary RNFL thickness parameters among control patients, TAO pa-

tients and NTG patients

Location Normal TAO NTG p—value* Post-hoc test
Average RNFL thickness (um) 944 +9.9 94.1 + 13.0 80.3 + 11.3 <0.001 0.900'/<0.001*/ <0.001°
Superior quadrant (jum) 1157 + 15.1 115.9 + 21.6 100.2 + 18.2 <0.001  0.900"<0.001%/ <0.001*
Inferior quadrant (um) 120.9 + 15.1 119.8 + 21.5 90.0 + 24.7 <0.001 0.9007/ <0.001*/ <0.001°
Temporal quadrant (pum) 74.9 + 14.2 73.3 + 12.2 67.7 + 12.0 0.006  0.900%/<0.001*/0.007°
Nasal quadrant (um) 66.2 + 11.9 67.5 + 12.0 63.4 + 10.1 0.124  0.9007<0.001*/0.498"

Values are presented as mean + SD unless otherwise indicated.
RNFL = retinal nerve fiber layer; TAO =

thyroid associated ophthalmopathy; NTG = normal tension glaucoma.

*One—way analysis of covariance (ANCOVA) between all groups; *Values for comparison with Normal and TAO group: Post-hoc test; *Values
for comparison with Normal and NTG group: Post-hoc test; $Values for comparison with TAO and NTG group: Post-hoc test.

Table 3. The comparisons of choroidal thickness parameters among control patients, TAO patients and NTG patients

Location Normal TAO NTG p-value

Average macular choroidal thickness (um) 252.07 +55.05 281.01 + 60.06 241.66 + 55.00 0.0137/0.0227/0.426%/0.004°
Nasal side macular choroidal thickness (um) 244.56 + 6130  269.50 + 65.93  233.40 + 50.37  0.040/0.068'/0.381%/0.012°
Subfoveal choroidal thickness (um) 257.01 + 60.38  288.25 + 64.93  245.94 + 65.17  0.014/0.076'/0.900%/0.014°

Temporal side macular choroidal thickness (pm) 253.44 + 58.72

28529 + 59.34  245.61 + 68.28  0.028°/0.0837/0.900%/0.034°

Values are presented as mean + SD unless otherwise indicated.

TAO = thyroid associated ophthalmopathy; NTG = normal tension glaucoma.
*One—way analysis of covariance (ANCOVA) between all groups; *Values for comparison with Normal and TAO group: Post-hoc test; *Values
for comparison with Normal and NTG group: Post-hoc test; $Values for comparison with TAO and NTG group: Post-hoc test.
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Table 4. Generalized estimating equation of factors affecting the average macular choroidal thickness

Univariate Multivariate
Regres(sgl;);cg;fﬁment Standard error  p-value Regres(sgl;)r%cg;fﬁment Standard error p-value
Group*
TAO 38.72 (11.38, 66.05) 13.94 0.006 32.61 (5.93, 59.29) 13.61 0.017
Normal 9.50 (-13.72, 32.72) 11.84 0.423 7.56 (-16.21, 31.32) 12.13 0.533
NTG 1
Age -0.78 (-1.55, -0.02) -0.39 0.046 -0.57 (-1.28, 0.15) 0.37 0.123
Sex -9.57 (-32.00, 12.85) 1.44 0.403
SE -0.20 (-3.500, -3.11) 1.67 0.908
Treated IOP -0.253 (-2.75, 2.24) 1.28 0.843

CI = confidence interval; TAO = thyroid associated ophthalmopathy; NTG = normal tension glaucoma; SE = spherical equivalent; IOP =

intraocular pressure.

"NTG eyes were used as the reference group. Model 1 and 2: adjusted for cluster sampling effects.
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