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Abstract
Background. Hashimoto’s thyroiditis (HT) is an autoimmune endocrine disorder that results from a dys-
regulation of the immune system leading to an immune attack on the thyroid gland. It has potential effects 
on different organs and tissues.

Objectives. The aim of the study was to investigate the effect of HT on corneal biomechanical properties 
using the ocular response analyzer (ORA).

Material and methods. A total of 48 patients with HT and 49 healthy subjects were enrolled in the study. 
The mean age of the patients and healthy subjects was 42.33 ±11.96 and 40.20 ±12.60 years, respectively 
(p = 0.39). All of the subjects underwent a full ophthalmological examination, including visual acuity, corneal 
pachymetry with topography, biomicroscopy, and funduscopy. Corneal biomechanical properties, including 
corneal hysteresis (CH) and corneal resistance factor (CRF), Goldmann-correlated intraocular pressure (IOPg) 
and corneal compensated IOP (IOPcc) were measured with the ORA.

Results. Central corneal thickness (CCT) in the patient group and the control group were not significantly 
different (p = 0.65). Corneal hysteresis of the HT patients was significantly lower than that of the control 
group (p = 0.005). There were no statistically significant differences in CRF between the 2 groups (p = 0.53). 
Goldmann-correlated IOP and IOPcc were higher in the HT patients, but only IOPcc showed a statistically 
significant difference (p = 0.001).

Conclusions. In conclusion, our data shows that HT affects corneal biomechanical properties by decreas-
ing CH. Thus, IOPcc measured with the ORA should be taken into account when determining accurate IOP 
values in patients with HT.
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Introduction

Hashimoto’s thyroiditis (HT) is a chronic inflammation 
of the thyroid gland. It is now considered the most com-
mon autoimmune disease,1,2 the most common endocrine 
disorder,3 as well as the most common cause of hypothyroid-
ism.4 It affects predominantly women. It is characterized 
by elevated levels of antithyroglobulin (Anti-Tg) antibody 
and antithyroid peroxidase (anti-TPO), and a characteristic 
hypoechogenic pattern in ultrasonography of the thyroid 
gland. It has different clinical stages ranging from euthy-
roidism to hypothyroidism.5

There is  a  relationship between thyroid diseases 
and the eye: so-called thyroid eye disease (TED). It is most 
commonly associated with Graves’ disease (GD) and is oc-
casionally seen in the euthyroid state.6,7 The clinical mani-
festations include exophthalmos, conjunctival hyperemia 
and chemosis, soft tissue swelling, eyelid retraction, oph-
thalmoplegia, increases in orbital volume that may lead 
to increased intraorbital pressure, keratopathy, and optic 
neuropathy.8,9 In contrast, TED in HT is extremely uncom-
mon and there are limited reports of it in the literature.10–12

Because of the fact that one of the most important mani-
festations of TED is corneal and ocular surface involve-
ment, investigators have studied alterations in corneal 
biomechanical properties in TED patients.13,14 There are 
also some studies about corneal microstructural changes 
using corneal pachymetry and confocal biomicroscopy 
in GD.15,16 To the best of our knowledge, alterations in cor-
neal biomechanical properties in patients with HT have 
not been studied in detail before.

The ocular response analyzer (ORA) (Reichert Oph-
thalmic Instruments, Buffalo, USA) was introduced with 
the aim of providing information on corneal biomechani-
cal factors such as hysteresis and resistance. It determines 
noncontact intraocular pressure (IOP) as Goldmann-cor-
related IOP (IOPg) and corneal-compensated IOP (IOPcc). 
This modality has been designed to quantify IOP by inte-
grating corneal biomechanical factors, allowing the practi-
tioner to reduce the margin of error in IOP measurements 
as compared with the conventional method, Goldmann 
applanation tonometry (GAT).17

The  aim of  the  study was to  investigate the  effect 
of HT disease on corneal biomechanical properties using 
the ORA.

Material and methods

Between June 2015 and January 2016, 51 patients di-
agnosed with HT at  the  Endocrinology Department 
of  Bağcılar Training and  Research Hospital, Istanbul, 
Turkey, were referred to our eye clinic. Out of these 51, 48 
exclusively female patients were included in this prospec-
tive observational study (Group 1) to eliminate any errors 
that might depend on gender differences. For the control 

group (Group 2), 49 healthy female subjects who visited 
our outpatient general clinics for routine ocular checkups 
or for glasses prescriptions were matched regarding age. 
Whenever both eyes met the criteria, the right eye of each 
participant was included. Patients with a history of corneal 
surgery, ocular trauma, corneal scarring, or any concurrent 
ocular disease were excluded from the study, as were con-
tact lens wearers and women who were pregnant or lactat-
ing during the course of the study. All the patients with HT 
were under treatment and none of the patients had TED. 
The study followed the tenets of the Declaration of Hel-
sinki and was approved by the local ethics committee.

All the subjects underwent a full ophthalmological ex-
amination including visual acuity, biomicroscopy, fundus-
copy, corneal pachymetry by Sirius topographer (Costru-
zione Strumenti Oftalmici, Florence, Italy), measurement 
of corneal hysteresis (CH) and corneal resistance factor 
(CRF), as well as IOPg and IOPcc using the ORA. All ORA 
measurements were obtained using the same calibrated 
instrument by the same masked technician. All the patients 
underwent measurements while sitting and were asked to fix 
their vision on a target light as the measurement was taken. 
A noncontact probe scanned the central corneal area and re-
leased an air puff. For each patient, 4 measurements with 
a minimum waveform score (WS) of 6.0 were obtained.18 
The best signal value was used in the statistical evaluation.

All the  statistical analyses were performed with SPSS 
for Windows v. 21.0 (SPSS Inc., Chicago, USA). The param-
eters used in the study were expressed as means ± standard 
deviation (SD). The normality of the data was tested with 
the Kolmogorov-Smirnov test. Student’s t-test was used to de-
termine the significance of differences in the results. A p‑val-
ue of less than 0.05 was considered statistically significant.

Results

The mean age of  the patients was 42.33 ±11.96 years 
(range: 17–62 years) in  the  group with HT (Group 1) 
and 40.20 ±12.60 years (range: 17–61 years) in the control 
group (Group 2) (p = 0.39). Central corneal thickness (CCT) 
values were not significantly different between the groups 
(p = 0.65), as shown in Table 1.

Corneal hysteresis of HT patients was significantly lower 
than that of the control group (p = 0.005). There was no sta-
tistically significant difference in CRF between the 2 groups 
(p = 0.53). Goldmann-correlated IOP and IOPcc were higher 
in the HT patients, but only IOPcc showed a statistically 
significant difference (p = 0.001) (Table 1).

Discussion

The  structure and  the  properties of  soft tissue, 
such as  the  cornea, are dependent on  the  biochemical 
and  physical nature of  the  components present. Stress 



Adv Clin Exp Med. 2019;28(1):109–112 111

to these components and their response to it show the bio-
mechanical properties of the tissue. The ORA is a noncon-
tact tonometer that uses a rapid air pulse to create stress 
on the cornea and an electro-optical system to record the cor-
neal deformation.17 In our study, we wanted to evaluate the ef-
fect of HT on corneal biomechanical properties measured 
with the ORA, and we found that the CH of HT patients was 
significantly lower than that of the healthy control group.

Corneal hysteresis is  a  quantification of  the  ability 
of the cornea to absorb and/or dissipate energy: so-called 
viscous dampening. Low values of CH indicate a floppy 
cornea and less corneal viscous dampening, which may be 
explained by an alteration in the corneal structure. There 
are some reports that show a decrease of CH in diseases 
that cause alterations in corneal structure, such as kerato-
conus19,20 and myopic eyes,21 in eyes of patients with dia-
betes mellitus,22 in post-laser in situ keratomileusis eyes,23 
and in eyes that have undergone penetrating keratoplasty.24 
However, these alterations in corneal structure are also 
found in some systemic diseases, such as systemic lupus ery-
thematosus,25 rheumatoid arthritis,26 Marfan syndrome,27 
and other inflammatory conditions. The corneas of patients 
with HT may have similar alterations in the corneal micro-
structure known to occur in these corneal diseases.

An eye with low CH has a lower ability to absorb ener-
gy; in the presence of high IOP, the cornea cannot absorb 
energy, and all the pressure is exerted on the optic nerve 
and peripapillary tissues.28 Thus, low CH is associated with 
high IOP in both glaucoma patients and healthy individuals, 
and it may be a risk factor for the progression of glaucoma. 
In our study, we also found that the IOPcc of HT patients 
was higher compared with the control group. It is known 
that the IOPcc is not affected by CCT when measured using 
the ORA, which might provide a better estimate of the real 
IOP value than GAT measurements do. Routine IOP mea-
surements using GAT may underestimate IOP in HT pa-
tients, so this point should be kept in mind when examining 
eyes with suspicious cupping and borderline IOP.

In this study, we found no statistically significant dif-
ference between the HT patients and the control group 
regarding CRF. In  fact, CRF is  mainly determined 
by the elastic properties of the cornea and is a parameter 
more closely associated with CCT than CH.29 Because 
CCT measurements showed no statistical differences be-
tween the HT patients and the healthy subjects, it was 
consistent that CRF did not differ between the 2 groups.

There are some reports investigating the biomechani-
cal properties of  the  cornea in  patients with GD with 
or without TED. Karabulut et al. evaluated corneal bio-
mechanical properties in patients with TED using the ORA 
and found significant decreases in CH but no significant 
differences in CRF and CCT.13 They also reported higher 
IOPg and IOPcc levels among TED patients compared with 
the control group. Moghimi et al. evaluated TED patients 
and reported the same findings as in the previous study.14 
These findings and our study results suggest that there 
is a strong relation between the autoimmune thyroid dis-
eases – HT and GD. The etiology of HT and GD involves 
common pathways in which thyroid-reactive T cells escape 
tolerance and infiltrate the thyroid, and unique pathways 
in which these thyroid-reactive T cells either cause thyroid 
cell death (in HT) or stimulation (in GD).30 Thus, it is not 
surprising that both autoimmune thyroid diseases have 
similar effects on corneal biomechanical properties. Fur-
ther studies are warranted to define which inflammatory 
process in the corneal tissue of these patients is responsible 
for this biomechanical change.

Some limitations of this study should be mentioned. 
Firstly, since this is a cross-sectional study, a direct cause 
and  effect cannot be determined. Secondly, the  exact 
mechanisms causing abovementioned alterations should 
be studied in detail with genetic and specular microscopic 
evaluation as well. Finally, the small sample size restricted 
our ability to make generalized conclusions.

Conclusions

In conclusion, our data shows that HT affects corneal 
biomechanical properties by decreasing CH. Thus, IOPcc 
measured with the ORA should be taken into account when 
determining the accurate IOP value in patients with HT.
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