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Low and high order aberrations in the eyes
of patients with levothyroxine treated
hypothyroidism — comparison and analysis
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ABSTRACT

BACKGROUND: There is an increasing number of patients in optometric practices who suffer from hypothyroidism.
Thyroid diseases have an impact on the ocular condition, refraction, and tear film stability, particularly when thyroid
is hyperreactive. This research is focused on the optical condition of the eyes in patients with hypothyroidism treated
with levothyroxine to assess its importance during refraction exams.

MIATERIAL AND METHODS: A group of 43 patients was examined, their medical case history was taken, and aber-
rometry was performed. A research and control groups were selected for statistical analysis of the obtained results.
Refractive condition, keratometry, whole eye aberrometry, and separately cornea and internal aberrometry were
performed with the use of iTrace aberrometer, based on ray-tracing aberrometry and Placido disk corneal topography.
RESULTS: Statistically significant differences with a threshold of p = 0.05 were total eye horizontal coma and corneal
horizontal secondary coma. Three values were slightly above the threshold — whole eye oblique tetrafoil, corneal
vertical pentafoil, and internal horizontal coma. All three parameters have a p-value equal to 0.06.

CONCLUSION: Hypothyroidism treated with levothyroxine does not have a significant impact on the ocular surface
or internal eye aberrations of low order. However, in case of total eye horizontal coma and secondary corneal hori-

zontal coma, the differences are statistically significant.
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INTRODUCTION

Thyroid diseases can affect the eyes in many
ways, from Graves-Basedow disease, through
a change in refractive state in thyroid eye disease
present in hyperthyroidism, to eye dryness in hy-
pothyroidism [1]. Every change in refractive error,
tear film morphology, and eye anatomy influences
eye aberrations of both high and low order [2]. Hy-
pothyroidism is a common thyroid disorder caused
by a deficiency of thyroid hormones. Incidence of
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the disease increases with age, with a higher preva-
lence in women [3].

Hypothyroidism can be present in two forms:
with full symptoms (clinical) or with no or low
symptoms (subclinical) [1].

There are various causes of hypothyroidism. Pri-
mary causes are associated with thyroid gland dys-
function, i.e., iodine deficiency, autoimmune thy-
roiditis (such as Hashimoto thyroiditis or atrophic
autoimmune thyroiditis). Primary hypothyroidism
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can also be congenital or induced by medications,
thyroid aplasia or hypoplasia, and defective synthesis
of thyroid hormones associated with thyroidectomy
or cancer treatments. Central or secondary causes
are associated with pituitary dysfunction, such as
pituitary adenoma, craniopharyngioma, traumatic
brain injury, Sheechan syndrome, sarcoidosis, syphi-
lis, tuberculosis, or iron overload [4]. Furthermore,
some drugs can cause hypothyroidism, i.e., carbi-
mazole, methimazole, iodine, amiodarone, thalido-
mide, sunitinib, rifampicin [5].

Common symptoms not related to the eyes
can manifest as increased body weight, sleepiness,
memory disorders, bradycardia (slower heart rate),
sense of coldness, especially in hands and feet [1].
Other symptoms include dry skin and hair, par-
esthesias, fatigue, memory deficits, myalgias, and
arthralgias [3].

Diagnostics of hypothyroidism involve check-
ing thyroid-stimulating hormone (TSH), thyroxine
(T4), and triiodothyronine (T3) levels in the blood,
as well as performing imaging of thyroid and pitui-
tary glands to check whether any lesions are present
in central hypothyroidism [6].

Eye aberrations are distortions (deviations) of
a wavefront passing through ocular media from
a reference (ideal) wavefront. Aberrations tend to
be expressed in micrometers. However, they can be
converted to dioptres. The main methods to express
aberrations for aberrometers is root mean square
(RMS) — the Zernike expansion coefhicient and
Zernike polynomials.

The coefficients are calculated using differences
between the wavefront and the reference surface.
Both RMS and Zernike polynomials are measured
in micrometers [7]. When the light passes through
ocular media, it is affected by imperfections of the
eye optical system. This causes imperfections in the
retinal image and, later, imperfections in the per-
ceived image. These imperfections or aberrations
can be classified in different ways. One of these
classifications is with the use of Zernike polynomi-
als. These are used to categorize the eye aberrations
into two types: low-order aberrations (LOA) and
high-order aberrations (HOA) [8].

Low-order aberrations can be considered from
zero (n = 0) to second-order (n = 2) aberrations,
i.e., piston, tilt (prism), defocus, and astigma-
tism. In ophthalmology and optometry, defocus
and astigmatism are considered the most signifi-
cant. High-order aberrations start from third-order

(n = 3) and higher. These include many different

aberrations, such as coma, trefoil, secondary astig-
matism, and spherical aberration [9].

The maps of aberrations (which are similar to
corneal topography maps) show derogations of
the wavefront from the reference wavefront sur-
face. In the standard aberrometry map, all aberra-
tions are combined, but they can be divided into
separate map instances indicating each deviation.
A number of each type of aberration can be shown
(8, 10].

Aberrometry is based on different princi-
ples. Nowadays, the two most popular and rec-
ognizable are Hartmann-Shack-based aberrometry
and ray-tracing aberrometry [11].

In addition to aberrometry, corneal topogra-
phy can also be performed. When an aberrometer
has the ability to perform both aberrometry of the
whole eye and corneal topography (from which
corneal aberrations can be calculated), it can indi-
cate internal aberrations induced by the ocular lens
by subtracting corneal from whole eye aberrations
(10, 12].

With such tools, the influence of diseases such
as hypothyroidism to the ocular surface, intraocular
lens, and overall eye aberrations, such as refractive
error, can be evaluated [8].

The aim of this study is to assess the influence of
hypothyroidism treated with levothyroxine on the
refractive state of the eye — higher and lower order
aberrations that can occur as a result of possible
changes in ocular media due to hypothyroidism.

Optometrists and ophthalmologists who per-
form eye exams need to think about various factors
that can influence subjective and objective refrac-
tion measurements. Errors and low repeatability
of these measurements can lead to wrong ocular or
contact lens prescription, but also a bias in intraocu-
lar lens calculation and inaccurate measurements for
wavefront-guided refractive surgery.

The purpose of this research is to investigate
whether hypothyroidism, treated with levothyrox-
ine, has an impact on aberrations of the eye. It is
investigated whether hypothyroidism causes chang-
es in aberrations of the eye, caused by changes in
the cornea and crystalline lens, and whether these
changes in aberrations reverse during treatment of
hypothyroidism with levothyroxine.

MATERIAL AND METHODS

A group of 43 patients was examined. All pa-
tients gave informed consent for the research. The
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examination process included recording case history
of the ocular condition (ocular diseases, trauma,
surgery, ocular symptoms like dryness, pain, itch-
ing) and systemic diseases (cardiovascular diseases,
thyroid diseases, hypertension, diabetes). The anam-
nesis was followed by the aberrometry with corneal
topography performed on every patient. Each eye
was measured three times (three whole eye aberrom-
etry measurements and three topography scans).
The recorded data for every measurement was aver-
aged to minimize the eyeball movement’s negative
impact, such as tremors or microsaccades.

The device used to perform measurements was
the iTrace aberrometer, based on the ray-tracing
aberrometry principle with built-in Placido disks
corneal topographer.

The aberrometer measurements were conducted
with standard parameters, i.c., vertex distance of
12 mm and scan zone of 2.5 mm, to eliminate the
effect of random pupil size to amount of various
aberrations.

The patients were divided into two groups, with
and without hypothyroidism. The control group’s
inclusion criteria were age from 18 to 45 years old,
no systemic or ocular diseases, and no hormonal
problems. In the examined group, inclusion cri-
teria were age from 18 to 45 years old, no ocular
or systemic diseases except hypothyroidism treated
with levothyroxine. The control group consisted
of 32 participants (64 eyes examined, 192 meas-
urements), and the examined group consisted of
11 participants (22 examined eyes, 66 measure-
ments). The remaining patients were excluded from
the research because of their age or other diseases
that could negatively affect the results. The mean
age of the control group was 26 years; in the ex-
amined group, it was 27 years (ages rounded). In
the group with hypothyroidism, only females were
present, while in the control group, both males and
females participated in the research.

The measurements were taken in the same ex-
amination room in constant lighting conditions. All
the measurements were taken manually, without the
usage of automated capture of topography and aber-
rometry.

In every patient, a number of different eye pa-
rameters were measured, i.e.:
¢ angle kappa distance and degree;

* angle alpha distance and degree;

* autorefractometry (spherical, cylindrical, and axis);

* total Zernike aberrations of the eye to 27 poly-
nomial;

* limbal diameter, keratometry;

e Zernike aberrations of the cornea to 27 poly-
nomial;

* internal Zernike aberrations to 27 polynomial;

¢ dysfunctional lens index (DLI).

All the obtained data were subjected to statistical
analysis, which checked if any significant differences
in the parameters were present. To perform the
analysis, the data used for calculations were rounded
to the ninth decimal place. First polynomials, pis-
ton, and tilt in X-axis and Y-axis were neglected as
they do not impact the optical resolution of the
eye optics.

The statistical analysis was performed with the
parametric and non-parametric tests. In order to
evaluate differences in the standard level of nu-
merical feature in two groups, Students t-test for
non-related variables or, alternatively, non-paramet-
ric Mann-Whitney U test were used.

The choice of parametric tests was dependent
on compliance with its principal assumptions, i.e.,
compliance of the distributions of the studied vari-
ables with the normal distribution, verified by the
Shapiro-Wilk W test. In addition, the level of sta-
tistical significance was p < 0.05. Performed meas-
urements allow calculating mean values, median,
minimal and maximum value, as well as stand-
ard deviation.

RESULTS

The obrtained results are topographical maps of
the cornea, aberrometry maps of Zernike polynomi-
als, and Zernike polynomials’ values of the optical
system of the whole eye and cornea. Furthermore,
the intraocular crystalline lens was calculated by
subtracting corneal aberrations from whole eye ab-
errations. The results also include other physiologi-
cal parameters of the eyes, i.e., simulated keratom-
etry, refractive state — defocus, astigmatism and
astigmatism axis, kappa and alpha angles, and lim-
bal diameter. All the aberrometry results obtained
for the whole eye, cornea, and lens are expressed in
micrometers. The results with statistically different
values in the control and tested group are presented
in Table 1.

The differences in the values for total eye hori-
zontal coma and corneal horizontal secondary coma
are statistically significant. The mean total eye hori-
zontal coma value in the control group is equal to
—0.00363534. In the examined group, the value is
more positive and equal to +0.00774231. Converse-
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Table 1. A comparison of statistically significant results in examined and control group (rounded to second decimal place)

Examined group (n = 22) Control group (n = 64)
Variable z p
Mean | Me | Min | Max | SD | Mean | Me | Min | Max | SD
Total eye aberrations
Horizontal coma 0.01 0.01 -0.03 0.05 0.02 -0.00 | -0.00 | -0.11 0.05 0.02 2.32 0.02
Obligue tetrafoil -0.01 | -0.01 | -0.03 0.02 0.01 0.00 -0.00 | -0.03 0.12 0.02 -1.88 0.06

Corneal aberrations

TSRO ~0.00 | —0.00 | 000 | 000 | 000 | 000 | 000 | -0.00 | 0.00 | 000 | -2.16 | 0.03

coma

Vertical pentafoil 0.00 | 000 | 000 | 000 | 000 | 000 | 000 | —0.01 | 001 | 000 | 1.92 | 0.06
Internal aberrations

Horizontal coma | oot | 000 [ 004 | 005 | 0.02 | -0.00 | 000 [ 010 | 006 | 0.02 | 191 | 0.6

Me — median; Min — minimum; Max — maximum; SD — standard deviation; Z— Mann-Whitney U test result; p — probability of test level

Differences in mean values of ocular aberrations
(mean in examined group subtracted from mean in control group)

Hexafoil Horizontal
Secondary tetrafoil Horizontal
Tertiary astigmatism Vertical
Secondary spherical
Tertiary astigmatism Oblique
Secondary tetrafoil Oblique
Hexafoil Oblique
Pentafoil Oblique
Secondary trefoil Oblique
Secondary coma Horizontal
Secondary coma Vertical
Secondary trefoil Vertical
Pentafoil Vertical
Tetrafoil Vertical
Secondary astigmatism Vertical
Spherical
Secondary astigmatism Oblique
Tetrafoil Oblique
Trefoil Vertical
Coma Horizontal
Coma Vertical

Trefoil Oblique

B Internal
[ Corneal
Il Whole eye

-

lﬁ".ﬂuh N

s Astigmatism Vertical
Astigmatism Oblique

|

—0.015 -0.010 —0.005 0.000 0.005 0.010

Difference in aberrations mean value [microns]

FIGURE 1. Differences in mean values of ocular aberrations (no defocus)

ly, the mean corneal horizontal secondary coma other data are not statistically significant in the dif-
value is more positive in the control group and ferences. The maximum and minimum values of
equal to +0.00007532 and in the examined group parameters are similar in both groups.

equal to -0.00010604. The rest of the parameters, The obtained results show that arithmetic mean
aberrations, refraction, keratometry, angles, and the values for corneal and internal (Ienticular) aberra-
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tions are similar, but the whole eye aberrations are
more varied (Fig. 1). Standard deviation values are
similar for all aberrations (whole eye aberrations,
internal aberrations, and corneal aberrations).

The p-values indicate that there are only two
values below a threshold, which are statistically sig-
nificant with p = 0.05. Furthermore, three values
are slightly above the threshold: whole eye oblique
tetrafoil, corneal vertical pentafoil, internal horizon-
tal coma. All three parameters have a p-value equal
to 0.06. Total eye horizontal coma and corneal hori-
zontal secondary coma are below the threshold.
The relatively small difference between the obtained
values (whole eye oblique tetrafoil, corneal vertical
pentafoil, internal horizontal coma) and the thresh-
old could be an error due to the relatively small
examined group. If more patients were enrolled in
the study, the error could become negligible.

The results indicate no significant shift in spheri-
cal refraction, astigmatism, or shift in cylinder axis
direction or alpha and kappa angles in control and
examined group.

This means that the main astigmatism is
with-the-rule and against-the-rule, with less amount
of oblique astigmatism. Kappa angle is mainly di-
rected nasally, with much more dispersion than in
alpha angle, which is directed temporally but with
more focus. In both groups, hypothyroidic and con-
trol, dispersion and mean direction of angles of the
eye are similar.

DISCUSSION

The data from research in the field of associa-
tion of eye aberrations and hypothyroidism are lim-
ited. There is one case report by Gatzioufas et al.
[13]. The authors observed that corneal curvature
of a patient with hypothyroidism was very high
(49.7 diopters in the right and 51.0 diopters in
the left eye), in comparison to the normal values
recorded ten years earlier. The patient was diagnosed
with hypothyroidism, with symptoms like fatigue
and anorexia. In addition, his blood test indicated
a thyroid-stimulating hormone (TSH) level above
normal. After treating the patient with levothyrox-
ine, the corneal curvature gradually returned to the
normal values. This case report shows that untreated
hypothyroidism can impact anterior eye segment
morphology, and treating it with levothyroxine can
lead to regression of changes caused by hypothy-
roidism. A larger group of patients with hypothy-
roidism should be examined twice — before and after

starting treatment. Results should be compared to
get a full view of how hypothyroidism affects the
ocular surface.

A comparison of aberrations in the third group
of patients with hypothyroidism before treatment
could also be made. This would allow stating if any
changes in corneal, internal, and total eye aberra-
tions existed before using levothyroxine treatment
and if these changes disappeared after the start of
hypothyroidism treatment.

Another option is to monitor patients with hy-
pothyroidism diagnosed early, then perform aber-
rometry on them and repeat measurements before
and after levothyroxine treatment has been started.
This would allow to monitor changes in aberrom-
etry in the duration of treatment and show how
quickly potentially existing aberrometry changes
would disappear.

This research does not show if the changes are
present before treatment and if levothyroxine treat-
ment impacts the eyes. Still, it shows that the con-
dition of eye optics in patients with treated hy-
pothyroidism is very similar to the eye optics condi-
tion present in healthy people. This includes not
only the high order aberrations but also keratom-
etry measurements, refraction measurements, and
some physiological parameters as limbal diameter
(white-to-white measurement).

The obtained results and their analysis in this
research show that the treated hypothyroidism does
not significantly impact the cornea, lens, and overall
eye condition. Also, the changes that could appear
prior to treatment are none or tend to reverse after
the treatment is started.

The conducted examination showed that hy-
pothyroidism does not significantly affect aberra-
tions, neither corneal nor internal. The reason for
differences obtained in the total eye horizontal coma
aberrations and the corneal horizontal secondary
coma could be the effect of hypothyroidism or other
variables that are beyond the scope of this research.
With a larger number of participants in both the ex-
amined and control groups, the research’s sensitivity
and specificity could be improved.

CONCLUSION

Opverall, if hypothyroidism is treated correctly,
it has an insignificant impact on the ocular surface
and internal optics such as an intraocular crystal-
line lens and vitreous. The exception is the total
eye horizontal coma, which could be slightly more
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positive in the eyes of patients with hypothyroidism,
and corneal horizontal secondary coma, which
could be slightly more negative in hypothyroidic
patients. It leads to the conclusion that treated hy-
pothyroidism has an insignificant impact when per-
forming standard subjective eye exams. However,
in wavefront-guided refractive surgery, the mean
value of horizontal coma in the eyes of patients with
treated hypothyroidism can vary from the mean val-
ues observed in patients without hypothyroidism.

This research does not show the eye condition in
patients with non-treated hypothyroidism. To assess
this, further evaluation should be carried out.
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