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Abstract

groups (P> 0.05).

Background Thyroid-eye disease (TED) is the most common extra-thyroidal presentation of graves'disease. We per-
formed this study to compare clinical characteristics of TED in hypothyroid vs. hyperthyroid patients.

Methods This was a retrospective analytical cross-sectional study in which we compared demographics, severity
(EUGOGO classification) and activity (clinical activity score) of TED, thyroid disease duration, TED duration and clinical
signs between hypothyroid eye disease (Ho-TED) and hyperthyroid eye disease (Hr-TED). To minimize the effect of
selection bias and potential confounders, 1:1 propensity score matching (PSM) was also performed.

Results Three hundred and seventy-four patients (341 Hr-TED and 33 Ho-TED) with a female to male ratio of 1.4:1
were identified in our study. Female to male ratio was 1.3:1 in hyperthyroid and 4.5:1 in hypothyroid group (P=0.005).
The duration of thyroid disease was longer in Ho-TED (P=0.002) while the duration of eye disease was not sig-
nificantly different between the Hr-TED (mean =24.33 £41.69, median =8) and Ho-TED (mean = 19.06 £ 33.60,
median=12) (P =0.923). Most of the patients in hypothyroid group developed eye involvement after thyroid disease
(80.0% in hypo vs. 48.1% in hyper, P=0.003). Severity (P=0.13) and activity (P=0.11) was not different between Hr-
TED and Ho-TED patients. After PSM analysis, no clinical characteristics were significantly different between the two

Conclusion The results of our study showed several differences between the Hr/Ho TED patients including sex, dura-
tion of thyroid disease and pattern of eye involvement. After matching the two groups with statistical methods, no
clinical characteristics were different between Hr-TED and Ho-TED patients.
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Background

Thyroid-eye disease (TED) is the most common extra-
thyroidal presentation of graves’ disease [1] which affects
about 16/100000 women and 2.9/100000 men every year
[2]. Although a rare disease, it is a therapeutic challenge
in severe form and impairs quality of life even in mild
form [3].
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TED is most commonly seen with graves’ hyperthy-
roidism; however it can be associated with hypothy-
roidism or euthyroidism [4]. Globally, the prevalence of
hyperthyroidism, hypothyroidism and euthyroidism in
TED patients, is 86.2%, 10.36% and 7.9% respectively [5].
Ocular symptoms may appear before or after the thy-
roid manifestations but in 80% of cases they occur within
18 months of each other [6].

It is widely known that thyroid dysfunction, especially
hyperthyroidism, relates to more severe form of TED and
the treatment of thyroid dysfunction is a component of
TED management [7]; However, there are far few stud-
ies that have compared clinical characteristics of TED
with respect to primary thyroid function and they have
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opposing results as well. Kashkuli et al. [8] found that
Ho-TED and Hr-TED patients have no significant differ-
ences in terms of disease severity, activity, clinical char-
acteristics and demographics; however, in Ekcstein et al.
study, euthyroid and hypothyroid TED patients showed
less severity and activity and had more asymmetrical eye
involvement [9]. In addition, Ponto et al. showed that
euthyroid and hypothyroid TED, presents with more
asymmetry and less severity [10].

There is scarcity of data about contrasting clinical char-
acteristics of hypo, hyper and euthyroid TED patients
[11-19]. In the present study we aimed to compare the
clinical characteristics of hypo and hyperthyroid TED
patients.

Material and methods

Study population and selection criteria

This was a retrospective analytical cross-sectional study.
The participants were all consecutive Ho-TED and Hr-
TED patients who referred to Feiz Eye Hospital (a tertiary
referral center in Isfahan, Iran) and a private oculoplastic
clinic over a period of 6 years, during 2015-2020.

Patients were assigned to the the hyperthyroid or
hypothyroid group based on their thyroid function sta-
tus before starting the treatment for hypothyroidism or
hyperthyroidism. Patients with low thyroid-stimulating
hormone (TSH) and normal or increased free thyroxine
(T4) were considered as hyperthyroid and patients with
increased TSH and normal or decreased free T4 were
considered as hypothyroid.

The protocol of study was approved by theEthics Com-
mittee of Isfahan University of Medical Sciences, Isfahan,
Iran(IR.MULMED.REC.1399.1001).

The diagnosis of TED was made on the basis of 2014
American Academy Of Ophthalmology criteria for the
diagnosis of TED [20].

Data collection

The following data were extracted from patients’ medical
documents and compared between the two groups: age,
sex, severity and activity, thyroid disease duration, TED
duration, the time interval between the onset of thyroid
disease and eye involvement. TED severity was assessed
according to European Group on Graves Orbitopathy
(EUGOGO) guidelines classification [21]: mild TED
refers to patients who had one or more of the followings:
minor lid retraction (<2 mm), mild soft-tissue involve-
ment, exophthalmos<3 mm above normal for race and
gender, no or intermittent diplopia and corneal expo-
sure responsive to lubricant. Moderate-to-severe TED
refers to patients who have two or more of the follow-
ings: lid retraction >2 mm, moderate or severe soft tis-
sue involvement or exophthalmos >3 mm above normal
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for race and gender, inconstatnt or constant diplopia.
Sight-threatening TED are patients with dysthyroid optic
neuropathy and/or corneal breakdown. TED activity was
evaluated using seven points scale clinical activity score
(CAS) and CAS >3 was considered as active TED [22].
The severity and activity of TED was assessed at the first
time the patients presented at the oculoplastic clinic. In
asymmetric cases, the worse score was considered for
classification of activity and severity. All the patients
were examined by one ophthalmologist to reduce inter
and intra observer variability.

Statistical analysis

Data analysis was performed using software SPSS (ver-
sion 16, Chicago, IL, USA). Quantitative data were
reported as mean=+SD and Median [min-max]. Quali-
tative data were reported as percentage and proportions.
The normality of data, was assessed using Kolmogorov—
Smirnov test. We used independent sample t-test to com-
pare the means between the two groups, and Chi-Square
or Fisher’s Exact Test (if the expected values were less
than 5) to compare the nonparametric variables in the
two groups. Non-parametric data were subsequently
analyzed using the Mann—Whitney U test. A p value
of <0.05 was regarded as significant. Due to the low num-
ber of Ho-TED patients, 1:1 propensity score matching
(PSM) was conducted to reduce the influence of selec-
tion bias and confounding effects. PSM baseline variables
included sex and age. The nearest neighbor method was
used to choose matched patients in hypo and hyperthy-
roid groups. P-values were obtained for each item after
matching.

Results

A total of 374 patients diagnosed with TED were iden-
tified in our study. The vast majority were hyper-
thyroid (341/374, 91.2%) and 33 patients were
hypothyroid (33/374, 8.8%). The mean age of patients was
39.58 +13.53. Most of the patients (221/374, 59.1%) were
women.

Comparison between hyper and hypothyroid TED
patients is summarized in Table 1 (Table 1).

Female/male ratio was 1.3:1 in hyperthyroid and 4.5:1
in hypothyroid group (P=0.005). The duration of thyroid
disease was longer in Ho-thyroid group (P=0.002) while
the duration of eye disease was not significantly different
between the Hr-TED (mean =24.33 +41.69, median = 8)
and Ho-TED (mean=19.06 £ 33.60, median=12) group
(P=0.923). Most of the patients in hyperthyroid (153,
48.1%) and hypothyroid group (24, 80.0%) developed eye
involvement after thyroid disease (P=0.003) (Table 1).

Mean interval between thyroid and eye involve-
ment in patients who developed eye involvement after
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Table 1 Comparison between hyper and hypothyroid TED
patients before PSM analysis
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Table 2 Comparison between hyper and hypothyroid TED
patients after PSM analysis

Variables Hr-TED Ho-TED P-value Variables Hr-TED Ho-TED P-value
Sex, n (%) Sex, n (%)
Male 147 (43.1%) 6 (18.2%) 0.005™ Male 6(18.2%) 6 (18.2%) 1.000"
Female 194 (56.9%) 27 (81.8%) Female 27 (81.8%) 27 (81.8%)
Age, Age,
Mean £ SD 394541380 40934994 04057 Mean £ SD 40814973  4093+994 09907
Median [min-max] 38[10,72] 37.5[21,65] Median [min-max] 42[11,68] 37.5[21,65]
Duration of thyroid disease (months) Duration of thyroid disease (months)
Mean £ SD 399245575 61.334+4731 0.002°° Mean £+ SD 5716+£59.83 61.334+4730 0.757°
Median [min—-max] 18 [1,300] 62 [2,180] Median [min-max] 36 [1,120] 62 [2,180]
Duration of eye involvement (months) Duration of eye involvement (months)
Mean £ SD 2433+4169 190643360 09237 Mean £+ SD 429646471 190643360 0.094°
Median [min-max] 8[1,288] 12 [1,180] Median [min-max] 34 [1,50] 12 [1,180]
Pattern of eye involvement, n (%) Pattern of eye involvement, n (%)
After thyroid disease 153 (48.1%) 24 (80.0%) 0003 After thyroid disease 22(688%)  24(80.0%)  0240%
Along With thyroid disease 114 (35.8%) 5(16.7%) Along With thyroid disease 10 (31.3%) 5(16.7%)
Before thyroid disease 51 (16.0%) 1(3.3%) Before thyroid disease 0 (0.0%) 1(3.3%)
TED activity, n (%) TED activity, n (%)
Inactive (CAS< 3) 316 (92.7%) 28 (84.8%) 0.114" Inactive (CAS< 3) 31 (93.9%) 28 (84.8%) 04271
Active (CAS > 3) 25 (7.3%) 5(15.2%) Active (CAS>3) 2 (6.1%) 5(15.2%)
TED severity, n (%) TED severity, n (%)
Mild 74 (23.4%) 9 (29%) 0.137¢ Mild 8 (25.0%) 9 (29.0%) 0.185¢
Moderate-to-severe 219 (69.3%) 17 (54.8%) Moderate-to-severe 23 (71.9%) 17 (54.8%)
Sight threatening 23 (7.3%) 5(16.1%) Sight threatening 1(3.1%) 5(16.1%)
Clinical sign, n (%) Clinical sign, n (%)
Presence of Corneal Ulcer 4(1.2%) 0 (0.0%) 0.999" Presence of Corneal Ulcer 0 (0.0%) 0 (0.0%) -
Presence of DON 19 (5.6%) 5 (15.2%) 0.032% Presence of DON 2 (6.1%) 5(15.2%) 0427¢
Presence of Restriction and 31 (9.1%) 2 (6.1%) 06271 Presence of Restriction and 2 (6.1%) 2 (6.1%) 1.000"
Fixation of Globe Fixation of Globe
Presence of Eyelid Retraction 250 (78.6%) 19 (65.5%) 0.106" Presence of Eyelid Retraction 21 (70.0%) 19 (65.5%) 07137

Hr-TED Hyperthyroid eye disease, Ho-TED Hypothyroid eye disease, DON
Dysthyroid optic neuropathy, CAS Clinical activity score

9 Resulted from Chi-Square Test and fisher exact Test
? Resulted from independent Mann-Whitney U test

“ Significance Correction is P-value < 0.05

thyroid disease was 30.631+46.02 (median=10) and
56.04+38.04 (median=59) months for Hr-TED and
Ho-TED respectively. Mean interval between thyroid
and eye involvement in patients who developed eye
involvement before thyroid disease was 12.65424.96
(median=3) and 3.00 (median=3) for Hr-TED and Ho-
TED respectively.

Active TED developed in 25 (25/341, 7.3%) of hyper-
thyroid and in 5 (5/33, 15.2%) of hypothyroid which
reveals no significant difference (P=0.11). The major-
ity of patients had moderate-to-severe TED (Hr-TED
69.3% and Ho-TED 54.8%) or mild TED (Hr-TED
23.4% and Ho-TED 29%). There were no statistically

Hr-TED Hyperthyroid eye disease, Ho-TED Hypothyroid eye disease, DON
Dysthyroid optic neuropathy, CAS Clinical activity score

9 Resulted from Chi-Square Test and fisher exact Test
Q Resulted from independent Mann-Whitney U test

significant differences between severity of Hr-TED and
Ho-thyroid patients (P=0.13).

Dysthyroid optic neuropathy (DON) developed in
hypothyroid more than hyperthyroid group (19/341in
Hr-TED vs. 5/33 in Ho-TED; P=0.032). Corneal
ulcer was seen in 1.2% of patients with hyperthyroid-
ism (4/341in Hr-TED vs. 0/33 in Ho-TED; P=0.999)
(Table 1).

PSM was utilized to match 33 hyothyroid with 33
hyperthroid patients. Baseline demographic and clini-
cal characteristics of the study groups after PSM analy-
sis are presented in Table 2 (Table 2). After matching,
no demographic and clinical characteristics were signif-
icantly different between the two groups (P> 0.05).
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Discussion

The present study, which includes 374 patients with TED,
presents some difference between hyper and hypothyroid
TED. These differences included sex, duration of thy-
roid disease, pattern of eye involvement, and presence of
DON. However, none of these parameters reached sta-
tistically significant difference after PSM analysis. These
findings can provide new insights into the clinical and
epidemiological aspect of TED in hyper compared with
hypothyroid patients.

Although TED is mostly seen with hyperthyroidism, it
can occur with hypo or euthyroidism [23]. It is not com-
pletely understood how thyroid function affects TED
phenotype [8, 9, 20]. In our study, hyperthyroid and
hypothyroid patients accounted for about 91% and 9%,
respectively. Our results were similar to a previous study
performed in Iran that reported the prevalence of Hr-
TED and Ho-TED 92.4% and 7.5% [8]; however, another
study that was also conducted in our country, reported
the prevalence of the Hr-TED and Ho-TED as 83.8% and
18.4% [12]. The difference may be due to its small sample
size as its population was three times less than our study.
As reported by a recent systematic review, globally, the
prevalence of hyperthyroidism in TED is between 65.7
and 99.1%, hypothyroidism between 0.2% and 33.3% and
euthyroidism between 0.9% and 15.4% [5]. These wide
ranges may be associated with differences in ethnicity,
genetics, environment and patient selection [5, 8, 10].

The sex distribution between Hr-TED and Ho-TED
was significantly different in our study; however, like pre-
vious studies most of the patients in both groups were
women. This is contrast to Kashkuli et al. [8], Ekcstein
et al. [9], Leo et al. [24], Medghalchi et al. [12] findings
that showed no difference between Hr-TED and Ho-TED
regarding sex distribution.

Before PSM analysis, the number of TED patients
with eye involvement before, along with or after thy-
roid disease was significantly different between Hr-TED
and Ho-TED; however, no significant difference was
observed after PSM. Most of the patients in two groups
developed TED after thyroid involvement. Muralidhar
et al. study [25] showed that most of Ho-TED, devel-
oped thyroid disease before TED and most of Hr-TED,
developed thyroid disease after TED. In Ponto et al.
study, most Hr-TED patients had thyroid disease before
or simultaneously with TED. Our results before PSM
analysis, are in contrast to Kashkuli et al. [8] study
that found no difference between Ho-TED and Hr-
TED regarding time interval between thyroid and eye
disease. In Kashkuli et al. study, patient categorization
was different from our study as patients were classified
into three groups: Patients who developed eye disease
within 18 months before or after thyroid disease, more
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than 18 months before thyroid disease and more than
18 months after thyroid disease and this may elucidate
the different results.

In our study, Hr-TED and Ho-TED had the same sever-
ity and activity. This is in agreement with Kashkuli et al.
[8], Leo et al. [24] and Ponto et al. [10] studies. Contrary
to our study, Ekcstein et al. [9] found that euthyroid and
hypothyroid patients present with less severe and active
TED than hyperthyroid ones. Similarly, Muralidhar et al.
[25] stated that euthyroid and hypothyroid eye disease
have less severe disease. According to Rundle Curve
diagram, TED in different times has different severity
and Ekcstein et al. selected patients who presented 6 to
12 months from the onset of TED; but we did not have
this inclusion criterion. It is noteworthy that in our study,
duration of eye disease was similar in both groups and
this shows that it did not confound our results. Differ-
ences in ethnicity, genetics, environment can also explain
these discrepancies; as TED presents milder in Asia [26—
29]. Different tools used for measuring severity may also
clarify these inconsistencies.

Before and after PSM analysis, most of our patients
were moderate to severe, then mild and ultimately sight
threatening, respectively. Our findings are in keeping
with Leo et al. study [24] and this may be due to the fact
that both studies were conducted in a tertiary center
where more severe cases are referred. Moreover, in devel-
oping countries like our country, timely referral in early
stages does not occur and many patients are referred
in advanced stages of the disease. In contrast to our
results, most of the cases in Kashkuli et al. study [8], did
not have severe TED. This may be explained by the fact
that they selected their patients from an endocrinology
clinic where there are more mild cases of TED that are
not referred to eye clinics. In Muralidhar et al. [25] and
Ponto et al. [10] studies, most hyperthyroid patients had
moderate-to-severe and most hypothyroid patients had
mild TED.

Before PSM analysis, we found that the prevalence of
DON was higher in Ho-TED group; however, we did not
find any statistically significant difference after PSM. In
contrast to our study, Ekcstein et al. [9] concluded that
none of the euthyroid and hypothyroid patients devel-
oped DON but 7% of hyperthyroid patients developed
DON. In Ponto et al. [10] study, euthyroid and hypothy-
roid eye disease did not progress to sight-threatening
form but 5% of Hr-TED had DON.

The mean age of our patients was about 40 years which
was close to two other studies in our country [8, 12] and
two other studies in southeast Asia, but less than what
was reported in European Group on Graves Orbitopa-
thy studies about 50 years [30, 31]. This may relate to
younger population in our area. The mean age did not
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differ between Hr-TED and Ho-TED. Kashkuli et al. [8],
Ekestein et al. [9], Leo et al. [24] got the similar results.

Our study had some limitations. Low number of Ho-
TED, restriction of the study to a tertiary referral center,
lack of access to patients’ smoking and radioactive iodine
treatment history, and lack of data about activity and
severity of TED over time were limitations of our study.
Lack of specific intervals to check thyroid status and long
time to follow up were another limitation of our study.
Although our study had some limitations, current study,
which included 374 patients, could provide some refer-
ences for the difference of Hr/Ho TED that there is lim-
ited data about this topic.

Conclusion

There are some differences between the epidemiologi-
cal features of Hr/Ho TED diseases; however, after PSM
these features were not significantly different between
the two groups. In the future, large-scale studies should
be designed to evaluate Ho-TED to improve our under-
standing of this patient population.
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