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Introduction: Graves’ ophthalmopathy (GO) is the most common extra-thyroidal manifes-

tation of Graves' disease and is characterized by multiple ocular symptoms such as eyelid

retraction, lid lag, proptosis, elevated intraocular pressure (IOP) and ultimately loss of vision.

We aimed to investigate the prevalence of increased IOP in Graves' patients and association

with ophthalmic signs and symptoms in north-west of Iran.

Materials and methods: This descriptive cross-sectional study recruited 93 patients with

GO who were diagnosed based on clinical and laboratory examinations. A complete ocular

examination and IOP measurements on forward gaze were performed using Goldman

applanation tonometer.

Results: In this study, 93 patients with GO were evaluated from 2016 to 2017. Among these

patients, 67 (72.05%) were female and 27 (27.95%) were male. The most common com-

plaints of patients were lid retraction (62.36%), puffy eyelids (58.06%) and proptosis

(46.23%), respectively. The duration of disease was 0–24 months in most patients. Most

subjects were at grade 3 according to NOSPECS classification. Nine patients (9.6%) had an

IOP greater than or equal to 21 mmHg. The mean IOP in subjects was 16.61±3.42 mmHg.

The mean IOP in males and smokers was significantly higher than that of females and

nonsmokers. The mean IOP increased significantly with a higher grade of disease, duration

of disease, age and smoking.

Conclusions: According to the results, females comprised the majority of the study

population, while ocular complications were more prevalent among males. The highest

IOP was seen in old cases of GO. The most prevalent ocular signs in patients were eyelid

retraction and periorbital edema. The least prevalent sign was glaucomatous optic neuro-

pathy. In this study, the prevalence of intra-ocular hypertension was higher than that of the

general population, especially in males, old cases with a drug history of antithyroid medica-

tion and smokers.

Keywords: Graves' ophthalmopathy, intra ocular pressure

Introduction
Thyroid eye diseases (TED) form a part of the Graves' disease triad, which includes

hyperthyroidism, periorbital myxedema or dermopathy with manifestations such as

eyelid retraction, lid lag, proptosis, extraocular muscle restriction, compressive

optic neuropathy, exposure keratopathy, conjunctival erythema and chemosis.1
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In the pathogenesis of Graves' disease, interactions

between T lymphocytes and fibroblasts result in tissue

activation that is mediated by several cytokines.

Activated fibroblasts leading to synthesize of hyaluronan

and other glycosaminoglycans, which expand orbital tis-

sue. Moreover, fibrocytes can differentiate into adipocytes

or myofibroblasts and thus can contribute to the orbital

tissue remodeling.2 Extraocular muscle fibers become

widely separated by the accumulation of hyaluronidase-

digestible material and orbital fat increase secondary to

adipogenesis, which these events lead to proptosis and

optic-nerve compression. Also, extraocular muscles can

become fibrotic in a later stage of the disease, resulting

in restricted motility.3

Female susceptibility to autoimmune diseases such as

Graves' is higher than male, and female to male ratio of

systemic hyperthyroidism is 4 to 1. Ophthalmopathy is the

key signs of Graves' disease. The female to male ratio in

thyroid ophthalmopathy is 2.5 to 1.4 The effects of risk

factors such as age, sex, radioactive iodine intake and

smoking on this disease have been investigated5 A direct

relationship has been observed between the development

of hyperthyroidism and TED, but the severity of TED is

usually not parallel to the serum T3 and T4 levels.1 More

than half of the people with hyperthyroidism develop eye

symptoms during their disease, which might be unilateral

or bilateral, mild or severe.6

Elevation of IOP on up-gaze is observed in most

patients with exophthalmos. There is an abnormal IOP in

68% of patients without proptosis.7 The cause of elevated

IOP in thyroid ophthalmopathy is an increase in the episcl-

eral venous pressure.8 Patients with ocular hypertension

(OHT) should be more accurately followed up compared

to the normal population in terms of glaucoma incidence.

OHT is not preventable, but regular ophthalmic examina-

tions and follow-up can prevent its progression to

glaucoma.9 The clinical features of Graves' ophthalmopa-

thy (GO) may be one of the most common manifestations

of Graves' disease. There are few studies to evaluate the

prevalence and severity of GO in Iranian population. In

our study, we aimed to investigate the frequency of

increased IOP and severity of ophthalmopathy in Graves'

patients in Hamadan city (west of Iran).

Materials and methods
This descriptive cross-sectional study enrolled 93 patients

with GOy. All patients with confirmed diagnosis of

Graves' disease in the endocrine clinics of the Hamadan

University of Medical Sciences who have any signs or

symptoms of GO were recruited to the study.

The diagnosis of Graves' disease was based on clinical

and laboratory findings of diffuse enlargement of thyroid

gland, triiodothyronine (T3), thyroxin (T4), T3 resin

uptake, raised free T4 or T3 levels and suppressed thyroid

stimulating hormone levels. Patients with Graves' disease

were referred to the Ophthalmology clinic of Farshchian

Hospital affiliated by Hamadan University of Medical

Sciences. A comprehensive ophthalmic assessment includ-

ing best corrected visual acuity (BCVA), external eye

examination, ocular motility examination, exophthalmo-

metry, tear status evaluation, intraocular pressure (IOP)

measurement, slit lamp examination and fundoscopy was

performed. Patients with history of corticosteroids and

beta-blockers consumption were excluded from the study.

In this study, glaucoma status defined as repeated ele-

vated IOPs ≥22 mm Hg measured by Goldmann applana-

tion tonometry in the primary position, visual field defects

and/or glaucomatous optic neuropathy that is a generalized

or localized thinning of the optic disc neuroretinal rim in

stereoscopic fundoscopy. Measured IOP was corrected for

central corneal thickness (CCT) using Doughty and Zaman

formulae with correction of 2.5 mm Hg for each 50-µm

change in CCT assuming a baseline of 500 µm.10

An increase in IOP was expected in up-gaze in patients

with restrictive TED,11 but IOP was measured in primary

position in all of the patients and neither of the participa-

tants had restriction in primary position.

Tear status was evaluated with Schirmer’s test and tear

breakup time (TBUT). We considered Schirmer’s test less

than 10 mm and TBUT less than 10 s as tear film dysfunc-

tion. Degree of proptosis was measured by the Hertel

exophthalmometer.

Proptosis was defined as the measurement of protru-

sion of the globe >20 mm from the lateral orbital rim in

either eye or any discrepancy in the degree of protrusion of

the two eyes by >2 mm. The classification of GO was

based on the classification by the American Thyroid

Association from Werner’s (NOSPECS classification)

(Table 1).

The current study was conducted with the coordination

of Hamadan University of Medical Sciences (research

code: IR.UMSHA.REC.1394.93.). Data were collected

anonymously and the results were released in general.

Written informed consent was obtained from all indivi-

duals involved. Also, a parent provided written informed

consent for any participant under the age of 18 years.
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The quantitative variables were reported as mean and

SD, and categorical variables were reported as frequency

and percent. The normality of the variables was tested

using the Kolmogorov–Smirnov test. Independent sample

T-test and in the cases of non-normal distribution Mann–

Whitney test was used for comparing the means between

the two groups. Analysis of variance and in the cases of

non-normal distribution Kruskal–Wallis were used to com-

pare the quantitative variables among more than two

groups. The Chi-square test was used to compare the

categorical variables among the groups. The level of sta-

tistical significance was set at p<0.05. The SPSS software

(version 20.0) was used for data analysis.

Results
This study enrolled 93 patients (26 men and 67 women)

with Graves' disease. The mean age of patients was 34.98

±12 years, ranging from 11 to 80 years. The majority of

the cases (61.3%, n=57) were in their 3th to 5th decade.

The mean duration of Graves' disease was 2.56±2.16 years

(ranging from 6 months to 18 years). The most common

apparent sign was lid retraction, which was noticed in

62.36% of patients, that was followed by peri-orbital

edema and proptosis. (Table 2)

Mean (SD) of visual acuity was 0.87 (±0.20). The

patients had a mean modified Werner’s NOSPECS classi-

fication score of 3.15 (±1.46). The score was significantly

associated with sex and was higher in males (3.80 vs 2.89

in females; P<0.001). The score was positively correlated

with the age of the patients (P<0.001).

The mean IOP was 16.61±3.42 mmHg in all partici-

pants. The mean (SD) IOP of male and female was 18.23

(±3.8) mmHg and 15.98 (±3.07) mmHg, respectively. This

figure among smokers and nonsmokers was 20.50 (±3.61)

mmHg and15.92 (±2.91) mmHg, respectively. The mean

of IOP increased significantly with the increase of the

disease grade, duration of disease and age (Table 2).

Table 1 Modified Werner’s NOSPECS classification score

Score Finding

0 No signs or symptoms

1 Only signs

2 Soft tissue involvement with symptoms and signs

3 Proptosis (≥20 mm)

4 Extraocular muscle involvement

5 Corneal involvement

6 Sight loss (visual acuity ≤0.67)

Table 2 Baseline characteristics of patients

Variables Number Percent

Gender Male 26 27.95

Female 67 72.5

Age group

(years)

0–10 0 0.00

11–20 7 7.52

21–30 19 20.43

31–40 21 22.58

41–50 17 18.27

51–60 11 11.82

61–70 15 16.12

71–80 3 3.22

Sign &

symptom

Lid retraction 58 62.36

Peri-orbital edema 54 58.06

Proptosis 43 46.23

Chemosis 35 37.63

Dry eye 33 35.48

Foreign body sensation 28 30.10

Restriction of eye

movement

18 19.35

High IOP (more than 21

mmHg)

9 9.67

Visual loss (less than 0.6) 5 5.30

Glaucomatous optic

neuropathy

3 3.20

Duration of

disease

(months)

0–24 83 89.24

24–48 5 5.37

48–72 4 4.30

72–96 1 1.07

Grade of

disease

1 13 13.97

2 21 22.58

3 23 24.73

4 14 15.05

5 19 20.43

6 3 3.22

Smoker Yes 14 14.05

No 79 84.95
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The cup to disc ratio (CDR) and loss of visual acuity in

males was significantly more than females (Table 3).

The frequency of proptosis, chemosis, restriction of

eye movement and dry eyes in male patients was signifi-

cantly higher than that of females. The frequency of these

complications in smokers was significantly higher than

that of nonsmokers. In addition, these manifestations

increased significantly with duration and grade of disease

(Table 3).

The frequency of periorbital edema significantly

increased with duration and grade of disease as well as

smoking, but it was not significantly different between

males and females. It was also observed that the preva-

lence of periorbital edema significantly decreased up to the

age of 40 and significantly increased in patients older than

40 years (Table 4).

Discussion
GO is an autoimmune inflammatory orbital disease linked to

autoimmune hyperthyroidism and rarely be seen in patients

with Hashimoto’s thyroiditis or in euthyroid patients.4 GO is

the most common form of extrathyroidal manifestation in

patients with Graves' disease. These manifestations include

exophthalmos, soft tissue involvement, extraocular muscle

restriction, corneal ulcer, elevated IOP, optic neuropathy and

blindness.12 More than half of the people with hyperthyroid-

ism develop eye symptoms during their disease which might

be unilateral or bilateral, mild or severe.13 Several studies

have investigated the effects of risk factors such as age, sex,

radioactive iodine intake and smoking on this disease.5 In our

patient sample, GO affected females only 2–3 times more

frequently than males (72.05% versus 27.95% of cases,

respectively), whereas in other studies female to male ratio

was between 4–6:1.4,9

Nine patients (9.6%) had an IOP greater than or equal

to 21 mmHg. The participants’ mean IOP was 16.61

mmHg. The mean IOP in males and smokers was signifi-

cantly higher than that in females and nonsmokers. The

mean IOP increased significantly with grade of disease,

duration of disease and age. Elevated IOP in the Graves'

disease has been reported in many studies,1,6,7,9,14 which

indicates the relationship between IOP and the Graves'

Table 3 Comparison of IOP and cup to disc ratio based on gender, smoking, grade of disease, duration of disease and age groups

Variables IOP Cup to disc ratio

Mean ± SD Median IQR P-value Mean ± SD Median IQR P-Value

Gender Male 18.23±3.80 19 3.75 0.008 0.315±0.125 0.300 0.20 0.009

Female 15.98±3.70 16 5 0.247±0.307 0.200 0.10

Smoker Yes 20.50±3.61 19.5 4 <0.001 0.385±0.135 0.400 0.15 <0.001

No 15.92±2.91 16 5 0.245±0.057 0.200 0.10

Grade 1 14.15±2.73 14 4 <0.001 0.215±0.037 0.200 0.00 <0.001

2 14. 47±2.44 14 4 0.233±0.057 0.200 0.10

3 16.00±2.93 16 5 0.239±0.058 0.200 0.10

4 17.92±1.89 19 1.5 0.285±0.066 0.300 0.10

5 19.57±2.87 19 2 0.326±0.109 0.300 0.10

6 22.00±3.60 23 1 0.466±0.115 0.400 *

Duration of diseases (months) 0–24 16.07±3.07 16 5 0.001 0.248±0.061 0.200 0.10 <0.001

24–48 20.00±1.73 19 2.5 0.360±0.054 0.400 0.10

48–72 22.25±4.42 22 8.25 0.450±0.173 0.450 0.30

72–96 22.00±0.00 * * 0.600±0.00 * *

Age group (years) 0–10 0.0 0 0 0.001 0.0 0 0 <0.001

11–20 14.00±1.63 14 4 0.242±0.053 0.200 0.10

21–30 15.31±2.74 14 6 0.226±0.045 0.200 0.10

31–40 16.23±3. 36 16 5 0.242±0.067 0.200 0.10

41–50 15.35±3.10 14 7 0.264±0.060 0.300 0.10

51–60 18.45±4.05 19 3 0.309±0.106 0.300 0.20

61–70 19.00±1.69 19 1 0.300±0.600 0.300 0.10

71–80 22.00±3.60 23 1 0.433±0.152 0.400 *
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disease. In studies by Timothy and Lee, IOP was signifi-

cantly higher in smokers than that in nonsmokers.15,16

Elevated IOP is due to the effect of nicotine as an effective

substance in cigarettes. Nicotine causes immediate adrena-

line secretion, and the adrenaline effects include increased

heart rate, increased blood pressure and, consequently,

elevated IOP.16,17

As the third most common sign found in this study,

proptosis was observed in 43 (46.24%) patients. Mean IOP

in the group with proptosis (18.39 mmHg) was signifi-

cantly higher than that of the group without proptosis (15.8

mmHg). In a study by Ohtsuka et al, the mean IOP in

patients with proptosis was significantly higher than that of

those without proptosis.18

Thirty-five (37.63%) subjects had chemosis. Mean IOP

was significantly different between patients with chemosis

(18.88 mmHg) and those without chemosis (15.24

mmHg). In a study by Razavi et al, the incidence rate of

chemosis in patients with GO was 4.4%.14 Rastegar et al

reported the incidence rate of chemosis or conjunctivitis as

27%, and that conjunctivitis had a significant relationship

with age and sex, as it was higher in males than in females.

They observed that the incidence of chemosis increased

with the duration of the disease.6

In the present study, the most common ocular sign was

eyelid retraction that was observed in 58 patients

(62.36%). The mean IOP in patients with eyelid retraction

was significantly higher than those without eyelid retrac-

tion. Eyelid retraction has been reported as the most com-

mon finding in several studies.4,19–23 Rastegar et al

reported eyelid retraction as the second most common

finding after proptosis, which increased with age. Similar

to the present study, there was no significant difference

between the incidence of lid retraction between male and

female in their study.6

The frequency of eye movement restriction in this

study was 19.35%. The difference in mean IOP was sig-

nificant between individuals with and without eye move-

ment restriction. In a study by Razavi et al, eye movement

restriction was reported in 19.1% of patients. In their

study, elevated IOP on up-gaze in individuals with eye

movement restriction was higher than those without eye

movement restriction.14

Among the subjects in this study, 35.48% had dry

eyes. The mean IOP in subjects with dry eyes (18.73

mmHg) was significantly higher than those without

dry eyes (15.91 mmHg). Another study reports the fre-

quency of dry eyes in patients with Graves’ disease up to

45–85%.24 Numerous studies indicate an increase in the

frequency of dry eyes at an older age.25–27 In some

studies, female gender is considered a risk factor for

dry eyes,28 while others have found no relationship

between sex and dry eyes.25

Visual acuity was also examined in this study. Normal

visual acuity is 20/20 or 6/6 and a visual acuity less than 5

(out of 10) is considered as impaired vision.29,30 BCVA

decreased in our study population. Furthermore, visual acuity

decreased significantly with increasing age, disease duration

and higher grade of disease. In addition, there was a negative

relationship between visual acuity and IOP. Several studies

have shown that visual acuity decreases with age, which con-

firms the result of our study.31–33 Considering that only 31.18%

of the subjects were over 50 years and decreased visual acuity

was also observed in younger people, the decreased mean

visual acuity in this study cannot be only due to aging.

TED has been found to be usually associated with

glaucoma. CDR is an index for the presence of glaucoma.

A CDR above 0.6 along with other criteria is considered as

glaucoma. In our study, 9 patients, which accounted for

9.6% of cases, had increased IOP and 3 patients (3.2%) of

the subjects had a CDR of 0.6 or higher. CDR also

increased significantly by age. Carpel reported no relation-

ship between CDR and IOP, but a positive relationship

between CDR and age.34 The presence of this severe

degree of eye involvement and visual loss in our setup

may be due to late presentation and due to unawareness of

their disease process at presentation. It may be also due to

our center being a tertiary eye center and we get the

majority of complicated and referred cases.

Conclusion
We propose a detailed eye examination for all subjects

who are diagnosed with Graves’ disease. Our results cor-

responded with numerous other studies with slight epide-

miologic variations. Early diagnosis and treatment of

complications such as proptosis, optic neuropathy and

glaucoma lead to prevention of blindness. Furthermore,

given that most of these complications became prevalent

with an increase in age and higher grade of disease, eye

examinations should be considered for all patients, espe-

cially in older adults, smokers and patients with higher

severity score of thyroid ophthalmopathy.
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