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Background

Oxygen free radicals and cytokines play a pathogenic role in Graves’ orbitopathy.

Methods

We carried out a randomized, double-blind, placebo-controlled trial to determine 
the effect of selenium (an antioxidant agent) or pentoxifylline (an antiinflamma-
tory agent) in 159 patients with mild Graves’ orbitopathy. The patients were given 
selenium (100 µg twice daily), pentoxifylline (600 mg twice daily), or placebo (twice 
daily) orally for 6 months and were then followed for 6 months after treatment was 
withdrawn. Primary outcomes at 6 months were evaluated by means of an overall 
ophthalmic assessment, conducted by an ophthalmologist who was unaware of the 
treatment assignments, and a Graves’ orbitopathy–specific quality-of-life question-
naire, completed by the patient. Secondary outcomes were evaluated with the use 
of a Clinical Activity Score and a diplopia score.

Results

At the 6-month evaluation, treatment with selenium, but not with pentoxifylline, 
was associated with an improved quality of life (P<0.001) and less eye involvement 
(P = 0.01) and slowed the progression of Graves’ orbitopathy (P = 0.01), as compared 
with placebo. The Clinical Activity Score decreased in all groups, but the change 
was significantly greater in the selenium-treated patients. Exploratory evaluations at 
12 months confirmed the results seen at 6 months. Two patients assigned to placebo 
and one assigned to pentoxifylline required immunosuppressive therapy for dete-
rioration in their condition. No adverse events were evident with selenium, whereas 
pentoxifylline was associated with frequent gastrointestinal problems.

Conclusions

Selenium administration significantly improved quality of life, reduced ocular in-
volvement, and slowed progression of the disease in patients with mild Graves’ orbi-
topathy. (Funded by the University of Pisa and the Italian Ministry for Education, 
University and Research; EUGOGO Netherlands Trial Register number, NTR524.)
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Approximately half the patients 
with Graves’ disease have ocular involve-
ment (Graves’ orbitopathy).1 Moderately se-

vere and active forms of Graves’ orbitopathy can 
be effectively treated with glucocorticoids, orbital 
irradiation, or both,1,2 whereas milder forms may 
improve spontaneously and generally require only 
local measures to control symptoms (i.e., artifi-
cial tears, ointments, and prisms).

A wait-and-see strategy in which patients are 
monitored until symptoms worsen can be chal-
lenged. First, many patients with even mild Graves’ 
orbitopathy have a substantial decrease in their 
quality of life, as assessed either by general 
health–related quality-of-life questionnaires3 or 
by a Graves’ orbitopathy–specific quality-of-life 
questionnaire (GO-QOL).4 Second, in a natural-
history study of mild Graves’ orbitopathy, spon-
taneous improvement occurred in about 20% of 
patients, but eye disease remained static in 65% 
and progressed in 15%.5 Thus, therapy would 
seem justified. Treatment should be affordable, 
well tolerated, and widely available. Two agents 
that may potentially inhibit pathogenic mecha-
nisms believed to be relevant in Graves’ orbitopa-
thy are selenium and pentoxifylline.

Selenium is a trace mineral and an essential 
nutrient for selenocysteine synthesis.6 Selenocys-
teine is incorporated into several selenoproteins, 
mostly enzymes, in which selenium acts as a re-
duction–oxidation center and functions as an an-
tioxidant. A number of in vitro studies have sug-
gested that increased generation of oxygen free 
radicals plays a pathogenic role in Graves’ orbi-
topathy.7-9 Selenium also has an important effect 
on the immune system6,10 and might be benefi-
cial in patients with Hashimoto’s thyroiditis11,12 or 
Graves’ disease.13

Pentoxifylline is a nonspecific phosphodiester-
ase inhibitor used for the treatment of intermittent 
claudication.14 It also has antiinflammatory and 
immunomodulatory effects15-17 and an in vitro in-
hibitory effect on HLA-DR expression and glycos-
aminoglycan secretion by orbital fibroblasts.18,19 
All these factors are relevant to the pathogenesis of 
Graves’ orbitopathy.20,21 One small pilot study has 
suggested that pentoxifylline might be beneficial 
in patients with Graves’ orbitopathy.22

On behalf of the European Group on Graves’ 
Orbitopathy (EUGOGO), we report the results of 
a multicenter, randomized, double-blind, placebo-
controlled clinical trial that investigated whether 

selenium or pentoxifylline may be beneficial in 
patients with mild Graves’ orbitopathy.

Me thods

Patients and Study Design

From January 2005 through January 2009, all con-
secutive patients seen at six EUGOGO centers (in 
Amsterdam, Mainz [Germany], Olten [Switzer-
land], Pisa [Italy], Thessaloniki [Greece], and Va-
rese [Italy]) who had mild signs or symptoms of 
Graves’ orbitopathy of less than 18 months’ dura-
tion were invited to participate in the study if 
they met the inclusion criteria. (For a list of inclu-
sion and exclusion criteria, see Table 1 in the Sup-
plementary Appendix, available with the full text 
of this article at NEJM.org.)

The goal of the study was to determine wheth-
er selenium or pentoxifylline, as compared with 
placebo, could affect the course of Graves’ orbi-
topathy (either by enhancing improvement or pre-
venting worsening) and could improve the pa-
tients’ quality of life. The study lasted 1 year and 
consisted of a 6-month period of intervention fol-
lowed by a 6-month period of follow-up.

The two drugs and the placebo were adminis-
tered orally. Selenium was given as sodium sele-
nite in a dose of 100 µg twice daily, pentoxifylline 
(Trental, Sanofi Aventis) was given at a dose of 
600 mg twice daily, and placebo was given twice 
a day. Selenium and placebo tablets were prepared 
by Gelfipharma to look identical to pentoxifyl-
line. Randomization was performed centrally at 
the Amsterdam site, with stratification accord-
ing to center in blocks of six. Two each of the six 
sealed envelopes containing the assignments were 
designated lot 1, lot 2, or lot 3. The tablets were 
delivered in identical boxes (designated lot 1, 2, 
or 3) and were given to the patients by the local 
endocrinologist, who was unaware of the con-
tent of the lots.

The study was approved by the institutional 
review boards of the participating centers and by 
the ethics committee of the Academic Medical 
Center at the University of Amsterdam. Written 
informed consent was obtained from all partici-
pants before enrollment. The study was conduct-
ed in compliance with the protocol, available at 
NEJM.org.

The study was designed by the EUGOGO group. 
All the authors gathered the data and vouch for its 
accuracy. Statistical analyses were performed by 
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one of the authors. The first author wrote the ini-
tial draft of the manuscript, and all authors were 
involved in the revision and decision to submit 
the manuscript for publication. All study drugs 
were purchased from the manufacturer.

Study Procedures and End Points

Patients were evaluated at baseline and at 3, 6, 
and 12 months. Eye examinations were performed 
by an ophthalmologist who was not aware of 
the treatment assignments, using a modified 
EUGOGO case record form. At all follow-up vis-
its, the same ophthalmologist at each center eval-
uated the patients and recorded the eyelid aper-
ture size (measured in millimeters), any soft tissue 
involvement (with reference to the Color Atlas at 
www.eugogo.eu),23 exophthalmos (measured in 
millimeters with the use of the same Hertel ex-
ophthalmometer in each center), eye-muscle in-
volvement (with the extent of ductions measured 
in degrees), and visual acuity (measured in deci-
mals with the use of the Snellen chart).

The Clinical Activity Score consists of seven 
items: spontaneous retrobulbar pain, pain on at-
tempted eye movements (upward, side-to-side, and 
downward gazes), conjunctival redness, redness 
of the eyelids, chemosis, swelling of the carun-
cle, and swelling of the eyelids; the final score is 
the sum of all items present.24 The Gorman dip-
lopia score includes four categories: no diplopia 
(absent), diplopia when the patient is tired or 
awakening (intermittent), diplopia at extremes of 
gaze (inconstant), and continuous diplopia in the 
primary or reading position (constant).25 Quality 
of life was evaluated with the use of the previ-
ously validated GO-QOL questionnaire,4,26 which 
is available in several languages. Blood samples 
were obtained at all visits to assess thyroid func-
tion (levels of serum free thyroxine, total or free 
triiodothyronine, and thyrotropin) and to detect 
autoantibodies against thyroid peroxidase and 
against the thyrotropin receptor. Any side effects 
of the treatments were recorded at all follow-up 
visits.

There were two primary outcome measure-
ments: the assessment of eye changes by an oph-
thalmologist who was unaware of the treatment 
assignments, and the score on the GO-QOL ques-
tionnaire filled out by the patient. The primary 
end points were comparisons of outcome rates 
on the basis of the overall ophthalmic assessment 
and the GO-QOL score (improved, unchanged, 

or worse) (Table 1 in the Supplementary Appen-
dix) at 6 months between the patients assigned to 
one of the two active treatments and those as-
signed to placebo. The overall ophthalmic outcome 
is a composite score based on multiple items; the 
use of a composite score circumvents the prob-
lem arising from the presence of improvement in 
one item and simultaneous worsening in another 
item. Secondary outcome measurements were the 
changes in the diplopia score and in the seven-
item Clinical Activity Score at 6 months.

The visit at 3 months was scheduled to check 
thyroid status and adherence to treatment. The 
12-month observation was scheduled as explora-
tory, for the sole purpose of determining whether 
the treatment effects at 6 months had been main-
tained.

Statistical Analysis

The study was designed to compare selenium and 
placebo and to compare pentoxifylline and place-
bo. The sample size was calculated on the basis 
of the results of a previous observational study in 
patients with Graves’ orbitopathy that showed im-
provement in 20% of patients, no change in 65%, 
and worsening in 15% in the absence of specific 
treatment.5 We tested the hypothesis that treat-
ment with selenium or pentoxifylline would re-
sult in an increase of 25 percentage points (from 
20% to 45%) in the proportion of patients with 
improvement after 6 months of treatment. To de-
tect such a difference with 80% power and a sig-
nificance level of 0.05, each study group was de-
signed to comprise 52 patients.

Patients who were withdrawn from the study 
prematurely because of side effects, lack of adher-
ence to the study regimen, or disease progres-
sion requiring specific treatments were included 
in the primary analysis provided that they were 
available for evaluation at the 3-month visit. Re-
sults of their last assessment were carried for-
ward and evaluated as the last visit. Patients who 
were lost to follow-up before the visit at 3 months 
were excluded from the analysis.

Categorical variables were compared with the 
use of the chi-square test or Fisher’s exact test. 
The two-sided t-test and the Mann–Whitney test 
were used to evaluate differences in the changes 
in the GO-QOL score and in the Clinical Activity 
Score at 6 and 12 months, as compared with base-
line, between each of the active-treatment groups 
and the placebo group. Levels of thyroid auto-
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45 Declined to participate

159 Underwent randomization

204 Patients were eligible

4 Discontinued therapy
before first evaluation
owing to side effects

52 Were assigned to receive placebo
50 Received placebo
2 Did not receive placebo (withdrew

consent)

43 Completed the study
7 Discontinued  intervention

5 Did not adhere to study regimen
2 Had progression of orbitopathy

52 Completed the study
2 Discontinued  intervention

2 Did not adhere to study regimen

50 Were included in the analysis 54 Were included in the analysis 48 Were included in the analysis

42 Completed the study
6 Discontinued  intervention

2 Did not adhere to study regimen
3 Had adverse event
1 Had progression of orbitopathy

55 Were assigned to receive selenium
54 Received selenium
1 Did not receive selenium

(withdrew consent)

52 Were assigned to receive pentoxifylline
52 Received pentoxifylline

Figure 1. Enrollment, Randomization, and Follow-up of Study Patients.

Seven of the 159 patients enrolled and randomly assigned to treatment were not included in the analysis because they either withdrew 
consent (3 patients) or discontinued therapy before the 3month evaluation because of drugrelated adverse effects (4 patients).

antibodies at the end of treatment (at 6 months) 
were compared with baseline levels with the use 
of the paired-sign test for thyroid peroxidase auto-
antibodies (since different assay methods were used 
at different centers) and the Wilcoxon signed-rank 
test for autoantibodies against the thyrotropin re-
ceptor. The effectiveness of the treatments in pre-
venting deterioration of Graves’ orbitopathy was 
evaluated by comparing the number of patients 
whose eye disease got worse with the number of 
patients whose eye disease either improved or re-
mained unchanged.

A P value of less than 0.05 was considered to 
indicate statistical significance. We planned to use 
the Benjamini–Hochberg correction for multiple 
comparisons for analysis of between-group dif-
ferences in the primary end points.27 P values for 
secondary end points and for end points at 12 
months were calculated for exploratory purposes.

R esult s

Patients

From January 2005 through January 2009, a total 
of 204 eligible patients were invited to participate 
in the study (Fig. 1). Of these 204 patients, 45 de-
clined and 159 were randomly assigned to sele-
nium (55 patients), pentoxifylline (52), or placebo 
(52). The clinical characteristics of the patients 
who declined did not differ from those of the 
patients assigned to treatment. Seven patients left 
the study during the first month owing to with-
drawal of consent (1 in the selenium group and 
2 in the placebo group) or to drug-related adverse 
effects (4 in the pentoxifylline group), and these 
patients were not included in the final analysis. 
The remaining 152 patients (54 in the selenium 
group, 48 in the pentoxifylline group, and 50 in 
the placebo group) underwent at least the first 
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evaluation at 3 months and were included in the 
final analysis.

The baseline characteristics of the study pa-
tients and the number recruited per center are 
shown in Table 1. Of the 152 participants, 137 
(90%) completed the study (52 in the selenium 
group [96%], 42 in the pentoxifylline group [87%], 
and 43 in the placebo group [86%]); 15 withdrew 
prematurely because of lack of adherence (2, 2, and 
5 patients in the three groups, respectively); side 

effects (0, 3, and 0 patients, respectively); or pro-
gression of Graves’ orbitopathy requiring treat-
ment with intravenous glucocorticoids, orbital 
radiotherapy, or both (0, 1, and 2 patients, respec-
tively).

Thyroid-function tests confirmed euthyroidism 
in all patients; a few patients required minor ad-
justments in the dose of antithyroid drug or le-
vothyroxine. Levels of thyroid peroxidase auto-
antibodies declined in both the selenium group 

Table 1. Baseline Characteristics of the Patients.*

Characteristic
Selenium
(N = 54)

Placebo
(N = 50)

Pentoxifylline
(N = 48)

Demographic and clinical characteristics

Age — yr 43.0±11.0 44.6±10.7 43.7±12.4

Female sex — no. of patients (%) 48 (89) 41 (82) 37 (77)

Race — no. of patients (%)†

White 52 (96) 50 (100) 48 (100)

Asian 1 (2) 0 0

Black 1 (2) 0 0

Thyroid disease — no. of patients (%)

Graves’ disease 51 (94) 43 (86) 46 (96)

Chronic autoimmune thyroiditis 2 (4) 3 (6) 2 (4)

Euthyroid Graves’ disease 1 (2) 4 (8) 0

Previous thyroid treatment — no. of patients (%)

Radioiodine 4 (7) 4 (8) 6 (12)

Thyroidectomy 4 (7) 9 (18) 6 (12)

Current thyroid treatment — no. of patients (%)

Antithyroid drugs‡ 41 (76) 34 (68) 35 (73)

Levothyroxine 9 (17) 9 (18) 11 (23)

None 4 (7) 7 (14) 2 (4)

Duration of eye symptoms or signs — mo 7.7±5.8 6.1±4.6 6.0±4.6

Current smoker — no. of patients (%) 23 (43) 25 (50) 17 (35)

Biochemical characteristics

Thyrotropin — mU/liter

Median 0.6 0.7 1.1

Interquartile range 0.3–2.1 0.3–2.0 0.5–2.2

Thyrotropinreceptor autoantibodies — IU/liter

Median 6.8 4.3 4.4

Interquartile range 3.5–23.0 2.0–15.0 1.3–11.0

Positive for thyrotropinreceptor autoantibodies —  
no. of patients/total no. (%)

32/47 (68) 30/41 (73) 27/41 (66)

Positive for thyroid peroxidase autoantibodies —  
no. of patients/total no. (%)

32/47 (68) 27/41 (66) 26/41 (63)
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Table 1. (Continued.)

Characteristic
Selenium
(N = 54)

Placebo
(N = 50)

Pentoxifylline
(N = 48)

Eye symptoms and signs§

Proptosis — mm 19.7±2.7 19.8±2.3 20.0±2.5

Eyelid aperture — mm 11.5±1.9 11.3±1.7 11.6±2.1

Softtissue involvement — no. of eyes/total no. (%)

Absent 5/108 (5) 5/100 (5) 0

Mild 64/108 (59) 65/100 (65) 52/96 (54)

Moderate 39/108 (36) 30/100 (30) 44/96 (46)

Diplopia — no. of patients (%)¶

Absent 43 (80) 44 (88) 43 (90)

Intermittent 6 (11) 3 (6) 2 (4)

Inconstant 5 (9) 3 (6) 3 (6)

Clinical Activity Score‖

Median 3.5 3.0 3.0

Interquartile range 3.0–4.0 2.0–4.0 2.0–5.0

* Patients were recruited at the following EUGOGO Centers: Mainz, Germany (48 patients); Thessaloniki, Greece (33); 
Pisa, Italy (24), Varese, Italy (20), Amsterdam (19), and Olten, Switzerland (8). Plus–minus values are means ±SD.

† Race was reported by the investigators.
‡ The antithyroid drugs used were methimazole, carbimazole, and propylthiouracil.
§ Measurements for proptosis and eyelid aperture are the average for the two eyes; softtissue involvement was evaluated 

for each eye individually.
¶ Diplopia was evaluated according to Gorman scoring, with “intermittent” indicating diplopia only when the patient  

is tired or awakening, “inconstant” indicating diplopia at extremes of gaze, and “constant” indicating diplopia in the 
primary or reading position. None of the patients had constant diplopia.

‖ The Clinical Activity Score is the sum of the single scores, ranging from 0 (no activity) to 7 (maximal activity), for each 
of the following items, if present: spontaneous retrobulbar pain, pain on eye movements, eyelid erythema, conjunctival 
injection, chemosis, swelling of the caruncle, and edema or fullness of the eyelid.24

(P = 0.001) and the pentoxifylline group (P = 0.02) 
but not in the placebo group (P = 0.4), whereas 
levels of thyrotropin-receptor autoantibodies de-
clined in all three groups (P = 0.002, P = 0.002, and 
P = 0.004, respectively) (Table 2 in the Supplemen-
tary Appendix).

Primary and Secondary End Points

The mean scores on the GO-QOL questionnaire 
at baseline and after the intervention are shown 
in Table 2. According to this assessment, a score 
of 1, 2, or 3 is assigned to each of the eight 
questions in each subscale to indicate whether 
the limitation was marked, mild, or absent, re-
spectively. The scores are added to obtain a raw 
score. The final score is calculated as follows: 
(raw score − 8) ÷ 16 × 100. The score ranges from a 
minimum of 0 (full limitation) to 100 (no limita-

tion). An increase in the score indicates improve-
ment and a decrease indicates worsening. A change 
of at least 6 points was considered a minimal clin-
ically important difference. 

The scores at baseline showed mild-to-moder-
ate impairment in quality of life, with no signifi-
cant differences among the three groups with 
respect to the visual-functioning and appearance 
scores. At 6 months, GO-QOL scores among the 
53 patients treated with selenium increased from 
baseline by 6 or more points for visual function-
ing in 33 patients (62%) and for appearance in 
40 patients (75%). As shown in Figure 2A, a sig-
nificantly greater proportion of patients in the se-
lenium group had an improved quality of life at 
6 months, as compared with those given placebo. 
Moreover, the patients treated with selenium had 
a substantially lower rate of worsening of quality 
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Table 2. Graves’ Orbitopathy–Specific Quality of Life (GO-QOL) Score, Clinical Activity Score, and Eye Evaluation 
 before and after Study Treatment.*

Variable
Selenium 
(N = 54)

Placebo 
(N = 50)

Pentoxifylline 
(N = 48) P Value†

Selenium 
vs. Placebo

Pentoxifylline 
vs. Placebo

GO-QOL score‡

Visual functioning

At baseline 80.1±17.1 84.0±19.5 77.8±16.6 0.29 0.11

Change at 6 mo 8.73±17.7 −2.4±14.6 −0.21±18.0 0.001 0.52

Change at 12 mo 11.0±15.3 −1.7±18.7 −0.64±18.1 0.004 0.80

Appearance

At baseline 74.0±19.8 79.5±18.1 75.0±18.3 0.15 0.24

Change at 6 mo 10.6±10.9 −2.6±11.7 −1.7±13.8 <0.001 0.73

Change at 12 mo 12.6±11.8 −1.6±17.1 −0.9±16.3 <0.001 0.85

Clinical Activity Score§

Baseline 0.17 0.60

Median 3.5 3.0 3.0

Interquartile range 3.0–4.0 2.0–4.0 2.0–5.0

Change at 6 mo −1.9±1.3 −0.6±1.9 −0.9±1.4 <0.001 0.24

Change at 12 mo −2.2±1.3 −1.0±2.3 −1.4±1.6 <0.001 0.30

Eye evaluation¶

Eyelid aperture — no. of patients (%)

At 6 mo 0.01 0.79

Improved 20 (37)  6 (12) 7 (15)

Unchanged 28 (52) 38 (76) 37 (77)

Worse 6 (11)  6 (12) 4 (8)

At 12 mo 0.03 0.54

Improved 21 (39) 10 (20) 9 (19)

Unchanged 26 (48) 37 (74) 33 (69)

Worse 7 (13) 3 (6) 6 (12)

P value for 6 vs. 12 mo‖ 0.92 0.36 0.64

Softtissue signs — no. of patients (%)

At 6 mo 0.04 0.02

Improved 23 (43) 16 (32) 20 (42)

Unchanged 28 (52) 23 (46) 26 (54)

Worse 3 (6) 11 (22) 2 (4)

At 12 mo 0.005 0.22

Improved 31 (57) 16 (32) 20 (42)

Unchanged 21 (39) 24 (48) 24 (50)

Worse 2 (4) 10 (20) 4 (8)

P value for 6 vs. 12 mo‖ 0.30 0.97 0.69
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Table 2. (Continued.)

Variable
Selenium 
(N = 54)

Placebo 
(N = 50)

Pentoxifylline 
(N = 48) P Value†

Selenium 
vs. Placebo

Pentoxifylline 
vs. Placebo

Proptosis — no. of patients (%)

At 6 mo 0.48 0.60

Improved 6 (11) 3 (6)  5 (10)

Unchanged 45 (83) 42 (84) 40 (83)

Worse 3 (6)  5 (10) 3 (6)

At 12 mo 0.93 0.99

Improved 9 (17)  7 (14)  7 (14)

Unchanged 39 (72) 37 (74) 35 (73)

Worse 6 (11)  6 (12)  6 (13)

P value for 6 vs. 12 mo‖ 0.36 0.37 0.43

Eyemuscle motility — no. of  
patients (%)

At 6 mo 0.35 0.60

Improved 2 (4)  5 (10) 3 (6)

Unchanged 50 (93) 42 (84) 40 (83)

Worse 2 (4) 3 (6)  5 (10)

At 12 mo 0.27 0.23

Improved 3 (6)  5 (10) 1 (2)

Unchanged 49 (91) 40 (80) 42 (88)

Worse 2 (4)  5 (10)  5 (10)

P value for 6 vs. 12 mo‖ 0.90 0.76 0.59

* Plus–minus values are means ±SD. Percentages may not total 100 because of rounding.
† For changes from baseline in the GOQOL scores, comparisons of selenium with placebo and of pentoxifylline with 

 placebo were calculated with the use of the twosided ttest. For changes from baseline in the Clinical Activity Score, 
comparisons of selenium with placebo and of pentoxifylline with placebo were calculated with the use of the Mann–
Whitney test. For changes from baseline in the eye evaluation, comparisons of selenium with placebo and of pentoxifyl
line with placebo were calculated with the use of the 3×2 chisquare test.

‡ The GOQOL questionnaire measures the healthrelated quality of life of patients with this condition. Scores range 
from 0 (full limitation) to 100 (no limitations). The questionnaire was incompletely filled in or the score was missing 
for 12 patients (1 in the selenium group, 4 in the placebo group, and 7 in the pentoxifylline group).

§ The Clinical Activity Score is the sum of single scores, ranging from 0 (no activity) to 7 (maximal activity),24 with one 
point given for each of the following items, if present: spontaneous retrobulbar pain, pain on eye movements, eyelid 
 erythema, conjunctival injection, chemosis, swelling of the caruncle, or edema or fullness of the eyelid.

¶ Changes were graded according to predefined criteria as improved, unchanged, or worse, as reported in Table 1 in the 
Supplementary Appendix.

‖ P values were calculated with the use of the 3×2 chisquare test.

of life (9 of 53 patients) as compared with those 
given placebo (20 of 46 patients) (17% vs. 43%, 
P = 0.004).

The overall ophthalmic outcome at the 6-month 
evaluation was significantly better in the selenium 
group than in the placebo group (P = 0.01), where-
as there was no significant difference between the 

pentoxifylline and placebo groups (P = 0.12) (Fig. 
2B). Graves’ orbitopathy improved in 33 of 54 pa-
tients (61%) in the selenium group, 17 of 48 (35%) 
in the pentoxifylline group, and 18 of 50 patients 
(36%) in the placebo group; the disease wors-
ened in 4 of 54 (7%) in the selenium group, 5 of 
48 (10%) in the pentoxifylline group, and 13 of 
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50 patients (26%) in the placebo group. The rate 
of worsening of Graves’ orbitopathy was signifi-
cantly lower in the selenium group than in the 
placebo group (P = 0.01). Because each of the pri-
mary outcome measurements at 6 months was 
significant, use of the Benjamini–Hochberg cor-
rection was not necessary. Changes in individual 
variables on which the overall ophthalmic out-
come was based are shown in Table 2. Improve-
ments in eyelid aperture and in soft-tissue in-
volvement, rather than changes in proptosis and 
eye motility, were the major determinants of the 
overall ophthalmic outcome in patients treated 
with selenium. The median reduction in eyelid 

aperture was 2 mm (interquartile range, 2 to 3) at 
6 months and 3 mm (interquartile range, 2 to 4) 
at 12 months. At 6 months, a large proportion of 
the 32 selenium-treated patients who had improve-
ments in eyelid aperture, soft-tissue changes, or 
both also had an improvement of 6 points or more 
on the appearance subscale of the GO-QOL (84%; 
95% confidence interval [CI], 67 to 95) and on 
the visual-functioning subscale (72%; 95% CI, 53 
to 86) as well as in the overall score (81%; 95% CI, 
63 to 93).

The beneficial effect of selenium on quality of 
life and the overall eye evaluation persisted for 
6 months after therapy was withdrawn, and the 
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Figure 2. Primary End Points.

Panel A shows the changes reflected in the score on the Graves’ orbitopathy–specific qualityoflife questionnaire 
(GOQOL) at 6 months and 12 months. This questionnaire measures limitations in visual functioning (as a conse
quence of diplopia, decreased visual acuity, or both) and in psychosocial functioning (as a consequence of a 
changed appearance). Panel B shows the changes at 6 months and 12 months in overall results of the eye evalua
tion performed by an ophthalmologist who was unaware of the treatment assignments. The quality of life and over
all eye evaluations were considered to be improved, unchanged, or worsened according to predefined criteria. Dif
ferences in proportions were tested with the use of the contingency 3×2 chisquare test.
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outcomes continued to be better in the selenium 
group than in the placebo group (P<0.001 for qual-
ity of life and P = 0.007 for eye evaluation) (Table 3 
in the Supplementary Appendix).

Visual acuity was normal in all patients at base-
line and did not change during the 12-month fol-
low-up period. Smoking status had no apparent 
influence on the effect of different treatments on 
the primary outcomes in the overall study popu-
lation or in any group in the study. Extraocular-
muscle dysfunction did not significantly change 
during the study in any group (data not shown). 
The mean Clinical Activity Score decreased in all 
groups (Table 2), and the reductions at 6 and 12 
months were significantly greater in the selenium 
group than in the placebo group; no significant 
difference was observed between the pentoxifyl-
line and placebo groups.

Adverse Events

Drug-related adverse effects (skin and gastrointes-
tinal disorders) occurred in seven patients who 
were treated with pentoxifylline (four of whom left 
the study during the first month). There were no 
drug-related adverse effects in the patients who 
received either selenium or placebo (Table 3).

Discussion

In this study, selenium, as compared with placebo, 
resulted in significant improvement in the qual-
ity of life, as assessed by the GO-QOL question-
naire,4 in patients with Graves’ orbitopathy. The 
improvement was seen in both the appearance 
score and the visual-functioning score and was 
probably due to amelioration of soft-tissue chang-
es and improved eyelid aperture, which occurred 
in most of the patients who had improved GO-QOL 
scores. Neither pentoxifylline nor placebo caused 
significant changes in quality of life.

The beneficial effect of selenium on quality of 
life was corroborated by a significantly better oph-
thalmic outcome, as compared with placebo, at the 
end of the 6-month treatment period. The condi-
tion improved in 33 of 54 patients, mainly owing 
to an amelioration of soft-tissue changes and a 
decrease in eyelid aperture. Four patients given 
selenium had mild progression of the disease 
that required only local measures. In the placebo 
group, Graves’ orbitopathy improved in 18 of 50 
patients and progressed in 13, 2 of whom required 
major interventions. Thus, as compared with pla-

cebo, selenium was associated with an increased 
rate of improvement but also with a decreased 
rate of worsening. Except for a transient benefit 
with respect to soft-tissue changes at 6 months, 
the outcomes with pentoxifylline did not differ 
significantly from those seen with placebo.

The Clinical Activity Score in the selenium 
group was significantly lower than that in the pla-
cebo group at 6 months. However, this score de-
creased in all three groups, probably reflecting the 
natural history of mild Graves’ orbitopathy, which 
becomes less active or inactive in most cases. Ex-
ploratory evaluation at 12 months confirmed the 
results at 6 months. 

Graves’ disease is characterized by increased 
oxidative stress,28,29 and the increased genera-
tion of oxygen free radicals might play a role in 
the pathogenesis of Graves’ orbitopathy.7-9 Serum 
selenoprotein P levels, an index of the oxidative 
state, are lower in patients with Graves’ orbitopa-
thy than in controls, with a weak inverse correla-
tion with disease activity.30 In contrast, a recent 
study showed no significant difference in seleni-
um levels in patients with mild Graves’ orbitopa-
thy and controls.31 Thus, we speculate that an 
intervention aimed at improving the antioxidant–
oxidant balance might be helpful in both hyper-
thyroidism and Graves’ orbitopathy. Antithyroid 
drug therapy in patients with Graves’ disease de-
creases the generation of reactive oxygen species,28 
and euthyroidism is more rapidly reached when 
antioxidant supplementation (including selenium) 
is added to methimazole.13 One study showed that 
patients with Graves’ disease and remission of 
hyperthyroidism after antithyroid drug therapy 
had higher selenium concentrations than did pa-
tients with relapse, and levels of antibodies against 
thyrotropin receptor were negatively correlated 

Table 3. Adverse Events.

Event
Selenium
(N = 55)

Placebo
(N = 52)

Pentoxifylline*
(N = 52)

Bloating 0 0 1

Abdominal discomfort 0 0 1

Nausea 0 0 3

Erythema 0 0 1

Pruritus 0 0 1

* Four patients left the study during the first month and were not included in 
the final analysis.
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with serum selenium concentrations.32 In a non-
randomized study involving patients with moder-
ate-to-severe Graves’ orbitopathy, antioxidant ther-
apy with allopurinol and nicotinamide was shown 
to be beneficial as compared with placebo.33

Our study has two limitations. First, we do not 
have data on the changes in serum selenium con-
centrations after the administration of sodium 
selenite. Second, although we did not measure 
selenium levels in serum samples obtained before 
and during sodium selenite administration, most 
patients came from areas in which selenium levels 
are known to be marginally decreased in the gen-

eral population.6,34,35 As reported in other studies, 
the marginal selenium deficiency may have favored 
the beneficial effect of selenium supplementation.6

In summary, our data indicate that selenium 
supplementation for 6 months improves the course 
of Graves’ orbitopathy and the related impairment 
in quality of life.
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