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Objective: To evaluate changes in blood selenium concentrations and associated clinical outcomes following selenium supplementa-
tion in patients with Graves’ orbitopathy (GO) with varied severity.

Study Design: A retrospective study.

Patients and Methods: We retrospectively reviewed the medical records of patients with GO who received selenium supplementa-
tion with a total daily dose of 210 pg for six months at a single tertiary care center between January 2019 and January 2021. Clinical
parameters, including visual acuity, exophthalmos, eyelid aperture, Clinical Activity Score (CAS), GO severity, Graves’
Ophthalmopathy Quality of Life (GO-QoL) scores, and selenium concentrations were assessed at baseline and post-treatment.
Subgroup analysis was performed for patients who received no concurrent GO treatment.

Results: Forty-eight patients (52.1% female, mean age 46.33+11.47 years) were included, with disease severity classified as mild
(22.9%), moderate-to-severe (70.8%), and sight-threatening (6.3%). The mean selenium concentrations increased from 90.46
+16.40 pg/L to 113.67+19.64 pg/L (mean difference: 23.21+24.75 pg/L; 95% CI: 16.02-30.39, P<0.001). Of 37 patients who did
not receive other GO treatments, CAS improved significantly in 13 (35.13%; P=0.02), and the prevalence of eyelid edema decreased
from 22.2% to 5.6% (P=0.03). GO-QoL appearance subscale scores significantly improved (mean change: 8.16+23.14; 95% CI:
0.33-15.99; P=0.04), while the changes in visual function scores were not statistically significant.

Conclusion: Selenium supplementation was associated with a significant increase in selenium concentrations and clinically sig-
nificant improvements in CAS, eyelid edema, and quality of life among patients with GO. These findings support the potential role of
selenium therapy in GO management. However, larger randomized controlled trials are warranted to confirm these observations and
guide dosage recommendations.
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Introduction
Graves’ orbitopathy (GO) is an inflammatory autoimmune disorder affecting approximately 25-50% of patients with Graves’
hyperthyroidism (GH).! The pathogenesis involves cross-reactivity between antigens shared by thyroid follicular cells and
orbital fibroblasts. Infiltrating lymphocytes in orbital and perivascular tissues initiate an inflammatory cascade mediated by
cytokines, growth factors and reactive oxygen species (ROS)."* These mediators stimulate orbital fibroblasts to proliferate
and differentiate into adipocytes and myofibroblasts, leading to excessive production of hydrophilic glycosaminoglycans. The
resulting expansion of orbital tissue contributes to the characteristic clinical signs and symptoms of GO.

Selenium (Se) is an essential micronutrient with potent antioxidant and anti-inflammatory properties. It plays a key
role in thyroid hormone metabolism through the activity of 25 known selenoproteins that incorporate selenocysteine at

their active center.® The highest Se concentration in the human body is found in the thyroid gland, where selenoenzymes
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—including glutathione peroxidase (GPX), thioredoxin reductase, and iodothyronine deiodinase—help neutralize ROS
generated during thyroid hormone synthesis.*

Serum selenium and circulating selenoprotein concentrations are commonly used to assess Se status. Se deficiency
has been associated with various thyroid disorders, such as hypothyroidism, subclinical hypothyroidism, autoimmune
thyroiditis, goitre, and Graves’ disease.” ' Patients with GO tend to have lower Se concentrations than those with
Graves’disease (GD) without orbitopathy.®* Se insufficiency has also been linked to more severe manifestation of GO.*?

The potential benefits of Se supplementation in GD and GO have drawn increasing attention. A systematic review of
10 randomized trials found that Se improved thyroid function at both 3 and 6 months.'® Another meta-analysis of four
randomized controlled trials (RCT) demonstrated that Se supplementation improved clinical outcomes and quality of life
of patients with GO relative to placebo.'' However, it remains unclear whether Se should be used exclusively in patients
with Se deficiency or also in those with optimal Se intake. Moreover, the narrow therapeutic window poses safety
concerns, as excessive intake may approach toxic levels.* Plasma Se concentrations higher than 122 pg/L before
supplementation have been associated with an increased risk of cancer and type-2 diabetes.” Se levels above 150 pg/L
are linked to a moderate increase in mortality.'> Clinical presentations of Se toxicity include nausea, vomiting, nail
brittleness, nail discoloration, hair loss, fatigue, irritability and garlic breath odor."?

Changes in serum Se concentrations following supplementation in GO patients have been rarely documented in the
literatures. Previous trials have employed variable dosages and durations, often without coordinated assessment of both
clinical outcomes and Se concentrations.'*

This study aimed to assess the changes in blood Se concentrations following six months of supplementation and to
evaluate corresponding clinical outcomes in Thai patients with GO. Our findings may contribute to a more personalized
and evidence-based approach to Se therapy in this population.

Materials and Methods
Study Design and Ethics Approval

The retrospective observational study was conducted at the thyroid eye disease clinic of Metta Pracharak (Wat Rai
Khing) Hospital. It was approved by the Institutional Review Board of the Metta Pracharak (Wat Rai Khing) hospital
(IRB approval number: 024/2566) and adhered to the principles of the Declaration of Helsinki. Patients were identified
through electronic medical records from January 2019 to January 2021. Informed consent was obtained from all included
patients after providing a detailed explanation of the study and the use of their data for the research purposes.

The Sample Size Calculation

The sample size was calculated using the formula for dependent means (paired z-test). Based on our pilot study, the mean
selenium concentration in patients with GO before supplementation was 97.99 + 20.45 pg/L, while the predicted post-
supplementation concentration was 106.95 pg/L, similar to levels observed in a healthy Thai population.” A clinically
significant difference was set at 0.05 (type I error = 0.05, two-sided), with a type II error of 0.2 and a power of 80%. To
account for a 20% dropout rate, a total sample size was calculated to be 48 participants.

Participants

The inclusion criteria were patients aged > 18 years who were diagnosed with GO and completed six months of selenium
supplementation. The exclusion criteria included eating disorders, gastrointestinal absorption disorders, selenium allergy,
pregnancy, breastfeeding, chronic kidney disease, Se concentration > 120 pg/L or vision loss unrelated to GO.

Data Collection

Demographic data collected included age, sex, smoking history, underlying comorbidities, thyroid disease diagnosis,
thyroid status at enrolment, and prior treatments for thyroid disease and GO. The clinical parameters were recorded at
baseline and after six months of Se supplementation, and they included serum Se concentration, visual acuity (VA),
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exophthalmos measurements, eyelid aperture width, Clinical Activity Score (CAS), disease severity according to the
EUGOGO classification, and Graves’ ophthalmopathy quality of life (GO-QoL) scores.

GO Assessment Criteria

The CAS was calculated using a seven-item scale, included: (1) spontaneous retrobulbar pain, (2) pain on eye movement,
(3) eyelid redness, (4) conjunctival redness, (5) eyelid swelling, (6) caruncle or plica swelling, and (7) chemosis. A CAS
of > 3 denoted active disease. GO severity was categorized as follows: (1) mild: eyelid retraction of <2 mm, mild soft
tissue involvement, exophthalmos of < 3 mm above race- and sex-adjusted norms, intermittent diplopia, and corneal
exposure responsive to lubricants; (2) moderate-to-severe: eyelid retraction of > 2 mm, moderate/severe soft tissue
involvement, exophthalmos of > 3 mm and or persistent diplopia; and (3) sight-threatening: dysthyroid optic neuropathy
or corneal breakdown. All clinical assessments were conducted by trained ophthalmologists using the GO Clinical
Evaluation Atlas and confirmed by a single oculoplastic surgeon for consistency at the thyroid eye disease clinic.

Quality of Life Assessment

Quality of life was evaluated using the validated Thai version of the GO-QoL questionnaire,'> which consists of 16 items
across two subscales: visual function and appearance. A change of > 6 points for either subscale was considered the
minimal clinically important difference (MCID).'®

Se Supplementation and Laboratory Analysis

All patients at the thyroid eye disease clinic underwent routine assessments of their Se status at baseline. Patients with
baseline blood Se concentrations below 120 pg/L received Se amino acid complex tablets (The British Dispensary (L.P). Co.,
Ltd, Samut Prakan, Thailand), with a total daily dose of 210 ug (3 tablets of 70 pg each) for six months, based on previous
clinical trials data.'" Blood samples were collected at baseline and six months. Serum was separated by centrifugation and
analysed at the Faculty of Medical Technology, Mahidol University, using graphite furnace atomic absorption spectro-
photometry (SpectrAA 600, Varian, Victoria, Australia) with a selenium-specific electrode discharge lamp.

Statistical Analyses

Descriptive statistics were used to summarize the demographic and clinical characteristics. Categorical variables were
presented as frequencies and percentages. Continuous variables were expressed as mean =+ standard deviation or median
with interquartile range, depending on data distribution. For inferential analysis, paired #-test was used to assess the
changes in normally distributed continuous variables, whereas Wilcoxon signed-rank test was used for non-normally
distributed data. McNemar’s or exact tests were applied to paired categorical data, as appropriate. To evaluate changes in
clinical outcomes specifically attributable to Se supplementation, a subgroup analysis was conducted for patients who did
not receive other GO treatments during the six-month supplementation. A 95% confidence interval (CI) was calculated
for each comparison. P value of < 0.05 denoted statistically significance. All statistical analyses were performed using
SPSS version 28.0 (IBM Corp., Chicago, IL, USA).

Results

Participant Characteristics

Forty-eight patients were included in this study. Their baseline demographic data and clinical characteristics are summar-
ized in Table 1. Their mean age was 46.33 + 11.47 years, and 52.1% (n=25) were female. Most participants (93.8%) were
diagnosed with GD, and 79.2% were in a euthyroid state at the time of enrolment. GO severity was classified as mild for 11
patients (22.9%), moderate-to-severe for 34 patients (70.8%), and sight-threatening for 3 patients (6.3%). The mean CAS at
baseline was 0.73 + 0.96 (range: 0-3), indicating that most cases were inactive. During the six-month period of Se
supplementation, 11 patients (22.91%) received other treatments for GO: systemic steroid alone in 1 case (2.08%), surgery
alone in 7 cases (14.58%), and combined steroid and surgery in 3 cases (6.25%). Two patients (4.1%) reported mild side
effects, including nausea and flatulence. No severe adverse reactions or toxicity were observed.
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Table | Demographic Data of the Patients

Total Patients
Sex
Male
Female
Age, year (mean)
Diagnosis
Graves’ disease
Hashimoto
Euthyroid
Thyroid status
Euthyroid
Hyperthyroid
Subclinical hyperthyroid
Subclinical hypothyroid
Severity
Mild
Moderate to severe
Sight-threatening
CAS, mean+S.D. (min, max)

48

23 (47.9%)
25 (52.1%)
46331147

45 (93.8%)
| (2.1%)
2 (4.2%)

38 (79.2%)
4 (8.3%)
3 (6.3%)
3 (6.3%)

11 (22.9%)
34 (70.8%)
3 (6.3%)
0.73+0.96 (0, 3)

Diabetes mellitus
Smoking history
Active
Previous thyroid treatment
Antithyroid drugs
Radio-iodine
Thyroidectomy
Thyroid replacement
None
Previous treatment for thyroid orbitopathy
Systemic corticosteroid
Immunosuppressants
Orbital radiation
Surgery and others
Current treatment for thyroid orbitopathy
(within 6 months of selenium supplementation)
Systemic corticosteroid
Immunosuppressants
Orbital radiation
Surgery and others

3 (6.3%)

3 (6.3%)

31 (64.6%)
10 (20.8%)
2 (4.2%)
12 (25%)
4 (8.3%)

15 (31.3%)
0
| (2.1%)
17 (35.4%)

4 (8.3%)
0
0

10 (20.8%)

Change in Se Concentrations
The serum Se concentrations significantly increased after supplementation. The mean Se concentration increased from 90.46
+ 16.40 pg/L at baseline to 113.67 £ 19.64 pg/L at six months (mean difference: 23.21 + 24.75 pg/L; 95% CI: 16.02-30.39,
P<0.001) (Figure 1). Most individual patients demonstrated an upward trend in Se concentrations (Figure 2).

Clinical Outcomes After Se Supplementation
Subgroup analysis was performed for 37 patients who did not receive concurrent GO treatment during the study period.

Improvements in several clinical parameters were observed. CAS significantly improved in 13 patients (35.13%) at six

months (P=0.02), with no deterioration observed in others. The number of patients with eyelid edema significantly
decreased from 8 (22.2%) at baseline to 2 (5.6%) at six months (P=0.03).

*
23.21

Mean Standard Standard 95% P value 120 113.67
error deviation Confidence
interval
c 90.46
2 90
Blood selenium  90.46 2.37 16.41 (85.69— =
concentrations 95.22) 8
at baseline § 60
€
Blood selenium 113.67  2.83 19.64 (107.97- 2
concentrations 119.37) % 30
at month 6 (%}
Mean difference 23.21 3.57 24.75 (16.02— <0.001 0
30.40) 0 mo 6 mo
Time (Months)

Figure | Blood selenium concentrations (ug/L) before and after treatment. * p-value < 0.05.
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Figure 2 Scattered plot of individual blood selenium concentrations before and after therapy.

Quality of Life (GO-Qol) Scores
Quality of life improved for both GO-QoL subscales (Table 2 and Figure 3). The mean appearance subscale score
increased from 65.97 &+ 27.85 to 74.13 + 23.91 (mean difference: 8.16 + 23.14; 95% CI: 0.33-15.99, P=0.04). The mean
visual functioning subscale score improved from 54.69 + 30.33 to 61.81 + 29.08, but the difference did not reach
statistical significance (mean difference: 7.12 + 30.00; 95% CI: —3.03-17.27, P=0.16).
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No statistically significant changes were observed in visual acuity (LogMAR), eyelid aperture width, or exophthalmos

measurements in either eye (P > 0.05 for all comparisons) (Table 2).

Table 2 GO-Qol Score and Clinical Parameters

Before and After Treatment

Variable Mean SD 95% Confidence P value for
Interval Baseline vs 6 Months
GO-Qol score
Visual function
Month 0 54.69 30.33 44.77-64.60
Month 6 61.81 29.08 52.30-71.32
Mean difference 7.12 30.00 -3.03-17.27 0.16
Appearance
Month 0 65.97 27.85 56.88-75.06
Month 6 74.13 2391 66.31-81.95
Mean difference 8.16 23.14 0.33-15.99 0.04
(Continued)
Clinical Ophthalmology 2026:20 hetps: 5



Lumyongsatien et al

Table 2 (Continued).

Variable Mean SD 95% Confidence P value for
Interval Baseline vs 6 Months

Visual acuity (LogMAR)
Right eye

Month 0 0.16 0.11 0.12-0.19

Month 6 0.16 0.09 0.13-0.19

Mean difference —0.004 0.11 —0.041-0.034 0.83
Left eye

Month 0 0.17 0.12 0.13-0.20

Month 6 0.16 0.11 0.12-0.19

Mean difference —0.007 0.02 —0.035-0.050 0.73
Eyelid aperture
Right eye

Month 0 10.24 1.75 9.63-10.84

Month 6 9.79 2.03 9.08-10.50

Mean difference 0.44 1.82 —0.19-1.08 0.17
Left eye

Month 0 10.25 1.99 9.56-10.94

Month 6 10.10 2.16 9.35-10.86

Mean difference 0.15 1.58 —0.41-0.70 0.59
Proptosis
Right eye

Month 0 18.30 3.40 17.21-19.39

Month 6 18.29 3.08 17.30-19.23

Mean difference —-0.01 1.01 —0.36-0.33 0.93
Left eye

Month 0 18.78 3.12 17.76-19.80

Month 6 18.43 3.05 17.44-19.42

Mean difference —-0.35 1.09 —0.72-0.02 0.07
Clinical Activity Score Number (%)

At 6 mo 0.02

Improved 13 (35.13%)

Worse 2 (5.4%)

Unchanged 22 (59%)
Lid edema

At 6 mo 0.03

Improved 6 (16.67%)

Worse 0 (0%)

Unchanged 30 (83.33%)

Discussion

This retrospective study evaluated the effect of Se supplementation on serum Se concentrations and clinical outcomes in
Thai patients with GO. Our findings demonstrate that a six-month supplementation regimen with 210 pg/day of Se
significantly increased serum Se concentrations and was associated with clinical improvements, especially in CAS, eyelid
edema, and quality of life as measured by GO-QoL scores.

The optimal range for serum Se is estimated to be between 90-120 pg/L, which is considered sufficient for maximal
selenoprotein expression.'” In our study, the baseline Se concentrations were within or near this optimal range, but
supplementation still led to significant increments (mean difference: 23.21 pg/L; P<0.001), indicating that additional Se
may provide therapeutic benefits even for individuals who are not overtly deficient. However, excessive Se intake can
pose risks, including disturbances in endocrine function, and has been associated with increased incidence of type 2
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. Mean score at month 0
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Figure 3 GO-Qol scores for functional and appearance subscales. * p-value < 0.05.

diabetes and certain cancers.'”'® These findings underscore the need for individualized dosing and careful monitoring of
Se status before and during supplementation.’

L1921 e observed clinical benefits of Se therapy in

Consistent with reports of previous randomized controlled trials,
patients with GO. CAS improved significantly in over one-third of patients without concurrent GO treatment (P=0.02),
and the prevalence of eyelid edema was significantly reduced (P=0.03). While we did not observe significant changes in
proptosis or eyelid aperture, our findings support the hypothesis that Se may primarily influence soft tissue inflammation
and activity rather than structural changes in GO such as proptosis, diplopia, and eyelid retraction. Although Se mainly
reduces oxidative stress and inflammation, it is less effective in addressing structural changes due to the several reasons:
it predominantly targets inflammation rather than tissue remodeling and fibrosis; structural alterations result from
complex interactions among fibroblasts, adipocytes, and cytokines, which Se does not directly affect; by the time
these structural changes become apparent, GO may have progressed to an inactive phase with minimal inflammation;
and Se does not significantly influence fibroblast proliferation or preadipocyte differentiation, which contribute to orbital
structural alterations.

Moreover, to compare these findings with the natural course of the disease, a placebo group in a teprotumumab study
showed a 21% reduction in CAS at six months.?* In a series of untreated thyroid eye disease (TED) patients in the UK, 22%
experienced substantial improvement, 42.4% showed minimal change, 22% remained stable and 14% deteriorated.”*>

Improvements in quality of life were evident, especially for the appearance subscale of the GO-QoL questionnaire. This
aligns with previous studies showing that Se supplementation enhances patient-reported outcomes.'"' The visual function
subscale showed a trend toward improvement, but the change did not reach statistical significance, similar to findings in a Thai
population,?' possibly due to the low baseline CAS and relatively inactive disease status of most participants.

Our study adds to the growing body of literature by demonstrating real-world changes in Se concentrations along with
clinical outcomes. It is among the first in Thailand to assess the biochemical response to Se therapy in patients with GO
and provides region-specific data to support clinical decision-making.

However, several limitations should be acknowledged. The relatively small sample size may have limited the power
to detect changes in certain outcomes. The absence of a control group and reliance on retrospective data may have
introduced bias. Additionally, subgroup analysis was performed to isolate the effect of Se, and residual confounding from

unmeasured variables cannot be excluded.

Conclusion

This study demonstrates that Se supplementation significantly increased serum Se concentrations, with a mean difference
of 23.21 + 24.75 ng/L, and may support the concept of individualized Se dosing. Clinically significant benefits were
observed across patients with varying severities of inactive GO, especially in the improvement of CAS, reduction of
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eyelid edema, and enhancement of GO-QoL appearance scores. These findings suggest that Se supplementation may

serve as a valuable adjunctive therapy in GO management while ensuring safety. However, further research involving

larger sample sizes and randomized controlled trials is necessary to validate these outcomes and develop evidence-based

guidelines for Se use in patients with GO.
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