
Original Research Article 1 

Evaluation of Tear Secretion in Thyroid Patients in 2 

Relation to the Thyroid Status and Previous I131 3 

Treatment for Thyroid Cancer 4 

 5 
 6 
 7 

ABSTRACT  8 

 9 

 
Aims: To evaluate tear secretion of thyroid patients with no clinical evidence of thyroid ophthalmopathy in 
relation to thyroid status and history of I

131
 treatment by the use of the 2-minute Schirmer test I (test 

without topical anesthesia). 
Study design:  Prospective study. 
Place and Duration of Study: 1st University Eye Clinic, AHEPA Hospital, Thessaloniki, Greece and 
Laboratory of Experimental Ophthalmology, Aristotle University of Thessaloniki, Greece, between June 
2013 and July 2014. 
Methodology: 128 consecutive thyroid patients, 111 females and 17 males, aged from 18 to 82 years 
49.48±14.61 (mean±sd) were recruited for this study. None of the thyroid patients had clinical signs or 
symptoms of thyroid ophthalmopathy. 49 of them had history of I

131
 treatment for thyroid carcinoma. The 

2-min Schirmer test I was performed on the same day the patients underwent the routine exams for 
thyroid hormones. As abnormal were considered Schirmer test I values <10 mm. 
Results: Out of 49 thyroid patients with history of I

131
 therapeutic treatment, 35 (71.4%) had 2-minute 

Schirmer test I values <10 mm. However there was no statistically significant difference in relation to their 
thyroid status. Regarding patients, with no previous I

131 
treatment, 55 out of 79 patients (71.4%) had 

Schirmer test I values <10 mm and there was no statistically significant difference in relation to their 
thyroid status. There was no statistically significant difference in Schirmer test I values between patients 
who received I

131
 and those who did not. 

Conclusion: Thyroid patients without clinical evidence of thyroid ophthalmopathy tend to have impaired 
Schirmer test I scores irrespective of the thyroid status and previous I

131
 exposure and thus they more 

likely to develop ocular surface abnormalities. Patients with previous I
131

 treatment had no statistically 
significant differences in the tear secretion values as compared with the non-irradiated thyroid patients. 
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1. INTRODUCTION  12 

 13 
Dry eye syndrome or keratoconjunctivitis sicca is a common problem among middle-aged and older 14 
adults, and very often has a serious impact on quality of life. The treatment of the condition often causes 15 
frustration to both patients and ophthalmologists.[1-4] Sjögren syndrome, thyroid disease and other 16 
autoimmune diseases are main causes of dry eye syndrome. [5-8] Recent findings suggest that there is a 17 
direct involvement of the lacrimal gland in the pathological mechanism of the dry eye syndrome in thyroid 18 
patients[9] and lacrimal glands were found to be enlarged in patients with hyperthyroid Grave’s 19 
disease.[10] Furthermore, octreotide was found in the lacrimal glands of thyroid patients.[11] Octreotide is 20 
a somatostatin analogue that exclusively binds to activated lymphocytes.  21 
 22 
As regards the thyroid tumors, they are relatively common. Differentiated thyroid cancer (DTC) accounts 23 
for approximately 90% of all thyroid cancer.[12] Initial management is surgical. A near-total thyroidectomy 24 
is favored by many.[13- 16] Postoperative I

131
 therapy is effective for ablation and treatment of loco-25 

regional or metastatic disease, while L-thyroxin therapy diminishes the recurrence and improves survival 26 
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rates.[17, 18] In Graves’ disease, I
131

 produces thyroid ablation without the complications of 27 
surgery.[19,20] 28 
 29 
Our objective in the present study is to evaluate the tear secretion of thyroid patients with no clinical 30 
evidence of thyroid ophthalmopathy in relation to their thyroid status and previous I

131 
treatment. The 2-31 

minute Schirmer test I (without topical anesthesia) was performed due to the advantage of shorter 32 
duration and acceptability from the patients. [21]  33 
 34 
 35 

2. MATERIAL AND METHODS  36 

 37 
One hundred twenty-eight thyroid patients were recruited for the study (17 males and 111 females).  No  38 
patient  had  any  signs  of  thyroid  ophthalmopathy  after  slit  lamp  evaluation.  In order to detect and 39 
quantify the patients’ symptoms of possible ocular surface complications, we administrated the Ocular 40 
Surface Disease Index (OSDI).[22] All patients had normal OSDI values.  The age of our patients ranged 41 
from 18 to 82 years and mean age was 49.48±14.61 years. 49 of them had history of I

131 
treatment. The 42 

therapeutic dose was 100 150 mCi (3.70 to 5.55 GBq). All these patients were frequently examined (RIA 43 
methods) for their thyroid status. The Schirmer test was performed without topical anesthesia (Schirmer 44 
test I). Only one eye of the patients was examined, so as to eliminate the patients’ discomfort and the 2-45 
minute test was preferred for the advantage of shorter duration and better acceptability by the patients. 46 
Every subject was asked to be seated, while the 5-mm-long bend-end piece of the strip was placed on 47 
the lower lid margin in a temporal position. The subject was asked to keep both eyes open looking 48 
upwards while being observed by the examiner and instructed to avoid horizontal eye movements that 49 
might cause corneal irritation and consequent tear hypersecretion.  50 
  51 
Two minutes later, the wetted length of the strip was measured and recorded. For the statistical analysis 52 
of the results, the Kolmogorov-Smirnov test was used. Using this test, we rejected the zero hypothesis for 53 
0.05 significance level that variables follow normal distribution. Consequently, non parametric tests were 54 
used. Abnormal values for the 2-min Schirmer test were considered values <10 mm (based upon a 55 
previous study of our laboratory in a sample of 162 individuals without dry eye symptoms and normal tear 56 
secretion). [21] 57 
 58 
In the day of the tear secretion testing, blood samples were obtained as part of routine clinical evaluations 59 
of the thyroid patients, for serum FT3, FT4 and TSH. Blood samples were centrifuged and the sera 60 
collected were stored at -20° C. Serum FT3, FT4 and TSH were assayed by immunoradiometric (IRMA) 61 
methods (DiaSorin, Saluggia, Italy). All assays were performed in duplicate. In our laboratory, reference 62 
values for FT3 were 2.2-5.5 pg/Ml (3.4–8.5 pmol/L), for FT4 were 7.8-19.4 pg/mL (10–25 pmol/L) and for 63 
TSH were 0.30-4.0 mU/L. As concerns FT3 the detection limit of the assay and the intraassay and 64 
interassay variation expressed as coefficients of variation were 0.73pmol/L, 5.0 %, and 4.4 %, 65 
respectively, for FT4, 1.25 pmol/L, 3.4 %, and 5.1 %, respectively and for TSH 0.04 mU/L, 2.5 %, and 4.1 66 
%, respectively. 67 
 68 
 69 

3. RESULTS AND DISCUSSION 70 

 71 
The distribution of normal and abnormal Schirmer test I values, in relation to the thyroid status and 72 
previous history of I

131
 treatment, in our material is deployed in table 1. 73 

 74 
Table 1. Distribution of normal and abnormal Schirmer test I values in relation to the thyroid 75 
status and previous history of I

131
 treatment 76 

 77 
 78 
  79 

 Number of Patients 
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 Euthyroids Hypothyroids Hyperthyroids 

Normal values (with I
131

treatment
 
) 2 12 - 

Abnormal values (with I
131

treatment) 6 29 - 

Normal values (no I
131

) 12 1 11 

Abnormal values (not I
131

) 24 6 25 

 80 
 81 
 82 
 83 

3.1 Statistical analysis 84 
 85 
 86 
 87 
In the statistical analysis the variables did not reach normality (Kolmogorov-Smirnov); we used non-88 
parametric techniques, such as Mann-Whitney U test, Kruskal Wallis test and Spearman’s Rank 89 
Correlation. Statistical significance was based on alpha level of .05. 90 
 91 
 92 
 93 

a) Mann-Whitney  Test  was  conducted  to  compare  the Schirmer test’s I median value of  normal  94 
individuals  and  patients  who  did  not  had  history  of  I

131  
treatment. 95 

 96 
Statistically  significant  difference  was  found  between  Schirmer  test  I  values  of  normal  individuals  97 
and  patients  with  no  history  of  I

131
  treatment.  (Table 2) 98 

 99 
 100 
Table  2. Schirmer test’s I median value of  normal  individuals  and  patients  who  did  not  have  101 

history  of  I
131

  treatment 102 

 103 
  104 

Normal 12.5 

Without I
131

Treatment 7.5 

Mann-Whitney Test p<.005 

 105 
 106 
 107 
 108 
 109 

b) Mann-Whitney  Test  was  conducted  to  compare  the Schirmer test’s I median value of  normal  110 
individuals  and  patients  who  had  history  of  I

131  
treatment. 111 

 112 
Statistically  significant  difference  was  found  between  Schirmer  test  I  values  of  normal  individuals  113 
and  patients  with   history  of  I

131
  treatment.  (Table 3) 114 

  115 
 116 
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Table  3. Schirmer test’s I median value of  normal  individuals  and  patients  who  had  history  of  117 
I
131

  treatment 118 

 119 
 120 

Normal 12.5 

With I
131

Treatment 7.5 

Mann-Whitney Test p<.005 

 121 
 122 
 123 
 124 
 125 

c) Mann-Whitney Test was conducted to compare the Schirmer test’s I median value of patients 126 
who received I

131
 treatment and those who did not. 127 

 128 
There was no statistical significance (sig= .741 >.05) between the median values of patients with and 129 
without I

131
 treatment. (Table 4) 130 

 131 
 132 
Table 4. Schirmer Test I median score in relation to I

131
Treatment 133 

 134 

 135 

With I
131

Treatment 7 

Without I
131

Treatment 7.5 

Mann-Whitney Test p=.741 

 136 

 137 

d) Chi-square test (X
2
) was conducted to assess the relationship between patients with pathological 138 

Schirmer test I in relation to having received I
131

 treatment or not. 139 
 140 

There was no statistically significant difference (P= .985>.05) between patients with pathological Schirmer 141 
test I and who were treated with I

131
 and those who were not. However, though there is no statistical 142 

significance between the two groups, the thyroid patients who received I
131

 treatment tended to have 143 
lower Schirmer test I values. (Table 5) 144 
 145 
 146 
Table 5. Patients with pathological Schirmer Test I in relation to having received I

131
 treatment or 147 

not 148 
 149 
 150 

 151 
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N 
With 

I
131

 Treatment 
Without 

I
131

 Treatment 

Pathological Schirmer 
test 

35 
(out of 49) 

55 
(out of 79) 

Chi Square test p=.985 

 152 
e) Kruskal-Wallis test was conducted to assess the difference among the mean values of Schirmer 153 

test I of all patients who received I
131

 treatment, in relation to their thyroid status (euthyroids and 154 
hypothyroids). 155 

In patients who receive I
131

 treatment, there was no statistically significant diference (P= .535>.05)  in 156 
relation to their thyroid status (euthyroids and hypothyroids).  (Table  6) 157 
 158 
 159 
Table 6. Schirmer Test I values±SD and Thyroid Status in patients with I

131
 treatment 160 

 161 
 162 
 163 
 164 

Thyroid Status Euthyroid Hypothyroid 

 8.437±5.447 8.908±4.848 

Kruskal Wallis Test p=.385 

 165 
 166 
 167 
 168 
 169 
 170 

f) Kruskal-Wallis test was conducted to assess the difference among the mean values of Schirmer 171 
test I of all patients who did not receive I

131
 treatment, in relation to their thyroid status 172 

(euthyroids, hypothyroids and hyperthyroids) 173 
 174 
In patients who did not receive iodine, no statistically significant diference (p= .867>.05) was found in 175 
relation to their thyroid status (euthyroids, hypothyroids and hyperthyroid). (Table 7) 176 
  177 
 178 
Table 7. Schirmer Test I values±SD and Thyroid Status in patients without I

131
 treatment   179 

 180 
 181 
 182 
 183 

Thyroid 
Status 

Euthyroid Hypothyroid Hyperthyroid 

 8.902±5.332 9.000±3.719 9.097±4.823 
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Kruskal Wallis Test p=.867 

 184 
 185 
 186 
 187 
 188 
 189 

g) Mann-Whitney Test was conducted to compare the Schirmer test’s I median value of hypothyroid 190 

patients who received I
131

 treatment and those who did not. 191 

There was no statistical significance (sig= .645 >.05) between the median values of hypothyroids patients 192 
with and without I

131
 treatment. (Table 8) 193 

 194 
 195 
 196 
Table 8. Schirmer Test I median score of hypothyroids in relation to I

131
Treatment 197 

 198 
 199 
 200 
 201 

Hypothyroids With I
131

Treatment 7 

Hypothyroids Without 
I
131

Treatment 
8.5 

Mann-Whitney Test p=.645 

  202 
 203 
 204 
 205 

h) Mann-Whitney Test was conducted to compare the Schirmer test’s I median value of euthyroid 206 

patients who received I
131

 treatment and those who did not. 207 

 208 
There was no statistical significance (sig= .645 >0.05) between the median values of euthyroids patients 209 
with and without I

131
 treatment.(Table 9) 210 

 211 
 212 
Table 9. Schirmer Test I median score of euthyroids in relation to I

131
Treatment 213 

 214 
 215 
 216 
  217 

Euthyroids With I
131

Treatment 6.0 

Euthyroids Without I
131

Treatment 8.0 

Mann-Whitney Test p=.645 
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The above analysis indicates that thyroid patients, who receive I
131

 for thyroid cancer, tend to have 218 
abnormal Schirmer test I values irrespective of the thyroid status on the day of the examination. Also, 219 
thyroid patients without clinical signs of thyroid ophthalmopathy who did not receive I

131
 treatment tend to 220 

have abnormal Schirmer test I values irrespective of the thyroid status. Comparing the results of the two 221 
groups, there was no statistically significant difference between the Schirmer test I values of those 222 
patients. 223 
 224 
The Schirmer test I is a simple test and one of the commonest in use in the every day practice for the 225 
evaluation of tear secretion. The 2-minute test was prefered due to the shorter duration and less 226 
discomfort for the patients. Values ≥10mm in 2 minutes were considered as normal.[21] We use to 227 
perform the test with open eyes so as to observe the eye movements of the patients and also to give 228 
him/her a target to see and thus to eliminate undesirable eye movements which may cause irritation and 229 
tear hypersecretion . Others prefer to perform the test with closed eyes.[23,24,25]  230 
Thyroid associated ophthalmopathy is related with impaired tear secretion and to the best of our 231 
knowledge there are no reports in the international literature investigating tear production in thyroid 232 
patients who have no clinical signs and symptoms of thyroid associated ophthalmopathy and in relation to 233 
their thyroid status. As regards patients with thyroid associated ophthalmopathy, researchers evaluated 234 
the relationship between ocular surface damage, elevated lid aperture/impaired Bell’s phenomenon and 235 
reduced tear production. Investigating the possible role of autoantibodies specific for TSH receptor 236 
(TSHR), they also investigated TSHR expression in the healthy lacrimal gland (LG). They concluded that 237 
ocular surface damage in thyroid associated ophthalmopathy significantly correlates with reduced tear 238 
production and not significantly with mechanical alterations and that LG impairements seem to be a major 239 
cause of eye dryness. They also concluded that physiological expression of TSHR by LG suggests that, 240 
in thyroid disease, autoantibodies may bind to lacrimal TSHR and contribute to LG impairment.[9] It is 241 
interesting to see that other investigators, who tried to define the clinical, laboratory, and histological 242 
features of patients with dry eyes and mouth syndrome (DEMS) and patients with sicca asthenia polyalgia 243 
syndrome (SAPS), found out that these patients have positive titers of antibodies against thyroid 244 
peroxidase. [26] Other researchers also investigated thyroid associated eye disease. In a study with 245 
Schirmer test II (with topical anesthesia) 21 patients with orbital echographic findings consistent with 246 
thyroid eye disease were evaluated. Only 19% of patients had  abnormal Schirmer test II values and the 247 
symptomatology of eye dryness appeared to be attributable to an underlying ocular surface 248 
inflammation.[27] 249 
 250 
The present study recruited thyroid patients without clinical evidence of thyroid ophthalmopathy. 251 
According to our results these thyroid patients tend to have impair tear secretion. 128 patients were 252 
examined. 79 had no history of previous I

131
 treatment . 36 of them were euthyroids, 7 hypothyroids and 253 

36 hyperthyroids. 67% of euthyroids, 86% of hypothyroids and 69% of hyperthyroids had abnormal 254 
Schirmer test I values in 2 minutes. From 49 patients, who received I

131
 treatment for thyroid cancer, 8 255 

were euthyroids and 41 were hypothyroids on the day of tear secretion evaluation. 75% of these 256 
euthyroids and 71% of these hypothyroids had abnormal Schirmer test I values. 257 
 258 
 As regards patients who received iodine, other researchers also investigated the long term effects of high 259 
dose I

131
 therapy on tear secretion. In a study concerning 175 eyes of 88 patients with history of  I

131
 260 

treatment, all patients received at least 2.96 GBq  I
131

. Schirmer test was decreased (<10 mm in 5 261 
minutes) in 47 out of 88 patients and it was definitely abnormal (<5 mm in 5 minutes) in 35 out of 88 262 
patients. All participants were free of any disease and of any drug that may affect tear production.[28]  In 263 
an other study concerning patients who received high dose of I

131
, the researchers studied 100 eyes of 50 264 

patients who were treated for differentiated thyroid carcinoma and 100 eyes of 50 unexposed patients, 265 
who consisted the control group. Both groups (exposed and unexposed to I

131
 treatment) were consisted 266 

of thyroid patients of euthyroid status and they were free of any disease and of any drug that could affect 267 
tear secretion. Lower Shirmer test values were measured in the exposed group 14.5±10.8 mm, as 268 
compared with the control group (18.2±11.0 mm) (p=0.016). Relative risk of an abnormal Schirmer test in 269 
the exposed cases to control group was 1.78±0.62. Correlation coefficient analysis showed no significant 270 
relationship between Schirmer test values and cumulative doses of administrated I

131
. [29] In the present 271 

study no statistically significant difference was found between exposed and non exposed to I
131

 treatment  272 
thyroid patients of euthyroid status. Furthermore, no statistically significant difference was found  between 273 
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exposed and non exposed to I131 treatment  of hypothyroid status. In our study,  35 out of 49 patients 274 
(71.4%), who had history of previous I

131
  treatment, had abnormal Schirmer test I(<10 mm in 2 minutes) 275 

but no statistically significant difference was found between them and the thyroid patients who had no 276 
previous history of I

131 
treatment. Our patients received 3.70 to 5.55 GBq I

131
.   277 

 278 
Considering all thyroid patients in the present study (patients with I

131
 treatment and patients without I

131
 279 

treatment and without clinical evidence of thyroid ophthalmopathy) tend to have low Schirmer test I values 280 
in 2 minutes. No statistically significant difference was found among the mean scores of Schirmer test I of 281 
euthyroids, hypothyroids and hyperthyroids. Furthermore, patients with history of I

131
 tend to have lower 282 

Schirmer test I values and there was no statistically significant difference in relation to their thyroid status 283 
(euthyroids and hyperthyroids). No statistically significant difference was found among the mean scores 284 
of Schirmer test I of those thyroid patients who received I

131
 treatment and those who did not and also 285 

there was no statistically significant difference of the pathological Schirmer test I values between them.  286 
 287 
 288 
 289 

4. CONCLUSION 290 

 291 
Conclusively, thyroid patients without clinical evidence of thyroid ophthalmopathy tend to have impaired 292 
Schirmer test scores irrespective of the thyroid status and previous I

131
 exposure and thus it is more likely 293 

to develop ocular surface abnormalities. Also, patients with history of I
131

 treatment have no statistically 294 
significant differences in the tear secretion values as compared with the non-irradiated thyroid patients. 295 
 296 
 297 
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