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The thyroid gland produces thyroxine, which regulates the body’s metabolism.
Abnormalities in the thyroid gland affect hormone secretion, which leads to disease. The
two most common thyroid-gland diseases are hypothyroidism and hyperthyroidism.
Graves’s disease is a systemic autoimmune condition that is associated with the loss
of the immune abilities of the thyrotropin receptor.1–3 Thyroid gland patients usually
experience dry eye syndrome as a result of proptosis, lid retraction, and exposure.4
Several clinical signs and symptoms are common in thyroid-gland patients, such as
exophthalmos, which leads to the expansion of eye soft tissue.5–7 Exophthalmos can
lead to incomplete eyelid closure, and as a result increases the tear-evaporation rate
(TER), as well as tear hyperosmolarity.8,9 Moreover, retraction of the upper eyelid is a
common clinical sign in thyroid patients.10 In the Arab world, reports indicate that the
prevalence of thyroid diseases is high.11–17 Levothyroxine, a medication that produces
the thyroid hormone, is prescribed for hypothyroidism patients.18 On the other hand,
thioamide drugs can be used to reduce thyroid-gland secretion in hyperthyroidism
patients.18 Other medications, such as carbimazole and methimazole, can be used to
treat hypothyroidism.19 Surgical intervention is sometimes needed for thyroid patients
who cannot tolerate medication due to iodine allergy.
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Objective: To assess the tear-evaporation rate in thyroid-gland patients using a VapoMeter.
Methods: Twenty thyroid gland patients aged 18–43 years (mean 34.3±6.3 years) completed
the study. Additionally, an age-matched control group of 20 patients aged 18–43 years
(32.2±5.1 years) was enrolled in the study for comparison purposes. An Ocular Surface Disease
Index dry-eye questionnaire was completed, followed by a test to determine the tear-evaporation
rate using the VapoMeter. The test was performed three times per subject by the same examiner.
Two readings were obtained each time.
Results: Significant differences (P,0.05) were found between mean Ocular Surface Disease
Index and tear-evaporation-rate scores within the study and control groups. The average tearevaporation rate was much higher in the study group (median 41.2 [IQR 41.4] g/m2⋅h) than
the control group (15.7 [13.7] g/m2⋅h). Moreover, the average Ocular Surface Disease Index
score for thyroid-gland patients was much higher (15.6 [23.4]) compared to the control group
(5.5 [7.50]).
Conclusion: The tear-evaporation rate in thyroid-gland patients was found to be much higher
than normal-eye subjects.
Keywords: thyroid gland, thyroid-associated ophthalmopathy, Graves’s ophthalmopathy, dry
eye, tear-evaporation rate, evaporative dry eye
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Dry-eye disease is a multifactorial condition associated
with the disturbance of vision, ocular discomfort, and
instability of tear film.20 The two main types of dry eye
are known as aqueous tear-deficiency and evaporative dry
eye.20 The most common factors that can lead to dry eye
are high osmolarity of tears, accelerated TER, and ocular
surface inflammation.20 Due to the complexity of tear film,
no single test can be used to diagnose eye dryness, so several
combined tests are needed to assess it. Some of these tests
measure the tear-production rate, while others assess the
quality of the tears, tear osmolarity, tear-ferning patterns, and
TER. The Schirmer test, phenol red thread test, tear-meniscus
height, tear breakup time, tear osmolarity, and tear-ferning
tests are all commonly used to detect dryness of the eye.21–26
Studies have shown that half of all asymptomatic patients
demonstrate clinical signs of dry eye.27 Therefore, it is important to examine dry-eye patients on a regular basis, in order
to avoid discomfort, reduced vision, cornea damage, and all
other symptoms that are associated with dry eye.
Thyroid-gland patients have increased width of the
palpebral fissure and several eyelid alterations, which leads
to tear-film instability, corneal exposure, increased TER,
and tear osmolarity.28–31 Several studies have concluded that
normal TER is 19–21 g/m2⋅h.32–35 On the other hand, the TER
in thyroid gland patients was found to be 36–86 g/m2⋅h.36,37
In the current study, we evaluated the TER in thyroid-gland
patients and compared the results with normal-eye subjects.
As far as we are aware, this is the first report to evaluate TER
in thyroid-gland patients using a VapoMeter. the VapoMeter
is portable, light, practical, not sensitive to ambient airflows,
can be used in a wide range ($200 g/m2⋅h) and in all angles.
Moreover, it does not need daily calibration and requires a
short time (10 seconds) for the measurement of TER.

Methods
This observational, case-control, nonrandomized study
included 20 thyroid-gland patients (five men, 15 women)
aged 18–43 years (mean 34.3±6.3 years) with two types
of thyroid-gland disease (nine hyperthyroidism and eleven
hypothyroidism patients). Subjects were recruited from the
Endocrinology Clinic at King Fahad Medical City, Riyadh.
Additionally, an age-matched control group of 20 patients
(six men, 14 women) aged 18–43 years (32.2±5.1 years)
was enrolled in the study. Informed written consent of all
participants was obtained prior to conducting this study.
Ethical approval for the study was obtained from the College
of Applied Medical Science Ethics Committee, King Fahad
Medical City. All participants were treated according to
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the tenets of the Declaration of Helsinki. Exclusion criteria
included subjects with a risk factor for eye dryness, such as
those who had undergone recent ocular surgery or consumed
medication, as well as smokers, pregnant women, and breastfeeding women. Moreover, any patients with diabetes, those
with any abnormalities of the eyelids and lashes, contact-lens
wearers, and patients who had had thyroid surgery or radioactive iodine therapy over the last 3 years were also excluded
from the study.
An Ocular Surface Disease Index (OSDI) dry-eye questionnaire was completed, followed by the assessment of TER.
TER was measured using a VapoMeter (Delfin Technologies,
Kuopio, Finland). The test was performed three times,
during which two readings were obtained in each test. The
first reading with obtained with both eyes open and blinking
normally, whereas the second test was conducted with both
eyes closed and with a 2-minute gap between readings. The
TER was calculated by subtracting the reading when both
eyes were closed from the one obtained when both eyes
were open, and averages were subsequently calculated for
the three readings. The TER for normal eye conditions is
considered to be ,25 g/m2⋅h and .25 g/m2⋅h for evaporative
dry-eye conditions.32–35 All tests were carried out by the same
examiner at a temperature of 23°C and humidity ,40%. The
effect of alcohol pads (70% 2-propanol) on the VapoMeter
was tested. There was no significant difference between the
use of the device immediately or after $15 minutes of using
the alcohol pad.
Data were collected using Excel (Microsoft Corporation,
Redmond, WA, USA) and analyzed using SPSS version 22.0
(IBM Corporation, Armonk, NY, USA) for Windows. Data
obtained were found to be abnormally distributed for both
OSDI and TER scores. Therefore, the Mann–Whitney U test
was used to analyze the data (P,0.05).

Results

Mean ± SD for age and median (IQR) for OSDI questionnaire
scores and TER measurements are shown in Table 1. OSDI
scores ranged from 0 to 84 and from 0 to 27 for the study and
Table 1 Mean ± SD or medians (IQR) for age, TER, and OSDI
scores within the study and the control groups
Age (years)
OSDI
TER (g/m2⋅h)

Thyroid gland (n=20)

Control (n=20)

34.3±6.3
15.5 (23.4)*
41.2 (41.4)*

32.2±5.1
5.5 (7.5)*
15.7 (13.7)*

Note: *P,0.05.
Abbreviations: OSDI, Ocular Surface Disease Index; TER, tear-evaporation rate.
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Table 2 Mean ± SD or medians (IQR) for age and TER and OSDI
scores within hyperthyroidism and hypothyroidism subjects


Age (years)
OSDI
TER (g/m2⋅h)



Hyperthyroidism
(n=9)

Hypothyroidism
(n=11)

36.4±5.1
31.0 (28.0)*
29.0 (59.5)*

32.5±6.9
11.2 (11.0)*
53.0 (28.0)*
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Note: *P,0.05.
Abbreviations: OSDI, Ocular Surface Disease Index; TER, tear-evaporation rate.
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Figure 1 Side-by-side box plots for OSDI scores within study and control groups.
Abbreviation: OSDI, Ocular Surface Disease Index.

control groups, respectively. There was a medium negative correlation (r=-0.30, P=0.05) between OSDI and TER scores.
Side-by-side box plots for OSDI and TER scores for
both study and control groups are shown in Figures 1 and 2,
respectively. Figure 1 clearly shows that OSDI scores were
much higher in thyroid-gland patients than the control
group. For TER measurements (Figure 2), a significant difference was found between the median average for thyroid
gland patients (41.2 [41.4]) and the control group (15.7
[13.7]). For thyroid-gland patients, the TER ranged from
12.0 to 182.3 g/m2⋅h and for the control group from 7.0 to
36.4 g/m2⋅h. TER measurements showed that 17 thyroid gland
patients had higher readings than the normal level.
Thyroid-gland subjects (20 patients) who were examined
represented patients suffering from two different types of
disease: hyperthyroidism (n=9) and hypothyroidism (n=11).
The median average for the TER was low in hyperthyroidism
patients (29.0 [59.5]) compared with those patients suffering
from hypothyroidism (53.0 [28.0]), as shown in Table 2. The
median OSDI score was high in hyperthyroidism patients
(31.0 [28.0]) compared with hypothyroidism patients
(11.2 [11.0]).
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Figure 2 Side-by-side box plots for TER scores within study and control groups.
Abbreviation: TER, tear-evaporation rate.
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Discussion
Thyroid-gland patients suffer from expansion of soft tissue
in the eye, which is a condition known as exophthalmos.5–7
Exophthalmos leads to hyperosmolarity and a high TER, due
to incomplete closure of the eyelids.8,9 Such phenomena can
disturb the ocular tear film, leading to dry-eye symptoms. The
normal TER is in the range of 19–21 g/m2⋅h.3–36 The current
study has indicated a high TER in thyroid-gland patients compared to the control group, and the differences observed were
deemed significant. It was found that TER was higher than
the normal level in the majority (85%) of patients who suffered from thyroid-gland disease. Such high TER levels lead
to dry-eye symptoms, possibly due to the disorderly function
of the eyelids and reduced blink rate (intrinsic causes) as a
result of corneal exposure.38 It is believed that disturbances
within the lipid layer in the tear film are responsible for the
high TER. The lipid polar phase within the tear film contains
glycolipids and phospholipids, and thus works as a surfactant
between the hydrophilic aqueous–mucin layer and the apolar
lipid layer. Therefore, it supports the interaction between
aqueous–mucin layers and acts as a barrier.39 The apolar
lipid layer of the tear film contains cholesterol esters, wax,
and triglycerides, and provides the interface between the air
and tear film. Incidentally, a normal human tear-film lipid
layer tends to reduce TER by ~90%–95%.40–42
An inverse relationship between the thickness of the
lipid layer and the TER has been suggested.43 In addition,
a correlation between thyroid-gland disease and dry-eye
disease has been found.28 For example, results of the tearbreakup-time test and the Schirmer test that were carried out
on 30 thyroid-gland patients indicated low average scores
compared to normal-eye subjects. This could possibly be
due to exophthalmos, eyelid retraction, and lagophthalmos.28
Positive vital staining with lissamine green was observed in
60% of the patients who participated in the study.28 Moreover,
a significant correlation between thyroid eye disease and poor
impression cytology was established using Nelson’s grading
system.28 A more detailed study that includes a higher number
of thyroid-gland patients is needed to understand better the
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mechanism by which dry-eye disease occurs within patients
suffering from thyroid-gland disease. Moreover, it is essential
to detect the thickness of the lipid layer of the tear film, Hertel
exophthalmic values, upper- and lower-eyelid positions, and
lagophthalmos in thyroid-gland patients.
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Conclusion
The TER in thyroid-gland patients is much higher than
normal-eye subjects. Clearly, thyroid-gland disease is a risk
factor for eye dryness. Thyroid-gland patients may possibly
suffer from an evaporative dry-eye condition due to disturbances within the apolar lipid layer. Lipid-rich eyedrops
could thus be used to reduce the discomfort associated with
eye dryness due to thyroid-gland disease.
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