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Effects of Eyelid Warming Devices on Tear Film
Parameters in Normal Subjects and Patients
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ABSTRACT Purpose: To evaluate the effects of commer-
cially available eyelid warming devices on ocular tempera-
tures, tear film function, and meibomian glands in normal
subjects and patients with meibomian gland dysfunction
(MGD). Methods: Ten healthy volunteers were enrolled to
evaluate the effects of a single warming and of repeated
warming for 2 weeks. Ten MGD patients were enrolled for
evaluation of repeated warming over 1 month. Two non-wet
(Azuki no Chikara, Eye Hot R) and three wet (hot towel, Hot
Eye Mask, Memoto Este) devices were compared in a
masked manner. Visual analog scale (VAS) score for ocular
symptoms, tear film breakup time (TFBUT), meibum grade,
temperatures (eyelid skin, tarsal conjunctiva, central cornea),
Schirmer test value, and meibomian gland area were
measured before and after warming application. Results:
The single application of the five warming devices improved
the VAS score, TFBUT, and ocular temperatures. In the
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repeated warming application, Azuki no Chikara as a
representative non-wet warming device induced a stable
and significant improvement in TFBUT and increased the
tarsal conjunctival temperature and meibomian gland area
in both normal subjects and MGD patients. It also improved
meibum grade in MGD patients. Conclusion: Our results
suggest that repeated eyelid warming with a non-wet device
improves tear film function in normal individuals and may
have beneficial effects on both tear film and meibomian
gland function in MGD patients.

KEY WORDS dry eye, eyelid warming, meibomian gland,
meibomian gland dysfunction, meibography, tear film

I. INTRODUCTION
M eibomian gland dysfunction (MGD) is a chronic
abnormality of the meibomian glands character-
ized by terminal duct obstruction or qualitative

or quantitative changes in glandular secretion.1 It can result
in changes to the tear film, symptoms of eye irritation, clin-
ically apparent inflammation, and ocular surface disease.1

MGD is common and yet is often overlooked in ophthalmic
practice. Population-based studies have suggested that the
prevalence of MGD is higher in Asian than in other popu-
lations, with reported prevalence of 46.2% in Thailand,2

60.8% in Taiwan,3 61.9% in Japan,4 and 69.3% in China.5

In a study performed in the U.S.A. and Europe, more
than 80% of patients with dry were found to have MGD.6

The application of a warm compress to the eyelids is a
standard treatment for obstructive MGD.7 The surface tem-
perature of the eyelids ranges between 33� and 37�C,
whereas the melting range of expressed meibum is between
19.5� and 33.8�C in normal individuals8-11 and between
32.2� and 35.3�C in patients with MGD.9,11-14 In individuals
with MGD, meibum consists of a mixture of melted lipid
and desquamated, keratinized epithelial cells, which prob-
ably explains the difference in melting range between
normal individuals and MGD patients.9,15 Nuclear magnetic
resonance analysis has revealed that lipid phase-transition
temperatures of meibum are substantially higher (þ4�C)
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in patients with MGD than in age-matched normal con-
trols.16 Eyelid temperature influences not only the secretion
but also the delivery of meibum to the ocular surface.16

Previous studies have assessed the effects of various
warming devices, including infrared devices,17,18 a dispos-
able eyelid warming device,19 warm moist air devices,20-22

and an Orgahexa fiber eyemask,23 on tear function and
the ocular surface. However, no study has previously
compared the efficacies of such devices based on different
warming mechanisms. We have compared the efficacies of
five commercially available warming devices with regard
to their effects on tear film function, meibomian glands,
and the ocular surface in normal subjects. On the basis of
the results obtained for a single warming application in
normal subjects, we examined the effects of repeated warm-
ing over 2 weeks or 1 month with representative devices in
normal subjects and patients with MGD, respectively.
II. METHODS
A. Subjects

Ten eyes of 10 healthy volunteers (5 men and 5 women;
mean age � SD, 33.9 � 11.4 years) were enrolled for evalu-
ation of a single warming application (for 5 minutes), and
10 eyes of 10 healthy volunteers (5 men and 5 women;
mean age � SD, 32.3 � 11.7 years) were enrolled for evalu-
ation of repeated warming (5 minutes twice a day for 2
weeks). Eight out of 10 subjects overlapped in the single
and repeated warming evaluations. Ten eyes of 10 patients
with obstructive MGD (2 men and 8 women; mean age
� SD, 75.6 � 6.7 years) were also enrolled for evaluation
of repeated warming (5 minutes twice a day for 1 month).
These subjects were diagnosed with obstructive MGD on
the basis of our previously applied criteria,24 including the
presence of ocular symptoms, at least one lid margin
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abnormality (irregular lid margin, vascular engorgement,
plugged meibomian gland orifices, and anterior or posterior
displacement of the mucocutaneous junction) as evaluated
from edge to edge in upper and lower eyelids, and impaired
meibum expression. These inclusion criteria enabled us to
exclude the subjects with age-related meibomian gland
changes as opposed to patients with MGD. Exclusion
criteria for subjects included ocular allergies, contact lens
wear for more than 1 year, a history of eye surgery, and sys-
temic or ocular diseases (other than MGD for MGD
patients) that might interfere with tear film production or
function. Patients whose eyes showed excessive meibomian
lipid secretion were also excluded.

Data were obtained from the right eye of each subject
unless this eye did not meet the enrollment criteria, in which
case data were obtained from the left eye. Written informed
consent was obtained from all subjects before examination.
The study was approved by the institutional review boards
of Itoh Clinic, The University of Tokyo Hospital, and Yama-
guchi University Hospital, and it adhered to the tenets of the
Declaration of Helsinki.

B. Warming Devices
We evaluated five warming devices, including a hot towel

(conventional towel widely available commercially), a dispos-
able eyelid warming device (Hot Eye Mask; Kao, Tokyo,
Japan), an electrical warming and massaging device
(Memoto Este; Panasonic, Osaka, Japan), a warming eye pil-
low (Azuki no Chikara; Kiribai Chemical, Osaka, Japan), and
an infrared eyelid warming goggle (Eye Hot R; Cept, Tokyo,
Japan). On the basis of a subjective sense of skin wetness
during or after warming, we divided these devices into two
groups designated “wet warming” and “non-wet warming”
(Table 1). This categorization was verified by measurement
of the amount of residual water on the lid surface after
removal of each device. Hot Eye Mask is a disposable sheet
with a warming mechanism based on the oxidation of
iron19; Memoto Este is an electrical massage and warming
device equipped with a wet water sponge; Azuki no Chikara
is a small pillow containing red beans that are warmed in a
microwave oven; and Eye Hot R is equipped with a source of
near-visible red light (wavelength of 700 nm) and is an
improved version of the infrared-based Eye Hot device.18,25

The hot towel was microwaved at 500 W for 30 seconds
before application. It was wrung sufficiently before applica-
tion so that it did not leave obviously wet skin after eyelid
warming. Hot Eye Mask was applied immediately after
opening of each individual package. Memoto Este was
applied after turning on the device. Azuki no Chikara was
microwaved for 30 seconds at 500 W. Eye Hot R was applied
immediately after turning on the light source. Non-warmed
devices were applied as a control procedure for the measure-
ments in the single warming protocol.

The surface temperature of the devices was measured
with the use of an ocular surface thermographer
(TG-1000; TOMEY, Nagoya, Japan) before and 5 minutes
after microwaving or activation, and the temperature change
, VOL. 13 NO. 4 / www.theocularsurface.com
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Table 1. Warming devices and mechanisms

Type Device
Subjective
wetness

Moisture
supply (g/5 min)

Temperature
change (�C/min) Warming mechanism

Wet warming Hot towel Most 1.57 � 0.76 �4.1 � 0.7 Microwave-warmed
wet towel

Hot Eye Mask Yes 0.08 � 0.02 �2.7 � 0.3 Oxidation of iron

Memoto Este Yes 0.07 � 0.03 �0.7 � 0.2 Electrical massaging
and warming

Non-wet warming Azuki no Chikara No 0.00 � 0.00 �1.2 � 0.1 Microwave-warmed
red beans

Eye Hot R No 0.00 � 0.00 2.2 � 0.2 Near-visible red light

Quantitative data are means � SD from independent experiments for values obtained on three separate days.
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is shown in Table 1. The temperature of each device was
determined as the warmest temperature obtained from the
measured area. The residual moisture left on the surface
of the eyelid by each device after 5 minutes was also
collected with conventional facial tissue paper (Kawano
Seishi, Kochi, Japan) and measured by weight determination
with an electric balance (Table 1). The temperature and
moisture value for each warming device were determined
as the mean � SD for measurements obtained on three
different days.

C. Study Protocols
1. Application of Warming Devices

The examiners (R.A., R.S., N.M., and Y.S.) were masked
with regard to the warming device applied. For evaluation of
the effects of a single application of the five devices in
normal subjects, each warmed device was applied to each in-
dividual for 5 minutes on different days. The sequence of
device application was determined in a pseudo-random
manner by each subject. The examiner was waiting in an
adjacent room during the warming application. A nurse or
clinical research assistant removed the warming device,
and the examiner then entered the subject’s room to carry
out the clinical evaluation immediately. Parameters related
to the ocular surface, tear film, and meibomian glands
were measured before as well as immediately after and 10
and 30 minutes after the removal of each device. Measure-
ment of each ocular surface temperature was performed
within 5 seconds, and tear film breakup time (TFBUT)
was measured within 10 seconds. All examinations were
completed within 1 minute.

After single application of the warmed devices, evalua-
tion of the application of non-warmed devices was per-
formed in a device-masked manner as described above.
For evaluation of the effects of repeated warming in normal
subjects, the subjects were instructed to apply Azuki no Chi-
kara as a non-wet warming device for 5 minutes twice a day
for 2 weeks. Two weeks after termination of this treatment,
THE OCULAR SURFACE / OCTOBER 2015, VO
the subjects were instructed to apply a hot towel as a wet
warming device for 5 minutes twice a day for 2 weeks. For
evaluation of the effects of repeated warming in patients
with MGD, the patients were instructed to apply Azuki no
Chikara for 5 minutes twice a day for 1 month. Treatment
with artificial tears that had been instituted before the study
was not changed during this 1-month period.

2. Assessment of Ocular Symptoms
Ocular discomfort symptomatology was evaluated with

the use of the visual analog scale (VAS), with the question-
naire addressing symptoms such as dryness sensation,
foreign body sensation, and other ocular discomfort, and
the scale ranging from 0 (no symptoms) to 100 (severe
symptoms) points. The VAS was presented as a series of
10-cm lines, and the subjects were asked to check a point
on each line corresponding to the extent of their symptoms
both before and after eyelid warming.

3. Measurement of Eye Temperatures, Tear Film Pa-
rameters, and Meibomian Gland Morphology and
Function
Examinations were performed sequentially both before

and after eyelid warming for the single warming evaluation
in normal subjects. Superficial punctate keratopathy (SPK)
of the cornea was scored from 0 to 3 on the basis of fluores-
cein staining. TFBUT was measured three times consecu-
tively after the instillation of 1 ml of 1% fluorescein with a
micropipette, and the mean value was calculated. Eyelid
skin, tarsal conjunctival, and central corneal temperatures
were measured with the use of an ocular surface
thermographer in a standard clinic room maintained at a
relatively constant temperature (25.3� � 1.2�C), humidity
(41.2 � 6.3%), and brightness (300 lux). The subjects were
positioned in a standard ophthalmic chin- and head-rest
and were instructed to look forward. The eyelid skin tem-
perature was measured with both eyes shut, the tarsal
conjunctival temperature was measured immediately after
L. 13 NO. 4 / www.theocularsurface.com 323
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Figure 1. Time course of changes in VAS symptom score (A) and TFBUT (B) after a single application of warming devices for 5 minutes. Data are
means � SD for 10 eyes of 10 normal subjects.
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the eyelid was turned over, and the central corneal temper-
ature was measured under the condition of normal blinking.
The surface temperature was not displayed until after the re-
gion for evaluation had been determined. The measurement
was thus performed automatically and not subject to any
bias.

For evaluation of repeated warming, the upper and
lower eyelids were turned over and the meibomian glands
were observed by noncontact meibography with a BG-4M
instrument (TOPCON, Tokyo, Japan). The noncontact mei-
bography system we developed allows us to observe all areas
from the nasal to the lateral edge in both upper and lower
eyelids.26 Quantitative analysis of meibomian gland area
Figure 2. Time course of changes in surface temperature for eyelid skin
application of warming devices for 5 minutes. Data are means � SD for 10
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was performed with the use of a newly developed program.27

SPK score, TFBUT, meibum grade (MGD patients),
Schirmer test value (for evaluation of tear film production
without topical anesthesia), and eye surface temperatures
(eyelid skin, tarsal conjunctiva, and central cornea) were
also measured. For patients with MGD, digital pressure
was applied to the upper tarsus, and meibum expression
was evaluated semiquantitatively according to the following
grades4: 0, clear meibum easily expressed; 1, cloudy meibum
expressed with mild pressure; 2, cloudy meibum expressed
with more than moderate pressure; and 3, meibum not
expressed even with strong pressure. All analyses were per-
formed both before (at least 1 day) the initial application of
(A), the tarsal conjunctiva (B), and the central cornea (C) after a single
eyes of 10 normal subjects.

, VOL. 13 NO. 4 / www.theocularsurface.com
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warming as well as during the daytime at least 8 hours after
the final warming period in order to avoid an immediate ef-
fect of warming.

To minimize the effects of measurements on ocular sur-
face parameters, we performed the clinical examinations in
the following orders. For single warming, the order was: 1)
SPK score, 2) TFBUT, 3) eyelid skin temperature, 4) central
corneal temperature, and 5) tarsal conjunctival temperature.
For repeatedwarming in normal andMGD subjects, the order
was: 1) SPK score, 2) TFBUT, 3) eyelid skin temperature, 4)
central corneal temperature, 5) tarsal conjunctival tempera-
ture, 6) noninvasive meibography, and 7) Schirmer test. In
addition, as a final examination for repeated warming in pa-
tients with MGD, we assessed meibum grade.

D. Statistical Analysis
Data are presented as means � SD. For evaluation of

single warming application, changes in VAS score, TFBUT,
or eye (eyelid skin, tarsal conjunctiva, or central cornea) sur-
face temperatures between before and either immediately or
10 or 30 minutes after the warming period were assessed
with the Wilcoxon signed rank sum test. Differences in
the effects of the five devices were evaluated with the Fried-
man test. For evaluation of repeated warming, changes in
SPK score, TFBUT, meibum grade, eye (eyelid skin, tarsal
conjunctiva, or central cornea) surface temperatures,
Schirmer test value, or meibomian gland area were assessed
with the paired Student’s t test. A P value of <.05 was
considered statistically significant.

III. RESULTS
A. Evaluation of Single Warming Application

The VAS score showed significant (P<.05) improvement
immediately after application of each warmed device for 5
minutes (Figure 1A). Hot Eye Mask and Azuki no Chikara
also significantly (P<.05) improved the VAS score at 30 mi-
nutes after warming.

No corneal staining was apparent before or after applica-
tion of any of the warmed devices. TFBUT was significantly
(P<.05) prolonged immediately after the application of
warmed Hot Eye Mask, Azuki no Chikara, or Eye Hot R
for 5 minutes as well as at 10 minutes after the removal of
Hot Eye Mask (Figure 1B).

The surface temperature of eyelid skin was significantly
increased immediately after the application of each of the
five warmed devices for 5minutes (P<.01) as well as at 10 mi-
nutes after the removal of the hot towel (P<.05), Hot Eye
Mask (P < .01), Azuki no Chikara (P<.01), or Eye Hot R
(P<.05) and at 30 minutes after the removal of Azuki no Chi-
kara (P<.01) (Figure 2A). The surface temperature of the
tarsal conjunctiva was significantly (P<.01) increased imme-
diately after application of Hot Eye Mask, Azuki no Chikara,
or Eye Hot R for 5 minutes as well as at 10 minutes after the
removal of Azuki no Chikara or Eye Hot R (Figure 2B). The
surface temperature of the central cornea was significantly
increased immediately after application of the hot towel,
Hot Eye Mask, Memoto Este, or Azuki no Chikara for 5
THE OCULAR SURFACE / OCTOBER 2015, VO
minutes (P<.01), and it was significantly increased at 10 mi-
nutes after the removal of Hot Eye Mask, Memoto Este, or
Azuki no Chikara (P<.01, P<.05, and P<.05, respectively)
as well as at 30 minutes after the removal of Hot Eye Mask
(P<.05) (Figure 2C). Figure 3 shows representative images
of the changes in eye surface temperatures apparent immedi-
ately as well as 10 and 30 minutes after the application of
warmed Azuki no Chikara for 5 minutes. Compared with
the preapplication image, the image obtained immediately af-
ter warming shows an increased temperature of eye tissue,
including the eyelid skin, tarsal conjunctiva, and cornea.
The images obtained at 10 and 30 minutes after warming
reveal a gradual cooling of surface temperatures.

Non-warmed devices examined as a control had no sig-
nificant effects on either TFBUT (Figure 1B) or eye temper-
atures (Figure 2) compared with baseline for each device
application. There was no significant difference among the
effects of the five warmed devices on the VAS score, TFBUT,
or eye surface temperatures. Warmed device applications
were significantly more effective in some parameters than
non-warmed devices applications (Table 2).

B. Evaluation of Repeated Warming in Normal
Subjects
The application of Azuki no Chikara as a representative

non-wet warming device to normal subjects for 5 minutes
twice a day for 2 weeks resulted in a significant improve-
ment in TFBUT, as well as a significant increase in the tem-
perature of the tarsal conjunctiva measured at w8 hours
after the last warming period (Table 3). It also resulted in
a significant increase in meibomian gland area (Table 3).
In contrast, similar application of a hot towel as a represen-
tative wet-warming device for 2 weeks did not significantly
affect any of the measured parameters (Table 4).

C. Evaluation of Repeated Warming in Patients with
MGD
Our results for single and repeated warming indicated

that repeated application of a non-wet warming device
resulted in a stable improvement in the condition of the
tear film. We therefore selected Azuki no Chikara as a repre-
sentative non-wet warming device for application (5 mi-
nutes twice a day for 1 month) to patients with MGD.
This procedure significantly improved SPK score, TFBUT,
and meibum grade, and it significantly increased the tem-
perature of the tarsal conjunctiva measured at w8 hours af-
ter the last warming period (Table 5). The Schirmer test
value was significantly reduced after the 1-month treatment
period (Table 5), whereas the meibomian gland area was
significantly increased (Table 5, Figure 4).

IV. DISCUSSION
We evaluated the effects of eyelid warming devices on

clinical parameters related to the tear film. A single applica-
tion of each warming device to normal subjects induced a
transient improvement in VAS score, TFBUT, and eye sur-
face temperatures, with most of these effects not persisting
L. 13 NO. 4 / www.theocularsurface.com 325
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Table 2. Statistical analysis comparing between warmed and nonwarmed devices

VAS score TFBUT

Devices 0 min 10 min 30 min 0 min 10 min 30 min

Hot Towel 0.011 0.035 0.041 0.182 0.955 0.885

Hot Eye Mask 0.003 0.016 0.009 0.001 0.005 0.223

Memoto Esthe 0.074 0.041 0.111 0.216 0.240 0.701

Azuki no Chikara 0.398 0.504 0.051 0.011 0.070 0.071

Eye Hot R 0.008 0.037 0.168 0.028 0.066 0.847

Eyelid skin temperature Tarsal conjunctival temperature

Hot Towel <0.001 0.013 0.382 0.018 0.117 0.042

Hot Eye Mask 0.062 0.042 0.260 0.002 0.003 0.029

Memoto Esthe 0.085 0.198 0.248 0.002 0.028 0.362

Azuki no Chikara <0.001 0.001 0.008 0.169 0.079 0.187

Eye Hot R 0.013 0.031 0.052 0.139 0.101 0.374

Central corneal temperature

Hot Towel 0.050 0.163 0.453

Hot Eye Mask <0.001 0.002 0.438

Memoto Esthe 0.034 0.594 0.563

Azuki no Chikara 0.012 0.106 0.216

Eye Hot R <0.001 <0.001 0.025

Data are p value compared between the applications of warmed devices and that of nonwarmed devices.
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for longer than 30 minutes. Repeated warming with Azuki
no Chikara as a non-wet warming device significantly
improved TFBUT and increased tarsal conjunctival temper-
ature and meibomian gland area in normal subjects. These
effects were still apparent at w8 hours after the last applica-
tion, whereas repeated application of a hot towel as a
Table 3. Comparison of tear filmerelated parameters and eye s
wet warming with Azuki no Chikara for 2 weeks in no

Parameter Before

TFBUT (seconds) 4.0 � 1.5

Eyelid skin temp. (�C) 33.7 � 0.6

Tarsal conjunctival temp. (�C) 33.2 � 0.7

Central corneal temp. (�C) 33.7 � 0.5

Schirmer test value (mm) 19.6 � 11.3

Meibomian gland area (%) 72.0 � 17.8

Data are means � SD for 10 eyes of 10 subjects. P values were determin

with an asterisk. Temp., temperature.
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wet-warming device had no such beneficial effects compared
with baseline values. Furthermore, repeated warming with
Azuki no Chikara in patients with MGD also resulted in a
significant and lasting improvement in SPK score, TFBUT,
meibum grade, tarsal conjunctival temperature, and meibo-
mian gland area compared with baseline values. Our results
urface temperatures between before and after repeated non-
rmal subjects

After P

7.1 � 1.9 <.001*

33.8 � 0.6 .312

34.2 � 0.7 <.001*

33.7 � 0.7 .394

20.2 � 11.5 .647

79.1 � 17.2 .009*

ed with the paired Student’s t test, and those of <0.05 are indicated

, VOL. 13 NO. 4 / www.theocularsurface.com
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Table 4. Comparison of tear filmerelated parameters and eye surface temperatures between before and after repeated wet
warming with a hot towel for 2 weeks in normal subjects

Parameter Before After P

TFBUT (seconds) 6.4 � 2.0 5.6 � 2.0 .281

Eyelid skin temp. (�C) 33.9 � 0.8 33.6 � 1.5 .103

Tarsal conjunctival temp. (�C) 33.6 � 0.9 33.6 � 1.1 .670

Central corneal temp. (�C) 33.9 � 1.0 33.9 � 1.1 .842

Schirmer test value (mm) 21.0 � 11.3 18.2 � 9.0 .251

Meibomian gland area (%) 68.0 � 18.4 68.4 � 19.1 .788

Data are means � SD for 10 eyes of 10 subjects. P values were determined with the paired Student’s t test.
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have thus revealed that repeated warming, in particular non-
wet warming, improves the condition of the tear film both in
normal subjects and in patients with MGD.

Our evaluation of a single warming application in
normal subjects revealed that all five warming devices
induced a temporary improvement in ocular conditions,
consistent with the widespread use of a warm compress to
treat MGD. However, the effects of a single application of
each of the devices examined in the present study tended
to have diminished by 10 minutes after device removal
and had largely disappeared at 30 minutes, indicating that
a single warming episode is insufficient for lasting improve-
ment in the condition of the tear film. Interestingly, the VAS
score for ocular discomfort decreased in normal subjects
after device application, indicative of a change in subjective
symptoms between before and after the procedure. Warm-
ing provides a sense of comfort and may thus improve the
score even in normal subjects.

Our evaluation of repeated warming in normal subjects
revealed that non-wet warming with Azuki no Chikara
increased meibomian gland area, suggesting that this proce-
dure may stimulate meibum production and thereby
Table 5. Comparison of tear filmerelated parameters and eye s
wet warming with Azuki no Chikara for 1 month in pa

Parameter Before

TFBUT (seconds) 2.3 � 0.7

Meibum grade 2.2 � 0.4

Eyelid skin temp. (�C) 33.5 � 0.5

Tarsal conjunctival temp. (�C) 33.0 � 0.8

Central corneal temp. (�C) 33.7 � 0.6

Schirmer test value (mm) 11.1 � 7.4

Meibomian gland area (%) 54.5 � 9.6

SPK score 1.3 � 0.5

Data are means � SD for 10 eyes of 10 subjects. P values were determined

an asterisk.
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promote formation of the oily layer on the surface of the
tear film and prolong TFBUT. Given that measurements
for repeated warming were performed during the daytime
at w8 hours after the last device application, the observed
effects of the repeated warming were relatively stable. Our
results thus suggest that non-wet warming at least twice
daily for 2 weeks may be required to improve the oily layer
of the tear film.

On the other hand, repeated wet warming with a hot
towel did not improve TFBUT, eye temperatures, or meibo-
mian gland area in normal subjects. The categorization of
warming devices as wet or non-wet was based on the subjec-
tive sensation of wetness during or after the warming proce-
dure and was confirmed by measurement of the moisture
supplied by each device to the eyelid. Wetness of the surface
of the eyelid skin may result in evaporative cooling and
thereby limit the beneficial effects of warming. In addition,
we found that the temperature of the hot towel itself
decreased at a rate of 4.1�C/minute over the initial 5
minutes after its removal from the microwave oven. It was
previously shown to be difficult to maintain the temperature
of a hot towel at >32�C (the melting point of meibum in
urface temperatures between before and after repeated non-
tients with MGD

After P

4.8 � 2.4 0.014*

1.0 � 0.7 <.001*

33.5 � 0.5 .833

33.6 � 0.8 .004*

33.7 � 0.5 .874

9.9 � 6.3 .024*

64.1 � 9.3 <.001*

0.5 � 0.7 .003*

with the paired Student’s t test, and those of <.05 are indicated with
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Figure 3. Representative ocular thermography images obtained before (left) as well as immediately (middle left), 10 minutes (middle right), and 30
minutes (right) after a single application of the Azuki no Chikara warming device for 5 minutes in a normal subject. Color scale from red to blue
corresponds to warm and cool temperatures, respectively.
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many normal individuals) for at least 5 minutes.12 Conven-
tional warm compress therapy maintains an increased eye
temperature by repeated changing of the towel.28-30 At a
temperature of >42�C, a hot towel was shown to induce
the Fischer-Schweitzer polygonal reflex,28 which is the
same as anterior corneal mosaic described by Bron.31-33

Moreover, warm compress therapy with a towel and mas-
sage is associated with the risk of an elevated corneal tem-
perature.34 Together, these various observations suggest
that wet warming may be less effective than non-wet warm-
ing for warming of the eyelids.

Our data suggest that repeated application of a non-wet
warming device is effective for eyelid warming. For daily
use, a warming device that warms eyelid skin through to the
tarsal conjunctiva without corneal heating is preferred.
Although the tarsal conjunctiva and cornea are positioned
close to each other, we found that repeated application of
Azuki no Chikara resulted in an increase in tarsal conjunctival
temperature without an increase in the central corneal tem-
perature. We have previously shown that the conjunctival
temperature was significantly lower in MGD patients than
in normal subjects, whereas the corneal temperature did not
differ between the two groups, indicating that blood flow in
the eyelids of patients with MGD is subclinically decreased
328 THE OCULAR SURFACE / OCTOBER 2015
compared with that in normal subjects.35 In this previous
study and in our present study, we applied an ocular surface
thermographer (TG-1000) to measure ocular surface temper-
atures. We thus speculate that the tarsal conjunctiva may be
able to maintain an increased temperature as a result of blood
circulation, whereas the avascular cornea cannot. Our present
data obtained with healthy subjects suggest that repeated
eyelid warming may be beneficial as a prophylactic approach
to improve the condition of the tear film and to prevent mei-
bomian gland disease. Given that the risk factors for MGD
remain unknown, however, it is difficult to predict the occur-
rence of MGD. Population-wide prevention of cardiovascular
diseases is possible with a well-controlled prevention pro-
gram.36 The development of similar programs for prevention
of MGD warrants further study.

We selected the sequence of clinical examinations per-
formed after warming device application so as to minimize
the effects of the procedures themselves on the measured pa-
rameters. Given that contact with the eyelid may have a
massage-like effect and thereby prolong TFBUT, we
measured TFBUT before we measured ocular surface tem-
peratures. Furthermore, the subjects held the fluorescein so-
lution in a 1.5-ml tube before its instillation in order to
ensure that it was at body temperature rather than room
Figure 4. Representative images
of a patient with MGD obtained by
noninvasive meibography before
and after repeated application of
Azuki no Chikara for 1 month.
Quantitative analysis revealed that
warming increased the meibomian
gland area of the lower eyelid from
19.5% to 28.2%.
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temperature. We measured the central corneal temperature
before the tarsal conjunctival temperature, because measure-
ment of the latter requires that the eyelid be flipped over,
possibly affecting tear distribution as well as the central
corneal temperature. Noninvasive meibography was per-
formed after measurement of ocular temperatures.

The enrollment of normal subjects in the present study
did not exclude individuals who had worn disposable con-
tact lenses for less than 1 year. During enrollment of such
subjects, we attempted to exclude individuals with sugges-
tive abnormalities of meibomian glands by checking for sub-
jective symptoms, lid margin defects, reduced secretion of
meibum, and qualitative changes to meibum. We did not
detect any such abnormalities in any of the enrolled normal
subjects, including the one individual who wore disposable
contact lenses. We previously showed that contact lens
wear affected meibomian gland morphology and that
changes to meibomian glands were related not to the type
of contact lens worn but to the wearing time. The meibo-
mian gland area in wearers of hard contact lenses tended
to be smaller than that in wearers of soft contact lenses,
but this difference was not statistically significant.37 A gen-
eral consensus that contact lens wear affects meibomian
glands or induces MGD has not been achieved, however,
despite the many studies that have examined the relation be-
tween the wearing of contact lenses and meibomian gland
changes.38 We therefore included disposable contact lens
users with a wearing history of less than 1 year as normal
subjects. Given the large number of contact lens wearers,
the inclusion of such individuals as normal subjects in
studies like the present one seems reasonable.

We have also now shown that repeated warming with
Azuki no Chikara improved clinical parameters such as
TFBUT, meibum grade, tarsal conjunctival temperature,
meibomian gland area, and SPK score in patients with
MGD, indicating that such warming might be effective for
the treatment of this condition. Eyelid warming is recom-
mended as primary care for MGD patients.7 Our data
now provide practical information regarding the application
of eyelid warming for such patients, suggesting that it should
be performed repeatedly, with a non-wet warming device,
and for at least 1 month. LipiFlow (Tear Science, Morrisville,
NC) was introduced as an ideal theoretical device for the
treatment of MGD.39,40 The effects of a single LipiFlow
treatment including an increase in eyelid temperature were
found to persist for more than 9 months.41,42 A more recent
study showed that repeated eyelid warming with massage
improved objective signs such as the lid margin condition
in patients with MGD to an extent similar to that observed
with a single LipiFlow treatment.43 Lipiflow treatment is
performed in hospital clinics, whereas warming procedures
can be performed daily by patients themselves at home.

Meibomian gland area detected by meibography was
recently shown to correlate with the thickness of the oily
layer of the tear film as evaluated with LipiView (Tear Sci-
ence).44 Although current settings for meibomian gland im-
aging in vivo do not allow evaluation of the volume of
THE OCULAR SURFACE / OCTOBER 2015, VO
meibum inside meibomian glands, they are sufficient to pro-
vide an indirect index of meibomian gland function. We
have also developed methodology for quantitative evaluation
of meibography images27 and have applied such quantita-
tion in the present study, revealing it to be sufficient for sta-
tistical analysis. Indeed, the difference in meibomian gland
area between baseline and after repeated warming with
Azuki no Chikara was 7.1% and 9.6% in normal subjects
and patients with MGD, respectively. We previously found
that the variance of repeated examinations in the same sub-
jects ranged from 0.40% to 0.59%,27 an order of magnitude
less than the differences between before and after treatment
in the present study.

Given the relatively small number of patients with MGD
enrolled in the present study, it was not possible to classify
them according to the severity of disease or age. Neverthe-
less, our results have shown that repeated warming was
effective for the amelioration of MGD. Future clinical inves-
tigations with larger numbers of subjects should provide
more detailed information on the treatment of MGD by
repeated eyelid warming.

Clinical examinations related to the condition of the tear
film, such as measurement of TFBUT, are subjective to a
certain degree and therefore susceptible to bias. In the
single-application protocol, examiners were completely
masked regarding the applied devices. However, we were
not able to mask the examinations as to whether the devices
were warmed or not warmed because the application of
non-warmed devices was introduced as a control late in the
study. The comparison between the application with warmed
devices and that with non-warmed devices demonstrated var-
ied significance immediately and 10minutes after application;
however, the significance was decreased 30 minutes after
application, indicating that the single warming effect was
possibly regressive. Although this lack of maskingmay poten-
tially have affected the TFBUT results, it is unlikely to have
influenced the objectivemeasurement of ocular temperatures.
In addition, we did not set a non-warmed control for the
repeated warming protocols in normal subjects andMGD pa-
tients. Instead, we examined the effects of the two representa-
tive devices by comparing baseline and post-warming values
of the measured parameters. Although such comparisons are
potentially subject to regression-to-the-mean effects, the
improvement in objective parameters such as tarsal conjunc-
tival temperature and meibomian gland area suggest that
repeated eyelid warming with Azuki no Chikara was effective
for the treatment of MGD.

V. CONCLUSION
A single application of commercially available eyelid

warming devices provides a temporary improvement in tear
film condition. Repeated non-wet warming for 2 weeks or 1
month was required to achieve a stable improvement in the
tear film associated with an increase in meibomian gland
area in normal subjects and patients with MGD, respectively.
Further masked and well-controlled studies are warranted to
confirm our provisional results in larger numbers of subjects.
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