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Abstract 

Background  Warm compresses are the routine treatment for Meibomian gland dysfunction (MGD) in daily life, 
but in order to achieve satisfactory efficacy, the treatment needs to be sustained over a long time, which can have 
an impact on the patient compliance. A more convenient warm compresses will help improve the patient compli-
ance. Therefore, the purpose of the study is to investigate the efficacy and safety of the disposable eyelid warming 
masks for treatment of dry eye disease (DED) due to MGD.

Methods  This was a randomized, controlled, non-masked, two-center clinical trial. One hundred and forty-four 
patients were treated by the masks or the hot towel twice daily for 12 weeks. Patients were evaluated at baseline, 
4-week and 12-week visits for subjective symptoms, objective signs and safety assessments, including ocular symp-
tom scores, ocular surface disease index (OSDI), tear break-up time (BUT), corneal fluorescein staining (CFS), Schirmer I 
test (SIT), meibum quality, meibum expressibility, and adverse events (AEs).

Results  A totle of 134 patients were followed in the study. The mean age of the masks group (14 males and 52 
females) and the hot towel group (20 males and 48 females) was 43.7 ± 13.5 years and 39.5 ± 13.9 years, respec-
tively. At 4-week visit, there were significant statistical differences in ocular symptom scores, OSDI and CFS 
between two groups (P < 0.05). Except for SIT, the treatment group showed a greater improvement in subjec-
tive symptoms and objective signs than the control group at 12-week visit. (P < 0.05). In addition, 40 AEs occurred 
in 27 patients (37.5%) in the treatment group, and 34 AEs occurred in 21 patients (29.17%) in the control group. 
No serious AEs were reported.

Conclusions  The masks had a good efficacy and safety in the treatment of DED due to MGD, and might offer 
an attractive treatment option for some patients.

Trial registration  The study was registered at Chinese Clinical Trial Registry (ChiCTR1900025443) on August 26, 2019.
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Background
Meibomian gland dysfunction (MGD) is a common ocu-
lar surface disease, which may result in alteration of the 
tear film and discomfort [1]. The terminal duct and ori-
fice obstruction and qualitative/quantitative changes in 
meibum were the main pathogenesis [2]. Several clinic-
based patient cohort studies showed that the prevalence 
of MGD in dry eye subjects was high, with a range of 
46.2% to 86% [3–7], especially in the United States and 
Europe [7]. Therefore, MGD was considered to be the 
most common form of dry eye disease (DED), although 
the evidence was not yet sufficient [7–9].

Current modalities of MGD treatment included lid 
hygiene, warm compresses, forceful expression/mechani-
cal massage, artificial lubricants, topical anti-inflam-
matory therapy, and systemic and topical antibiotics 
[10–12]. Eyelid warming/warm compresses was applied 
to improve and/or restore the function of the meibo-
mian glands by softening or liquefying the secretions in 
obstructed glands, so as to improve the subjective feeling 
of ocular dryness. At present, warm compress therapy is 
a routinely recommended treatment for MGD in clinical 
practice due to its convenience, high cost performance 
and good tolerance [10–12].

Many clinical studies had demonstrated that the meth-
ods of heat application to the eyelids for the treatment 
of MGD was safe and effective [13–15]. As to the con-
ventional hot towel, patients usually needed to replace 
the compresses during the treatment to ensure that the 
temperature remained constant. Moreover, since MGD 
was a chronic disease, in order to achieve satisfac-
tory clinical efficacy, the routine treatment needed to be 
sustained over a long period of time, i.e., the labor inten-
sity increases, which could have an impact on  the 
patient  compliance [9, 10]. Therefore, a more conveni-
ent method of performing warm compresses would help 
improve the patient compliance.

In this study, we investigated the short-term clinical 
efficacy and safety of the commercially disposable heat-
ing eye masks for the treatment of DED due to MGD.

Methods
Warm compresses
Disposable heating eye masks
The disposable heating eye masks (18.5 × 8 cm, Shanghai 
Warmyou Industry Co.,Ltd, Shanghai, China) in the teat-
ment group are composed of a heating layer and an acces-
sory structure (Fig. 1). The heating layer is composed of a 
heating sheet (containing iron powder, activated carbon, 
salt and water) and a breathable membrane. The mecha-
nism of heat generation is the oxidation of iron (Fe). The 
chemical reaction scheme is as follows: 4 Fe + 3 O2 + 6 
H2O = 4 Fe(OH)3 [15]. Once the reaction begins, the H2O 

is heated and evaporates into the surrounding environ-
ment. The whole chemical reaction lasts about 20  min, 
and the mean temperature was about 41℃. It is impor-
tant to note that the disposable heating eye masks should 
be quickly taken out of the sealed package before apply-
ing warm compresses to the eyelids.

Hot towel
The plain white cotton towels (68 × 34 cm) were used as 
the compresses applied to the eyelids of each patient in 
the control group. The towel needed to be replaced after 
one week of use. The specific operation is as follows: (1) 
First, heat water up to 45℃ (± 1℃) measured by a ther-
mometer with digital display; (2) Second, fold the com-
presses in a way of approximately 17 × 8.5  cm and 16 
layers thick, then immerse the folded compresses into 
the heated water; (3) Third, after removing excess water 
by wringing the towels, place the moist compresses over 
both eyelids. Finally, in order to achieve an effective 
warm compress therapy, the hot towel should be replaced 
every 3 min to ensure that the temperature remained rel-
atively constant.

Study design and participants
This was a randomized, controlled, non-masked, two-
center clinical trial, which included follow-up for 
12  weeks and consisted of 4-week and 12-week visits. 
Patients were recruited from the outpatient departments 
of Longhua Hospital Affiliated to Shanghai University 
of Traditional Chinese Medicine and Tongji Hospital 
of Tongji University between August 2019 and Decem-
ber 2021. Consecutive patients were randomized 1:1 to 
the treatment group (disposable heating eye masks) or 
the control group (folded hot towel) using the random 
numerical table. This research was reviewed by an inde-
pendent ethical review board and conforms with the 
principles and applicable guidelines for the protection 
of human subjects in biomedical research. Subsequently, 
the study was registered at Chinese Clinical Trial Regis-
try (ChiCTR1900025443). Written informed consent was 
obtained from all patients after explaining the purpose of 
study. The duration of the study was 3 years.

Inclusion criteria were as follows [10, 12, 16–18]: (1) 
participants aged ≥ 18 years and ≤ 70 years, (2) complaint 
of ocular discomfort symptoms—foreign body sensation, 
dryness, blurred vision, pain, itching, redness, photopho-
bia, lacrimation, excessive blinking, etc., (3) ocular sur-
face disease index (OSDI) scores of 13 points or higher, 
(4) tear break-up time (BUT) of 5 s or less, (5) Schirmer 
I testwithout anesthesia of 5  mm or more at 5  min, (6) 
abnormalities of meibum quality and expressibility, (7) 
ability to understand and sign informed consent, willing-
ness and ability to cooperate with study requirements, 
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and (8) agreeing to use a reliable form of contraception in 
cases of patients with childbearing potential.

Key exclusion criteria were as follows: (1) had active 
ocular allergies; (2) ocular infection/inflammation; (3) 
conjunctivochalasis; (4) entropion and trichiasis; (5) his-
tory of chalazion or hordeolum within the past 3 months; 
(6) worn contact lens within the past 3 months; (7) had 
ocular surgery within the past 3 months; (8) meibomian 
gland loss area ≥ 33% of the total area in each eyelid [19]; 
(9) use of vectored thermal pulsation system (Lipiflow®) 
or intense pulsed light (IPL) or isotretinoin (accutane) 
within the past 6  months; (10) had autoimmune dis-
ease requiring systemic treatment; (11) was unwilling or 
unable to discontinue the following medications during 
the study or during a 14-day washout period before the 
start of the study: systemic or ocular antibiotics, systemic 
or ocular steroids, anticholinergics, systemic or ocular 
antihistamines, ocular nonsteroidal antiinflammatory 
preparations, ocular vasoconstrictors, and investigational 
drugs; (12) patients participating in the clinical trial 
within 3 months; (13) was pregnant or lactating women.

Intervention
The basic treatment of both groups included lid hygiene 
twice a day and 0.1% sodium hyaluronate eye drops 
(5  mL:5  mg, Zhuhai Federal Pharmaceutical Limited by 
Share Ltd, Zhuhai, China) 4 to 6 times a day for 12 weeks 
[18]. The treatment and control groups were separately 

treated by the disposable heating eye masks and the 
folded hot towel twice daily for 12 min each time [13].

In  clinical practice, no matter how severe the conse-
quences, there is no assurance that all patients will fol-
low professional medical advice. Warm compresses were 
time-consuming and labour intensive and might lead to 
subjective compliance problems in some patients. Con-
sidering that inadequate compliance might be a signifi-
cant contributor to the poor therapeutic effect for MGD 
patients. To enhance the patient compliance, a text alert 
three times a week and a telephone interview once a 
week were conducted in both groups, and the measure-
ment records of the thermometer in the control group 
were checked in time. It should be emphasized that the 
compliances of warm compresses were calculated in both 
groups through the record forms filled out by patients.

Clinical assessments
Referring to our previous articles [18, 20], all patients 
were required to fill out the subjective symptom and 
OSDI questionnaires (a scale from 0 to 100, with higher 
scores indicative of greater symptom severity), and 
underwent the slit-lamp biomicroscopy examinations as 
well as clinical tests, including BUT [the average time of 
three measurements with the sterile sodium fluorescein 
strips (Tianjin Jinming New Technology Development 
Co Ltd, Tianjin, China)], corneal fluorescein staining 
(CFS), Schirmer test without anesthesia [SIT, measured 

Fig. 1  Schematic diagram of disposable heating eye masks
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by a sterile Schirmer strip (Tianjin Jinming New Technol-
ogy Development Co Ltd)], and meibum expressibility 
and quality [10, 17, 18, 20, 21]. For consistency, the meas-
urements and evaluations of the parameters were per-
formed by two experienced ophthalmologists (D.-H. W. 
and W. X.), who were well trained on the protocol for the 
examinations at the beginning of the study.

Among, a subjective symptom questionnaire graded 
7 symptoms (dryness, foreign body sensation, burning 
sensation, eyestrain, photophobia, itching, and blurred 
vision) as absent, mild, moderate, or severe. Each symp-
tom was weighted from 0 to 3 depending on severity, 
giving each patient a maximum possible total score of 
21 [18]. After BUT measurements, Fluorescein stain-
ing of 4 areas of the cornea (inferior, superior, nasal, and 
temporal) was rated by the investigator according to the 
scale (grade 0 [no punctate staining] to grade 3 [confluent 
patches, filaments, or ulcer]); the total CFS score for each 
eye was the sum of the individual scores (maximum, 12) 
[17, 18]. The meibum quality grade scale was evaluated in 
8 glands of the lower eyelid on a scale of 0 to 3 for each 
gland (0, clear; 1, cloudy; 2, cloudy with debris; and 3, 
thick, like toothpaste) [10, 17, 18]. The meibum express-
ibility grade scale was evaluated in 5 glands in the lower 
eyelid, and each scored from 0 to 3 (0, all glands express-
ible; 1, 3 to 4 glands expressible; 2, 1 to 2 glands express-
ible; and 3, no glands expressible) [10, 17, 18].

Sample size calculation
The primary effectiveness endpoints were defined as 
change from baseline to 12  weeks for Ocular Surface 
Disease Index (OSDI) scores and tear film breakup time 
(BUT). Secondary effectiveness endpoints included 
meibum expressibility and quality, and corneal fluores-
cein staining (CFS) scores. Referring to the existing lit-
eratures on the treatment of DED due to MGD [14–16], 
the sample size was calculated through two independ-
ent samples T-test of the mean values of BUT and OSDI 
scores. Assume that the Type I error rate (α) was 0.05, 
the Type II error rate (β) was 0.2, and sample allocation 
ratio was 1. Then, according to the actual situation—loss 
of follow-up visit, the sample size needed to be increased 
by a certain proportion (approximately 20%). Finally, the 
sample size of the treatment group was 72, and the sam-
ple size of the control group was 72.

Safety assessments
Ocular safety was assessed at 4-week and 12-week vis-
its by examining best corrected visual acuity (BCVA), 
intraocular pressure (IOP), eyelids, conjunctiva, cornea, 
anterior chamber, and lens. At the same time, patients 
were also questioned for adverse events.

Statistical analysis
According to CFS, only the more severe eye was 
included in this study. If the data of both eyes were the 
same, the data of right eyes were included. The data 
of clinical tests were presented as the mean ± stand-
ard deviations (SD). The Shapiro–Wilk (S-W) test was 
used to calculate the normality of the ocular symp-
tom scores, OSDI, BUT, CFS, SIT, meibum qual-
ity, and meibum expressibility at baseline, at 4-week, 
and 12-week visits. The statistical analyses were per-
formed with Student’s t test and nonparametric test. 
The description of the classification indicators uses 
the number of cases and percentages of each category. 
P < 0.05 was considered significant. All analyses were 
performed with SAS (version  9.0,  SAS Institute  Inc., 
Cary, NC, USA).

Results
A total of 144 patients were enrolled in this study, and 
134 patients completed the study (93.1%), as shown 
in Fig.  2. The mean age of 66 subjects (14 males and 
52 females) in the eye masks group and 68 subjects 
(20 males and 48 females) in the hot towel group was 
43.7 ± 13.5 years and 39.5 ± 13.9 years, respectively. The 
detailed demographic characteristics were presented in 
Table 1.

At 4-week and 12-week visits, the two groups had vary-
ing degrees of improvement in ocular symptom scores, 
OSDI, BUT, CFS, meibum quality and meibum express-
ibility compared with the baseline (P < 0.05). At 4-week 
visit, there were significant statistical differences in ocu-
lar symptom scores, OSDI and CFS between two groups 
(P < 0.05). At 12-week visit, except for SIT, the eye masks 
group showed a greater improvement in subjective 
symptoms and objective signs than the hot towel group 
(P < 0.05). The detailed clinical parameters of the study 
were presented in Table 2.

Patients were treated with warm compresses twice 
daily for 12  weeks, with an overall compliance rate of 
88.6% (9824/11088) in the eye masks group and 81.5% 
(9311/11424) in the hot towel group. Forty adverse events 
occurred in 27 patients (37.5%) in the treatment group, 
and 34 adverse events occurred in 21 patients (29.17%) 
in the control group. Among, ocular AEs that might be 
related to warm compresses in both groups included dry-
ness, eyelid edema, blurred vision, itching or eye pru-
ritus, chemosis, conjunctival congestion, foreign body 
sensation, irritation, lacrimation or tearing, and subcon-
junctival hemorrhage (Table  3). Furthermore, there was 
no significant impact on BCVA, IOP and lens in both 
groups. During the 3-month study, no serious adverse 
events were reported.
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Discussion
MGD is a common disease in ophthalmology, which 
is closely associated with evaporative dry eye [8]. A 
systematic review and meta-analysis showed that the 
global  prevalence of MGD was 35.9% [22]. According 
to several population-based cross-sectional studies, the 
prevalence of MGD and DED in Japan was 32.9% and 
33.4%, respectively, with a coexistence rate of 12.9% 
[23].  The prevalence of MGD and DED in the United 
States were 21.2% and 8.1%, respectively [24]. The prev-
alence of MGD and DED among people over 40 years of 

age in Russia was 52.6% and 35.3%, respectively [25]. In 
addition, with the widespread use of video display ter-
minals in daily work and life, the prevalence of MGD 
in video display terminals workers is high (74.3%) [26], 
and it plays an important role in the severity of DED 
[27].

Obstructive MGD is characterized by the abnormal 
gland structure and lipid changes in the meibomian 
glands [1]. Clinically, warm compresses is a routine rec-
ommended treatment for MGD [10–12]. But so far, the 
temperature and time required to melt the secretions in 
the meibomian gland ducts have been unclear [11]. Sev-
eral studies had shown that the melting point of mei-
bomian gland lipids ranged from 30℃ to 45℃ [28–31], 
which partly reflected that the lipids were a highly com-
plex mixture [32]. McCulley et al. [33] suggested that the 
lipids with different compositions had different melt-
ing points, and MGD could make lipids shift to higher 
melting points, resulting in stagnant and poor dynamic 
tear films. In addition, Murakami et al. [13] believed that 
heating a single meibomian gland to a temperature of 
40℃ might be the best treatment. It should be pointed 
out here that 40℃ referred to the temperature of the con-
junctiva and meibomian glands, not the temperature on 
the contact surface of the device or eyelid skin.

Fig. 2  Flowchart to indicate the disposition of subjects from screening to study completion

Table 1  Demographic data for all participants

NA not applicable

Hot towel Eye masks P value

Number of subjects 68 66 NA

Age, years

  Mean ± SD 39.5 ± 13.9 43.7 ± 13.5 0.08

  Median 35.5 43.0 NA

  Minimum, maximum 22, 67 23, 70 NA

Gender, n (%)

  Male 20 (29.4) 14 (21.2) 0.28

  Female 48 (70.6) 52 (78.8)
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The application of warm compresses with or with-
out moisture, had been extensively studied in the treat-
ment of MGD [13–15, 34–40]. Murakami et  al. [13] 
tested 8 forms of contact and non-contact warm com-
press methods (dry, wet/moist and chemically activated 
dry heat), and found the efficacy of the compresses with 
moisture was better than that of the compresses using 
dry heat, which might be related to the different physi-
cal  properties of heat  transfer. Conversely, Arita et  al. 
[40] suggested that the repeated eyelid warming with 
non-moist devices was more effective than that with 
warm-moist devices in improving the tear film function. 

The  likely  explanation for this discrepancy was  that the 
rapid evaporative cooling of oculur surface after the 
wet heating treatment limited the efficacy of the heat-
ing devices. Based on the mentioned above, compared 
with dry heat treatment, the heating effect of moist warm 
compresses on the eyelids is still controversial. In addi-
tion, the novel eyelid warming treatments are also used 
in clinical practice, such as the vectored thermal pulsa-
tion system (42.5℃) and Activa mask (42℃) [41, 42].

In this study, our results showed that the disposable 
eyelid warming masks could be effective and the overall 
improvement of symptoms could be due to significant 
improvement of the function of the meibomian glands, 
which was consistent with the previous studies [15, 34, 
38]. Reheating the compresses every 3  min to maintain 
the therapeutic levels of heat was time consuming and 
tedious in the hot towel group, which might result in 
poor compliance. At this time, the efficacy of the treat-
ment was often hampered. In addition, the discrepancies 
in the ocular surface temperature between two groups 
might contribute to different outcomes, which might 
partly explain the poor efficacy of the hot towel group 
compared with the eye masks group.

Although warm compresses are convenient for patients 
with diverse economic capability in daily life, the com-
pliance with warm compress therapy is a long-existing 
problem for the treatment of MGD [10, 11]. So far, there 
are few relevant published literatures. In this trial, refer-
ring to the data on the compliance with warm compress 
therapy for 12 weeks, we believed that it was very difficult 

Table 2  Ocular symptom scores, OSDI, BUT, CFS, SIT, meibum quality and meibum expressibility at each visit for both groups

OSDI ocular surface disease index, BUT tear break-up time, CFS corneal fluorescein staining, SIT Schirmer test without anesthesia
* Compared with before treatment, P < 0.05
△ compared with the control group, P < 0.05

Clinical parameters Treatment Severity score (mean ± SD)

Baseline 4 weeks 12 weeks

Ocular symptom scores Hot towel 7.85 ± 2.81 6.22 ± 2.51* 5.28 ± 2.37*

Eye masks 8.86 ± 3.18 4.79 ± 2.37* △ 2.91 ± 2.09* △

OSDI Hot towel 25.89 ± 13.34 21.63 ± 13.51* 19.24 ± 11.55*

Eye masks 27.03 ± 13.71 13.31 ± 9.53* △ 6.28 ± 5.51* △

BUT (seconds) Hot towel 2.90 ± 1.71 3.22 ± 2.01* 3.24 ± 2.36*

Eye masks 2.67 ± 1.69 3.73 ± 2.19* 5.02 ± 3.03* △

CFS Hot towel 1.94 ± 3.09 1.76 ± 2.33* 1.35 ± 2.51*

Eye masks 1.76 ± 2.41 0.82 ± 1.79* △ 0.45 ± 1.34* △

SIT (mm) Hot towel 10.26 ± 9.34 9.01 ± 7.25 9.37 ± 7.06

Eye masks 11.26 ± 9.02 11.24 ± 8.32 12.52 ± 8.83

Meibum quality Hot towel 9.37 ± 6.20 8.47 ± 5.29* 8.07 ± 5.35*

Eye masks 10.35 ± 5.69 8.88 ± 4.29* 5.97 ± 4.24* △

Meibum expressibility Hot towel 1.24 ± 0.69 0.90 ± 0.72* 0.62 ± 0.60*

Eye masks 1.24 ± 0.79 0.86 ± 0.68* 0.27 ± 0.48* △

Table 3  Frequent of the adverse events(AEs) that might be 
related to warm compresses in both groups

Hot towel (n = 68), 
n (%)

Eye masks 
(n = 66), n 
(%)

Dryness 2 (2.94%) 1 (1.52%)

Eyelid edema 2 (2.94%) 3 (4.55%)

Blurred vision 3 (4.41%) 2 (3.03%)

Itching 0 3 (4.55%)

Chemosis 0 1 (1.52%)

Conjunctival congestion 1 (1.47%) 2 (3.03%)

Foreign body sensation 1 (1.47%) 0

Irritation 0 2 (3.03%)

Lacrimation 1 (1.47%) 0

Subconjunctival hemorrhage 1 (1.47%) 0
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to urge patients to keep conducting warm compresses to 
maintain long-term control of symptoms. Therefore, in 
order to improve the patient compliance, it is necessary 
to develop or invent a warm compress device which can 
maintain long-time efficiency after a single or short-term 
treatment. The vectored thermal pulsation system seems 
to provide a good reference for future research [43].

It should be noted that we didn’t measure the ocular 
temperature before and after warm compresses in this 
pilot study. Nevertheless, both groups raised the ocular 
temperatures to the levels of treatment, demonstrating 
the potential to provide the symptomatic relief in patients 
with lower disease severity. Referring to previously pub-
lished literatures [13, 15, 39, 44], the external eyelid tem-
perature after using the disposable eyelid warming masks 
for 2–5  min ranged from 38.6℃ to 40.3℃, which was 
lower than that (40.4℃ to 41.4℃) after using the warming 
towel for 4–6  min. However, a randomized, controlled 
trial demonstrated that the effect of the disposable eye-
lid warming masks was similar to that of the warm towel, 
which was inconsistent with our study [45]. A possible 
explanation was that different products, and the severity 
of symptoms and signs of MGD at baseline might affect 
the results of the study [45]. Moreover, although many 
studies had demonstrated the efficacy of the disposable 
eyelid warming masks in treating MGD [13, 15, 39, 44, 
45], there were a lack of relevant data in China. There-
fore, in order to increase the integrity of the global data, 
we conducted this study, although new information or 
additional benefit exceed the current methods of heat-
ing eye masks was insufficient compared to other similar 
products previously studied.

Generally, the disposable eyelid warming masks were 
safe and effective, with mild ocular AEs and no SAES, 
which was similar to the previous reports [45, 46]. Fur-
thermore, despite positive outcomes, there were some 
limitations in this prospective clinical trial, including the 
following  aspects: 1) Care should be taken to avoid the 
thermal damage after warm compresses. Fortunately, the 
pain response is a safeguard to avoid thermal damage 
to the eyelid skin. 2) To facilitate the study, we excluded 
patients with moderate to severe meibomian gland drop-
out, which might diminish the relevance of this article. 3) 
Additionally, the thickness of tear lipid layer before and 
after warm compresses was not investigated. Further 
studies are warranted to provide more information.

Conclusions
Our study suggested that the disposable eyelid warming 
masks had a good efficacy and safety in the treatment of 
DED due to MGD, and might offer an attractive treat-
ment option for some patients.
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