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ABSTRACT 
Purpose: In this review, we aimed to investigate the literature on sex-specific prevalence of mei-
bomian gland dysfunction (MGD) and to determine whether women or men are more at risk 
for MGD.
Methods: A search was conducted on PubMed using the terms: (Sex OR Gender OR prevalence) 
AND (Meibomian gland).
Results: Twenty-four relevant studies on MGD prevalence were identified, including 10 popula-
tion-based and 14 hospital-based studies. Among the population-based studies, five studies 
reported higher rates among men, three studies found no differences, and one study observed 
higher rates among women. In the hospital-based studies, 10 studies reported no difference, two 
found higher rates among men, and one found higher among women. In the reviewed literature, 
there was a considerable variation between studies in terms of quality, sample size, age ranges, 
diagnostic criteria.
Conclusions: While most of the population-based studies suggest a higher prevalence among 
men, the majority of clinic-based studies show no significant difference. Further research with 
larger samples and standardized criteria is needed to determine whether men are indeed more 
susceptible to MGD.
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Introduction

Dry eye disease (DED) is a “multifactorial disease of the 
ocular surface characterized by a loss of homeostasis of the 
tear film and accompanied by ocular symptoms, in which 
tear film instability and hyperosmolality, ocular surface 
inflammation and damage, and neurosensory abnormalities 
play etiological roles”.1 Symptoms of DED include dryness, 
pain, foreign body sensation, and visual disturbances.

A large number of studies worldwide find that DED 
occurs more often among women.2–5 Thus, female sex is 
considered an established risk factor for DED. However, in 
the research literature on which this perception is based, dry 
eye prevalence is often based on subjective diagnostic crite-
ria in the form of questionnaires.

To obtain a more precise understanding of the role of 
sex in DED, studies looking into the different classes are 
needed. DED is classified into two major categories: aqueous 
deficiency dry eye (ADDE) and evaporative dry eye (EDE). 
Present literature illustrates the categories as two non- 

mutually exclusive entities in a continuum with a mixed type 
in between.1

Meibomian gland dysfunction (MGD) is the most com-
mon etiology of EDE.6 MGD is a chronic condition charac-
terized by a reduction in the quality or quantity of lipids, 
resulting in alterations in the tear film. Accordingly, MGD 
is clinically associated with low meibum quality and/or 
expressibility, and in some cases, abnormalities of lid mar-
gins such as telangiectasia.

Several studies have investigated the prevalence of MGD, 
although the numbers vary depending on the population 
and diagnostic criteria used. A few review articles have sum-
marized the results,7,8 and the global prevalence varies 
between 21.2% to 71%.7

Two review articles have attempted to assess the influence 
of sex on the prevalence of MGD.7,8 In the broad TFOS 
DEWS II Epidemiology Report, the authors presented a 
schematic overview of diverse studies on the prevalence of 
MGD.8 While a subset of these studies also reported sex- 
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specific prevalence, statistical tests for differences were not 
presented. Further, Hassanzadeh et al. conducted meta-anal-
yses on several factors tied to MGD prevalence globally, and 
found that MGD affected men more frequently than women, 
although there was a wide heterogeneity among the studies.7

Despite these findings, many questions tied to the relation-
ship between sex and MGD remain unanswered, and the 
current review article dedicated to the sex-specific differen-
ces in MGD, allows us to include, and critically review, a 
wider range of studies and perspectives on this specific 
question.

In this review article, we first summarize the global prev-
alences stratified by sex and provide an overview of the age 
of population and diagnostic criteria used among the 
included studies. Secondly, we summarize the clinical studies 
with outcomes of meibomian gland parameters stratified by 
sex. The aim of this review is to provide more knowledge of 
the currently unsettled role of sex in the widespread dis-
ease MGD.

Methods

Search strategy

A literature search was conducted on PubMed on the 25th 
of September 2022 using the following search term: (sex OR 
gender OR prevalence) AND (meibomian gland).

All published articles available in English were included 
in the initial search results. Case reports, letters to the edi-
tor, and review articles were excluded. The remaining 
articles were then evaluated by title and abstract to ensure 
relevance to the topic. The full text was then evaluated based 
on the following primary inclusion criteria: (1) studies that 

investigated the prevalence of MGD stratified by sex. 
Subsequently, the articles were evaluated against the second-
ary inclusion criteria: (2) studies that investigated clinical 
outcomes on MGD stratified by sex. This process is shown 
in Figure 1.

Results

The search term “(sex OR gender OR prevalence) AND 
(meibomian gland)” yielded 507 results. After screening the 
entries based on title and abstract, and excluding review 
articles, letters-to-editor, and case reports, 91 entries were 
selected for further full-text screening. For the remaining 91 
articles, the full text was reviewed for relevance according to 
the primary inclusion criteria. This yielded the final 24 
articles. Subsequently, the 91 potentially relevant articles 
were then assessed again against the secondary inclusion cri-
teria to also include studies on clinical parameters on MGD, 
yielding an additional 15 articles.

The 39 studies included in this review were published 
between 1990 and 2022 and conducted in 20 different coun-
tries: 6 in Japan;9–14 4 in India;15–18 3 in Ghana,19–21

USA,22–24 and Germany;25–27 2 in Norway,28,29 Mexico,30,31

Iran,32,33 China,34,35 and Spain;36,37 1 in France,38 Austria,39

Finland,40 New Zealand,41 Singapore,42 Taiwan,43 South 
Korea,44 the Netherlands,45 Poland,46 and Australia.47

Of the 24 studies assessing the prevalence of MGD, 10 
were population-based (Table 1) and 14 was hospital-based 
(Table 2). Figure 2 shows the geographical locations of the 
included prevalence studies. Of the 10 population-based 
studies, three studies relied on both subjective and objective 
diagnostic criteria for MGD,11,32,41 while seven studies relied 

Figure 1. Flow chart of the search strategy.
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on objective criteria alone.33,35–37,40,42,43 All 14 hospital- 
based studies relied on objective diagnostic criteria for 
MGD, of which five studies used the diagnostic criteria sug-
gested by the international workshop on meibomian gland 
dysfunction.48 There were 15 studies presenting clinical 
parameters for MGD stratified by sex. A summary of study 
characteristics and key findings of each group are presented 
in Tables 1, 2 and Supplemental Table 1. A quality assess-
ment of the included studies was conducted using the 
NHLBI quality assessment tool for observational cohort and 
cross-sectional studies. The results of the quality assessment 
are summarized in Supplemental Tables.

Overview of population-based studies

The majority of the 10 population-based studies included 
populations based on random samples of all inhabitants in 
selected regions or cities,11,32,33,36,37,40–43 whereas one study 
only relies on staff from a university.35 The studies were 
conducted in 8 different countries between 2003 and 2022. 
Sample sizes ranged from 356 to 4700, with a median sam-
ple size of 2246. Across all studies, the sexes were quite 
equally represented, with 54% females and 46% males in the 
total number of subjects included. The age range of the pop-
ulations varied in the included studies: 7 studies only 
include middle-aged and elderly participants, while 2 studies 
include participants of all ages. The mean age was 59.7 years. 
The total prevalence of MGD ranged from 7% to 71%. 5 
studies found a significantly higher prevalence among men 

than women,11,32,37,40,42 1 found a higher prevalence among 
women,41 three found no sex difference,33,35,43 and the 
remaining article did not report statistical tests indicating 
whether a sex difference existed.36 The results are shown in 
Figure 3

Overview of hospital-based studies

The included populations of the 14 hospital-based studies 
are studied in eye clinics,9,10,15–18,20,22,24,29,30,38,39 except for 
one study which was performed at a diabetes clinic.19 There 
were variations in inclusion criteria: five studies included 
only patients with dry eye,15,18,22,29,39 while the remaining 
included all patients recruited during routine vision examin-
ation or based on other scheduled appointments, such as 
cataract surgery.9,10,16,17,19,20,24,30,38 The studies were con-
ducted in eight different countries between 1990 and 2022. 
Sample sizes ranged from 60 to 1372, with a median sample 
size of 325. Most of the studies had a higher percentage of 
female participants, resulting in an overall ratio of 63% 
females and 37% males. As far as age range was presented, 
most studies included participants from all ages,15–18,22,29,30

while three only included those over middle age,9,10,19 and 
one included only those under 40 years of age.20 The mean 
age was 53 years. The total prevalence of MGD ranged from 
25.5% to 93.8%. 10 studies found no significant difference 
between the sexes,9,10,15–17,19,20,24,29,38 two studies found a 
higher prevalence among men,22,30 one found a higher 

Figure 2. Locations of included prevalence studies.
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prevalence among women,18 and the last article did not 
indicate whether a sex difference existed (Figure 3).39

Overview of studies with clinical measures

15 studies presented clinical parameters for MGD stratified 
by sex.12–14,21,23,25–28,31,34,44–47 The studies varied in selection 
criteria; some only include dry eye patients,21,25,28,44,45 while 
others include a broad sample of patients at a general eye 
clinic.14,23,26,34 The clinical studies examined a range of rele-
vant clinical parameters, from glands’ functional assessment 
(ME and MQ) to MG dropout rate measured with meibog-
raphy. The studies were conducted in 12 different countries 
between 2006 and 2021. Sample sizes ranged from 17 to 
1662, with a median sample size of 120. All but one study 
had a higher share of female participants, resulting in an 
overall ratio of 70% females and 30% males. As far as age 
range was presented, most studies included participants of 
all ages, while only one included those middle-aged or 
older.34 The mean age was 46 years. Across all 15 studies, 
nine studies found no significant difference between the 
sexes.12,21,23,25,26,31,44,45,47 Among the three studies that 
measured MQ and ME, 2 found worse scores among 
women.28,46 Among the 8 studies that measured meibomian 
gland loss with meibography, 6 studies found no sex 
difference,12,21,26,31,44,46 1 study showed greater loss in 
women,27 and 1 demonstrated greater loss in men.13 The 
one study that measured meibomian gland dropout inci-
dence showed higher incidence among men.14 However, in 
subgroup age analysis, this higher incidence was only signifi-
cant for those over 70 years of age.

Discussion

The overall prevalence of MGD in the population-based 
studies ranged from 7% to 71%, a slightly wider range than 
previous estimates of the global prevalence of 21% to 
71%.7,8 A majority of studies found a significantly higher 
prevalence among men, with five studies finding higher rates 
among men, 1 study finding higher rates among women, 

and three studies finding no differences. The biggest sex dif-
ference was found by the Japanese researchers Arita et al. 
who reported the prevalence among men and women to be 
42.1% and 27.4%, respectively. In the hospital-based studies, 
the overall prevalence of MGD ranged from 25.5% to 93.8%. 
In terms of sex-specific prevalence, most of the hospital- 
based studies found no sex difference. This also applied to 
studies of clinical measures.

The diagnostic criteria used and the risk of bias varied 
across the included studies. Interestingly, the only popula-
tion-based study that found women to have more MGD 
required the participants to first meet diagnostic criteria for 
DED, including a SANDE score over 30, in order to be 
diagnosed with MGD.41 This was also the study finding the 
lowest prevalence of MGD at only 7%. Conversely, the 
population-based studies finding a higher prevalence of 
MGD in men more often used less stringent criteria for 
diagnosis relying more on observable changes in meibum 
excretion or meibomian gland health and tended to report 
much higher prevalence of MGD.11,32,37,40,42 Thus, it is 
important to bear in mind these diagnostic differences when 
interpreting the findings.

The current review shows a clear difference between the 
findings of population-based and hospital-based studies in 
the sex-specific prevalence of MGD. As the higher preva-
lence in men observed in many population-based studies 
does not translate to higher rates in the hospital-based stud-
ies, it is essential to distinguish the findings of these studies 
from each other. In the previous meta-analysis on sex differ-
ences in MGD prevalence by Hassanzadeh et al. this was 
not done.7 The conclusions of Hassanzadeh et al. that men 
have a higher prevalence of MGD is based on only seven 
studies, without distinguishing between population-based 
and hospital-based studies. Our analysis encompasses the 
same seven studies, and due to our semi-systematic design, 
we have also critically reviewed a substantially greater num-
ber of studies. This allowed us to separate population-based 
and hospital-based studies, enhancing the granularity, and 
making our results more comprehensively reflect the overall 
landscape. Our finding that MGD is most prevalent among 
men in the population-based studies is, thus, in line with 
the findings of their meta-analyses. However, this interpret-
ation must be approached with caution, as these ten studies 
exhibited considerable heterogeneity and used varying diag-
nostic criteria.

The findings of the population-based studies indicate a 
higher proportion of male patients with MGD, which may 
appear unexpected given that female sex is a well-established 
risk factor for DED in general, and MGD constitutes a sig-
nificant portion of the DED population.49 An essential 
aspect to consider in this context is the use of subjective 
versus objective criteria. The assertion that women are much 
more susceptible to dry eyes in general populations is based 
on studies where diagnosis includes self-reported symp-
toms.50,51 It has been noted that women have lower symp-
toms reporting thresholds and lower symptom-sign 
correlations, which might account for their higher preva-
lence in such studies.25,45,52 In contrast, the MGD diagnosis 

Figure 3. Chart over results from prevalence studies.
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relies mainly on objective criteria. Although MGD is a com-
mon cause of DED, and thus it could be argued that diagno-
sis require symptoms, it is a broadly used medical term that 
encompasses various subgroups, such as low-delivery versus 
high-delivery and symptomatic versus asymptomatic.53 The 
discrepancies in the definition poses a challenge to agree on 
one unifying set of diagnostic criteria for MGD, as is evident 
from the diverse criteria seen in this study. Despite this, 
most of the current studies report “total MGD” which com-
prises both symptomatic and asymptomatic cases, with 
objective criteria being the only requirement for diagnosis. 
Only two population-based studies mandate a symptom 
score for diagnosis,11,41 with one of these finding a higher 
proportion of female patients, albeit with a low total preva-
lence. This was the only population-based study that 
detected more females with MGD.41 Such a symptom-driven 
selection of female patients is also visible in another study 
that investigated sex-specific MGD prevalence, which discov-
ered that asymptomatic MGD was more prevalent among 
males, while symptomatic MGD had a similar prevalence in 
both sexes.37 The use of objective criteria in the population- 
based studies included in this review, as opposed to other 
studies on dry eye, may account for a higher prevalence of 
MGD in men.

The disparity in results between the population-based 
and hospital-based studies strengthens the hypothesis of a 
selection effect in hospital-based studies. Unlike in the 
population-based studies, the overall sex-specific prevalence 
in hospital-based studies are more similar. Although these 
studies do not require symptoms in diagnosis, they are 
mainly conducted on patients who visit eye clinics due to 
symptoms. Just as women tend to have lower thresholds for 
reporting symptoms,54,55 studies also show that they have 
lower thresholds for visiting health clinics.56 This might help 
explain why the hospital-based studies have a higher share 
of female participants than the population-based studies 

(63% vs 54%). A similar trend is also observed in the studies 
with clinical measures, where as much as 70% of partici-
pants were females. The TFOS DEWS II report on Sex, 
Gender and Hormones highlights the issue of selection bias 
in clinical-based studies due to gender differences in care- 
seeking behavior, arguing that sex differences are best 
studied in population-based studies.57 Hence, even though 
women tend to report more symptoms and are more fre-
quently represented in clinics,25,56 it is possible that men are 
actually more prone to the development of MGD. This is 
consistent with the TFOS report, which suggests that asymp-
tomatic MGD are more prevalent among men.57

One factor that may influence the results is age. In fact, 
higher age is found to be the strongest predictor for the 
development of MGD.24 Therefore, studies with more eld-
erly participants are expected to report higher prevalences of 
MGD, which has been statistically confirmed in another 
review of the global prevalence of MGD.7 Further, a crucial 
question in this context is whether sex differences are age- 
dependent. A challenge is that few studies control for or 
separate by age, which was also noted in the TFOS DEWS 
II Epidemiology report.8 In this review, some studies 
included adult participants of all ages, yet many included 
only the elderly population. Of the five population-based 
studies that found higher prevalence among men, four were 
conducted on an elderly population (over 40 or over 
60).32,37,40,42 It is unclear whether this indicates an age- 
dependent sex difference or just a coincidence. Only one 
study reported sex-specific prevalences stratified by age 
groups, which found a higher proportion of men across all 
four age groups with no significant age trend; however, the 
entire study population was over 40 years old.42 However, 
the same study revealed significant increase from pre- to 
postmenopausal women.42

Age-related sex differences were also noted in the studies 
with clinical measures. For instance, Den et al. investigated 

Figure 4. Decline of conjugated dihydrotestosterone metabolites in men and women (Redrawn figure based on results by Labrie et al.62).
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the incidence of meibomian gland dropout and reported no 
sex difference in the 21–60 y group, but an overrepresenta-
tion of men in the >70-year-old group.14 Another study 
which investigated age effects on meibography outcomes 
found that MGD loss was more profound in men in the two 
oldest age groups (60–69 and >80 y), yet similar in the 
younger groups.13 Their correlation analysis also revealed 
that the first changes appeared in men in their 20s and in 
women in their 30s. Taken together, it seems possible that 
changes in the elderly are more severe in men than in 
women and changes in meibomian glands develop earlier in 
men than in women.

Sex hormones are an essential factor to consider when 
exploring sex- and age-related differences in MGD. It is 
widely accepted that differences in sex hormones, particu-
larly androgens, play a significant role in sex-related differ-
ences in MGD.57 The meibomian gland is an androgen 
target organ, and androgen deficiency has been identified as 
a risk factor for MGD and a corresponding evaporative 
DED.57 For instance, researchers have observed that patients 
undergoing anti-androgen treatment have significant altera-
tions in their meibomian glands, such as orifice metaplasia, 
reduced quality of secretions and a marked shift in the neu-
tral lipid profile of meibum.58,59 Furthermore, these patients 
have a greater frequency of lid abnormalities, corneal stain-
ing and tear film instability, as well as an increased level of 
symptoms.58 Conversely, studies have shown that topical 
application of dehydroepiandrosterone (DHEA) to a human, 
as well as to rabbits and dogs, stimulates the elaboration 
and release of meibomian gland lipids and prolongs the tear 
film breakup time.60

Androgen insufficiency occurs during aging in both sexes, 
during menopause in women, and as a result of anti-andro-
gen medication use (e.g. for prostatic hypertrophy). A rela-
tionship between androgen levels, age and meibomian gland 
function is well established.57 In fact, a study showed that 
age-dependent alterations in sebaceous glands directly coin-
cides with the decline in androgen in both sexes.61 The 
decline in androgen levels occurs at different rates in men 
and women throughout life, raising the question of whether 
sex-specific androgen decline could explain the possible sex- 
specific onset of MGD development. Figure 4 illustrates 
the decline in the serum concentration of conjugated 
dihydrotestosterone metabolites, androsterone-glucoronide 
and 3a-androstanediol-glucoronide.62 These metabolites are 
considered the most accurate indicators of the total andro-
gen pool, as they directly mirror the intracellular synthesis 
of androgens in the tissues.63 Although men maintain a 
higher concentration throughout life, men experience a 
greater absolute and relative drop in androgens at an earlier 
stage than women. This could support the findings that men 
are particularly prone to the effects of increasing age for 
their meibomian gland health, due to a potentially greater 
protective effect of high androgens in young age, followed 
by a more rapid fall in androgen levels. Sullivan et al. dis-
covered disparate gene responses in lacrimal and meibomian 
glands induced by testosterone in male and female mice.64

Moreover, a recent study on hormone signaling in 

meibomian glands found that estrogen can counteract the 
effect of androgen in a “yin-yang” relationship.65 This is in 
line with previous findings of dose-dependent anti-andro-
genic actions of estrogens on sebaceous glands.66,67 As the 
effects of androgens and estrogens are different in males 
and females, it is plausible that the relative change in andro-
gens may be more important than the absolute serum 
concentration.

The question arises as to whether estrogen concentration 
influences sex-related disparities in MGD prevalence. If 
estrogen counteracts the protective effect of androgen, the 
postmenopausal estrogen drop may result in a relatively 
heightened protective effect for aging women. Although age- 
related reduction in meibomian gland health occurs in both 
sexes,24 one may anticipate a milder age-related deterior-
ation in women. While some studies suggest such a sex- 
dependent age effect,13,14 additional research is needed to 
investigate the factor of age in the question of sex differen-
ces in MGD is needed. The degree to which sex-specific 
androgen and estrogen decline contributes to sex differences 
in MGD remains uncertain.

When investigating sex differences in MGD, it is impor-
tant to consider all potential causal factors, including those 
related to gender and behavior. One of the limitations of 
this article is that the majority of included studies did not 
control for additional risk factors for MGD. Behavior-related 
factors such as smoking, medication use, sleep, makeup use 
and prolonged use of visual displays have been linked to an 
increased risk of MGD.68–70 Given the different behavioral 
patterns between the genders concerning these factors, they 
may serve as significant confounders in the observed sex dif-
ferences in MGD. For instance, a hospital-based study by 
Martinez initially identified male sex as a significant risk fac-
tor for MGD; however, subsequent adjustments for other 
factors, including anti-hypertension medication, arthritis, 
and contact lens wear, through multiple logistic regression 
analysis revealed that the observed sex difference was no 
longer significant.30 Thus, the increased use of certain medi-
cation tied to higher risk of MGD among men may amplify 
or confound any biological mechanisms present.30,42

Conversely, women use more cosmetics, a factor associated 
with increased risk of DED, and appear to have a negative 
impact on the meibomian glands.71 As numerous biological 
and behavioral factors may influence the sex disparities 
observed in MGD prevalence, determining which factors are 
most significant remains a challenging task and more studies 
are needed.

A central weakness of this article is the large variation in 
diagnostic criteria and study populations. Although 5 of the 
hospital-based studies have used the same diagnostic criteria 
suggested by the international workshop on meibomian 
gland dysfunction,68 the prevalence differed widely (between 
25.5% and 93.8%). Further, none of these 5 studies reported 
any statistical sex difference. The workshop report also sug-
gests evaluating morphological lid features in the assessment 
of MGD, which was included in many of the studies. 
However, some studies set the diagnosis based on abnormal 
lid features alone.36,37,42 Siak et al. diagnosed MGD by either 
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orifice plugging or telangiectasia in at least one eye of each 
participant.42 Viso et al. also included telangiectasia alone as 
a diagnosis for MGD in two studies,36,37 which weakens the 
validity of the results. Even though the presence of MGD 
can cause telangiectasia, it is not an intrinsic factor. 
Telangiectasia may have multiple other causes, including 
genetics, environmental causes, alcohol intake, corticosteroid 
treatment, dermatomyositis, and lupus.72,73 Therefore, their 
findings that men are overrepresented may, in reality, be 
influenced by factors other than MGD.

Conclusion

In conclusion, this review provides a comprehensive assess-
ment of the current literature on sex differences in preva-
lence of MGD. The evidence indicates that MGD is a 
widespread disorder among both sexes. While population- 
based studies lean towards men being more affected than 
women, most clinic-based studies find no significant differ-
ence. The disparity of results underscores the impact of 
selection bias on epidemiological studies on sex and gender 
differences. Although men being less likely to visit health 
care practitioners, clinicians should be aware that MGD 
affects men in the general population as frequently as 
women. Further research is needed to establish whether men 
are indeed more susceptible to MGD than women. There is 
a considerable variation between studies in terms of quality, 
sample size, age ranges and diagnostic criteria. Future stud-
ies should include large samples, make comparisons based 
on sex, control for age, and use standardized criteria for 
evaluating MGD.
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