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Abstract
● Meibomian gland, the largest sebaceous gland of the 
body, is responsible for the biosynthesis of lipid layer of 
the tear film to prevent excessive evaporation. The loss of 
normal functions of meibomian gland, known as meibomian 
gland dysfunction (MGD), is a chronic disease and is the 
leading cause of dry eye symptoms in the clinics. Studies 
have found sex hormones, especially androgen, play vital 
roles in the regulation of the functions of meibomian gland. 
Recently, androgen has also been preliminarily applied in 
clinics for the treatment of MGD and showed promising 
results, especially in people with endogenous androgen 
deficiency. This review summarized the mechanisms of 
the function of androgen on meibomian gland based on 
molecular, animal, and clinical studies, and proposed 
evidence-based views about its potential applications for 
the treatment of MGD.
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INTRODUCTION

M eibomian gland, first described by German anatomist 
Meibom Heinrich in 1666, plays important roles in the 

secretion of lipid and maintenance of tear film stability. The 
series of glands are located within the upper and lower eye lids 
and arranged vertically to the lid margin. The terminal ducts 
connect all acini with the main ducts, and their orifices can 

be clearly observed at the lid margin. The meibomian glands 
in the upper eye lids are greater in quantity and length, and 
store twice the amount of lipid of the lower eye lids[1]. The 
lipid secreted by meibomian gland is called meibum, which 
is a complicated mixture of various kinds of lipid molecules. 
Meibum is critical to the tear film because it covers the surface 
of the aqueous layer and prevents excessive evaporation[2]. 
Meibum also has the function of protecting the eye surface 
from microorganism invasion, assisting tight closure of lid 
margin during night sleep and regulating the tension force of 
the tear film[3]. The role of meibomian gland is so important 
that the impairment of its normal function can lead to serious 
problems. Meibomian gland dysfunction (MGD) is commonly 
characterized by a chronic, diffuse abnormality of meibomian 
gland structures, terminal duct obstruction, and qualitative or 
quantitative changes of lipid secretion. MGD is found to be 
the leading cause of dry eye disease in clinics, accounting for 
approximately 40%-60% of dry eye symptoms[4-7]. Patients 
often suffer from prolonged dryness, burning and foreign body 
sensation and may experience impaired quality of life[8]. There 
are many studies that dig into the pathophysiology of MGD 
and many factors are believed to play a role in the pathological 
process of the disease, including congenital abnormalities, 
decreased blink frequency, chronic inflammation of eye 
surfaces and hormonal disturbance[9-13]. However, the 
pathogenesis of MGD is still poorly understood. Currently, the 
fundamental therapy for MGD is physical therapy to remove 
the blockage of gland openings. Many novel therapies are 
under investigation, including androgen replacement therapy 
(ART) to be discussed in this review. A thorough understanding 
of the biological actions of sex hormones on meibomian gland 
is the cornerstone for their further applications in clinics.
Sex hormones, especially androgen, have been found to 
be a key regulator of the functions of meibomian gland[9]. 
The expression of a variety of genes associated with the 
biosynthesis, secretion, differentiation and proliferation 
processes of meibomian gland have been found to be regulated 
by androgen[14-15]. Patients with androgen deficiency are more 
likely to suffer from MGD than normal people[16]. Many 
studies found an increased prevalence of MGD in aged people 
with endogenous androgen deficiency, such as postmenopausal 
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women[17-18]. Recently, androgen has been applied for the 
treatment of MGD and dry eye disease and demonstrated 
promising results. This review will summarize currently 
available findings about androgen and MGD and discuss its 
clinical practical values. 
EXPRESSION OF ANDROGEN RECEPTORS ON 
MEIBOMIAN GLAND
The research of meibomian gland has gained increasing 
attention in recent years by ophthalmologists, physiologists, 
and endocrinologists. Many of the methodologies and 
hypotheses come from previous findings on sebaceous 
glands. Before the discovery of the expression of androgen 
receptors (AR) on meibomian gland, the action of androgen 
on the function of meibomian gland has been observed in 
several studies[19-20]. Previous studies on sebaceous glands 
have demonstrated that androgen could regulate their function 
through AR in acinar cells[21]. In 2000, Rocha et al[22] used 
immunoperoxidase technique and discovered the presence of 
AR in human meibomian gland acinar cells and confirmed 
that meibomian gland was also the target organ of androgen. 

In addition, Rocha et al[22] also discovered the presence of 
type 1 and type 2 5α-reductase mRNAs in the meibomian 
glands cells. These enzymes could transform testosterone 
into the more active form of dihydrotestosterone (DHT)[22] 
(Figure 1). Wickham et al[23] discovered AR mRNA in the 
meibomian gland cells by RT-PCR. These studies established 
the foundations for further researches on the role of androgen 
on meibomian gland.
ANDROGEN AND KERATINIZATION
Hyperkeratinization of ductal cells is believed to be one of the 

mechanisms behind the pathogenesis of MGD[24]. Ohnishi 
and Kohno[25] first described hyperkeratinization and dilation 
of ducts in the polychlorinated biphenyl (PCB) induced 
monkey MGD model in 1979. These pathologic changes have 
also been observed in various other MGD animal models, 
including adrenaline-induced rabbit model[26], rhino mouse 
model[27], low lipid diet-induced hairless mice model[28] as well 
as on patients suffering from MGD[29]. Hyperkeratinization of 
ductal cells can block the meibomian gland orifices by debris 
of keratinized cells and lead to secondary atrophy of acini. It is 
generally considered that hyperkeratinization tends to be one 
of the primary initiation factors of obstructive MGD. However, 
the mechanism behind hyperkeratinization of meibomian gland 
orifices is still poorly understood, and currently few therapies 
of MGD directly target the keratinization process. 
In vitro experiments demonstrated that androgen could regulate 
the expressions of genes associated with the keratinization 
process of meibomian gland. AR is a kind of ligand-activated 
transcriptional factor which can modulate gene expressions 
after activated by the ligand[30] (Figure 1). Schirra et al[31] 
examined mRNA profiles of meibomian gland cells of 
orchiectomized mice via microarray hybridization method. 
Compared with mice fed with placebo, those treated with 
systemic testosterone for 2wk showed significant alterations on 
the expressions of numerous genes, especially those involved 
in keratinization process. Genes that promoted epidemic 
cell differentiation and formation of keratin, such as small 
proline-rich protein 2a (Sprr2a), Sprr2b, Sprr3, keratin6a, 
keratin17 and periplakin were significantly down-regulated 
and genes encoding proteins that hampered epidermal 

Figure 1 Schematic diagram of the action of androgen on gene expressions of meibomian gland acinar cells  Testosterone can be converted 
to the more active DHT by local 5α-reductase (5α-R) in meibomian gland acinar cells. Both forms of androgen are able to activate AR located in 
the cytoplasm. The ligand-activated ARs then form dimers and recognize specific regions of DNA after entering the cell nucleus to regulate gene 
expressions. Genes associated with lipid metabolism and cell keratinization processes are found to be key responders among >1000 genes found 
to be regulated by androgen in meibomian gland. 

Androgen and meibomian gland dysfunction
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keratinization process, such as Sprr1a and Sprr2f were up-
regulated by testosterone. In general, androgen could reduce 
the level of keratinization of meibomian gland. Sullivan 
et al[32] conducted similar experiments on ovariectomized 
mice and treated them with testosterone or placebo for 2wk 
before sacrifice. Among the 1009 genes found to be regulated 
by testosterone in meibomian gland, those associated with 
keratinization were found to be most prominently influenced 
by androgen (z score=10.2). Genes such as sprr2a, Sprr2b, 
Sprr3, cornifelin and keratin17 were significantly down-
regulated in the androgen group. Khandelwal et al[15] tested 
the influence of DHT on gene expressions of immortalized 
human meibomian gland cells. The expression of over 
3000 genes were found to be altered by DHT and most of 
the genes were involved lipogenesis pathways. However, 
the most prominent alteration was the 40 fold-decrease of 
mRNA level of Sprr2a gene. These studies confirmed that 
androgen could down-regulate keratinization process in 
human meibomian gland cells. As the meibomian gland 
ductal epithelial cells are going through constant renewal and 
turnover, application of androgen may have potential effects 
to reduce hyperkeratinization of duct openings from newly 
differentiated epithelial cells in the long term based on the 
findings of gene expression studies. However, these studies 
only provide evidence from molecular level. Gap still exists on 
the knowledge about whether androgen is able to ameliorate 
or even reverse hyperkeratinization of meibomian gland ducts 
in the gross model. Furthermore, physical therapies such as as 
meibomian gland massage and probing are widely used and 
able to eliminate meibomian gland blockage by mechanical 
removal of keratinized cell debris. These methods don’t 
target the pathologic processes of keratinization and generally 
achieved transient relief of symptoms. Whether androgen can 
display superior effects on eliminating meibomian gland block 
compared with physical therapy need to be demonstrated by 
clinical studies. 
ANDROGEN AND LIPID BIOSYNTHESIS
Meibum, the secretion of meibomian gland, is essential for 
maintaining the proper function of tear film[1]. Meibum is 
the complex mixture of multiple kinds of lipids produced by 
meibomian gland acinar cells. The nonpolar lipids lie at the 
outer surface of the lipid droplets, providing water-tight cover 
to prevent excessive evaporation of the aqueous layer and 
outflow of tear beyond the lid margin. While polar lipids are 
generally found at the core and pull nonpolar lipid molecules 
to maintain the intact structure of lipid droplets[33]. Wax ester 
(WE) and cholesterol ester (CE) compose the majority (60%-90%) 
of nonpolar lipids of meibum. Other nonpolar lipids include 
triacylglyceride (TAG) and free fatty acid (FFA). (O-acyl)-
ω-hydroxy fatty acid (OAHFA), glycerophospholipid and 

sphingolipid are the major types of polar lipids of meibum[34-37]. 
Joffre et al[38] found that approximately 25% of meibum fatty 
acids were saturated, and chained fatty acids made up another 
20%. The composition of fatty acid and lipid profile contributes 
dramatically to the stability, fluidity and melting point of 
meibum[39-40]. However, the high complexity of meibum 
composition is the major barrier of investigating the link 
between changes of lipid composition and the pathogenesis of 
meibomian gland. With the help of more accurate lipid testing 
equipment, including high-pressure liquid chromatography, 
time-of-flight mass spectrometry and gas chromatography, 
the lipid composition between MGD patients and healthy 
individuals have been compared and the major differences 
have been illuminated. 
Various studies have demonstrated the difference of the lipid 
compositions of meibum between MGD patients and healthy 
individuals. The most notable change is the increase of the 
proportion of FFA and chained unsaturated fatty acid. Sullivan 
et al[41] collected meibomian gland secretion samples from 
patients on anti-androgen medication, complete androgen 
insensitivity syndrome (CAIS) and healthy individuals. 
A significant difference in lipid species and compositions 
between groups under mass spectrometry was found. 
Nicolaides et al[42] compared the meibum of rabbits with 
MGD induced by topical epinephrine with healthy controls 
and found an 8-fold increase of a cluster of FFA which was 
found to be the hydrolytic product of sterol esters. The increase 
of FFA composition of meibum was toxic to the epidermis 
via saponification process and could induce inflammatory 
reactions of eye surfaces and interrupt the stability of tear 
film[43]. Joffre et al[38] compared the meibomian extract of 
patients suffering from MGD with healthy individuals and 
found a significant difference of chained fatty acid composition 
(29.8% vs 20.2%). The author inferred that the proportion of 
WE and CE increased in patients of MGD because WE and 
CE were the predominant compositions of chained fatty acids 
of meibum. It has been found that the increase of WE and CE 
levels would rise the viscosity and phase transition temperature 
of meibum and make it more likely to block the orifices[44]. 
Another notable change was the increase of the composition 
of unsaturated fatty acid. Lam et al[45] studied the lipid 
compositions of meibum in Asian MGD patients and found an 
increase in the unsaturation of hydrocarbon chains in MGD 
patients, particularly in severe cases. This result was consistent 
with Borchman et al’s[46] findings. Many studies illuminated 
the influence of changes of chain saturation on physiological 
properties of meibum, especially the aspects of fluidity and 
acyl chain-melting phase transition temperature[47-50]. The raise 
of the unsaturation levels of meibum would make it more 
likely to solidify and block the orifices of meibomian gland[51]. 
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Overall, these studies demonstrate the quality of meibomian 
gland secretions is as important as the quantity of meibum. 
The altered lipid composition of patients suffering from MGD 
is associated with decreased fluidity, increased viscosity, 
and irritation to eye surfaces. Factors to restore the normal 
composition of meibum are beneficial for patients with MGD.
With the help of microarray technique, many studies illustrated 
the effects of androgen on genes associated with lipid 
metabolism of meibomian gland in vitro (Figure 1). Schirra 
et al[31] found that androgen regulated the expressions of 
numerous genes associated with lipogenesis, lipid transport 
and lipolysis pathways in mouse meibomian gland. Fatty acid 
synthase was the key enzyme involved in the biosynthesis 
of fatty acid and was found to be up regulated by androgen. 
The genes involved in the synthesis of long- and very-long-
chain fatty acids, such as fatty acid transport protein 4, was 
up-regulated in the androgen group. This was consistent 
with the findings of Shine and McCulley[52] that the length of 
hydrocarbon chains of WE and CE was significantly shorter 
in MGD patients with androgen deficiency. Genes associated 
with intracellular and extracellular transport of phospholipid 
and cholesterol, such as Abca1, Abcd3, sterol carrier protein 
2 and phosphatidylcholine transfer protein were also found to 
be regulated by androgen. Shirra et al[53] found that androgen 
could facilitate the biosynthesis of both cholesterol and fatty 
acids by up-regulating genes encoding key enzymes such 
as ATP-citrate lyase, acetyl-CoA-synthase, acetyl-CoA-
carboxylase, acetoacetyl-CoA-synthase and HMG-CoA 
synthase 1. Sullivan et al[32] compared the action of androgen 
on female and male mice and found similar regulation patterns 
of lipid-related pathways in meibomian gland. This indicated 
that androgen played similar roles in the lipid biosynthesis of 
meibomian gland on both genders. These effects of androgen 
are consistent with the findings on sebaceous gland. As the 
meibomian gland is a special type of sebaceous gland and 
serves similar functions, they also share similar hormonal 
regulation patterns. Androgen is one of the critical regulatory 
factors of lipid production of sebaceous gland and androgen 
deficiency is associated with decreased sebum production and 
skin dryness. However, high androgen level is also associated 
with pathogenic excessive sebum secretion and seborrheic 
dermatitis. In the case of MGD, according to the quantity 
of meibomian gland secretion, it can be divided into the 
low delivery and high delivery subtypes[1]. The majority of 
patients with MGD belongs to the low delivery subtype, and 
most of the previous studies investigating meibomian gland 
secretions only focus on this subtype. It is generally believed 
that androgen deficiency is associated with the low delivery 
subtype of MGD. However, it is not clear whether high 
androgen level is the risk factor of the high delivery subtype. 

Furthermore, whether excessive stimulation of meibum 
secretion by androgen is associated with abnormal lipid 
composition and how it is linked to MGD need to be studied in 
the future. Appropriate level of ART and monitor of androgen 
levels should be investigated to avoid supra-therapeutic effects. 
INTERACTION OF ANDROGEN AND OTHER 
HORMONES
Besides androgen, meibomian gland has also been found 
to be regulated by a variety of other hormones, including 
estrogen, progesterone and insulin[10,54-55]. Studies found 
androgen not only regulated the function of meibomian 
gland through AR, but also interacted with other hormones 
and modified their functions[56]. First, androgen was found 
to antagonize the activity of estrogen on meibomian gland. 
Estrogen basically inhibited lipid production and secretion in 
sebaceous glands and was considered to be the antagonism 
of androgen on lipid metabolism[57]. Androgen blocked the 
activity of estrogen by up-regulating the expression of estrogen 
inhibitory receptor 2β and down-regulating the expression 
of estrogen activating receptor 1α[58]. Second, androgen 
also enhanced the local synthesis of androgen itself from 
adrenal precursors in meibomian glands by up-regulating the 
cellular level of 17β-hydroxysteroid dehydrogenase 7. This 
enzyme could convert 17-ketosteroids to their corresponding 
17β-hydroxysteroids, the precursors of androgen[56]. Third, 
androgen enhanced the activity of insulin-like growth factor 
1 (IGF-1) by protecting the stability of its mRNA. IGF-1 was 
found to regulate steroidogenesis, lipid accumulation and cell 
proliferation in immortalized human meibomian epithelial 
cells via phosphoinositol 3-kinase/Akt and forkhead box O1 
pathways[59]. Ding et al[55] found insulin could also regulate the 
function of meibomian gland through IGF-1 receptors. Patients 
of diabetes mellitus with insulin deficiency or insensitivity 
were found to be more likely to suffer from MGD than people 
with normal blood glucose levels[60]. The central connection 
role of androgen with other hormones make it the principle 
hormonal regulatory factor of the functions of meibomian 
gland. However, compared with androgen, the regulation 
function of other hormones on meibomian gland are relatively 
poorly understood. Particular, the actions of estrogen and 
progesterone on meibomian gland are largely inferred from 
studies on sebaceous glands. This gap of knowledge will limit 
the application of androgen as hormonal replacement therapy 
for post-menopausal women, because estrogen is primarily 
used to ameliorate menopausal symptoms and reduce risk 
of cardiovascular events. How androgen should be used in 
combination with estrogen replacement therapy to improve 
the function of meibomian gland and treat dry eye disease in 
this group of patients should be investigated based on evidence 
from animal and clinical data in the future studies. 

Androgen and meibomian gland dysfunction
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APPLICATIONS OF ANDROGEN TO TREAT MGD
As androgen has been found to regulate the functions of 
meibomian gland, it was applied on animal models and patients 
to treat MGD and showed promising results (Table 1). Ibrahim 
and Elwan[61] applied 1% dehydroepiandrosterone (DHEA, 
a precursor of androgen) topically twice a day for 3mo to 
isotretinoin-induced MGD albino rat models. Compared with 
the control group, rats given topical DHEA showed minimal 
keratinization of ductal epithelium and degeneration of acinar 
cells. This indicated that DHEA is beneficial in the treatment 
of MGD. Zeligs and Gordon[62] administered eye drops 
containing 0.5%-1.5% DHEA on rabbits, Pekingese dogs and 
human suffering from MGD and found an increase of tear film 
breakup time (BUT) and lipid production of meibomian gland. 
Sullivan et al[63] conducted experiments on orchiectomized 
rabbits and showed topical and systemic applications of 
19-nortestosterone for 2wk significantly altered the lipid 
species of meibomian gland secretions and restored the normal 
compositions of meibum. In patients with endogenous androgen 

deficiency, such as postmenopausal women and people with 
Klinefelter’s syndrome or Sjögren’s syndrome, androgen was 
found to relieve dry eye symptoms and increase lipid film 
thickness[64-66]. There are also some randomized clinical trials 
to study the efficacy of androgen on MGD, but the results are 
controversial. Golebiowski et al[67] conducted a randomized 
double-blind placebo-controlled trial on 40 postmenopausal 
women with dry eye disease. Patients were divided in 
groups given transdermal placebo, testosterone, oestradiol 
or both hormones for 8wk. No significant improvement of 
symptoms or the function of meibomian gland were observed 
between groups. However, tear stability was improved in the 
testosterone group and its improvement was correlated with 
serum testosterone level. Schiffman et al[68] conducted a multi-
center, randomized, double-masked, vehicle-controlled study 
on 179 patients suffering from MGD. Topical testosterone 
solutions with different concentrations were administrated for 
up to 6mo. The study demonstrated that 0.03% testosterone 
eye drop demonstrated most beneficial effects on aspects of 

Table 1 Detailed summary of the efficacy studies of androgen to treat MGD

Species Age and gender Basic conditions Interventions Dose and 
frequency Duration Outcomes of meibomian 

gland evaluation
Outcomes of 

dry eye evaluation Ref.

Albino rats Adult, all male, n=24 MGD induced by 
topical isotretinoin

DHEA eye drops 1% DHEA, 
twice daily

3mo Minimal ductal 
keratinization and acinar 
atrophy in androgen group 
compared with control

None [61]

Dogs 2-11 years old, n=4 Chronic bilateral 
conjunctivitis

DHEA eye drops 1.5% DHEA, 
3 times a day

7wk Increased total volume and 
phospholipid composition 
of meibomian gland 
secretions

Decreased ocular surface 
inflammation

[62]

Human A 52-year-old woman Dry eye disease DHEA eye drops 1.5% DHEA, 
3 times a day

3wk Profuse lipid visible at 
meibomian gland openings 
under slit lamp

Increased TBUT [62]

Rabbit A female rabbit, 3 
years old

Normal eye 
examination

DHEA eye drops 1.5% DHEA, 
once daily

1mo Acinar cells showed 
lighter staining nuclei 
and hazy cytoplasm in 
histology study

None [62]

Human A 54-year-old man Dry eye disease, 
androgen deficiency

T cream 3% T applied 
3 times a day 

to eyelids

6mo Increased TFLL thickness Improvement of dry eye 
symptoms; Increased TBUT; 

increased Schirmer’s test

[64]

Human All female,
18-30 years old, n=5

Klinefelter’s 
syndrome,
3 had SS, 
2 had SLE

T undecanoate oral 
tablets

120 mg daily, 
divided into 

2 doses

60d Increased TFLL thickness 
compared with baseline 
and placebo control

Increased Schirmer’s test; 
decreased corneal staining

[65]

Human All female, mean 
age=65.2 years old, 

n=11

Post-menopausal 
women with dry 

eye disease

esterified estrogen 
and MT (combined 

therapy)

N.A. Mean 12.2mo
(SD=6.2mo)

Improved clinical 
examination of dry eye 
and meibomian gland

Improved subjective 
evaluation of dry eye; 

increased Schirmer’s test

[66]

Human All female, mean 
age=63.9 years old, 

n=40

Post-menopausal 
women with dry 

eye disease

T cream solely or in 
combination with 
oestradiol cream

0.5 mL 1% 
T cream,

1 g 1 mg/g 
oestradiol,
 once a day

8wk No change of meibomian 
gland signs compared 
with baseline and placebo 
control

No change of OSDI score, 
tear osmolarity, NITBUT, 

Schirmer’s test and corneal 
staining

[67]

Human n=179 MGD T eye drops 0.01%, 0.03% 
and 0.1%

T eye drops

6mo Improve meibomian gland 
secretion quality

Improve subjective feelings 
of ocular discomfort

[68]

DEHA: Dehydroepiandrosterone; T: Testosterone; TFLL: Tear film lipid layer; TBUT: Tear breakup time; NITBUT: Non-invasive tear breakup 
time; SS: Sjögren’s syndrome; SLE: Systemic lupus erythematosus; MT: Methyltestosterone; OSDI: Ocular surface disease index. 
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symptom relief and lipid quality improvement. No significant 
difference of adverse effects was observed between the control 
group and test group. Overall, these animal and clinical 
studies demonstrated potential but still controversial effects 
of androgen therapy for the treatment of MGD. Currently 
very few high-quality clinical studies with large cohorts 
to demonstrate the efficacy and safety of androgen to treat 
MGD are available. In the future, clinical studies may need to 
address the following aspects. First, MGD is most prevalent 
in aged males. However, most of previous studies investigated 
the effect of androgen on post-menopausal women, probably 
due to their endogenous androgen deficiency states and 
higher prevalence of dry eye disease. In the future, studies to 
include more male patients as well as younger participants are 
needed to illuminate and compare the age and sex associated 
therapeutic effects. Second, long term application of androgen 
is associated with definite adverse effects, including seborrheic 
dermatitis, alopecia, cardiovascular complications, elevated 
risk of prostate cancer etc[69]. The major androgen formulations 
to treat MGD include ophthalmic solutions and skin creams 
and are associated with different grades of bioavailability and 
systemic absorption. As MGD is a chronic disorder, long term 
therapy is essential and adverse effects are inevitable. Thus, 
safety studies to investigate the adverse effects associated 
with different formulations and treatment periods of androgen 
therapy on different ages and sex groups of patients with MGD 
should be conducted before it can be broadly used in clinics. 
CONCLUSION
The importance of androgen on the normal functions of 
meibomian gland has been illustrated by various studies. 
Androgen demonstrates extensive actions on lipid biosynthesis, 
epithelial keratinization, and regulation of the activities of 
other hormones on meibomian gland. Androgen has been 
applied in clinics to treat MGD and showed potential results. 
However, much is unknown about the optimal formulations 
of androgen (eye drops, creams, or tablets) and subgroups of 
people with greatest responses (age and gender). More studies 
are needed to further demonstrate the efficacy and safety of the 
androgen for patients with MGD.
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