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ABSTRACT Objective: To investigate the impact of androgenetic alope-
cia on ocular health, particularly focusing on dry eye disease and meibo-
mian gland dysfunction in female patients. Material and Methods: A
cross-sectional observational study was conducted involving 28 eyes of fe-
male patients diagnosed with androgenetic alopecia and 32 eyes of healthy
controls. Participants underwent dry eye tests, including the Schirmer-I test,
Oxford score, and Ocular Surface Disease Index. Meibomian gland mor-
phology was evaluated using dynamic meibography, and tear film stability
was assessed through non-invasive tear breakup time and tear meniscus
height measurements. Meibomian gland quality and function were graded
using standardized scoring systems. Results: Although patients with an-
drogenetic alopecia exhibited higher Schirmer-I test values and Oxford
scores compared to controls, the differences were not statistically signifi-
cant. Similarly, no significant differences were found in Ocular Surface Dis-
ease Index, non-invasive tear breakup time, tear meniscus height, or blink
rate. Meiboscores were comparable between both groups. However, meibum
quality was significantly better in the androgenetic alopecia group
(p=0.001). Conclusion: While androgenetic alopecia may influence mei-
bomian gland function, this study found no significant differences in dry
eye parameters between androgenetic alopecia patients and healthy controls.
These findings suggest that the hormonal interplay between sex steroids and
the ocular surface is complex, and further research with larger cohorts is
needed to fully understand the ocular implications of androgenetic alope-
cia.
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OZET Amag: Bu calismanin amaci, kadin hastalarda androgenetik alope-
sinin okiiler saglik tizerindeki etkisini incelemek, 6zellikle kuru goz hasta-
1g1 ve meibomian bezi disfonksiyonu ile olan iliskisini degerlendirmektir.
Gereg ve Yontemler: Androgenetik alopesi tanisi konmus kadin hastalara
ait 28 goz ve saglikli kontrol grubuna ait 32 goziin dahil edildigi kesitsel
gozlemsel bir ¢aligma yiiriitilmistiir. Katilhimeilara Schirmer-I testi, Oxford
skoru ve Okiiler Yiizey Hastalik indeksi gibi kuru goz testleri uygulanmis-
tir. Meibomian bezi morfolojisi, dinamik meibografi ile degerlendirilmis,
gozyasi filmi stabilitesi, invaziv olmayan gozyas: kirtlma siiresi ve gozyas1
meniskiis yiiksekligi 6lgtimleri ile analiz edilmistir. Meibomian bezi kali-
tesi ve fonksiyonu, standart skorlamalar kullanilarak derecelendirilmistir.
Bulgular: Androgenetik alopesili hastalarda Schirmer-I testi degerleri ve
Oxford skorlari, kontrol grubuna kiyasla daha yiiksek olmasina ragmen bu
fark istatistiksel olarak anlamli bulunmamustir. Ayni sekilde Okiiler Yiizey
Hastalik indeksi, invaziv olmayan gozyasi kirilma siiresi, gozyast meniskiis
yiiksekligi ve goz kirpma hiz1 agisindan da anlamli bir farklilik saptanma-
mustir. Meiboskor degerleri, her iki grupta benzer bulunmustur. Ancak mei-
bum kalitesi, androgenetik alopesi grubunda anlamli derecede daha iyi
olarak tespit edilmistir (p=0,001). Sonu¢: Androgenetik alopesi, meibomian
bezi fonksiyonunu etkileyebilecek bir faktor olmakla birlikte bu ¢aligmada,
androgenetik alopesi hastalari ile saglikli kontroller arasinda kuru goz pa-
rametreleri agisindan anlamli bir fark bulunmamustir. Bu bulgular, cinsiyet
steroidleri ile okiiler yilizey arasindaki hormonal etkilesimin karmagsik bir
yaptya sahip oldugunu gostermekte olup, androgenetik alopesinin okiiler et-
kilerini tam olarak anlayabilmek i¢in daha genis hasta gruplart ile yapilacak
ileri caligmalara ihtiya¢ duyuldugunu ortaya koymaktadir.
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Androgenetic alopecia (AGA) is characterized
by progressive thinning and reduction of hair folli-
cles in a specific pattern, affecting both men and
women.' The condition can onset after puberty and
tends to worsen with age, being more prevalent, es-
pecially among women during the postmenopausal
period.” This condition is characterized by the minia-
turization of hair follicles and a reduction in hair den-
sity, predominantly affecting the central and frontal
scalp regions. It is hypothesized that AGA develops
due to an increased number of androgen receptors
and abnormal sensitivity of hair follicles to circulat-
ing androgens.’ By changing testosterone into 5-
alpha-dihydrotestosterone, the enzyme 5-alpha-
reductase plays a vital role in causing hair follicle
thinning, which in turn causes terminal hairs to be-
come vellus hairs.>*

Although traditionally associated with cosmetic
and psychological concerns, emerging evidence sug-
gests that AGA may also have systemic implications,
including effects on sebaceous glands, such as mei-
bomian glands, which are crucial for ocular surface
homeostasis. The interplay between hormonal fluc-
tuations, particularly androgens and estrogens, and
meibomian gland function has been highlighted in
several studies, suggesting that hormonal imbalances
might contribute to dry eye disease (DED) and mei-
bomian gland dysfunction (MGD).*> Androgens also
activate 25 distinct ontologies (with 5 genes) in-
volved in lipid synthesis, homeostasis, transport, and
binding, in addition to the dynamics of cholesterol,
fatty acids, phospholipids, and steroids.® In the mei-
bomian glands of both male and female mice, testos-
terone also significantly reduces keratinization.” The
fact that topical androgens enhance the synthesis and
secretion of meibomian gland lipids, improve
meibum quality, extend the tear film breakdown time,
and decrease evaporative DED in humans may be ex-
plained by these combined androgen actions that pro-
mote lipogenesis and decrease keratinization.

DED is a multifactorial condition, with en-
docrine abnormalities playing a significant role in its
etiology.® Physiological factors such as menopause
and menstrual cycle changes, as well as conditions
like polycystic ovary syndrome and androgen resis-
tance, along with iatrogenic factors such as contra-
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ceptive use and antiandrogen therapy, contribute to
its development.® The ocular surface epithelium, in-
cluding the meibomian glands responsible for the tear
film’s lipid layer, contains receptors for sex steroid
hormones.” Androgens stimulate the secretion of both
the quantity and quality of lipids from the meibomian
glands, whereas estrogens and progesterones inhibit
sebaceous gland function, leading to reduced lipid
production.’

This study aimed to determine whether female
patients with AGA were more likely than healthy
people to experience MGD and DED.

I MATERIAL AND METHODS

This cross-sectional observational study included 28
eyes of 28 patients diagnosed with AGA (Group 1)
and 32 eyes of 32 healthy volunteers (Group 2) at
Medipol University Hospital. All female patients
with AGA were assessed and diagnosed by the same
dermatologist (EA) and had not received any prior
treatment. Following a comprehensive ophthalmo-
logic examination, participants underwent evalua-
tions including corneal and conjunctival fluorescein
staining (Oxford score), and the Schirmer-I test. Sub-
jective symptoms were assessed using the Ocular
Surface Disease Index (OSDI) scoring. Meibomian
gland morphology was visualized using dynamic
meibography (Lipiscan, TearScience Inc., Mor-
risville, NC, USA). The meibomian glands in each
upper and lower eyelid were assessed by the same in-
vestigator (SH) using the grading system described
by Arita et al., categorizing them into stages based on
partial or total loss rates. A meiboscore ranging from
0 to 3 was assigned: Stage 0 (no loss), Stage 1 (less
than 1/3 loss), Stage 2 (1/3 to 2/3 loss), and Stage 3
(more than 2/3 loss) (Figure 1).!° The meiboscores
from both upper and lower lids were combined to de-
termine the total meiboscore for each eye. The qual-
ity of meibum produced by the glands [meibum
quality score (MQS)] was graded as follows: Stage 0
(transparent), Stage 1 (cloudy), Stage 2 (containing
debris), and Stage 3 (toothpaste consistency).!! Ad-
ditionally, non-invasive tear breakup time (NIBUT),
tear meniscus height, and the number of blinks per
minute were evaluated and recorded using MYAH
equipment from Topcon Healthcare Inc., Tokyo,
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FIGURE 1: a) Stage 0 (no loss); b) Stage 1 (less than 1/3 loss); ¢) Stage 2 (1/3 to 2/3 loss); d) Stage 3 (more than 2/3 loss)

Japan, for all participants. All tests were conducted
in the same examination room and under the same
temperature setting.

The study was approved by Medipol Univer-
sity’s Institutional Review Board/Ethics Committee
(date: September 14, 2022; no: E-10840098-772.02-
5297) and strictly followed the Declaration of
Helsinki’s guidelines. Informed consent was obtained
from all participants.

Patients with prior use of tear drops or contact
lenses, history of eye surgery with dry eye as a side
effect, systemic medications like isotretinoin and di-
uretics, systemic, ocular, and dermatologic conditions
known to cause dry eye, as well as congenital or ac-
quired ocular surface disorders were excluded from
the study.

STATISTICAL ANALYSIS

SPSS for Windows (Version 25.0, IBM Corp, NY,
USA) was utilized for statistical analysis. Descriptive
statistics included mean, standard deviation, and
range (minimum-maximum). The Kolmogorov-
Smirnov test and box plot graphs assessed the nor-
mality of variables. Pairwise comparisons of
normally distributed variables employed the student
t-test, while variables not following normal distribu-
tion were analyzed using the Mann-Whitney U test.
Statistical significance was set at p<0.05. Sample size
calculation was performed using G'Power (Heinrich-
Heine-Universitit, Germany) software based on a
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preliminary power analysis from Kiyat et al., aiming
for a type 1 error rate and power of 0.8, with an esti-
mated sample size of 28 per group.’

I RESULTS

The mean ages of Group 1 and Group 2 were
29.545.1 and 31.249.2, respectively (p=0.527). Table
1 presents the dry eye test results for both groups.
Compared to Group 2, Group 1 had higher Oxford
score and Schirmer-I test values, although these dif-
ferences were not statistically significant (p=0.457
and 0.201, respectively). There were no significant
differences in OSDI score and NIBUT between the
groups (p=0.857 and 0.773, respectively). Although
Group | had a lower tear meniscus, this disparity was
not statistically significant (p=0.072). Additionally,
the number of blinks per minute did not differ signif-
icantly between the groups (p=0.923).

TABLE 1: Dry eye test measurement results
Group 1 Group 2
X48D (range) X48D (range) p value
Schirmer-| (mm) 227141141 (2-35)  19.58+10.32 (5-35)  0.201
Oxford score 0.37+0.42 (0-1) 0.24+0.41 (0-1) 0.457
OSDlI score 23.12+13.62 (4.16-45) 22.01+13.32 (2.08-40) 0.857
NIBUT (sn) 14.12+10.73 13.23+9.25 0.773
Tear meniscus (mm) 0.21%0.13 (0.09-0.63) 0.25+0.11 (0.10-0.46)  0.072
Blink (n/min) 17.32+14.43 (2-48)  16.93+11.43 (3-38)  0.923

SD: Standard deviation; OSDI: Ocular Surface Disease Index;
NIBUT: Non-invasive tear break-up time
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TABLE 2: MQS scoring and meiboscore results
Group 1 Group 2
X%SD (range) X%SD (range) p value
MQS 1.78+0.43 (1-2) 2.43+0.48 (2-3) 0.001*
Upper meiboscore  0.38+0.48 (0-1) 0.28+0.46 (0-1) 0.532
Lower meiboscore  0.38+0.71 (0-2) 0.25+0.53 (0-1) 0.703
Total meiboscore 0.78+0.67 (0-2) 0.56+0.72 (0-2) 0.343

*Statistically significant (p<0.05); MQS: Meibum quality score; SD: Standard deviation

Table 2 summarizes the meibography results.
Comparison of meiboscores between the groups re-
vealed similar upper, lower, and total meiboscores
(p=0.532, p=0.703, and p=0.343, respectively). How-
ever, the MGD score of Group 1 was significantly
lower compared to Group 2 (p=0.001).

I DISCUSSION

Female androgenetic alopecia (FAA) is a type of non-
scarring hair loss with a complex etiology that pre-
dominantly affects postmenopausal women.!? The
onset of FAA typically begins during the reproduc-
tive years, with a peak incidence observed during the
menopausal period, generally occurring between the
ages of 50 and 60."” Unlike male pattern baldness,
which is well-understood to be influenced by andro-
gens, the role of androgens in FAA remains uncer-
tain. Surprisingly, low levels of androgens do not
consistently correlate with FAA, leading to the adop-
tion of the term female pattern hair loss (FPHL) for
this condition in women.'® This change reflects the
unclear relationship between androgens and FPHL,
as serum androgen levels may not be elevated in all
cases of this condition.'*

Sex steroids exert a complex influence on the
tear film and meibomian glands. Current understand-
ing suggests that low circulating androgen levels and
high estrogen levels are generally recognized as risk
factors for dry eye, either independently or in combi-
nation.!> Meibomian glands have been found to in-
clude sex steroid receptors for both estrogen and
androgens, which may have an impact on meibum
production.'®

Whereas estrogens result in a reduction in lipid
production, androgens promote lipid synthesis and
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secretion from meibomian glands. Both a reduction in
the quality of meibum secretion and alterations in the
meibomian gland appearance have been noted in
these patients.!” Elevated blood estradiol levels are
thought to raise the risk of dry eye by preventing the
formation of lipids and encouraging their breakdown
in the meibomian glands, even though the actions of
estrogens on the ocular surface of the meibomian
glands are less well-established.*!® In a study of
women with premature ovarian failure aged 17-43,
dry eye symptoms were more common than in an
age-matched control group, indicating a positive in-
fluence of ovarian estrogen.'® Three instances of an
increased incidence of dry eye in postmenopausal
women undergoing aromatase inhibitor therapy for
breast cancer underscore the importance of periph-
eral estrogen production in preserving ocular surface
homeostasis.'” Dry eye is more common among post-
menopausal women.”” Lower levels of estrogen and
testosterone are among the hormones that change as
a result of menopause.?' Therefore, these alterations
in the levels of circulating sex steroids might be re-
sponsible for postmenopausal women’s dry eye.?? In
addition, the duration of menopause and hormone re-
placement therapy have been shown to increase the
incidence of dry eye. %

In a study conducted by Kiyat et al., dry eye tests
and meibography results were compared between
women with FPHL and age-matched healthy women.
The study found that tear film breakup time, a mea-
sure of tear film stability, was significantly lower in
the FPHL group, whereas the OSDI score, indicating
ocular surface disease symptoms, was significantly
higher. However, there were no significant differ-
ences between the groups in Schirmer-I test and Ox-
ford scores. Subgroup analysis based on menopausal
status (postmenopausal vs. non-menopausal) showed
similar results in both groups.’ In contrast, our study
did not find significant differences in dry eye tests
between FPHL patients and healthy subjects. Several
factors may contribute to this disparity. Firstly, all
participants in our study were in the non-menopausal
period, potentially influencing tear production and in-
flammatory responses differently than in the follicu-
lar phase of the menstrual cycle. Subjective
discomfort symptoms are notably associated with
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hormonal fluctuations during the menstrual cycle.*
Another contributing factor could be the significant
impact of androgens on the meibomian gland struc-
ture, where they stimulate lipid synthesis and secre-
tion.'®?” Furthermore, androgens are known to
enhance lacrimal gland function by boosting the pro-
duction of transforming growth factor beta, which is
linked to a decrease in interleukin-1b and tumor
necrosis factor alpha levels. This has an anti-inflam-
matory effect.”®

Androgens have been identified as key regula-
tors of lipid synthesis in meibomian glands, enhanc-
ing the quality and quantity of lipid secretion, which
is essential for tear film stability.* On the other hand,
lipid production may be inhibited by estrogens, which
could result in evaporative dry eye and unstable tear
films. When compared to controls, meibomian glands
in patients undergoing anti-androgen therapy show
notable alterations, according to several studies. Ori-
fice metaplasia, poorer secretion quality, a noticeable
alteration in the meibum’s neutral lipid balance, and
a morphological appearance typical of severe illness

are some of these alterations.!”*

Both men and women see a considerable decline
in meibum quality as they age, and meibomian gland
orifice metaplasia is far more common.***! The polar
and neutral lipid compositions of meibomian gland
secretions also undergo significant alterations with
aging.’*3! These findings result from the sharp drop in
androgen levels in both sexes.*

In a study comparing male AGA patients with
healthy volunteers, statistically significant dry eye
findings and MGD were observed in anrogenetic
alopecia patients.** Dry eye and MGD are also sig-
nificantly observed in patients with sex steroid im-
balance such as polycystic ovary syndrome and
post-menopausal women.

In the study by Kiyat et al., meiboscores were
significantly higher in FPHL patients compared to
healthy controls.* However, our study yielded differ-
ent findings, with both groups showing similar mei-
boscores. The FPHL group in our study demonstrated
significantly better MQS, potentially linked to dif-
ferences in serum androgen levels between the
groups. This finding may reflect the stimulatory ef-
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fects of androgens on meibomian gland function,
consistent with Mantelli et al., who highlighted the
critical role of androgen imbalance in ocular surface
pathophysiology.’ Another possible scenario is an-
drogen receptor upregulation. When there is an in-
creased sensitivity to androgens in one area of the
body or an imbalance in systemic androgen levels,
other tissues may adapt to this situation in different
ways. Cells in the meibomian glands may increase
the number or sensitivity of androgen receptors as a
compensatory mechanism to continue to benefit from
the positive effects of androgens.* Finally, the mei-
bomian glands have the capacity to synthesize and
activate their own androgens locally. This allows the
gland to function according to the needs of its mi-
croenvironment, partially independent of systemic
circulating hormone levels. Increased local synthesis
of androgens may also be one explanation.’> How-
ever, the absence of serum hormone level measure-
ments in our study limits the ability to establish a
direct link between androgen levels and the observed
differences.

However, our study has several limitations.
These include a relatively small sample size, the po-
tential influence of menstrual cycle variations among
participants, and the absence of periodic measure-
ments of serum hormone levels, which could fluctu-
ate over time. In addition, not knowing the duration
of the disease was one of the limitations.

I CONCLUSION

In conclusion, the dry eye parameters observed in
FAA patients were similar to those in healthy vol-
unteers, but meibum quality was found to be bet-
ter. Future research should include larger cohorts
and diverse populations, including postmenopausal
women, to elucidate the complex interactions be-
tween hormonal changes and ocular health. This
approach will provide a more comprehensive un-
derstanding of the systemic implications of FPHL
and its potential role in ocular surface disorders.
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