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ABSTRACT

The menstrual cycle is known to influence tear film stability, secretion, and dry eye symptoms, particularly in women. This study
examines these parameters in premenopausal Malaysian women to better understand the relationship between hormonal
Sfluctuations and ocular surface health. A cross-sectional study was conducted among 40 female participants aged 20-24 years
with regular menstrual cycles. Assessments included the Ocular Surface Disease Index (OSDI) Malay Version, tear break-up time
(TBUT), and Schirmer I test. Data were collected during the luteal (5 days before menstruation) and ovulation (14 days after
menstruation) phases. Correlations between parameters and changes across phases were analyzed using Spearman’s rank
correlation. No significant differences were found in OSDI (p = 0.068), TBUT (p = 0.410), or tear volume (p = 0.483) between
phases. Weak and non-significant correlations were observed among parameters within and across phases. For changes in
parameters, AOSDI, ATBUT, and ATear Volume showed weak and non-significant correlations (p > 0.05). Hormonal fluctuations
during the menstrual cycle did not significantly affect tear film stability, secretion, or dry eye symptoms in this sample. The findings
suggest that individualized dry eye management should consider broader environmental and lifestyle factors beyond hormonal
changes.
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INTRODUCTION

The tear film, which consists of three layers, is essential for maintaining ocular surface health and ensuring clear vision by
providing stability and protection. The lipid layer that makes up the outermost layer helps reduce evaporation of the aqueous layer
from the ocular surface and improve tear stability (Holly & Lemp, 1977; Holly, 1987). The aqueous layer, which constitutes 90%
of the tear volume, functions to carry oxygen to the corneal epithelium, provide moisture to the ocular surface, and regulate
osmolarity (Cerretani & Radke, 2014; Holly & Lemp, 1977; Holly, 1987). The mucin layer ensures the cornea's surface remains
hydrophilic, allowing the aqueous layer to stay intact and contribute to tear stability (Holly & Lemp, 1977; Holly, 1987). Variations
in tear film stability and volume can lead to discomfort and interfere with daily tasks such as reading and screen use (Liu et al.,
2009). Ocular structures such as meibomian glands, lacrimal glands, and conjunctival goblet cells produce the various components
of the tear film (Cavdar et al., 2014). Any disruptions in these components, whether due to insufficient tear production or excessive
evaporation, can lead to dry eyes (Barbosa et al., 2017; Chan et al., 2019; Stern et al., 1998).

Dry eye symptoms include ocular pain, light sensitivity, foreign-body sensation, dryness, and irritation. The pain
experienced can be characterized as a burning or stinging sensation, sharp pain, or a dull ache. This is caused by the disturbed
nerves in the cornea (Goyal & Hamrah, 2016). Dry eye symptoms related to disturbances in the tear film are commonly associated
with various factors, including hormonal changes (Sullivan, 1997; D. A. Sullivan et al., 2002). Women, in particular, experience
hormonal fluctuations during their menstrual cycles that may affect their tear production and stability (Sullivan et al., 1998;
Sullivan et al., 1999). The menstrual cycle, involving fluctuations in sex hormones, is divided into three phases: follicular,
ovulation, and luteal. The cycle length is calculated from the first day of menstruation to the beginning of the next cycle, with a
median duration of 28 days, although most cycles range from 25 to 30 days (Reed & Carr, 2015). During the follicular phase,
estrogen levels gradually rise until peaking at the ovulation phase, while progesterone remains low. In the luteal phase, progesterone
levels increase, accompanied by a slight rise in estrogen. Both hormones drop to baseline at the end of the luteal phase before
menstruation begins (Itriyeva, 2022).

Sex-specific changes in corneal thickness, hydration, sensitivity, and curvature during the menstrual cycle may contribute
to dry eye symptoms, potentially affecting visual acuity and causing foreign body sensation (Guttridge, 1994; Leach et al., 1971;
Millodot & Lamont, 1974). Hormonal fluctuations during the menstrual cycle are primarily driven by estrogen and progesterone,
which play vital roles in regulating tear production and ocular surface homeostasis (B. D. Sullivan et al., 2002; Suzuki et al., 2009).
Changes in estrogen are widely believed to directly influence dry eye symptoms, ocular discomfort, and tear production in women
(Golebiowski et al., 2017; Sullivan et al., 2017). Fluctuations in estrogen levels during phases such as the menstrual cycle,

33



International Journal for Studies on Children, Women, Elderly and Disabled, Vol. 22, (Dec.) 2 0 2 4
ISSN 0128-309X

pregnancy, hormone therapy, and menopause have been associated with variations in dry eye symptoms and ocular surface
conditions (Erdem et al., 2007; Sullivan et al., 2017; Versura et al., 2007). Additionally, estrogen has been shown to influence
meibomian gland function (Thody & Shuster, 1989), which is critical for lipid secretion in the tear film. A reduction in lipid
production can lead to faster tear evaporation, destabilizing the tear film and contributing to dryness and discomfort. These
hormonal fluctuations are known to alter tear film composition and quality, affecting tear stability (Versura et al., 2007). In contrast,
progesterone levels dominate the luteal phase, which occurs after ovulation and before menstruation. Progesterone is believed to
modulate immune responses and may suppress inflammation control mechanisms. This suppression can exacerbate ocular surface
inflammation, further compromising tear film stability (Arruvito et al., 2007). Additionally, hormonal fluctuations can alter the
balance of the components of the tear film, resulting in increased tear evaporation and decreased lubrication of the ocular surface
(D. A. Sullivan et al., 2002; Suzuki et al., 2009).

The prevalence of dry eye disease (DED) is notably high in the Asian population, ranging from 21% to 52.4% (Chatterjee
et al., 2021; Lin et al., 2022; Tangmonkongvoragul et al., 2022). Despite these numbers, research often focuses on broader
demographics without exploring population-specific factors that contribute to DED rates. Women, in particular, experience a
higher frequency and severity of DED compared to men, with rates of 72% for women and 28% for men (Schaumberg et al., 2013).
Hormonal differences, especially estrogen and progesterone, may cause the disparity in tear production and ocular surface health
between men and women. However, the exact mechanisms and reasons are unclear, and current treatments may not fully address
these sex-specific factors, including in the Malaysian population (Din et al., 2013). Given the known influence of hormonal
fluctuations on tear film composition, it is critical to explore how these changes impact tear production and stability in women
during different phases of their menstrual cycle. Even though hormonal fluctuations during the menstrual cycle are known to
influence tear film composition and stability, this relationship has not been studied in Malaysia. Therefore, this study examined
the status of tears before and after menstruation in young Malaysian women. Specifically, it aimed to determine and compare tear
stability, tear volume, and Ocular Surface Disease Index (OSDI) scores before and after menstruation. By analyzing tear film
parameters and subjective experience in these phases, this research will contribute to a better understanding of how hormonal
fluctuations associated with the menstrual cycle affect ocular surface health and may influence dry eye symptoms in Malaysian
women.

METHODOLOGY
Study Design

This cross-sectional study, approved by the ethics committee of the National University of Malaysia (UKM PP1/111/8/JEP-2023-
196), was conducted among students from the Faculty of Health Sciences, National University of Malaysia, Kuala Lumpur. A total
of 40 eligible participants were enrolled using convenience sampling. All participants met the inclusion criteria, which included
being female aged 18-35 years with a regular menstrual cycle (21-35 days). Exclusion criteria were as follows: (i) history of eye
surgery within the last year, (ii) active ocular surface disease such as having dry eye or contact lens complication, (iii) systemic
diseases such as hypertension, diabetes, or autoimmune disorders affecting the ocular surface, (iv) current use of contraceptive
pills or hormone therapy, (v) smoking, (vi) use of contact lenses, (vii) regular use of eye drops, and (viii) alcohol consumption.
Participants were informed about the study and provided written consent prior to participation.

Pre-Assessment and Examination Procedures

Prior to tear film assessments, participants completed the Malay version of the Ocular Surface Disease Index (OSDI) questionnaire
to screen for symptoms of dry eyes (Abd Rahman et al., 2017). A slit lamp examination was performed to exclude individuals with
ocular surface diseases and to assess corneal health. Participants with signs of dry eyes based on the Japanese dry eye diagnostic
criteria (Mizuno et al., 2010), defined as (1) the presence of dry eye symptoms, (2) tear break-up time (TBUT) < 5 seconds or
Schirmer test results <5 mm/5 min, and (3) corneal fluorescein staining > 3 marks, were excluded from the study.

Eligible participants recorded their menstrual cycle dates for at least two months prior to the study. Each subject attended two visits
at the National University of Malaysia Optometry Clinic: one within 5 days before menstruation (luteal phase) and the other on
day 14 (£1) after menstruation (ovulation phase) to measure tear film stability, tear volume, and dry eye symptoms (Ebeigbe &
A.D., 2014). A 3-day window (1 day before or after the scheduled visit) was allowed to accommodate scheduling and minimize
participant dropout. If a participant missed the calculated visit date, the next menstrual cycle was recalculated.

Tear Stability Assessment

Tear break-up time (TBUT) was used to assess tear film stability. A fluorescein strip moistened with saline was applied to the
lower palpebral conjunctiva while the participant looked upward. After blinking three times, participants were instructed to hold
their eyes open for as long as possible while TBUT was measured using a cobalt blue filter of a slit lamp. The time between the
last blink and the first appearance of a tear break-up was recorded in seconds. Each measurement was repeated three times, and
the average value was calculated. TBUT values of less than 10 seconds indicated tear film instability, while values below 5 seconds
were indicative of dry eye (Stern et al., 1998).

Tear Secretion Assessment
Tear secretion was evaluated using the Schirmer I test. The test was conducted in ambient lighting at least 5 minutes after the
TBUT assessment. Schirmer’s test strips were inserted at the junction of the middle and lateral third of the lower eyelid. Participants

were asked to keep their eyes closed for 5 minutes. Afterwards, the length of the moistened strip was measured in millimetres, and
values below 10 mm were considered abnormal (Cavdar et al., 2014).
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Dry Eye Symptoms

The Ocular Surface Disease Index (OSDI) Malay version (Abd Rahman et al., 2017) was used to assess the severity of dry eye
symptoms and their impact on daily activities. This questionnaire consists of 12 questions addressing dry eye symptoms
experienced over the past week. Participants completed the OSDI twice, once within 1 week of each tear assessment visit. The
OSDI score was calculated as follows:

OSDI = Total score for each question x 100) / Total question answered x 4
Scores were categorized as follows: 0-12 (normal), 13-22 (mild), 23-32 (moderate), and 33-100 (severe).
Data Analysis

The normality of the TBUT, Schirmer I test, and OSDI scores was assessed using the Shapiro-Wilk test due to the small sample
size (n=40). As results indicated non-normal distributions (p < 0.05), changes in tear stability, tear secretion, and OSDI scores
between the luteal and ovulation phases were analyzed using the Wilcoxon Signed Rank test. A significance level of o = 0.05 was
applied, with p < 0.05 considered statistically significant.

RESULTS
Participant Demographics

The mean age of the participants was 21.63 + 1.06 years (N = 40), with an age range of 20 to 24 years. The mean length of the
menstrual cycle is 30.5 + 0.56 days. In terms of ethnicity, the study included Malays and Chinese. Most of the subjects were
Malays, which were 27 subjects (67.5%), and 13 subjects were Chinese (32.5%).

Dry Eye Symptoms

The mean OSDI score before menstruation was 14.17+£13.57, while the mean OSDI score after menstruation was 11.88+13.92.
The median OSDI score before menstruation was 8.33 (IQR: 4.17-22.40), compared to 8.33 (IQR: 2.08-14.58) after menstruation.
The Wilcoxon Signed-Rank Test revealed no significant difference in OSDI scores between the two phases, Z =-1.825, p =0.068.

Tear Film Stability (TBUT)

The mean TBUT before menstruation was 6.13 £ 3.11, while the mean TBUT after menstruation was 5.87 + 2.74. The median
TBUT before menstruation was 6.00 seconds (IQR: 3.70-7.93), compared to 5.15 seconds (IQR: 3.78—7.83) after menstruation.
The Wilcoxon Signed-Rank Test showed no statistically significant difference in TBUT values between the two phases, Z = -
0.823, p=0.410.

Tear Secretion (Schirmer I Test)

The mean tear volume before menstruation was 23.18+11.59, while the mean tear volume after menstruation was 24.13+10.83.
The median tear volume before menstruation was 23.00 mm (IQR: 12.00-35.00), compared to 28.50 mm (IQR: 13.25-35.00) after
menstruation. The Wilcoxon Signed-Rank Test revealed no significant difference in tear volume between the two phases, Z =
0.702, p = 0.483. Table 1 presents the summary of OSDI scores, TBUT, and tear volume measurements before and after
menstruation, including median values and p-values.

Table 1: Summary of OSDI, TBUT, and tear volume

Parameter Median IQR p-value
OSDI (before menstruation) 8.33 4.17-22.40 p=0.068
OSDI (after menstruation) 8.33 2.08-14.58
TBUT (before menstruation) 6.00 3.70-7.93 p=0.410
TBUT (after menstruation) 5.15 3.78-7.83
Tear Volume (before menstruation) 23.00 12.00 - 35.00 p=0.483
Tear Volume (after menstruation) 28.50 13.25-35.00

Relationships between Parameters

The Spearman correlation analysis revealed weak and non-significant associations between all parameters before and after
menstruation. Specifically, OSDI showed negligible correlations with TBUT and Tear Volume in both phases, with p-values
exceeding 0.05. Similarly, no significant relationships were observed between TBUT and Tear Volume across the phases. Table 2
presents the summary of the analysis.
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Table 2: Correlation analysis between parameters

Variables Spearman's rho p-value Significance
OSDI (before) vs. TBUT (before) -0.142 0.382 Not significant
OSDI (before) vs. Tear Volume (before) -0.051 0.754 Not significant
TBUT(before) vs. Tear Volume (before) 0.169 0.297 Not significant
OSDI (after) vs. TBUT (after) 0.069 0.672 Not significant
OSDI (after) vs. Tear Volume (after) 0.258 0.108 Not significant
TBUT (after) vs. Tear Volume (after) 0.004 0.983 Not significant

Changes across Phases
The Spearman correlation analysis for changes across phases revealed weak correlations between AOSDI and ATBUT and ATear
Volume, and ATBUT and ATear Volume. None of these correlations reached statistical significance (p > 0.05). Table 3 presents

the summary of the analysis.

Table 3: Changes across menstrual phases

Variables Spearman's rho p-value Significance
AOSDI vs. ATBUT -0.216 0.182 Not significant
AOSDI vs. ATear Volume -0.271 0.09 Not significant
ATBUT vs. ATear Volume 0.205 0.203 Not significant

DISCUSSION

The present study investigated the effects of menstrual cycle phases on tear film stability, tear secretion, and dry eye symptoms in
premenopausal Malaysian women. Our findings revealed no statistically significant differences in OSDI scores, TBUT, or tear
volume before and after menstruation. These results suggest that, within this sample, hormonal fluctuations across the menstrual
cycle may not strongly influence these ocular parameters.

Several studies have previously explored the relationship between hormonal changes and tear film stability. Hormonal
receptors, such as estrogen, progesterone, and androgen, have been identified in the human lacrimal and meibomian glands and
are thought to regulate their secretion functions (Obata et al., 1995; B. Sullivan et al., 2002). Additionally, the diameter of the
meibomian glands' orifices, which correlates positively with TBUT, tends to become smaller during the luteal phase, reducing
meibum secretion and causing tear instability (Suzuki et al., 2017). Despite these findings, our study showed no significant
differences in OSDI scores (p = 0.068), TBUT (p = 0.410), or tear volume (p = 0.483) between the luteal and ovulation phases,
which contrasts with previous studies reporting increased dry eye symptoms during the luteal phase (Schaumberg et al., 2001).
Hormonal fluctuations, particularly the increase and decrease of estrogen and progesterone, have been implicated in influencing
tear film parameters (Schaumberg et al., 2001; Versura et al., 2007). However, the absence of significant differences in our study
may be explained by population-specific characteristics, as Asian populations tend to exhibit increased eyelid tension and
incomplete blinking, which may affect ocular surface parameters and dry eye disease progression differently compared to other
populations (Wang & Craig, 2019). Additionally, the narrower age range of our sample, consisting of participants aged 2024
years, may also account for the differing results compared to previous studies that included a broader age range of 18-35 years.
Hormonal changes and their impact on tear film parameters could vary with age, and the relatively younger and more homogeneous
age group in our study might not fully capture the variability observed in earlier research.

The weak negative correlation between OSDI and TBUT before menstruation further emphasizes that subjective dry eye
symptoms may not always align with clinical measures of tear film stability. The lack of significant correlations between OSDI
and objective parameters like TBUT and tear volume aligns with reports indicating that subjective symptomatology does not
always correlate with clinical measurements (Lee et al., 2020). However, significant negative correlations were found between
OSDI and the first break-up time of the non-invasive keratograph, as well as lipid layer thickness. This reflects the known
discordance between subjective symptoms and clinical signs in dry eye management. Furthermore, there was also no evidence that
hormonal changes significantly altered tear secretion in between phases. In contrast to our findings, other studies have shown a
significant decrease in tear production during the ovulation phase (Ebeigbe, 2014; Ebeigbe & Ighoroje, 2014), which may be
caused by the increase of estrogen during this period (Versura et al., 2007). Differences in methodologies, such as conducting the
Schirmer test without anaesthetic in closed-eye conditions, as performed in this study, may contribute to the variation in results, as
it has been shown that Schirmer values without anaesthetic are generally higher (Li et al., 2012; Serin et al., 2007).

The weak and statistically insignificant correlations between the changes in parameters (AOSDI, ATBUT, and ATear
Volume) indicate that fluctuations in subjective dry eye symptoms (AOSDI) do not appear to align closely with changes in objective
measures of tear film stability (ATBUT) or tear secretion (ATear Volume) across the menstrual phases. This finding suggests that
hormonal shifts associated with the menstrual cycle might not exert a consistent or measurable influence on these parameters, at
least within the population and methodology of this study. From a clinical perspective, practitioners should consider a broader
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range of factors when diagnosing and managing dry eye in premenopausal women rather than focusing solely on menstrual cycle
phases. Since no significant changes in tear film stability or secretion were detected, individualized treatment approaches that
account for environmental and lifestyle factors may be more effective. Factors such as hours of sleep, caffeine intake, air
conditioning exposure, and screen time are known to exacerbate dry eye symptoms (Garcia-Marqués et al., 2022; Stapleton et al.,
2017), and their role in tear film instability should be explored in future studies.

CONCLUSION

This study has several limitations, including the relatively small sample size (N = 40) with a small range of age, which may have
limited the statistical power to detect subtle changes in tear dynamics. Additionally, environmental factors such as humidity or
screen time, which can influence tear stability, were not controlled in this study. In conclusion, while this study did not find
significant changes in dry eye symptoms, tear film stability, or tear secretion before and after menstruation, it underscores the
importance of considering a wide range of influences when diagnosing and managing dry eyes. However, this study highlights that
changes in sex hormones throughout the menstrual cycle should be considered when assessing dry eye symptoms that occur in
young women before a diagnosis of DED. Further research is necessary to clarify the role of hormonal changes and to explore how
environmental and lifestyle factors may contribute to tear film instability in premenopausal women.
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