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Sex steroid hormone receptors are located in various human ocular tissues, such as
cornea, iris, ciliary body, lens, conjunctiva, retina, lacrimal and meibomian gland, in
both males and females.1,2
Epidemiological studies show that sex hormones act differently according to sex
and increase the incidence of age-related cataract, glaucoma, dry eye, neovascular
age-related macular degeneration, central serous chorioretinopathy, etc.3–5
There are variations in the levels of the sex steroid hormones during the menstrual
cycle. Thus, some researchers have shown that these hormone fluctuations show correlation with the ocular tissue variables.6,7 On the other hand, some researchers advocate
that these fluctuations do not affect ocular variability significantly.8 The ocular biometric parameters may change during the different phases of the menstrual cycle.
Ciccone et al9 reported the importance of estrogens. They found that ophthalmic
artery perfusion is increased after administration of intranasal 17-beta-estradiol in
postmenopausal women.
The Lenstar LS 900 optical biometer is a device that is based on optical lowcoherence reflectometry (OLCR) technology. The Lenstar biometer measures central
corneal thickness (CCT), anterior chamber depth (ACD), lens thickness (LT), axial
length (AL), keratometry, pupil diameter, and white-to-white distance.10
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Purpose: To determine the ocular biometric characteristics during the menstrual cycle using
the optical low-coherence reflectometry (OLCR) biometry.
Methods: Twenty-two healthy women between the ages of 19 and 36 years with regular menstrual cycles were enrolled in this prospective study. Subjects with irregular menstrual cycles,
those taking contraceptive pills, those with a history of ocular surgery or trauma, and women
unable to cooperate with the ocular biometry device were excluded from this study. A complete
ophthalmic examination was performed between 8.30 and 10.30 am for all participants. Also,
central corneal thickness, axial length, anterior chamber depth, lens thickness, and keratometric
measurements were made at the same time using the OLCR device. Measurements were taken
at the beginning of the cycle (1–3 days), at ovulation (12–16 days), and at the end of the cycle
(26–32 days).
Results: The mean age of the participants was 22.86±4.22 (range: 18–36) years. The difference
in central corneal thickness, axial length, anterior chamber depth, lens thickness, and keratometry
values were not statistically significant during the menstrual cycle.
Conclusion: The ocular biometric parameters did not significantly vary during the menstrual
cycle according to the OLCR biometry.
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The aim of our study was to evaluate the ocular biometric
characteristics during the menstrual cycle using the Lenstar
LS 900 biometer.

Table 1 The mean age and ocular biometric parameters

Methods

CCT (µm)
ACD (mm)
LT (mm)
K1 (diopter)
K2 (diopter)

Twenty-two healthy women between the ages of 19 and
36 years with regular menstrual cycles were enrolled in
this prospective study. The study protocol was approved
by Adnan Menderes University’s ethics committee and
complied with the tenets of the Declaration of Helsinki.
Informed consent forms were completed and signed by all
of the participants.
Subjects with irregular menstrual cycles, those taking
contraceptive pills, those with a history of ocular surgery
or trauma, and those unable to cooperate with the biometry
device were excluded from this study. Subjects were asked
to define the phases by counting forward the days from the
start of menses.
A complete ophthalmic examination was done for all participants between 8.30 and 10.30 am. Also, biometric measurements (CCT, AL, ACD, LT, and keratometric values) were
made at the same time using the OLCR device. Both eyes were
measured, but only the right eye was taken to the study.

Statistical analysis
The appropriateness of the normal distribution of quantitative data was analyzed by the Kolmogorov–Smirnov test.
Two-way analysis of variance for intergroup comparisons
was used for normally distributed variables and descriptive
statistics are shown as mean ± standard deviation. For variables which were not in accordance with normal distribution,
the Friedman test was used for intergroup comparisons,
and descriptive statistics are shown in median (25th to 75th
percentile) format. P,0.05 was considered as statistically
significant.

Results
The mean age of the participants was 22.86±4.22 (range:
18–36) years. The mean CCT, AL, ACD, LT, and keratometric measurements (steep and flat keratometry readings) of
the right eye are summarized in Table 1 (two-way analysis of
variance). Measurements were made at the beginning of the
cycle (1–3 days), at ovulation (12–16 days), and at the end
of the cycle (26–32 days), on different menstrual cycle days,
for 1 month (Table 2) (two-way analysis of variance).
The CCT and AL were thinnest at the beginning of the
cycle and increased steadily until the end of the cycle, but
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Age (years)
AL (mm)

Mean ± SD

Minimum–maximum

22.86±4.22
23.47±0.88
528.85±37.85
3.60±0.29
3.47±0.18
43.82±1.65
42.84±1.38

19–36
21.15–24.81
452.33–589.67
3.01–4.09
3.16–3.76
41.56–46.48
40.18–45.10

Abbreviations: ACD, anterior chamber depth; AL, axial length; CCT, central
corneal thickness; LT, lens thickness; K1, steep keratometry readings; K2, flat
keratometry readings; SD, standard deviation.

these differences were not statistically significant (P=0.498
and P=0.421, two-way analysis of variance). Conversely,
the LT was the thickest, and steep and flat keratometry
readings were the highest, at the beginning of the cycle
and decreased regularly at the end of the cycle (P=0.179,
P=0.892, P=0.434, two-way analysis of variance). The ACD
was reached the thickness value at the middle of the cycle
(Table 2) (Friedman test).

Discussion
Changes in the anterior segment parameters during the menstrual cycle are referred to in the literature. Some researchers claim that these variations are significant, while others
advocate that these differences are inconsiderable.
Giuffrè et al calculated corneal thickness during the menstrual cycle. They reported the cornea was thickest at the end
of the cycle and thinnest at the beginning.11 On the other hand,
Hashemi et al investigated corneal thickness, corneal curvature, and ACD during the menstrual cycle using the Scheimpflug imaging technique.12 They found no significant difference
in measurements during the menstrual cycle period.
Corneal biomechanical parameters like corneal resistance factor and corneal hysteresis are determined by the
ocular response analyzer. Goldich et al reported that corneal
Table 2 Measurements were made on three different menstrual
cycle days for 1 month

AL (mm)
CCT (µm)
ACD (mm)
LT (mm)
K1 (diopter)
K2 (diopter)

Menstrual
mean ± SD

Ovulatory
mean ± SD

Luteal
mean ± SD

P-value

23.46±0.89
528.1±38.18
3.07±0.27
3.49±0.19
43.84±1.66
42.86±1.36

23.47±0.88
528.64±37.88
3.08±0.33
3.47±0.19
43.83±1.65
42.85±1.40

23.48±0.87
529.82±38.12
3.07±0.29
3.44±0.21
43.82±1.67
42.82±1.40

0.421
0.498
0.866
0.179
0.892
0.434

Abbreviations: ACD, anterior chamber depth; AL, axial length; CCT, central
corneal thickness; LT, lens thickness; K1, steep keratometry readings; K2, flat
keratometry readings.
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resistance factor and corneal hysteresis decreased at the
ovulation phase of the menstrual cycle.13 The CCT was thickest at the end of the cycle and thinnest at the beginning.13
Seymenoğlu et al determined corneal biometric properties
during the menstrual cycle by using the ocular response
analyzer.14 In contrast to Goldich et al’s study, they could
not find differences in corneal biomechanical properties and
intraocular pressure during the menstrual cycle.
The Lenstar is an optical biometer that provides CCT,
ACD, LT, AL, and keratometric measurements. The Lenstar
uses the OLCR measurement principle and allows fast, comfortable, noncontact, less user-dependent, highly reliable, and
reproducible measurements.15
Recently, Uçakhan et al compared the corneal curvature
and ACD measurements using the Lenstar LS 900, Pentacam
(Oculus, Wetzlar, Germany), and a manual keratometer
in healthy eyes.16 The authors reported good correlation
between the Lenstar and Pentacam for measuring the ACD
and corneal curvature.
Another study, by Cruysberg et al evaluated the reproducibility of the Lenstar LS 900.17 The CCT and ACD
measurements were compared between the Lenstar LS
900 and Visante AS-OCT. ACD and AL measurements,
keratometric readings, and chamber depth measurements
were compared between the Lenstar LS 900 and IOL Master.
They found differences between the Lenstar LS 900, IOL
Master, and Visante AS-OCT, and they did not recommend
the use of these three optical devices interchangeably. On
the other hand, they showed that the Lenstar LS 900 is
an excellent reproducible optical biometric device for all
reported measurements.
In our study, CCT, AL, ACD, LT, and keratometric
values were found to change during the menstrual cycle.
Some measurements were highest at the beginning of the
cycle (LT and keratometric values), some measurements
were highest at the middle of the cycle (ACD), and other
measurements were highest at the end of the cycle (CCT
and AL). However, none of these changes was clinically or
statistically significant.
There are some limitation of our study. Firstly, small
sample size is a limitation of the present study. Secondly,
different phases of the menstrual cycle should be taken
into consideration to avoid inconsistent results of changes
in ocular variables. Lastly, we could not perform a multivariate regression model in order to evaluate the role
of confounding factors (cardiovascular risk factors, the
pharmacological history, etc) on results. Further studies
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with larger sample sizes with a multivariate regression
model are needed.

Conclusion
Biometric measurement is important in refractive surgery
calculation, in intraocular lens selection, prior to cataract
surgery, for eyeglass or contact lens prescription, etc. Some
biometric measurement devices are affected by hormonal
influences during the menstrual cycle. The Lenstar LS 900
biometric measurement device is not affected by the variations of hormonal changes. Therefore, measurement with
the Lenstar LS 900 can be used reliably in healthy women
without reckoning with variations of hormonal changes during the menstrual cycle.
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