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The menstrual cycle is a physiological change in normal females, indicating the 
proper functioning of both endocrine and reproductive health. The pupil to limbus 
diameter (PLD) ratio is defined as the ratio of pupil diameter measured at an axial 
plane to the limbus diameter measured at the same or a parallel axial plane. 
Alterations in estrogen and progesterone levels may influence cardiac autonomic 
functions. This study aimed to correlate the PLD ratio with anthropometric 
parameters, such as body mass index (BMI) and waist circumference (WC), during 
different phases of the menstrual cycle among medical students.Methods: A cross-
sectional study was conducted among first- and second-year female MBBS students 
aged 17 to 22 years. Anthropometric parameters, including height, weight, BMI, and 
WC, were measured for all participants. Eye photographs were taken during the 
follicular and luteal phases of the menstrual cycle, and the diameters were 
measured manually using the two-box method. The PLD ratios for both eyes 
showed a significant positive correlation with BMI (right eye: r = 0.682, p < 0.000; 
left eye: r = 0.430, p < 0.000) and waist circumference (right eye: r = 0.456, p < 
0.000; left eye: r = 0.315, p < 0.001). The PLD ratio can serve as a simple, non-
invasive, and cost-effective autonomic function test. 
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INTRODUCTION  

Menstrual cycle is one among the physiological 
changes that takes place in a normal female 
individual, indicating normal functioning of both 
endocrine and reproductive health [1]. There is 
sudden withdrawal of hormones estrogen and 
progesterone resulting in shedding of endometrial 
lining causing bleeding per vagina every month. 
Normal days of cycle varies between 21-35 with 
bleeding for about 3-7 days and volume of blood 
loss is less than 80 ml. A normal cycle shows intact 
and functional hypothalamo – pituitary axis. It 
indicates a balanced state of hormonal and 
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reproductive system [2]. There are changes in the 
levels of endogenous sex hormones during 
different phases of menstrual cycle. There is 
increase in estrogen during follicular phase which 
reach its peak prior to ovulation and increase in 
progesterone during midluteal phase. These 
alterations may influence cardiac autonomic 
functions [3].  

Autonomic nervous system functioning is 
important for the maintenance of homeostasis and 
it is achieved by various mechanisms that regulate 
blood pressure, body temperature and electrolyte 
balance [4].  As autonomic functions are associated 
with multiple system functions, disturbance in the 
autonomic functions causes dysregulation of the 
systemic functions. Hence, there is a strong need to 
evaluate the autonomic functions as a routine test. 
Literatures have reported a positive correlation 
between the pupil to limbus diameter ratio and 
blood pressure and pulse rate [5]. Research studies 
done on autonomic functions across various 
phases of menstrual cycle are limited [6].   

Ratio of pupil to limbus diameter ratio (PLD) is 
defined as “the ratio of pupil diameter measured at 
an axial plane with the limbus diameter measured 
at a same or parallel axial plane” [7]. PLD ratio is 
one of the developing autonomic function tests [8]. 
Pupil is constricted and dilated depending upon 
the autonomic functions. Pupil dilates with 
increased sympathetic activity, whereas pupil 
constricts with increased parasympathetic activity. 
But the limbus diameter remains constant. So, 
taking pupil limbus diameter ratio will give an idea 
about the status of autonomic functions. 
Understanding the activities of autonomic 
functions can benefit individuals to begin with 
various treatment modalities if there are any 
alterations. However, studies are limited in this 
area [9].    

There are few studies related to autonomic 
function modulation during different phases of 
menstrual cycle [6]. However, literatures on pupil 
to limbus diameter ratio as an autonomic function 
test in different phases of menstrual cycle and its 
correlation with anthropometric parameters are 
not available. Hence, the present study is designed. 
With this view, the present study was aimed to 
correlate pupil to limbus diameter ratio with 
anthropometric parameters like BMI and WC in 

different phases of menstrual cycle among medical 
students. 

Materials and methods:  

The study commenced after obtaining the approval 
from Institutional Ethics Committee. It was a cross-
sectional study conducted among the first year and 
second year female MBBS students with the age of 
17 – 22 years. Voluntary participants of medical 
students were included for the present study and 
written informed consent from each of them have 
been obtained. Information on individual’s identity, 
medical and family history were collected. 
Anthropometric parameters like height, weight 
was recorded.  Body mass index (BMI) was 
calculated as weight (kg) divided by height (m2). 
Waist circumference (WC) measurement was 
taken at the end of normal expiration, between the 
lower rib margin and the iliac crest, with the help 
of non - elastic measuring tape. Physiological 
hemodynamic parameters like pulse rate were 
recorded for one entire minute and blood pressure 
(BP) has been recorded in participants seated 
using a Sphygmomanometer [10].   

Pupil to limbus diameter ratio (PLD ratio): It 
was recorded by capturing the photograph of eye 
using the mobile phone camera. Before capturing 
the image of the eye, the participants were exposed 
to the ambient light levels for at least 5 minutes. 
Luxmeter was used to measure the illumination 
and it will be kept constant for all the photographs. 
All the photographs were recorded between 9 am 
to 11 am in the morning to avoid diurnal variations. 
After recording the photographs, it was transferred 
to the power point slides and the diameter was 
measured manually by the two-box method [11].  
The photographs were taken in all the participants 
during the 2 phases of menstrual cycle namely, 
follicular phase - 6th day to 13th day of menstrual 
cycle and luteal phase - 15th day to 28th day or 
before the next menstrual bleeding [12].    

Statistical analysis:   

Statistical analyses were performed using SPSS 
version 21 software. Values were expressed as 
mean and standard error for the continuous 
variables. Correlations between the variables were 
investigated by Pearson’s correlation coefficient. 
Comparison between the groups was analysed by t 
test. Statistical significance was considered if the p 
– value is less than 0.05. 
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Result:  

Table 1 Basic characteristics of study 
population (n = 111) Mean ± SE 

Age (Years) 20.32 ± 0.09 
BMI (Kg/m2) 21.98 ± 0.32  
WC (cm) 74.78 ± 0.70   
Pulse (beats/min) 75.18 ± 0.61  
SBP (mmHg) 130.93 ± 0.61   
DBP (mmHg)  82.99 ± 0.71   

 
Table 2 Mean ± SE of Pupil limbus diameter 
ratio (PLD ratio) of study population (n = 111) 

Variable  Follicular 
phase  

Luteal 
phase  

Pupil limbus ratio 
of right eye  

 0.258 ± 
0.007  

0.230 ± 
0.009  

Pupil limbus ratio 
of left eye 

0.258 ± 
0.007 

0.230 ± 
0.009 

 
Table 3 Correlation of pupil limbus ratio with 
body mass index (BMI) and waist 
circumference (WC) in follicular phase (n = 
111) 

Parameter  BMI  WC  
PLD ratio of right eye in 
follicular phase  

r 0.682 0.456 
p 0.000* 0.000* 

PLD ratio of left eye in 
follicular phase  

r 0.682 0.456 
p 0.000* 0.000* 

 

Table 4 Correlation of pupil limbus ratio with 
body mass index (BMI) and waist 
circumference (WC) in luteal phase (n = 111) 

Parameter  BMI  WC  
PLD ratio of right eye in 
luteal phase  

r 0.430 0.315 
p 0.000* 0.001* 

PLD ratio of left eye in 
luteal phase  

r 0.430 0.315 
p 0.000* 0.001*  

*Significant  

Basic characteristics of the study population were 
noted in Table 1. The mean age of the participants 
was 20.32 (±0.09) years. Average pulse was found 
to be 75.18 ± 0.61. Baseline parameters like body 
mass index was 21.98 (±0.32) Kg/m2, average 
waist circumference was 74.78 (±0.70) cm, mean 
systolic and diastolic blood pressure were found to 
be 130.93 (±0.61) and 82.99 (±0.71) mmHg.  

In the present study, mean pupil limbus ratio of 
right eye and left eye in follicular and luteal phase 

of all the participants were shown in Table 2 and 
it was found to be 0.258 ± 0.007 for right and left 
eye in follicular phase, whereas it was 0.230 ± 
0.009 for both the eyes in luteal phase.  

Pearson’s correlation of pupil limbus ratio of right 
and left eye in follicular phase with body mass 
index and waist circumference were depicted in 
Table 3. PLD ratio of right eye and left eye had 
significant positive correlation (r = 0.682, p <0.000) 
with BMI and it showed significant positive 
correlation with waist circumference (r = 0.456, 
p<0.000). Similarly, Pearson’s correlation of pupil 
limbus ratio of right and left eye in luteal phase 
with body mass index and waist circumference 
were depicted in Table 4PLD ratio of right eye and 
left eye had significant positive correlation (r = 
0430, p <0.000) with BMI and it showed significant 
positive correlation with waist circumference (r = 
0.315, p<0.001).   

Discussion: 

The present study was designed to understand the 
pupil to limbus diameter ratio with 
anthropometric and physiological hemodynamic 
parameters in different phases of menstrual cycle 
among medical students. In this study, volunteers 
from the medical students were recruited and with 
them recorded the basic parameters like age, BMI, 
waist circumference, pulse, systolic and diastolic 
BP (Table 1). Further, pupil limbus ratio was 
calculated in all the participants by taking 
photographs of both the eyes during follicular and 
luteal phases of menstrual cycle (Table 2). Ovarian 
changes seen during the menstrual cycle has 
follicular, luteal and menstrual phase. These 
changes are caused by hormonal interactions 
between hypothalamus, anterior pituitary and 
ovaries. Granulosa cells in ovarian follicles, corpus 
luteum and during pregnancy placenta produces 
estrogen. Corpus luteum formed during luteal 
phase produces progesterone. Endometrial 
secretary activity increases because of these 
hormones. Studies reported protective functions of 
hormones in luteal phase [13]. Literatures have 
shown that the female sex hormones have 
receptors present in cardiovascular system and its 
expression in heart and also in blood vessels [14].    

The present study correlated pupil limbus 
diameter ratio with body mass index and waist 
circumference in follicular (Table 3) and luteal 
phases (Table 4). There was significant positive 
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correlation of PLD ratio of both the eyes with BMI 
and waist circumference in follicular and luteal 
phases. Diameter of pupil depends on the activity 
of autonomic nervous system. Dilation of pupil 
takes place on activation of sympathetic nervous 
system. But the diameter of limbus is constant [5]. 
Light entry into the eye is regulated by the pupil 
and it responds immediately to the external 
environment changes [15]. Dilator and sphincter 
pupillae innervated by the sympathetic and 
parasympathetic branches of autonomic nervous 
system regulates changes in pupil diameter [16]. 
During the activation of sympathetic nervous 
system, dilation of pupil takes place by the release 
of adrenaline and by parasympathetic inhibition 
[17]. BMI plays a major role in sympathovagal 
imbalance because hormones are stored in body 
fat layer and reduced content of it leads to 
imbalance in hormones causing disturbance in 
menstrual cycle producing anovulatory cycle, 
thereby causing infertility risk. Preventive 
measures should be employed at an early stage to 
control weight in an individual so that it can 
prevent autonomic changes [4].  

Conclusion: The present study concludes that the 
pupil to limbus diameter ratio can be considered as 
one of the autonomic function tests which is simple, 
non – invasive and cost – effective. The study will 
be useful as it reveals the correlation of 
anthropometric parameters with autonomic 
functions in different phases of menstrual cycle 
among medical students, awareness on the 
importance of autonomic functions can be given to 
the public. 
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