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Correlation of Pupil to Limbus Diameter Ratio
with Blood Pressure and Heart Rate among
Parkinson’s Disease Patients
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ABSTRACT

Introduction: Variation in blood pressure and heart rate is
observed in patients with Parkinson’s disease. Pupil to Limbus
Diameter (PDL) ratio is one of the emerging autonomic functions.
The studies measuring the autonomic functions of Parkinson’s
patients are sparse.

Aim: To observe the correlation of the PLD ratio with blood
pressure and pulse rate among Parkinson’s disease patients.

Materials and Methods: This observational study was conducted
among 31 parkinson’s disease patients attending Outpatient Ward
of General Medicine Department at Ruxmaniben Deepchand Gardi
Medical College, Ujjain, Madhya Pradesh, India, from 15t March 2021
to 15t November 2021. Pupil to limbus diameter ratio was recorded
using the two-box method. Data was analysed using Statistical
Package for Social Sciences (SPSS) version 20.0. Pearson’s
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correlation was used to observe the correlation. A p-value less than
0.05 was considered significant.

Results: The mean age of the participants was 61.9+13.07 years.
The mean PLD ratio of the left eye was 0.343+0.042. There was
a significant positive correlation between the PLD ratio of the left
and right eye with blood pressure in males. There was a positive
correlation between pulse rate also with PLD ratio of the left and
right eyes. However, it was not significant.

Conclusion: There was a significant positive correlation of the PLD
ratio with blood pressure and pulse rate in males, but negative
correlation was observed between the PLD ratio of the left eye
with systolic and diastolic blood pressure in females. The study
results support the need for further detailed studies in this area to
investigate further details of this correlation observed.
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INTRODUCTION

Parkinson’s disease is a progressive neurodegenerative
disease with progressive loss of dopamine secreting neurons
in the brain. The symptoms of Parkinson’s Disease (PD)
include both motor and non motor dysfunctions. Dysfunction
of the autonomic system was reported in Parkinson’s patients.
Autonomic dysfunction is a non motor type of dysfunction [1].
Autonomic functions alteration was reported in the Parkinson’s
patients along with changes in motor functions. This may be due
to damage of the brain areas that are related to regulating the
autonomic functions such as the hypothalamus, brain stem, and
sympathetic ganglia [2].

One such autonomic dysfunction is pupillometer abnormality
due to damage to the ocular autonomic nervous system [3].
Further, there is dysregulation of blood pressure that results in
clinical conditions like orthostatic hypotension [4]. Hence, the
assessment of autonomic functions of PD patients has prime
importance. Pupil to limbus diameter ratio is one of the emerging
autonomic function tests that help to assess autonomic activity
[56-8]. A positive correlation was observed between the blood
pressure and Pupil to Limbus Diameter ratio (PLD ratio) [7,8].
Hence, a hypothesis is considered that there may be a positive
correlation between blood pressure and pulse rate with the
PLD ratio. This may help for early diagnosis of Parkinson’s
disease and thus more effective treatment can be offered to
the Parkinson’s patients. Though the autonomic variations are
highly important in Parkinson’s patients, the studies related to
this area are sparse. Hence, the present study was undertaken
to observe the correlation of the PLD ratio with blood pressure
and pulse rate in Parkinson’s patients.

MATERIALS AND METHODS

The present observational study was conducted at the
Department of Physiology, in collaboration with the Department
of General Medicine at Ruxmaniben Deepchand Gardi Medical
College, Ujjain, Madhya Pradesh, India, from 1st March 2021
to 1t November 2021. The present study was approved
by the Institutional Human Ethical committee of R.D. Gardi
Medical College (IEC Ref.No-124/2019). Total 31 cases of PD,
including both males and females were included in the study
by convenient sampling. Patients were recruited from the
Outpatient Ward of the General Medicine Department at R.D.
Gardi Medical College.

Inclusion criteria: Both male and female participants, aged
>18 years and who were in stage 1 and 2 of Hoehn and Yahr
classification of disability [9], can ambulate with or without an
assistive device for atleast 50 feet, were able to get up and
down from the floor with minimal assistance or less and score
of 24 or above on the Folstein Mini-Mental State Exam [10] were
included in the study.

Exclusion criteria: Participants with age <18 years, with declined
immune functions, any other neurodegenerative diseases, eye
disorders, and unwilling participants were excluded from the study.

Study Procedure

All the parameters were recorded between 10 am to 11 am to
avoid diurnal variation and for the comfort of the participants. Pupil
to limbus diameter ratio was recorded using the two-box method
explained in the literature [5]. The illumination of the room where
the eye pictures were taken was kept constant at 250 lux. After
two minutes of rest, the picture of the eyes (left and right) was
captured by keeping the light constant in a room in Physiology
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Department. The images were captured using sony cyber shot
DSC-W800/BCIN5 camera. The captured images were then
transferred to the powerpoint slides. Circles were drawn around
pupil and limbus manually. Then boxes were drawn to pupil and
limbus. The distance between the two ends of the boxes was
the diameter of the pupil and limbus respectively [Table/Fig-1].
Then, the ratio of pupil to limbus diameter was calculated. Blood
pressure and pulse rate were recorded using HEM 7121 digital
blood pressure monitor fully automatic soon after capturing the
picture of the eyes.

[Table/Fig-1]: Captured eye pictures and luxmeter; red box is drawn around the
limbus and blue box representing the area of pupil.

STATISTICAL ANALYSIS

Data was analysed using Statistical Package for Social Sciences
(SPSS) version 20.0. Pearson’s correlation was used to observe the
correlation. A p-value <0.05 was considered significant.

RESULTS

The mean age of the participants was 61.9+13.07 years. The
mean PLD ratio of the left eye was 0.34326+0.042. The mean
PLD ratio of the right eye was 0.33768+0.046. The mean pulse
rate was 80.94+11.59 beats per minute. The mean systolic
and diastolic blood pressure was 138.32+25.74 mmHg and
79.16+£12.26 mmHg. There was no significant difference in age,
pulse rate, systolic blood pressure, diastolic blood pressure,
PLD ratio of left and right eye between males and females
[Table/Fig-2].
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PLD ratio right eye

Pulse rate
(beats/min)

Systolic blood
pressure (mmHg)

Diastolic blood
pressure (mmHg)

0.34326+0.042

80.94+11.69

138.32+25.74

79.16+£12.26

r-value=0.0829

r-value=0.5085

r-value=0.5546

p-value=0.6575

p-value=0.0034*

p-value=0.0012*

[Table/Fig-3]: Correlation of PLD ratio of right eye with pulse rate, systolic and
diastolic blood pressure in the study participants.

Pearson’s correlation coefficient (Data was presented as mean and SD); *p-value <0.01 was
considered as statistically significant

PLD ratio left eye

Pulse rate
(beats/min)

Systolic blood
pressure (mmHg)

Diastolic blood
pressure (mmHg)

0.33768+0.046

80.94+11.59

138.32+25.74

79.16+£12.26

r-value=0.1386

r-value=0.4856

r-value=0.5453

p-value=0.4571

p-value=0.0056"

p-value=0.0015*

[Table/Fig-4]: Correlation of PLD ratio of left eye with pulse rate, systolic and
diastolic blood pressure in the study participants.

Pearson’s correlation coefficient; (Data was presented as mean and SD); *p-value <0.01 was
considered as statistically significant

Blood Pressure (DBP) in males. There was a positive correlation
between the PLD ratio of the right eye with pulse rate but it was not
statistically significant [Table/Fig-5].

Pulse rate Systolic blood Diastolic blood
PLD ratio right eye (beats/min) pressure (mmHg) | pressure (mmHg)
80.56+£12.33 140.04+27.41 80.08+13.42
0.34428+0.04613 r-value=0.0772 r-value=0.5052 r-value=0.549

p-value=0.714

p-value=0.009*

p-value=0.004*

Male (n=25) Female (n=25)

Parameters (Mean+SD) (Mean=SD) p-value
Age (years) 61.92+13.01 61.83+14.57 0.9887
Pulse rate (beats/min) 80.56+12.33 82.50+8.55 0.7194
Systolic blood pressure 140.04+27 .41 131.17+17.06 | 0.4576
(mmHg)

Diastolic blood pressure 80.08+13.42 75.33+4.08 0.4037
(mmHg)

PLD ratio left eye 0.34756+0.04279 | 0.32533+0.03625 | 0.2510
PLD ratio right eye 0.34428+0.04613 | 0.31017+0.03568 | 0.1025

[Table/Fig-5]: Correlation of PLD ratio of right eye with pulse rate, systolic and
diastolic blood pressure in male participants.

Pearson’s correlation coefficient. (Data was presented as mean and SD); *p-value <0.01 was
considered as statistically significant

There was a significant positive correlation between the PLD ratio
of the left eye with systolic blood pressure (SBP) and diastolic blood
pressure (DBP) in males. There was a positive correlation between
the PLD ratio of the left eye with pulse rate but it was not statistically
significant [Table/Fig-6].

Diastolic blood
pressure (mmHg)

Pulse rate
(beats/min)

Systolic blood

PLD ratio left eye pressure (mmHg)

80.56+12.33 140.04+27.41 80.08+13.42

0.34756+0.04279 | r-value=0.1418 r-value=0.5293 r-value=0.5746

p-value=0.498 p-value=0.006 p-value=0.002*

[Table/Fig-6]: Correlation of PLD ratio of left eye with pulse rate, systolic and
diastolic blood pressure in male participants.

Pearson’s correlation coefficient; (Data was presented as mean and SD); *p-value <0.01 was
considered as statistically significant

Positive correlation was observed between the PLD ratio
of right eye with pulse rate, systolic and diastolic blood
pressure in females. However, it was not statistically significant
[Table/Fig-7].

[Table/Fig-2]: Comparison of parameters among male and female participants.

p-value <0.05 was considered as statistically significant (Student’s t-test)

Positive correlation was observed between the PLD ratio of right
eye with pulse rate. However, it was not statistically significant.
There was significant positive correlation between the PLD ratio
of right eye with systolic and diastolic blood pressure [Table/
Fig-3]. Positive correlation was observed between the PLD
ratio of left eye with pulse rate. However, it was not statistically
significant. There was significant positive correlation between the
PLD ratio of left eye with systolic and diastolic blood pressure
[Table/Fig-4].

There was a significant positive correlation between the PLD ratio
of the right eye with Systolic Blood Pressure (SBP) and Diastolic
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0.31017+0.03568

Pulse rate Systolic blood Diastolic blood
PLD ratio right eye (beats/min) pressure (mmHg) | pressure (mmHg)
82.50+8.55 131.17+£17.06 75.33+4.08

r-value=0.3858

r-value=0.3955

r-value=0.5734

p-value=0.450

p-value=0.437

p-value=0.234

[Table/Fig-7]: Correlation of PLD ratio of right eye with pulse rate, systolic and
diastolic blood pressure in female participants.

Pearson’s correlation coefficient. (Data was presented as mean and SD); *p-value <0.01 was
considered as statistically significant

Positive correlation was observed between the PLD ratio of left eye
and pulse rate in females. However, it was not statistically significant.
Negative correlation was observed between the PLD ratio of left
eye with systolic and diastolic blood pressure. However, it was not
statistically significant [Table/Fig-8].




Sai Sailesh Kumar Goothy et al., Correlation of PLD Ratio with BP and HR among PD Patients

PLD ratio left eye

Pulse rate
(beats/min)

Systolic blood
pressure (mmHg)

Diastolic blood
pressure (mmHg)

82.50+8.55 131.17+17.06 75.33+4.08
0.32533+0.03625 r-value= 0.282 r-value=-0.0357 r-value=-0.0023
p-value=0.588 p-value=0.946 p-value=0.996

[Table/Fig-8]: Correlation of PLD ratio of left eye with pulse rate, systolic and
diastolic blood pressure in female participants.

Pearson’s correlation coefficient. (Data was presented as mean and SD); *p-value <0.01 was
considered as statistically significant

DISCUSSION

The present study was undertaken to observe the correlation
between the PLD ratio and blood pressure and pulse rate
in Parkinson’s patients. The mean age of the participants
was 61.9+13.07. The mean PLD ratio of the left eye was
0.34326+0.042. The mean PLD ratio of the right eye was
0.33768+0.046. There was no significant difference between the
right and left eye PLD ratio. Positive correlation was observed
between the PLD ratio of right eye with pulse rate. However,
it was not statistically significant. There was significant positive
correlation between the PLD ratio of right eye with systolic and
diastolic blood pressure. Positive correlation was observed
between the PLD ratio of left eye with pulse rate. However, it
was not statistically significant. There was significant positive
correlation between the PLD ratio of left eye with systolic and
diastolic blood pressure.

The dilation and constriction of the pupil are regulated by the
autonomic nervous system. Hence, the PLD ratio will be a simple
measure for the assessment of the autonomic nervous system.
The study results supported the hypothesis that there will be
positive correlation in the variables even in Parkinson’s patients.
Earlier studies also supported the same hypothesis in healthy
subjects as well as in females with type 2 diabetes mellitus [6,7].
Similar results were observed in the hypertensive women also [8].
Though earlier studies were of low sample size, they indicated a
positive relationship between the PLD ratio and the autonomic
functions [6-8]. This is true because both blood pressure and
pupil dilation was regulated by the same autonomic system.
Sympathetic stimulation raises blood pressure and causes
dilation of the pupil whereas parasympathetic stimulation does
opposite effects [6,8].

There was no study conducted on the correlation between the
autonomic nervous system and the PLD ratio. Hence, the present
study was the first study on Parkinson’s patients.

There was no significant difference in age between males
and females. Pulse rate, systolic blood pressure, diastolic
blood pressure, and PLD ratio of left and right eye were not
significantly different between males and females. A positive
correlation was observed between the PLD ratio of the right
eye and pulse rate, systolic and diastolic blood pressure in
males. A positive correlation was observed between the PLD
ratio of the left eye and pulse rate in males. However, it was
not statistically significant. A significant positive correlation was
observed between the PLD ratio of the left eye with systolic
and diastolic blood pressure in males. A positive correlation
was observed between the PLD ratio of the right eye with
pulse rate, and systolic and diastolic blood pressure in females.
However, it was not statistically significant. A positive correlation
was observed between the PLD ratio of the left eye and pulse
rate in females. However, it was not statistically significant. A
negative correlation was observed between the PLD ratio of
the left eye with systolic and diastolic blood pressure. However,
it was not statistically significant. The reason for the negative
correlation is not clear and has to be assessed in detail in
further studies.
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The variation in the diameter of the pupil was observed because
of alteration of the autonomic activity. Sympathetic stimulation
causes dilation of the pupil and parasympathetic stimulation causes
constriction of the pupil. Similarly, the variation in blood pressure
is also dependent on autonomic activity. Sympathetic stimulation
causes an increase in blood pressure and parasympathetic
stimulation causes a decrease in blood pressure. Hence, both
are controlled by the autonomic nervous system, this may be
the reason for the positive correlation observed [7,8]. Change
in the blood pressure was reported in PD patients in relation
to motor symptoms. As the motor symptoms worsen there is
an increase in the blood pressure observed in the PD patients
[11]. Due to autonomic dysfunction, multiple daily life functions
are affected and there will be a decline in the quality of life of
these individuals [12]. It was reported that there was an increased
pupillary response in patients with Parkinson’s disease [13]. As
there is no standard marker for the early diagnosis of Parkinson’s
disease, the PLD ratio can contribute to the same effectively. It
was reported that pupillary response can help in the detection of
Parkinson’s disease [14].

Limitation(s)
The sample size of the study was less and the study was conducted
at single centre. Hence, results cannot be generalised.

CONCLUSION(S)

There was a significant positive correlation was observed
between the PLD ratio of the right and left eye with the autonomic
functions. In males, a positive correlation was observed between
the PLD ratio of right and left eyes with blood pressure and pulse
rate. In females, a positive correlation was observed between the
PLD ratio of the right eye with blood pressure and pulse rate and
the PLD ratio of the left eye and pulse rate. A negative correlation
was observed between the PLD ratio of the left eye with systolic
and diastolic blood pressure. The study results support the need
for further detailed studies in this area to investigate further
details of this correlation observed.
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