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A Retrospective Analysis of the Merit of Iris-pupil Area Ratio as a
Predictor of Risk of Myocardial Infarction
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ABSTRACT

Background: \We have recently reported the utility of iris-pupil area ratio as a sensitive index of
borderline changes in sympathetic activity and the stress associated with it in primates and ca-
nines. As minimal increase in sympathetic activity can lead to micro vascular constriction, which
is often observed in patients suffering from myocardial infarction, we hypothesised here that
iris-pupil area ratio will serve as a predictor of risk of myocardial infarction in humans. Materials
and Methods: To test our hypothesis, we analysed and compared the digital images of the eyes
of celebrities who succumbed to myocardial infarction with that of healthy celebrities. Most
recent digital images of the celebrities available in the public database were used for our analy-
sis. Iris-pupil area ratio of both eyes was measured using NIH Image-J software. Results: The
iris-pupil area ratio was significantly lower in celebrities who succumbed to myocardial infarction
compared to healthy cohorts (4.875 + 1.506 Vs. 6.978 + 1.499; p<0.001). To assess the correla-
tion of age with iris-pupil area ratio we performed regression analysis of the data from each of
the cohorts. The age Vs iris-pupil area ratio regression analysis in celebrities who succumbed to
myocardial infarction had positive correlation (correlation coefficient of 0.06889), while healthy
celebrities showed negative correlation (correlation coefficient of 0.03775). Although the cor
relation between age and iris-pupil area ratio was weak, a higher negative correlation (correla-
tion coefficient of 0.387) was observed in a cohort of 50 to 80 years old healthy celebrities.
Conclusion: The lower iris-pupil area ratio observed in celebrities who succumb to myocar
dial infarction possibly suggests increased sympathetic activity and microvascular constriction,
which supports the merit of iris-pupil area ratio as a non-invasive tool in predicting myocardial
infarction.
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INTRODUCTION

The incidence of myocardial infarction continues to
rise despite the advancements in healthcare.”? While
significant progression has been achieved in the
management of myocardial infarction, similar pro-
gression to effectively predict and identify patients
at the immediate risk of suffering from myocardial
infarction are lacking.’* Although several biochemi-
cal, physiological and lifestyle risk factors are know,
the utility of these risk factors in predicting immedi-
ate episodes of myocardial infarction is limited.>*'
This is perhaps due to the limitations in our under-
standing of the causative factors, which trigger myo-
cardial infarction. While microvascular constriction
is reported to be a major culprit, the feasibility to
measure this parameter in a dynamic scale is techni-
cally limited.***!* Physiologically microvasculatures
are primarily regulated by autonomic nervous system
with a balance between sympathetic and para-sym-
pathetic neurons.”>?! While it is feasible to biochemi-
cally measure the neurotransmitters of sympathetic
and para-sympathetic neurons, often the sensitivity
of detecting the neurotransmitters is feasible only

when they are significantly elevated. Hence detection
of borderline changes in the concentrations of the
neurotransmitters remains a technical challenge.

We have recently reported the utility of iris-pupil
area ratio as a sensitive index of borderline changes
in sympathetic activity and the stress associated with
it in primates and canines.”>* The reliability of iris-
pupil area ratio to reflect borderline changes in sym-
pathetic activity may be clinically useful to assess sev-
eral clinical conditions associated with microvascular
constrictions including myocardial infarction and
stroke. Hence in this study we tested the hypothesis
that iris-pupil area ratio may be valuable in identify-
ing human patients at risk of suffering from myocar-
dial infarction.

MATERIALS AND METHODS

For this study we opted to analyse the digital images
of celebrities due to the ease and increased availability
of the digital images in public database. Most recent
digital images of the celebrities available in the public
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database during the time of this study analysis (January to April 2019)
were used. For the celebrities who succumbed to myocardial infarction
the most recent digital image just prior to their month of death was used
for the analysis. After a detailed background search a list of 48 celebrities
(20 who succumbed to myocardial infarction (Cel-Mi) and 28 celebrities
without any known health conditions (Cel-Li)) from different geograph-
ical locations were shortlisted for this study analysis. We limited the age
group of celebrities included in this study to 25-80 years.

The digital images were analysed for Iris and pupil area and perimeter
using NIH Image ] software.?* Images with imperfect angle of the eye,
where iris and pupil couldn’t be clearly outlined were excluded from the
analysis. Oval or free hand selection tools were used to outline and mea-
sure iris and pupil parameters.** The data were transferred to a Micro-
soft Excel sheet for calculation of the iris to pupil area ratio and the data
were analysed using GraphPad Prism software (Version 5) with signifi-
cance accepted at p<0.05.

RESULTS

The mean age of the celebrities who succumbed to myocardial infarction
(Cel-Mi) was 58.3 + 15.5 years (range: 26 to 78 years) (n = 20), while the
mean age of the celebrities in the healthy cohort (Cel-Li) was 45.5 + 16.4
years (range 27 to 75 years) (n = 28).
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Figure 1: Iris/pupil (I/P) area ratio of celebrity cohort who succumbed
to myocardial infraction (Cel-MI; n = 20) and healthy celebrities with no
known health conditions (Cel-Li; n = 28). Data is presented as Mean + SD.
*** p<0.001.
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Figure 2: Correlation analysis of Iris/pupil (I/P) area ratio with age (Years) of
celebrity cohort who succumbed to myocardial infraction (Cel-MI; n = 20)
and healthy celebrities with no known health conditions (Cel-Li; n = 28).
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The iris to pupil area ratio was significantly (p < 0.001) lower in the Cel-
Mi group compared to the Cel-Li group (Figure 1, Table 1). Suggesting
a significantly dilated pupil in Cel-Mi group compared to Cel-Li group.
Correlation analysis of the iris to pupil area ratio with age in both the
cohorts indicated a differing outcome. In the Cel-Mi group the correla-
tion of the iris to pupil area ratio with age was observed to be positive
while this correlation was negative in Cel-Li group (Figure 2, Table 2).
To assess the influence of age on the iris to pupil area ratio we performed
a subgroup analysis in the both cohorts by dichotomising the age groups
between 25-49 and 50 to 80 years. While both cohorts showed a posi-
tive correction between iris to pupil area ratio and age (25-49 years), the
correlation was different in the age range of 50 to 80 years (Table 2). The
slope of the correlation line was steeper in the Cel-Mi group compared
to Cel-Li group. Suggesting that the influence of age on iris to pupil area
ratio was greater in the Cel-Mi group compared to Cel-Li group.

DISCUSSION

A fine balance between sympathetic and parasympathetic system very
sensitively regulates the diameter of the pupil*>?* and perhaps the micro-
vasculature.'*'51% Besides the autonomic system, several regulators of
cardiac microvasculature physiology are also reported.'*!***>%” Never-
theless the autonomic system remains the dominant regulator of micro-
vascular function.”®*® Addressing the commonality between the regula-
tion of pupil diameter and microvasculature by the autonomic system
may be clinically useful as a non-invasive and perhaps sensitive index of
predicting microvascular complications such as myocardial infraction.
We have previously reported the evidence of such commonality in a pri-
mate and canine study cohorts wherein iris to pupil area ratio was dem-
onstrated to be a reliable index of borderline changes in autonomic sys-
tem activity.”>* In this study we report evidence of commonality between
the regulation of pupil diameter and microvasculature by the autonomic
system in human subjects. Analysing the digital image of the celebri-
ties who succumbed to myocardial infarction, we show here that their

Table 1: I/P area ratio values of the study subjects.

Cel-MI Cel-Li
Mean + SD 4.875 + 1.506*** 6.978 + 1.499
Range 2.014 to 8.125 4.702 to 10.48
Median 4.791 6.666
25% percentile 3.558 5.89
75% percentile 5.557 7.96

***: p <0.001 versus Cel-Li group
Cel-MI: Celebrity cohort who succumbed to myocardial infraction (n = 20).
Cel-Li: healthy celebrities with no known health conditions (n = 28).

Table 2: Correlation coefficient of study subjects.

Cel-MI Cel-Li Combined
Complete data 0.06889* 0.03775' 0.05197
b/w 25-49 yrs 0.00011* 0.01614* 0.00248'
b/w 50 to 80 yrs 0.00997* 0.38731" 0.02168'
Slope 0.02546 + 0.02206  -0.01914 + 0.01895 -0.02512 +
0.01582
1/Slope 39.27 -52.24 -39.81

*: Positive correlation

!': Negative correlation

Cel-MI: Celebrity cohort who succumbed to myocardial infraction (1 = 20).
Cel-Li: healthy celebrities with no known health conditions (n = 28).
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iris to pupil area ratio was significantly lower compared to the healthy
cohorts. Hence it is likely that coronary microvascular constriction trig-
gered by over activity of sympathetic system, which can potentially lead
to fatal myocardial infarction, is also reflected on collateral changes in
the iris to pupil area ratio. Hence our study supports the hypothesis that
iris to pupil area ratio can be useful as a non-invasive index of identifying
patients at risk of suffering from myocardial infarction potentially due to
over activity of sympathetic system. Another merit of iris to pupil area
ratio as a non-invasive index of risk analysis is the feasibility to use it as a
personalised monitoring tool in patient care.

The correlation analysis of iris to pupil area ratio with age showed a very
interesting pattern. In the cohorts who succumbed to myocardial infarc-
tion the correction was positive, indicating a progressive increase in sym-
pathetic activity with age. While in the healthy cohorts the correlation
was negative, suggesting a slight dominance of parasympathetic system
with increase in age. The difference observed in the correlation analysis
of iris to pupil area ratio with age in both the cohorts was prominently
evident in the age group of 50 to 80 years. While in both the cohorts
the correlation analysis showed similar trends in the age group of 20-49
years. Several studies have previously reported changes in autonomic
system with aging.?-? Although the changes observed in autonomic sys-
tem with aging is at a sub threshold level it is interesting to note that iris
to pupil area ratio is sensitive enough to detect such changes, hence fur-
ther validating the reliability of the this index in predicting clinical risk
analysis associated with changes in autonomic system.

In conclusion the iris-pupil area ratio is a sensitive index of microvascu-
lar constriction induced by increased sympathetic activity and hence has
merit to be used clinically as a non-invasive tool in identifying patients
at risk of suffering from myocardial infarction.
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