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Abstract

Background: The autonomic nervous system plays a vital role in regulating pupillary responses
through sympathetic and parasympathetic pathways. Assessment of pupillary dynamics may
provide a non-invasive indicator of autonomic nervous system function. Aim: To evaluate the
correlation between autonomic function tests and pupillary dynamics in adults. Methods: A
cross-sectional observational study was conducted among 100 adults attending the
outpatient department between January and December 2025. Participants underwent
standardized autonomic function tests including heart rate variability during deep breathing,
Valsalva manoeuvre, and blood pressure response to standing. Pupillary dynamics were
assessed using pupil diameter measurement and light reflex parameters. Statistical analysis
was performed using correlation tests to determine the association between autonomic
function parameters and pupillary responses. Results: Among the 100 participants, 56% were
males and 44% females, with a mean age of 42.8 £ 11.6 years. Abnormal autonomic function
tests were observed in 38% of participants. Participants with abnormal autonomic function
showed significantly reduced pupillary constriction amplitude and delayed pupillary recovery
time compared with those with normal autonomic responses (p < 0.05). A moderate
correlation was observed between Valsalva ratio and pupillary constriction velocity (r = 0.42)
and between heart rate variability and pupil diameter change (r = 0.38). Conclusion: Pupillary
dynamics showed a significant association with autonomic function test parameters. Pupillary
assessment may serve as a simple, non-invasive screening tool for detecting autonomic
dysfunction in adults.

Keywords: Autonomic nervous system, Pupillary dynamics, Autonomic function tests, Pupil
light reflex, Autonomic dysfunction.
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Introduction

The autonomic nervous system (ANS) regulates numerous involuntary physiological processes

including cardiovascular function, gastrointestinal motility, sweating, and pupillary
responses. The ANS consists of two major components: the sympathetic and parasympathetic 226
nervous systems, which work together to maintain homeostasis.?

The pupil is under dual autonomic control. The parasympathetic pathway mediates pupillary
constriction (miosis) through the sphincter pupillae muscle, while the sympathetic pathway
controls pupillary dilation (mydriasis) through the dilator pupillae muscle. 3 Therefore, changes
in pupillary dynamics can reflect disturbances in autonomic nervous system function.

Autonomic dysfunction can occur in several conditions including diabetes mellitus,
neurodegenerative diseases, cardiovascular disorders, and metabolic diseases. > Conventional
autonomic function tests such as heart rate variability during deep breathing, Valsalva
manoeuvre, and blood pressure response to standing are widely used to evaluate autonomic
nervous system integrity. ©

Recent studies suggest that pupillary responses can serve as a sensitive indicator of autonomic
imbalance, as pupillary light reflexes depend on intact sympathetic and parasympathetic
pathways.””® However, limited studies have examined the relationship between standard
autonomic function tests and pupillary dynamics in adults. %0

Understanding this relationship may help develop non-invasive screening methods for
autonomic dysfunction.

Objectives

Primary Objective: To determine the correlation between autonomic function test
parameters and pupillary dynamics in adults.

Secondary Objectives

¢ To assess pupillary responses including pupil diameter and light reflex parameters in adults.
¢ To evaluate the prevalence of autonomic dysfunction using standard autonomic function

tests.

¢ To determine whether pupillary measurements can serve as indicators of autonomic

dysfunction.

Materials and Methods
Study Design: Cross-sectional observational study.

Study Setting: The study was conducted in the Department of Physiology/Ophthalmology at
a tertiary care hospital.

Study Duration: January 2025 to December 2025
Study Population: Adults attending outpatient clinics who met the study criteria.

Sample Size: A total of 100 participants were included in the study.
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Inclusion Criteria

e Adults aged 18-60 years
e Individuals willing to participate and provide informed consent

Exclusion Criteria

e History of ocular diseases affecting pupil function

e Use of medications affecting autonomic function

e Neurological disorders affecting pupillary responses
e Previous ocular surgery or trauma

Study Procedure

All eligible participants who met the inclusion criteria were recruited for the study after
obtaining written informed consent. A total of 100 adult participants were included in the
study conducted between January and December 2025 at the Departments of Physiology and
Ophthalmology, Navodaya Medical College and Research Centre, Raichur. Each participant
underwent a detailed evaluation that included clinical assessment, autonomic function
testing, and pupillary dynamics assessment.

Initially, demographic and clinical information such as age, gender, medical history, medication
history, and lifestyle factors were recorded using a structured data collection form. Basic
clinical parameters including heart rate and blood pressure were measured in a resting state
after the participant had been seated comfortably for at least 10 minutes. Participants were
advised to avoid caffeine, smoking, and heavy meals for at least two hours prior to the
examination to minimize interference with autonomic responses.

Autonomic function tests were conducted in the Department of Physiology under controlled
environmental conditions in a quiet room with comfortable temperature and minimal
distractions. Standard non-invasive autonomic tests were performed according to established
protocols. These included the heart rate response to deep breathing, Valsalva manoeuvre, and
blood pressure response to standing. For the deep breathing test, participants were instructed
to breathe deeply at a rate of six breaths per minute while heart rate variability was recorded.
During the Valsalva manoeuvre, participants were asked to blow into a mouthpiece
maintaining a constant pressure for approximately 15 seconds while cardiovascular responses
were monitored. The blood pressure response to standing was assessed by measuring the
change in systolic blood pressure when the participant moved from a lying or sitting position
to standing.

Assessment of pupillary dynamics was carried out in the Department of Ophthalmology using
standard ophthalmic examination techniques. The examination was performed in a dimly lit
room to allow adequate baseline pupil dilation. Participants were asked to fixate on a distant
target to avoid accommodation effects. Baseline pupil diameter was measured, followed by
evaluation of the pupillary light reflex using a focused light source. Parameters such as
constriction latency, constriction amplitude, constriction velocity, and re dilation time were
recorded. Care was taken to ensure that participants did not receive medications or eye drops
that could affect pupillary function prior to the examination.

EISSN 1303-5150 www.neuroquantology.com

&

227



Neuroquantology |[Mar 2026 | Volume 24 | Issue 3 | Page 225-235]| Doi: 10.48047/nq.2026.24.3.NQ26022
Dr. Raju H. Taklikar, Correlation of Autonomic Function Tests with Pupillary Dynamics in Adults: A descriptive study from Raichur,
Karnataka

Original Research Article

All measurements were recorded in a standardized data collection sheet for each participant.
The collected data from autonomic function tests and pupillary dynamics were subsequently
compiled and analyzed to determine the correlation between autonomic nervous system
function and pupillary responses in adults.

Statistical Analysis

Data were analyzed using SPSS 25.0 version software. Continuous variables were expressed as
mean * standard deviation. Categorical variables were expressed as frequency and
percentage. Pearson correlation test was used to determine the association between
autonomic function parameters and pupillary dynamics. A p value < 0.05 was considered
statistically significant.

Results

Table 1: Age Distribution of Study Participants (n = 100)

Age Group (years) Frequency Percentage
18-30 24 24%
31-40 28 28%
41-50 30 30%
51-60 18 18%
Total 100 100%

Table 1 shows the age distribution of the study participants. Out of the total 100 participants,
the highest proportion belonged to the 41-50 years age group, comprising 30 participants
(30%). This was followed by the 31-40 years age group with 28 participants (28%), and the
18-30 years age group with 24 participants (24%). The lowest proportion was observed in the
51-60 years age group, which included 18 participants (18%). Overall, the findings indicate
that the majority of participants were middle-aged adults, particularly in the 31-50 years age
range, suggesting that this age group constituted the predominant segment of the study
population.

Table 2: Gender Distribution of Participants

Gender Frequency Percentage
Male 56 56%
Female 44 44%
Total 100 100%

Table 2 shows the gender distribution of the study participants. Out of the total 100
participants, 56 participants (56%) were males and 44 participants (44%) were females. The
findings indicate a slight male predominance in the study population, although both genders
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were fairly well represented. This relatively balanced distribution ensures adequate
representation of both male and female participants in the study.

Table 3: Autonomic Function Test Results

Autonomic Function Frequency Percentage
Normal 62 62%
Abnormal 38 38%
Total 100 100%

Table 3 presents the results of the autonomic function tests among the study participants.
Out of the total 100 participants, 62 participants (62%) showed normal autonomic function,
while 38 participants (38%) demonstrated abnormal autonomic function test results. These
findings indicate that a considerable proportion of participants exhibited evidence of
autonomic dysfunction, highlighting the importance of evaluating autonomic nervous system
function in adults as part of clinical assessment.

Table 4: Mean Pupillary Dynamics Parameters

Parameter Mean = SD
Baseline pupil diameter (mm) 4.2+0.7
Constriction latency (ms) 240 + 35
Constriction amplitude (mm) 1.8+04
Constriction velocity (mm/s) 3.1+0.6
Re dilation time (s) 2.6 £0.5

Table 4 presents the mean values of various pupillary dynamics parameters observed among
the study participants. The mean baseline pupil diameter was 4.2 + 0.7 mm. The mean
constriction latency was 240 + 35 milliseconds, indicating the time taken for the pupil to begin
constricting in response to light stimulus. The mean constriction amplitude was 1.8 + 0.4 mm,
reflecting the average extent of pupil constriction following light exposure. The mean
constriction velocity was 3.1 + 0.6 mm/s, representing the speed at which the pupil
constricted. Additionally, the mean redilation time was 2.6 + 0.5 seconds, indicating the time
taken for the pupil to return to its baseline size after constriction. These measurements
provide an overall assessment of pupillary dynamics and autonomic control of the pupil
among the study participants.
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Table 5: Comparison of Pupillary Parameters Between Normal and Abnormal Autonomic
Function

Normal Abnormal
. Autonomic Autonomic
Pupillary Parameter . . p value
Function Function
(n=62) (n=38)
Baseline pupil diameter (mm) 4.4 +0.6 39+0.7 0.02
Constriction amplitude (mm) 2.0+0.3 1.5+04 0.01
Constriction velocity (mm/s) 3.4+0.5 2.6+0.6 0.01
Re dilation time (s) 23104 3.1+0.6 0.03

Table 5 compares the pupillary dynamics parameters between participants with normal
autonomic function (n = 62) and those with abnormal autonomic function (n = 38). The mean
baseline pupil diameter was higher in participants with normal autonomic function (4.4 + 0.6
mm) compared to those with abnormal autonomic function (3.9 + 0.7 mm), and this difference
was statistically significant (p = 0.02). Similarly, the mean constriction amplitude was greater
among participants with normal autonomic function (2.0 £ 0.3 mm) than those with abnormal
autonomic function (1.5 + 0.4 mm), with the difference being statistically significant (p = 0.01).
The constriction velocity was also higher in the normal autonomic function group (3.4 £ 0.5
mmy/s) compared to the abnormal group (2.6 + 0.6 mm/s), and this difference was statistically
significant (p = 0.01).

In contrast, the mean re dilation time was longer among participants with abnormal
autonomic function (3.1 + 0.6 seconds) compared to those with normal autonomic function
(2.3 £ 0.4 seconds), indicating delayed pupillary recovery. This difference was also statistically
significant (p = 0.03). Overall, these findings demonstrate that participants with abnormal
autonomic function exhibited significantly altered pupillary dynamics, including reduced pupil
size, decreased constriction amplitude and velocity, and prolonged re dilation time.

Table 6: Correlation Between Autonomic Function Tests and Pupillary Dynamics

Autonomic Test Pupillary Parameter Correlation (r) p value
Heart rate variability Pupil diameter change 0.38 0.02
Valsalva ratio Constriction velocity 0.42 0.01
BP response to standing Re dilation time -0.35 0.03
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Table 6 shows the correlation between different autonomic function test parameters and
pupillary dynamics. A moderate positive correlation was observed between heart rate
variability and pupil diameter change (r = 0.38, p = 0.02), indicating that greater heart rate
variability was associated with greater changes in pupil diameter. Similarly, the Valsalva ratio
demonstrated a positive correlation with pupillary constriction velocity (r = 0.42, p = 0.01),
suggesting that better autonomic function during the Valsalva manoeuvre was associated with
faster pupillary constriction responses.

In contrast, the blood pressure response to standing showed a negative correlation with
pupillary re dilation time (r = -0.35, p = 0.03), indicating that a greater drop in blood pressure
upon standing was associated with a longer time for the pupil to re dilate. Overall, these
findings demonstrate significant correlations between autonomic function test parameters
and pupillary dynamics, supporting the relationship between autonomic nervous system
activity and pupillary responses.

Table 7: Overall Correlation Between Autonomic Dysfunction and Pupillary Abnormalities

Variable Frequency Percentage

Normal pupillary dynamics 64 64%

Abnormal pupillary

. 36 36%
dynamics

Total 100 100%

Table 7 presents the overall distribution of pupillary dynamics among the study participants.
Out of the total 100 participants, 64 participants (64%) showed normal pupillary dynamics,
while 36 participants (36%) exhibited abnormal pupillary dynamics.

These findings indicate that more than one-third of the study population demonstrated
abnormal pupillary responses, which may reflect underlying alterations in autonomic nervous
system function. The presence of pupillary abnormalities in a substantial proportion of
participants supports the potential role of pupillary dynamics as a useful indicator of
autonomic dysfunction.

Discussion

In the present study, the majority of participants belonged to the 41-50 years age group
(30%), followed by 31-40 years (28%), while 18-30 years accounted for 24% and 51-60 years
constituted 18%. Thus, most participants were middle-aged adults between 31 and 50 years,
indicating that this age range formed the predominant study population. (Table 1)

A comparable age pattern has been reported in previous autonomic function studies. For
example, a study evaluating age-related changes in autonomic functions categorized
participants into young (15-45 years), middle-aged (45—-60 years), and elderly (>60 years)
groups and demonstrated that autonomic testing is commonly performed in young and
middle-aged adults, with significant physiological changes occurring with increasing age as
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reported by Parashar R. et al.! Similarly, studies investigating pupillary dynamics and
autonomic function often include a wide adult age range to assess age-related differences in
pupil responses. Research on pupillary kinetics comparing younger and older adults reported
that aging influences pupil diameter and reflex parameters, with older participants showing
smaller pupil size and slower responses.!? Furthermore, recent research on dynamic
pupillometry in adults has emphasized that pupil dynamics vary across different age groups,
making age distribution an important consideration when evaluating autonomic function and
pupillary responses. 11-13

Thus, the age distribution observed in the present study, with a predominance of middle-aged
adults, is comparable to previous studies assessing autonomic nervous system function and
pupillary dynamics, which commonly include participants across similar adult age groups to
evaluate physiological variations in autonomic control.

In the present study, out of the total 100 participants, 56 participants (56%) were males and
44 participants (44%) were females, indicating a slight male predominance in the study
population. However, the distribution between males and females was relatively balanced,
ensuring adequate representation of both genders. (Table 2)

A similar gender distribution has been reported in previous studies evaluating autonomic
function and pupillary responses. Bremner F et al. reported that autonomic disorders and
pupillary abnormalities can occur in both males and females, with most clinical studies
including a relatively balanced representation of genders to avoid gender bias in autonomic
assessment. Similarly, McDougal DH and Gamlin PD3? described that pupillary control
mechanisms are regulated by autonomic pathways that function similarly in both sexes, and
most studies investigating pupillary dynamics include comparable proportions of male and
female participants. In addition, Wilhelm H et al” reported that pupillary responses and
autonomic regulation of the eye show minimal gender-based physiological differences, and
therefore both sexes are usually included in similar proportions in studies assessing pupillary
dynamics and autonomic nervous system function. Thus, the gender distribution observed in
the present study, showing a slight male predominance but overall balanced representation,
is consistent with previous studies investigating autonomic function and pupillary dynamics in
adult populations.

In the present study, 62 participants (62%) demonstrated normal autonomic function, while
38 participants (38%) showed abnormal autonomic function test results. This finding indicates
that a considerable proportion of the study population exhibited evidence of autonomic
dysfunction. (Table 3)

Similar findings have been reported in previous studies evaluating autonomic nervous system
function in adults. Low PA et al'. reported that autonomic function abnormalities are
frequently observed in clinical populations and that standardized autonomic tests such as
heart rate variability, Valsalva manoeuvre, and blood pressure response to standing are
effective tools for identifying autonomic dysfunction. Likewise, Mathias CJ and Bannister R®
noted that autonomic dysfunction may be present in a significant proportion of individuals,
particularly in patients with metabolic, neurological, or cardiovascular disorders, and
emphasized the importance of autonomic testing in clinical evaluation. Furthermore,
Benarroch EE? described that dysfunction of the central autonomic network can lead to
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abnormalities in cardiovascular reflexes and other autonomic responses, which can be
detected using standard autonomic function tests. Thus, the findings of the present study
showing 38% abnormal autonomic function tests are consistent with previous studies
demonstrating that autonomic dysfunction is relatively common and can be effectively
detected using standardized autonomic testing methods.

In the present study, a significant correlation was observed between autonomic function tests
and pupillary dynamics. A moderate positive correlation was found between heart rate
variability and pupil diameter change (r = 0.38, p = 0.02), indicating that improved
parasympathetic activity was associated with greater pupillary changes. Similarly, the Valsalva
ratio showed a positive correlation with pupillary constriction velocity (r = 0.42, p = 0.01),
suggesting that better autonomic cardiovascular reflexes were associated with faster pupillary
responses. In contrast, a negative correlation was observed between blood pressure response
to standing and pupillary re dilation time (r = =0.35, p = 0.03), indicating that impaired
autonomic regulation may result in delayed pupillary recovery. (Table 6)

These findings are comparable with previous studies that have demonstrated a relationship
between autonomic nervous system function and pupillary responses. Bremner F et al*
reported that pupillary dynamics reflect the balance between sympathetic and
parasympathetic activity, and abnormalities in autonomic function tests often correspond
with altered pupillary responses. Similarly, McDougal DH and Gamlin PD et al® described that
the autonomic pathways controlling cardiovascular responses and pupillary function share
common neural mechanisms, and alterations in autonomic regulation can influence pupillary
constriction and dilation parameters. Furthermore, Wilhelm H et al’ reported that changes in
pupillary reflex parameters, such as constriction velocity and re dilation time, are frequently
associated with autonomic dysfunction and can serve as indicators of disturbances in
autonomic nervous system activity. Thus, the results of the present study showing significant
correlations between autonomic function tests and pupillary dynamics are consistent with
previous studies highlighting the close relationship between autonomic nervous system
activity and pupillary responses.

Conclusion

e The present study was conducted to evaluate the correlation between autonomic function
tests and pupillary dynamics in adults. A total of 100 participants were assessed using
standard autonomic function tests along with evaluation of pupillary responses.

e The findings of the study demonstrated that a considerable proportion of participants
showed evidence of autonomic dysfunction, highlighting the importance of assessing
autonomic nervous system activity in adults. Significant differences were observed in
pupillary parameters such as baseline pupil diameter, constriction amplitude, constriction
velocity, and re dilation time between individuals with normal and abnormal autonomic
function.

e Furthermore, the study revealed significant correlations between autonomic function test
parameters and pupillary dynamics, including positive correlations between heart rate
variability and pupil diameter change, as well as Valsalva ratio and constriction velocity,
while a negative correlation was observed between blood pressure response to standing
and pupillary re dilation time. These findings indicate that alterations in autonomic
nervous system function are reflected in measurable changes in pupillary responses.
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Overall, the results of the present study suggest that pupillary dynamics are closely
associated with autonomic nervous system function and may serve as a useful, simple,
and non-invasive tool for assessing autonomic dysfunction. Incorporating pupillary
evaluation alongside conventional autonomic function tests may improve the early
detection and clinical assessment of autonomic nervous system abnormalities in adults.
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