
Abstract. – OBJECTIVE: Dynamic pupillome-
try (DP) is a simple, non-invasive computerized
assessment of pupillary light response which
provides data concerning both branches of the
autonomous nervous system (ANS). Heart rate
variability (HRV) analysis assess cardiac health
and the ANS modulation on the heart. In this
study, we aimed to evaluate the utility of DP as a
predictor of cardiac autonomic activity assessed
by HRV.

PATIENTS AND METHODS: A total of 44 con-
secutive healthy subjects (mean age = 35.9 ± 7.4
years, 24 males) were enrolled. Pupil diameters
(R0, R1, R2 and R%): latency (Lc), amplitude
(Ac), velocity (Vc) and duration of pupil contrac-
tion (Tc): latency (Ld), velocity (Vd) and duration
of pupil dilatation (Td) were measured in DP.
Time and frequency domain indices of HRV were
obtained from 24-h ambulatory electrocardio-
graphic monitoring.

RESULTS: There were strong significant corre-
lations of Vc with LF/HF (r = -0.672, p = 0.001)
and a measure of HRV: RMSDD (r = 0.654, p =
0.001). R% significantly correlated with PNN50 (r
= -0.432, p = 0.003) and RMSDD (r = -0.422, p =
0.004) and LF/HF (r = 0.340, p = 0.024). Vc (ββ  =
0.647, p = 0.011) and Ac (ββ  = 0.320, p = 0.013)
were found as independent predictors of
RMSSD. Vc (ββ  = 0.578, p = 0.036) was found to be
only significant predictor of PNN50. Vc (ββ  = -
0.617, p = 0.008) and R% (ββ  = 0.309, p = 0.038)
were found to be significant predictors of LF/HF.

CONCLUSIONS: Pupillary autonomic func-
tions assessed by DP correlates with cardiac au-
tonomic functions evaluated by HRV. Among the
DP parameters analyzed, Vc was a predictor of
parasympathetic indices, and R% was a predic-
tor of sympathetic indicators of cardiac auto-
nomic functions.
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Introduction

In recent years, a marked interest has emerged
about the physiological or pathophysiologic fea-
tures and clinical evaluation of the autonomic
nervous system (ANS) regulation of the heart
rate (HR)1,2. Cardiac autonomic dysfunction
(CAUD) has been associated with increased all-
cause mortality, death from cardiovascular dis-
ease and sudden cardiac death3-5. 

Heart rate variability (HRV) is the physiologi-
cal phenomenon of variation in the time interval
between heartbeats6-8. HRV is regulated by the
ANS. Parasympathetic activity decreases HR and
increases HRV, whereas sympathetic activity in-
creases HR and decreases HRV9-12. HRV analysis
has a considerable role to assess overall cardiac
health and the ANS fluctuations in normal healthy
individuals and in patients with various cardiovas-
cular and non-cardiovascular disorders6-8. 

Dynamic pupillometry (DP) is a novel, stan-
dardized, fully automated computerized system for
evaluating pupillary autonomic nerve activity13,14.
The pupil is a convenient and accessible terminal
station for studying autonomic function because
the parasympathetic and sympathetic nervous sys-
tems innervate constrictor and dilator muscles of
the iris13-15. Therefore, the infrared DP which uses
pupillary light reflex allows independent evalua-
tion of both branches of pupillary autonomic activ-
ity15-17. DP has been evaluated in patients with hy-
pertension14, heart failure15, obstructive sleep
apnea16, diabetes mellitus18 and neurological dis-
eases19,20. However, correlation and association of
DP indices with cardiac autonomic functions has
not been assessed before. In this study, we aimed
to investigate the clinical utility of DP indices as a
predictor of cardiac autonomic functions via HRV.
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Patients and Methods

Study Population and Data Collection
A total of 44 (mean age = 35.9 ± 7.4 years, 24

males and 20 females) consecutive healthy sub-
jects (volunteers such as healthy participants
from our outpatient clinics, physicians and nurs-
es) were enrolled in our study. During participa-
tion and data collection 4 (8.3%) cases were ex-
cluded. Exclusion criteria were arterial hyperten-
sion in three cases and diabetes mellitus in one
case. All subjects had no systemic and neurologi-
cal conditions with known ocular involvement,
use of medication and topical eye treatment. All
participants underwent a complete ocular exami-
nation consisting of slit-lamp bio-microscopy,
fundus examination and intraocular pressure
evaluation. All participants’ best-corrected visual
acuity (BCVA) was 20/20 with Snellen and oph-
thalmologic examination was normal.

Data collection was carried out by face-to-face
interviews of subjects by two trained researchers.
Demographic features, smoking habits, and use
of medications were interviewed using a ques-
tionnaire. All subjects underwent a complete
physical examination, and their height and
weight were recorded. BMI was calculated as
weight divided by square of height (kg/m2).

After initial data collection, all participants un-
derwent 24-h ambulatory electrocardiographic
monitoring and DP. These two studies were per-
formed by blinded researchers to results of one
another. The current study complies with the De-
claration of Helsinki. Informed consent was ob-
tained from all participants and the study was ap-
proved by the Research Ethics Committee.

Analysis of Heart Rate 
Variability Parameters

A 24-h ambulatory electrocardiographic moni-
toring was performed for all participants.
Recordings were obtained using three-channel
analog recorders and analyzed using the
DMS300-4AL ambulatory electrocardiographic
recording system [DM Systems (Beijing) Co.
Ltd, Beijing, China]. All 24-hour periods were
used to investigate HRV parameters. The stan-
dard parameters from the time domain analysis
of HRV were SDNN (standard deviation of all
NN intervals for a selected time period), SDANN
(SD of the 5-minute mean R-R intervals tabulat-
ed over an entire day), RMSSD (square root of
the mean of the sum of the squares of differences
between adjacent RR intervals) and PNN50 (the

proportion of differences in successive NN inter-
vals greater than 50 ms)6,21,22.

Spectral analysis of HRV included: total pow-
er which represents the variability of the entire
signal and is obtained by summing powers of
each frequency band; high-frequency (HF) com-
ponent (0.15-0.40 Hz); low-frequency (LF) com-
ponent (0.04-0.15 Hz) and very-low-frequency
(VLF) component (0-0.04 Hz). The normalized
high-frequency power (HFnu = 100 × high-fre-
quency power/total power), normalized low-fre-
quency power (LFnu = 100 × low-frequency
power/total power), and low-/high-frequency
power ratio (LF/HF ratio = low-frequency pow-
er/high-frequency power) were calculated to give
the relative changes in HRV in the frequency do-
main6,21,22.

Dynamic Pupillometry
Monocular DP analysis was performed for

each eye (darkness adaptation 300 seconds, dura-
tion of 90 seconds, sampling frequency = 30 Hz)
with Metrovision MonPack one. Software which
is provided in the DP device automatically out-
lines pupillary contour on the images, ensuring
the accuracy of the measurements (accuracy of
measurements of pupil diameter = 0.1 mm) under
controlled illumination conditions. The DP de-
vice stimulator had near-infrared illumination
(950 nm) and a high-resolution near-infrared im-
age sensor which allows measurement of pupil
diameter even in absolute darkness. From the DP
analysis of response to visual stimulus: pupil di-
ameters (initial, R0; maximum, R1; minimum,
R2; R2/R0 expressed as (R%): latency (Lc), am-
plitude (Ac), velocity (Vc) and duration of pupil
contraction (Tc): latency (Ld), velocity (Vd) and
duration of pupil dilatation (Td) were measured. 

Statistical Analysis
Distribution of data was assessed by using a

one-sample Kolmogorov-Smirnov test. Data are
demonstrated as mean  ±  SD for normally dis-
tributed continuous variables, median (mini-
mum-maximum) for skew-distributed continuous
variables, and frequencies for categorical vari-
ables. Univariate linear regression analysis was
performed to evaluate the effects of DP variables
on HRV indices. Predictors obtained from uni-
variate analysis were further checked with multi-
variate linear regression analysis. Pearson’s cor-
relation analysis was used in order to assess the
relationship between the DP variables and HRV
indices. Spearman’s correlation analysis was
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Participants
Variable (n = 44)

SDNN, ms 158.2 ± 39.3
SDANN, ms 145.3 ± 38.9
RMSDD, ms 41.8 ± 18.3
PNN50 13.6 ± 9.6
LF, ms2 1127.7 ± 588.1
HF, ms2 463.8 ± 254.5
LFnu, 66.6 ± 10.3
HFnu 23.4 ± 11.3
LF/HF 2.9 ± 1.7

Table I. Heart variability parameters of participants.

Numeric variables with a normal distribution were present-
ed as the mean ± standard deviation. Please, refer text for
details of HRV indices.
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used for skew-distributed continuous DP vari-
ables in order to evaluate the relationship with
HRV indices. Statistical analysis of the data was
conducted using SPSS 15 (SPSS Inc., Chicago,
IL, USA) and two-tailed p < 0.05 was considered
statistically significant.

Results

Of the 44 participants (mean age = 35.9 ± 7.4
years, 24 males and 20 females), 10 (22.7%)
were currently smokers. The mean BMI of the
study group was 22.8 ± 1.7 kg/m2, SBP was
110.1 ± 11.7 mmHg and DBP was 66.2 ± 8.6
mmHg. Heart rate variability indices of partici-
pants are represented in Table I.

Pupil sizes were determined 4.40 ± 0.86 mm
for R0, 4.90 ± 0.80 mm for R1, 3.36 ± 0.76 mm
for R2, respectively. Detailed DP indices and
correlation with HRV parameters are shown in
Table II. Pearson’s correlation analysis revealed
strong significant correlation of Vc with LF/HF
(r = -0.672, p = 0.001) and RMSDD (r = 0.654, p
= 0.001) (Figure 1). In addition, Vc moderately
correlated with PNN50 (r = 0.525, p = 0.001),
HF (r = 0.499, p = 0.001) and LFnu (r = -0.488, p
= 0.001). There were significant correlations of
R% with PNN50 (r = -0.432, p = 0.003) and
RMSDD (r = -0.422, p = 0.004) and LF/HF (r =
0.340, p = 0.024) (Figure 2). 

Effects of age, gender, smoking status, BMI
and DP variables on HRV indices were exam-
ined in a multivariate linear regression analysis.
When parasympathetic indices of HRV were se-
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lected as a dependent variable; Vc (β = 0.647, p
= 0.011) and Ac (β = 0.320, p = 0.013) were
found to be significant predictors of RMSSD.
Notably, Vc (β = 0.578, p = 0.036) was found to
be the only significant predictor of PNN50.
When sympathetic indices of HRV were chosen
as a dependent variable; Vc (β = -0.617, p =
0.008) and R% (β = 0.309, p = 0.038) were
found to be significant predictors of LF/HF.

Discussion

The main findings of this study are as follows:
(1) pupillary autonomic functions assessed by
DP correlates with cardiac autonomic functions
evaluated by HRV, (2) among the measured DP
parameters, Vc and Ac were found to be predic-

tors of parasympathetic indices of cardiac auto-
nomic functions, (3) Vc and R% were found as
independent predictors for sympathetic indices of
cardiac autonomic functions. To the best of our
knowledge, it is the first study that evaluated the
utility of DP as a predictor of cardiac autonomic
activity assessed by HRV. DP indices were
found to be correlated and associated with HRV
parameters.

Sympathetic and parasympathetic limbs play
an important role in modulating both intrinsic
and actual HR2,10. Parasympathetic activity re-
duces the HR via vagal nerve. In contrast, sym-
pathetic activity accelerates the HR via circulat-
ing catecholamines and neural release of norepi-
nephrine23,24. Likewise, ANS have a modulatory
role on dynamic change in pupil size. Both
sphincter and dilator muscles of the iris receive
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Figure 1. Correlation analysis of velocity of pupil contraction (Vc) with (A) LF/HF and (B) RMSDD. r = correlation .

Figure 2. Correlation analysis of velocity of R2/R0 (R%) with (A) LF/HF and (B) PNN50. r = correlation coefficient. 



dual innervations from the two branches of the
ANS15,16. Parasympathetic fibers supply the iris
sphincter and cause reduction of pupil size by
contraction of the muscle. Meanwhile, the
sphincter had sympathetic innervations which are
capable of inhibiting pupil contraction by relax-
ation of the sphincter muscle. This inhibition is
primarily via beta-adrenergic receptors. Pupil di-
lation via sympathetic inhibition of the sphincter
is about one-third of the maximum physiological
dilation. On the other side, the sympathetic in-
nervation causes contraction of iris dilator mus-
cle via alpha-adrenergic receptors which ends up
with an increase in pupil diameter16,17. DP is a
non-invasive, standardized and fully automated
system for assessing ANS activity of pupils.
Characteristic V-shaped light response recorded
during DP is divided into 3 parts: the first part re-

flects parasympathetic activation; the second part
consists both sympathetic and the parasympa-
thetic activity; and the third one signifies sympa-
thetic activity alone15-17 (Figure 3). From the first
part; Ac and Vc are indicators of parasympathet-
ic activity. In accordance with this data, we
found that Ac and Vc have significant positive
correlations with RMSDD and PNN50. Impor-
tantly, Vc was found to independently predict
parasympathetic HRV indicators of cardiac auto-
nomic activity. Therefore, Vc can be used as an
indicator of parasympathetic modulation on the
heart. Furthermore, Vc is an independent predic-
tor of sympathetic HRV indices.

On the other hand, among DP indices, it has
been known that R0, R% and Lc are mainly under
sympathetic control and can be used as an indica-
tor of pupillary autonomic activity15. Complying
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Figure 3. A, Dynamic pupillometry analysis (A) and (B) automatically definition of pupillary contour by DP device are
shown. Characteristic V-shaped response of dynamic pupillometry (C). Ac, amplitude of contraction; Lc, latency of contrac-
tion; Ld, latency of dilatation; Vc, velocity of contraction; Vd, velocity of dilatation.
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with this, we found that R% and Lc have a posi-
tive correlation with LF/HF and negative correla-
tion with parasympathetic HRV indicators. Fur-
thermore, R% was found to be an independent
predictor of LF/HF. Consequently, R% can be
used as indicator of sympathetic modulation on
the heart. Remaining parameters, Ld and Vd car-
ried the effect of both sympathetic and parasym-
pathetic activity. There was also a significant pos-
itive correlation between Vd and Ld particularly
with RMSDD and PNN50, in our analysis.

Conclusions

The pupillary autonomic functions assessed
by DP correlates with cardiac autonomic func-
tions evaluated by HRV. Among the DP para-
meters analyzed, Vc was found to be a signifi-
cant independent predictor of the parasympa-
thetic limb of the cardiac autonomic functions.
R% was found to be a significant independent
predictor of the sympathetic limb of the cardiac
autonomic functions. Considering the physio-
logical mechanisms and results, Vc can be used
as an index of parasympathetic activity, and
R% can be used as an index of sympathetic
modulation on the heart. Further studies should
be performed for a better understanding of
these two autonomic systems interrelations and
application of DP indices in CAUD and differ-
ent clinical settings in cardiology.
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