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BACKGROUND/AIMS

Pseudoexfoliative syndrome is an aging disease that progresses primarily with the accumulation of fibrillary materials in the eye and in
some organs other than the eye, particularly in the heart. Accumulation of this substance in the heart is closely related to morbidity and
mortality. This study aimed to evaluate the heart rate recovery index (HRR-I), which is a predictor of autonomic dysfunction.

MATERIAL and METHODS

A total of 253 patients diagnosed with PEX in the ophthalmology outpatient clinic between March 2018 and May 2019 were included in
the study. The control group consisted of 238 participants who were diagnosed as non-PEX and had no disease. After routine physical
and blood examinations, both groups underwent routine electrocardiograms, transthoracic echocardiograms, and treadmill exercise test
(TET). Heart rates of the study and control groups were recorded at the beginning, peak exercise, first, second, and third recovery levels
of TET. Heart rate recovery index (HRR-1) values of the first, second, and third minutes were subtracted from the peak level HR values and
compared.

RESULTS

In the study group, first-minute HRR-I value (2093+5.93 ms vs. 32.11£5.43 ms, t=21.74 and p<0.01), second-minute HRR-I value (38.83:6.99 ms
vs. 51.65+712 ms, t=20.12 and p<0.01), and third-minute HRR-I value (62.76+956 ms vs. 7721+12.22 ms, t=14.64 and p<0.01) were found fo be
lower than in the other group.

CONCLUSION
There were significantly lower HRR-I values at every recovery stage of the TET. These findings revealed that the autonomic balance is
impaired in patients with PEX and that the risk of sudden cardiac death increases.

Keywords: Risk, death, sudden, cardiac, exfoliation syndrome

INTRODUCTION

The pseudoexfoliative syndrome (PEX) can manifest itself by the accumulation of extracellular fibrillary material in many
organs such as the eye and heart. PEX can be easily identified by biomicroscopic examination. White-gray deposition on
the pupil edge and in front of the lens is sufficient for diagnosis (I). The substance accumulating in the heart is a risk factor
for heart disease and sudden cardiac death. Cardiovascular diseases such as myocardial infarction, arterial hyperten-
sion, abdominal aortic aneurysm, heart failure, and coronary artery disease have been shown to be associated with PEX
(2). Decreased cardiovascular functions are responsible for most of the mortality and morbidity in PEX patients (3). The
incidence of PEX in patients with coronary artery disease and the incidence of atherosclerotic heart disease in patients
with PEX have been shown to be higher than in the general population (4). Besides, atherosclerotic heart disease in PEX
patients who underwent cataract surgery was again detected at a higher incidence than in the general population (5).

Although HRR-lis a marker that directly reveals the autonomic nervous system functions and is also a reliable predictor of
cardiovascular (CV) mortality and morbidity, it is not routinely evaluated in daily clinical practice. HRR-I has been closely
associated with morbidity and mortality in CV diseases (6, 7). The autonomic nervous system is one of the most import-
ant control mechanisms governing CV functions; therefore, a deterioration in the autonomic nervous system may lead
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to increased CV morbidity and mortality (8, 9). HRR-I is a very
important predictor of the effects of vagal activity on the heart,
and directly demonstrates the vagal activity (10, I). In the tread-
mill exercise test (TET), HRR-l indicates the rate of decrease from
the peak level in the heart rate of the cooling phase. HRR-I val-
ues can be obtfained by extracting the cooling phase heart rates
from the HR at the peak level of the TET (12).

The decrease in parasympathetic system activity and an in-
crease in sympathetic system activity are associated with di-
rect ventricular arrhythmias regardless of the disease or even
in healthy individuals. As known, sympathetic activity increas-
es and parasympathetic activity decreases during the exer-
cise. Therefore, most arrhythmias and sudden cardiac deaths
can occur immediately after severe exercise (13). PEX is directly
proportional to age (14). SCD occurs at a higher rate than the
subgroup over the age of 35 years, and this occurs after severe
exercises (I5). Although there was no underlying CV disease in
PEX patients, there was a higher incidence of arrhythmias than
in the general population. This may indicate that vagal activity
may be reduced and sympathetic activity may be increased rel-
atively (16).

Our study aimed to compare the effect of stress testing on HRR-|
values in PEX patients and to compare this predictor in the ex-
ercise test with a similar control group matched for age and sex.

MATERIALS and METHODS

Study Design

Patients were diagnosed with PEX by biomicroscopy, and by the
presence of a white-gray extracellular fibrillary material on the
pupil edge or in the anterior capsule and were included as the
study group. The control group consisted of patients diagnosed
as non-PEXin the ophthalmology outpatient clinic.

Study Population

A total of 253 patients with PEX (199 males, 78.65% and 54 fe-
males, 21.35%) were included in the study. The mean age of the
study group was 67.37+12.63 years. There was no statistically sig-
nificant difference between the sex ratio and mean age of the
study and control groups. The control group consisted of two
hundred eighty-eight (186 males, 78.15% and 42 females, 21.85%)
patients who were diagnosed as non-PEX by biomicroscopy in
the ophthalmology outpatients clinic. The control group had a

Main Points:

e Pseudoexfoliative syndrome is a disease of old age as it
is known.

e With the increasing age, it is expected that autonomic
functions deteriorate against the vagal system.

e Advances against the vagal system and in favor of the
sympathetic system mean increased cardiovascular
mortality.

e Heart rate recovery index is a predictor of parasympa-
thetic activity.

e By using this predictor, high-risk pseudoexfoliative syn-
drome patients will be selected with a very easy and in-
expensive method.
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mean age of 66.38+11.93 years. Exclusion criteria included having
atherosclerotic heart disease and those receiving treatment for
any reason; having hypertension or diabetes mellitus; deteriora-
tion of the liver, kidney, or thyroid functions in routine blood tests;s
having electrolyte disturbances; previously diagnosed with
chronic pulmonary obstructive disease and having bronchodi-
lator medication; having anemic; having a systemic disease that
affect the CV system; having hypertension and antihypertensive
medication; having a history of coronary artery disease, hav-
ing a body mass index (BMI) over 30 kg/m? having a positive
effort test, which indicates significant atherosclerotic heart ill-
ness; smoking; having a diagnosis of atrial fibrillation or having
AF rhythm in superficial electrocardiograms; and patients with
orthopedic disorders who were unable to perform TET.

Treadmill Exercise Test

In both groups, after the physical examination, routine blood
tests, and routine transthoracic echocardiograms (TTE) and
electrocardiograms (ECG) were performed, the TET was per-
formed according to the Bruce Protocol (I7). The speed of ECG
recordings was at 25 mm/sec and the amplitude of th ECG re-
cordings was at [0 mm/mV. The ECG recordings were taken as
basal, peak exercise level, and recovery phases of the TET. HRR-I
values were obtained by extracting the HR values of the recov-
ery phases from the peak HR value.

Ethical Approval

Allthe procedures performed in this study involving human par-
ticipants were in accordance with the ethical standards of the
Turkey Research Committee and with the 1964 Helsinki declara-
tion and its later amendments or comparable ethical standards.
Written permission was obtained from Sincan State Hospital
Management Committee (26.08. 2019/22568850-929). Before
the study, written informed consent was obtained from all the
participants.

Statistical Analysis

SPSS software (Version 20; IBM SPSS Corp,; Armonk, NY, USA)
20.0 was used for the collection and analysis of the data. Mea-
surements were expressed as mean + standard deviation. Ana-
lyzes were performed using the t-fest. To compare the values of
the two different groups, and to compare the different values of
the same group, T-Test Calculator for Independent Two Means
and T-Test Calculator for Depended Means were used, respec-
tively. The Z test calculator was used to compare the two pop-
ulation proportions. For correlation involving two values of the
same group, the Pearson Correlation Coefficient Calculator was
used. For all tests with p<0.05, the differences were considered
statistically significant.

RESULTS
There were no differences in both groups in terms of socio-de-
mographic findings and baseline clinical findings (Table )

Considering the BHR, there was no difference in both groups. In
the study group, HRs of all the recovery phases were significant-
ly higher than in the control group. Considering the HRR-I val-
ues, there were statistically significant differences between the
study and control groups (Table 2). This finding suggests that
the autonomic function was impaired much more in the study
group than in the control group.

201



202

Cosgun and Gunes. Vagal Activity in Pseudoexfoliation Syndrome

TABLE |. Socio-demographic characteristics and basal clinical find-

ings of the Study and Control Groups

Study Control Tor
Variables Group Group Z-valve p
Age, years 61.72+4.23 61.86+3.24 04l 0.68
Male, % 71.46 71.62 0.02 096
Female, % 2854 28.38 0.02 096
BMI, kg/m? 26.46+2.69 2694£2.44 1.63 0.10
Basal SBR, mm Hg 122.34+12.74  12194£12.53 0.35 072
Basal DBP, mm Hg 7747+8.52 76.38+7.84 1.47 0.14
Basal HR, beat/mn 7783+6.32 77.32+5.35 096 033
LV Mass, gram 175.68+32.47  17761£2973  -0.68 049
Total Cholesterol, mg/dL  168.42+41.57 171433854  -0.83  0.40
LDL, mg/dL 1025842248  105.82+1962  -1.69  0.09
Triglycerides, mg/dL 165.38+23.68  16716+21.84  -086 038
Hemoglobin, gr/dL 14.63+2.21 14.34+2.52 1.35 0.17
Calcium, mg/dL 9.41£1.01 9.33:094 090 036
Sodium, mEq/L 141.73+2.64 14193199 -094 034
Potassium, mEq/L 4.02+0.58 4.12+0.73 -1.68 0.09
Magnesium, mg/dL 194+0.26 195+0.33 0.37 0.70
Abbr: BMI; Body Mass Index, SBP: Systolic Blood Pressure, DBP; Diastolic Blood
Pressure, HR; Heart Rate, LV; Left Ventricle

TABLE 2. The comparison of TET values of the study and control

groups

Study Control
Variables Group Group T-valve p
BHR, b/mn 77.83+4.23 77324535 117 0.24
PHR, b/mn 154.25+6.39 158.88+6.11 8.19 <0.0l
First-minute recovery 133.32+£6.3 126.77+6.83 .04 <00l
HR, b/mn
Second-minute recovery  115.37+713 107.22+4.98 1459 <0.0I
HR, b/mn
Third-minute recovery 91.48+7.42 76.68+9.37 1946 <00l
HR, b/mn
HRR-Iin the first minute, 2093+ /-59I 3211+/-543  -2178  <0.0I
b/mn
HRR-I in the second 38.88+/-699  51.65+/-712 2005 <00l
minute, b/mn
HRR-Iin the third minute, 62.76+/-742  7721+/-922  -I1918 <00l
b/mn
Abbr: BHR; Basal Heart Rate, PHR; Peak Heart Rate, HR; Heart Rate, HRR-I;
Heart Rate Recovery Index

In the study group, the third-minute HR was significantly higher
than the basal HR. Besides, in the control group, the third-minute
recovery HR was similar to the basal HR. (Table 3). This also sug-
gests that the autonomic functions were impaired much more in
the study group than in the control group.

Considering both age and HR, there was a weak, but statisti-
cally significant positive correlation in both groups. There were
also moderate positive correlations between HRR-I values at
each recovery stage of the effort test in both groups (Table 4).
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TABLE 3. The comparison of recovery HR values of the study and
control groups

Study Group (n=253)

Variable | Variable 2 P
Basal HR First-minute HR <0.0l
Basal HR Second-minute HR <0.0l
Basal HR Third-minute HR <0.0I
Control Group (n=238)

Basal HR First-minute HR <0.0l
Basal HR Second-minute HR <0.0!
Basal HR Third-minute HR 0.36
Abbr: HR; Heart Rate

TABLE 4. The correlations of the study and control groups

Variable | Variable 2 Correlation F-value p
The Study Group

Age HR Weak Positive 022 <0.0I
Age HRR-l'in Ist minute Moderate Positive 072 <00l
Age HRR-I'in 2nd minute  Moderate Positive 0.69 <00l
Age HRR-lin 3rd minute ~ Moderate Positive ~ 0.66 <00l
The Control Group

Age HRR-I in Ist minute Moderate Positive 067 <00l
Age HRR-I'in 2nd minute  Moderate Positive 057 <00l
Age HRR-I'in 3rd minute ~ Moderate Positive 051 <00l
Age HR Weak Positive 028 <00l

Abbr: HR; Heart Rate, HRR-I; Heart Rate Recovery Index

DISCUSSION

This study had found three interesting findings. The first of these
findings was that the third-minute HR value was significantly
higher than the basal HR of the study group. In addition, in the
control group, there was a similarity between the basal HR and
the third-minute recovery HR. The second finding was that there
was a statistically significant difference in terms of all the HRR-I
values of the recovery phases between both groups. Besides,
there were moderate positive correlations between the HRR-
values and the ages of both groups in each recovery stage.

The results of our study showed that the vagal system is less
functional in PEX patients than in the non-PEX patients. The de-
lay in HRR-I is directly associated with the decreased vagal ac-
tivity, and the reduced vagal activity is also characterized by the
increased risk of SCD (18).

SCD generally results in patients with structural heart disease.
In particular, it occurs immediately after heavy exercises (19). It is
known that sympathetic activity increases with an exercise test;
the vagal activity is at the recovery phase after the exercise test.
It has been documented that an elevated sympathetic response
or a reduced vagal response immediately precedes the onset
of atrial and ventricular arrhythmias as well as sudden cardi-
ac death (20). Furthermore, delayed HRR was found to be one
of the indirect predictors of decreased vagal activity (21). In our
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study, we found that there was much more delayed HRR in the
study group compared to non-PEX patients.

Many researchers have focused on the association between
PEX and CV diseases, searching for underlying events. The first
of these was homocysteine. Higher levels of homocysteine were
found in patients with PEX than in non-PEX patients (22, 23). In
addition, vitamin BI2, vitamin B6, and folic acid levels were also
found to be decreased (24). Although many researchers argued
that there were relationships between PEX and other CV dis-
eases, in a recent study, researchers found that only the prev-
alence of arrhythmias was found to be higher in PEX patients
than in non-PEX patients (25).

The underlying mechanisms of arrhythmias in PEX patients have
been investigated, and the most commonly considered one was
the decreased vagal activity (26). Many indirect methods have
been developed to investigate this. One of these is the carotid
artery baroreceptor reflex. Compared with non-PEX patients,
carotid artery baroreceptor reflex was found to be decreased in
PEX patients (27). Some investigators have also found reduced
cardio-vagal regulation in PEX patients (28). Most studies on
decreased vagal autonomic activity have focused on heart rate
recovery. Regardless of the underlying disease, there was a re-
lationship between reduced HRR-I and increased mortality (29).

HRR-I shows the degree of heart rate decrease after exercise
(30). At the first-minute recovery phase of the TET, the vagal
system plays an important role in decreasing the HR. In addition,
at the second and the third-minute recovery phases of the TET,
the reducing of the sympathetic system affects the decreasing
HR (31). HRR-I is an independent predictor for all-cause death,
regardless of coronary artery disease, left ventricular failure,
and low exercise capacity (32). A faster reduction in the first
minute is closely associated with a lower risk of mortality (33).
It was found that there were relationships between low HRR-I
and elevated fasting blood glucose level, elevated triglyceride/
HDL ratio, duration of diabetes mellitus, the severity of the endo-
thelial dysfunction, and the history of recent myocardial infarc-
tion (MI) (34). The ratio of SCD due to Ml is 2 times increased in
patients with HRR-1<25 beats/minute in the first minute than in
those with HRR-1=25 beats/minute in the first minute (35).

In conclusion, HRR-I, which has been studied in such a de-
tailed and long-term manner and is an important predictor of
all event-related deaths, has never been investigated in PEX
patients. We thought that this might be due to the balance dis-
orders in the neurohumoral equilibrium in PEX patients. In our
study, HRR-I was found fo be lower in the study group than in
the control group at each stage, and as a result, it was found
that autonomic nervous system balance decreased vagal ac-
tivity and directly increased sympathetic activity in PEX pa-
tients compared to the control group. Therefore, it indicates an
increased risk of sudden cardiac death in PEX patients that is
higher than in non-PEX patients of the same age and sex.

In our study, the sample size was small. Furthermore, we could not
perform 24 hours-Holter monitoring to investigate the ventricular
arrhythmias in both groups. In addition, long-term studies should
be made to observe the effect of medical therapy on the HRR-I
and ventricular arrhythmias induced by the exercise testin patients
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with PEX. More comprehensive and long-term follow-up studies
should be performed to obtain healthier data in PEX patients.
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