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THE EFFECT OF PHYSICAL ACTIVITY AND FITNESS LEVEL ON
RETINAL MICROCIRCULATION
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Aim: To examine differences in retinal microcirculation between people with different degrees of physical fitness. Methods: The
subjects were divided into athletes and non-athletes. Both groups took part in two examinations. The first examination was
performed before short-term exercise and the second one immediately after it. First group consisted of 25 athletes (50 eyes),
and the second group of 25 non-athletes (50 eyes) who were not previously exposed to acute physical stress. Athletes are
defined as people who have been engaged in some form of regular physical activity for at least 5 years, and have met certain
criteria according to the International Physical Activity Questionnaire (IPAQ). Non-athletes were those who were physically
inactive or at least not regularly engaged in physical activity during the same period and did not meet the IPAQ criteria. The
subjects were men and women between 18 and 26 years of age who did not have any cardiovascular disease, used drugs
affecting the cardiovascular system, nor had an eye disease or a refractive error greater than spherical equivalent of +/-3
diopters. The examination consisted of optical coherence tomography angiography (OCT-A) imaging pre- and post-workout.
The parameters taken into account were vascular density (VD) at three different macular areas according to the standard Early
Treatment Diabetic Retinopathy Study (ETDRS) grid, i.e., central zone, inner zone and full area; perfusion density (PD), also at
the three mentioned zones; and the area of foveal avascular zone (FAZ) in both eyes. The research also included a standardized
survey on physical activity of the subjects (IPAQ), which was completed before the examination. The acute physical exercise
consisted of the standardized incremental cycling ergometer test (ICET), which was performed on a stationary exercise bike for
5 minutes, at a given load of 12 degrees. On statistical processing of the data obtained, SPSS for Windows (version 13.0, SPSS
Inc., Chicago, lllinois, USA) software was used. Results: Baseline measures of VD and PD were similar between the groups. FAZ
surface was significantly increased in the athlete group compared with non-athletes both at baseline and after short-term ex-
ercise. VD was significantly higher in athletes post-exercise compared with the non-athlete group. Central PD was also signifi-
cantly increased after exercise in the athlete group, and not in the non-athlete group. Conclusion: The results obtained in this
study demonstrated that athletes exhibited a more intensive vascular reaction to exercise. The parameters in basal conditions
did not show significant difference between the two groups, except for FAZ which was larger in athletes. Significant differences
present post-workout in other measured values indicated a more dynamic vascular system in physically active individuals.

Key words: physical activity, retina, blood vessels, OCT-A, ICET

Address for correspondence: Ivan Merdzo, MD
Bijeli brijeg bb
Mostar, Bosnia and Herzegovina
E-mail: ivan.merdzo@mef.sum.ba

INTRODUCTION caused by hypertrophy of the vascular smooth mus-

cles, replacing smooth muscles with connective tissue,

It is known that physical activity influences the cardio-
vascular system. Both acute and chronic physical ac-
tivity have an impact on blood vessels, leading to struc-
tural and functional changes. Changes and adaptation
depend on the level of physical load and can be mod-
ulated with oxidative stress and inflammation induced
by exercise (1). With aging, our cardiovascular system
reduces its compliance (2). This loss in compliance is

and gaining a higher level of cross-linking of the con-
nective tissue. Physical activity has a protective effect
on blood vessels through several mechanisms. First,
there is an increase in blood pressure and in pulse,
which leads to stretching of blood vessels that coun-
teracts the formation of connective tissue cross-links.
Second, during exercise, skeletal muscles have an im-
pact on the vessels in a way that they cause vasodilata-
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tion that has a similar effect as mentioned previously.
Third, physical activity leads to increase in the release
and synthesis of nitric oxide that causes vasodilatation
(3,4). These factors can have an antimitogenic effect
that can in the end slow down or even stop the loss in
the blood vessel compliance (5). Also, high levels of
physical activity can improve retinal microcirculation
both in children and adults. This happens because of
the protective effect of exercise on small blood vessels
(6). Some studies show that exercise causes changes
in the optic nerve, macular perfusion, and there is an
increase in the blood flow of the retina (7,8). All of
these show how physical activity has a positive impact
on the retina and that it may have a protective effect
against diseases such as diabetic retinopathy and age
related macular degeneration (9).

AIM

The aim of this research was to analyze differences in
retinal microcirculation between subjects with differ-
ent physical fitness levels.

METHODS

The subjects were divided into two groups, athletes
and non-athletes. Study subjects underwent two sets
of measurements. The first measurement was carried
out before the acute physical exercise, and the second
one immediately after it.

The mean age of athletes was 22.6+2.4 years; there
were 32% of females. The mean age of non-athletes
was 22.5+2.1 years of age, with 52% of females. In the
first group of subjects there were 25 athletes (50 eyes),
and in the second group 25 non-athletes (50 eyes) who
were not previously exposed to acute physical stress.
Athletes were defined as people who have been in-
volved in some form of regular physical activity for at
least 5 years in the form of training a sport, fitness, aer-
obic training, etc., and according to the Standardized
International Physical Activity Questionnaire (IPAQ),
they spent at least 3 days a week in intense physical ac-
tivity (lifting weights, fast running/cycling, aerobics,
etc.) or 7 days of combining intense and moderate
physical activity and walking. Non-athletes were sub-
jects who were physically inactive or at least not reg-
ularly engaged in exercise during the same period and
did not meet the IPAQ criteria. The subjects were men
and women between 18 and 26 years of age who did
not have any cardiovascular disease, did not use drugs
affecting the cardiovascular system, nor had an eye dis-
ease or a refractive error greater than spherical equiv-
alent of +/- 3 diopters. The examination consisted of
optical coherence tomography angiography (OCT-A)
imaging pre- and post-workout using Zeiss Cirrus
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HD5000 device (Carl Zeiss Vision GmbH, Berlin,
Germany). The parameters taken into account were
vascular density (VD) at three different macular areas
according to standard Early Treatment Diabetic Reti-
nopathy Study (ETDRS) grid, i.e., central zone, inner
zone and full area; perfusion density (PD), also at the
three mentioned areas; and the area of foveal avascular
zone (FAZ) in both eyes. The research also included a
standardized IPAQ survey on physical activity of the
subjects, which was completed before the examination.
The acute physical exercise consisted of the standard-
ized incremental cycling ergometer test (ICET), which
was performed on a stationary exercise bike for 5 min-
utes, at a given load of 12 degrees. Subject pulse and
oxygen saturation were measured using pulse oximeter
(Pulse oximeter, model OXY 300, Beijing Choice Elec-
tronic Technology Co. Ltd., Beijing, China) pre- and
post-workout. Numerical data were expressed as mean
+ standard deviation (SD), and difference in numer-
ical values between the groups was analyzed using
Student’s t-test. On statistical processing of the data
obtained, SPSS for Windows (version 13.0, SPSS Inc.
Chicago, Illinois, USA) software was used. The level of
statistical significance was set at p<0.05.

RESULTS

Vascular density in basal conditions before acute ex-
ercise did not show statistically significant differences
between the groups of athletes and non-athletes (Fig-
ure 1).
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Figure 1. Vascular density levels (arbitrary units) between
the group of athletes (A) and the group of non-athletes (N)
in basal conditions (pre-workout); VD INNER N - vascular
density inner non-athletes, VD CENTRAL N - vascular den-
sity central non-athletes, VD FULL N - vascular density full
non-athletes, VD INNER A - vascular density inner athletes,
VD CENTRAL A - vascular density central athletes, VD
FULL A - vascular density full athletes; data are expressed
as mean * standard deviation; n=50 per group, p>0.05,
Student’s t test.
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Perfusion density was similar between the groups at
baseline measurements (Figure 2).
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Figure 2. Perfusion density levels (arbitrary units) between
the group of athletes (A) and the group of non-athletes (N)
in basal conditions (pre-workout); PD INNER N - vascular
density inner non-athletes, PD CENTRAL N - vascular
density central non-athletes, PD FULL N - vascular density
full non-athletes, PD INNER A - vascular density inner
athletes, PD CENTRAL A - vascular density central athletes,
PD FULL A - vascular density full athletes. Data are
expressed as mean + standard deviation; n=50 per group,
p>0.05, Student’s t test.

Athletes exhibited a larger surface of FAZ compared
with non-athletes (0.17+0.01 mm?ys. 0.21+0.01 mm?,
n=50 per group, p=0.008) (Figure 3).
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Figure 3. Difference in surface area off oveal avascular zone
(FAZ) between the group of athletes (A) and the group of
non-athletes (N); data are expressed as mean + standard

deviation; n=50 per group, 'p=0.008, Student’s t-test.

After exercise, non-athletes exhibited similar results as
at baseline. Vascular density was significantly higher
in athletes post-exercise at all measured areas, central,
inner and full (11.9940.39 vs. 17.5540.92; 20.9+0.4 vs.
30.86+1.4; and 19.92+0.45 vs. 29.1+1.2, respectively,
n=50 per group, p<0.001). Central PD was also sig-
nificantly increased after exercise in the athlete group,

and not in the non-athlete group (20.64+0.68 vs.
23.23%0.79, n=50 per group, p=0.01) (Figures 4 and 5).
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Figure 4. Vascular density levels (arbitrary units) between
the group of athletes (A) and the group of non-athletes(N)
pre- and post-workout; VD INNER N - vascular density
inner non-athletes, VD CENTRAL N - vascular density
central non-athletes, VD FULL N - vascular density full
non-athletes, PD INNER A - vascular density inner athletes,
VD CENTRAL A - vascular density central athletes, VD
FULL A - vascular density full athletes; post-workout
marked with ; data are expressed as mean + standard
deviation; n=50 per group. 'p<0.001 (VD CENTRAL A vs.
VD CENTRAL A), *p<0.001 (VD INNER A vs. VD INNER
A), *p<0.001 (VD FULL A v.s VD FULL A).
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Figure 5. Perfusion density levels (arbitrary units) between

the group of athletes (A) and the group of non-athletes(N)

pre- and post-workout; PD INNER N - perfusion density

inner non-athletes, PD CENTRAL N - perfusion density

central non-athletes, PD FULL N - perfusion density

full non-athletes, PD INNER A - perfusion density inner
athletes, PD CENTRAL A - perfusion density central
athletes, PD FULL A - perfusion density full athletes;

post-workout marked with ; data are expressed as mean £

standard deviation; n=50 per group, p=0.01 (PD CENTRAL
A vs. PD CENTRAL A).
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Foveal avascular zone demonstrated similar proper-
ties before and after exercise. The athlete group had a
significantly larger surface of FAZ pre- and post-work-
out compared with the non-athlete group. The exer-
cise itself did not affect FAZ surface in either group
(0.17+0.01 mm? vs. 0.22+0.008 mm?, n=50 per group,
p=0.003) (Figure 6).
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Figure 6. Difference in surface area off oveal avascular zone
(FAZ) between the group of athletes (A) and the group of
non-athletes (N); post-workout marked with ; data are
expressed as mean + standard deviation; n=50 per group,
p=0.008 (FAZ N vs. FAZ A), #p=0.03 (FAZ N’ vs. FAZ A).

Athletes had a significantly lower pulse rate before and
after exercise compared with non-athletes. There was
no difference in the oxygen saturation rate (Table 1).

Table 1.Pulse rate and oxygen saturation before and after
acute exercise between athletes and non-athletes (n=50 per
group, ‘Student’s t-test)

Non-athletes Athletes o
X SD X SD
PULSERATE  87.04 1312 7468 939  <0.001
Oxygen 9724 083 9724 101  >0999
saturation
PULSE

RATE after 136.76 16.38 101.24 11.37 <0.001
EXercise

Oxygen

saturation

after

EXercise

96.96 1.14 97.16 1.14 0.538

DISCUSSION

The study included two groups according to their fit-
ness level, athletes and non-athletes. The research was
divided into two parts when the subjects underwent
two measurements, i.e., before and after physical load,
and the parameters were observed in those two mea-
surements.
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According to study results, there was no difference in
the VD and PD parameters in basal conditions, which
might mean that regular physical activity and fitness
level did not affect density of retinal blood vessels or
perfusion, but a difference was observed in the FAZ
between the examined groups. During the study, the
VD and PD parameters were observed in the surface
layer of the retina. Although no difference was found
in that layer, Kim et al. showed a reduction of VD in
the surface layer in their research (10). Nelis et al. re-
port that the main finding in OCT-A measurements
was change in the size of the FAZ conditioned by
greater physical fitness. They used multivariate regres-
sion analysis and found that running speed at indi-
vidual lactate threshold, a marker strongly associated
with aerobic performance capacity, significantly con-
tributed to differences in the FAZ area. They conclude
that smaller areas of FAZ were found in athletes (11).
In the present study, we did not record such findings
in young healthy adults. It is possible that differences
in FAZ in the present study were due to acute vasocon-
striction. Although certain trends were visible, it prob-
ably takes a longer period of different lifestyle to have
an effect on FAZ that could be quantified by OCT-A.

This research showed significant differences in heart
rate before and after exercise in athletes and non-ath-
letes. Athletes had a lower heart rate than non-athletes
in both measurements, which was expected, since the
heart of athletes has a 40% higher stroke volume on
average compared to physically inactive people (12).
Concerning oxygen saturation, there were no statis-
tically significant differences in relation to exercise,
which is also consisted with previously reported data.

In the second set of experiments, after the respondents
were subjected to a moderate form of physical activity,
statistically significant increases in VD and PD were
observed in the athlete group. The research conducted
by Kim et al. showed no significant changes in retinal
circulation before and after moderate physical activ-
ity, but there were significant changes in cardiovas-
cular parameters, i.e., pulse and blood pressure (10).
The study conducted by Nelis et al. determined that
the only significant difference after physical activity in
the two groups of subjects also was only recorded in
FAZ, while other variables did not show statistically
significant differences. Also, in this study, significant
changes were recorded in heart rate. Among athletes,
the expected values were significantly lower, and it
was observed that these two variables are clearly relat-
ed to regular physical activity (11). A major limitation
of this study was that only young healthy adults were
examined. Therefore, we could not observe long-term
benefits of regular exercise and its effect on retinal
circulation. Also, we did not separate different forms
of regular exercise, and therefore could not establish
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specific benefits related to a certain sport or exercise
form. Future studies are needed to further elucidate
the effects of exercise on long-term retinal health.

CONCLUSIONS

In basal conditions, there was no statistically signif-
icant difference between athletes and non-athletes.
People with increased physical fitness showed a larger
area of FAZ in basal conditions and after exercise. Ath-
letes demonstrated an increase in PD and VD para-
meters after physical activity. Significant differences in
post-workout values indicate a more dynamic vascular
system in physically active individuals.
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SAZETAK
UTJECAJ VJEZBANJA I RAZINE OSPOSOBLJENOSTI NA MIKROCIRKULACIJU RETINE

F. DREZNJAK!, I. MUSA', I. SESAR", A. PUSIC SESAR'?, A. SESAR"2, R. PEJIC'% FE. GUNARIC'?,
I. MERDZO'?

ISveuciliste u Mostaru, Medicinski fakultet, Mostar, Bosna i Hercegovina; *Klinika za oftalmologiju, Klinicka
bolnica Mostar, Mostar, Bosna i Hercegovina

Cilj rada: Ispitati razlike u retinalnoj mikrocirkulaciji izmedu osoba s viSim i nizim stupnjem tjelesne osposobljenosti. Po-
stupci: Ispitanici su bili podijeljeni na sportase i nesportase. Obje skupine pristupile su dvama odvojenim mjerenjima. Prvi
pregled obavljen je prije fizickog optereéenja, a drugi neposredno nakon njega. Prvu skupinu ¢inilo je 25 sportasa (50
o¢iju), a drugu 25 nesportasa (50 ociju) koji prethodno nisu bili izlozeni akutnom fizickom stresu. Sportase definiramo kao
osobe koje se najmanje 5 godina bave nekim oblikom redovite tjelesne aktivnosti u obliku treniranja nekog sporta, fitnesa,
aerobnog treninga i sl. te ispunjavaju odredene uvjete prema medunarodnom upitniku o tjelesnoj aktivnosti (International
Physical Activity Questionnaire, IPAQ). Neki sportasi nisu bili fizicki aktivni ili barem ne redovito tijekom istog razdoblja i
nisu ispunjavali navedene kriterije IPAQ. Ispitanici su bili muskarci i zene u dobi izmedu 18 i 26 godina koji nisu imali nikakvu
sréanozilnu bolest, nisu uzimali lijekove koji utjeGu na sréanozilni sustav niti su imali ikakvu bolest ociju ili refraktivnu gresku
vecéu od sfernog ekvivalenta +/-3 dioptrije. Prikupljanje podataka provedeno je pomocu opticke koherentne tomografske
angiografije (OCT-A). Analizirani su sljedecdi parametri: vaskularna gustoca (VG) u tri razli¢ita podrucja makule prema mrezi
ETDRS (Early Treatment Diabetic Retinopathy Study): srediSnja zona, unutarnja zona i puna zona; perfuzijska gustoc¢a (PG),
takoder u tri navedena podrucja; te povrsina fovealne avaskularne zone (FAZ). Istrazivanje je uklju€ivalo i standardiziranu
anketu o tjelesnoj aktivnosti ispitanika (IPAQ) koja se ispunjavala prije samog pregleda. Fizicko opterecenje sastojalo se od
standardiziranog testa ICET (incremental cycling ergometer test), koji se izvodio na stacionarnom sobnom biciklu u trajanju
od 5 minuta pri zadanom opterec¢enju od 12 stupnjeva, nakon €ega su ispitanicima izmjereni puls i saturacija. Takoder, prije
same vjezbe ispitanicima su izmjerene sréana frekvencija i saturacija u mirovanju. Za statisti¢ku obradu dobivenih podata-
ka primijenjen je softverski sustav SPSS for Windows (verzija 13.0, SPSS Inc., Chicago, lllinois, SAD). Rezultati: Mjerenja u
bazalnim uvjetima pokazala su sliéne vrijednosti VGi PG izmedu skupina. Povrsina FAZ bila je statisti¢ki zna€ajno vec¢a u
skupini sportasa u usporedbi s nesportasima i u bazalnim uvjetima i nakon tjelovjezbe. Nakon tjelovjezbe VG i srediSnji PG
pokazali su statisti¢ki zna¢ajno povecanje u sportasa, dok u nesportasa nije bilo razlike prije i nakon tjelovjezbe. Zaklju¢ak:
Rezultati dobiveni u ovoj studiji pokazali su da sportasi imaju intenzivniju vaskularnu reakciju na vjezbanje. Parametri u
bazalnim uvjetima nisu pokazali zna€ajnu razliku izmedu dviju skupina osim za FAZ, koja je bila veéa u sportasa. Znacajne
razlike bile su prisutne nakon treninga u drugim izmjerenim vrijednostima i ukazuju na dinamicniji vaskularni sustav u fizi¢ki
aktivnih pojedinaca.

Kljucne rijeci: fizicka aktivnost, retina, krvne zile, OCT-A, ICET
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