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Abstract

Purpose. The aim of this study was to investigate whether sub-
foveal choroidal thickness (SFCT) changes after 30 minutes of
reading at a distance of 40 cm. In addition, it was investigated
whether normal contrast polarity (black text on a white back-
ground) and inverted contrast polarity (white text on a black
background) during reading have different effects on SFCT.

Material and Methods. In this prospective crossover study,
36 young adults aged 18 to 30 years participated. To control
for possible order effects, participants were divided into
two groups. Group A first read a text with black letters on
a white background and subsequently the same text with
white letters on a black background, while in Group B the
order was reversed. Each condition lasted 30 minutes at a
distance of 40 cm. SFCT was measured using optical coher-
ence tomography (Spectralis OCT, Heidelberg Engineering,
Heidelberg, Germany) in enhanced depth imaging mode.
Measurements were taken at baseline and after completion

of each reading condition. Normality was assessed using the
Shapiro-Wilk test. Depending on data distribution, paired
t-tests or non-parametric tests were applied. In addition, a
repeated-measures ANOVA was performed.

Results. Statistical analysis showed no significant changesin
SFCT after 30 minutes of reading within either contrast polari-
ty condition. Furthermore, no significant difference was found
between contrast polarities regarding the change in SFCT.

Conclusion. In this study, contrast polarity during reading had

no significant effect on SFCT in young adults.
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Introduction

The choroid is a highly vascularized layer of the eye and plays
an important role in supplying the outer retinal layers with
oxygen and nutrients. Changes in subfoveal choroidal thick-
ness (SFCT) have been associated with the development and
progression of myopia in several studies.? In addition, the
choroid can respond dynamically to visual stimuli, allowing
short-term changes in SFCT to occur.3 Such changes in SFCT
can be measured non-invasively using optical coherence
tomography (OCT).45

A particular focus of current research is the relationship
between nearwork and the development of myopia. Intensive
nearwork is considered a possible risk factor for the onset and
progression of myopia.®’8 Several mechanisms have been
discussed as possible explanations, including changes in ac-
commodation and short-term structural adaptations within
the choroid.?810 |t has been shown that SFCT can change
over short time intervals, for example in response to different
visual stimuli.® These choroidal changes may therefore be
related to processes involved in the development of myopia.'2

In addition to the duration and intensity of near work,
visual characteristics of the reading material may also influ-
ence ocular responses. These include brightness, contrast
and text display. Different contrast polarities activate differ-
ent neural pathways in the retina.1213 Black text on a white
background primarily stimulates the OFF pathway, whereas
inverted contrast polarity - white text on a black background
- preferentially activates the ON pathway.121314 Since the
choroid is functionally closely connected to the retina, dif-
ferent activation patterns of these pathways may also induce
changes in the choroid. An experimental animal study sug-
gests that retinal signals can be transmitted to the choroid
through neural and biochemical mechanisms, including dopa-
minergic pathways and interactions with the retinal pigment
epithelium.'® The choroid can respond to visual stimuli with
changes in blood flow and tissue structure, which may be re-
flected in short-term changes in choroidal thickness.3 These
pathways are not only involved in visual processing but are
also associated with mechanisms regulating ocular growth.
Previous studies have shown that increased stimulation of
the OFF pathway may be associated with choroidal thinning,
whereas stronger activation of the ON pathway is more likely
to be associated with choroidal thickening.1¢1718 |t therefore
seems plausible that different contrast polarities during read-
ing may lead to short-term changes in SFCT.

The present study investigated whether SFCT changes
after 30 minutes of reading at a viewing distance of 40 cm.
In addition, the study examined whether different contrast
polarities during reading influence SFCT. Two contrast con-
ditions were investigated: normal contrast polarity (black text
on awhite background) and inverted contrast polarity (white
text on a black background).
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Materials and Methods

All participants completed two reading conditions: one with
normal contrast polarity and one with inverted contrast po-
larity. The order of the conditions was randomized, allowing
intra-individual comparisons. Data collection took place be-
tween February and May 2025 at the Institute of Optome-
try, University of Applied Sciences and Arts Northwestern
Switzerland (FHNW), Olten, Switzerland. The study was con-
ducted in accordance with the Declaration of Helsinki and
the guidelines of the University of Applied Sciences and Arts
Northwestern Switzerland (FHNW). All participants provided
written informed consent.

A total of 36 pre-presbyopic participants aged 18 to
30 years were included (mean age 23.58 * 2.81 years). The
refractive range was between +2.00 D and -5.00 D (mean
-1.35 + 1.41 D). Participants were required to have a visual
acuity of at least 20/20 with habitual correction and an ac-
commodative amplitude of at least five diopters. Individuals
with myopia greater than -5.00 D, hyperopia greater than
+3.00 D, astigmatism greater than 2.00 D, anisometropia
22.0 D, amblyopia, manifest or latent strabismus, diplopia, and
known ocular pathologies were excluded. Participants with
anisometropia were excluded to minimize possible effects
of refractive differences between the two eyes and associ-
ated changes in binocular vision and accommodation on the
measurement of choroidal thickness.

Following an initial pilot phase with four participants, an a
priori power analysis was performed using G*Power (version
3.1.9.7) prior to the main data collection. Based on a paired
t-test for two dependent samples, with a significance level
of a =0.05, a desired power of 1 -p= 0.90, and an assumed
medium effect size (dz = 0.5), the required sample size was
calculated as N = 36. As no directly comparable effect sizes
were available for this specific study design, a medium effect
size was assumed. The study was therefore primarily designed
to detect potentially relevant changes in SFCT.

SFCT was measured using a spectral-domain optical co-
herence tomography system (Spectralis OCT, Heidelberg
Engineering, Heidelberg, Germany). Images were obtained

Figure 1: SD-OCT image of the macula acquired using enhanced
depth imaging (EDI), showing the measurement of subfoveal
choroidal thickness (SFCT).
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using the enhanced depth imaging (EDI) mode. SFCT was
measured manually from the outer border of the retinal pig-
ment epithelium to the inner boundary of the sclera in the
subfoveal region (Figure 1). The motor dominant eye was
measured in each participant and was determined before-
hand using the Hole-in-the-Card test (Miles test). Reading
was performed under natural binocular viewing conditions.

All participants completed a standardized examination
procedure with defined intervals between the measure-
ment phases. OCT measurements were performed between
10:30 a.m. and 7:30 p.m. with no particular time of day being
specified for individual participants.

Data collection consisted of three predefined measure-
ment phases. In phase 1 (P1), a baseline SFCT measurement
was obtained after participants fixated a distant target to relax
accommodation. This was followed by a 30-minute reading
phase at a viewing distance of 40 cm under constant illumi-
nation of 710 lux. The reading phases took place in a separate
reading room which allowed participants to complete the
reading tasks in a distraction-free environment. Participants
were instructed to maintain a constant reading distance
of 40 cm throughout the reading phase, the distance was
monitored by the researcher. The text was presented on a
laptop display with a resolution of 1920 x1080 pixels under
standardized conditions (Arial font, font size 11, plain text
without images). The screen scaling was set to 100 %. The
same device was used for both contrast polarities at maximum
screen brightness. The text was presented either in normal
contrast polarity (black text on a white background) orinvert-
ed contrast polarity (white text on a black background). The
reading text was presented only during the reading phase.
OCT measurements were performed immediately after each
reading phase in a separate, darkened examination room.
Immediately after this reading period, phase 2 (P2) measure-
ments were obtained.

After a 10-minute neutralization period with distance
fixation, a second 30-minute reading phase was conducted
using the same text in the opposite contrast polarity. Subse-
quently, phase 3 (P3) measurements were obtained. The order
of contrast polarities (Group A or Group B) was determined by
random group allocation using card drawing, and participants
were assigned accordingly to either Group A or Group B. This
crossover design allowed for participants to complete both
contrast polarity conditions in different sequences, allowing
potential order effects to be controlled through intra-individ-
ual comparisons. Due to random allocation, the group sizes
were unequal (Group A: n = 23; Group B: n =13). Group A
first read a text in normal contrast polarity and subsequently
the same text in inverted contrast polarity, whereas Group B
completed the same conditions in the opposite order.

The examiner performing the OCT imaging and manual
segmentation was masked to the contrast polarity condition.
Manual segmentation and measurement of SFCT were per-
formed by the same examiner using the integrated measure-
ment tool of the Heidelberg software. SFCT was measured
three times in each phase on the same image, and the mean
value was calculated to improve measurement reproduci-
bility. Manual segmentation was performed in the subfoveal
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region between the retinal pigment epithelium and the cho-
roid-sclera interface. To assess intraobserver reliability, the
intraclass correlation coefficient (ICC) was calculated.

Statistical analyses were performed using Microsoft Ex-
cel, G*Power, and Jamovi (version 2.6.44). Normality of the
data was assessed using the Shapiro-Wilk test. For normal-
ly distributed data, paired t-tests were applied; otherwise
non-parametric tests (Wilcoxon signed-rank test) were used.
The significance level was set at a = 0.05. In addition, a re-
peated-measures analysis of variance (repeated-measures
ANOVA) was performed to analyze intraindividual changes
across the measurement phases.

Results

Data from all 36 participants were included in the statistical
analyses. Participants were assigned to two groups accord-
ing to the sequence of contrast polarities. GroupA (n =23)
started with normal contrast polarity and subsequently read
the same text in inverted contrast polarity, whereas Group B
(n =13) completed the conditions in the opposite order. The
group allocation served solely to control for potential order
effects and was not interpreted as an independent group
comparison.

Descriptive statistics of SFCT across the three measure-
ment phases are presented in Table 1. Mean SFCT values re-
mained largely stable across the three measurement phases.
Intraobserver reliability for manual SFCT measurements was
excellent (ICC = 0.998; 95% Cl: 0.997-0.998). The distribu-
tion of the measured SFCT values across the three phases
is shown in Figure 2. Group B showed descriptively higher
absolute SFCT values than Group A. However, as group allo-
cation reflected only the order of contrast polarity conditions,
onlyintra-individual changes in SFCT were considered in the
primary analysis.

Changes in SFCT across the three measurement phases
were analyzed using a repeated-measures analysis of vari-
ance (ANOVA). No significant main effect of measurement

Table 1: Descriptive statistics of subfoveal choroidal thickness
(SFCT) across the three measurement phases (P1-P3) for the two
study groups. Group A started with normal contrast polarity and
Group B with inverted contrast polarity. Values are presented as
mean * standard deviation.

Mean * Standard

Deviation (pm)

P1 A 23 295 +80.5
P1 B 13 345+ 66.8
P2 A 23 288+82.2
P2 B 13 345+72.8
P3 A 23 290+ 855
P3 B 13 344729
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Figure 2: Boxplots of subfoveal choroidal thickness (SFCT) across
the three measurement phases (P1-P3) for the two study groups.
Group A started with normal contrast polarity and subsequently
switched to inverted contrast polarity, whereas Group B started
with inverted contrast polarity and subsequently switched to nor-
mal contrast polarity.

phase on SFCTwas observed (F(1.57,53.37) =0.03, p = 0.944,
n2, = 0.001). Likewise, the interaction between measurement
phase and contrast polarity was not statistically significant
(F(1.57,53.37) = 0.13, p = 0.828, n?, = 0.004).

Additional post hoc comparisons, performed using par-
ametric or non-parametric methods depending on data dis-
tribution, revealed no statistically significant differences
in SFCT between baseline (P1) and the first post-reading
measurement (P2) (p = 0.202). The results of the statistical
comparisons are summarized in Table 2. Similarly, no signifi-
cant difference was found between P1and P3 (p = 0.865). A
combined comparison of both reading phases with baseline
also confirmed the absence of statistically significant changes
in SFCT (p = 0.427).

Effect sizes for all comparisons were consistently small,
indicating a lack of clinically relevant differences. Because
both parametric and non-parametric statistical methods
were applied, different effect size measures were reported
(Cohen’s dz and r), which are not directly comparable.

No significant effect of contrast polarity on SFCT was
observed. The change in SFCT following reading under nor-
mal contrast polarity did not differ significantly from the
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change observed after reading with inverted contrast polarity
(p = 0.325). This finding was independent of the order in which
the contrast polarity conditions were presented.

Discussion

The present study investigated the influence of near work
under two different contrast polarities on short-term chang-
es in SFCT. Neither reading itself nor the switch between
normal and inverted contrast polarity resulted in statistically
significant changes in SFCT. Previous studies have shown
that the choroid can respond rapidly to visual stimuli and
accommodative demand, indicating that SFCT is capable of
short-term adaptation.316171819

The absence of significant effects may be interpreted in
different ways. It is possible that short-term choroidal changes
under the selected conditions were small or absent. Alterna-
tively, methodological factors may have limited the sensitivity
to detect subtle effects.

These findings contrast with three experimental studies
that reported contrast polarity-dependent choroidal re-
sponses.'¢1718 Previous studies described choroidal thinning
following stimulation of the OFF pathway by black text on a
bright background and choroidal thickening following stimu-
lation of the ON pathway under inverted contrast polarity.'617
The inability to replicate these findings in the present study
suggests that such responses may depend strongly on the
specific experimental conditions.

One possible explanation for the discrepant findings may
lie in the design of the visual stimulation. Previous studies
reporting measurable changes in choroidal thickness partly
used longer stimulation periods of 40-60 minutes,2°2! higher
accommodative demand?2 or OCT measurements performed
during sustained accommodation.!? In the present study,
each reading phase lasted 30 minutes at a viewing distance
of 40 cm. Furthermore, OCT measurements were performed
immediately after completion of the reading phase. As a
result, possible short-term effects may have been smaller
in magnitude or may already have partially subsided before
measurement.

Another factor to consider is the age of the study pop-
ulation. The sample consisted of young adults with stable

Table 2: Results of the post hoc comparisons of subfoveal choroidal thickness (SFCT) between measurement phases and between
normal and inverted contrast polarity. Parametric tests (paired t-test) were used for normally distributed differences, whereas
non-parametric tests (Wilcoxon signed-rank test) were applied when differences were not normally distributed. Effect size meas-
ures (Cohen’s dz and r) are reported to interpret the magnitude of the observed effects.

Comparison

P1 vs P2 (after first reading phase)

P1 vs P3 (after second reading phase) Paired t-test
P1vs Mean (P2 + P3)

Normal vs Inverted Contrast Polarity
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Statistical Test

Wilcoxon signed-rank test

Wilcoxon signed-rank test

Wilcoxon signed-rank test

p-value Effect Size
0.202 r=0.12
0.865 dz=0.03
0.427 r=0.153
0.325 r=-0.192
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refractive development. In this age group, ocular growth is
largely complete, and adaptive choroidal changes may there-
fore be less pronounced than in children or adolescents. This
may explain why studies investigating myopia progression in
younger populations more frequently report stronger cho-
roidal responses.323

The variability of SFCT over time should also be con-
sidered. Although the statistical analyses focused on in-
tra-individual changes, fluctuations between repeated meas-
urements may reduce the ability to detect small effects.
Repeated measurements within each phase and calculation
of mean values were intended to reduce random measure-
ment error. Additionally, the excellent intraobserver reliability
supports the reproducibility of the manual segmentation
procedure.

Methodological factors may also have influenced the
findings. OCT-based assessment of SFCT requires precise
identification of the choroid-sclera interface, which can be
challenging in some cases.*® The use of enhanced depth
imaging and repeated measurements in each phase was
intended to improve measurement accuracy. Nevertheless,
a certain degree of measurement uncertainty cannot be
completely excluded. Visual stimulation was performed under
standardized conditions using continuous reading on a digital
display at a fixed reading distance of 40 cm and predefined
contrast polarity. This setup largely corresponds to the pro-
cedures used in comparable studies and allows controlled
comparisons between conditions. However, it only partially
reflects natural reading situations, which are typically char-
acterized by changing viewing distances, interruptions, and
varying lighting conditions.

Diurnal variation in choroidal thickness represents another
potential influencing factor. Previous studies have shown
that choroidal thickness can vary by up to 40 pm throughout
the day.2425 A substantial influence on the intra-individual
changes observed in the present study is unlikely, as all meas-
urement phases for each participant were completed during
asingle session on the same day. However, as measurements
were not performed at a standardized time of day, partly due
to organizational constraints, some of the variability between
participants may be associated with differences in the timing
of data collection.

Astrength of the present study is the controlled crossover
design with intra-individual comparisons, as all participants
completed both contrast polarities. In addition, measure-
ments were performed under standardized conditions with
a fixed reading distance and controlled illumination. Nev-
ertheless, several limitations should be acknowledged. The
sample size was determined by an a priori power analysis
to detect medium-sized effects; therefore, smaller but po-
tentially physiologically relevant effects may not have been
detectable. Furthermore, the restriction to young adults limits
the generalizability of the findings to other age groups. Con-
fidence intervals were not reported consistently throughout
the analyses, which may additionally limit the assessment of
the precision of the estimated effects.

Despite these limitations, the findings suggest that con-
trast polarity-dependent choroidal responses may be more
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subtle than previously assumed and may depend strongly
on the specific experimental conditions. This may contribute
to a better understanding of myopia-associated processes.

Future studies should therefore investigate different
exposure durations in combination with varying accommo-
dative demands and systematically compare measurements
obtained during visual stimulation with those obtained im-
mediately afterward. Larger sample sizes and younger study
populations should also be considered. Additionally, future
studies could include further biometric parameters such as
axial length or changes in choroidal blood flow to improve
understanding of the relationship between visual stimuli and
structural adaptations of the eye.

Conclusion

The results of this study show that, under the investigated
conditions, neither a 30-minute reading period nora change
between normal and inverted contrast polarity resulted in
significant short-term changes in SFCT. The findings suggest
that contrast polarity-dependent choroidal responses may
depend more strongly on specific experimental conditions,
exposure duration, accommodative demand or the age group
studied.

Based on the present results, no direct clinical recom-
mendations for myopia management regarding the use of
different reading contrast conditions can be derived. Further
studies with larger sample sizes and expanded measurement
approaches are needed to better understand the role of con-
trast polarity in the regulation of ocular growth.
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