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INTRODUCTION

Abstract

Purpose: To establish normative data for macular thickness, macular volume and
peripapillary retinal nerve fibre layer (RNFL) thickness using Spectralis® spectral-
domain optical coherence tomography (SD-OCT) in healthy German children and
adolescents and investigate influencing factors.

Methods: The cross-sectional study included the right eye of 695 children with at
least one complete retinal OCT scan. As part of the LIFE Child study, the children
underwent an ophthalmological examination including axial length (AL), spherical
equivalent (SE) and OCT measurements. Various questionnaires were answered by
the children or their parents to identify media use or outdoor time. Multiple linear
regression models were used to investigate the potential influencing factors.
Results: A total of 342 boys and 353 girls with an average age (SD) of 12.91 (3.29)
years participated. The mean AL (SD) was 23.20 (0.86) mm. The mean macular
thickness (SD) was 320.53 (12.29) um and the mean RNFL thickness (SD) was 102.88
(8.79) pm. Statistical analysis revealed a significant correlation between average
macular thickness and age (p <0.001, = 0.77) as well as AL (p < 0.001, f = —4.06). In
addition, boys had thicker maculae (p <0.001, = 5.36). The RNFL thickness showed
no significant correlation with children's age (p>0.05), but with AL (p = 0.002,
p = —2.15), birth weight (p = 0.02, # = 0.003) and a gender-specific effect of the
body mass index standard deviation score for male participants (p = 0.02, § = 1.93).
Conclusion: This study provides normative data and correlations between macu-
lar and RNFL thickness in healthy German children. Especially age, gender and AL
must be taken into account when evaluating quantitative OCT measurements to
classify them as normal.

KEYWORDS
epidemiology, healthy children, macular thickness, normative data, optical coherence tomography,
RNFL thickness

repeatability and reproducibility, indicating high reliabil-
ity of examinations performed by different examiners."?

Optical coherence tomography (OCT) is used for diagnos- Especially in paediatric ophthalmology, this well-tolerated
tic procedures and follow-up of macular diseases, optic imaging technique is essential due to its non-invasive prop-
nerve diseases and glaucoma.' OCT is known for its high erties. Low coherence light reflected by the ocular tissue is
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used to detect retinal or optic nerve morphology and to
monitor disease progression or remission. In addition, the
high scanning speed allows an assessment even in patients
with difficulties cooperating, such as children.

Interpreting the quantitative scan results of an OCT is
difficult. The reference used for interpretation is an adult
and ethnically homogenous population.® Besides, retinal
physiological development is influenced by axial length
(AL), age, spherical equivalent (SE) and ethnic background
and continues until adolescence.*® Therefore, an individual
normative reference for children and adolescents is crucial.

As aresult, we hypothesise that macular and retinal nerve
fibre layer (RNFL) thickness is correlated with age. As the AL
grows and develops, myopia becomes more likely.® We as-
sume that the retina changes due to the axial lengthening
of the adolescent and infant eye. Moreover, we wanted to
determine whether gender or birth weight has animpact. In
addition, we wished to investigate how myopia-influencing
factors such as media use or outdoor time might cause ret-
inal adaptations. As the LIFE Child study aims to investigate
potential risk factors for civilisation diseases and physio-
logical child development, we tested the influence of so-
cioeconomic status (SES) and body mass index standard
deviation score (BMI-SDS) on retinal structures. Myopia is
significantly associated with higher SES. One is more likely
to receive care for myopia, perhaps due to higher exposure
to near work and reduced time spent outdoors, with higher
SES. So for myopia, the link between lower SES and poorer
health cannot be applied.”?

To our knowledge, no study has provided normative
data for macular and RNFL thickness in healthy German
children. Furthermore, no investigation has been per-
formed on so many Caucasian children using the Spectralis®
spectral-domain OCT (SD-OCT). The relevance arises from
the assumption that there is a difference between Asian
and European children so that normative data between
these groups are difficult to compare.’™"" We will close this
gap with the data obtained to enable eye care practitioners
to evaluate healthy children and adolescents.

SUBJECTS AND METHODS
The LIFE Child study

The LIFE Child study is based in Leipzig, Germany, and is
designed to monitor child development. This population-
based longitudinal children cohort is a part of LIFE (Leipzig
Research Center for Civilization Diseases). The objective
is to observe physiological growth, child development,
health and non-communicable disorders and to identify
risk and resilience factors for developing civilization dis-
eases. Children have been recruited on various occasions
since 2011. The Ethics Committee of the University of
Leipzig has approved the LIFE Child study (Reg. No. 264-
10-19042010). It was conducted consistently with the
Declaration of Helsinki (clinical trial number NCT02550236).

Key points

- The normative data for macular and retinal
nerve fibre layer (RNFL) thickness in healthy chil-
dren and adolescents allow accurate evaluation
of retinal optical coherence scans.

« Age, gender, axial length and birth weight influ-
ence macular thickness, and the assessment of
these parameters should be included in clinical
practice.

« Nasal peripapillary RNFL thickness was nega-
tively correlated with the frequency of com-
puter use in children, so media use should be
evaluated more critically.

Fully informed and written consent is obtained from all
parents every year up to age 12. From the age of 12, chil-
dren must give their additional consent. All data are pro-
tected by the German Data Protection Act and have been
pseudonymised. The study is described in detail in other
publications.'*'?

Study population

Optical coherence tomography retinal measurements were
performed between June 2015 and March 2018 as part
of the LIFE Child project. Of 1037 performed OCT scans, a
signal-to-noise ratio below 20 decibels (dB) was considered
poor scan quality and subsequently excluded. As a result,
16 OCT scans (four peripapillary RNFL scans and 12 macular
scans) from 12 children were eliminated. Furthermore, all
scans were assessed for quality by trained personnel imme-
diately after acquisition. When excluding data, these assess-
ments were taken into account. This lead to the exclusion of
71 children. One child wore contact lenses, and 70 right eye
scans were cancelled or not fully performed due to child's
movement, lack of cooperation and motivation, restless-
ness or fidgeting of the child. In addition, children who vis-
ited the LIFE Child study centre twice or more during this
period were excluded, and their first OCT scan was used.

As a result, 695 complete scans had no layer segmen-
tation errors, participants were within the age range (=4-
19years) and had no history of eye surgery.

A total of 679 complete macular scans were performed
according to these criteria, while 484 children had RNFL
measurements. Of these, 468 had complete macular and
RNFL measurements.

To obtain normative values for our reference sample of
children and adolescents, premature infants (<37 weeks, 51
children) or children for whom no birth data were available
(24 children) were excluded. However, these children were
included in the statistical analysis.
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The study population was classified according to their SE
refractive error. Myopia was defined as SE <—0.5 dioptre (D)
and divided into low myopia (-0.5 to —6 D) and high myopia
(<—6D). Hyperopic children (SE > 0.5 D) were similarly classi-
fied (low hyperopia: SE 0.5-6 D, high hyperopia: SE>6D)."*
The BMI-SDS was calculated according to standards for
German children, namely a z-score <—1.282 was classified
as underweight (<10 percentile), a z-score between —1.282
and 1.282 as normal weight (10-90 percentile), a z-score
between 1.283 and 1.881 as overweight (90-97 percentile)
and a z-score > 1.881 as obese (>97 percentile).”’

Optical coherence tomography
measurements and ocular examination

Spectral-domain OCT (Spectralis®, heidelbergengineering.
com) was used for the retinal examination. The automatic
build-in real-time eye tracker was used to eliminate motion
artefacts by noise reduction and to obtain various frames dur-
ing scanning. Three scans were performed: a 20 X 20° macu-
lar volume scan, a 10 x 15° optic disc scan and a circular optic
disc nerve fibre scan. The peripapillary RNFL export, macular
thickness map and volume export of the right eye was used,
which were automatically generated and transferred from
HEYEX (Heidelberg Eye Explorer Version 1.7). Macular thick-
ness was classified according to the Early Treatment Diabetic
Retinopathy Study (ETDRS) grid: central foveal circle (diam-
eter = 1 mm), parafoveal circle (diameter = 3 mm) and perifo-
veal circle (diameter = 6 mm). The parafoveal and perifoveal
regions were further subdivided into superior, inferior, tem-
poral and nasal subfields.'® The peripapillary RNFL circle
scans showed a global average (g) and average thickness of
the following six sectors: temporal (t), temporal-superior t),
temporal-inferior (t), nasal (n), nasal-superior (n) and nasal-
inferior (n,). The average scan quality (SD) achieved was
32.66 (3.37) dB and 36.57 (4.77) for macula and RNFL scans,
respectively. There were no significant differences in signal
strength when comparing age groups or gender (Tables S1-
S4). In addition, children underwent an eye examination by
optometrists. Non-cycloplegic autorefraction (i.Profiler plus,
zeiss.com) and the biometry of the eye (LENSTAR LS900,
haag-streit.com) were measured. For our analysis, we used
the mean AL after six measurements. For the autorefraction,
we used the median or the largest value if less than three
measurements were performed. Moreover, autorefraction
was also performed on the participant's parents. SE was cal-
culated as = spherical error + - cylindrical error.

Questionnaires

The socio-economic status of all participants was calcu-
lated based on parents' school education, net equivalent
income and professional position and qualifications.
As a result, the Winkler index was calculated (high,
middle, low), as used in the German Health Interview

and Examination Survey for Children and Adolescents
(KiGGS)." Furthermore, a questionnaire about children's
leisure activities, for example, their frequency of com-
puter use (‘How often per week did you use the com-
puter?: 4—once a week, 2—every 2days, 3—twice a
week, 1—every day) and time spent outdoors during the
week (1—every day, 2—every 2 days, 3—twice a week,
4—once a week), was administered. Anthropometric
measurements (e.g., weight and height) were conducted
using conventional measurements. Birth parameters
were determined by checking the preventive medical
check-up booklets.

Statistical analysis

Data were analysed using R (r-project.org, version 4.1.1).
Descriptive statistics were performed using the mean,
SD and the 5th and 95th percentiles for each parameter
and age group. A paired t-test was used to evaluate the
differences between genders in the study population
(Table 1). Single linear regression was used to assess the
time spent outdoors, frequency of computer use and
mothers' refractive status, followed by stepwise forward
regression (adding age, gender and AL). ANOVA was ap-
plied to examine the socio-economic status and OCT pa-
rameters after adjustment for the influential factors (age,
gender and AL). Multiple linear regression models were
performed to evaluate the effect of age, gender, AL, SE
and birth weight on the macular measurements. In the
case of RNFL thickness, the effect of the standardised
BMI was additionally evaluated with a gender-specific
interaction within the model. For multiple comparisons
between parameters, the false discovery rate method
was applied to adjust p-values. Statistical significance
was assumed for p-values <0.05.

RESULTS

A total of 342 (49.20%) boys and 353 (50.79%) girls par-
ticipated with at least one complete scan (n = 695). The
average age of children who underwent OCT examina-
tion was 12.91 (SD = 3.29, 5.05 to 18.96) years. The mean
BMI-SDS was 0.27 (SD = 1.20, —4.50 to 4.49). The mean SE
was —0.24 (SD = 1.21, —=7.32 to +6.09) D and the mean AL
was 23.20 (SD = 0.86, 20.74 to 26.70) mm. The children
were born with a mean weight of 3410.52 (SD = 574.54,
860 to 5220) g. The mean SE of their mothers was —1.10
(=21.0 to +5.0) D. Table 1 shows the characteristics of all
participants by gender.

Macular thickness

The mean macular thickness was 320.53 (SD = 12.29, 5th
and 95th percentile: 300.02-341.06) pm (Figure 1). Macula


http://heidelbergengineering.com
http://heidelbergengineering.com
http://zeiss.com
http://haag-streit.com
http://r-project.org

SOHNEL ET AL.

# THE COLLEGE OF

57
(RM& OPTOMETRISTS

OPO!

TABLE 1 Characteristics of all children with complete OCT measurements (n = 695).

BMI-SDS
BMI-SDS groups
Underweight
Normal weight
Overweight
Obese
Mean age
Age groups
4-6years
6-9years
9-12years
12-15years
15-<19years
Socio-economic status
High
Middle
Low
Spherical equivalent (D)
Refraction groups
High myopia
Low myopia
Emmetropia
Low hyperopia
High hyperopia
Axial length (mm)
Mean birth weight (g)
Birth weight
<25009
2500-40009
>40009

Female (N =353)
0.41+£1.25

19 (5.40%)
251 (71.31%)
25 (7.10%)
57 (16.19%)
12.97+3.30

4 (1.13%)

54 (15.30%)
73 (20.68%)
111 (31.44%)
111 (31.44%)

92 (29.97%)
167 (54.40%)
48 (15.64%)
-0.36+1.33

3(0.88%)

84 (24.71%)

219 (64.41%)
33(9.71%)
1(0.29%)
23.01+0.82
3354.43+556.26

22 (6.43%)
281 (82.16%)
39 (11.40%)

Abbreviations: BMI-SDS, body mass index standard deviation score; D, dioptre.
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Male (N = 342) p-Value

0.12+£1.13 0.001

33 (9.65%) 0.02
255 (74.56%)

21 (6.14%)

33 (9.65%)

12.85+3.28 0.62

6 (1.75%) 0.16
41 (11.99%)

95 (27.78%)

93 (27.19%)

107 (31.29%)

89 (30.17%) 0.12
176 (59.66%)

30 (10.17%)

-0.12£1.07 0.01

0(0.00%) 0.13
66 (19.82%)

228 (68.47%)

39 (11.71%)

0(0.00%)

23.40+0.86 <0.001
3468.65+588.10 0.01

18 (5.45%) 0.11

256 (77.58%)
56 (16.97%)

Mean = 102.88 um

—

275 285 295 305 315 325 335 345 355 365

Average macular thickness (um)

1
85 95 105 115 125 135
Global RNFL thickness (um)

FIGURE 1 Normaldistribution of average macular thickness (a) and retinal nerve fibre layer thickness (b) of the LIFE Child population.
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volume averaged 8.88 (SD = 0.35, 8.30-9.47) mm.3 Mean
macular thicknesses by age group are shown in Table 2.

The order of decreasing macula quadrants was the fol-
lowing (N>S>/>T): n1 (351.55pm)>s1 (350.29 um) > i1
(347.54 um) > t1(335.06 pm) > n2(323.41 um) >s2(307.72 pm)
>2 (298.05 pm) > t2 (295.88 pm) > c0 (275.30 um).

Multiple linear regression showed a gender differ-
ence for macular thickness in all quadrants except the
outer superior quadrant (Table 3). On average, boys
had thicker maculae (Figure 2). AL was negatively cor-
related with average macular thickness. For each Tmm

=177)

322.28+13.55 (298.73-343.53)
278.88+19.27 (249.00-312.40)
352.92+15.56 (324.80-378.00)
337.29+15.30 (309.00-362.20)
350.19+ 15.04 (325.00-374.20)
353.78+16.00 (324.80-378.20)
308.68+13.96 (283.00-331.20)
296.37 £14.05 (272.00-321.20)
297.88+13.76 (273.80-319.00)
324.51+16.35 (296.80-349.00)
232.79+19.88 (203.80-268.00)
8.92+0.38 (8.20-9.54)

15-<19years (N

increase in AL, the macula was 4.062 um thinner. After T 23835032878 0a
age, sex, birth weight and especially AL were added to % § 2 % § = S 2 % % N %)
the regression formula, there was no significant linear ® 329w o S B w By Q
correlation between macular thickness and SE (Table 3). E NS E Q¥ I EXE S 2L R
No correlation was observed between the mother's =3 ‘2’ S,’ ‘2’ ;m: Q:’ ?:’ ‘E ?:’ ‘E ;N,’ % %:’
refractive status and the children's macular thickness £ 3 E < g ; ; 8 8 8 ; o B
(p>0.05). In addition, the multiple linear regression ;>'~ gﬁl 3 5 g g § ; 'gg § § g ;;I
model showed the macular thickness's dependence on L SsR2xYoBsran”
the child's age for all quadrants, except for the fovea H B BB B R
and the outer inferior quadrant (Table 3). The average

macular thickness increased by 0.769 pm with each year S 6 a e Gao G R a8 5
of life (Figure 2). The macular thickness showed a signif- 232 e Q222283
icant positive correlation with birth weight for the outer & Q o $ % f?* o SR :I S e
nasal, superior, inferior and temporal quadrants, as well 5 & ﬁ < E E § § g § § § )
as macular volume. The foveal centre was negatively T 23S mS8S828R88¢8 =
correlated with infant birth weight (Table 3). Moreover, €2 I2XRAB[IF 28 8 7
there was no significant correlation between the socio- H B H H i 25
economic class to which the children belonged and :‘>'~ XReoR &8 3 85 ‘E Q@ 5 §
macular thickness (p>0.05). After adjusting for poten- T aR¥INYgES a8

tial influencing factors (age, gender and AL), no sig-
nificant association was found between the children's
frequency of computer use per week and their macular
thickness (p > 0.05). Children who spent more time out-
doors had a thinner parafoveal nasal (A5) macular thick-
ness (p = 0.04, 5 = 1.51).

=90)

Retinal nerve fibre layer thickness

319.74+11.30 (297.06-335.87)
269.78+21.94 (244.00-305.30)
349.02+12.75 (327.25-369.55)
333.79+13.69 (311.45-352.55)

346.53+13.69 (320.00-366.10)
349.78+14.61 (323.15-369.00)
308.52+12.61 (284.90-329.55)
296.97 £12.40 (275.00-316.55)
299.56+11.23 (277.80-317.55)

323.69+ 13.49 (300.80-344.10)
225.46+22.27 (201.45-263.00)

8.89+0.31 (8.25-9.33)

6-9years (N

The mean global RNFL thickness was 102.88 (SD = 8.79,
88.70-118.00) pm (Figure 1). The mean RNFL thickness by

Distribution of average macular thickness and macula volume using the Spectralis® spectral-domain optical coherence tomography (SD-OCT) in healthy German children (without preterm

born children), declaration according to the Early Treatment of Diabetic Retinopathy (ETDRS) gridw: c0 (A1) central foveal circle (diameter = 1 mm), s1 (A2) parafoveal circle (diameter = 3mm) superior, t1
(A3) parafoveal circle temporal, i1 (A4) parafoveal circle inferior, n1 (A5) parafoveal circle nasal, s2 (A6) perifoveal circle (diameter = 6 mm) superior, t2 (A7) perifoveal circle temporal, i2 (A8) perifoveal circle

inferior, n2 (A9) perifoveal circle nasal, foveal centre; mean +SD, (5th and 95th percentile), in pm, macula volume (mm?).

age group is shown in Table 4. The thickest sector was 2 888g%8¢gsg 2838
the temporal inferior (150.04 um), followed by the tempo- = % 5 2 2 § 5 g 8 9 o5 -
. . ™M ™M ™M
ral superior (145.80 um), nasal superior (108.43 um), nasal ,?r' 2‘ g é 2 é SI 8' é 8' 2 d
inferior (107.53 um), temporal (80.73 pm) and nasal sector _ S I 5= ; M g 8 oo E g ‘Jlr‘
(74.50 pm). § 2202008 ddac @

o o . , = N2 IIIBZI]IRAM
Multiple linear regression did not show a difference in S dgd3dS war 3 g o
RNFL thickness with gender for all sectors (Table 5). There § g Ho4 @ T M s M z §
was a negative correlation between AL and global, nasal, .? g g ; ; § ‘Z’ 5 § g g 5 o
nasal superior and nasal inferior RNFL thickness (Table 5). < N - ™ oo &A@, A
RNFL thickness did not correlate with SE after correction
for gender, age, AL, BMI-SDS and birth weight. Having an o
ametropic mother had no effect on the infant's RNFL thick- ~ €
ness (p>0.05), except for the nasal superior quadrant. The w % cs83 3 5) e85 @ 0 TE g
nasal RNFL thickness was significantly correlated with the @ gs =22 SIS 36
mother's refractive status (p = 0.03, # = 1.03). Moreover, - “‘EHM'EEHE-ECE
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TABLE 3

Multiple linear regression results of macular thickness in healthy German children; data adjusted for age, axial length (AL), birth weight,

gender, spherical equivalent (SE) and false discovery rate method, # = the regression coefficient for mixed linear models, declaration according to
the Early Treatment of Diabetic Retinopathy (ETDRS) grid”’: c0 (A1) central foveal circle (diameter = 1 mm), s1 (A2) parafoveal circle (diameter =3 mm)
superior, t1 (A3) parafoveal circle temporal, i1 (A4) parafoveal circle inferior, n1 (A5) parafoveal circle nasal, s2 (A6) perifoveal circle (diameter =6 mm)
superior, t2 (A7) perifoveal circle temporal, i2 (A8) perifoveal circle inferior, n2 (A9) perifoveal circle nasal, foveal centre.

Sector (Intercept) Age
Average B 397.00 0.77
p <0.001 <0.001
c0 (A1) p 291.28 1.05
p <0.001 <0.001
s1(A2) B 417.84 1.00
p <0.001 <0.001
t1 (A3) p 393.78 0.85
p <0.001 <0.001
i1 (A4) p 413.47 0.93
p <0.001 <0.001
n1 (A5) p 430.93 1.04
p <0.001 <0.001
52 (A6) s 402.10 0.66
p <0.001 <0.001
t2 (A7) p 398.82 0.43
p <0.001 0.01
i2 (A8) p 397.71 0.24
p <0.001 0.19
n2 (A9) p 427.07 0.72
p <0.001 <0.001
Foveal centre p 197.36 0.43
p <0.001 0.18
Volume p 11.42 0.02
p <0.001 <0.001

o

Statistical significance (p < 0.05) is shown in bold.

the association between RNFL thickness and age did not
reach statistical significance (Table 5). Analyses revealed a
gender-specific effect of BMI-SDS and RNFL thickness in
the global average (Figure 3) and temporal inferior sector.
Male children with a higher BMI-SDS had a thicker RNFL.
The nasal sector and the global average showed a positive
correlation with the birth weight of the children (Table 5).
Children born with a lower birth weight had a thinner RNFL.
No significant correlation was found between the chil-
dren's socio-economic status and RNFL thickness (p > 0.05).
The amount of time children spent on the computer was
correlated with the nasal sector (p =0.01, § = 3.07). Children
who used the computer every day per week had a thinner
nasal RNFL. Children with longer screen time also had lon-
ger AL (p<0.001, g = —0.17), but not after age was added
into the regression model (p = 0.32, = —0.05). There was
no significant correlation between the amount of time chil-
dren spent outside during the week and RNFL thickness
(p>0.05).

Gender

AL Birth weight (male) SE
-4.06 0.00 5.36 0.13
<0.001 0.07 <0.001 0.86
-0.96 —-0.00 9.93 -0.18

0.50 0.02 <0.001 0.87
-3.85 0.00 5.51 0.37
<0.001 0.08 <0.001 0.58
-3.28 0.00 7.26 0.31
<0.001 0.41 <0.001 0.64
-3.66 0.00 5.67 0.35
<0.001 0.22 <0.001 0.60
—4.28 0.00 6.30 0.28
<0.001 0.34 <0.001 0.68
=51 0.00 1.04 0.12
<0.001 <0.001 0.41 0.87
-5.23 0.00 5.76 —-0.06
<0.001 0.001 <0.001 0.93
-4.86 0.00 3.09 —-0.04
<0.001 0.008 0.006 0.95
=5,333) 0.00 3.68 —-0.02
<0.001 0.01 0.005 0.98

1.87 —-0.01 6.98 0.16

0.21 0.002 <0.001 0.89
-0.13 0.00 0.12 0.00
<0.001 0.004 <0.001 0.89

DISCUSSION

With this study, it was possible to determine normative
data for macular and RNFL thickness in a large number
of healthy German children and adolescents. To date, no
study has examined so many healthy Caucasian children
with the Spectralis® SD-OCT device.

Normative data

To compare the current study with other published papers,
only results from the Spectralis® OCT device were consid-
ered. The average macular thickness in the LIFE Child study
was 320.53 pm. In younger children (10.46 years), but with a
similar AL (23.33 mm), Turk et al.’® reported a macular thick-
ness of 326.44pum in Turkish children. Interestingly, this
macular thickness is comparable with the results measured
here, even though the younger study population of Turk
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et al. had a greater average macular thickness. This may
contradict the significant age dependency we found. The
mean central macular thickness in our study was 275.30 pm,
similar to the results of Yanni et al. (271.20 pm) and Passani
et al. (274.97 pm), both in Caucasian children.'>%°

Our average global RNFL thickness was 102.88 um. In
similar-aged Chinese children (12.35years), the average
RNFL thickness was 103.08 um.?" Interestingly, children be-
tween 0 and 5years of age showed higher average RNFL
thicknesses: 107.6 pm.22 Furthermore, RNFL thickness mea-
surements demonstrated the so-called ‘double-hump’
configuration: superior and inferior RNFL sectors were
thicker than nasal and temporal sectors.'®'%2"23:24

Age

All macular quadrants and the macular volume showed a
significant positive correlation with age. These results are
consistent with the current state of research,>2 although
contrary results have also been published.'® These findings
could lead to the assumption that macular development
is a long process that is not completed in early childhood.
During the first 5years of life, a logarithmic increase in the
photoreceptor layer and a decrease in the ganglion cells
and the inner nuclear layer occurs.**? This hypothesis
could not be tested sufficiently here because segmentation

14 16 18

Correlation between gender, age and average macular thickness in healthy German children.

of the retinal layers could not be conducted and our study
population was predominantly >6years of age. Moreover,
the fovea showed no pattern of change with age, whereas
the central macular subfield showed a positive correlation
with age. The significant age dependency of the central
macular subfield has been investigated previously.'#2%%

In contrast, many authors confirmed no relation-
ship between RNFL thickness and the age of the
child.!82"25:26283031 This result is also supported by stud-
ies in adults. RNFL thickness decreases with age,32 but the
main loss of nerve fibres occurs after 50years of age.*® The
results achieved here support this hypothesis.

Axial length

The parafoveal retina gets thinner, when eye elongation
occurs, whereas the foveal retinal thickness is not af-
fected by the AL change.**~*° This relationship has been
described previously by Huynh et al.,'® Luo et al.*’ and
Read et al.® One possible explanation for peripheral
retinal thinning is the protection of the central retina
from the stretching force caused by AL elongation. The
reduced peripheral retinal thickness is important to pro-
tect the essential visual functions of the central macula.
In pathological myopia, this compensatory mechanism
may be impaired.**
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TABLE 4 Average retinal nerve fibre thickness using Spectralis® spectral domain-optical coherence tomography in healthy German children (without preterm born children), mean+SD (5th and 95th

percentile), in pm.

=133)

15-<19years (N

=148)

12-15years (N

=109)

9-12years (N

4)

6-9years (N

=4)

4-6years (N

90.00-117.40)
61.00-104.60)

119.00-173.40)
122.00-178.20)
56.60-97.00)

102.91+8.16

89.00-118.65)
65.00-105.00)

80.32+14.16

144.60+16.81

118.00-173.65)
120.00-180.00)
53.35-99.65)
80.35-143.30)
74.00-147.25)

150.50+£17.25

75.51+14.38

107.02+ 18.04 (81.00-134.00)
108.74+21.79 (75.20~141.40)

103.15+9.01
81.61+13.08

89.40-117.60)
62.00-105.40)

146.24+17.75

116.80-181.00)
121.40-180.60)
48.40-103.20)

81.80-141.40)
70.40-149.00)

150.61+19.73
74.51+£15.22
108.30+19.61

106.89+21.96

103.83+£8.92
82.02+13.68

100.05+9.19 (85.00-120.00)

76.20+ 13.74 (59.00-98.00)
141.59+21.96 (108.00-176.00)
144.07 £23.21 (108.00-178.00)

95.75+6.65 (87.90-101.95)
73.25+6.13 (67.30-78.85)
121.00+9.49 (110.35-129.55)
139.25+11.18 (133.15-152.70)
67.75+12.66 (54.90-78.85)

Global

Temporal

149.14+18.56

Temporal superior

151.35£17.51

Temporal inferior

7416+16.73
110.94+£19.17

72.80+16.11 (56.00-99.00)
107.56+23.10 (78.00-146.00)
108.73+22.09 (79.00-140.00)

Nasal

101.00+£7.07 (93.90-108.80)
114.00+27.14 (82.10-136.80)

Nasal superior

106.23+23.11

Nasal inferior
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The RNFL thickness in all temporal quadrants (t, t, t)
measured here did not correlate significantly with AL,
whereas the nasal RNFL sectors were negatively correlated
with the child's AL. Zhang et al.>* showed a positive correla-
tion between the temporal RNFL quadrants and a negative
correlation in all non-temporal quadrants. Furthermore,
another explanation for myopic thinning could be partly
due to magnification bias of the eye.*°

Gender

We found a gender difference in macular thickness in all
quadrants except the outer superior quadrant. Boys ap-
peared to have thicker maculae. These results are con-
sistent with the current state of research,'0202>28:3031
Interestingly, in healthy Swedish 6.5-year-old children,
the ganglion cell inner plexiform layer (GC-IPL) showed
no difference between genders.*' Therefore, it is possible
that other retinal layers provide the gender difference in
macular thickness. All peripapillary RNFL areas were unaf-
fected by gender. This gender independence is similarly
described in the current literature.***?

Birth weight

Macular thickness was significantly positively correlated
with birth weight for all perifoveal quadrants and macu-
lar volume. In contrast, the central quadrant of the macula
and fovea displayed a negative correlation. Children with
low birth weight had thicker central maculae and foveae.
The Sydney Myopia Study obtained similar results, but they
were no longer significant after adjustment for gestational
length.”® These authors claimed that gestational duration
is a stronger factor influencing central macular thickness.
Low birth weight was associated with lower gestational
age and prematurity. Preterm birth was also related to in-
creased foveal thickness due to inhibited migration of the
inner retinal layers and remains into later life.**** The gan-
glion cells, inner nuclear layer and plexiform layers move
laterally, causing the onset of foveal depression. This pro-
cess is not complete until 15-45months of life and is in-
complete in preterm-born children.**~*¢

Infants born with lower birth weight have, on average,
thinner RNFL nasally and globally. This was also found in
the large Sydney Myopia Study, the Sydney Childhood
Eye Study and the Copenhagen Child Cohort 2000 Eye
Study.***"*® prematurity affects the interplay of neuronal
development, particularly the axonal distribution of retinal
ganglion cells surrounding the developing fovea.*’ Thinner
RNFL thickness can still be detected in former preterm chil-
dren now in adulthood.*® Even in adults who were small
for gestational age and born at term, a significant reduc-
tion in global and nasal RNFL thickness has been found.”'
Another explanation for thinner RNFL in former preterm-
born children and adolescents is retrograde trans-synaptic
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TABLE 5 Multiple linear regression results of retinal nerve fibre layer (RNFL) thickness sectors in healthy German children, data adjusted for
age, axial length (AL), birth weight, body mass index standard deviation score (BMI-SDS), gender, spherical equivalent (SE) and false discovery rate
method, § = the regression coefficient for mixed linear models.

Birth BMI-SDS: Gender
RNFL sector Intercept Age AL weight BMI-SDS Gender (male) (male) SE
Global p 139.76 0.32 -2.15 0.00 -0.73 1.93 —-0.38 0.55
p <0.001 0.07 0.002 0.002 0.21 0.02 0.73 0.32
Temporal p 41.33 -0.10 1.86 0.00 -0.57 1.85 -2.99 -0.84
p 0.12 0.73 0.12 0.74 0.54 0.18 0.09 0.32
Temporal superior 155.39 0.21 —-0.88 0.00 —-0.31 1.98 -1.29 1.07
p <0.001 0.58 0.58 0.21 0.75 0.30 0.58 0.35
Temporal inferior p 172.84 0.67 —-1.52 0.00 -1.40 4.07 -3.84 1.57
p <0.001 0.07 0.34 0.36 0.28 0.02 0.10 0.18
Nasal p 140.88 0.56 -3.92 0.00 -1.10 2.16 2.03 0.81
p <0.001 0.07 0.002 0.001 0.30 0.16 0.30 0.37
Nasal superior p 196.71 -0.11 —4.39 0.00 0.73 —0.61 3.39 —-0.78
p <0.001 0.74 0.007 0.07 0.58 0.74 0.18 0.54
Nasal inferior p 229.06 0.85 —6.25 0.00 -1.46 2.09 0.79 2.48
p <0.001 0.07 <0.001 0.10 0.32 0.33 0.74 0.07
Statistical significance (p < 0.05) is shown in bold.
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FIGURE 3 Gender-specific correlation of body mass index standard deviation score and retinal nerve fibre layer thickness in healthy German
children.
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degeneration. Adults with a history of white matter injury
caused by prematurity had a thinner RNFL. The extent of
RNFL thinning corresponded with white matter injury.>?

Body mass index standard deviation score

Interestingly, we noted a gender-specific effect of BMI-
SDS on global and temporal inferior RNFL thickness. Male
children with a higher BMI-SDS had a thicker RNFL. Female
children had a thinner RNFL with increasing BMI-SDS, but
this association was not significant. To our knowledge,
there are no results of this type in the research literature
so far. Zhang et al.*? also found a positive association be-
tween BMI-SDS and RNFL thickness.

In contrast, other investigations reported decreased
RNFL thickness in obese children and adolescents.>*>*
However, Pacheco-Cervera et al.>* showed this effect only
in obese, not overweight, children. Obesity and the sec-
ondary inflammatory process are considered risk factors
for retinal ganglion cell and axonal destruction. One ex-
planation may be that hyperleptinemia and IL-6 increase
in severe obesity lead to a decrease in the nitric oxide-
mediated vasodilatory response of the endothelium and
an increase in oxidative stress.>* Juvenile retinal and cho-
roidal microvascular circulation are impaired by obesity.>
In adults, the Norfolk Eye Study>® revealed that RNFL thick-
ness decreased with increasing BMI in males. Dogan et al.>”
demonstrated a temporal decrease in young obese males.
However, most of the measured quadrants in our study
did not correlate with BMI-SDS. This has been confirmed
by other authors.?"*"*® Future studies need to verify when
the effects of the inflammatory responses actually have a
measurable effect on retinal structure.

Media use and outdoor time

In the present work, it was demonstrated that children
who use the computer every day of the week had a thin-
ner nasal RNFL. This relationship may be seen in the
context of near work and myopia, although there was
no remarkable effect between AL and the frequency of
computer use in our study population when age was also
considered. Thus, the relationship between nasal RNFL
and media use is not explained by a correlation with AL
or children's age. Near work is widely discussed as a risk
factor for myopia progression.>® No prior study has ex-
amined the relationship between OCT parameters and
media use. Our study showed that a critical evaluation of
computer use in children is necessary. On the other hand,
only the nasal RNFL sector showed a significant correla-
tion, so no overall trend within the RNFL parameters was
evident. It might be that this sector has a chance correla-
tion, although it was corrected for multiple testing. This is
also supported by the fact that no macula quadrant cor-
related with computer use.

In addition, there was a significant correlation between
thinner nasal macular thickness and more time spent out-
doors, even after adjusting for age, gender, AL and testing
for multiple comparisons. However, since this correlation
contradicts the assumption that more outdoor time tends
to prevent myopia or myopic progression,®° it should be
questioned critically. This is emphasised by the fact that in
our LIFE cohort of children, those who were outdoors more
frequently during the week were also less myopic.°’

Limitations

Nevertheless, comparing normative data can be difficult
because different authors use alternative OCT devices, and
these values cannot be compared easily. For example, the
Spectralis® SD-OCT device detects greater RNFL and macu-
lar thickness than the Cirrus SD-OCT device.??%® As a result,
only one device should be used for longitudinal evalua-
tion. We used non-cycloplegic autorefraction to acquire
SE, so accommodation was not controlled. This leads to
more myopic or less hyperopic refraction measurements.®*
We hypothesise that this is the reason we did not observe
a significant correlation between OCT parameters and SE.
The setting of the LIFE Child study does not allow cyclo-
plegic refraction due to a strict ethical limitation in healthy
children. Furthermore, non-cycloplegic autorefraction in
the LIFE Child study was used as a screening tool to obtain
a general impression and not for spectacle fitting or the
diagnosis of refraction error.%® Fortunately, we were able
to measure AL accurately, which is much less susceptible
to interference than the SE. Beyond this, the outliers that
occurred can be explained by the movements of the chil-
dren during the OCT scan. Although we present a wide age
range, only very few children under 6 years of age were suf-
ficiently cooperative for the OCT scan. Therefore, only 13
OCT scans (9 macular, 4 RNFL) scans were collected from
10 children under 6years of age. Nevertheless, they were
included in the analyses to make the rarely collected data
accessible and analysable and especially to be able to an-
swer the age hypothesis more effectively. Because the LIFE
Child study observes healthy children and adolescents,
the number of children born prematurely (51) or with low
birth weight (40 children <25009g) was rather low. In addi-
tion, no data on the presence of retinopathy of prematurity
were collected in the ophthalmological history. However,
the fact that very few preterm infants participate in the
LIFE Child study puts this into perspective. To evaluate the
prematurity-related questions more accurately, a larger
sample of preterm-born children must be included.

CONCLUSION

Age, gender, birth weight and AL need to be considered
when evaluating quantitative macular thickness measure-
ments using OCT. The normative data we obtained must
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be applied in a clinical evaluation of paediatric OCT scans,
especially to classify them as normal. RNFL thickness corre-
lated with AL, birth weight and BMI-SDS in boys. Moreover,
our data showed a thinner nasal RNFL in children who used
the computer more frequently. This correlation needs to be
verified in further investigations.
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