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ABSTRACT

Background/aim: Auto Train Brain is a mobile app that was specifically developed for dyslexic children to increase their
reading speed and reading comprehension. In the original mobile app, only one unique neurofeedback user interface
provided visually and audibly rewarding feedback to the subject with a red-green colored arrow on the screen. Later, new
modules are added to the app with the end-users requests. These are the “youtube” video-based interface and “Spotify”
auditory-based interface. In this research, we have compared the efficacy of the neurofeedback rewarding interfaces.

Materials and methods: The experiment group consists of 20 dyslexic children aged 7-to 10 (15 males, 5 females) who
were randomly assigned to one rewarding interface and used it at home for more than six months.

Results: The result indicates that though the “youtube”interface is liked most by the participants, the arrow-based simple
neurofeedback interface reduces theta brain waves more than other rewarding schemes. On the other hand, “youtube”
and “Spotify” based interfaces increase Beta band powers more than the arrow interfaces in the cortex. The “Spotify” user
interface improves the fast brain waves more on the temporal lobes (T7 and T8) as the feedback given was only auditory.

Conclusion: The results indicate that the relevant neurofeedback rewarding interface should be chosen based on the
dyslexic child’s specific condition.

Keywords: Neurofeedback, multimodality, QEEG, Auto Train Brain.

Auto Train Brain nérogeribildirim ddiillendirme arayiizlerinin etkinlik agisindan karsilastiriimasi
OZET

Arka plan/amag: Auto Train Brain, disleksili cocuklarin okuma hizini ve anlama diizeyini artirmak icin ozel olarak
gelistirilmis bir mobil uygulamadir. Orijinal mobil uygulamada, yalnizca bir benzersiz nérogeribildirim kullanici arayiizii,
ekranin kirmizi-yesil renkli bir oku ile konuya gorsel ve isitsel olarak ddiillendirici geri bildirimi saglyordu. Daha sonra,
kullania talepleriyle uygulamaya yeni modiiller eklendi. Bunlar “youtube” video tabanli arayiiz ve “Spotify”isitsel tabanli
arayiizdiir. Bu arastirmada, ndrogeribildirim ddiillendirme arayiizlerinin etkinligini karsilastirdik.

Malzemeler ve yontemler: Deney grubu, 6 ay ve iizeri siireyle evde bir ddiillendirme arayiizii kullanan ve 7 ila 10 yas
arasinda (15 erkek, 5 kadin) disleksili cocuktan olusmaktadir.

Sonuclar: Sonuglar, “youtube” arayiiziiniin katiimalar tarafindan en cok begenilmesine ragmen, ok seklindeki basit
ndrogeribildirim arayiiziine gore daha az theta beyin dalgalar azalttigini gdstermektedir. Diger yandan, “youtube” ve
“Spotify” tabanli arayiizler, kortekste ok arayiizlerinden daha fazla beta bant giiclerini artirmaktadr. “Spotify” kullanici
arayiizii, sadece isitsel olarak verilen geri bildirim nedeniyle temporal loblarda (T7 ve T8) hizli beyin dalgalarini daha da
iyilegtirir.

Calismanin ozeti: Sonular, disleksili cocugun ozel durumuna gére ilgili ndrogeribildirim ddiillendirme arayiiziiniin
secilmesi gerektigini gostermektedir.

Anahtar kelimeler: Norogeribildirim, ¢oklu duyusal, QEEG, Auto Train Brain.
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ven if their 1Q is normal or above average, some

children may struggle to learn to read quickly in

the early years of school. According to DSM-V cri-
teria, dyslexia is a subtype of a distinct learning disability
that affects children for at least 6 months and cannot be
related to neurological or motor disorders, developmen-
tal disorders, or intellectual disabilities(1).

In dyslexia, neurologically, there is a temporal disruption
and a disconnection between the left anterior and the left
posterior regions of the brain (2). This situation affects the
learning of letters and words and phonemic awareness.
The increased slow brain waves in the left temporal re-
gion can be tracked in QEEG (3). The main affected brain
region due to this disconnection syndrome might be the
Wernicke region (4).

Neurofeedback has been shown to help with dyslexia’s
disconnection syndrome. Neurofeedback is beneficial in
improving spelling, reading speed, and reading compre-
hension in studies (5,6,7,8). Neurofeedback employs the
brain’s plasticity and operant conditioning to teach the
user how to gain greater control over central nervous
system activity. The user receives direct neurofeedback
regarding their actual brain activation pattern, allowing
them to learn to control QEEG signals voluntarily (9). Real-
time feedback of QEEG signals to oneself is a technique
that allows individuals to obtain immediate feedback on
their neural activity as reflected in visual and aural stimuli.
It is a well-known reality that the neurons that fire toget-
her wire together (10).

Nazari used neurofeedback to decrease slow brain waves,
such as delta and theta, at T3 and F7, while increasing
beta-1 at T3 and F7(10). The treatment lowered the amo-
unt of time spent reading and the number of errors made
while reading. Walker and Norman (5) used various neu-
rofeedback protocols to reduce slow brain waves, such as
delta and theta at Cz, enhance beta-1 at T3, and decrease
coherence in the delta and theta range, and their findings
revealed at least two levels of improvement in dyslexic
reading levels. Applying neurofeedback to dyslexia (delta
down at T3-T4, beta down at F7 and C3, coherence trai-
ning in the delta, alpha, and beta regions) was shown to

be beneficial for spelling but not reading (6). The latest
research found that neurofeedback improves reading
comprehension and reading speed (8).

Auto Train Brain is a mobile software that combines neu-
rofeedback, multi-sensory learning, and special education
principles (11,12,13). Machine learning algorithms exist
for diagnosing dyslexia and recommending individuali-
zed treatment plans.

In Auto Train Brain’s original user interface, there was a co-
lored arrow to give neurofeedback to the child with a vi-
sual and auditory cue. Although it was simple and unique,
this user interface was proven to be beneficial to children
with dyslexia to improve their condition. During its pro-
duct lifecycle, new features are added to Auto Train Brain.
The neurofeedback interface is also developed more. In
the latest version of Auto Train Brain, it is possible to cho-
ose the user’s preferred video and start neurofeedback
by providing multimodal -namely visually and audibly re-
warding neurofeedback. When the subject focuses more
on the video, he can see the screen more and can hear
the sound of the video more. In another auditory rewar-
ding scheme, the user starts a podcast or a storyteller on
Spotify and runs in the background, while neurofeedback
rewards the user by increasing or decreasing the volume
of the sound.

In this research, we have collected QEEG data from child-
ren with dyslexia during neurofeedback sessions and de-
termined which user interface decreased Theta brain wa-
ves more (5).

Materials and Methods

Subjects & Experimental Data

The neurofeedback data of 20 dyslexic children for 6 months
are studied in this study. The children’s ages range from se-
ven to ten (15 males, 5 females). All participants gave their
informed consent before the experiment after the experi-
mental technique was explained to them according to rese-
arch ethics committee requirements. The EMOTIV EPOC-X
headset is used throughout the studies. The headset’s inter-
nal sampling rate is 2048 samples per second per channel.
The data is filtered to remove major artifacts before being
downsampled to 128 samples per second per channel.
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There are 14 EEG channels and two reference channels in
total. Before the studies, the EMOTIV Headset is calibrated
on the subjects’ scalps using the EMOTIV APP, and each
electrode is checked for high-quality EEG data transmissi-
on.The EEG electrode placements are AF3, F3, F7, FC5,T7,
P7,01,02, P8, T8, FC6, F8, F4, and AF4.

The participants were randomly assigned the neurofeed-
back rewarding interfaces at the start of the experiment.
The randomly assigned experiment groups were age-
matched. Each group has only used the assigned rewar-
ding interface. One group utilized a simple neurofeed-
back interface based on arrows. Their goal was to change
the red arrow into a green arrow while avoiding hearing
any beeps. The second group used the “youtube” interfa-
ce, and the subject was told that if he focused more on the
video, he would be able to view it better. The third group
used the Spotify user interface. They listened to podcasts
and when they give attention more, they can hear it bet-
ter. The subjects were not given any extra information re-
garding the experimental technique.

Study Design

Each participant has used Auto Train for 6 months, has
their brain waves read using the EMOTIV EPOC-X from
14 channels, and has received 30 minutes of visual and
audio neurofeedback. The user interfaces for each group
were different, but the neurofeedback algorithms were
the same.

A recording of their QEEG is made and stored in a data-
base. All 14-channel QEEG data is acquired during the
tests in the Theta (4-8 Hz), Alpha (8-12 Hz), Beta-1 (12-16
Hz), Beta-2 (1625 Hz), and Gamma (25-45 Hz) bands for all
analyses in this work. We evaluated the Theta band power
values for 14 channels after collecting, averaging, and cle-
aning data from an EMOTIV EPOC-X headset.

Results

It was measured that the simple “arrow” based neurofe-
edback interface, which rewards visually and audibly,
decreases theta band power more than that of the other
neurofeedback interfaces (p<.001).

It was also measured that “youtube” and “Spotify” based
neurofeedback rewarding interfaces improve Beta-1 and
Beta-2 brain waves more than the arrow neurofeedback
rewarding interface (p<0.001). There is no comparison
between the improvements in reading comprehension /
reading speed and neurofeedback interfaces.

Discussion

We have designed an experiment to test the new user
interfaces of Auto Train Brain. The first neurofeedback in-
terface is related to the “arrow” neurofeedback interface
which is simply turning a red arrow into a green arrow. The
second neurofeedback interface is related to “youtube” vi-
deos and neurofeedback during watching these videos.
The third neurofeedback interface was based on Spotify
(storyteller), an auditory interface. The users of Auto Train
Brain prefer the “youtube” videos more than the “arrow”
interface in real life as they think it is more amusing and
attractive. The results of this experiment have shown that
the original “arrow” interface which is easier to control
and learn was more beneficial to children with dyslexia
to reduce the slow brain waves. The reason would be to
control the “arrow” much easier than the “youtube vide-
os” with the brain, or the content of the “youtube” videos
were distracting the children to focus.

Participants used the “youtube” interface to pay more at-
tention to cartoon movies and therefore their fast brain
waves increased more. The “Spotify” user interface impro-
ves the fast brain waves more on the temporal lobes (T7
and T8) as the feedback given was only auditory. The re-
sults indicate that the relevant neurofeedback rewarding
interface should be chosen based on the child’s specific
condition. Some dyslexic people have general slowing or
focal slowing of the cortex. Some dyslexic people have left
temporal disruption. If the aim is to reduce the slow brain
waves in the cortex or the theta brain waves should be
trained, then the arrow-based interface should be chosen.
If the aim is to increase the Beta brain waves in the cortex,
“youtube” and/or “Spotify” based neurofeedback interfa-
ces should be chosen. If the aim is to train phonemic awa-
reness or auditory comprehension, a “Spotify” based user
interface should be chosen. There may be a placebo effect
and maturation effect in the experiments.
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Extreme qEEG readings have been shown to be more li-
kely to return to normal readings following Live z-score
neurofeedback, especially in those who had normal alp-
ha peak frequencies prior to the trial (12). EEG-based BCl
systems have the potential to improve many people’s li-
ves because they are so powerful (13). According to the
study, games are primarily top-down designed with kids
in mind. They are typically motivated by causes outside
of neurodivergent interests and tend to concentrate on
educational and medical contexts. The majority of current
work adopts a medical paradigm of impairment, which
fails to promote neurodivergent players’ autonomy and
limits their options for immersion (14).

Simple observation of particular items has the ability to
activate motor neurons. Neural responses to objects can
vary significantly depending on their characteristics, and
there are currently no standards for designing brain-com-
puter interfaces (15). Our research offers fresh perspecti-
ves that will soon improve BCl design.

I4GA 4 -

<{ Auto Train Brain

DREAM1-NF3 CHANGE PRI

Entropy Values

0.39

Gamma

0.50
Theta

0.60

0.62 ‘ 0.43
Betad

Npha Bareat

Figure -1 Auto Train Brain “arrow” interface

Auto Train Brain

DREAM1-NF3 CHANGE PROTOCOL

Entropy Values

"0.00 )[ 0.00
Theta Alpha

"0.00

Gamima

0.00°
Batad

0.00
Beta2

Figure -2 Auto Train Brain “youtube” interface

L E-B- %

Auto Train Brain

HYPER-NF3

CHANGE PRO

Entropy Values

0.00
Theta

0.00
Gamma

0.00
Aipha

0.00
Betal

0.00
Beta2

| Figure -3 Auto Train Brain “Spotify” interface

Acabadem Univ. Saghk Bilim. Derg. 2023; 14 (1): 24-33

27



Eroglu Giinet

Table 1. qEEG Band Power values per channel for each neurofeedback rewarding interface

. Youtube Arrow Spotify

Variable N =382 N = 169 N =104 p-Value
4.05 (+2.96) 3.73(£1.51) 5.12(£2.97)
95% Cl: [3.75 ; 4.35] 95% Cl: [3.5; 3.96] 95% Cl: [4.54 ; 5.69]

THETA_AF3 Range: (0.0; 13.38) Range: (0.0; 8.73) Range: (0.0; 14.17) <0.001
N =382 N=169 N=104
461 (+3.02) 3.25(£1.3) 5.26 (£ 2.54)
95% Cl: [4.3;4.91] 95% Cl: [3.05 ; 3.44] 95% Cl: [4.76; 5.75]

THETA_F3 Range: (0.0; 13.84) Range: (0.0; 7.46) Range: (0.0; 13.41) <0.001
N =382 N =169 N =104
4.26 (+£2.4) 347 (£ 1.54) 5.11(x£1.9)
95% Cl: [4.02 ; 4.5] 95% Cl: [3.23;3.7] 95% Cl: [4.74 ; 5.48]

THETA_F7 Range: (0.0;11.14) Range: (0.0;9.1) Range: (0.165; 12.21) <0.001
N =382 N=169 N =104
4.15(x£2.11) 293 (+1.27) 4.88 (+ 2.34)
95% Cl: [3.94; 4.36] 95% Cl: [2.74;3.12] 95% Cl: [4.43 ; 5.34]

THETA_FC5 Range: (0.0;11.73) Range: (0.0 ; 6.87) Range: (0.0; 13.89) <0.001
N =382 N=169 N=104
3.05(£241) 2.14 (£ 1.28) 3.23 (£ 2.06)
95% Cl: [2.81; 3.29] 95% CI: [1.95; 2.34] 95% Cl: [2.83; 3.62]

THETA_T7 Range: (0.0 ; 12.75) Range: (0.0; 8.34) Range: (0.0264 ; 11.28) <0.001
N =382 N =169 N =104
2.52 (£ 1.94) 1.79 (£ 1.14) 3.03 (£ 1.92)
95% Cl: [2.33;2.72] 95% Cl: [1.62; 1.96] 95% Cl: [2.66 ; 3.4]

THETA_P7 Range: (0.0 ; 14.06) Range: (0.00917 ; 6.72) Range: (0.149; 11.06) <0.001
N =382 N =169 N=104
3.72(£261) 2.28 (£ 1.07) 4.4 (+£2.16)
95% Cl: [3.46 ; 3.98] 95% Cl: [2.12; 2.45] 95% Cl: [3.98 ; 4.82]

THETA_O1 Range: (0.0; 14.51) Range: (0.0 ; 6.27) Range: (0.173;13.39) <0.001
N =382 N =169 N=104
3.71(£2.22) 2.58 (£ 1.33) 4,92 (+2.5)
95% Cl: [3.49; 3.94] 95% Cl: [2.38; 2.78] 95% Cl: [4.44 ;5.41]

THETA_02 Range: (0.0 ; 11.49) Range: (0.0;7.27) Range: (0.198; 12.23) <0.001
N =382 N=169 N =104
3.17 (£ 2.32) 248 (£ 1.72) 3.94 (£ 2.73)
95% Cl: [2.93;3.4] 95% Cl: [2.22; 2.74] 95% Cl: [3.41 ; 4.47]

THETA_P8 Range: (0.0; 11.59) Range: (0.0;11.13) Range: (0.0; 11.77) <0.001
N =382 N=169 N =104
39(+£2.22) 3.03 (+1.75) 491 (£ 2.49)
95% Cl: [3.68 ; 4.12] 95% Cl: [2.77 ; 3.3] 95% Cl: [4.42;5.39]

THETA_T8 Range: (0.0; 12.95) Range: (0.0 ; 8.39) Range: (0.14; 12.43) <0.001
N =382 N=169 N=104
491 (+£2.92) 4.16 (+ 2.05) 5.87 (£2.79)
95% Cl: [4.61;5.2] 95% Cl: [3.85 ; 4.47] 95% Cl: [5.33; 6.41]

THETA_FC6 Range: (0.0; 14.85) Range: (0.0 ; 13.16) Range: (0.0; 13.01) <0.001
N =382 N =169 N =104
5.34(+3.28) 4.09 (£ 1.86) 5.92 (£ 2.81)
95% Cl: [5.01; 5.67] 95% Cl: [3.81;4.37] 95% Cl: [5.37 ; 6.47]

THETA_F8 Range: (0.0 ; 14.36) Range: (0.0; 12.24) Range: (0.0; 12.79) <0.001
N =382 N=169 N =104
472 (£2.8) 4,18 (£ 1.86) 5.79 (£ 2.13)
95% Cl: [4.44; 5.0] 95% Cl: [3.9; 4.47] 95% Cl: [5.38;6.2]

THETA_F4 Range: (0.0 ; 14.4) Range: (0.0; 10.34) Range: (0.0775; 12.48) <0.001
N =382 N=169 N=104
5.02 (+2.83) 4,19 (+ 1.86) 5.58 (+2.54)
95% Cl: [4.74;5.31] 95% Cl: [3.91 ; 4.47] 95% Cl: [5.08; 6.07]

THETA_AF4 Range: (0.0; 12.5) Range: (0.0 ; 10.47) Range: (0.0; 12.8) <0.001
N =382 N =169 N =104
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2.6 (+2.08) 2.19 (£ 1.68) 3.69 (+ 3.36)
95% Cl: [2.39; 2.81] 95% Cl: [1.93; 2.44] 95% Cl: [3.04 ; 4.34]

ALPHA_AF3 Range: (0.0 ; 8.47) Range: (0.0 ; 14.99) Range: (0.0 ; 15.64) 0.004
N =382 N =169 N =104
3.67 (+£2.84) 2.04 (+1.51) 4.71 (£ 3.82)
95% Cl: [3.38; 3.95] 95% Cl: [1.81;2.27] 95% Cl: [3.96 ; 5.45]

ALPHA_F3 Range: (0.0; 12.84) Range: (0.0;13.91) Range: (0.0; 15.38) <0.001
N =382 N=169 N=104
248 (+1.6) 1.88 (+1.26) 3.37 (£ 2.09)
95% Cl: [2.32; 2.64] 95% Cl: [1.69; 2.07] 95% Cl: [2.96 ; 3.78]

ALPHA_F7 Range: (0.0;7.85) Range: (0.0;9.8) Range: (0.142;11.33) <0.001
N =382 N=169 N =104
2.84 (£ 1.69) 1.74 (£ 1.27) 3.81(x£2.79)
95% Cl: [2.67 ; 3.01] 95% Cl: [1.55; 1.93] 95% Cl: [3.27 ; 4.36]

ALPHA_FC5 Range: (0.0;9.21) Range: (0.0;10.17) Range: (0.0 ; 14.73) <0.001
N =382 N=169 N=104
2.05 (£ 1.71) 1.23 (£ 0.887) 2.3 (x1.74)
95% Cl: [1.88; 2.22] 95% ClI: [1.09; 1.36] 95% Cl: [1.96 ; 2.64]

ALPHA_T7 Range: (0.0;12.12) Range: (0.0;6.51) Range: (0.0188;9.53) <0.001
N =382 N=169 N=104
1.83 (+ 1.46) 1.38 (+ 1.26) 2.77 (£ 2.6)
95% Cl: [1.68; 1.97] 95% ClI: [1.19; 1.57] 95% Cl: [2.27 ; 3.28]

ALPHA_P7 Range: (0.0; 13.93) Range: (0.0136; 12.74) Range: (0.175; 18.65) <0.001
N =382 N =169 N =104
3.39(£2.17) 2.86 (+ 2.81) 5.79 (£ 3.76)
95% Cl: [3.17 ; 3.61] 95% Cl: [2.44 ; 3.29] 95% Cl: [5.06 ; 6.52]

ALPHA_O1 Range: (0.0; 15.62) Range: (0.0 ; 20.38) Range: (0.24; 18.5) <0.001
N =382 N=169 N=104
3.54(+24) 2.71(x£1.81) 5.73 (£ 3.65)
95% Cl: [3.3;3.78] 95% Cl: [2.43;2.98] 95% Cl: [5.02 ; 6.44]

ALPHA_O2 Range: (0.0; 10.38) Range: (0.0; 8.27) Range: (0.247 ;17.39) <0.001
N =382 N=169 N=104
2.86 (+2.36) 2.11 (£ 1.54) 3.9 (+3.41)
95% Cl: [2.62; 3.1] 95% Cl: [1.88; 2.34] 95% Cl: [3.24 ; 4.57]

ALPHA_P8 Range: (0.0;10.12) Range: (0.0;7.75) Range: (0.0 ; 14.29) <0.001
N =382 N =169 N =104
3.6 (+2.41) 2.32(+£1.78) 4.74 (£ 3.64)
95% Cl: [3.36 ; 3.84] 95% Cl: [2.05; 2.59] 95% Cl: [4.03 ; 5.45]

ALPHA_T8 Range: (0.0; 10.69) Range: (0.0; 8.75) Range: (0.18; 16.75) <0.001
N =382 N=169 N=104
4,15 (£ 2.91) 2.95 (£ 2.49) 5.64 (+ 4.46)
95% Cl: [3.86 ; 4.44] 95% Cl: [2.57 ; 3.33] 95% Cl: [4.77 ; 6.5]

ALPHA_FC6 Range: (0.0; 12.21) Range: (0.0 ; 24.05) Range: (0.0;17.0) <0.001
N =382 N=169 N=104
441 (+£3.19) 3.05 (£ 2.98) 6.08 (+4.9)
95% Cl: [4.09; 4.74] 95% Cl: [2.6; 3.5] 95% Cl: [5.13; 7.04]

ALPHA_F8 Range: (0.0;13.12) Range: (0.0; 29.34) Range: (0.0; 21.75) <0.001
N =382 N =169 N =104
3.34(£2.3) 2.64 (£ 1.93) 4.7 (£ 3.15)
95% Cl: [3.11; 3.57] 95% Cl: [2.34; 2.93] 95% Cl: [4.09; 5.32]

ALPHA_F4 Range: (0.0;9.81) Range: (0.0;12.82) Range: (0.0808; 13.99) <0.001
N =382 N=169 N=104
3.74 (+ 2.44) 2.71 (£ 2.26) 4.58 (+3.48)
95% Cl: [3.49; 3.98] 95% Cl: [2.36; 3.05] 95% Cl: [3.9; 5.26]

ALPHA_AF4 Range: (0.0; 10.34) Range: (0.0;18.22) Range: (0.0; 15.24) <0.001
N =382 N=169 N=104
1.68 (+ 1.5) 1.36 (+ 0.92) 2.08 (+ 1.86)
95% Cl: [1.53; 1.83] 95% Cl: [1.22;1.5] 95% Cl: [1.72; 2.44]

BETA1_AF3 Range: (0.0;11.56) Range: (0.0;7.19) Range: (0.0;9.31) 0.04
N =382 N =169 N =104
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2.28 (+ 1.88) 1.28 (£ 0.862) 2.67 (£2.02)
95% Cl: [2.09; 2.47] 95% Cl: [1.15; 1.42] 95% Cl: [2.28 ; 3.07]

BETAT_F3 Range: (0.0;11.83) Range: (0.0 ; 6.84) Range: (0.0; 8.92) <0.001
N =382 N =169 N =104
1.54 (£ 1.11) 1.2 (£ 0.853) 1.88 (+ 1.31)
95% Cl: [1.43; 1.65] 95% Cl: [1.07; 1.33] 95% Cl: [1.63; 2.14]

BETA1_F7 Range: (0.0 ; 6.77) Range: (0.0; 7.29) Range: (0.0787;7.93) <0.001
N =382 N=169 N=104
1.85 (+1.22) 1.2 (£ 0.805) 2.21 (£ 1.54)
95% Cl: [1.73;1.97] 95% Cl: [1.08; 1.32] 95% Cl: [1.91; 2.51]

BETA1_FC5 Range: (0.0;7.35) Range: (0.0;7.19) Range: (0.0; 8.44) <0.001
N =382 N=169 N =104
1.75 (£ 1.58) 0.947 (£ 0.725) 1.56 (£ 1.23)
95% CI: [1.59; 1.91] 95% Cl: [0.837 ; 1.06] 95% Cl: [1.32;1.8]

BETA1_T7 Range: (0.0 ; 13.06) Range: (0.0;5.12) Range: (0.0138; 6.57) <0.001
N =382 N=169 N =104
1.41(x£1.29) 1.2(+1.24) 2.1 (x£2.63)
95% Cl: [1.28; 1.54] 95% Cl: [1.01; 1.39] 95% Cl: [1.59; 2.61]

BETA1_P7 Range: (0.0;12.61) Range: (0.0109; 12.45) Range: (0.107; 19.19) <0.001
N =382 N=169 N=104
222 (£1.7) 2.38 (£ 2.66) 3.49 (£2.73)
95% Cl: [2.05; 2.39] 95% Cl: [1.97 ; 2.78] 95% Cl: [2.95; 4.02]

BETA1_O1 Range: (0.0 ; 13.41) Range: (0.0 ; 14.25) Range: (0.0965 ; 16.92) <0.001
N =382 N =169 N =104
2.09 (£ 1.59) 2.08 (£ 2.23) 3.37 (£2.21)
95% Cl: [1.93; 2.25] 95% Cl: [1.74; 2.42] 95% Cl: [2.94 ; 3.8]

BETA1_02 Range: (0.0;10.17) Range: (0.0 ; 23.75) Range: (0.131;13.95) <0.001
N =382 N=169 N =104
1.84 (£ 1.53) 1.68 (+ 1.47) 2.34 (£ 1.63)
95% Cl: [1.69; 2.0] 95% Cl: [1.46;1.91] 95% Cl: [2.02; 2.66]

BETA1_P8 Range: (0.0 ; 10.06) Range: (0.0; 14.14) Range: (0.0 ; 6.76) 0.002
N =382 N=169 N=104
2.52 (£ 1.82) 1.74 (£ 1.28) 2.92 (+£2.09)
95% Cl: [2.34;2.7] 95% Cl: [1.55; 1.94] 95% Cl: [2.51; 3.32]

BETA1_T8 Range: (0.0;12.11) Range: (0.0;8.1) Range: (0.1;9.58) <0.001
N =382 N=169 N =104
2.74 (£ 2.01) 2.04 (£ 1.47) 3.26 (£2.2)
95% Cl: [2.54 ; 2.95] 95% Cl: [1.81; 2.26] 95% Cl: [2.84 ; 3.69]

BETA1_FC6 Range: (0.0;12.12) Range: (0.0 ; 10.86) Range: (0.0; 11.28) <0.001
N =382 N=169 N =104
3.05(x24) 2.07 (£ 1.59) 3.61 (+2.49)
95% Cl: [2.81;3.29] 95% CI: [1.83;2.31] 95% Cl: [3.12;4.09]

BETA1_F8 Range: (0.0;13.71) Range: (0.0;11.13) Range: (0.0;11.97) <0.001
N =382 N=169 N=104
2.15 (£ 1.63) 1.69 (+1.21) 2.59 (£ 1.65)
95% Cl: [1.99; 2.31] 95% Cl: [1.5; 1.87] 95% Cl: [2.27;2.91]

BETA1_F4 Range: (0.0;9.61) Range: (0.0; 9.66) Range: (0.0446 ; 10.28) <0.001
N =382 N=169 N =104
2.55 (£ 1.87) 1.73 (£ 1.23) 2.71 (£ 1.89)
95% Cl: [2.36 ; 2.74] 95% Cl: [1.54;1.91] 95% Cl: [2.35; 3.08]

BETAT_AF4 Range: (0.0; 13.6) Range: (0.0 ; 8.68) Range: (0.0; 10.78) <0.001
N =382 N=169 N =104
1.02 (£ 1.15) 0.906 (+ 1.01) 1.17 (£ 1.45)
95% Cl: [0.902; 1.13] 95% CI: [0.753; 1.06] 95% Cl: [0.887 ; 1.45]

BETA2_AF3 Range: (0.0;12.01) Range: (0.0; 8.61) Range: (0.0;12.91) 0167
N =382 N=169 N=104
1.03 (+ 0.924) 0.82 (£ 0.911) 1.19 (£ 1.32)

() . . 0 . . 0, . .
BETA2 F3 95% ClI: [0.932;1.12] 95% Cl: [0.681 ; 0.958] 95% Cl: [0.936; 1.45] <0.001

Range: (0.0;6.92)
N =382

Range: (0.0;7.63)
N=169

Range: (0.0 ; 12.44)
N=104
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1.0 (£ 0.861) 0.848 (+ 1.08) 1.16 (£ 1.15)
95% Cl: [0.915; 1.09] 95% Cl: [0.684; 1.01] 95% Cl: [0.939; 1.39]

BETA2_F7 Range: (0.0;5.77) Range: (0.0;9.74) Range: (0.0426; 10.94) <0.001
N =382 N=169 N=104
1.24 (£ 0.967) 0.884 (+ 1.04) 1.36 (£ 1.32)
95% Cl: [1.15; 1.34] 95% Cl:[0.726; 1.04] 95% Cl: [1.11;1.62]

BETA2_FC5 Range: (0.0;6.53) Range: (0.0 ; 9.09) Range: (0.0; 12.24) <0.001
N =382 N=169 N=104
1.96 (+2.8) 0.783 (£ 1.0) 1.15 (£ 1.15)
95% Cl: [1.68 ; 2.24] 95% Cl: [0.631; 0.935] 95% Cl: [0.932; 1.38]

BETA2_T7 Range: (0.0 ; 34.69) Range: (0.0;9.13) Range: (0.0101;9.36) <0.001
N =382 N=169 N =104
1.15 (£ 2.14) 0.996 (+ 1.31) 1.37 (£ 1.45)
95% Cl: [0.937; 1.37] 95% CI: [0.798; 1.19] 95% Cl: [1.09; 1.65]

BETA2_P7 Range: (0.0; 35.47) Range: (0.00794 ; 9.63) Range: (0.0487 ; 9.88) <0.001
N =382 N=169 N=104
1.17 (£ 1.03) 1.41 (£ 1.53) 1.86 (£ 1.58)
95% CI: [1.06; 1.27] 95% CI: [1.18; 1.65] 95% Cl: [1.55;2.17]

BETA2_O1 Range: (0.0;7.0) Range: (0.0;9.19) Range: (0.0373;8.92) <0.001
N =382 N=169 N=104
1.11 (£ 1.04) 1.14 (£ 1.0) 1.74 (£ 1.23)
95% Cl: [1.0; 1.21] 95% Cl: [0.984 ; 1.29] 95% Cl: [1.5; 1.98]

BETA2_02 Range: (0.0 ; 8.06) Range: (0.0;7.92) Range: (0.0525 ; 8.42) <0.001
N =382 N =169 N =104
112 (£ 1.14) 1.15(£1.12) 1.43 (£ 1.03)
95% CI: [1.01; 1.24] 95% CI: [0.98 ; 1.32] 95% Cl: [1.23;1.63]

BETA2_P8 Range: (0.0;9.33) Range: (0.0; 7.74) Range: (0.0 ; 4.78) 0.002
N =382 N=169 N=104
2.13 (+3.08) 1.17 (£ 1.14) 2.07 (£ 1.99)
95% Cl: [1.82 ; 2.44] 95% Cl:[1.0; 1.35] 95% Cl: [1.69; 2.46]

BETA2_T8 Range: (0.0;32.41) Range: (0.0; 9.06) Range: (0.0387; 12.37) <0.001
N =382 N=169 N=104
1.56 (+ 1.43) 2.67 (£12.02) 1.82(+1.72)
95% Cl: [1.41;1.7] 95% Cl: [0.846 ; 4.5] 95% Cl: [1.48; 2.15]

BETA2_FC6 Range: (0.0;9.61) Range: (0.0 ; 139.5) Range: (0.0; 16.0) 0.002
N =382 N =169 N =104
1.38 (+ 1.34) 247 (£ 12.53) 1.69 (£ 1.78)
95% Cl: [1.25;1.52] 95% Cl: [0.572;4.38] 95% Cl: [1.34; 2.03]

BETA2_F8 Range: (0.0; 11.04) Range: (0.0 ; 148.74) Range: (0.0 ; 16.89) 0.004
N =382 N=169 N=104
1.27 (£ 1.14) 1.22 (£ 1.83) 1.55 (+ 1.55)
95% Cl: [1.16; 1.39] 95% Cl: [0.944 ; 1.5] 95% Cl: [1.25; 1.85]

BETA2_F4 Range: (0.0 ; 7.96) Range: (0.0 ; 19.05) Range: (0.0226 ; 14.88) <0.001
N =382 N=169 N=104
1.39 (£ 1.77) 1.37 (£ 3.02) 1.43 (+1.56)
95% Cl: [1.21; 1.57] 95% Cl: [0.908 ; 1.83] 95% Cl: [1.12;1.73]

BETA2_AF4 Range: (0.0;20.79) Range: (0.0; 34.27) Range: (0.0 ; 15.05) 0.006
N =382 N =169 N=10
0.868 (+ 1.46) 0.774 (£ 1.31) 1.08 (£ 2.21)
95% Cl: [0.721;1.01] 95% Cl: [0.576;0.973] 95% Cl: [0.646 ; 1.5]

GAMMA_AF3 Range: (0.0;20.52) Range: (0.0;11.27) Range: (0.0; 21.7) 0.097
N =382 N =169 N =104
0.724 (£ 0.892) 0.727 (£ 1.49) 0.992 (£ 2.09)
95% Cl: [0.634;0.814] 95% Cl: [0.501 ; 0.953] 95% CI: [0.586; 1.4]

GAMMA_F3 Range: (0.0 ; 7.56) Range: (0.0; 13.5) Range: (0.0;21.18) 0.002
N =382 N=169 N=104
0.774 (£ 0.851) 0.745 (+ 1.36) 1.06 (+ 1.78)
95% Cl: [0.689 ; 0.86] 95% Cl: [0.538;0.952] 95% Cl: [0.715; 1.41]

GAMMA_F7 Range: (0.0;7.73) Range: (0.0; 12.52) Range: (0.0224;17.83) <0.001
N =382 N =169 N =104
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0.966 (+ 0.941) 0.815 (+ 1.46) 1.22 (£ 2.06)
95% Cl: [0.872; 1.06] 95% Cl: [0.593 ; 1.04] 95% Cl: [0.816; 1.62]

GAMMA_FC5 Range: (0.0;7.33) Range: (0.0;12.9) Range: (0.0 ; 20.67) <0.001
N =382 N=169 N =104
1.61 (£2.97) 0.746 (£ 1.2) 1.14 (£ 1.75)
95% Cl: [1.32;1.91] 95% Cl: [0.565 ; 0.928] 95% Cl: [0.799 ; 1.48]

GAMMA_T7 Range: (0.0;41.77) Range: (0.0; 10.02) Range: (0.00463 ; 16.1) <0.001
N =382 N=169 N=104
0.882 (£ 1.11) 0.923 (+1.3) 1.26 (+ 1.55)
95% CI: [0.771;0.994] 95% Cl: [0.726; 1.12] 95% Cl: [0.958 ; 1.56]

GAMMA_P7 Range: (0.0;9.39) Range: (0.00246 ; 9.77) Range: (0.0284;9.33) <0.001
N =382 N=169 N =104
0.923 (+ 1.05) 1.52 (£ 3.48) 1.66 (+ 1.94)
95% ClI: [0.817; 1.03] 95% Cl: [0.992 ; 2.05] 95% Cl: [1.28; 2.04]

GAMMA_O1 Range: (0.0 ; 7.28) Range: (0.0 ; 41.68) Range: (0.0175; 15.62) <0.001
N =382 N=169 N =104
0.851 (+ 1.04) 1.02 (£ 1.31) 1.51 (£ 1.69)
95% Cl: [0.746 ; 0.956] 95% Cl: [0.826; 1.22] 95% Cl: [1.19; 1.84]

GAMMA_02 Range: (0.0 ; 9.69) Range: (0.0; 11.78) Range: (0.0244 ; 15.03) <0.001
N =382 N=169 N=104
0.852 (£ 1.07) 1.11 (£ 1.5) 1.24 (£ 1.21)
95% Cl: [0.744 ; 0.96] 95% Cl: [0.879; 1.34] 95% Cl: [1.01; 1.48]

GAMMA_P8 Range: (0.0 ; 10.96) Range: (0.0;11.11) Range: (0.0; 8.97) <0.001
N =382 N =169 N =104
1.6 (+ 2.35) 1.52 (+6.7) 2.01 (£ 2.69)
95% Cl: [1.36; 1.83] 95% Cl: [0.498 ; 2.53] 95% Cl: [1.48; 2.53]

GAMMA_T8 Range: (0.0; 26.29) Range: (0.0 ; 86.04) Range: (0.0167 ; 20.99) <0.001
N =382 N=169 N =104
1.19 (£ 1.47) 1.46 (£ 3.42) 1.61 (+2.86)
95% Cl: [1.04;1.33] 95% Cl: [0.942; 1.98] 95% Cl: [1.06; 2.17]

GAMMA_FC6 Range: (0.0;13.17) Range: (0.0 ; 37.29) Range: (0.0 ; 28.77) <0.001
N =382 N=169 N=104
1.0(£1.4) 3.23(£23.79) 144 (+2.91)
95% CI: [0.86 ; 1.14] 95% Cl: [-0.386 ; 6.84] 95% Cl: [0.876; 2.01]

GAMMA_F8 Range: (0.0; 14.62) Range: (0.0 ; 303.08) Range: (0.0 ; 29.42) 0.003
N =382 N=169 N =104
0.974 (+ 1.22) 1.27 (£3.73) 1.41 (£ 2.53)
95% CI: [0.851; 1.1] 95% Cl: [0.703 ; 1.84] 95% Cl: [0.922; 1.91]

GAMMA_F4 Range: (0.0 ; 10.98) Range: (0.0 ; 36.68) Range: (0.00952; 25.11) <0.001
N =382 N=169 N =104
1.03 (£ 1.48) 1.59 (£ 6.76) 1.27 (£ 2.57)
95% Cl: [0.881;1.18] 95% Cl: [0.565 ; 2.62] 95% Cl: [0.766 ; 1.77]

GAMMA_AF4 Range: (0.0;13.61) Range: (0.0 ; 79.33) Range: (0.0 ; 25.54) 0.015
N =382 N=169 N=104
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