The gaze characteristics in preterm children: The appropriate timing
for an eye-tracking tool
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Abstract

Background: An objective screening tool for autism spectrum disorder (ASD), also known as an eye-tracking tool, assesses the
patient’s abnormal gaze patterns and detects the risk of ASD. As this tool is generally used for children born at term, this study
aimed to clarify the appropriate timing for using the tool for preterm children, factors that influence the timing, and evaluate their

gaze characteristics using the Gazefinder®.

Method: In 90 preterm children, a total of 125 eye-tracking tasks were completed and analyzed in 3-6, 7-9, 10-12, 13-18, and 19—
32 months of corrected age (CA). The Gazefinder® was used to compare the mean fixation time percentage (MFP) in each CA and
evaluate the gaze patterns. Perinatal factors associated with low MFP were also analyzed.

Results: Only 50% of the children scored >70% MFP at 3-6 months of CA. The MFP increased significantly after 7 months of
CA (p = 0.0003), reached 90% at 13—18 months, and 100% at 19-32 months of CA. Chronic lung disease (CLD) was a clinical factor
associated with low MFP (p = 0.036). Preterm children gazed more at eyes but gazed at mouths when the mouth moved.

Conclusion: Tt is necessary for preterm children to begin using Gazefinder® atleast at >13 months of age, especially those com-
plicated with CLD. Preterm children prefer gazing at social information just as typically developing children.
© 2023 Published by Elsevier B.V. on behalf of The Japanese Society of Child Neurology. All rights reserved.
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1. Introduction

Advances in neonatal medicine are extremely con-
spicuous. Although worldwide birth rates are decreas-
ing, preterm birth rates have increased to 10.6% in
2014 [1]. The incidence and severity of cerebral palsy
in preterm children have decreased significantly, which
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could be attributed to a reduction in severe periventric-
ular leukomalacia (PVL) and intraventricular hemor-
rhage (IVH) [2]. However, the prevalence of
developmental disabilities in preterm children has not
decreased [3]. Preterm birth is a possible predictor
of neurodevelopmental and cognitive impairments dur-
ing childhood [4]. In a meta-analysis using case-control
studies that targeted 7000 children born between 1980
and 2009, those born at <28 weeks of gestation were
estimated to have 13.9 points lower intelligence quotient
than term-born controls [3]. Recent studies also revealed
that prematurity and low birth weight are risk factors
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for developmental difficulties, such as autism spectrum
disorder (ASD) and attention deficit hyperactivity disor-
der [5,6]. The prevalence of the diagnosis of ASD in chil-
dren born at preterm (preterm children) is estimated to
be 4-12 times higher than in those born at term (term
children) [7.8].

Recently, an objective screening tool that uses the
characteristic of impaired social communication in chil-
dren with ASD has been developed to assess the child’s
abnormal gaze patterns and evaluate their risk for ASD.
The deficit of eye contact and social communication are
the hallmarks of ASD. Several previous studies have
demonstrated that children and adolescents with ASD
are more likely to prefer gazing at geometric patterns
than human faces through the eye-tracking tools
[3,9,10]. If the human face is shown to them, they prefer
gazing more at the mouth than the eye [3,9,10]. Eye-
tracking tools can be used in young children, possibly
leading to the earlier identification of ASD.

Although several studies have used eye-tracking tools
to investigate children with ASD, only a few have
focused on preterm children [5,11]. Therefore, preterm
children’s unique pattern of social attention is still
unknown. Moreover, the feasibility of using eye-
tracking tools for preterm children in infancy and early
childhood remains questionable because their develop-
ment is slower than that of term children [3.4].

This study aimed to clarify the appropriate timing to
start using eye-tracking tools for preterm children and
identify the factors that influence this timing. We com-
pared the mean fixation time percentage (MFP) of all
sequences of the eye-tacking tool known as the Gazefin-
der® in each corrected age (CA). Furthermore, this
study aimed to evaluate the characteristics of visual cog-
nition in preterm children and discuss the differences
compared to term children with or without ASD, as
reported in previous studies [12-14].

2. Method
2.1. Participants

Ninety preterm children aged 3-32 months of CA
who underwent periodic health checkups at Nihon
University Itabashi Hospital in Tokyo between April
2021 and December 2022 were enrolled in this study.
The 90 preterm children with gestational age at birth
(28-35 weeks) completed eye-tracking tasks, and their
gaze patterns were measured in 3-6, 7-9, 10-12, 13—
18, and 19-32 months of CA. Twenty-nine children
underwent the examination multiple times, and a total
of 125 tasks were analyzed for their visual characteris-
tics. Participants with the following conditions: serious
brain damage, such as PVL and severe IVH, and those
diagnosed with severe retinopathy of prematurity after

vitrectomy were not included at the time of initial
sampling.

2.2. Eye-tracking device

We used an eye-tracking device called Gazefinder®
(JVC Kenwood, Hamamatsu, Japan) to measure the
participants’ line of sight and their fixation percentage
on the screen. Gazefinder® also plots and evaluates the
percentage of fixation allocated to specific objects on a
video monitor. It is equipped with infrared light and
cameras at the bottom of a 19-inch transistor monitor.
The infrared light can detect the participant’s eye posi-
tion approximately 50 times per second [12-14].

2.3. Stimuli

The Gazefinder® consisted of six different patterns of
short movie clips as stimuli, including four categories of
social cues, which consisted of four different movie clips
of human faces (I-1V) and two different movies of peo-
ple and geometric figures (V-VI) (Fig. 1) [12-14].

The movie clips with human face consisted of an
actress showing four different facial motions; (I) silent
with eye blinking, (II) silent with still image, (III) silent
with mouth opening and closing repeatedly, and (IV) the
actress talking to the participant, saying “Hello, what is
your name? Let’s play together” in Japanese. The movie
clips consisted of people and geometric patterns
depicted in windows of the same size or a geometric pat-
tern depicted in a small window in a movie of people (V-
VI). In these six movie clips, there were two target areas,
social and non-social areas. Social areas indicated social
information needed for social communication, such as
people’s faces, especially the eyes of the human face
(Area 1 in Fig. 2). On the other hand, non-social areas
indicated information not needed for human social com-
munication, such as geometric figures and mouth on
faces (Area 2 in Fig. 2) [12-14].

2.4. The mean fixation time percentage of all sequences

We named the percentage of time that the partici-
pants were able to gaze at the screen during a series of
video tasks played during the examination as the
MFP. In several studies using Gazefinder®, the MFP
was set at >70% as the cut-off value for which each par-
ticipant gazed at the screen appropriately, and the task
could be evaluated accurately [10,15,16]. In this study,
the cut-off value of MFP was set at 70% to evaluate
the differences in each month of CA.

3. Procedure

The participants sat on their caregivers’ laps and
were placed approximately 60 cm from the computer
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Fig. 1. Gazefinder® movie samples. (I) silent with eye blinking, (II) silent with still image, (IIT) silent with mouth opening and closing repeatedly, and
(IV) the actress talking to the participant, saying ““Hello, what is your name? Let us play together.” (V) People and geometric patterns (same size);
and (VI) People and geometric patterns (small window size). These pictures were from Gazefinder® (JVC Kenwood corporation Hamamatsu, Japan).

Fig. 2. Six movies with social and non-social areas. Area 1 with straight line indicates social information. Area 2 with stripe line indicates non-social
information. A. Human face: Area 1 includes the eye region, and Area 2 includes the mouth region. B. People and geometric pattern (same size): Area
1 includes human face, and Area 2 includes geometric pattern. C. People and geometric pattern (small size): Area 1 includes human face, and Area 2
includes geometric pattern. These pictures were from Gazefinder® (JVC Kenwood corporation Hamamatsu, Japan).

monitor. To obtain the calibration information, the par-
ticipants were first shown several patterns of animated
animals that appeared on the screen. Then the infrared
light and cameras in the Gazefinder® detected the partic-
ipant’ eye position and obtained calibration. Next, the
experimental movie clips were shown for approximately
2 min. Only three people in the room detected the data:
the participant, the caregiver, and the operator. The
operator sat or stood behind the participants and care-
givers to prevent distraction. Parents were asked not
to speak to their children or direct their children to
pay attention to the screen by pointing at it during the
examination. The operator could check and know if
the participants were appropriately gazing at the screen
or not during the movie clips by a small red and green
blinking light at the lower left corner of the screen.
Green light indicated that the Gazefinder® detected the

participants’ line of sight correctly. Operators termi-
nated and re-performed the examination from the begin-
ning if the red light at the corner continued to blink and
showed participants constantly gazing out of the screen
for a long time [12-14].

3.1. Statistical analysis

We divided the tasks into five CA groups; 3-6, 7-9,
10-12, 13-18, and 18-32 months of CA and investigated
the MFP. We also investigated the differences in the
MFP allocated to each target area (social and non-
social areas) between the five CA groups. The chi-
square and Steel-Dwass tests were used to compare the
total fixation percentages among these age groups. The
Fischer’s exact and the Mann — Whitney U tests were
used to examine the clinical perinatal factors associated
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with low MFP. The significance level was set at p < 0.05.
Statistical analysis was performed using the software
Jmp14® (SAS Institute, Cary, NC, USA).

3.2. Ethics

All the legal guardians of the participants provided
written informed consent. The study protocol was
approved by the Ethics Committee of the Nihon Univer-
sity Itabashi Hospital Institutional Review Board (no.
RK-210112) and conformed to the tenets of the Declara-
tion of Helsinki.

4. Results

The background characteristics of the 90 participants
and tasks are shown in Table 1. The mean gestational
age was 31 weeks, and the mean birth weight was
1,542 g. A total of 125 tasks were analyzed because 29
children underwent multiple examinations. There were
no statistically significant differences in perinatal factors,
such as weeks of conception and birth weight, among
the CA groups.

The percentage of participants with an MFP > 70%
was compared according to the CA groups, indicating
the point at which those preterm children reached suffi-
cient development to be detected by Gazefinder® The
percentage was 51% at 3-6 months of CA, which
increased thereafter (90% at 13-18 months and 100%
at 19-32 months of CA). The percentage of participants
with MFP > 70% increased significantly as the CA
increased (p = 0.0003, Table 2).

The lowest MFP was in the 36 months CA group,
with a median of 70.3%, which increased as the CA
increased. The highest MFP was observed in the 19—
32 months CA group, with a median of 94.2%. The
MFP in each CA group was compared accordingly,
and the MFP in the 3-6 months CA group was signifi-
cantly lower than that in the 19-32 months CA group
(p = 0.0272 by Steel-Dwass multiple comparison test)
(Fig. 3).

Table 1

Background characteristics of participants.

Participants n =90
Gestational age at birth (weeks), mean + SD 31 +£3.1
Birth weight (g), mean + SD 1,542 £+ 516
Sex: Male 34 (37%)
Tasks n =125
Number of tasks by corrected age group

3-6 months 49 (49%)
7-9 months 28 (22%)
10-12 months 6 (13%)
13-18 months 19 (16%)
19-36 months 3 (10%)

SD, standard deviation.

The MFP was lower at 3-6 months of CA than that
at other CA; therefore, 49 participants in this CA group
were selected to examine perinatal factors and compared
between those with > 70% and < 70% of MFP. None of
the participants in the 3-6 months CA group performed
multiple tasks. Chronic lung disease (CLD) was found
to be a perinatal factor associated with low MFP
(p = 0.036, Table 3).

The fixation percentages were allocated to the social
and non-social target areas in each movie clip (I-VI)
across all age groups to evaluate the specific gazing char-
acteristics of preterm children. In the face tasks without
mouth movement, (I) silent with eye blinking, and (II)
silent with still images, all age groups gazed significantly
longer at the eye region (Table 4a and b). In the face
task with mouth movement, (III) silent with mouth
opening and closing repeatedly, and (IV) the actress
talking to participants, participants in the 7-9 months
of CA and beyond gazed significantly longer at the
mouth region. The rate of attention to the mouth
increased as the CA increased, whereas the attention
length to the eyes decreased (Table 4c and d). In the
movie task (V-VI), consisting of people and geometric
patterns, participants in the 7-9 months of CA and
beyond gazed significantly longer at the human face
than geometric patterns (Table 4e and f).

5. Discussion

ASD is characterized by impairments in social
reciprocity and communication and stereotyped repeti-
tive behaviors, with onset during early childhood [17].
Early intervention that begins younger than 2 years of
age is highly associated with an improved social progno-
sis [18,19]. However, because of the characteristic differ-
ences in ASD symptoms between preterm and term
children [8], many preterm children with ASD do not
meet the diagnostic criteria for ASD and are thus not
diagnosed [20]. Eye-tracking tools may be useful for
early diagnosis of ASD in preterm children. However,
few studies have reported the gaze characteristics of pre-
term children [21]. According to a meta-analysis of eye-
tracking studies in children at risk for ASD, the mini-
mum age of patients was >2 years. The Gazefinder®
does not require any special tools, such as goggles, to
analyze the participant’s gaze patterns; therefore, it
was assumed that it could be used to assess the gaze pat-
terns of children. Preterm children prefer to gaze at non-
social information, such as the mouth of the human face
and geometric patterns, similar to children with ASD
[5]. Another study reported that preterm children pre-
ferred to gaze at non-social information at 7-9 months
of CA, but gaze more at social information, such as
faces and eyes, by 5 years of age [21]. However, the gaze
characteristics of preterm children remain unclear. Since
preterm children are more likely to have developmental
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Table 2
The mean fixation time percentage in each corrected age group.
Age groups (corrected month) 3-6 7-9 10-12 13-18 19-32
Participants with >70% MFP /Total participants 25/49 18/28 11/16 17/19 13/13
(%) 51% 64% 69% 90% 100%
MFP increased as the CA increased (p = 0.0003)
CA, corrected age; MFP, the mean fixation time percentage.
o, 190 '|' T - == ==
S 90 —
& |
2 80 —
g ——— 1
8
S 70 —
2 60 l
g
= 50
=
= 40
% 30
=
20
10
0 .
3—6 7-9 10—12 13—18 19-32

Fig. 3. The mean fixation percentages for the overall movie clip compared among the corrected age groups.

Table 3

Month of corrected age

Perinatal factors associated with the mean fixation time percentage.

Total (n = 49) p-value

>70% <70%

n=25 n=24

Number (%) orMedian (Min-Max) Number (%) orMedian (Min-Max)
Factors related to children
Male 8 (32%) 12 (50%) 0.19
Gestational age at birth 33 (25-35) 31.5 (22-35) 0.23
Birthweight 1575 (578-2327) 1480 (578-2412) 0.50
SGA 17 (68%) 18 (75%) 0.59
RDS 11 (44%) 11 (45%) 0.89
IVH 2 (8%) 0 (0%) 0.16
PDA 0 (0%) 2 (8%) 0.14
ROP 0 (0%) 1 (4%) 0.30
Use of ventilator 12 (48%) 11 (54%) 0.88
PPHN 0 (0%) 1 (4%) 0.30
CLD 1 (4%) 6 (25%) 0.036
HOT 0 (0%) 3 (12%) 0.69
Apgar score (1 min) 8 (3-9) 7.5 (1-8) 0.12
Apgar score (5 min) 9 (6-9) 8.5(3-9) 0.43
Factors related to the mother
Age of mother (years) 32 (24-43) 33 (19-46) 0.52
First birth 13 (48%) 14 (58%) 0.65
Cesarean section 21 (84%) 19 (79%) 0.66
GDM 2 (8%) 1 (4%) 0.56
HDP 6 (24%) 4 (17%) 0.52
PROM 2 (8%) 4 (17%) 0.35
CAM 14 (56%) 17 (71%) 0.28

CAM, Chorioamnionitis; CLD, Chronic lung disease; GDM, Gestational diabetes mellitus; HDP, Hypertensive disorders of pregnancy; HOT, Home
oxygen therapy; IVH, Intravenous hemorrhage; PDA, Patent ductus arteriosus; PPHN, Persistent pulmonary hypertension of the newborn; PROM,

Premature rupture of membranes; RDS, Respiratory distress syndrome; ROP, Retinopathy of prematurity; SGA, Small for gestational age.



576 S. Yamase et al. | Brain & Development 45 (2023) 571-578

Table 4
Fixation percentages allocated to the social and non-social target areas
in each movie clip (Movie I-VI) across all age groups.

(a) Silent with eye blinking (Movie I)

(f) People and geometric patterns of different sizes (Movie VI)

CorrectedAge (months) People
Mean (%) Mean (%)

Geometric patterns  p-value

Corrected Age (months) Eye Mouth p-value
Mean (%) Mean (%)
3-6 81.6 0.0 <0.0001
7-9 86.0 0.0 <0.0001
10-12 77.2 0.8 0.0174
13-18 88.4 0.0 <0.0001
19-32 76.0 1.2 <0.0001
Total 82.6 0.0 <0.0001
(b) Silent with still images (Movie II)
CorrectedAge (months) Eye Mouth p-value
Mean (%)) Mean (0 0)
3-6 71.0 0.0 <0.0001
7-9 70.2 2.7 <0.0001
10-12 59.5 12.0 0.0061
13-18 83.5 0.0 <0.0001
19-32 50.0 18.5 0.0055
Total 82.6 0.0 <0.0001
(c) Silent with mouth moving (Movie I1I)
CorrectedAge (months) Eye Mouth p-value
Mean (%) Mean (%)
3-6 41.6 4.8 0.0006
7-9 23.8 39.4 0.367
10-12 18.8 48.8 0.0038
13-18 11.2 63.2 0.0003
19-32 11.6 69.2 <0.0001
Total 23.6 41.0 0.0099
(d) Talking to participants (Movie IV)
CorrectedAge (months) Eye Mouth p-value
Mean (%) Mean (%)
3-6 354 12.0 0.0023
7-9 30.6 51.4 0.0327
10-12 11.7 57.7 0.0070
13-18 20.0 54.3 0.0072
19-32 19.5 54.3 0.0428
Total 27.5 50.0 0.0211

(e) People and geometric patterns of the same size (Movie V

CorrectedAge (months) People Geometric patterns  p-value

Mean (%) Mean (%)

3-6 239 26.9 0.2252
7-9 41.9 16.3 <0.0001
10-12 323 16.2 0.0873
13-18 56.2 9.3 <0.0001
19-32 55.6 7.2 <0.0001
Total 37.3 15.5 <0.0001

3-6 34.5 11.3 <0.0001
7-9 55.3 18.5 <0.0001
10-12 60.7 11.8 0.0256
13-18 57.3 11.1 <0.0001
19-32 50.5 16.5 0.001

Total 46.9 13.0 <0.0001

delay in their early life period, when is actually the ideal
time for them to start inspecting with Gazefinder in the
first place? According to the developer of Gazefinder®, it
is safely useable in children aged 2-7 years. Several stud-
ies using Gazefinder® for children with ASD were con-
ducted around the 2-year-old age group. According to
a previous report that examined the appropriate timing
for the use of Gazefinder® for term children, use from
4 months of age was feasible [14]. Several studies com-
paring preterm and full-term children have a minimal
sample age of 6-7 months; however, no report examined
the appropriate time to start using Gazefinder® for pre-
term children [5,21].

Therefore, in this study, we investigated the appropri-
ate timing to start using the Gazefinder® for preterm
children. Previous research demonstrated the feasibility
of using Gazefinder® on children from 4 to 11 months
of age, which indicated that the Gazefinder® was appli-
cable to term children starting at 4 months of age [14].
Moreover, this previous research demonstrated that
term children had >80% of MFP at 4-5 months of
age, which continued until 11 months of age [14]. In
the present study, when we defined >70% MFP as a cri-
terion for the participants to properly analyze their gaze
patterns, our results showed that preterm children
started catching up to >70% MFP after 7 months of
CA. The percentage increased with age, with more than
90% of preterm children at 13 months and 100% at
18 months of CA and thereafter being able to maintain
their MFP at >70%. This finding indicates that partici-
pants in the 3-6 months CA group were not sufficiently
developed for their gazing data to be collected accu-
rately by the Gazefinder®. For this reason, we consid-
ered that 18 months of CA or at least 13 months of
CA was the minimum appropriate age to analyze gaze
patterns accurately using the Gazefinder® in preterm
children.

We found that the MFP at 3-6 months of CA was
lower than that in other CA groups in this study. We
analyzed the perinatal factors that influence preterm
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children to have lower MFP. We expected that the lower
MFP would be due to factors that directly affect brain
and visual development, such as gestational age at birth,
birth weight, presence of IVH, Apgar scores, and
retinopathy of prematurity that needed treatment. Con-
trary to our expectations, we found that CLD was the
only factor that was significantly associated with lower
MFP in preterm children. CLD in preterm children is
usually defined as those with long-term respiratory
problems whose oxygen demands remain beyond the
36-week CA. CLD is one of the common lung diseases
in preterm children with low birth weight. Prolonged
oxygen requirement and acidosis are risk factors for
developmental delays [22]. According to a previous
study, preterm children with respiratory disorders who
had prolonged hypoxemia and acidosis showed delays
in motor and mental measures on the Bayley develop-
mental assessment at a CA of 6 months but not at 2 years
of age [23]. Another study also demonstrated that pre-
term children with CLD but without IVH or PVL did
not have developmental delays on either the mental or
motor scales of the Bayley developmental assessment
when they were 2 years of age [24]. These findings indi-
cate that preterm children with CLD are likely to have
developmental delays at a younger age but catch up as
they grow. Similarly, they take a longer time than term
children to reach an MFP of >70%. It is especially
important in preterm children with CLD complications
to use the Gazefinder® carefully when they are younger
than 13 months of CA. Furthermore, we compared the
fixation percentages allocated to the target areas of
social and non-social information in each movie clip in
preterm children in different CA groups. Several previ-
ous studies have demonstrated that children with ASD
are more likely to prefer looking at geometric patterns
than at human faces through the use of eye-tracking
tools [3,9,10]. Since preterm children have a higher
prevalence of ASD than those with typical development,
we expected that preterm children would also prefer
non-social information, such as geometric patterns and
the mouth of the human face. Fukushima et al. reported
that typically developed full-term children showed a
higher percentage of gazing at eyes than at mouth only
when the mouth is not moving, even at 4-7 months of
age [14]. Dean et al. found that preterm children had a
lower social preference at 7-9 months of age compared
with term children but caught up by 5 years of age
[21]. In our study, contrary to our expectations, preterm
children tended to gaze at social information, even at 3—
7 months of age, just as well as typically developed term
children. Moreover, preterm children gazed more at the
mouth only when the actress moved her mouth and
talked, which is consistent with previous findings that
moving mouth attracted young children with or without
ASD [14,16]. Chen et al. reported that preterm ASD
children had worse non-verbal social interactions, such

as direct gaze and social smiles, but they tended to have
better peer relationships than term ASD children [8].
They have a strong interest in their surroundings and
a high level of social reciprocity, which suggest that they
are a unique subgroup of ASD. These preterm ASD
children’s unique qualities might explain why our partic-
ipants are more attracted by social information, just like
full-term typical development children.

6. Limitations

First, the cohort size was small. In particular, a small
number of participants had medical factors associated
with low MFP. Moreover, we did not compare preterm
participants with full-term children in the task-specific
comparisons because this study was conducted at a uni-
versity hospital where a few term children with typical
development were followed up. Thus, it is unclear how
the gazing rate of preterm children differs from that of
full-term children.

7. Conclusions

The MFP in preterm children is low at a younger age,
and the feasibility of using the Gazefinder® is poor in
children younger than 13 months of CA. Therefore, it
is necessary for preterm children to begin using Gazefin-
der® at least at >13 months of CA, especially those with
CLD complications. Preterm children prefer gazing at
social information just as typically developing children.
Further research with a larger sample size needs to be
conducted on the characteristics of visual cognition in
preterm children compared to term children. In addi-
tion, the utility of the Gazefinder® for the early diagno-
sis of preterm children with ASD needs to be
investigated further.
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G LT SEBIECE DB IXENTIE RV, o7 7 OB E OBIBEEE 2 F
TETELT, FUERENSEVEICL D MFP R4 —7 v MEBAOERRA~ORE)NE
JETETWARY, F72, ABFZECIXEBRE D ASD ORWHIIT-> TE 59, R ER
BT %5 ASD BHRENE DD MFP °F —77 v MEROFERBITEE 5 2 - vl hetk
N5,
ZOM, am— YA XN E L FHTIE MFP IZREE T 2 EAAE N ORZBRICB W TR
P TNED/NE S CLDUSNDERICHEEZRBD bR T/ D 5, B
. ARWFFEIERF IR CHEM S oD, ERBEEIROWRE ZLD L Z LN EEL S, B
F%&E%F%%%@#é%ﬁf%ﬁ#otoLtﬁof FPER OTEREN EWIER &
EDOLIICERDIDITIAATH S, Fo, BERE CTARMEDOFFENLA ASD X° ADHD DFF
PEZ TR DR T D HENTE WD, #2500 ASD K7, ADHD FHMENAMFIE DR
CEOREREL TWANIRHATH D,

7. T

FPEW D MFP KA s TIHE < . KE O TRAENEH CTE 2 DIHMEIE 13 7
AUBEZMN, EIE 19 2A LB THIRIZEETONRIZH L Gazefinder® TIE L < i
%%%Wfﬁékéiéoik\%m(1D%éﬁbfmkﬁﬁﬁw%ém\
Gazefinder®Z {3 2 BRI, BEHHIEET 22 ENEE LV, £/, FERIT
ERISE IR & AR SRR E LV RS 2 Lo Te, SkIE, FRER & IEMRE
ROERRM ORI OV TR T2 Z & T, REROEHE Y — o 2 HITH LN
L., FED ASD IZxt LT Gazefinder®23 BHIZWrIZA#h2y, HICHEL TV T
ETHD,



£ 1 FREER

s (N n =90
TERGR %L, ()W) £ SD 31+3.1
HARHAE (g) ,FH+SD 1,542 £516
M BIR (N) 34 (37%)
wEE (EEET) (8) n=125
fEIEA#R] fER ()

3-6 1 H 49 (49%)
7-9 7 A 28 (22%)
10-12 7 A 16 (13%)
13-18 ° /1 19 (16%)
19-36 7 A 13 (10%)

SD, tEHE{R =

% 2. E1E A 5 MFP

EERHE (A) 3-6 7-9 10-12 13-18 19-32
MFP>70%LA |/ 25 18 11 17 13

# HIBRIAE (E%) / 49 /28 /16 /19 /13
(%) 51% 64% 69% 90% 100%

HEHE ANV MFP & #ERHFRIAEICHN  (p = 0.0003)

MFP, i@ Ef



& 3. MFP 224 5 B EMR T

Total (n=49)

>70% n=25 <70% n=24
NHC I (%) NEC I (%) value
CTUNBIENY; S UN BT ENN

JE PEHIR £
FHIR 8 (32%) 12 (50%) 0.19
EIE A # 33 (25-35) 31.5 (22-35) 0.23
H AR 1575 (578-2327) 1480 (578-2412) 0.50
SGA 17 (68%) 18 (75%) 0.59
PN 553 JEUIE e 11 (44%) 11 (45%) 0.89
Jibd 2 PN HA 2 (8%) 0 (0%) 0.16
YR B AFIE 0 (0%) 2 (8%) 0.14
RN HERSE 0 (0%) 1 (4%) 0.30
I, St 12 (48%) 11 (54%) 0.88
T FEE T i 0 (0%) 1 (4%) 0.30
A TR A A 1 (4%) 6 (25%) 0.036
v e S I 0 (0%) 3 (12%) 0.69
Apgar 237 1 8 (3-9) 7.5 (1-8) 0.12
Apgar 237 54y 9(6-9) 8.5 (3-9) 0.43
(SENPSES
EHAAE S (%) 32 (24-43) 33 (19-46) 0.52
) fir 13 (48%) 14 (58%) 0.65
1R P iy 21 (84%) 19 (79%) 0.66
HERRE DR 2 (8%) 1 (4%) 0.56
A e 1 6 (24%) 4 (17%) 0.52
[EUELTZN 2 (8%) 4 (17%) 0.35
e ] s 14 (56%) 17 (71%) 0.28

SGA: Small-for-gestational age (TEMIEEIZEL LT, HAEKED 10%ile A D)



K 4. Z8E (I~VID) O, BEAEHSZ —7 v FEBRA~OERR

() S ol &

(i 1)

E1EH i (22 A) H M p-value
PEIERLER (%) PR (%)
3-6 81.6 0.0 <0.0001
7-9 86.0 0.0 <0.0001
10-12 772 0.8 0.0174
13-18 88.4 0.0 <0.0001
19-32 76.0 1.2 <0.0001
4 iy 82.6 0.0 <0.0001
(b) FES M ORERNE (B 1)
fEIEA e (2 ) H H p-value
TR (%) PR (%)
3-6 71.0 0.0 <0.0001
7-9 70.2 27 <0.0001
10-12 59.5 12.0 0.0061
13-18 83.5 0.0 <0.0001
19-32 50.0 18.5 0.0055
4 i 82.6 0.0 <0.0001




(c) TS T O OBHEA (Hhis 1)

EIEA (02 H) H | p-value
PRERLER (%) TR (%)
3-6 41.6 4.8 0.0006
7-9 23.8 394 0.367
10—12 18.8 48.8 0.0038
13—-18 11.2 63.2 0.0003
19-32 11.6 69.2 <0.0001
4= H i 23.6 41.0 0.0099
(d) BAFETEELT D (@E V)
EIEH i (22 1) H H p-value
WEERR (%) PEERR (%)
3-6 354 12.0 0.0023
7-9 30.6 51.4 0.0327
10—12 11.7 57.7 0.0070
13—-18 20.0 54.3 0.0072
19-32 19.5 54.3 0.0428
2 A 27.5 50.0 0.0211




(e) AW &bkt (K& SOMif) (Bl V)

EIEA i (72 A) IND) A fn] AR p-value
FHPERE (%) FREEBE (%)

3-6 239 26.9 0.2252

7-9 419 16.3 <0.0001

10-12 323 16.2 0.0873

13-18 56.2 9.3 <0.0001

19-32 55.6 7.2 <0.0001

4 H 37.3 15.5 <0.0001

(D A &Rtk UNE) (Bhim vI)

EIEA# (02 H) ANDE R SRR p-value
PITEARER (%) PR (%)

3-6 34.5 113 <0.0001

7-9 553 18.5 <0.0001

10-12 60.7 11.8 0.0256

13-18 573 11.1 <0.0001

19-32 50.5 16.5 0.001

4 H i 46.9 13.0 <0.0001
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() TESrobtx 23 8N, () TS OMRGOBENE, (1) S22 00O
o ) R ENE, (V) #EREIC T A HIZ, BARNT? —FEICEORE L X 9 .
(V) EAICEURE S OBEMAITEL DO NH RO T2 B & K] Hkk o &)
WALATND B D (VD) KREWEAO AP OB/ S NIRRT S
~bDTHD,



2. R RO TENR & IR RO & R 6 D OB

] ‘}5“‘.-':"'7 F//
3 fﬁké

/.!{ "”1‘\‘?“

| Area 2 Area 1 f Area 2

EMCHENTZTY 7 LIHERNHERZ R,

kD= ) 7 2 13RI A R T,

A ANMOE : =V 7 1IZIFEOMHEKR, =V 7 2120 0FEBNEEND,

B. A\ & ik (MU K& ) : =07 LIZADEH, = U7 2 138 EAEE,
C. N\ & Bkt VNt A X))+ = U7 LIIADE, = U 7 2 1 3B 2R,

3ETEHE@RBINC MFP Z el L7- 6 D

100 T e = = I

90
80 =]

70 —
60 J_
50
40
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20
10

Mean fixation percentage (%)

3-6 9 10—12 13—18 19—-32

Month of corrected age

F¥aEMRZE  (The mean fixation time percentage of all sequences) % MFP & LT, 70% &
Ty AT E LT, BAETEHABBNZHEERE O MFP Z kit L7=, MFP 23 &K > 7
DITEIE 3-6 2 HRE (FHRAH 703%) TH o722, HESOHEANILE MFP (380 L .
MFP 235 b 722> 72 DL 19-32 2 A RE (PRI 94.2%) Th 70, KEIEAHED

MFP % i U7=fT, fEIE 3-6 2> A BED MFP [ZMEIE 19-32 M AREL W HEIZIE - 7=
(Steel-Dwass 2 5 [l i C p=0.0272) ,
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