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Abstract: This study aimed to compare the prevalence rate of atypical sensory processing in late
preterm (LP) and term children at two years of age and to further investigate the co-occurrence of
atypical sensory processing and behavioral problems (internalizing/externalizing) in both groups
of children. A total of 104 children (52 LP and 52 sex- and birth order-matched term children) were
included. The primary caregivers were asked to complete the Infant/Toddler Sensory Profile—
Chinese version and the Child Behavior Checklist 1.5-5Y—Chinese version (CBCL-C/1.5-5). We
found that the LP group had a similar prevalence rate of atypical sensory processing to the term
group. However, neonatal intensive care unit experience (r = —0.356, p = 0.013, with visual processing)
and days of ventilation and supplementary oxygen (r = —0.392, p = 0.004, with low registration) after
birth were significantly correlated with the atypical sensory processing of LP children. Both LP and
term children with behavioral problems seemed to have a higher prevalence rate of atypical sensory
processing than their peers without behavioral problems. However, when Bonferroni correction
was used to control for the statistical errors of multiple comparisons, only in the LP group did the
co-occurrence of atypical sensory processing (auditory and oral sensory processing and sensation
avoiding) and behavioral problems reach significance. In conclusion, the influence of late preterm
birth on sensory processing may become subtle at age two, with the exception of those LP children
experiencing complicated medical management after birth. A high level of co-occurrence of atypical
sensory processing and behavioral problems suggests that the administration of a sensory processing
assessment may be helpful to clarify the cause of problematic behavior and to recommend an
appropriate intervention for LP children with behavioral problems.

Keywords: late preterm; sensory processing; behavioral problems; child

1. Introduction

The term “late preterm (LP)” refers to those infants born from 34-36 weeks of gestation.
This population of infants comprises approximately 70% of preterm births (<37 weeks of
gestation at birth) in the United States [1]. The rate of LP births has increased in recent
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years [2]. Although compared to preterm babies born at less than 34 weeks of gestation, LP
infants have a higher survival rate and fewer complications, they still have a higher mortality
and more health problems than term infants, defined as birth after 37 weeks of gestation. In
the past decade, studies have paid more attention to the developmental outcomes of the
LP population and have found that this population is also at an increased risk of having
cognitive, motor, and language delays than those infants born at term [3]. However, to date,
there is still scant evidence available related to their sensory processing functions, which
may impact their development [4,5], emotions and behavior [6,7], daily functioning, and
social participation [8]. Given the high prevalence of LP births, it is believed that a greater
understanding of their developmental characteristics will be an important matter when
developing a proper care model for this population in order to prevent later disabilities.

Sensory processing refers to an individual’s ability to receive, interpret, organize, and
react to sensory stimuli (e.g., auditory, tactile, and visual) from their own body and the
surrounding environment [9]. Individuals have different responses and behavioral patterns
in response to sensory stimuli depending on their neurological thresholds (low /high) and
self-regulation strategies (active/passive) [8]. Based on this concept, Dr. Dunn proposed
four sensory processing patterns: (1) Persons with a low registration pattern (high thresh-
old/passive strategy) fail to notice sensory stimuli and do not actively look for sensory
input; (2) Persons with a sensation seeking pattern (high threshold/active strategy) do not
notice sensory stimuli easily but look for sensory input for themselves; (3) Persons with a
sensory sensitivity pattern (low threshold/passive strategy) are sensitive and feel distress
with sensory stimuli but do not actively avoid them; (4) Persons with a sensation avoiding
pattern actively avoid sensory stimuli and control sensory input [8].

It is assumed that the interruption and deprivation of sensory experiences in the
womb because of preterm birth substituted with abnormal sensory stimuli (e.g., bright light
and noisy, painful medical procedures) when being cared for in the neonatal intensive care
unit (NICU) during the perinatal /neonatal period may alter normal brain development,
thus negatively impacting the sensory processing abilities in preterm children [10]. This
assumption has been supported by studies on early preterm children born below 34 weeks
of gestation [11-13], but this is yet to be confirmed in those born late preterm due to very
limited evidence [14].

Previous studies on preterm children born before 34 weeks of gestation have con-
sistently indicated that a high percentage (37-82%) of them exhibit atypical sensory
processing [5,11,13,15]. Such atypical sensory processing is continuously present from
infancy into childhood [12]. However, few studies have explored the sensory processing
functions of LP children. One study by Bart et al. compared the sensory processing of
LP (34-35 weeks of gestation) and term (>37 weeks of gestation) infants at one year of
age using two assessments—a performance-based tool (the Test of Sensory Function
in Infants (TSFI)) and a caregiver-reported questionnaire (the Infant/Toddler Sensory
Profile (ITSP)) [14]. Similar to the findings on very and extremely preterm babies, they
also found that a higher percentage of LP infants showed atypical sensory processing
compared to the term controls. More LP infants exhibited at-risk and deficient perfor-
mance in all subscales (i.e., deep pressure, adaptive motor, visual-tactile integration,
and vestibular reaction) of the TSFI. However, on the ITSP, the only significant differ-
ences between groups were in the auditory (26.2% vs. 7.4%) and oral sensory (33% vs.
11.1%) functions [14]. Sensory processing functioning beyond 12 months of age in this
population is thus still not clear.

Sensory processing is known to affect a child’s developmental and behavioral perfor-
mance [16]. In the preterm population, previous studies have found that sensory processing
is related to development (e.g., motor, cognitive, and language) [5,13], executive func-
tion [15], and feeding performance [17]. However, little is known about the relationship
between sensory processing and behavioral problems in this population. A significant corre-
lation between atypical sensory processing and behavioral problems has been demonstrated
in general [18] and clinical child populations (e.g., autism spectrum disorders and fetal
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alcohol spectrum disorders) [6,7,19]. A few studies have further indicated there are some
atypical sensory processing behaviors particularly correlated with behavioral problems. For
example, Tseng et al. found that sensation avoiding was the most important predictor and
explained 48% of the variance of internalizing problems (e.g., anxious/depressed, somatic
complaints, and withdrawn) for four- to seven-year-old children with typical development.
For externalizing behaviors (e.g., inattention, aggression), sensation seeking was the specific
predictor and explained 26% of the variance of this problematic behavior [7]. Based on
these findings, it is assumed that atypical or dysfunctional sensory processing may lead to
behavioral problems in a child.

In addition to increased developmental risks, some evidence has shown that a greater
percentage of school-aged children born late preterm exhibit behavioral difficulties (e.g.,
internalizing behavioral problems and hyperactive/inattention) than their peers born at
term [20,21]. However, the underlying causes for their behavioral problems are uncertain.
Child behavioral problems often cause stress in parents and poor child—parent relation-
ships [19]. Identifying the underlying causes of such behavioral problems is very important,
since it can not only lead to an effective intervention intended to improve the behavioral
performance in these children, but also may relieve parental stress and improve wellbe-
ing. Whether atypical sensory processing in LP children contributes to their behavioral
problems requires further investigation.

To date, only one study has found that atypical sensory processing is more prevalent in
LP infants than in their term peers at one year of age [14]. Little is known about the sensory
processing of LP children beyond infancy. Furthermore, the relationship between atypical
sensory processing and behavioral problems in this population is unclear. Therefore, there
were two aims in the present study: (1) to investigate the sensory processing patterns of
LP children at two years of age in comparison to term born peers, and (2) to compare the
prevalence rates of atypical sensory processing in children with and without behavioral
problems (i.e., internalizing and externalizing behaviors) in both LP and term groups.

2. Materials and Methods
2.1. Participants

The participants included two-year-old LP and term children. All candidate partici-
pants were born at a medical center in Tainan, Taiwan, and recruited from October 2013 to
June 2016. A flyer was mailed to the parents of the candidate participants that invited them
to participate in the study. Parents who wanted to participate in this study were asked to
contact the research assistant by phone, and further screening was conducted at that time.
The inclusive criteria for the preterm group included children born at 34%/7 through 36°/7
weeks of gestational age to native Chinese-speaking parents. Preterm children who had
(1) congenital anomalies, (2) genetic or chromosome abnormalities, (3) auditory or visual
problems that could not be corrected to be normal, (4) a history of brain insults (e.g., intra-
ventribular hemorrhage or asphyxia), or (5) being cared for in a day center were excluded.

The inclusive criteria for the term group were (1) >37 weeks and <42 weeks of
gestation at birth, (2) birth weight >2500 g, (3) no health problems at birth, and (4) having
native Chinese-speaking parents. The exclusion criteria for term children were the same as
those for the LP group. Considering the confounding effects of sex and birth order on the
results of sensory processing and behavioral assessments [22,23], term children who were
sex- and first born-matched to the preterm group were selected as the control group.

This study was approved by the Institutional Review Board of Chi Mei Medical Center,
Tainan, Taiwan (10208-013). Written informed consent was obtained from all parents before
data collection.

2.2. Measures
2.2.1. Infant/Toddler Sensory Profile (ITSP)

The ITSP was developed by Dr. Dunn [24] to assess sensory processing in 0-36-month-
old children. There are two versions included in the ITSP, one with 36 items for infants
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0-6 months of age and the other with 48 items for infants 7-36 months of age. The questions
in the ITSP are rated by the primary caregiver using a five-point Likert scale (always, often,
occasionally, rarely, and never) based on the frequency of their child’s responses to various
types of sensory stimuli in daily life [24]. The ITSP generates two types of raw scores,
namely section and quadrant scores. The former includes (1) auditory, (2) visual, (3) tactile,
(4) vestibular, and (5) oral sensory processing scores. The latter includes (1) low registration,
(2) sensation seeking, (3) sensory sensitivity, and (4) sensation avoidance. Lower scores
represent a higher frequency of section (quadrant) behavior. Scores below —1 standard
deviations (SD) from the mean of the norm represent atypically frequent performance (i.e.,
probably and definitely different) [24].

A Chinese version of the ITSP (ITSP-C) with a norm of Taiwanese infants and young
children aged at 0-36 months has been established [25]. Both the ITSP [24] and the ITSP-
C [23,25] have sound levels of reliability and validity.

2.2.2. Child Behavior Checklist 1.5-5Y (CBCL/1.5-5)

This caregiver-reported scale is used to evaluate emotional and behavioral problems
in children aged 1.5-5 years old. There are 100 questions in total, with 99 questions assess-
ing specific behavioral problems and a blank question [26]. Caregivers use a three-point
Likert scale to score whether the description of each item is true for their child’s behavior
in the past two months. The questions on the CBCL/1.5-5 can be classified into seven
narrow-band behavioral syndromes (emotionally reactive, anxious/depressed, somatic
complaints, withdrawn, sleep problems, attentional problems, and aggressive behavior)
and other problems (not classified), which comprise the total problems scale. The questions
in four narrow-band syndromes (emotionally reactive, anxious/depressed, somatic com-
plaints, and withdrawn) further constitute the internalizing scale, and two other syndromes
(attentional problems and aggressive behavior) constitute the externalizing scale [26]. A
higher score indicates a greater severity of symptoms.

A Chinese version of the CBCL/1.5-5 (CBCL-C/1.5-5) has been established but lacks
Taiwanese children’s norms at the present time [27]. Therefore, the participants’ raw scores
were converted into T scores based on the norm of American children at 1.5-5 years of
age; a T score for the internalizing, externalizing, and total problems scales of 64 or greater
reflects the child’s symptoms to be in the clinical range [27]. The CBCL-C/1.5-5 has good
to excellent levels of reliability (internal consistency, test-retest reliability, and inter-parent
agreement) and acceptable construct validity [22].

2.3. Procedure

Children who met the criteria were invited to come to our department for a cogni-
tive and motor development evaluation using the Bayley Scales of Infant and Toddler
Development-III (Bayley-III, PsychCorp: San Antonio, TX, USA) [28] scheduled within two
weeks after they were chronologically two years of age (term children) or corrected at two
years of age (LP children). At the same time, the mothers were asked to fill out the ITSP-C,
the CBCL-C/1.5-5, and the child demographic questionnaire.

2.4. Data Analysis

Demographic and neonatal data and developmental scores on the Bayley III for the
LP and term groups were compared using independent t-tests for the continuous variables
and chi-square tests for the categorical variables. The results of the Kolmogorov-Smirnov
tests showed that some of the ITSP-C raw scores did not exhibit a normal distribution.
Thus, Mann-Whitney U-tests were used to analyze the differences between the LP and
term groups on the ITSP-C scores. The percentage of children with atypical sensory
processing patterns (raw score < norm mean —1 SD) in the LP and term groups were
compared using chi-square or Fisher’s exact tests depending on the number of children
in each group. Spearman’s correlation coefficients were used to determine the association
between each demographic and neonatal variable and the sensory section and quadrant
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scores. To investigate the prevalence of the co-occurrence of atypical sensory processing
and behavioral problems (internalizing or externalizing T score at 64 or greater) in the
LP and term groups, the number of children with atypical sensory processing in the two
behavioral subgroups (with and without behavioral problems) was compared using the
Fischer’s exact tests. All data were analyzed using SPSS 17.0 software (SPSS Inc., Chicago,
IL, USA). A p value of <0.0056 was considered statistically significant when Bonferroni
correction was used to control the statistic errors of multiple comparisons in the analyses.

3. Results
3.1. Child Characteristics

A total of 52 LP and 52 sex- and first born-matched children born at term were included.
The sample characteristics are shown in Table 1. A lower gestational week (p < 0.001) and
weight (p < 0.001) at birth and more complicated neonatal medical events were found in
the LP group. There were no between-group differences in the socioeconomical status
scores and maternal education. Three children (two LP children and one term child) had a
diagnosis of developmental delay and all of them received early intervention at the time
of the study. Cognitive and motor scores on the Bayley III did not differ between the two
groups (Table 1).

Table 1. The children’s characteristics.

Mean (SD)
Variable Late Preterm Term
(n=52) (n=52)
Age (months) ? 24.3(0.2) 24.3 (0.2)
Male, n (%) 29 (55.8) 29 (55.8)
Neonatal medical history
Gestational age (weeks) 35.7 (0.8) 39.0 (1.0) **
Birth weight (g) 2283 (429) 3200 (286) **
Head circumference (cm) 324 (2.6) 34.1(1.2)
SGA, n (%) 15 (28.8) 0(0)
Ventilation need (yes), 1 (%) 8 (15.4) 0(0)
Days in ventilator and oxygen 2.4 (2.6) 0(0)
NICU stay (yes), 1 (%) 9(17.3) 0(0)
Hospital stay (days) 10.0 (8.4) 39(1.2)
Family socioeconomical score # 37.5(11.6) 38.7 (8.7)
Maternal education (>university), n (%) 34 (65.4) 37 (72.5)
First-born child, n (%) 19 (36.5) 19 (36.5)
?:&ecl)i;iic:; r11 c‘;vellt:yz diagnosis of 2 (1 motor, 1 language) 1 (motor)
Bayley-III composite score P
Cognition 107.0 (13.9) 103.6 (8.0)
Motor 109.0 (11.9) 105.0 (11.9)

SGA, small for gestational age; NICU, neonatal intensive care unit. Bayley III, Bayley Scale of Infant and Toddler
Development—3rd version. # Calculated using the levels of maternal education and occupation. Scores classified
into I (very high) to V (very low): I = 52-55, II = 41-51, III = 3040, IV = 19-29, and V = 11-18 [29]. b Corrected age
used for late preterm children. The norm mean is 100 (SD = 15) and a composite score <85 (norm mean —1 SD)
defined as developmental delay [30]. * p < 0.05, ** p < 0.01.

3.2. Results of the ITSP-C

The sensory processing abilities of the LP and term children are described in Table 2.
A similar raw score in each section and quadrant was shown in the LP and term children.
There were also no significant different in the percentage of children with atypical sensory
section and quadrant scores in both groups (Table 2). Although a greater percentage of
children in the LP group exhibited atypical auditory processing than those born at term
(25% vs. 10%, p = 0.038), the difference did not reach statistical significance when Bonferroni
correction was conducted (p < 0.0056).
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Table 2. Performance on the ITSP-C in the late preterm and term groups.

Score, Mean (SD) Atypical Performance 2, n (%)
ITSP-C Late Preterm Term Late Preterm Term
(n = 52) (n=52) P (n =52) (n = 52) P
Section
Auditory 36.5 (5.2) 36.2 (4.5) 0.400 13 (25) 5 (10) 0.038
Visual 21.9 (3.0) 21.5(2.7) 0.534 4(8) 4 (8) 1.000
Tactile 50.7 (6.7) 51.3 (7.0) 0.750 8 (15) 9(17) 0.791
Vestibular 20.4 (3.3) 20.0 (2.4) 0.569 3(6) 3(6) 1.000
Oral sensory 27.3 (4.5) 26.4 (4.0) 0.213 6 (12) 6 (12) 1.000
Quadrant
Low registration 47.8 (4.8) 47.2 (4.3) 0.419 6 (12) 6 (12) 1.000
Sensation seeking 31.8 (7.8) 31.9 (6.4) 0.868 4(8) 3(6) 1.000
Sensory sensitivity 43.8 (5.9) 43.0 (5.5) 0.883 5(10) 2 (4) 0.437
Sensation avoiding 45.3 (6.3) 44.8 (5.9) 0.600 8 (15) 8 (15) 1.000

ITSP-C, Infant/Toddler Sensory Profile—Chinese version; * The number of children with a raw score < —1 SD from the norm mean for
the ITSP-C. * p < 0.0056 due to Bonferroni correction.

In the LP group, the Spearman correlation results revealed a significant correlation
between experience of staying in the NICU and the visual section score (r = —0.356,
p = 0.013), as well as days of ventilation and supplementary oxygen and low registration
scores (r = —0.392, p = 0.004), indicating that both neonatal factors may be risk factors for
atypical sensory processing functions. A significant correlation between sex and vestibular
section score (r = 0.343, p = 0.013) was found, indicating that the boys had more frequent
vestibular processing behaviors. The other demographic and neonatal factors did not
correlate with any section or quadrant scores.

3.3. Relationship between Atypical Sensory Processing and Behavioral Problems in LP Children

The prevalence rates of atypical sensory processing in the LP children with and with-
out behavioral problems are shown in Table 3. When Bonferroni correction was conducted
(p < 0.0056), a higher prevalence rate of atypical sensory processing was still shown in
the LP children with behavioral problems. A greater percentage of LP children with in-
ternalizing problems showed atypical auditory (p = 0.001) and oral sensory processing
(p =0.004), as well as sensation avoiding (p < 0.001), than those without internalizing
problems. Similarly, a significantly greater LP children with externalizing symptoms had
atypical auditory processing (p = 0.002) and sensation avoiding patterns (p = 0.002).

Table 3. The prevalence of atypical ITSP-C performance in late preterm children with and without behavioral problems.

CBCL-C, n (%)

Atypical ITSP-C Internalizing Externalizing
Performance Typical >Clinical 2 Typical Clinical 2
(n=37) (n=14) P (n = 42) (n=9) b
Section
Auditory 5(14) 8 (57) 0.001 * 7 (17) 6 (67) 0.002 *
Visual 2 (5) 2 (14) 0.300 3(7) 1(11) 0.552
Tactile 4(11) 4 (29) 0.192 5(12) 3(33) 0.137
Vestibular 0 (0) 3(21) 0.017 1(2) 2 (22) 0.077
Oral sensory 1(3) 5 (36) 0.004 * 3(7) 3(33) 0.060
Quadrant
Low registration 4(11) 2 (14) 0.661 5(12) 1(11) 1.000
Sensation seeking 1(3) 3(21) 0.058 2 (5) 2 (22) 0.139
Sensory sensitivity 2 (5) 3(21) 0.120 4 (10) 1(11) 1.000
Sensation avoiding 1(3) 7 (50) <0.001 * 3(7) 5 (56) 0.002 *

ITSP-C, Infant/Toddler Sensory Profile—Chinese version; CBCL-C, Child Behavior Checklist—Chinese version. ® A T score of 64 or greater
(>90% of the norm); Fisher’s exact tests used. * p < 0.0056 due to Bonferroni correction.
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3.4. Relationship between Atypical Sensory Processing and Behavioral Problems in Term Children

The prevalence rates of atypical sensory processing in the term children with and
without behavioral problems are shown in Table 4. Although more children with inter-
nalizing behaviors showed a sensation avoiding pattern than those without behavioral
problems (42% vs. 7%), the group difference did not reach statistical significance when
the p-value was set at 0.0056 because of Bonferroni correction. Similarly, atypical visual
processing (40% vs. 4%) and sensation avoiding (60% vs. 11%) were more commonly seen
in those term children with externalizing problems than those without problems, but the
differences were also non-significant.

Table 4. The prevalence of atypical ITSP-C performance in term children with and without behavioral problems.

CBCL-C, n (%)

Atypical ITSP-C Internalizing Externalizing
Typical Clinical @ Typical Clinical 2
(n = 39) (n=12) b (n = 46) (n = 5) b
Section
Auditory 2 (5) 3(25) 0.078 3(7) 2 (40) 0.069
Visual 3(7) 1(8) 1.000 2 (4) 2 (40) 0.043
Tactile 6 (15) 3(25) 0.424 8(17) 1 (20) 1.000
Vestibular 2 (5) 1(8) 0.561 2 (4) 1(20) 0.271
Oral sensory 4(10) 2(17) 0.616 49) 2 (40) 0.099
Quadrant
Low registration 4 (10) 2(17) 0.616 49) 2 (40) 0.099
Sensation seeking 3(7) 0(0) 1.000 3(7) 0(0) 1.000
Sensory sensitivity 0(0) 2(17) 0.052 12 1 (20) 0.188
Sensation avoiding 3(7) 5 (42) 0.012 511) 3 (60) 0.023

ITSP-C, Infant/Toddler Sensory Profile—Chinese version; CBCL-C, Child Behavior Checklist—Chinese version. ® A T score of 64 or greater
(>90% of the norm); Fisher’s exact tests used. * p < 0.0056 due to Bonferroni correction.

4. Discussion

To date, few studies have investigated sensory processing in LP children. We found
only one study addressing this function in LP infants at 12 months of age [14]. Therefore,
the present results contribute to the body of knowledge on the development of the sensory
processing function in this population beyond 12 months of age and its associations with
their behavioral problems.

In the present study, we found that LP children had comparable sensory processing
performance with the term-born controls in all sections and quadrants of the ITSP at two
years of age. In Bart et al.’s study on 103 one-year-old LP and 27 term infants, they found a
greater percentage of atypical auditory processing in the LP group (26.2% vs. 7.4%) with
a p-value of 0.039 [14]. Our LP and term samples had similar prevalence rates (25% vs.
10%) and p-value (0.038) to theirs. However, in the present study, the group difference
in auditory processing was no more significant when Bonferroni p correction was made
for multiple comparisons. The results of both small studies indicated that there may be a
trend for more LP children to have atypical auditory processing than term controls based
on the behavioral observation of caregivers. Future research using neurophysiological
assessments such as auditory event-related potentials [31] may provide direct, objective
evidence of the brain processing activity in terms of the differences between LP and term
children’s responses to auditory stimuli.

Different from Bart et al.’s findings on the ITSP, we did not find a higher prevalence
of atypical oral sensory processing behavior in our two-year-old LP children compared
to the controls. One possible explanation for this inconsistency is that the atypical oral
sensory processing performance found in LP infants may be a transient phenomenon, since
neural maturation, repeated exposure to various oral sensory stimuli (e.g., eating different
kinds of textured food, mouthing hands, toys, and objects), and gradual habituation or
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desensitization to oral stimuli [32] beyond one year old may lessen atypical oral sensory
processing behavior in LP children.

In the case of neonatal factors, we found that NICU stay and longer days of ventilation
and supplementary oxygen were correlated with stronger sensory processing behavior (i.e.,
low registration and visual processing) in the LP children. Our findings are consistent with
those of a study on preschoolers born <32 weeks of gestation, which also revealed that
those with atypical sensory processing patterns had a longer stay in the NICU and more
days of ventilation [11]. These results suggest that preterm children requiring complicated
medical care after birth may be at higher risk of having atypical sensory processing, perhaps
because they experience more stressful events (e.g., more severity of complications and
suction) and aversive sensory stimuli (e.g., bright light and noise in the NICU), which may
in turn interfere with normal brain development [10]. The sensory processing function of
those LP children with a complicated medical history at birth needs further investigation.
On the contrary, in contrast to Bart et al.’s findings, we did not find a correlation between the
gestational age and sensory processing scores in our sample. One reason for this difference
may have been the low number of children born at 34 weeks of gestation (n =7) in the
present sample and thus the absence of enough statistical power to show an association.
In addition, a low correlation (r = 0.343) of sex and vestibular section scores in the LP
group found in this study showed that LP boys tended to have a stronger vestibular
processing pattern than LP girls. This may be due to a higher percentage of LP boys
enjoying vestibular stimulation activities reported by their caregivers on the ITSP (i.e., “My
child enjoys physical activity, like bouncing and being held up high in the air” and “My
child enjoys rhythmical activities, like swing, rocking, and car rides”).

In the present study, LP children with behavioral problems were more likely to exhibit
atypical sensory processing. However, we failed to find a significant co-occurrence of
atypical sensory processing and behavioral problems in the term group. Caution should be
taken when interpreting the present results. Particularly for the term children, the absence
of a significant finding between atypical sensory processing and behavioral problems
may perhaps be due to a very limited number of term children with behavioral problems
(n = 12 with internalizing problems and n = 5 with externalizing problems); thus, we
had insufficient power to show any statistical differences. A larger study is required to
verify the relationships between atypical sensory processing and behavioral problems for
term children.

Because evidence about the relationship between sensory processing and behavioral
problems in the preterm population or in children below three years of age is scarce, the
present findings on LP children had no proper child population for comparison. However,
in the line of previous findings on preschoolers and school-aged general and clinical chil-
dren [6,7,18,19], our results based on two-year-old children born late preterm also support a
high level of co-occurrence of atypical sensory processing and behavioral problems. These
results suggest that sensory processing-based behavioral problems may exist in quite a few
children, including young children born at late preterm. Therefore, we suggest that a direct
or parent-reported sensory processing evaluation could be administered on LP children
with behavioral problems. This may help clarify the cause for their problematic behaviors
and provide an appropriate intervention for them.

On the contrary, of four sensory quadrant patterns on the sensory profile (i.e., low
registration, sensation seeking, sensory sensitivity, and sensation avoiding), which one
specifically correlated with child’s internalizing or externalizing problem:s is still controver-
sial across the studies [7,18]. These inconsistent findings may be attributed to a variety of
populations (e.g., age, diagnosis, and races) and methodological differences (e.g., behavioral
assessment tools and statistical methods used for data analysis). In the present study, a high
level of coexistence of sensation avoiding with internalizing (50%) and externalizing (56%)
problems was noted in the LP children. Based on Dunn’s model of sensory processing,
children with sensation avoiding means more easily noticing environmental stimuli and
often use active self-regulation strategies (e.g., withdrawing or not involving themselves) to
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avoid challenging (e.g., over-stimulating, new, or unfamiliar) activities or environments [8].
For those LP children with a sensation avoiding pattern, some strategies, such as decreas-
ing the amount of new sensory input within an activity or environment, particularly the
sensations the child tends to avoid, as well as creating routines for daily tasks, may be
helpful to improve their behavioral performance in daily life [8]. In addition, LP children
with internalizing problems tended to exhibit atypical auditory and oral sensory processing.
Compared to peers without internalizing problems, more of them showed sensitive to
auditory (i.e., distracted and/or difficulty eating in noisy environment) and oral stimuli (i.e.,
resist having teeth brushed), but on the contrary liked to seek oral stimuli (i.e., lick/chew
nonfood objects or mouth objects). For LP children with externalizing problems, they also
tended to be sensitive to auditory stimuli (i.e., startle easily at sound, compared to other
children the same age).

A few limitations exist in the present study. First, the present LP and term samples
were collected from a single medical center. Furthermore, the limited statistical power due
to a small number in some subgroups may have decreased the chance to detect differences
between the groups. Therefore, caution should be taken when generating the present
findings to other two-year-old children born late preterm and term, and larger sample
sizes are required in the future research. Second, five item questions scattered in the
sensory sections (quadrants) of the ITSP are similar to seven item questions in the CBCL.
They may potentially have a chance to contribute to the co-occurrence between atypical
sensory processing and behavioral problems. Third, the present findings rely on the same
caregiver’s report of their child’s sensory processing and behavioral difficulties, which
may have potentially biased the relationship between sensory processing and behavioral
problems. If possible, asking a separate caregiver (e.g., father or nanny) to fill out one of
the two questionnaires may prevent intra-rater bias.

5. Conclusions

The present evidence indicates that the sensory processing patterns in LP and term
children at two years of age are comparable in terms of the behavioral observations and
reports of caregivers on the ITSP. Future studies using neurophysiological assessment
tools are required to provide more direct evidence regarding the sensory processing of LP
children. The significant correlation between neonatal risk factors and sensory process-
ing found in this study revealed that LP children with complicated medical experiences
after birth may be at higher risk of atypical sensory processing patterns. In addition, we
found a high level of co-occurrence of atypical sensory processing (i.e., auditory and oral
sensory processing and sensation avoiding) and internalizing/externalizing problems in
LP children. This may infer that sensory processing-based behavioral problems exist in
these LP children with behavioral problems. Therefore, it is suggested that the adminis-
tration of a sensory processing assessment and strategies is required for LP children with
behavioral problems.
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