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Around 9.4% of infants born in Japan have a low birthweight. While some studies have clarified the 
developmental progress of very-low-birthweight (VLBW) and extremely-low-birthweight (ELBW) infants 
at 18 months, less is known about how these children fare in preschool. This study aimed to identify VLBW 
and ELBW infants without major complications and their behavioral and emotional characteristics as 
preschoolers compared to their infantile development. Participants were the parents of 28 VLBW and 
ELBW children without major complications. The Child Behavior Checklist (CBCL) 1.5–5 was 
administered at ages 3–5, and the results were compared with the Modified Checklist for Autism in Toddlers 
(M-CHAT). The examination outcomes were assessed at 18–24 months. Of these, 11 had normal scores on 
all CBCL scales, but the outcomes of the other 17 children were borderline or in the clinical range on either 
of the CBCL scales. Twenty-one children were screened negative on M-CHAT. Eleven had normal scores 
on all CBCL scales, but the outcomes of the other 10 children were borderline or in the clinical range on 
either of the CBCL scales. Seven children screened positive on M-CHAT, and all scored in the borderline 
or clinical range on either of the CBCL scales. Seven of the 23 M-CHAT items demonstrated relevance 
between 6 out of 10 CBCL-1.5–5 scales. M-CHAT-positive infants are likely to continue facing behavioral 
and emotional problems as preschoolers. Even in infants with a negative M-CHAT screening, the underlying 
problems may become apparent during the preschool years.  

 
INTRODUCTION 

Low birthweight newborns account for 9.4% of all births in Japan, of which 0.4% have a birthweight of 1,000 
to 1,500 g and 0.3% have an extremely low birthweight (ELBW: <1,000 g) (1). Improved survival rates for very-
low-birthweight (VLBW: <1,500 g) and/or very preterm (<32 weeks of gestation) infants have generated concerns 
about subsequent neurological and behavioral development. Since these patients often survive complications such 
as intraventricular hemorrhage and periventricular leukomalacia, most are followed up with throughout a certain 
period by advanced medical care facilities. Numerous studies have targeted them to identify their problems and 
solutions and have reported that VLBW and ELBW and/or very preterm infants have an increased risk of long-
term sequelae, such as neurodevelopmental disorders, social communication, and behavioral impairments (2, 3). 
Some VLBW and ELBW infants without major complications are monitored by advanced medical specialists for 
a relatively shorter period compared to high-risk VLBW infants. Studies in a multicenter cohort in Japan have 
described the difficulty of continuing follow-ups with VLBW and ELBW infants without major complications (4, 
5). This might reflect the fact that only a small number of studies have focused on the prognosis of VLBW and 
ELBW children without major complications. 

In many cases, community healthcare facilities and services provide follow-up care for VLBW and ELBW 
infants without major complications. In Japan, health checkups are required by the Maternal and Child Health Law. 
They are conducted for children aged between 18 months and 3 years with the aim of early detection and 
intervention for neurodevelopmental difficulties. However, despite being assessed as normal at 18-month checkups, 
underlying behavioral and emotional problems appear in some children at 3 years of age or later. Gargus et al. 
assessed 3,150 ELBW infants at 18 to 22 months of corrected age who were discharged alive from neonatal 
intensive care units, and 27% were without impairment (6). Although few studies have focused on the prognosis 
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of VLBW and ELBW and/or very preterm children, studies targeted at moderate and/or late preterm children are 
increasing, and the results have provided insightful information. These studies indicate that extremely, moderately, 
and/or late preterm infants could develop behavioral and/or emotional problems in their preschool years or later 
(7, 8). Nevertheless, the developmental progress of VLBW and ELBW infants without major complications is 
currently not well defined. 

An earlier study acknowledged the significance of the information that predicts preschool-age outcomes of 
VLBW and ELBW infants without major complications (9). Reliable indicators of adverse outcomes in infancy 
would be helpful for appropriate detection and intervention to overcome the future occurrence of developmental 
difficulties (10). This study aimed to identify the behavioral and emotional characteristics of VLBW and ELBW 
preschoolers without major complications compared to the characteristics of their infantile development. We 
aimed to determine whether VLBW and ELBW infants without major complications assessed as normal had 
potential neurodevelopmental problems that became apparent during their preschool years. We also sought to 
identify the limitations of the predictors to items that can be measured by M-CHAT. 

 
MATERIALS AND METHODS 

Study design and participants 
A prospective longitudinal design was used in this study. Participants were recruited from a 2-year support 

program for VLBW infants and their parents, managed by a community-based child and family support center in 
Kobe City, Japan. The support program was divided into four classes according to the infants’ age, and 
approximately 10 participants participated in the classes that are held monthly. Infants were evaluated from their 
clinical records and excluded from the study if they were diagnosed with congenital or postnatally acquired 
abnormalities, affected by overt intellectual or cognitive problems, or exhibited neurodevelopmental deficits or 
behavioral problems in routine clinical examination. Infants with a high risk of neurodevelopmental deficits, such 
as severe chronic lung disease, necrotizing enterocolitis, neonatal sepsis, periventricular leukomalacia, and 
intraventricular hemorrhage above grade II, were excluded. 

 
Procedures 

The first data collection occurred between November 2015 and November 2019, when the infants were 18–24 
months old (corrected age). We administered the 4-point scale Japanese version of the Modified Checklist for 
Autism in Toddlers (M-CHAT) to the study participants’ parents (11). Although the original M-CHAT consists of 
23 yes/no questions, parents often have difficulty giving definite answers to yes/no questions (12). Wong et al. 
adapted the M-CHAT questionnaire into a 4-point scale (never, seldom, often, and usually) with semi-
quantification as 0%, <25%, 25% to 50%, and >50%, respectively (12). For each of the 23 items in the M-CHAT, 
responses of ‘never’ or ‘seldom’ were classified as ‘no,’ while responses of ‘often’ or ‘usually’ were classified as 
‘yes.’ The M-CHAT (13) was originally designed to identify signs of autism spectrum disorder (ASD) in children 
aged 18–30 months. It is completed by parents and is designed for use during regular pediatric checkups. Failure 
on any three items or two out of six critical items (showing interest in others, protodeclarative pointing, bringing 
objects to parent, imitating, responding to name, and following a point) was defined as a positive screen for the 
risk of ASD. The Japanese version of the M-CHAT, in conjunction with the routine 18-month health examination, 
has successfully detected children with ASD (14).  

The second assessment was conducted between September 2017 and July 2021, when the infants reached 3–5 
years old. The CBCL-1.5–5 questionnaires were mailed to parents who participated in the M-CHAT screening. 
The completed CBCL-1.5–5 questionnaires were mailed to the researchers. The Child Behavior Checklist 1.5–5 
(CBCL-1.5–5) (15) is a questionnaire that measures the frequency of various social, behavioral, and emotional 
problems and is widely used in childcare support services and research. It is a standardized test normed on national 
samples of children from the United States of America. It consists of 99 items, with 1 item recording additional 
problems. The items were converted into seven syndrome scales: a set of problems that tend to occur together 
(emotionally reactive, anxious/depressed, somatic complaints, withdrawal, sleep problems, attention problems, 
and aggressive behavior). Additionally, the CBCL-1.5–5 can be scored in terms of two broadband scales 
(internalizing and externalizing behaviors) based on the grouping of syndromes. Total problem scale scores were 
also calculated. The CBCL-1.5–5’s empirically derived scales were developed through factor analysis of data from 
the general pediatric population, and there is evidence to support the validity and reliability of the problem scales 
of the test (15). Each syndrome scale score has a normalized corresponding T-score. Normalized T-scores are 
assigned to the raw scores of a scale according to the percentiles found for the raw scores in a relevant sample. 
The T-scores of the total problem scales and the two broadband scales were classified as the normal range (less 
than 60), borderline clinical range (60–63), and clinical range (>63). Seven syndrome scales’ T-scores are also 
classified as normal range (less than 65), borderline clinical range (65–69), and clinical range (70 and over). 



N. YAMAOKA and S. TAKADA 

E102 

Data analyses 
The CBCL-1.5–5 scores were analyzed as a continuous outcome in the original score units. Since the findings 

did not follow a normal distribution, nonparametric tests were used to analyze the study data. Statistical analyses 
were performed using the chi-square or Fisher’s exact test to evaluate the differences between the groups screened 
as negative and positive on M-CHAT, and compare the CBCL-1.5–5 evaluation results between the normal and 
borderline/clinical ranges groups. We used the Mann-Whitney U (M-CHAT answers: never/seldom) and Kruskal-
Wallis (M-CHAT answers: never, seldom, and often or seldom, often, and usually) tests to calculate the association 
between the M-CHAT items and the CBCL-1.5–5 scales. Differences were considered statistically significant at 
P < 0.05. All data analyses were conducted with SPSS version 23.0 for Windows (Armonk, NY: IBM Corp.). 

 
Ethical considerations 

This study was approved by the Ethics Committee of Kobe University Graduate School of Health Sciences 
(No. 411 and No. 411-1), Kobe, Japan, following the World Medical Association Declaration of Helsinki. The 
research purpose, safety of the participants, voluntary participation in this study, and anonymity of the participants 
were explained orally. Written informed consent was obtained from all parents during the first data collection 
period. Parents who participated in the second assessment did not need to sign the consent forms, and the return 
of the questionnaire implied consent. Appropriate measures were taken to manage participant withdrawals from 
the study. 

 
RESULTS 

Sample characteristics and M-CHAT screening 
Of the 50 parents who participated in the M-CHAT screening, 28 returned the CBCL-1.5–5, indicating a 56.0% 

response rate. Twenty-two (44.0%) withdrew from the study. Among them, eight questionnaires were returned 
from the post office due to unknown forwarding address. During the first data collection, 11 of the 50 infants 
(22.0%) had a positive M-CHAT score. At the end of the CBCL-1.5–5 questionnaire, 21 of the 28 infants (75.0%) 
screened negative on M-CHAT, and 7 (25.0%) screened positive. Table I shows an overview of the characteristics 
of the M-CHAT-negative and M-CHAT-positive screened VLBW infants. There were no statistically significant 
differences between groups regarding age, birth weight, gestational age, maternal age, sex, or birth order. 

 
Evaluation of CBCL-1.5–5 in children with negative M-CHAT screening 

More than 80% of the M-CHAT-negative children were within the normal range CBCL-1.5–5 scales, 
excluding attention problems (67%). Of the 21 children screened as M-CHAT-negative, 11 (52.4%) were within 
the normal range in all CBCL-1.5–5 scales, but the outcomes of 10 children (47.6%) were in the borderline or 
clinical range in either scale. The outcomes of the CBCL-1.5–5 T- scores were compared with the results of the 
M-CHAT (Table II). Of the 21 children screened as M-CHAT-negative, 5 (24%) were within the borderline range, 
and 2 (9%) were within the clinical range on the attention problems scale. Three children (14%) were within the 
clinical range on the withdrawn scale and the total problems scale, and three children (14%) were within the 
borderline range on the anxious/depressed scales.  

 
Evaluation of CBCL-1.5–5 in children with positive M-CHAT screening 

All seven children who screened positive on M-CHAT scored in the borderline or clinical range on either 
CBCL-1.5–5 scales. Of the seven children who screened positive on M-CHAT, four were within the borderline 
range on the attention problems scale. Two were within the clinical range for total problems, internalizing problems, 
externalizing problems, and anxious/depressed problem scales. The outcomes of the CBCL-1.5–5 T- scores were 
compared with the results of the M-CHAT (Table II).  

 
Median and IQR of CBCL-1.5–5 T-scores compared with M-CHAT results 

The median and interquartile range (IQR) of CBCL-1.5–5 T-scores of the total problem scales, two broadband 
scales, and seven syndrome scales compared to the results of the M-CHAT are also presented in Table II. No 
significant differences were found in the T-scores between the groups, but most scores of the M-CHAT positive-
screen group were higher than those of the negative group, excluding emotionally reactive score. The M-CHAT 
negative-screen group’s median CBCL-1.5–5 T-scores were within the normal range on either scale. In contrast, 
the median T-scores for total, internalizing, and attention problems were in the borderline range for the M-CHAT 
positive screening group (60, 61, and 65, respectively). 
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Comparison of T-scores regarding CBCL-1.5–5 normal and borderline/clinical-range children 
Table III shows the comparison of T- scores with normal or borderline/clinical range in CBCL-1.5–5. Of the 

28 participants in the CBCL-1.5–5 assessment, 11 (39.3%) were within the normal range on all scales, and 17 
children (60.7%) scored in the borderline or clinical range on either scale. Of those 17 children, 10 (35.7%) were 
in the borderline range on either scale. The most common borderline-assessed scale was attention problems (nine 
children), followed by anxious/depressed problems (four children). The outcomes of seven children (25.0%) were 
in the clinical range on either scale. The most common clinically assessed scale was total problems (five children), 
followed by internalizing problems and withdrawal (four children each). The median and IQR of T-scores of all 
scales in comparison with the results of the CBCL-1.5–5 are also shown in Table III. Significant differences 
between the normal and borderline/clinical-range groups were observed in the attention problem scores (<0.020). 
Most median T-scores for all scales in both groups were within the normal range. However, the median T-scores 
for attention problems in the borderline/clinical-range group were within the borderline range. Furthermore, the 
median T-scores for total and internalizing problems were near the borderline range (59) in the borderline/clinical-
range group. 

 
Association between M-CHAT items and T-scores of CBCL-1.5–5 scales 

The Mann-Whitney U and the Kruskal-Wallis tests were performed to identify the M-CHAT items associated 
with the T-scores of the CBCL-1.5–5 scales. Seven out of 23 M-CHAT items showed relevance between 6 out of 
10 CBCL-1.5–5 scales (Table IV). Two of the seven M-CHAT items are critical (14: does not respond to the name, 
and 15: does not look at the toy when pointing to it). The participants who answered “usually” or “often” to the 
M-CHAT items 10 (does not look you in the eye), 15, and 20 (have you wondered if the child is deaf) had 
significantly higher T-scores on the somatic complaints scale. As for the sleep problems scale, participants who 
responded “usually” or “often” to items 14 and 17 (does not look at things you look at) had significantly higher T-
scores. The participants who answered “usually” or “often” to items 14 and 21 (does not understand what people 
say) had significantly higher T-scores on the anxious/depressed scale. Concerning the internalizing problems scale, 
the participants who responded “usually” or “often” to item 15 had significantly higher T-scores. As for the 
withdrawn scale, the participants who answered “usually” or “often” to item 12 (does not smile in response to 
smile) had significantly higher T-scores. The participants who responded “usually” or “often” to item 17 had 
significantly higher T-scores on the attention problems scale. 
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Table I. Characteristics of participants by M-CHAT screening result 
 M-CHAT screen 

negative 
(N = 21) 

M-CHAT screen  
positive 
(N = 7) 

P 

a: Chi-square test, b: Fisher’s exact test. 
 

 
Table II. Outcomes of CBCL-1.5–5 T-scores by M-CHAT screening result 

CBCL-1.5–5 “borderline clinical range” are listed in bold. 

Corrected age at the time of M-CHAT screening 
(mean ± SD) 

20.7 ± 2.2 months 
 

20.4 ± 2.2 months 
 

0.530a 

Age at the time of CBCL-1.5–5 screening  
(mean ± SD) 

52.1 ± 7.4 months 55.3 ± 8.1 months 0.657a 

Birth weight (mean ± SD) 958 ± 311 g 735 ± 378 g 0.358a 
Very low birth weight: 1,000–1,500 g at birth 9 1  
Extremely low birth weight: <1,000 g at birth 12 6  

Gestational age (mean ± SD) 28.2 ± 3.2 weeks 27.0 ± 2.6 weeks 0.444a 
Late preterm: 34–36 weeks of gestation 
Moderately preterm: 32–33 weeks of gestation  
Very preterm: 28–31 weeks of gestation 

2 
1 
9 

 
 
3 

 

Extremely preterm: <28 weeks of gestation 9 4  
Maternal age at birth (mean ± SD) 35.1 ± 3.4 years 36.9 ± 4.5 years 0.550a 
Sex (male/female) 10/11 1/6 0.131b   
Birth order (first born/subsequent born) 10/11 6/1 0.091b   

T- scores M-CHAT  negative-screen             M-CHAT  positive-screen 
(N = 21)                              (N = 7)                                                 

 
 
 
 
 
 
 

All scores normal range (n = 11) 
Either scale borderline range (n = 6) 
Either scale clinical range (n = 4) 

All scores normal range (n = 0) 
Either scale borderline range (n = 4) 
Either scale clinical range (n = 3) 

Normal 
range 
n (%) 

Borderline  
clinical range  
n (%)   

Clinical 
range 
n (%) 

Normal 
range  
n (%) 

Borderline 
clinical range 
n (%) 

Clinical  
range 
n (%) 

Total Problems 17 (81) 1  (5) 3  (14) 3 (43) 2 (28) 2 (28)  
Internalizing problems 18 (86) 1  (5) 2  (9) 3 (43) 2 (28) 2 (28)  

Emotionally Reactive 20 (95) 1  (5)   6 (86)  1 (14)  
Anxious/Depressed 18 (86) 3  (14)  4 (58) 1 (14) 2 (28)  
Somatic Complaints 21 (100)   4 (58) 2 (28) 1 (14)  
Withdrawn 18 (86)  3  (14) 5 (72) 1 (14) 1 (14)  

Externalizing Problems 18 (86) 2  (9) 1  (5) 4 (58) 1 (14) 2 (28)  
Attention Problems 14 (67) 5  (24) 2  (9) 3 (43) 4 (58)   
Aggressive Behavior 21 (100)   5 (72) 1 (14) 1 (14)  

Sleep problems 20 (95) 1  (5)  4 (58) 2 (28) 1 (14)  
 
T- scores 

 
Median (IQR) 

 
Median (IQR) 

 
P-value 

Total Problems 48  (45–57) 60  (53–71) 0.458 
Internalizing problems 53  (41–58) 61  (53–72) 0.183 

Emotionally Reactive 51  (50–56) 51  (50–64) 0.290 
Anxious/Depressed 51  (50–58) 62  (51–73) 0.132 
Somatic Complaints 52  (50–52) 62  (52–65) 0.075 
Withdrawn 53  (53–59) 63  (59–67) 0.071 

Externalizing Problems 48  (44–55) 57  (48–69) 0.252 
Attention Problems 57  (52–65) 65  (61–65) 0.413 
Aggressive Behavior 50  (50–53) 54  (50–67) 0.388 

Sleep problems 51  (51–57) 53  (51–68) 0.288 
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 Table III. Comparison of T-scores with normal or borderline/clinical range in CBCL-1.5–5 

*: P < 0.05. 
CBCL-1.5–5 “borderline clinical range” are listed in bold. 
 
 

Table IV. M-CHAT items associated with the T-scores of CBCL-1.5–5 scales (P-value) 
 
M-CHAT Items 

T-scores of CBCL-1.5–5 Scales 

Internalizing 
problems 

Anxious/ 
Depressed 

Somatic 
complaints 

Withdrawn Attention 
Problems 

Sleep 
problems 

10. Does not look you in the eyea 0.427 0.427 0.024* 0.924 0.825 0.095 
12. Does not smile in response to smilea       0.126 0.309 0.764 0.045* 0.283 0.723 
14. Does not respond to namea 0.328 0.043* 0.862 0.746 0.823 0.028* 
15. Does not look at toy when  

you point to itb                          
0.044* 0.052 0.042* 0.158 0.487 0.098 

17. Does not look at things you look ata                                                  0.435 0.405 0.321 0.568 0.027* 0.031* 
20. Have you ever wondered if your child 

is deafb 
0.444 0.052 0.023* 0.916 0.436 0.073 

21. Does not understand what people sayb 0.051 0.039* 0.206 0.159 0.428 0.813 
M-CHAT “critical items” are listed in bold.  
*: P < 0.05, a: Mann-Whitney U test, b: Kruskal-Wallis test. 

 
DISCUSSION 

We aimed to determine whether VLBW and ELBW infants without major complications assessed as normal 
had underlying problems that became apparent during their preschool years. Our results showed that nearly half 
of the infants screened as normal may face behavioral and emotional problems in their preschool years. We also 
sought to identify the limitations of the predictors to items that can be measured by M-CHAT. On this point, we 
found that several M-CHAT items were relevant to some CBCL-1.5–5 scales. 

 
M-CHAT screening 

Previous studies have mentioned that parents of impaired children are more likely to return for follow-up 
evaluation (4, 16). There is a supposition that parents with responses might be concerned about their children. 

 
 
T- scores 

All scales normal range  
(N = 11) 

Either scale borderline/ clinical range  
(N = 17) 

 
 
 Either scale borderline range (n = 10) 

Either scale clinical range (n = 7) 
Normal range  
 
n  (%) 

Borderline 
clinical range 
n  (%) 

Clinical Range 
 
n  (%) 

Total Problems  9   (53) 3  (18) 5  (29)  
Internalizing problems 10  (58)  3  (18) 4  (24) 

Emotionally Reactive 15  (88) 1  ( 6) 1  ( 6) 
Anxious/Depressed 11  (64) 4  (24) 2  (12) 
Somatic Complaints 14  (82) 2  (12) 1  ( 6) 
Withdrawn 12  (70) 1  ( 6) 4  (24) 

Externalizing Problems 11  (64) 3  (18) 3  (18) 
Attention Problems 6   (35) 9  (53) 2  (12) 
Aggressive Behavior 15  (88) 1  ( 6) 1  ( 6) 

Sleep problems 13  (76) 3  (18) 1  ( 6) 
    
T- scores Median (IQR) Median (IQR) P-value 
Total Problems 46  (42–48) 59  (53–64) 0.283 
Internalizing problems 41  (41–53) 59  (54–64) 0.178 

Emotionally Reactive 50  (50–56) 51  (50–58) 0.705 
Anxious/Depressed 50  (50–54) 58  (51–68) 0.115 
Somatic Complaints 50  (50–52) 53  (51–62) 0.290 
Withdrawn 53  (50–53) 63  (53–68.5) 0.121 

Externalizing Problems 44  (40–48) 56  (51–60.5) 0.375 
Attention Problems 52  (50–57) 65  (61–65) 0.020* 
Aggressive Behavior 50  (50–51) 52  (50–59) 0.507 

Sleep problems 51  (51–51) 53  (51–63) 0.263 
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Focusing on Japanese studies, the positive screening rate at the first stage in Kamio’s study was 17% (14). In 
another Japanese study on VLBW and ELBW infants at 18 months of age, the positive-screen rate was 32.3%, 
compared with 12.9% in normal birth weight infants (17). Guy et al. reported that 14.5% of moderately and/or late 
preterm infants screened positive on M-CHAT, and 2.4% screened true positive (18). You et al. indicated that 
8.8% of late preterm infants screened true positive on M-CHAT at 2 years of age (19). Since our study was targeted 
at VLBW and ELBW infants without major complications and did not report true and false positive rates of the 
M-CHAT screening, a simple comparison is difficult. However, following these studies, our findings suggest that 
moderately and/or late preterm infants and VLBW and ELBW infants without major complications may show 
higher rates of positive M-CHAT screening. Researchers concerned with newborns with extremely low gestational 
age state that children with motor, vision, or hearing impairments are much more likely to screen positive on the 
M-CHAT (20, 21), and even those without such impairments showed nearly three times higher rate (16%) of 
positive screen on M-CHAT than expected in unselected populations (20). Guy et al. indicate that moderately 
and/or late preterm infants, excluding neurosensory impairments, were associated with a 3.7 times increased risk 
for a true positive screen (18). The rate of positive screening of M-CHAT for low-risk VLBW infants remains 
unclear. Still, our findings indicate that the results of the screening need to be carefully interpreted, and other 
clinical information such as medical and perinatal history, developmental history, family and environmental 
factors, and behavioral observations should be referred to when assessing VLBW and ELBW infants without major 
complications (18, 21). 

 
CBCL-1.5–5 evaluation 

This study aimed to determine whether infants without major complications VLBW and ELBW who were 
assessed normally have underlying problems that become apparent in their preschool years. Our second assessment 
demonstrates that M-CHAT positive-screen, VLBW and ELBW infants without major complications are likely to 
continue facing behavioral and emotional problems as preschoolers, and similar difficulties appear in preschool 
ages in almost half of those who were considered negative for M-CHAT. We found that the M-CHAT positive-
screen VLBW and ELBW infants without major complications were at greater risk for borderline/clinical CBCL-
1.5–5 scores on total problems, internalizing problems, and attention problems. Internalizing problems consists of 
four syndrome scales: emotionally reactive, anxious/depressed, somatic complaints, and withdrawn, which 
comprise problems that are mainly within the self (15). They are significantly associated with VLBW and ELBW 
and/or very preterm birth (2). Our results are consistent with two previous studies targeting low-risk, moderately 
preterm, and late preterm children, who reported that they were associated with higher levels of internalizing 
problems (22, 23). Additionally, earlier research on the developmental outcomes of moderate and/or late preterm 
children indicates that more attention problems exist in these populations (7, 8, 22, 23). As for the M-CHAT 
negative-screen VLBW and ELBW infants without major complications, the median CBCL-1.5–5 T-scores were 
within the normal range for all the scales. However, we cannot determine whether negatively screened VLBW and 
ELBW infants without major complications did not have a risk of behavioral or emotional problems for 
preschoolers. Notably, seven children (33%) were within the borderline or clinical range on the attention problems 
scale, three children (14%) were within the clinical range on the withdrawn scale, and three children (14%) were 
within the borderline range on the anxious/depressed scales. Previous studies have investigated the ability of 
CBCL-1.5–5 to detect ASD. These studies reveal that the withdrawn scale showed significantly high predictive 
validity for screening ASD at preschool age (24–26). Preterm infants, as well as infants later diagnosed with ASD, 
show increased attention, anxiety, depression, and withdrawal symptoms (27). Since developmental profiles 
change as these children mature (7), M-CHAT negative-screen, VLBW and ELBW preschoolers without major 
complications within the borderline and/or clinical range on either CBCL-1.5–5 scales would require monitoring 
and appropriate interventional strategies. 

 
Possible infantile predictors of preschoolers’ neurodevelopmental outcomes 

Another aim of this study was to identify the limitations of the predictors to items that can be measured by M-
CHAT. Within the parameters of the M-CHAT items, our findings revealed that seven items showed relevance 
among the six CBCL-1.5–5 scales. Items 12, 15, and 17 were associated with a one-to-one correspondence with 
withdrawal, internalizing, and attention problems. As discussed earlier, VLBW and ELBW children without major 
complications are at a greater risk of experiencing these three problems. Our findings showed the possibility that 
items 12, 15, and 17 of the M-CHAT may predict neurodevelopmental outcomes of VLBW and ELBW 
preschoolers without major complications. First, the participants who responded “usually” or “often” to item 15 
(does not look at the toy when you point to it) had significantly higher T-scores on the internalizing problems scale. 
Item 15 was one of the critical items closely related to joint attention (12), which is the ability to share attention 
with another person regarding an object or event of interest, and its absence is one of the earliest signs of ASD 
(28). One literature review indicates that preterm infants’ joint attention abilities are impaired compared to those 
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of full-term infants (29). Impaired joint attention corresponds to lower social skills, and preterm children 
demonstrate less ability to assign goals and beliefs to themselves and others (3). These are the conceivable factors 
of the association between item 15 and internalizing problems. Second, withdrawal is one of the scales included 
in internalizing problems. Participants who answered “usually” or “often” to item 12 (does not smile in response 
to smile) had significantly higher T-scores. Withdrawal is commonly observed in preterm children (27). Smiling 
is the ordinarily observed social behavior in children, but preterm children often display difficulties in social 
interaction (29). Interaction difficulties with others are critical symptoms of ASD (3, 27). Possible causes of 
difficulties in VLBW and/or very preterm infants have been studied across various research fields, and their results 
are still inconsistent. Nevertheless, withdrawal is common in both the preterm and ASD populations (3, 27). Third, 
participants who responded “usually” or “often” to item 17 (does not look at things you look at) had significantly 
higher T-scores on the attention problems scale. Item 17 requires intact vision (20); however, preterm infants 
demonstrate less visual fixation on social images than term infants and sometimes avoid social gaze, which may 
be a function of impaired attention (3). Previous research reports that children born 30–34 weeks ranked below 
term children at 3 years of age on a test of sustained attention (7). The risk of attention deficit hyperactivity disorder 
(ADHD) increases in both preterm infants and infants later diagnosed with ASD (27). Problems with sustained 
attention become more common in preterm children with age, even in infants without major complications (30). 
These findings are supported by Robinson et al., who found that individuals born preterm are at an increased risk 
of ADHD diagnosis in adulthood (31). The association among the remaining four M-CHAT items and three CBCL-
1.5–5 scales were not clarified in this study. However, we can say for now that the four items (10: does not look 
at you in the eye, 14: does not respond to your name, 20: have you wondered if the child is deaf, and 21: does not 
understand what people say) require intact vision or hearing (20). The importance of vision was mentioned earlier. 
Auditory development is closely linked to later language skills, focusing on listening and speaking, making it a 
basic cognitive development (3). Although there are controversial points in previous studies, the noisy environment 
of the NICU may affect later neurodevelopmental performance (3). 

 
Suggestions for early intervention 

Our findings indicate the necessity of follow-up assessments from the perspective of early intervention. As 
previously mentioned in the introduction, 18-month and 3-year health checkups are mandated in Japan. However, 
even if children are assessed as having no apparent concerns at these checkups, VLBW and ELBW children, with 
or without major complications, should continue to be monitored at least until the beginning of elementary school. 
We propose the promotion of health checkups during the later stage of early childhood. Fortunately, the Children 
and Families Agency has launched a policy promoting the implementation of health checkups at age five, 
accompanied by increased financial support for local governments (32). This initiative aims to identify and address 
developmental difficulties at an early stage (32). Pediatricians, public health nurses, and other professionals 
provide support through consultations with parents and by sharing information with nursery schools, kindergartens, 
and elementary schools. 

 
Limitations 

The present study has several limitations. First, a critical limitation of our study is that the CBCL-1.5–5 
questionnaire was not collected from 44% of the participants in the M-CHAT screening despite thorough action 
to maximize the response rate. The sample size was too small to conduct regression analysis to clarify the M-
CHAT items associated with the CBCL-1.5–5 scales. Second, with the small sample size, the generalizability of 
our study is limited by the restricted data collection facilities. Third, we did not collect the data on participants’ 
socioeconomic status. Information such as the level of parental education, annual income, and marital status is 
essential for the study of VLBW children, especially for the low-risk population. Fourth, our study lacked controls 
of children with a normal weight. Further research is required to clarify the factors associated with the development 
of VLBW and ELBW children without major complications. 

 
CONCLUSION 

Our study adds to the limited longitudinal research evaluating the developmental outcomes of VLBW and 
ELBW children without major complications at ages 3–5 assessed at 18–24 months using M-CHAT. We found 
that VLBW and ELBW infants without major complications had higher rates of positive M-CHAT screening, as 
with moderate and/or late preterm infants. We showed that nearly half of the M-CHAT negative-screen, VLBW 
and ELBW infants without major complications may face behavioral and emotional problems such as withdrawal, 
anxiety/depression, and attention problems in their preschool years. Our findings have some implications for the 
possibility that items 12, 15, and 17 of the M-CHAT may be the infantile predictors of low-risk VLBW and ELBW 
preschoolers’ neurodevelopmental outcomes such as internalizing problems, withdrawal, and attention problems. 
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This study highlights the importance of continuous evaluation for VLBW and ELBW infants with and without 
major complications, as they may have underlying problems that become apparent in their preschool years. 
 

ACKNOWLEDGEMENTS 
The authors declare no financial or personal relationships that pose conflicts of interest regarding this article’s 

research, authorship, and/or publication. We sincerely thank the parents of the children who participated in this 
study. We are grateful to the support program staff for VLBW infants and their parents. This work was supported 
by the Grants-in-Aid for Scientific Research (grant numbers: 15K11876 and 18K10633) from the Japan Society 
for the Promotion of Science. 

 
REFERENCES 

1. Portal Site of Official Statistics of Japan. E-stat [Internet]. Live births, percent distribution and mean birth 
weight by sex, plurality of birth and birth weight (500 g groups): Japan, 2022. [Cited 2024 Jan 30]. Available 
from: https://www.e-stat.go.jp/stat-search/files?stat_infid=000040101548. 

2. Aarnoudse-Moens CSH, Weisglas-Kuperus N, van Goudoever JB, Oosterlaan J. Meta-analysis of 
neurobehavioral outcomes in very preterm and/or very low birth weight children. Pediatrics. 
2009;124(2):717–28. 

3. Ream MA, Lehwald L. Neurologic consequences of preterm birth. Curr Neurol Neurosci Rep. 2018;18(8):48.  
4. Kono Y, Mishina J, Yonemoto N, Kusuda S, Fujimura M. Outcomes of very-low-birthweight infants at 3 

years of age born in 2003-2004 in Japan. Pediatr Int. 2011;53(6):1051–8.  
5. Kono Y. Outcomes of very-low-birthweight infants at 3 years of age born in Neonatal Research Network of 

Japan (NRNJ). J Japan Soc Perinat Neonatal Med. 2020;56(2):203–12. Japanese. 
6. Gargus RA, Vohr BR, Tyson JE, High P, Higgins RD, Wrage LA, et al. Unimpaired outcomes for extremely 

low birth weight infants at 18 to 22 months. Pediatrics. 2009;124(1):112–21. 
7. Baron IS, Litman FR, Ahronovich MD, Baker R. Late preterm birth: a review of medical and 

neuropsychological childhood outcomes. Neuropsychol Rev. 2012;22(4):438–50.  
8. Bogičević L, Verhoeven M, van Baar AL. Toddler skills predict moderate-to-late preterm born children’s 

cognition and behaviour at 6 years of age. PLoS One. 2019;14(11):e0223690.  
9. Brown L, Burns YR, Watter P, Gray PH, Gibbons KS. Behaviour of 4- to 5-year-old nondisabled ELBW 

children: Outcomes following group-based physiotherapy intervention. Child Care Health Dev. 
2018;44(2):227–33.  

10. Yamaoka N, Takada S. Joint Attention Development in Low-risk Very Low Birth Weight Infants at Around 
18 Months of Age. Kobe J Med Sci. 2016;62(4):E89–E98. 

11. Takada S. Behavior observation manual for early detection of children with developmental difficulties 
(Revised Edition) [DVD]. Kobe: Kobe University; 2007. Japanese. 

12. Wong V, Hui LH, Lee WC, Leung L-SJ, Ho P-KP, Lau W-LC, et al. A modified screening tool for autism 
(Checklist for Autism in Toddlers [CHAT-23]) for Chinese children. Pediatrics. 2004;114(2):e166-76.  

13. Robins DL, Fein D, Barton ML, Green JA. The Modified Checklist for Autism in Toddlers: An initial study 
investigating the early detection of autism and pervasive developmental disorders. J Autism Dev Disord. 
2001;31(2):131–44. 

14. Kamio Y, Inada N, Koyama T, Inokuchi E, Tsuchiya K, Kuroda M. Effectiveness of using the Modified 
Checklist for Autism in Toddlers in two-stage screening of autism spectrum disorder at the 18-month health 
check-up in Japan. J Autism Dev Disord. 2014;44(1):194–203.  

15. Achenbach TM, Rescorla LA. Manual for the ASEBA School-Age Forms & Profiles. VT: University of 
Vermont, Research Center for Children, Youth, and Families, Burlington; 2001. 

16. Castro L, Yolton K, Haberman B, Roberto N, Hansen NI, Ambalavanan N, et al. Bias in reported 
neurodevelopmental outcomes among extremely low birth weight survivors. Pediatrics. 2004;114(2):404–10.  

17. Nakajima S, Ito H, Noda M, Koike T, Kamiya A, Koyama S, et al. The characteristics of ASD in 
ELBW and VLBW infants compared with NBW infants: Using M-CHAT for 18-month-old children 
on the public health checkup. Seishin Igaku. 2018;60(10):1161–69. Japanese 

18. Guy A, Seaton SE, Boyle EM, Draper ES, Field DJ, Manktelow BN, et al. Infants born late/moderately 
preterm are at increased risk for a positive autism screen at 2 years of age. J Pediatr. 2015;166(2):269–75.e3. 

19. You J, Shamsi BH, Hao MC, Cao CH, Yang WY. A study on the neurodevelopment outcomes of late preterm 
infants. BMC Neurology. 2019; 9(1):108.  

20. Kuban KC, O’Shea TM, Allred EN, Tager-Flusberg H, Goldstein DJ, Leviton A. Positive screening on the 
Modified Checklist for Autism in Toddlers (M-CHAT) in extremely low gestational age newborns. J Pediatr. 
2009;154(4):535–40.e1. 



 DEVELOPMENTAL OUTCOMES IN VLBW INFANTS  

E109 

21. Luyster RJ, Kuban KC, O’Shea TM, Paneth N, Allred EN, Leviton A, et al. The Modified Checklist for 
Autism in Toddlers in extremely low gestational age newborns: Individual items associated with motor, 
cognitive, vision and hearing limitations. Paediatr Perinat Epidemiol. 2011;25(4):366–76. 

22. van Baar AL, Vermaas J, Knots E, de Kleine MJ, Soons P. Functioning at school age of moderately preterm 
children born at 32 to 36 weeks’ gestational age. Pediatrics. 2009;124(1):251–7.  

23. Talge NM, Holzman C, Wang J, Lucia V, Gardiner J, Breslau N. Late-preterm birth and its association with 
cognitive and socioemotional outcomes at 6 years of age. Pediatrics. 2010;126(6):1124–31.  

24. Muratori F, Narzisi A, Tancredi R, Cosenza A, Calugi S, Saviozzi I, et al. The CBCL 1.5-5 and the 
identification of preschoolers with autism in Italy. Epidemiol Psychiatr Sci. 2011;20(4):329–38.  

25. Narzisi A, Calderoni S, Maestro S, Calugi S, Mottes E, Muratori F. Child Behavior Check List 1½-5 as a tool 
to identify toddlers with autism spectrum disorders: A case-control study. Res Dev Disabil. 2013;34(4):1179–
89. 

26. Rescorla L, Kim YA, Oh KJ. Screening for ASD with the Korean CBCL/1½-5. J Autism Dev Disord. 
2015;45(12):4039–50.  

27. Mendez AI, Tokish H, McQueen E, Chawla S, Klin A, Maitre NL, et al. A comparison of the clinical 
presentation of preterm birth and autism spectrum disorder: Commonalities and distinctions in children under 
3. Clin Perinatol. 2023;50(1):81–101. 

28. Baron-Cohen S, Wheelwright S, Cox A, Baird G, Charman T, Swettenham J, et al. Early identification of 
autism by the Checklist for Autism in Toddlers (CHAT). J R Soc Med. 2000;93(10):521–5. 

29. Zmyj N, Witt S, Weitkämper A, Neumann H, Lücke T. Social cognition in children born preterm: A 
perspective on future research directions. Front Psychol. 2017;29(8):455.  

30. van de Weijer-Bergsma E, Wijnroks L, Jongmans MJ. Attention development in infants and preschool 
children born preterm: A review. Infant Behav Dev. 2008;31(3):333–51. 

31. Robinson R, Girchenko P, Pulakka A, Heinonen K, Lähdepuro A, Lahti-Pulkkinen M, et al. ADHD symptoms 
and diagnosis in adult preterms: Systematic review, IPD meta-analysis, and register-linkage study. Pediatr 
Res. 2023;93(5):1399–409. 

32. Portal Site of Children and Families Agency [Internet]. Implementation of comprehensive support program 
for maternal and child health care services (Reiwa 5 fiscal year supplementary budget): Japan, 2024. [Cited 
2025 May 4]. Japanese. 
Available from: https://www.cfa.go.jp/assets/contents/node/basic_page/field_ref_resources/d4a9b67b-acbd-
4e2a-a27a-7e8f2d6106dd/670d181c/20250114_policies_boshihoken_tsuuchi_2024_122.pdf 


	INTRODUCTION
	Materials and Methods
	Results
	discussion
	Conclusion
	Acknowledgements
	REFERENCES

