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Injury recurrence in young children is a significant public health concern, as it may indicate an 
unfavorable home environment. This study evaluates whether infantile injuries increase recurrence 
during preschool years, contributing to more effective prevention strategies for vulnerable families. 
The study included 20,191 children from “The Longitudinal Survey of Babies in the 21st Century,” a 
representative sample of infants born in Japan between May 10 and 24, 2010. We conducted a logistic 
regression analysis to compare injury recurrence risk between children aged 18 months to seven years 
with and without infantile injury histories. The study revealed that infants with a history of injuries had 
a higher risk of subsequent hospital visits for injuries during preschool years (crude Odds Ratio (cOR) 
1.52, 95% CI, 1.41–1.64, adjusted OR (aOR) 1.48, 95% CI 1.37–1.60). Specific injuries, such as falls (aOR 
1.34, 95% CI, 1.26–1.43), pinches (aOR 1.22, 95% CI, 1.15–1.29), drowning (aOR 1.29, 95% CI, 1.19–
1.40), ingestion (aOR 1.35, 95% CI, 1.17–1.55), and burns (aOR 1.47, 95% CI, 1.31–1.65), independently 
increased the risk of future injuries. Our findings highlight the necessity of universal safety measures in 
the home environment and targeted interventions for families with a history of high-risk injuries.
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Pediatric injuries have always been a worldwide public health concern. The World Health Organization reported 
18,000 injury-related deaths in children under 15 years old1. Although the burden of pediatric injuries in 
disability-adjusted life years dropped from 1990 to 20152, approximately 10% of preschool-aged children still 
require emergency room treatment each year3.

Infants, toddlers, and preschool-aged children are often injured at home4,5. Burns, choking, and drowning 
are the leading causes of fatal home injuries, whereas falls and cuts are nonfatal, but very common6–8. Injury 
recurrence is a significant issue that needs to be addressed because potential hazards in the living environment 
can persist. For example, children less than three years old with burns were more likely to be hospitalized by 
the age of six9. Forensic evidence revealed that 15.6% of autopsied infants had one or more bruises10 and the 
rate of recurrent head trauma rose to 55%, with previous episodes of ecchymoses and bone fractures in abusive 
head trauma cases11. However, previous studies have some limitations. Many reports focused on a single type 
of injury, and the effects brought by multiple injuries are not well-described. Additionally, surveys used in most 
of the literature started retrospectively from the onset of the injury, which varied from case to case, making the 
optimal intervention time unclear. Extracted data from hospitals or child welfare services may only capture 
occurrences of injuries in charts or documents. Therefore, a comprehensive study on injury recurrence in this 
age group is warranted.

The objectives of this study are to confirm whether experiences of injuries at 18 months of age can predict 
subsequent serious events, and to elucidate the impact of injury types and developmental characteristics on 
recurrent injuries. To achieve these objectives, we conducted a survey as part of a large cohort study, “The 
Longitudinal Survey of Babies in the 21st Century,” and analyzed the resulting dataset.
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Methods
Study participants
The Japanese Ministry of Health, Labor, and Welfare (MHLW) implemented a large cohort study, “The 
Longitudinal Survey of Babies in the 21st Century,” which focuses on family circumstances, child-rearing, and 
children’s health and developmental status. A description of the study methods has been previously published12–14. 
The MHLW possesses two data sets on children born in 2001 and 2010. For this study, we utilized the latter, an 
ongoing survey that targeted 43,767 families with infants born between May 10 and 24 in 2010. After the first 
questionnaires were mailed when the infants were six months old, 38,554 answers were received, resulting in 
an 88.1% response rate. Follow-up questionnaires were sent annually when children reached 18, 30, 42, and 54 
months old and at 1.5-year intervals between 66 months and seven years old.

This study was approved by the Okayama University Graduate School of Medicine, Dentistry and 
Pharmaceutical Science Institutional Review Board (K1506-073). The study results adhere to the principles 
outlined in the Declaration of Helsinki and the STROBE guidelines15. Since this research is a retrospective study 
and the records do not contain personally identifiable information, the Okayama University Graduate School 
of Medicine, Dentistry and Pharmaceutical Science Institutional Review Board waived the need for informed 
consent.

Injuries in infants and preschool-aged children
We defined “injuries in infants” as injuries experienced by children between six to 18 months of age (one year 
prior to the second survey at 18 months). These injuries included falls, pinches, cuts, bites, drowning, ingestion, 
choking, burns, traumatic accidents, and other conditions (as indicated in Supplement Fig. 1). Children aged 18 
months to seven years old who visited a doctor due to bone fracture, burn, or other injury within each year from 
the third to the seventh survey were categorized as “injuries in preschool-aged children” in this study (as shown 
in Supplemental Fig. 2 to 6).

Inclusion
A total of 32,407 children responded to the question regarding their experience of injuries in the second survey. 
From this group of eligible children, 20,191 were included based on their responses: they either answered “no” to 
injuries in all the required questionnaires or “yes” to at least one of them between the third and seventh surveys. 
Meanwhile, 12,216 children were categorized as “lost to follow-up” due to missing responses.

The “injury” and “no injury” groups comprised children with or without hospital visits from 18 months to 
seven years old, with 7,179 and 13,012 children included in each group, respectively (Fig. 1).

Statistical analysis
The primary outcome was hospital visits for injuries occurring between 18 months and seven years old. In the 
logistic regression analysis, we examined the association between injury types in the second survey and the 
outcome, using both the crude and adjusted odds ratios (cOR and aOR). We also performed a stratified analysis 
on children according to the presence or absence of problematic behavior at 66 months old. Children were 
categorized as having problematic behavior if families recognized children’s difficulties with any of these actions: 
listening to others, holding attention, patience, expressing feelings, acting in groups, and keeping promises (as 
shown in Supplemental Fig. 7).

To adjust for confounding factors, socioeconomic status and biological characteristics were collected from 
the first or the second survey as well as birth records linked to each child’s survey data. Variables include 
children’s sex (dichotomous), term or preterm birth (dichotomous; <37 weeks of gestation), singleton or not 
(dichotomous), birth order (categorical; one, two, ≥three), daycare attendance at 18 months old (dichotomous), 
maternal age at delivery (categorical; <25, 25–29, 30–34, ≥ 35 years old), maternal educational attainment 
(categorical; ≤high school, junior college, ≥university), parents’ smoking status (dichotomous), and residential 
area (categorical; wards or districts, cities, towns, or villages). We first conducted a comparison between eligible 
children and children lost to follow-up to evaluate the impact of the lost cases. We also compared the baseline 
characteristics of the “injury” and “no injury” groups. All confidence intervals (CI) were calculated at the 95% 
level. All statistical analyses were performed with Stata version 17 statistical software (StataCorp LP, College 
Station, TX, USA).

Results
Table 1 shows the baseline characteristics of the enrolled children and the children lost to follow-up. Children 
in the lost cases were less likely to encounter injuries at the age of 18 months. They also demonstrated a greater 
tendency to be girls, have more than two siblings, have a younger and lower-educated mother, attend a nursery 
facility, be nurtured by parents with smoking habits, and live in more rural areas. The characteristics of the 
“injury” and “no injury” groups are summarized in Table  2, revealing no significant differences except for 
variables of sex, singleton, and daycare attendance. The relationship between the experience of injuries in infants 
and hospital visits due to trauma in preschool-age children is shown in Fig.  2 and the Supplemental Table. 
Overall, 6,067 out of 16,239 (37.4%) infants with a positive history of injuries saw a doctor due to trauma before 
seven years old. Univariable and multivariable logistic regression analysis showed that children with infantile 
injuries have an increased risk of hospital visits for injuries during preschool age (cOR 1.52, 95% CI 1.41–1.64, 
and aOR 1.48, 95% CI 1.37–1.60, respectively). Among all types of injuries, falls, pinches, drowning, ingestion, 
burns, and others were independent risks for later injuries (falls: aOR 1.34, 95% CI 1.26–1.43, pinches: aOR 
1.22, 95% CI 1.15–1.29, drowning: aOR 1.29, 95% CI 1.19–1.40, ingestion: aOR 1.35, 95% CI 1.17–1.55, burns: 
aOR 1.47, 95% CI 1.31–1.65, and others: aOR 1.57, 95% CI 1.35–1.83). The occurrence of injuries was similar 
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in preschool-aged children with or without problematic behaviors at the age of 66 months (aOR 1.72, 95% CI 
1.42–2.08, and aOR 1.44, 95% CI 1.32–1.57), as shown in Table 3.

Discussion
This study examined the association between infantile injuries and preschool-aged trauma in a nationwide 
cohort study. Our results suggest that there should be required interventions for potential persistent harm in 
children’s living environments. This conclusion is supported by the large amount of data collected through a 

Fig. 1.  Patient flow diagram with numbers of eligible children.
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long-term follow-up of the same population group, which is a unique and advantageous aspect of this study. 
Additionally, our study’s high response rate to questionnaires increases the reliability of our results.

The cause of pediatric injury is multifactorial, including familial societal status, a lack of safety conditions, 
and children’s developmental characteristics1,16. The comparison of our “injury” and “no injury” groups 
showed that only the sex of boys was a significant risk factor, as shown in previous studies17, indicating that 
these two groups have similar familial backgrounds. The first point to note is that 80.4% of eligible children 
had encountered some kind of injuries before 18 months of age in Japan. Moreover, this study suggests that 
children who experienced injuries during infancy were at a higher risk of recurrent injuries during preschool 
years due to potentially continued or frequent exposure to unsafe environments or situations, where even less 

Included
Lost to 
follow-up

(n = 20,191) (n = 12,216)

Injuries at 18 months, n (%)

None 3,952 (19.6) 3,264 (26.7)

Yes 16,239 (80.4) 8,952 (73.3)

Sex, n (%)

Male 10,626 (52.6) 6,097 (49.9)

Female 9,565 (47.4) 6,119 (50.1)

Term or Preterm Birth, n (%)

Term 19,133 (94.8) 11,560 (94.6)

Preterm 1,058 (5.2) 656 (5.4)

Singleton or Multiple Birth, n (%)

Singleton 19,829 (98.2) 11,993 (98.2)

Multiple 362 (1.8) 223 (1.8)

Birth Order, n (%)

1 9,637 (47.7) 5,622 (46.0)

2 7,765 (38.5) 4,442 (36.4)

3 or more 2,789 (13.8) 2,152 (17.6)

Daycare Attendance, n (%)b

Home 14,708 (72.8) 8,724 (71.4)

Nursery 5,480 (27.1) 3,487 (28.5)

Missing 3 (0.0) 5 (0.0)

Maternal Age at Delivery, n (%)

< 25 years old 1,202 (6.0) 1,452 (11.9)

25–30 5,393 (26.7) 3,600 (29.5)

30–35 7,954 (39.4) 4,361 (35.7)

> 35 5,642 (27.9) 2,803 (23.0)

Maternal Smoking, n (%)a

None 19,361 (95.9) 11,091 (90.8)

Yes 786 (3.9) 1,092 (8.9)

Missing 44 (0.2) 33 (0.3)

Paternal Smoking, n (%)a

None 12,623 (62.5) 6,468 (52.9)

Yes 7,268 (36.0) 5,414 (44.3)

Missing 300 (1.5) 334 (2.7)

Maternal Education, n (%)b

University or Higher 6,061 (30.0) 2,535 (20.8)

Junior College 8,503 (42.1) 4,814 (39.4)

High School or Other 5,604 (27.8) 4,838 (39.6)

Missing 23 (0.1) 29 (0.2)

Residential Area, n (%)

Wards (Districts) 5,964 (29.5) 3,409 (27.9)

Cities 12,683 (62.8) 7,776 (63.7)

Towns or Villages 1,544 (7.7) 1,031 (8.4)

Table 1.  Characteristics of children included in the study and children lost to follow-up between 18 
monthsand seven years old (n = 32,407). aObtained from the first survey (at six months of age). bObtained 
from the second survey (at 18 months of age).
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mobile infants were prone to injury. Injury prevention is facilitated by a combination of environmental and 
behavioral modification18. Patient education, for example, plays an essential role in reducing the incidence of 
home accidents7,19. The perception of household risks for injuries helps caregivers enforce guidance to avoid 
exposing children to danger20. Counseling has brought positive changes in knowledge or behaviors related to 
the injuries of falls, poisoning, burns, traumatic accidents, and drowning21–23. These universal efforts for injury 
prevention must be reinforced to reduce tragedies at home.

Logistic regression analysis revealed that falls, pinches, drowning, ingestion, and burns were independently 
related to injury recurrence. Although “others” was also related to later injuries, injury types were miscellaneous 
and not standardized due to free description. Considering the typical developmental course, some of these 
hazardous situations can be related to not only equipment safety matters but also improper parenting, such as 

Injury No-injury

(n = 7,179) (n = 13,012)

Sex, n (%)

Male 4,155 (57.9) 6,471 (49.7)

Female 3,024 (42.1) 6,541 (50.3)

Term or Preterm Birth, n (%)

Term 6,825 (95.1) 12,308 (94.6)

Preterm 354 (4.9) 704 (5.4)

Singleton or Multiple Birth, n (%)

Singleton 7,071 (98.5) 12,758 (98.1)

Multiple 108 (1.5) 254 (2.0)

Birth Order, n (%)

1 3,375 (47.0) 6,262 (48.1)

2 2,761 (38.5) 5,004 (38.5)

3 or more 1,043 (14.5) 1,746 (13.4)

Daycare Attendance, n (%)b

Home 5,297 (73.8) 9,411 (72.3)

Nursery 1,880 (26.2) 3,600 (27.7)

Missing 2 (0.0) 1 (0.0)

Maternal Age at Delivery, n (%)

< 25 years old 418 (5.8) 784 (6.0)

25–30 1,940 (27.0) 3,453 (26.5)

30–35 2,840 (39.6) 5,114 (39.3)

> 35 1,981 (27.6) 3,661 (28.1)

Maternal Smoking, n (%)a

None 6,865 (95.6) 12,496 (96.0)

Yes 296 (4.1) 490 (3.8)

Missing 18 (0.3) 26 (0.2)

Paternal Smoking, n (%)a

None 4,427 (61.7) 8,196 (63.0)

Yes 2,645 (36.8) 4,623 (35.5)

Missing 107 (1.5) 183 (1.4)

Maternal Education, n (%)b

University or Higher 2,140 (29.8) 3,921 (30.1)

Junior College 3,025 (42.1) 5,478 (42.1)

High School or Other 2,006 (27.9) 3,598 (27.7)

Missing 8 (0.1) 15 (0.1)

Residential Area, n (%)

Wards (Districts) 2,139 (29.8) 3,825 (29.4)

Cities 4,534 (63.2) 8,149 (62.6)

Towns or Villages 506 (7.1) 1,038 (8.0)

Injuries at 18 months, n (%)

None 1,112 (15.5) 2,840 (21.8)

Yes 6,067 (84.5) 10,172 (78.2)

Table 2.  Characteristics of eligible children with and without injuries requiring hospital visits between 18 
months and seven years old (n = 20,191). aObtained from the first survey (at six months of age). bObtained 
from the second survey (at 18 months of age).
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inadequate adult supervision or inappropriate baby handling, potentially associated with child maltreatment 
(CM). This finding is basically consistent with findings from previous literature24,25. Burns and drowning are 
known to be associated with CM, especially neglect, with a high fatality rate26–29. As for injury persistence, 
increased later hospitalization in burn cases and repetition of head trauma were reported9,30. However, our 
finding is notable in that the recurrence was not limited to the original injury type but generalized to various 
injuries, such as burns and bone fractures, which required hospital visits. Namely, infants who suffer from 
certain injury types may be at risk of experiencing subsequent severe traumas caused by unfavorable nurturing 
environments during preschool age. This chronicity can lead to future negative outcomes, including deficit 
in educational achievement, mental health problems, and substance use24,31–33. Children with behavioral or 
attention problems are vulnerable to accidental injuries34,35, and our data showed a similar trend in children with 
problematic behaviors at 66 months. However, the recurrence risk was comparable to children with or without 
personality issues, possibly meaning that factors other than children’s developmental characteristics might play 
a significant role in injury recurrence during preschool age.

Eighteen months old is the time when key developmental milestones occur36. In Japan, a well-child care 
visit at this age is one of the mandatory health examinations as defined by the Japanese Maternal and Child 
Health Act, with over 95% of children undergoing this checkup annually37. Regular checkups provide excellent 
opportunities for identifying and intervening in various problems through health and developmental screenings. 
However, Hammig et al. reported that only 15% of pediatric injury cases received counseling about prevention 
before their occurrence38. Given this situation, a thorough introduction of general education for household 
injury is prioritized as we mentioned above. Furthermore, if children have experienced high-risk types of 
injuries at 18 months of age, intensive observation should be considered. Globally, programs like the Injury 
Prevention Program (TIPP) in the U.S., which integrates tailored safety advice into pediatric well-child visits, 
have significantly decreased injury rates among young children by improving parental awareness and preventive 
action39. Similarly, Sweden’s Safe Communities Model and Australia’s Kidsafe Program have demonstrated 
substantial reductions in child injuries through community-based approaches focusing on safer home, school, 
and public environments40. These examples underscore the importance of integrating data-driven, multi-faceted 
prevention strategies into public health policies to mitigate the recurrence of childhood injuries, especially in 
high-risk families.

Hospital visits due to injuries at 18 months to 7 years old

Case/n (%) cOR (95% CI) aORa (95% CI)

No Problematic Behavior (n = 15,662)

No injuries at 18 months old 841/3,168 (26.6) 1 (Ref) 1 (Ref)

Any injuries at 18 months 
old 4,343/12,494 (34.8) 1.47 (1.35–1.61) 1.44 (1.31–1.57)

Problematic Behavior (n = 3,890)

No injuries at 18 months old 175/678 (26.0) 1 (Ref) 1 (Ref)

Any injuries at 18 months 
old 1,226/3,212 (38.2) 1.76 (1.46–2.12) 1.72 (1.42–2.08)

Table 3.  Logistic regression analysis to investigate the relationship between accidental injuries at 18 months 
old and hospital visits from 18 months to seven years old stratified by presence or absence of problematic 
behavior at 66 months old. n, number of children; aOR, adjusted odds ratio; CI, confidence interval. aAdjusted 
for gender, term or preterm birth, singleton or multiple birth, parity, daycare attendance, maternal age at 
delivery, maternal smoking, maternal education, income, and residential area.

 

Fig. 2.  The association between infantile injuries and preschool-aged trauma.
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Our study has several limitations. Injury severity is not addressed in this study, as only “yes” or “no” answers 
regarding injuries were obtained. However, a minor injury is sometimes recognized as a herald of escalating 
abuse41. The intervention should be initiated regardless of severity if a family answers “yes” to an injury 
experience at 18 months old. While approximately 10% of families with children born during the study period 
declined to participate, the response rate was high enough to ensure the generalizability of the results. Another 
important point about the sampling is that the children included were all born within a specific period of the 
year, which may underrepresent certain types of injury, such as those related to seasonal activity. The group 
lost to follow-up might be more likely to be victimized by an unfavorable nurturing environment because it 
demonstrated some common societal contributors to injuries, such as young maternal age, limited education 
level, or rural residential area3,42, which leads to underestimation of the results. There are various biases inherent 
in self-reporting studies. Recall bias can occur to some extent, although the duration of recall was not so long. 
Social desirability bias may lead to underreporting of injury. Additionally, the way parents understand the 
questions and recognize the onset of injuries may vary based on their subjective perspectives, which could also 
affect the results. Lastly, although the data is somewhat dated, the study is ongoing, and combining this dataset 
with more recent data in future analyses will provide further insights.

Conclusion
Our findings indicated that the experience of injury at the age of 18 months presented an increased risk for 
recurrent injury before seven years old, even if they don’t have problematic behaviors. To reduce the likelihood 
of recurring injuries, it’s essential to implement safety measures in the home environment for children under 18 
months old who have a history of injuries, especially injuries related to falls, pinches, drownings, ingestions, and 
burns, as they showed independent relations to recurrence.

Data availability
Data derived from a source in the public domain, but the access to the data analyzed in this study is restricted 
under the license for the current study from MHLW. To obtain data from this study, you must apply directly to 
the MHLW. For further details, please contact the corresponding author.
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