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Abstract

Aim—~Preterm birth is associated with a number of physical and mental health issues. The aim of
this study was to find out if there was also any association between individuals born preterm in
Sweden between 1984 and 2006 and the risk of unintentional injuries during childhood,
adolescence and young adulthood.

Methods—The study followed 2,297,134 individuals, including 5.9% born preterm, from 1985
to 2007 for unintentional injuries leading to hospitalisation or death (n=244,021). The males and
females were divided into four age groups: 1-5 years, 6-12 years, 13—-18 years and 19-23 years.
Hazard ratios were calculated for falls, transport injuries and other injuries.

Results—After adjusting for a comprehensive set of covariates, some of the preterm subgroups
demonstrated slightly increased risks of unintentional injuries, while others showed slightly
decreased risks. However, most of the estimates were borderline or non-significant in both males
and females. In addition, the absolute risk differences between individuals born preterm and full
term were small.

Conclusion—Despite the association between preterm birth and a variety of physical and mental
health consequences, this study shows that there is no consistent risk pattern between preterm birth
and unintentional injuries in childhood, adolescence and young adulthood.
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The rate of preterm birth, defined as <37 weeks of gestation, is increasing worldwide and so
is the long-term survival of preterm born infants, due to significant advances in perinatal
medicine (1, 2). Concerns have been raised about the long-term health issues faced by the
constantly increasing number of preterm infants, as well as the economic burden on society
(1,3, 4).

Preterm birth is associated with a variety of physical and mental health consequences in
childhood, adolescence and young adulthood (1, 3-5). These include specific
neurobehavioural disorders, such as attention-deficit/hyperactivity disorder (ADHD), and
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impaired cognitive function (5), which may lead to unintentional injuries. Children with
intellectual disabilities and ADHD may face a greater risk of unintentional injuries, due to
difficulties with inhibitions, attention and planning ability. For example, previous studies
have shown that ADHD is associated with an increased risk of unintentional injuries (6, 7).
A study of US children with burn injuries found that children with ADHD also had a
significantly greater history of other high risk behaviours than children without ADHD (8).
It could therefore be hypothesised that some preterm born individuals may have a higher
risk of unintentional injuries.

Unintentional injuries are particularly important to child and adolescent health, given their
high incidence. However, current knowledge of the potential association between preterm
birth and unintentional injuries is limited, despite the fact that such injuries are a leading
cause of death and disabilities in children and adolescents worldwide. Studies have shown
that unintentional injury is the leading cause of death for children and adolescents aged 10—
19 years worldwide (9, 10), that injuries account for 40% of all childhood fatalities and that
tens of millions of children require hospital care each year for non-fatal injuries that can lead
to lifelong disabilities (9).

While earlier studies of preterm birth and unintentional injuries have suggested possible
relationships, they have been compromised by limited sample sizes (11) or short follow-up
periods (12), as well as a lack of data on different types of injuries. To date, no study has
investigated whether individuals who are born with shorter gestational ages are more
vulnerable to unintentional injury throughout childhood, adolescence and young adulthood.

The aim of the present large-scale study was to analyse the association between individuals
born preterm between 1984 and 2006 in Sweden and the risk of several major types of
unintentional injuries during childhood, adolescence and young adulthood. Possible
confounders, such as maternal socio-demographic factors, were accounted for during the
analysis.

PATIENTS AND METHODS

Data sources and study population

The dataset we used included information from 1973 onwards on 97.0% — 99.5% of all
pregnancies, births and prenatal care in Sweden. Data were collected for individuals who
were born between January 1, 1984 and December 31, 2006, and who survived their first
year of life. The dataset also contained data from Statistics Sweden (population census
registry) and the National Board of Health and Welfare (Swedish Hospital Discharge
Register and Swedish Cause of Death Register). The Hospital Discharge Register was
established in 1964, but not all hospitals in all county councils were included until 1987. By
1984, however, 24 of the 26 county councils were included, covering approximately 95% of
the Swedish population at that time (13). We have, therefore, used 1984 as our starting
point.

Out of 2,327,943 individuals born between 1 January 1984 and 31 December 2006, 1.3%
were excluded because they died or emigrated before their first birthday, had no
identification number or had missing values on gestational age or sex. This resulted in a
study population of 2,297,134.

Exposure variable

All pregnant women in Sweden are offered free antenatal care and the majority undergo an
ultrasound examination between gestational weeks 16-18 (14). In our data, gestational age
was based on ultrasound in 68% of all pregnancies. If the ultrasound was missing, the last
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menstrual period was used. Preterm birth was defined as birth before 37 completed weeks of
gestation and full-term birth as 37 completed weeks or more. We also carried out an
additional subsample analysis of the 1% of the cohort individuals who were born very
preterm (<32 completed weeks) to see if there was any association with unintentional
injuries.

Since neurological impairment might affect the risk of unintentional injuries, we also
analysed a further subsample, of the preterm born individuals with neurological impairment
(2.3% of the preterm individuals). This was defined using the following diagnostic codes
from the International Classification of Diseases, tenth version (ICD-10): FO7, F70-79, F80-
F89, F90-F99, G40, G41, G80-G83, G91. These diagnostic codes were translated to the
corresponding codes from ICD-9 and ICD-8.

Strata examined

* Age. Studies have shown that incidence rates and types of injuries change by age (9, 15).
Therefore the study population was stratified into four age groups, aligned with the Swedish
school system: ages 1-5 (early childhood, preschool), 6-12 (preteen, elementary school),
13-18 (adolescence, middle and high school), 19-23 (young adulthood). In order to align
the strata more closely with the school system, which changes the child’s environment, the
strata changed on 1 July of the year the child turned 6, 13 or 19. The only exception was for
the first age group (1-5), which started when the child reached the age of one.

* Sex. The study population was also stratified by male (1) and female (2) because boys are
injured more often than girls.

Outcome variable

All individuals were followed from the age of one year (at the earliest 1985) until they had
an unintentional injury, died or emigrated, or the study ended. The individuals were
followed separately for each cause of injury (fall, transport and other) and in each age group.
Only unintentional injuries that resulted in hospitalisation or death were included in the
analysis. To avoid repeated registrations caused by the same unintentional injury, only the
first hospitalisation in each category was counted.

Unintentional injuries were determined in accordance with earlier studies (16). Intentional
injuries and self-injuries were not included. The cause of injury was defined as a case
recorded in the Hospital Discharge Register and Causes of Death Register according to the
World Health Organization International Classifications of Diseases (ICD) version 8, 9 or 10
as:

* Transport injuries. For example, the patient was involved in an accident as a pedestrian,
pedal cyclist, horserider, car driver or motorcyclist or as a passenger in a car, bus, lorry, train
or airplane. (E800-E807, E810-E823, E825-E827, E830-E838, E840-E845 [ICD-8], E800-
E807, E810-E838, E840-E848 [ICD-9], V01-V99 [ICD-10]).

* Falls. The patient fell at the same level (for example due to ice/snow or pushing) or from a
different level (for example from furniture, a tree, stairs or ladder). (E880-E887 [ICD-8],
EB880-E886, E888 [ICD-9], W00-W19 [ICD-10]).

* Other unintentional injuries. These injuries include, for example, exposure to living or
non-living forces, drowning, suffocation, burn, unintentional poisoning or events of an
undetermined intent. (E850-E877, E890-E899, E900-E929 E980-E988 [ICD-8], E850-E858,
E860-E869, E890-E899, E900-E928 E980-E988 [ICD-9], W20-X59 Y10-Y34 [ICD-10]).
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Explanatory variables

Statistics

A range of possible explanatory variables was defined according to previous studies (16,
17). When these variables were examined, they showed an association to unintentional
injuries (data not shown). The variables were used as covariates and were determined in the
year that the child entered each age group. One exception to this was maternal
hospitalisation due to alcohol or drug abuse or psychiatric disease — this was estimated for
the three years before entry into each age group. For categorised variables, zero (0) was used
as the reference group for the following:

* Calendar year. Divided into five-year groups as follows: (0) 1985-1989, (1) 1990-1995,
(2) 1996-2001 or (3) 2002-2007.

* Maternal age. continuous variable, centred at its mean.
* Maternal marital status. (0) married, (1) never married, widowed or divorced.

* Maternal education: (0) college or university (> 12 years), (1) practical or theoretical high
school (10-12 years) or (2) completion of compulsory school or less (< 9 years).

* Maternal immigration. (0) Mother born in Sweden, (1) mother immigrated from another
country.

* Maternal social allowance: (0) no, (1) yes.

* Maternal hospitalisation due to alcohol or drug abuse or psychiatric disease within three
years before entry into each age group: (0) no, (1) yes.

All analyses were stratified by injuries and age strata as described above. They were also
conducted separately for each sex. Characteristics of the preterm and full-term individuals
were estimated for each age group. Incidence rates of falls, transport injuries, other injuries
and any unintentional injury were assessed per 1,000 person-years in preterm and full-term
individuals. Person-years at risk were calculated from entry into each age group until first
injury or death, migration, the end of the age group or the end of follow-up on December 31,
2007. Individuals suffering from one type of injury were still included in the follow-up for
other types of injuries.

Time to unintentional injury in preterm versus full-term individuals was estimated using the
Cox proportional hazards model, with 95% confidence intervals (Cl). The first analysis was
made without adjustments. Further analyses were then made for the following potential
confounding variables: calendar year, maternal age, maternal marital status, maternal
education, maternal immigration, maternal social allowance and maternal hospitalisation due
to alcohol, drug abuse or psychiatric diseases. Preterm individuals born with neurological
impairment were analysed as a single group, regardless of sex or age, and rates of any
unintentional injury were compared with all preterm born individuals without neurological
impairment.

We also estimated adjusted survival curves, separately for preterm and full-term individuals,
using the fitted Cox regression model with all the other covariates set to zero (reference
group). Similar to the other analyses, one survival curve was calculated for each of the strata
described above. In an additional analysis, the Andersen-Gill proportional hazards model
was used to examine repeated injuries. These were treated in the analysis as separate
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observations from several individuals. A robust variance estimator was used to account for
the correlation among multiple observations per individual.

The proportionality assumption was tested using Schoenfeld residuals. Cox-Snell residuals
were applied to assess the goodness of fit of the model. These tests showed no violation of
the proportionality assumptions (data not shown). All analyses were performed in STATA
version 11 (Stata Corporation, College Station TX, 2003).

Ethical Considerations

RESULTS

The study was approved by the Ethics Committee at Lund University, Sweden.

Out of the 2,297,134 individuals studied, 135,762 (5.9%) were born preterm (<37 weeks of
gestation), with more premature boys than girls. The mothers of the preterm born children
were more likely to be unmarried, have a low level of education and/or receive social
allowance. They had also been hospitalised more often due to substance abuse or psychiatric
disease (Table S1).

The numbers and incidence rates of falls, transport injuries, other injuries and any injury per
1,000 person-years are shown, separately for males and females, in Table 1. During the
study period, there were 8,259 unintentional injuries recorded for preterm males and
120,108 for full-term males, together with 5,010 injuries for preterm females and 80,014 for
full-term females. Falls were the most common cause of injury in all male age groups,
except among 19-23 years old, where other injuries and transport injuries were more
common. Falls were the most common cause of injury in female age groups 1-5 and 6-12,
with transport injuries more common in females aged 13-18 and 19-23. Out of all the
244,021 unintentional injuries, 1,011 (0.7%) were fatal in males and 536 (0.6%) in females.

Crude and adjusted hazard ratios with 95% Cls for falls, transport injuries and other injuries
in preterm versus full-term males and females are shown in Table 2. In some of the
subgroups the hazard ratio reached statistical significance for increased risk, for example the
adjusted hazard ratio of 1.11 (95% CI: 1.05-1.17) for other injuries in preterm boys aged 1-
5. In contrast, the risk was reduced in other subgroups, for example the adjusted hazard ratio
of 0.80 (95% CI: 0.67-0.97) for transport injuries in preterm males aged 19-23. However,
most of the estimates were borderline or non-significant, both in males and females. In
addition, by studying the adjusted survival curves, we found that the absolute differences in
injury rates between preterm and full-term individuals were very small. The largest
difference was found for 1-5 year old girls: at the end of the follow-up, 4.5% of preterm
girls in this age group had experienced any unintentional injury, compared to 4.1% of full-
term girls. The other subgroups had even smaller absolute differences between preterm and
full-term individuals (data not shown in tables).

In the additional analysis of very preterm individuals (<32 completed weeks), most of the
estimates were borderline or non-significant in both males and females. However, some
categories had significantly decreased or increased risks. The highest significant risk (hazard
ratio 1.20 [95% CI:1.03-1.40]) was for fall injuries in females aged 1-5 years (data not
shown in tables).

In the additional analysis of preterm born individuals with neurological impairment, the risk
of any unintentional injury did not differ from the risk in preterm born individuals without
neurological impairment. The hazard ratio was 1.06 (95% CI: 0.97-1.16) (data not shown in
tables).
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DISCUSSION

The main finding of this study is that some subgroups of preterm born individuals had a
slightly increased risk of unintentional injuries, whereas others had slightly decreased risks,
after adjustments for a comprehensive set of covariates. In addition, the absolute risk
differences between preterm and full-term individuals were very small. This implies that
preterm birth is not a strong predictor for injuries in childhood, adolescence and young
adulthood.

To the best of our knowledge, this is the first study that has examined the risk of different
types of unintentional injuries in preterm born boys and girls throughout childhood,
adolescence, and young adulthood. The findings of this study are important, because
concerns have been raised about the long-term health consequences in these infants, as well
as the economic burden on society. Although injuries represent a leading cause of death and
disabilities in children and adolescents worldwide, our findings show that infants who are
born preterm and survive the first year, do not cause an additional economic burden on
society due to unintentional injuries.

Previous studies of the potential association between preterm birth and unintentional injuries
are scarce. A 1989 UK study that examined 18 preterm and 18 full-term children, showed an
increased risk of unintentional injuries for three-year-old children born preterm (11). A 2001
US study of more than 10 million births, reported that low birth weight is associated with
increased mortality due to unintentional injury in infants. However, it did not include data
on gestational length (12). Also, the US study examined fatal unintentional injuries during
the infant’s first year of life, whereas we studied fatal and non-fatal injuries from one year of
age. This means that the US study and our study are not directly comparable.

The findings of our study are of clinical importance. During the last few decades, the rate of
preterm births has increased worldwide and advances in perinatal medicine have increased
the survival of these infants (3, 18, 19). This increases the importance of information about
how these infants manage later in life (4). Earlier studies on preterm children have shown
continued sequelae, such as cerebral palsy, mental disorders, neurobehavioral developmental
disorders and more subtle cognitive impairments, such as learning disabilities, behavioural
problems and social disabilities (1, 4, 20-22). Some of these conditions may also be related
to unintentional injuries (15-17, 23, 24).

Strengths and limitations

The major advantages of the present study are: 1) its use of national data registers, which
make it possible to conduct a longitudinal study on a large population without selection bias,
2) a comprehensive set of potential covariates and highly complete data and 3) use of
hospitalisation and death records, which are not subject to self-reporting bias from parents.
Being able to access data for more than two million individuals made it possible to study an
uncommon outcome such as injuries leading to hospitalisation. And the long follow-up
enabled us to study the risk of unintentional injuries during the entire period of childhood,
adolescence and early adulthood. This is in contrast to earlier studies that have been limited
to health effects during childhood and unable to evaluate long-term morbidity and mortality
(25).

Preterm born children are also associated with less favourable socio-economic and socio-
demographic parameters, which are also related to unintentional injuries (1, 24). In this
study, we were able to include a number of socio-economic and socio-demographic
covariates that could provide potential confounding factors. We believe this makes our
conclusions more accurate (16, 17). Furthermore, we chose to estimate the risk of
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unintentional injury from the age of one, rather than from birth, as injury is considered to be
a significant cause of death and morbidity from this age (9). This is also the age when many
children begin to walk.

Our predictor variable was based on gestational length, which is a major strength. Earlier
studies have often used low birth weight (LBW) as the predictor variable. However, LBW
may be an unreliable predictor because it is determined by both duration of gestation and the
rate of foetal growth. Consequently, LBW may occur because an infant is born either
preterm or is small for gestational age (2, 26).

The present study also had some limitations. We needed to restrict injuries to unique ICD
codes to avoid analysing repeated hospitalisations caused by the same unintentional injury.
As a result, we may have missed some injuries or counted the same injury repeatedly if the
ICD code was changed during the course of the illness. However, this type of bias would
occur in both the preterm and full-term infants. Furthermore, we only present the first
unintentional injury of each type in each age stratum, rather than repeated injuries. A
previous study reported a history of injury as a risk factor for future injury (15). We
performed an additional analysis with repeated injuries and the results were almost identical
to our analysis of the first unintentional injury. A certain proportion of children born preterm
may be neurologically handicapped and rarely engage in sports, drive a car or be at risk from
other kinds of unintentional injury. The measure of time at risk may not be representative for
these children, which may constitute a limitation of this study. This is particularly salient, as
previous studies have shown that preterm born individuals are less likely to be involved in
risky behaviour. For example, two studies on the same cohort of preterm born women aged
20 years demonstrated lower risks of substance abuse (27) and lower overall risk taking,
including individual risk factors (smoking, alcohol and drugs) and associating with
delinquent peers (28). Similar findings were recently found among preterm born individuals
aged 14 years in a 1992-1995 cohort (29). In addition, it would have been desirable to adjust
the risk of transport injuries by whether the individual held a driver’s licence. However, we
do not have access to such data. Another limitation is that we only had access to data on
unintentional injuries leading to hospitalisation or death. A study on Canadian children aged
0-9 years showed that most non-fatal injuries did not require hospitalisation (30). However,
injuries requiring hospitalisation represent more serious injuries, which are of larger clinical
relevance. In addition, they are also associated with higher costs for society and are
therefore of more concern than minor injuries treated in outpatient clinics or at home.

In conclusion, this study suggests that there is no consistent risk pattern between preterm
birth and unintentional injuries in childhood, adolescence and young adulthood.
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