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Preterm birth and the future risk of orthopedic fracture
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BACKGROUND: Preterm birth occurs during a critical period of bone mineralization. We assessed whether preterm birth increases
the risk of childhood fracture.

METHODS: We analyzed a cohort of 788,903 infants born between 2006 and 2016 in Quebec, Canada. The exposure was preterm
birth (<37 weeks). The outcome was any future hospitalization for fracture before 2018. We estimated hazard ratios (HR) and 95%
confidence intervals (Cl) for the association of prematurity with fractures in adjusted Cox regression models. We determined if the
risk of facture varied by the child’s age.

RESULTS: The incidence of fracture hospitalizations was higher in preterm children than in term children (17.9 vs. 15.3 per 10,000
person-years). Compared with term, preterm children had 1.27 times the risk of femur fracture hospitalization (95% Cl 1.01-1.60)
and 2.27 times the risk of assault-related fractures (95% Cl 1.37-3.76). Preterm children had 2.20 times the risk of femur fracture

between 6 and 17 months of age (95% Cl 1.45-3.35).

CONCLUSIONS: Preterm birth is associated with an increased risk of hospitalization for femur fractures and assault-related
fractures. Associations are stronger before 18 months of age. Families of preterm children may benefit from counseling and support

for fracture prevention during early childhood.

Pediatric Research (2020) 88:466-472; https://doi.org/10.1038/s41390-020-0771-3

INTRODUCTION

Fractures are among the most frequent injuries in children,
accounting for 58% of trauma-related hospitalizations in this
population.’ Identifying targets for prevention is challenging, as
the determinants of pediatric fractures are poorly understood.
Known risk factors such as small bone size, low mineral content,
poor nutrition, and genetics explain only a fraction of cases.’
Preterm birth has the potential to be an important risk factor for
fracture, as approximately 80% of bone mineralization occurs in
the third trimester of pregnancy.® There is some evidence that
children born preterm have lower bone mineral content and
density at 5-9 years of age than those born at term.* The impact
of prematurity on risk of childhood fracture is however poorly
understood, despite evidence that preterm birth interrupts the
development of most body systems.’

Previous studies indicate that preterm birth increases the risk
of fractures in infancy due to metabolic bone disease of
prematurity.” Whether preterm infants are at risk of fractures
beyond the first 6 months of life is less clear. Some data suggest
that infants born 32 weeks’ gestation with very low birth weight
are more prone to fractures due to lower bone mineral content
and density in childhood.*® More recent research, however,
suggests that preterm birth may not be associated with fractures
in the first 5 years of childhood, but the data exclude patients
with nonaccidental fractures.” Child maltreatment is an impor-
tant cause of fractures, especially in early childhood.'®"
Prematurity is a potential risk factor for child maltreatment,'?
as preterm children frequently have morbidities requiring
special care that increase parental stress.’” We sought to

determine the relationship between prematurity and risk of
orthopedic fracture in childhood using a large population-based
cohort of infants.

METHODS

Study design and population

We analyzed a longitudinal cohort of 788,903 neonates born
>22 weeks' gestation in hospitals of Quebec, Canada between
2006 and 2016. The cohort included 51,212 preterm births defined
as <37 weeks’ gestation. We extracted data on the newborns from
the Maintenance and Use of Data for the Study of Hospital
Clientele registry, an administrative database containing all
hospital discharge abstracts for Quebec.'® The registry includes
information on gestational age in completed weeks, type of
fracture, accident codes including the presence of assault, up to 41
additional diagnoses, pregnancy comorbidity, and demographic
characteristics. Diagnoses are coded using the tenth edition of the
International Classification of Diseases. We used health insurance
numbers to follow the newborns from birth until the end of the
study on March 31, 2018, and identified all hospitalizations for
bone fractures.

We excluded newborns with missing or invalid gestational age
using the Alexander method.' We also excluded newborns
without health insurance numbers who could not be followed
through time, and newborns who died before discharge or were
diagnosed with osteogenesis imperfecta, a genetic disorder
known to cause fractures.'”” We did not include infants who had
fractures at the initial birth hospitalization, because our goal was
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to assess the longitudinal risk of fracture during follow-up, not
during the perinatal period.

Preterm birth

The main exposure measure was preterm birth. We used
gestational age to classify infants as preterm (<37 weeks) or term
(=37 weeks). We further classified preterm birth as extreme
(<28 weeks), very (28—31 weeks), and moderate (32—36 weeks). In
Quebec, gestational age is determined by ultrasound in the first or
second trimester.

To avoid masking trends by use of aggregate categories of
preterm birth, we also analyzed gestational age as a continuous
variable. We used restricted cubic splines to model a smooth
nonlinear relationship between gestational age and fracture
outcomes.'® We placed knots at 32, 36, and 40 weeks’' gestation
in the splines, and used 40 weeks as the reference for the
comparisons.

Fractures

The main outcome measure included fractures that resulted in
morbidity serious enough to require hospitalization. We identified
all children hospitalized for traumatic fractures during follow-up,
up to 12 years after birth (Supplemental Table S1). Fractures were
organized by anatomical location, including head, shoulder-trunk-
pelvis, humerus, ulna-radius, hand, femur, and lower leg-foot. We
also analyzed children who presented with multiple vs. single
fractures, and identified fractures where assault was documented.
In this study, we analyzed all fractures requiring treatment in
hospital, but did not consider pathologic fractures due to cancer
or other lesions. We could not analyze fractures that did not
require admission; however, these fractures are less likely to be
associated with a high degree of morbidity.

Covariates

We considered several covariates as potential confounders of the
association between prematurity and fractures, including infant
sex (male, female),’ maternal age at delivery (<25, 25-34, =35
years),'” multiple birth (yes, no),'” pregnancy morbidity defined as
preeclampsia or gestational diabetes (yes, no; Supplemental Table
5$1),'®" socioeconomic disadvantage (most socioeconomically
deprived quintile of neighborhoods for income, employment, and
education, not deprived, unknown),' and place of residence (rural,
urban, unknown)." We accounted for infant comorbidities known
to be associated with bone fracture, including osteoporosis,?
vitamin D, calcium and phosphorus deficiency,® disorders of bone
density and structure,”® congenital heart defects,®’ cholestasis,’
and bronchopulmonary dysplasia (Supplemental Table 51)."”

Data analysis

We estimated the incidence of fractures per 10,000 person-years
with 95% confidence intervals (Cl). We used Cox proportional
hazards regression models to calculate hazard ratios (HR) and 95%
Cls for the association of preterm birth with the first fracture
hospitalization, comparing preterm with term newborns. The time
scale was the number of days from birth to fracture, death, or end
of study. We censored children who were never hospitalized for
fractures before the study end, and used the Fine and Gray
method to handle deaths as a competing event.?* We adjusted
the models for sex, maternal age at delivery, multiple birth,
pregnancy morbidity, socioeconomic disadvantage, place of
residence, and infant comorbidity, and verified the proportional
hazards assumption through time interaction terms.

To further characterize differences in the association between
preterm birth and risk of fracture hospitalization at different points
in childhood, we stratified the analysis by age at fracture (<6, 6-17,
18-35, =36 months). In sensitivity analysis, we removed all
children with codes for assault to determine the impact on
associations.
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We performed the analyses using SAS v9.4 software and
assessed the precision of our statistics using 95% Cls. The
institutional review board of the University of Montreal Hospital
Centre determined that ethical review was not needed for this
study as the data were anonymized.

RESULTS

There were 788,903 children in this study, including 51,212 (6.5%)
born preterm (Table 1). A total of 8424 children were hospitalized
for fractures during 5,432,318 person-years of follow-up. The
incidence of fractures was higher in preterm children (17.9 per
10,000 person-years) than in term children (15.3 per 10,000
person-years). The incidence was highest among children born at
32-36 weeks’ gestation, with 18.1 fracture hospitalizations per
10,000 person-years, compared with 16.1 at 28-31 weeks and 17.1
at <28 weeks.

Table 1. Incidence of bone fracture hospitalization according to
characteristics of children.
No. infants No. Person-years Fracture incidence
fractures per 10,000 person-
years (95%
confidence interval)
Preterm birth, weeks
<37 51,212 630 352,103 17.9 (16.5-19.3)
237 737,691 7794 5,080,215 15.3 (15.0-15.7)
Severity of preterm birth, weeks
<28 1621 19 11,115 17.1 (10.9-26.8)
28-31 4009 44 27,319 16.1 (12.0-21.6)
32-36 45,582 567 313,670 18.1 (16.6-19.6)
Infant sex
Male 404,655 4770 2,785,347 17.1 (16.6-17.6)
Female 384,248 3654 2,646,972 13.8 (13.4-14.3)
Maternal age, years
<25 126,346 1700 893,187 19.0 (18.1-20.0)
25-34 527,727 5565 3,652,213 15.2 (14.8-15.6)
235 134,830 1159 886,918 13.1 (12.3-13.8)
Multiple birth
Yes 12,506 166 82,619 20.1 (17.3-23.4)
No 776,397 8258 5,349,699 15.4 (15.1-15.8)
Pregnancy comorbidity®
Yes 91,068 899 587,288 15.3 (14.3-16.3)
No 697,835 7525 4,845,030 15.5 (15.2-15.9)
Socioeconomic disadvantage
Yes 156,050 1794 1,072,008 16.7 (16.0-17.5)
No 602,380 6372 4,178,270 15.3 (14.9-15.6)
Place of residence
Rural 144,994 2062 1,005,596 20.5 (19.6-21.4)
Urban 630,034 6259 4,352,646 14.4 (14.0-14.7)
Infant comorbidity®
Yes 13,652 231 90,548 25.5 (22.4-29.0)
No 775,251 8193 5,341,770 15.3 (15.0-15.7)
Total 788,903 8424 5,432,318 15.5 (15.2-15.8)
®Preeclampsia or gestational diabetes.
POsteoporosis, vitamin D, calcium, and phosphorus deficiency, disorders of
bone density and structure, congenital heart defects, cholestasis, and
bronchopulmonary dysplasia.
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Hazard ratio (95% confidence

interval)?

Unadjusted

Adjusted®

Table 2. Association of preterm birth with risk of bone fracture hospitalization in childhood.

Preterm <37 gestational weeks Term 237 gestational weeks

No. fractures Fracture incidence per 10,000 No. fractures Fracture incidence per 10,000

person-years (95% Cl) person-years (95% Cl)

Any fracture 630 17.9 (16.5-19.3) 7794 15.3 (15.0-15.7)
Head 155 44 (3.7-5.1) 1806 3.5(3.4-37)
Shoulder-trunk- 34 1.0 (0.7-1.3) 236 0.5 (0.4-0.5)
pelvis
Humerus 165 4.7 (4.0-5.4) 2245 4.4 (4.2-4.6)
Ulna-radius 146 4.1 (3.5-4.8) 2136 4.2 (4.0-44)
Hand 29 0.8 (0.6-1.2) 301 0.6 (0.5-0.7)
Femur 95 2.7 (2.2-3.3) 889 1.7 (1.6-1.9)
Lower leg-foot 42 1.2 (0.9-1.6) 564 1.1 (1.0-1.2)
Multiple fractures 30 0.8 (0.6-1.2) 365 0.7 (0.6-0.8)
Single fracture 603 17.1 (15.8-18.5) 7450 14.7 (14.3-15.0)
Assault-related 24 0.7 (0.5-1.0) 127 0.2 (0.2-0.3)
fracture
Fracture without 608 17.3 (15.9-18.7) 7682 15.1 (14.8-15.5)
assault

1.17 (1.07-1.26)
1.24 (1.05-1.46)
2.08 (1.45-2.97)

1.06 (0.90-1.24)
0.98 (0.83-1.16)
1.38 (0.95-2.03)
1.54 (1.25-1.90)
1.07 (0.78-1.46)
1.18 (0.82-1.72)
1.17 (1.07-1.27)
2.72 (1.76-4.21)

1.14 (1.05-1.24)

1.08 (0.99-1.18)
1.12 (0.94-1.33)
1.51 (0.99-2.31)

1.03 (0.88-1.22)
0.95 (0.79-1.13)
1.31 (0.89-1.94)
1.27 (1.01-1.60)
1.01 (0.73-1.40)
0.99 (0.67-1.46)
1.09 (1.00-1.19)
2.27 (1.37-3.76)

1.06 (0.97-1.15)

Cl confidence interval.
®Hazard ratio for preterm vs. term.

PAdjusted for sex, maternal age at delivery, multiple birth, pregnancy morbidity, socioeconomic disadvantage, place of residence, and infant comorbidity.

Table 3.

Association of preterm birth with risk of bone fracture hospitalization by age.

Hazard ratio (95% confidence interval)®

<6 months 6-17 months 18-35 months 236 months
Any fracture 1.47 (1.15-1.89) 1.29 (1.01-1.64) 1.12 (0.90-1.39) 0.98 (0.88-1.09)
Head 1.32 (0.98-1.77) 0.96 (0.67-1.39) 1.16 (0.73-1.84) 1.06 (0.78-1.45)
Shoulder-trunk-pelvis 1.62 (0.71-3.68) 1.69 (0.71-4.00) 0.92 (0.22-3.82) 1.56 (0.82-2.96)
Humerus 2.40 (1.09-5.30) 1.07 (0.39-2.93) 1.30 (0.82-2.04) 0.96 (0.80-1.15)
Ulna-radius 5.18 (2.13-12.58) 1.64 (0.57-4.74) 1.09 (0.58-2.04) 0.84 (0.69-1.03)
Hand 6.14 (0.61-61.80) 1.73 (0.42-7.20) 1.21 (0.44-3.27) 1.26 (0.80-1.97)
Femur 1.51 (0.70-3.26) 2.20 (1.45-3.35) 1.14 (0.78-1.66) 0.87 (0.54-1.38)
Lower leg-foot 1.69 (0.56-5.12) 0.76 (0.32-1.80) 0.40 (0.12-1.32) 1.21 (0.82-179)
Multiple fractures 1.78 (0.81-3.90) 1.37 (0.53-3.56) - 0.70 (0.40-1.24)
Single fracture 1.43 (1.10-1.86) 1.30 (1.02-1.66) 1.15 (0.93-1.44) 0.99 (0.88-1.11)
Assault-related fracture 2.64 (1.42-4.90) 1.75 (0.56-5.48) 1.30 (0.24-7.02) 2.27 (0.31-16.66)
Fracture without assault 1.30 (0.99-1.71) 1.28 (1.01-1.64) 1.11 (0.89-1.39) 0.98 (0.87-1.09)

®Hazard ratio for preterm vs. term, adjusted for sex, maternal age at delivery, multiple birth, pregnancy morbidity, socioeconomic disadvantage, place of

residence, and infant comorbidity.

Compared with term, preterm children had a higher incidence
of most types of fracture except ulna-radius (Table 2). In adjusted
regression models, preterm birth was associated with an increased
risk of hospitalization for femur (HR 1.27, 95% Cl 1.01-1.60) and
assault-related fractures (HR 2.27, 95% ClI 1.37-3.76). Risks also
appeared to be elevated for shoulder-trunk-pelvis and hand
fractures, although associations were not statistically significant.

When stratified by age at fracture, associations tended to be
stronger among younger children (Table 3). Compared with term
infants, preterm infants had 1.47 times the risk of any fracture
hospitalization before 6 months (95% Cl 1.15-1.89) and 1.29 times
the risk of any fracture hospitalization between 6 and 17 months
(95% Cl 1.01-1.64). An interaction term between gestational age
and age at fracture was statistically significant (p = 0.001). Before
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6 months, preterm birth was associated with 2.40 times the risk of
humerus fracture (95% Cl 1.09-5.30), 5.18 times the risk of ulna-
radius fracture (95% Cl 2.13-12.58), and 2.64 times the risk of
assault-related fracture (95% Cl 1.42-4.90). Between 6 and
17 months, preterm birth was associated with 2.20 times the risk
of femur fracture (95% Cl 1.45-3.35). Preterm birth was not
significantly associated with the risk of any fracture type in
children aged =18 months.

When analyzed as a continuous exposure, lower gestational age
was associated with higher risk of hospitalization for several
fracture outcomes, especially shoulder-trunk-pelvis, femur, and
assault-related fractures (Fig. 1). Compared with 40 weeks, infants
born at 33 weeks’ gestation had 1.89 times the risk of shoulder-
trunk-pelvis (95% Cl 1.26-2.83), 1.30 times the risk of femur (95%
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Any fracture 4 Head

Hazard ratio (95% Cl)
N

Hazard ratio (95% CI)
n

20 25 30 35 40 45 20 25 30
Gestational age, weeks

35 40 45
Gestational age, weeks

Ulna-radius 4 \Hand

\

Hazard ratio (95% Cl)
N

Hazard ratio (95% ClI)
n

20 25 30 35 40 45 20 25 30 35 40 45
Gestational age, weeks Gestational age, weeks

4 M‘Itiple fracture 4
3 \ 3

1

Single fracture

Hazard ratio (95% Cl)
N

Hazard ratio (95% Cl)
N

20 25 30 35 40 45 20 25 30
Gestational age, weeks

35 40 45
Gestational age, weeks

Fig. 1

Preterm birth and the future risk of orthopedic fracture
J Michaud et al.

Shoulder—trunk—pelvis 4 Humerus
O [$)
X 3 2 3
Yo} Yo}
& 23
g2 \ g2
= \ 2 | —
g 1 /\ g 1 —
T ) I //

20 25 30 35 40 45 20 25 30 35 40 45
Gestational age, weeks Gestational age, weeks

Femur 4

Lower leg-foot

Hazard ratio (95% ClI)
N

Hazard ratio (95% ClI)
n

1 1 — <
,.-//
20 25 30 35 40 45 20 25 30 35 40 45

Gestational age, weeks Gestational age, weeks

Assault-related fracture Fracture without assault

|

e

il

Hazard ratio (95% ClI)
nN

Hazard ratio (95% CI)
n

e

20 25 30 35 40 45 20 25 30 35 40 45
Gestational age, weeks Gestational age, weeks
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infant comorbidity.

Cl 1.03-1.64), and 2.37 times the risk of assault-related fracture
hospitalizations (95% Cl 1.37-4.09). Preterm birth was also
associated with head, hand, and multiple fractures, although
these associations were weaker.

Stratification by age revealed that preterm birth was predomi-
nantly associated with fractures before 18 months of age (Fig. 2).
Relative to 40 weeks, birth at 33 weeks’ gestation was associated
with 2.18 times the risk of shoulder-trunk-pelvis (95% Cl
1.21-3.93), 1.63 times the risk of femur (95% Cl 1.07-2.48), and
2.42 times the risk of assault-related fracture hospitalizations (95%
Cl 1.31-4.46) before 18 months of age. In sensitivity analysis
excluding assaults, associations between preterm birth and
fractures remained relatively stable or were slightly attenuated.

DISCUSSION

In this study of 788,903 newborns with 5,432,318 person-years of
follow-up, preterm birth was associated with the future risk of
fracture hospitalization during early childhood. Using a measure of
gestational age on the continuous scale, we found that preterm
birth was significantly associated with the risk of femur, shoulder-
trunk-pelvis, and assault-related fractures, especially before
18 months of age. Preterm birth was not associated with risk of
fracture hospitalization in older children. Although metabolic
bone disease may have contributed to some of the associations
before 6 months, we cannot rule out the possibility that some
were due to assault. Our results suggest that the increased
fracture risk in preterm children is not completely explained by

Pediatric Research (2020) 88:466 —472

metabolic bone disturbances, and that child maltreatment may be
an important component, warranting enhanced preventive
measures following neonatal discharge.

Metabolic bone disease of prematurity, or osteopenia of
prematurity, is relatively common in preterm infants.”'® In a
retrospective study of 230 infants born ‘30 weeks' gestation,
30.9% developed radiological evidence of metabolic bone
disease.” While the exact pathology of metabolic bone disease
of prematurity remains to be established, very preterm infants
frequently suffer from calcium and phosphate deficiency.>'®
Metabolic bone disease primarily affects infants born 27 weeks’
gestation who miss out on the critical period of bone mineraliza-
tion,? resulting in an increased risk of fractures, particularly of the
ribs.” Studies suggest that risk factors for metabolic bone disease
are associated with up to 16 times the chance of rib and long
bone fractures before 6 months of age.® It is thought that the risk
of fracture disappears at around 6 months of age once a critical
bone mass is reached.®*° Our results confirm that preterm birth is
associated with an elevated risk of fracture hospitalization before
6 months. However, the risk persisted past this time point and was
stronger in moderate to late preterm infants, suggesting that
pathways beyond metabolic bone disease may be involved.

The association of preterm birth with fractures beyond the first
6 months of life is poorly understood due to the paucity of
research.*? One study found that fractures were more common at
5—9 years of age in 20 preterm children who weighed <1500 g at
birth, compared with 15 term children.* Three of the preterm
children had forearm fractures from accidental falls whereas no
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children in the term group had fractures. In contrast, a retrospective
cohort study of 65938 infants born at U.S. military treatment
facilities found no association between preterm birth and risk of
fracture before 5 years of age.® The investigators, however, excluded
infants with ICD codes for child maltreatment, which eliminated
around half of children who ever had fractures.” Exclusion of these
children may explain the difference with our results, and reinforces
the possibility that the increased fracture risk before 18 months is
potentially more related to the child’s psychosocial environment
than to inadequate bone mineralization.

Bone fractures are relatively rare in infancy, and many cases
are thought to be nonaccidental.** Nearly 80% of fractures due to
child maltreatment occur before 18 months of age.'” Accidental
fractures due to falls can occur before 18 months, but are still
suspicious for maltreatment, as children within this age range are
not yet walking and do not normally fall with enough energy to
cause fracture.">?* Certain fracture sites are also more suggestive
of maltreatment. In a systematic review of different fracture types,
71% of rib fractures and 28—43% of femur fractures were thought
to be abuse-related."’ Multiple fractures were also much more
commonly seen in abused children."” In our study, some of the
stronger associations for children under 18 months of age were
for multiple fractures, fractures of the shoulder-trunk-pelvis and
femur, and assault-related fractures.

Preterm infants may be at risk of child maltreatment for several
reasons. Risk factors for preterm birth, such as low maternal
education, stress, and drug use,>>™’ are linked with an increased
risk of child maltreatment.'®*® Preterm children are more likely
than term children to have special needs,” and may have poorly
regulated behaviors or difficult temperament making interactions
challenging.>?° Risk of maltreatment may be greater if there is low
parental attachment in conjunction with risk factors such as low
socioeconomic status.'?

This study has some limitations. We did not have data on
prescription medications; however, we adjusted the results for
diseases that require corticosteroids and diuretics, including
congenital heart defects and bronchopulmonary dysplasia.’>?"*°
We accounted for osteoporosis, vitamin D, calcium and phosphorus
deficiency, and disorders of bone density and structure, but lacked
data on biochemical and radiological findings. Future studies would
benefit from including such factors in the analysis. We did not have
information on nutrition, although the majority of children under 5
years in Quebec attend childcare facilities with meals that adhere to
dietary guidelines®'*? Most women breastfeed,** and preterm
infants have access to donor breastmilk if breastfeeding is not
possible.>* We did not have complete information on smoking and
alcohol intake that may be linked with prematurity and bone
fractures. We had gestational age in completed weeks, but could not
determine the exact age in days. Extremely preterm infants
frequently require hospital stays of several months before discharge
and may not have the same risk of intentional injuries as term
infants who are usually discharged a few days after birth. This
problem may weaken the association between prematurity, chance
of maltreatment, and fracture risk. Also, child maltreatment is
probably underreported in our data, although this is unlikely to vary
with gestational age. In cases of severe maltreatment, children may
not be taken to hospital for care.'> We did not analyze fractures
treated in an outpatient setting, and future research is needed to
determine if the associations in this study generalize to mild
fractures. The findings of this study generalize to a population of
Canadian children with high-level fractures, although associations
may differ in other study settings.

In this study, we found an association between preterm birth
and risk of fracture hospitalization in the first 18 months of life, but
no significant relationship thereafter. The associations were
stronger for assault-related fractures and varied by site. Overall,
the findings suggest that metabolic bone disorders do not
account for a substantial proportion of fractures among preterm

11,23
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infants, and that psychosocial factors may be more important. The
possibility that preterm children and their parents may benefit
from counseling or early social interventions should be explored in
future fracture prevention studies.
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