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Objective To evaluate the impact of prematurity on fracture by age 5, controlling for medications and comorbidities
of prematurity.
Study design We performed a retrospective cohort study of infants born in Military Treatment Facilities in 2009-
2010 with ≥5 years of follow-up care. Gestational age, low birth weight, comorbidities of prematurity (osteopenia,
necrotizing enterocolitis, chronic lung disease, and cholestasis) and fractures were identified by International Clas-
sification of Disease, 9th Edition, codes. Pharmaceutical records identified treatment with caffeine, diuretics, post-
natal corticosteroids, and antacids. Poisson regression analysis determined fracture rate by 5 years of life.
Results There were 65 938 infants born in 2009-2010 who received care in the military health system for ≥5 years,
including 3589 born preterm; 165 born at ≤286/7 weeks of gestation, 380 born at 29-316/7 weeks of gestation, and 3044
born at 32-366/7 weeks of gestation. Preterm birth at any gestational age was not associated with fracture rate in
adjusted models. The fracture rate was increased with cholestasis, proton pump inhibitor exposure, and male sex.
Conclusions Prematurity was not associated with fracture rate. Neonatal cholestasis and proton pump inhibitor
treatment were associated with increased fractures by age 5. (J Pediatr 2019;207:148-53).

A dvances in neonatal care have improved preterm infant survival, although preterm birth remains associated with short-
and long-term morbidity.1 Bone health continues to be an area of concern, considering that two-thirds of the total calcium
and phosphorus transfer occurs after 25 weeks of gestation, and postnatal nutrition rarely achieves fetal mineral at-

trition rates.2 Among infants born at <28 weeks of gestation, metabolic bone disease is estimated to affect ≤55% of extremely
low birth weight (ELBW) and ≤25% of very low birth weight (VLBW) preterm infants.3-6

Metabolic bone disease is associated with increased early infancy fracture risk, with the majority of fractures occurring during
neonatal intensive care unit hospitalization through the first 6 months of life.3-5,7 An estimated 10% of VLBW infants and 33%
of ELBW infants develop fractures during the first 6 months, the majority attributable to prematurity and/or metabolic bone
disease.5,8,9

Owing to these strong early life associations, fractures occurring in later infancy and early childhood may also be attributed
to preterm birth, despite existing evidence demonstrating no association between prematurity and fracture beyond the first 6
months of life.10-13 Erroneous attribution of fracture to preterm birth has important implications for the identification of child
maltreatment and other conditions impacting bone health. No studies have examined fracture risk controlling for comorbidities
or medications that may affect bone health. We designed a retrospective cohort
study to examine the impact of prematurity on childhood fracture ≤5 years of
age, adjusting for comorbidities of prematurity and medications used com-
monly in neonates, which are thought to affect bone health. We hypothesized
that, consistent with the existing literature, prematurity would not impact frac-
ture rate during the first 5 years of life, even after controlling for medications
and comorbidities.

Methods

Using the military healthcare system database, we formed a retrospective cohort
of uniformed services beneficiaries born at military treatment facilities. Infants
born at military treatment facilities between October 1, 2008, and September 30,
2010 (fiscal years 2009-2010) who received care in the military health system for
≥5 years were identified and included. The military health system provides medical

ICD-9-CM International Classification of Diseases, Ninth Revision, Clinical Modification
LBW Low birth weight
NEC Necrotizing enterocolitis
PPI Proton pump inhibitor
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care to nearly 9.5 million military members, retirees, and de-
pendents. Care is provided at military treatment facilities and
civilian facilities domestically and abroad. The military health
system database includes records of all inpatient and outpa-
tient care provided, all medications prescribed in the outpa-
tient setting, and all inpatient prescriptions at military treatment
facilities. Inpatient prescriptions at civilian facilities are not in-
cluded in the military health system database, limiting in-
cluded children to those born and cared for in military hospitals
during the neonatal period (the first 28 days of life).

Children born preterm were identified by International Clas-
sification of Diseases, Ninth Revision, Clinical Modification (ICD-
9-CM) codes for gestational age. The inpatient record included
records of any admission that began during the neonatal period.
In cases of prematurity, LBW, or illness, admissions could extend
beyond the first 28 days of life, but were initiated during this
period. ICD-9-CM code categories were used to subcatego-
rize preterm births into gestational age categories, includ-
ing ≤ 286/7 weeks of gestation, 29-316/7 weeks of gestation, and
32-366/7 weeks of gestation. Common comorbidities of pre-
maturity that have been hypothesized to be associated with frac-
ture risk including necrotizing enterocolitis (NEC), chronic lung
disease, LBW, and osteopenia also were identified by ICD-9-
CM diagnostic codes in the inpatient record.

Inpatient and outpatient prescription data identified chil-
dren who were treated with histamine-2 receptor blockers (H2

blockers), proton pump inhibitors (PPIs), diuretics, caffeine,
or systemic postnatal corticosteroids during the first year of
life. Children were classified as ever having taken the medi-
cation during the first year of life if they had ≥1prescription
for the class of medications.

Childhood fractures during the first 5 years of life were iden-
tified by outpatient visits or inpatient admissions with a di-
agnostic code for fracture as classified by Agency for Healthcare
Research and Quality’s Clinical Classification System. Agency
for Healthcare Research and Quality Clinical Classification
System fracture subcategories were used to subclassify frac-
tures as hip, skull, upper limb, lower limb, or other (vertebral
column, ribs, or pelvis) fractures. Inpatient or outpatient visits
for fracture within 60 days of the original visit for the same
type of fracture were excluded and presumed to be follow-
up visits. The total fractures over a 5-year period were quan-
tified. Children with ICD-9-CM codes for child maltreatment
or osteogenesis imperfecta were excluded, because both are as-
sociated with increased fracture risk.

A c2 analysis determined group differences between chil-
dren born term and preterm. Poisson regression analysis, which
analyzes the count of events over time, determined the ad-
justed fracture incidence rate ratios and 95% CIs by preterm
birth status. The adjusted model accounted for the effects of
sex, medication use including caffeine, H2 blockers, PPIs, di-
uretics, and postnatal corticosteroids; and comorbidities of pre-
maturity including LBW, osteopenia, NEC, chronic lung disease,
and cholestasis. Additional subgroup analyses divided the
follow-up period into 2 categories: the first year of life, a time
when children generally are not walking, and years 2-5 when
children are usually ambulatory.

Stata Intercooled 13 (Stata Corp, College Station, Texas) soft-
ware was used for all statistical analysis; P values of <.05 were
considered statistically significant. The study was reviewed and
approved by the responsible institutional review boards.

Results

There were 65 938 children born in the military health system
during the study period with ≥5 years of follow-up within the
military health system. Overall, 0.7% of children experi-
enced a fracture in the first year of life, and 7% of children
experienced ≥1 fracture in the first 5 years of life. There were
505 children excluded owing to diagnosed child maltreat-
ment and one excluded owing to osteogenesis imperfecta. Chil-
dren excluded owing to maltreatment had a higher fracture
rate with 6.5% of excluded children having a fracture in the
first year and 14.9% having a fracture in the first 5 years.

Of the remaining 65 432 children, 165 were born at ≤286/7

weeks of gestation, 380 were born at 29-316/7 weeks of gesta-
tion, 3044 were born at 32-366/7 weeks of gestation, and 61 843
were born term at ≥37 weeks of gestation. Children born
preterm were more likely to be male, be born with LBW, have
a neonatal comorbidity (chronic lung disease, NEC, cholestasis,
osteopenia), and be treated with caffeine, PPIs, H2 blockers,
postnatal corticosteroids, or diuretics (Table I). The overall in-
cidence of fracture did not differ significantly between preterm
and term children; however, preterm infants had a slightly
higher incidence of skull fractures and a lower incidence of
upper extremity fractures (Table II). There were no cases with
ICD-9-CM codes that have been associated with child mal-
treatment including rib fractures (801.0, 807.1), skull vault frac-
ture (800), or vertebral fracture (805) in the included or
excluded children.14

In unadjusted analysis, the rate of fracture during the entire
5-year follow-up period was not increased in children born
at any degree of prematurity. The unadjusted rate of fracture
was increased 9% in males, >800% in infants with cholestasis,
>50% in infants treated with PPIs, 67% in infants treated with
diuretics, and 12% in those treated with H2 blockers during
the first 5 years of life (Table III). In unadjusted analysis of
the preambulatory group alone (0-1 years), preterm infants
born at ≤28 weeks of gestation had 700% as many fractures,
but infants born at >28 weeks of gestation did not have in-
creased fractures in the first year of life (Table III). Infants with
NEC, chronic lung disease, cholestasis, and those treated with
caffeine, diuretics, or H2 blockers had increased fracture rates
in the first year of life in unadjusted analysis. In the ambula-
tory group (years 2-5), increased fracture rates were associ-
ated with male sex, cholestasis, and PPI use in unadjusted
analyses (Table III).

In adjusted analysis, the rate of fracture during the entire
5-year follow-up period was not associated with any degree of
prematurity. During the 5-year follow-up period, male sex, PPI
use, and cholestasis were associated with an increased fracture
rate (Table IV).During the preambulatory period (age 0-1 years),
cholestasis was associated with a 2200% increased rate of frac-
ture; none of the other factors studied was associated with
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increased fracture in the first year of life. In the ambulatory
group (age 2-5 years), male sex was associated with a 9% in-
creased rate of fracture and PPI use during the first year of life
was associated with a 47% increased fracture rate. (Table IV).

Discussion

There was no association between prematurity and fracture
during the first 5 years of life in our study of children born
in 2009 and 2010; this controlled for factors likely to affect bone
health. Consistent with previous reported rates, we found that
0.7% of children had a fracture before 12 months of age, 7%
had a fracture by 5 years of age, and that rates were not in-
creased in children born preterm.15-17 Although the unad-
justed analysis suggested that birth at ≤28 weeks of gestation
may be associated with an increased rate of fracture during
the first year of life, this association was not significant once
we adjusted for common comorbidities of prematurity and neo-
natal medications. In our adjusted analysis, male sex, cholestasis,
and PPI exposure during the first year of life were all inde-
pendently associated with an increased rate of fracture during
the first 5 years of life.

Our study corroborates the findings of previously pub-
lished studies suggesting that preterm birth does not confer

an increased risk of fracture beyond early infancy.7,11,12,18,19

Dahlenburg et al published a small, retrospective, case-
control study of young children presenting with fractures to
an acute care clinic; the authors did not find that children who
presented with fractures were more likely to have been born
preterm than controls.12 Similarly, a large Danish cohort study
examined the relationship between prematurity or small for
gestational age births and hospital admissions for all causes
from birth to adulthood; this study found that preterm birth
was associated with a decreased risk for hospital admission for
fractures or other musculoskeletal injuries.11 These previous
findings, together with our large comprehensive study, suggest
that decreased bone mineral density related to prematurity is
not likely to translate to an increased risk for sustaining frac-
tures in childhood. Alternatively, it is possible that parents of
former preterm infants may be risk adverse and avoid activi-
ties associated with accidental injuries. During young adult-
hood, individuals born preterm display fewer risk-taking
behaviors than those born at term; however, it is unknown if
this risk aversion occurs in younger children as well, or if these
observed behaviors would correlate with a decreased risk of
musculoskeletal injuries.20

Similar to our findings, other studies have demonstrated that
males are at increased risk for fractures during childhood.21

Chronic lung disease and NEC both have been associated with

Table I. Demographics, medications, and comorbid conditions of children born term and preterm in the military health
system in 2009-2010

All children
(n = 65 432)

Term > 37 weeks
(n = 61 843)

Preterm
(n = 3589)

Preterm <286/7 weeks
(n = 165)

Preterm 29-316/7 weeks
(n = 380)

Preterm 33-366/7 weeks
(n = 3044)

Male* 51.2 51.0 53.8 57.6 53.7 52.6
LBW* 3.5 0.82 49.1 96.4 96.8 40.6
Osteopenia* 0.11 0.03 1.5 9.7 6.3 0.46
NEC* 0.07 0.01 1.1 15.2 1.8 0.20
Chronic lung disease* 0.10 0.00 1.8 31.5 2.4 0.07
Cholestasis* 0.02 0.01 0.31 3.6 0.53 0.10
Neonatal medication use

Caffeine* 0.59 0.02 10.5 94.6 47.1 1.3
Postnatal corticosteroids* 0.81 0.71 2.40 33.94 2.89 0.62
Diuretics* 0.49 0.20 5.5 64.2 12.9 1.4
PPIs* 1.6 1.4 5.3 27.9 10.5 3.4
H2 blockers* 8.3 7.8 17.9 42.4 29.5 15.1

*Significant difference between preterm versus term group (P < .05). Data are percent.

Table II. Fracture incidence and fracture site of children born term and preterm in the military health system in 2009-2010

All children
(n = 65 432)

Term > 37 weeks
(n = 61 843)

Preterm
(n = 3589)

Preterm <286/7 weeks
(n = 165)

Preterm 29-316/7 weeks
(n = 380)

Preterm 33-366/7 weeks
(n = 3044)

Fracture incidence
Fracture, 0-5 years 7.0 7.0 6.4 7.9 6.1 6.4
Fracture, 0-1 years 0.69 0.69 0.70 3.0 0.53 0.59
Fracture, 2-5 years 6.4 6.5 5.9 5.5 5.5 6.0

Fracture site
Hip 0.07 0.07 0.11 0.61 0 0.10
Skull* 0.48 0.47 0.75 1.2 1.1 0.69
Upper limb* 4.7 4.7 3.9 4.9 4.0 3.9
Lower limb 2.0 2.0 1.8 1.8 1.3 1.9
Other/torso 1.4 1.4 1.3 3.6 0.53 1.2

*Significant difference between preterm versus term group (P < .05). Data are percent.
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an increased risk for fracture during early infancy.5,8,22 We did
not, however, find any association between chronic lung disease
or NEC and fracture risk during early childhood, suggesting
that any increased risk may be limited to early infancy, or
becomes nonsignificant after adjustment for other factors.

Our data show that neonatal cholestasis is associated with
an increased fracture rate during the first year of life. Both bowel
resection and prolonged parenteral nutrition place affected
infants at risk for decreased absorption of vitamin D and other
fat-soluble vitamins. Previous studies have suggested that ≤50%
of infants with neonatal cholestasis have radiologic evidence
of rickets, which is consistent with our finding of increased
fracture rates in these children.23,24 Cholestasis was not asso-
ciated with fracture rate in children ages 2-5 years, suggest-
ing that the increased fracture risk for infants with cholestasis
may not persist.

In our adjusted analysis, the use of diuretics, postnatal cor-
ticosteroids, caffeine, or H2 blockers was not associated with
an increased rate of early childhood fracture. More than 5%
of all preterm infants and >60% of infants born at ≤28 weeks
of gestation in our study were treated with diuretics. Furose-
mide, a diuretic commonly used in the management of chronic
lung disease in neonates, causes urinary calcium losses, and
its use has been associated with an increased risk of hip frac-
ture in adults.25 Despite its wide use in our population, we did
not find any associations with fracture risk in early child-
hood. Likewise, although the treatment of chronic lung disease
with dexamethasone in preterm infants has been associated
with decreased linear growth and decreased bone mineraliza-
tion, we did not find an association between postnatal corti-
costeroids and fracture during early childhood.26-29 Finally,
caffeine, used in the neonatal population to treat apnea of

Table III. Unadjusted incidence rate ratio (and 95% CI) of fracture by age in a cohort of 65 938 infants born in the mili-
tary health system

0-5 Years 0-1 Years 2-5 Years

Male *1.09 (1.05-1.16) 1.13 (0.92-1.38) *1.09 (1.02-1.16)
Gestational age

32-366/7 weeks 0.90 (0.77-1.05) 0.86 (0.52-1.42) 0.90 (0.77-1.06)
29-316/7 weeks 0.79 (0.51-1.21) 0.63 (0.16-2.51) 0.80 (0.51-1.26)
≤286/7 weeks 1.68 (0.87-3.25) *7.23 (2.83-18.47) 1.14 (0.56-2.31)

Comorbidities
LBW 0.90 (0.75-1.10) 1.37 (0.84-2.26) 0.86 (0.70-1.05)
Osteopenia 0.73 (0.23-2.26) 3.21 (0.47-21.97) 0.48 (0.11-2.03)
NEC 2.39 (0.55-10.34) *13.28 (3.31-53.22) 1.31 (0.27-6.44)
Chronic lung disease *2.12 (1.15-3.88) *7.23 (2.36-22.10) 1.61 (0.72-3.58)
Cholestasis *8.6 (2.6-28.1) *47.93 (13.14-174.83) *4.73 (1.20-18.61)

Medication use
Caffeine 1.14 (0.72-1.82) *3.75 (1.64-8.58) 0.89 (0.56-1.42)
PPI *1.54 (1.22-1.96) 1.80 (0.99-3.29) *1.52 (1.18-1.95)
Postnatal corticosteroids 1.33 (0.91-1.92) 2.04 (0.72-5.77) 1.25 (0.87-1.81)
Diuretics *1.67 (1.03-2.71) *4.49 (1.91-10.56) 1.40 (0.82-2.38)
H2 blockers *1.12 (1.01-1.25) *1.42 (1.02-1.98) 1.09 (0.97-1.23)

*P < .05.

Table IV. Adjusted incidence rate ratio (and 95% CI) of fracture by age in a cohort of 65 938 infants born in the mili-
tary health system

0-5 Years 0-1 Years 2-5 Years

Male *1.09 (1.02-1.16) 1.10 (0.90-1.35) *1.09 (1.02-1.16)
Gestational age, wk

32-366/7 0.90 (0.76-1.07) 0.79 (0.45-1.41) 0.92 (0.77-1.09)
29-316/7 0.82 (0.44-1.54) 0.32 (0.09-1.14) 0.92 (0.48-1.77)
<286/7 1.10 (0.45-2.69) 1.07 (0.15-7.49) 0.97 (0.37-2.54)

Comorbidities
LBW 0.93 (0.75-1.17) 1.02 (0.40-2.61) 0.92 (0.75-1.13)
Osteopenia 0.66 (0.21-2.13) 2.43 (0.36-16.55) 0.46 (0.10-2.13)
NEC 1.62 (0.44-5.92) 4.24 (0.97-18.56) 1.06 (0.23-4.78)
Chronic lung disease 1.33 (0.51-3.49) 1.15 (0.26-5.10) 1.50 (0.49-4.56)
Cholestasis *6.23 (2.24-17.33) *22.01 (8.64-56.08) 3.81 (0.97-14.88)

Medication use
Caffeine 0.79 (0.40-1.58) 1.60 (0.39-6.63) 0.72 (0.34-1.53)
PPI *1.43 (1.13-1.81) 1.14 (0.60-2.15) *1.47 (1.14-1.89)
Postnatal corticosteroids 1.15 (0.82-1.60) 0.87 (0.40-1.91) 1.17 (0.81-1.69)
Diuretics 1.40 (0.75-2.61) 1.28 (0.32-5.10) 1.42 (0.71-2.82)
H2 blockers 1.07 (0.95-1.20) 1.34 (0.95-1.89) 1.05 (0.93-1.18)

Adjusted for male sex, gestational age, comorbidities, and medication use.
*P < .05.
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prematurity has been associated with an increased risk of os-
teoporotic fractures in adult women and is known to de-
crease intestinal calcium absorption and increase urinary
calcium excretion.30 In our study, caffeine use was not asso-
ciated with an increased fracture during early childhood.

In our study, 1.6% of all children and >27% of infants born
at ≤286/7 weeks of gestation were prescribed a PPI during the
first year of life. PPI exposure was associated with an in-
creased rate of fracture, with the greatest effect seen between
2 and 5 years of age. PPIs are used widely in infants despite
lack of efficacy in the treatment of gastroesophageal reflux and
evidence of potential harm including an increased risk for
serious bacterial infections and Clostridium difficile
infections.31-34 Recently, PPI use has been associated with an
increased risk of fracture in adolescents and older adults.35-37

Although PPIs do not directly affect calcium absorption, they
may alter the function of osteoclasts, which have a proton pump
that is critical to their function in bone remodeling and
turnover.38 The association between PPI use during the first
year of life and fracture risk during later childhood ques-
tions the safety of PPIs in the treatment of infants with gas-
troesophageal reflux and warrants further study.

The incidence of child maltreatment in our study popula-
tion, estimated using ICD-9-CM codes for maltreatment, was
much lower than the general population and it is unlikely we
identified all cases. Additionally, studies have found that vom-
iting and irritability, which are often used in the diagnosis of
gastroesophageal reflux and PPI prescription, are frequent clini-
cal signs in missed cases of nonaccidental trauma.39-41 Our data
suggest a possible association between PPI use and fracture rate,
but do not establish causality. A history of PPI use should not
be used as an explanation for fracture patterns or histories that
are concerning for maltreatment.

There are several limitations of our study. First, ICD-9-
CM codes do not indicate disease severity and gestational age
dating is imprecise. New fractures may have been misclassified
as follow-up and excluded. Although most military beneficia-
ries and their dependents receive insurance coverage solely
through the military health system, care covered by outside in-
surance providers was not included, creating the possibility that
fractures treated outside the military health system were not
counted. Finally, medication use was treated as binary data,
so subjects were coded as having exposure or not having ex-
posure. We are not able to determine if there are any dose–
response relationships between medication exposure and
fracture risk.

The strengths of our study include a large sample size with
a large cohort of preterm infants cared for in a universal health-
care system which decreases access to care bias, a long follow-
up period, and inclusion of pharmaceutical and comorbid
covariates. The use of a complete medical database mini-
mizes recall and ascertainment bias.

Our data do not support prematurity as being associated
with fracture at ≤5 years of age, but suggests neonatal
cholestasis, male sex, and treatment with PPIs during the first
year of life are associated with increased fracture rates. Further
studies are needed to explore these associations. Efforts should

be focused on optimizing bone health in infants with cholestasis
and avoiding usage of PPIs in infants. These results support
that prematurity should not be used as an explanation for frac-
ture, which is especially important in cases with fracture pat-
terns suspicious for nonaccidental trauma. ■
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