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A key finding of our study is that children
with type 1 diabetes were at increased
risk of fracture compared with age-, sex-,
and practice-matched participants with-
out diabetes (1). In his commentary (2),
Dr. Shah questions the clinical signifi-
cance of childhood fractures and the
contribution of type 1 diabetes to fracture
risk in children. To clarify, in participants
with type 1 diabetes and participants
without diabetes, we found that fracture
incidence was highest in the 10–20-year
age-group for males only; the highest in-
cidence in females occurred in those aged
80–90 years.
From a statistical standpoint, the large

sample size of our data set would be ex-
pected to reduce the risk of committing a
type 2 error (failing to detect a true as-
sociation between type 1 diabetes and
fracture) but not to increase the risk of
committing a type 1 error (identifying an
association that does not exist), which
was set at the standard a 5 0.05. We
defined fracture at any skeletal site as
the primary outcome in order to more
completely investigate the effect of
type 1 diabetes on fracture risk. Fragil-
ity fractures are uncommon in children
and young adults; limiting the analy-
sis to sites associated with fragility
fracture in older adults (spine, hip)
would likely underestimate the bur-
den of fracture in type 1 diabetes. All

fractures, fragility or otherwise, can
negatively impact quality of life through
physical/emotional pain, missed work/
school, physical activity restriction, and
increased health care expenditure (3). In
children, there is also the potential for
deleterious effects on bone growth
should the fracture involve the growth
plate (4). Dr. Shah points out that child-
hood fractures are usually sustained dur-
ing physical activity. It is unlikely that the
increased fracture risk we observed in
children with type 1 diabetes was be-
cause of higher activity, as there is evi-
dence that children with type 1 diabetes
are less likely to participate in activities
such as organized sports (5). Further
studies are needed to determine the re-
lationships between activity and fracture
in type 1 diabetes.

Our ability to explore the possible link
between hypoglycemia and fracture
was limited. Hemoglobin A1c (HbA1c)
was the only marker of glycemic control
available for analysis. We found a posi-
tive association between HbA1c and
fracture, suggesting that sustained ex-
posure to hyperglycemia was an impor-
tant contributor to skeletal fragility. This
finding argues against a major role for
chronic hypoglycemia in skeletal fragil-
ity (where a negative association be-
tween fracture risk and HbA1c would
have been expected) but cannot rule

out the contribution of acute hypo-
glycemic episodes. Given the increased
availability of continuous glucose moni-
toring, we anticipate that future studies
will allow for more robust assessments
of the contribution of acute and chronic
glycemic status to diabetes-related frac-
ture. In summary, we found that both
adults and children with type 1 diabetes
were at increased risk of fracture. These
findings more completely define the
population with type 1 diabetes at risk
for fracture and will hopefully raise
awareness of this complication. We
echo Dr. Shah’s call for further research
to identify the mechanisms of skeletal
fragility in type 1 diabetes.
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