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We thank Dr. Shah for the important comment, questioning whether
the increased fracture risk that we reported with longer diabetes
duration in type 1 diabetes (T1D) may be confounded by “age at onset.”
Dr. Shah suggests that analysis of age at onset may provide a better
understanding of fracture risk in T1D compared with disease duration.
Subjects with longer disease duration are indeed more likely to have
younger age at diabetes onset, which might negatively impact on bone
quality [1]. Accordingly, as reported in our study age at onset tended to
be higher in subjects without previous history of fragility fractures
(median [interquartile range] age: 21 [11−31] years) compared to
those with positive history of one (19 [13−31] years) or ≥ two frac-
tures (15 [11–18] years) (p = 0.061) [2]. On the other hand, diabetes
duration reflects both age at onset and a longer exposure to diabetes-
related detrimental factors, such as hyperglycaemia or complications,
and was associated with fracture risk in unadjusted models. We note
that in the context of an age-adjusted model, age at onset and diabetes
duration are essentially providing the same information, and it is not
reasonable to adjust one for the other. As Dr. Shah acknowledges in his
recent report on age at onset and bone properties [3], it is not possible
to clearly distinguish the effects of age, age at onset and diabetes
duration. We chose to report a final multivariate model with diabetes
duration as we believe this best reflects the long-term deleterious effects
of diabetes on the skeleton [2]. Of course, if we substituted age at onset
for diabetes duration in our multivariate model, younger age at onset
was associated with increased risk of multiple fractures, similar to our
findings for diabetes duration. Thus, we agree in part with Dr. Shah that
our finding that longer disease duration is associated with higher

fracture risk may be explained by the effects of earlier age at onset on
developing bone. However, our finding may also be explained by longer
exposure to diabetes, or to a combination of these factors. The devel-
opment of studies that can test whether age of onset contributes to
fracture risk, beyond its effect on duration of diabetes, would be an
important focus in future research.
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