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not signi�cantly alter the hazard ratios for the antidiabetic 
treatments (Table S4) (43). Other antidiabetic medica-
tions (sulfonylureas, GLP-1 receptor agonists, �-blockers) 
and other anti-osteoporotic medications (raloxifene and 
estrogens) did not show any signi�cant impact on fracture 
risk (hazard ratios and P values are listed in Table S5 (43)).

Discussion
The increased fracture risk in people with T2D is not accur-
ately evaluated by a BMD-based assessment, and the ef�cacy 
of common medications in rescuing type 2 diabetic fracture 
risk is not established. In this study, we report a signi�cant 
independent correlation between longitudinal HbA1c, com-
monly used medications, and 2-year fracture risk in a large 
cohort with 157�439 T2D individuals.

The study has several strengths. First, it was conducted 
in a nationwide database containing more than 4 million 
commercial and Medicare Advantage enrollees with T2D, 
with a broad distribution of geographical regions and races. 
Second, all clinical fractures were evaluated, including typ-
ical fracture types attributed to T2D, such as hip and verte-
brae fractures. Third, our study identi�ed a simple, universal, 
and cost-effective blood-based measurement, HbA1c, as a 

Figure 2.  (A) Kaplan-Meier estimation of unadjusted fracture risk with 95% CI strati�ed by 1% difference of HbA1c groups for 730�days of additional 
follow-up period. (B) The �cross-section� of unadjusted fracture risk at the end of 2-year follow-up period shows a signi�cant increasing linear correlation 
with the increase of longitudinal HbA1c percentage (P = 0.003, R = 0.93). (C) Kaplan-Meier estimation of unadjusted all fracture risk when longitudinal 
glycemic control is separated into 2 groups: adequate glycemic control (N = 142�600) and poor glycemic control (N = 14�839). (D) Kaplan-Meier 
estimation of unadjusted fragility fracture risk in poor and adequate glycemic control. The difference in fragility fracture risk between groups is not 
statistically signi�cant (P = 0.23).

Table 3.  Common fracture sites for the 2-year follow-up period

All claims since individual �rst fracture date = 18�826

Common fracture sites N %

Vertebrae 2458 13.1%
Femoral neck 1854 9.8%
Rib 1729 9.2%
Humerus 1696 9.0%
Radius or ulna 1584 8.4%
Ankle 1565 8.3%
Tarsal or metatarsal 1483 7.9%
Phalanges (foot) 1027 5.5%
Tibia or �bula 829 4.4%
Carpal or metacarpal 697 3.7%
Phalanges (hand) 673 3.6%
Facial bones 604 3.2%
Femoral shaft 521 2.8%
Pelvis 507 2.7%

For the 2-year follow-up period, common fracture sites out of the total 18 
826 fracture claims on each individual�s �rst fracture date. Pathological 
fractures with speci�ed locations are included. Fracture sites with less than 
2% of claims, and unspeci�ed fractures are not listed in this table.
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