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Annualized rates of diabetes per 1,000 individuals. 
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Overall Population Trends: Incidence Trends per 100 000 
Youth.

Cai M, Kappelman MD, Girman CJ, Jain N, Stürmer T, et al. (2015) Trends and Determinants of Oral Anti-Diabetic Initiation in Youth 

with Suspected Type 2 Diabetes. PLOS ONE 10(10): e0140611. https://doi.org/10.1371/journal.pone.0140611

http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0140611

Oral T2D

Use in

Adolescents

Has Grown

Exponentially

http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0140611


Type I Diabetes and Bone Disease

ÅModest reduction in BMD

Estimate from meta-analysis:

Spine Z-score -0.22

Hip Z-score -0.37

Vestergaard 2007

ÅMuch higher hip fracture risk

ÅMeta-analysis (6 studies):

Hip RR =  6.3 (2.6-15.1) 
Janghorbani et al 2007



Association between type 1 diabetes 
mellitus and risk of hip fracture in case-

control and cohort studies. 

Janghorbani M et al. Am. J. Epidemiol. 2007;166:495-505



T2D: Relationship to Osteoporosis is 
Complicated!!

ÅObesity in 70-90% of T2D subjects

ïInflammatory adipose tissue

ïWeight loading on the skeleton

ÅAging associated changes

ïAccelerated aging for many tissues

ïTissue composition

ÅNeuropathy and vasculopathy may 
contribute to greater peripheral fractures



Association between type 2 diabetes mellitus and 
risk of hip fracture in case-control and cohort 

studies. 

Janghorbani M et al. Am. J. Epidemiol. 2007;166:495-505



T2D and Fracture Risk
Womenôs Health Initiative

Skeletal site Age adj RR (95% CI)

Hip 1.41 (1.17, 1.70)

Proximal humerus 1.30 (1.07, 1.56)

Foot 1.44 (1.21, 1.71)

Ankle 1.34 (1.16, 1.55)

Clinical spine 1.28 (1.04, 1.56)

Forearm 0.98 (0.84, 1.15)

Bonds, et al. 2006
0 1 2

N = 93,676



DXA REGIONAL AREAL BMD: 
ADJUSTED FOR BMI

T2D CONTROL P

Regional BMD (DXA):

Femoral neck hip (g/cm2) 0.93 ± 0.03 0.94 ± 0.03 0.900

Trochanter hip (g/cm2) 0.85 ± 0.02 0.81 ± 0.02 0.264

Total hip (g/cm2) 1.03 ± 0.02 0.98 ± 0.02 0.247

Ultradistal radius (g/cm2) 0.43 ± 0.01 0.41 ± 0.01 0.295

Total radius (g/cm2) 0.64 ± 0.01 0.62 ± 0.01 0.286

Lumbar spine (L1ïL4; g/cm2) 1.27 ± 0.04 1.15 ± 0.04 0.057

Total body (g/cm2) 1.16 ± 0.02 1.14 ± 0.02 0.633

Values are shown as means ± SE. P-values for comparisons between the T2D and 

control groups using an analysis of covariance model adjusted for BMI.
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