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Hip Fracture Incidence increases with lower 
bone mineral density (BMD)

C
um

ul
a
ti
ve

 i
nc

id
e
nc

e
 (
%

)

Years since baseline 

7.6%

14.1%

20.1%

29.6%

0

5

10

15

20

25

30

35

-5 5 15 25

Highest Quartile

Quartile 3

Quartile 2

Lowest BMD Quartile

Napoli et al, J Bone Miner Res ,2018



WHAT WE KNOW

Diabetes: a different story



Bone Mineral Density (BMD) at the hip in subjects
with T1D, T2D and without diabetes



Association between T1DM and risk of hip fracture

Weber, Diabetes Care 2015



Napoli N. et al., J Bone Miner Res, 2018
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Association between type 2 diabetes mellitus
and risk of hip fracture



Napoli et al. J Clin Endocrinol Metab, 2013

Hip fracture location No. fx HR (95% CI)

Femoral neck 768 1.20 (0.90, 1.58)

Intertrochanteric 642 1.76 (1.37, 2.27)

Subtrochanteric/

diaph.
45 3.25 (1.55, 6.82)

Older women (N=9704) in the Study of Osteoporotic Fractures

Adjusted models
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Why a sweet bone is more 
brittle?



Type 2 

Diabetes



Type 2 diabetes progression: vascular changes 
and tissue damage



Napoli et al



Role of inflammation
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Inflammation is associated to bone loss
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Increased adiposity is associated to lower BMD

Aguirre, Napoli et al, JCEM 2014



Is diabetic bone different?
Or, what is the evidence that diabetes, especially 

with longer duration, affects bone

> Disease progression

> Disease duration

> Glycaemic control

> Complications and falls



Impaired Glucose Tolerance (Pre-Diabetes) and 
Non-Spine Fracture Risk - Rotterdam Study
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Total hip bone mineral density is increased by
quartiles of HOMA-IR index

HOMA-IR Quartiles
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n = 2398

Mean age 73.6±2.9

53.1% women

37.5% black

Median follow-up for fracture: 11.9 yrs



Non-spine fractures are increased according to quartiles of HOMA-IR 
index
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Poor glycemic control increases hip fracture risk

A1C HR (95% CI)

≥10 1.73 (1.47, 2.03)

9 – 10 1.51 (1.26, 1.8)

8 – 9 1.28 (1.09, 1.51)

7 – 8 1.15 (0.98, 1.34)

6 – 7 1.00 (Reference)

≤6 1.15 (0.94, 1.4)

Li et al J Bone Miner Res 2015 

0 1 2

Taiwan Diabetes Cohort Study.  N= 20,025.   65+ y.o.    

1514 hip fracture cases



To determine clinical risk factors for any and multiple 
fragility fractures in type 1 diabetes

Multicenter Cross-sectionalStudy design

n=600 

Inclusion criteria:
✓ Type 1 diabetes ≥1 year;
✓ Age ≥18 years

n=107
Not meeting inclusion criteria

Medical records (2010-2015) 

✓ Diabetic complications
assessment and screening

✓ Height and body weight
✓ Routine follow-up visit

Study Visits (2013-2015)

Questionnaire for:
✓ Fragility fractures (after T1D 

diagnosis)
✓ Long-term glucose control
✓ Falls
✓ Hypoglycemic episodes
✓ Family history for fractures

Statistical analysis

Leanza, Maddaloni, Napoli Bone 2019



Leanza and Maddaloni, Bone 2019Leanza, Maddaloni, Napoli Bone 2019



Bone health in subjects with T1D for ≥50 years

✓40% free from CV complications despite long-term T1D1,2

✓Only 1.2% of the 985 Medalists had history of non-vertebral fragility 
fractures3

1Keenan HA, et al., Diabetes 2007, 
2Sun et al. Diabetes Care 2011; 3Maddaloni E. et al., Acta Diabetol 2017
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CONTROLS

T2D with FX

T2D without FX

Alterations in bone microarchitecture



Micro-architecture is impaired in T2D
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Wnt pathway



A

Figure 3.Changes in bone formation. 

Tetracycline double -labeled bone biopsies in (A)

a 58 yr old T2D Caucasian woman and (B) a 57 

yr old  Caucasian female control.  Bone formation 

is decreased in T2D with reduced mineralizing 

surface. 
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Figure 3.Changes in bone formation. 

Tetracycline double -labeled bone biopsies in (A)

a 58 yr old T2D Caucasian woman and (B) a 57 

yr old  Caucasian female control.  Bone formation 

is decreased in T2D with reduced mineralizing 

surface. 

B

Control T2D

Krakauer Diabetes 1995, Manavalan JCEM 2012

Bone Formation, by dynamic bone
histomorphometry, is low in T2DM



Vestergaard,oi 2014 and Bone 2016

Low Bone Turnover  in Diabetics



9-year longitudinal case-cohort study, 

data from the Health ABC Study (N=690)

Low Bone turnover in T2DM

Napoli N, JBMR 2020

 Normoglycemia 

N =167 

Pre-diabetes 

N = 172 

Diabetes 

N = 169 

P for trend 

Bone turnover 

marker 

    

CTX, ng/ml 0.49 (0.45, 0.53) 0.48 (0.45, 0.52) 0.43 (0.40, 0.47) 0.0404 

OC, ng/ml 8.3 (7.7, 8.8) 8.1 (7.6, 8.7) 7.0 (6.5, 7.4) 0.0007 

P1NP, ng/ml 44.1 (41.1, 47.4) 41.2 (38.5, 44.2) 40.3 (37.6, 43.2) 0.0850 

 



WNT PATHWAY
• During the past decade, 

secreted signaling molecules 
of the Wnt family have been 
widely investigated and found 
to play a central role in in the 
regulation of bone mass. 

• Recent published data reveal 
that Wnt signaling pathway is 
activated during postnatal 
bone regenerative events

• Dysregulation of this pathway 
greatly inhibits bone 
formation and healing 
process.



More evidence for reduced bone formation in 

T2DM: abnormalities in Sclerostin
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SCLEROSTIN RUNX2 OSTEOCALCIN 

Bone formation is downregulated in bone in T2DM

CONTROLS     T2DCONTROLS     T2D CONTROLS    T2D

Piccoli, Napoli N, JBMR 2020



AGEs are doubled in T2D

Napoli N, JBMR 2020



Napoli N, JBMR 2020



Bone strength is reduced in T2D
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Vigevano, Napoli JCEM 2021

Obese T2D have lower bone turnover 
vs obese no-T2D



Obese T2D have lower bone strength
vs obese no-T2D

Vigevano, Napoli JCEM 2021



SOST gene 
expression

RUNX2 gene 
expression

AGEs

Impaired WNT 
signaling

Low bone 
formation

Low bone 
quality and 
strength

Summary



Late stage of the disease

Adapted from Diabetes Atlas 4th edn. International Diabetes Federation. 2009 

CHF, congestive heart failure; ESRD, end-stage renal disease; MI, myocardial infarction; TIA, transient ischaemic attack

• Risk of falls in diabetes: OR 2.25, (CI 1.21–4.15)

OR 2.76 (1.52–5.01)



Diabetes complications further increased

the risk for hip fractures

Miao et al. Diabetes Care 2005

Risk for hip fracture among women hospitalized at least once for type 1 diabetes. Population-
based cohort of 24,605 patients (12,551 men and 12,054 women)



Treatment



Villareal--- Napoli et al, NEJM 2011



Changes from baseline in  bone mineral 
density



Changes in Sclerostin with lifestyle therapy
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FRACTURE RISK PREVENTION IN DIABETIC SUBJECTS

Ferrari & Napoli, International Osteoporosis Foundation 2018 guidelines



Men using insulin had a higher risk of all
non-vertebral fractures

Model

Diabetes, alla IFGb Diabetes, 

insulin use

HR (95% CI) HR (95% CI) HR (95% CI)

Unadjusted model 1.08 

(0.91, 1.28)

0.93 (0.79, 

1.08)

1.94            

(1.35, 2.80)

2. Adjusted for age, race, 

clinic

1.12         

(0.94, 1.34)

0.95            

(0.81, 1.10)

2.24          

(1.53, 3.27)

3. Adjusted for Model 1 

plus total hip BMD

1.30        (1.09, 

1.54)

1.04            

(0.89, 1.21)

2.46       (1.69, 

3.59)

4. Adjusted for Model 1 

plus falls in the year 

before baseline

1.08         

(0.91, 1.29)

0.95           (0.82, 

1.11)

1.98         

(1.34, 2.15)

5. Multivariable modelc – 1.00           (0.85, 

1.18)

1.74          

(1.13, 2.69)

Napoli & Schwartz, Diabetologia, 2014Napoli, Diabetologia, 2014



Risk factors for non-vertebral fracture 
in older men with diabetes

Napoli & Schwartz, Diabetologia, 2014



EFFECT OF LIRAGLUTIDE ON BMD

Napoli et al, unpublished
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0 0.5 1 1.5 2 2.5

Pooled non-CANVAS: 1.09 (0.72, 1.66)

CANVAS: 1.55 (1.22, 1.97)

CANVAS-R: 0.86 (0.62, 1.19)

CREDENCE: 0.98 (0.70, 1.37)

Pooled HR: 1.11 (0.83, 1.49)

HR (95% CI)

Canagliflozin and fracture risk

Napoli and Schwartz, 2020





Bone biomarkers

BMD FractureBone

formation

Bone

resorption

Metformin ↓/= ↓/= =/↑ ↓/=

Sulfonylureas ↑/= ↓/= -- ↓/=

Thiazolidinediones ↓↓/=/↑ ↑↑/= ↓↓/= ↑↑/=

Incretin

GLP-1

analogue
= ↓↓* ↑/= =

DPP-4

inhibitor
↓/= = -- ↓/=

SGLT2 = =/↑ = =/↑

Insulin = = = ↑

Palermo, Napoli, Ost Inter 2015



Prevention of falls and frailty



Anti-osteoporosis treatment
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Schwartz A. Bisphosphonates reduce fracture risk in postmenopausal women with diabetes: Results

from FIT and HORIZON trials. Presented at: American Society for Bone and Mineral Research, 

2015.



Schwartz A. Bisphosphonates reduce fracture risk in postmenopausal women with diabetes: Results

from FIT and HORIZON trials. Presented at: American Society for Bone and Mineral Research, 

2015.

Do osteoporosis 

treatments work in T2DM?

♦ Bisphosphonates
Post hoc combined
subgroup analysis

Alendronate (FIT) and zoledronic acid 
(HORIZON)

Non-vertebral fracture Morphometric vertebral fracture

0.1 1

Hazard ratio (95% CI)

DM

Non-DM

0.52

0.83

Favors treatment

0.1 1

Odds ratio (95% CI)

Favors treatment

0.34

0.39

DM

Non-DM

Women with diabetes 
showed changes similar to 
those in women without 
diabetes:

• Vertebral and non-vertebral 
fractures

FIT=Fracture Intervention Trial; HORIZON=Health Outcomes and Reduced Incidence with Zoledronic Acid



8080

FREEDOM Study Design
International, multicenter, randomized, double-blind, placebo-controlled study

Key Inclusion Criteria

• Postmenopausal women age 60 to 90 years

• T-score < –2.5 at the lumbar spine or total hip, but not < –4.0 at either site

• No severe and ≤ 2 moderate vertebral fractures

• Vitamin D level ≥ 12 ng/mL and calcium within normal range

Cummings SR, et al. N Engl J Med 2009;361:756-765.



8181

Subjects With Diabetes treated with denosumab have lower fasting glucose than 

those treated with placebo

Napoli et al, DMRR 2018
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TERIPATIDE is anabolic: 

Lindsay R, et al. Lancet. 1997;350(9077):550-555.
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Change from baseline in BMD 18 months after teriparatide initiation

Schwartz AV et al. Bone. 2016 Oct;91:152-8



C. Hamann et al. J Bone Miner Res. 2013 Mar;28(3):627-38.

Sclerostin Antibody Treatment

❖ Distal femur

Treatment with Scl

Ab significantly

increased trabecular

bone in nondiabetic

and diabetic rats

across both distal

femur and L4 

(p<0.0001).



UNIVERSITA' CAMPUS BIO-MEDICO DI ROMA

www.unicampus.it Hofbauer, Napoli, Rauner, Lancet DE 2022



The impact 
of diabetes
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CAN WE REVERT WNT FATE?



16-week-old; n= 6-8 mice/group Kim SP et al., PNAS 2017

Increased glucose tolerance in Sost-/- mice



Kim SP et al., PNAS 2017

Increased insulin sensitivity in Sost-/- mice



Wnt signaling inhibition (by higher sclerostin production) 
contributes to reduced bone mass and strength in T1D

Premise

Wnt signaling hyperactivation by a sclerostin-
insensitive Lrp5 mutation protects bone mass, 

architecture and strength in T1D 

Hypothesis



Experimental Approach

We used only
male littermates 

WT

Lrp5A214V/+ (HBM)Ins2–/+ (Akita)

Lrp5A214V/+/Ins2–/+

(HBM/Akita)

X

Ins2–/+

(Akita)
Sclerostin resistant

Lrp5A214V/+ (HBM)

F1

F2



HBM Mutation delays onset of hyperglycaemia
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30 weeks

HBM/Akita Maintain Elevated Bone Strength 

Despite Diabetes

*p<0.001 for the effect of HBM



Summary
Genetic Wnt signaling activation

✓ Overrides the effect of T1D on bone mass and bone 
strength 

✓ Retards the onset of glucose abnormalities, despite lack 
of insulin



Conclusions

• Wnt signaling may provide a common thread between 

bone and energy metabolism.

• Activated Wnt signaling improves bone mass, 

microarchitecture and strength in insulin-deficient 

diabetes and has positive effects on glucose 

homeostasis.



Does Wnt signaling hyperactivation through sclerostin-
insensitive Lrp5 mutation improve glucose metabolism in 

T1D? 



HBM Mutation Improves Glucose Tolerance in Diabetic Mice 

ip Glucose Tolerance Test (IPGTT)
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HBM Mutation Improves Insulin Sensitivity In Diabetic Mice 

ip insulin tolerance test (ipITT)
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6 weeks

Insulin (pg/ml)
wt
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C-peptide (pg/ml)

HBM Mutation Does Not Improve Insulin Secretion in Akita Mice 

Serum hormones assay after a glucose load
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HBM Mutation Reduces 
Pancreatic Insulin Content
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Role of osteocalcin



HBM Mutation Increases Brown Adipose Tissue
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Lindsay R, et al. Lancet. 1997;350(9077):550-555.
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CVF, clinical vertebral fracture; Fx, fractures; NVF, nonvertebral fracture; p-y, patient-years of treatment.

Fracture rates per 100 patient-years for the reference period (0 to 6 months) versus postreference period (>6 months) for subgroup based on diabetes mellitus presence at baseline. Time effect compares fracture rate between the 2 

treatment periods irrespective of subgroup; interaction assesses whether time effect varied between subgroups; subgroup compares fracture rate between subgroups irrespective of period effect. 

Period and subgroup significant at p<0.05; interaction significant at p<0.10.

Fracture Rates by Diabetes Mellitus with 
Teriparatide

Langdahl BL, et al. Bone (2018);116:58-66.

*p<0.05; †p<0.005; ‡p<0.0001 between periods
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Femoral Neck BMD – Placebo v Treatment with 
Alendronate or Zoledronate

10/21/2022109
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Relative risk of  fracture, comparing bisphosphonates 

with placebo, in DM and non-DM women

0.52 (0.33-0.80)

0.83 (0.75-0.92)

0.1 1

0.34 (0.18-0.67)

0.39 (0.33-0.45)

0.1 1

DM

Non-vertebral fracture Morphometric vertebral fracture

DM

Non-DM
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Conclusions

• Anabolic agents may be a first choice treatment 
in diabetic patients with fragility fractures

• Alendronate and zoledronic acid preserved bone 
density and reduced fracture risk. 

• Anti-fracture efficacy of these bisphosphonates is 
not inferior to their efficacy in women without 
diabetes.
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N= 4/group

6-month-old mice

Loss-of-Function Lrp5-/- Reduces Glucose 
Tolerance and Insulin Production



16-week-old; n= 6-8 mice/group Kim SP et al., PNAS 2017

Increased glucose tolerance in Sost-/- mice



Kim SP et al., PNAS 2017

Increased insulin sensitivity in Sost-/- mice



30 weeks

HBM/Akita Maintain Elevated Bone Strength 

Despite Diabetes

*p<0.001 for the effect of HBM
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Akita/HBM Develop Hyperglycemia with 

Different Onset Timing

11-16/group

§p<0.01 for 
Akita effect

*p<0.05 for the 
interaction 
between Akita
/HBM vs Akita
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