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Fig. 1. Bone density and fracture risks regarding diabetic patients.
In the case of type 1 diabetes (TIDM), Z scores, compared to those of healthy people of the same age and the same sex, are lower by 0.22 regarding lumbars, and
0.37 regarding femurs, while in the case of type 2 diabetes (T2DM), Z scores are on the rise by 0.41 regarding lumbars, and by 0.27 regarding femurs. While it is
expected that the risks of proximal femoral fractures to be 1.42 times higher in the case of TIDM, and 0.77 times higher in the case of T2DM, the actual fracture
risks were each 6.94 times and 1.38 times the risk for TIDM and T2DM which were higher than expected. Author’s drawing based on Reference 3.
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Fig. 2. Correlation between vertebral fractures (VF) and the overall mortality rate in patients with T2DM.
When patients have more than two VF, their cumulative survival rate was sure to lower significantly (A). This correlation was significant also after adjusting for age,
gender, duration of T2DM, HbAlc, BMI, serum Cr, sBP, LDL-C, and treatment of osteoporosis (HR 2.93, 95%CI 1.42-6.02, p = 0.004). When VF became grade 3
(G3), the cumulative survival rate lowered significantly (B). This correlation was significant also, after adjusting for the confounding factors (HR 7.64, 95%CI 2.13-
27.42,p =0.002). VF, vertebral fractures; T2DM, type 2 diabetes mellitus; BMI, body mass index; Cr, creatinine; sBP, systolic blood pressure; LDL-C, low-density
lipoprotein-cholesterol; HR, hazard ratio; CI, confidence interval.
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Fig. 3. Deterioration of collagen cross-links in diabetes mellitus.
Crosslinkings physiologically formed in collagen arrays enhance bone strength. On the other hand, non-physiologically formed AGE crosslinkings, which damage
suppleness of bones, play a part in lowering bone strength. AGE, advanced glycation end product.
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Fig. 4. Impacts of AGEs on osteoblasts.

While AGEs accelerate apoptosis via RAGE that exists in osteoblasts, they suppress the proliferation of cells. Additionally, AGEs suppress differentiation and
mineralization of osteoblasts in their mechanism. During the process, the abnormality of endoplasmic reticulum stress proteins and increase of TGFf} expression are
seen. Although AGEs suppress Runx2 expression in the initial stage of differentiation, they suppress differentiation of osteoblasts by strengthening them in the later
stage of differentiation. AGEs, advanced glycation end products; RAGE, Receptor for AGEs; ER, endoplasmic reticulum; IREla, inositol-requiring enzyme 1o
ATF6, activating transcription factor 6; OASIS, old astrocyte specifically induced substance; TGFf, transforming growth factor-f3.
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Fig. 5. Impacts of homocysteine on osteoblasts.

Homocysteine induces osteoblasts apoptosis, resulting in inhibition of function of osteoblasts. Furthermore, it prevents physiological collagen from forming cross-
links outside cells and increases extracellular AGE cross-links. AGE, advanced glycation end product.
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Fig. 6. Mechanism of bone fragility caused by diabetes mellitus.
In the case of diabetic patients, blood concentrations of AGEs and homocysteine increase. AGEs and homocysteine cause apoptosis or suppression of differentiation
regarding osteoblasts, resulting in reducing bone formation rate. Furthermore, they suppress osteoblast differentiation by enhancing sclerostin expression in
osteocytes. On the other hand, it causes RANKL expression to lower from osteocytes, which suppresses osteoclasts differentiation, resulting in damaging of
remodeling. Owing to this, old bones which should be metabolized will not be resorbed, resulting in accumulation of AGE cross-links, and micro crackles. It can be
thought that an increase of apoptosis in osteocytes induces porosity in cortical bones. AGEs, advanced glycation end products; RANKL, receptor activator of nuclear

factor kappa-B ligand.
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