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DIABETES AND BONE
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Diabetes mellitus type 1 and 2 (T1DM and T2DM) 

are associated with increased fracture risk in both male 

and female individuals. The relative risk (RR) of hip frac-

tures in patients with T1DM ranges from 1.7 to 12.3, and 

increases with age, particularly after the age of 40. The 

outcome of a single study showed that the prevalence of 

morphometric vertebral fractures was higher in young 

(30 year old) patients with T1DM (24%) than in a control 

population (6%). Patients with T2DM in general have a 

moderately increased risk of hip fractures (RR 1.7, 95% 

CI 1.3—2.2). However, when restricting the analysis to 

the cohorts with more than 10 years of follow-up obser-

vation, the RR of hip fractures increased to 2.7 (95% CI 

1.7—4.4). Fractures of the wrist and the foot also ap-

peared to be more frequent in patients with T2DM than 

in healthy individuals. A single study conducted in Japan 

found that T2DM was associated with an increased risk 

of vertebral fractures in women (OR 1.9; 95% CI 1.11—

3.12) and men (OR 4.7; 95% CI 2.19—10.20). Drs. Al-

bright and Reifenstein fi rst suggested that there was a link 

between BMD loss and T1DM over 50 years ago. Nowa-

days, it has been proven that individuals with T1DM have 

22—37% less BMD than the non-diabetic control. The 

eff ects of T2DM on bone metabolism have remained less 

clear. Many studies have found a 5-10% increase in BMD 

above an age-matched non-diabetic population. By con-

trast, the trabecular bone score (TBS) at the lumbar spine 

decreased in patients with T2DM. It appeared that frac-

ture risk in T2DM is higher for a given BMD T-score and 

age or for a given FRAX score (a web-based tool for esti-

mating the 10-year probability of bone fracture risk). 

Both MRI and high-resolution peripheral quantitative 

CT revealed an increase in cortical porosity and trabecu-

larization of the bone cortex. Bone material strength (as-

sessed by in vivo microindentation) appeared to be lower 

in T2DM patients compared with non-diabetic controls, 

which is consistent with the alteration in collagen struc-

ture induced by hyperglycemia. The cellular and molecu-

lar mechanisms of increased bone fragility are rather 

complicated and probably not fully understood yet. At 

the tissue level, a decreased number of osteoblasts and 

diminished quantities of osteoid have been documented 

in patients with T2DM. The activation frequency of the 

bone remodeling units is decreased in diabetic patients. 

At the same time, the degree of bone mineralization and 

of non-enzymatic collagen crosslinking by pentosidine 

increased and positively correlated with HbA1c levels. 

These fi ndings are consistent with a relatively low bone 

turnover state. Other determinants of bone fragility in-

clude Wnt dysregulation and increased marrow fat, adi-

pokine alterations, oxidative stress, infl ammation, use of 

thiazolidinediones or some SGLT2 inhibitors. Compli-

cations of diabetes mellitus increase the risk of falls and 

risk of fracture. In addition to this, recent investigations 

have identifi ed the crucial role of osteocalcin in regulat-

ing insulin metabolism in a hormonal manner. The use of 

osteoblast-specifi c knockout mice produced a strong 

body of evidence that glucose homeostasis is controlled 

by the amount of osteocalcin in the circulation. Observa-

tional data in humans has provided strong evidence of a 

link between the levels of circulating osteocalcin and type 

2 diabetes mellitus, although clinical trials of osteocalcin 

have not been initiated. In conclusion, patients with dia-

betes have an increased risk of low-traumatic fracture, 

particularly with hip fractures, yet the common approach 

to osteoporosis diagnostics appears to be ineffi  cient. The 

mechanism of bone fragility in patients with diabetes is 

not fully understood, but it certainly related to hypergly-

cemia and the consequent changes in bone tissue and 

bone remodeling regulation. The role of osteocalcin on 

glucose metabolism and its potential therapeutic advan-

tages in diabetic patients remains to be investigated. 
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The group of genetic skeletal disorders comprises a 

total of almost 500 entities. Obviously this a very hetero-

geneous group with a clinical picture ranging from lethal 

over (very) severe to almost asymptomatic. Also the 

mechanisms that are disturbed vary, depending on the 

time, the skeletal sites as well as the cell types being af-

fected. Despite the fact that these monogenic conditions 

are in general very rare, they can provide us with nice 

models for more complex, multifactorial diseases that are 

more common in the population. This is defi nitely the 

case for osteoporosis and a subset of the genetic skeletal 

disorders. For many of the latter, the disease causing 

genes have been identifi ed and the underlying pathogenic 

mechanisms provided novel insights with relevance to-

wards understanding and treatment of osteoporosis. 

Some monogenic conditions present with an increased 

fracture rate as seen in osteoporosis. This can be due to 

structural abnormalities within the bone matrix as is the 

case in some forms of osteogenesis imperfecta or osteo-

petrosis. But in other conditions the increased fracture 

risk is simply caused by a reduced bone mass, as seen in 

osteoporosis pseudoglioma syndrome. Also the patho-

genic mechanisms of sclerosing bone dysplasias associ-


