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The Diabetes-Bone Relationship
Laura R. McCabe*
Departments of Physiology and Radiology, Michigan State University, USA

Diabetes is a chronic metabolic disease characterized by
hyperglycemia due to the inability of insulin dependent cells to
absorb glucose effectively. Either insulin deficiency due to the loss of
pancreatic beta cells (type 1 diabetes) or insulin insensitivity/resistance
(type 2 diabetes) results in diabetes. According to the World Health
Organization, more than 340 million people worldwide have diabetes.
Because of the significant metabolic changes that occur in diabetes it is
not surprising that most organs in the body become affected to some
extent. This in part due to the extended lifespan of patients and the
difficulty of maintaining absolute metabolic control even with all the
current medical advances. While neuropathy, nephropathy, retinopathy
and cardiovascular disease are commonly thought of as consequences
of diabetes, it is also known that diabetes can impact the skeleton and
cause bone loss and/or altered bone matrix and strength [1]. These
changes can also impact bone marrow cells, which are involved in
immunity, inflammation and tissue healing. Work over the past several
years further supports that bone can also contribute to the regulation
of insulin secretion and metabolism [2]. Thus, understanding the
mechanisms accounting for diabetic bone pathology is important for
developing therapies that could restore bone as well as metabolic and
overall patient health and quality of life.

Both type 1 and type 2 diabetes are known to have significant
effects on bone health [3]. Type 1 diabetes is associated with bone loss
in males and females and at several skeletal sites [4]. In animal models,
type 1 diabetes is associated with bone loss, decreased osteoblast
activity, increased bone marrow adiposity, osteoblast death and
marrow inflammation [5,6]. While genetics can influence the amount
of bone lost, reports using type 1 diabetic animal models demonstrate
that all display bone loss regardless of method of diabetes induction
(spontaneous versus pharmacologic [6,7] or strain. However,
differences in mouse genetic backgrounds did affects the magnitude of
boneloss in response to type 1 diabetes, possibly as a result of differences
in bone turnover rates and/or additional metabolic factors. While
bone anabolic properties are decreased in patients (similar to animal
models), marrow adiposity does not appear to associate with type 1
diabetes in humans but is interestingly linked to serum lipid levels [8].
Type 2 diabetes, on the other hand, is not always associated with bone
loss but is associated with reduced bone strength and fracture risk; this
is likely due modifications in the bone matrix through hyperglycemia
induced glycation.

Both type 1 and type 2 diabetes lead to increased fracture risk [9],
making diabetic bone loss a complication that should be considered for
monitoring and therapeutic prevention. First line approaches include
exercise/loading of bones, vitamin D and calcium to enhance and/or
maintain bone density. Given that most pharmacologic approaches
for bone loss reduce catabolic activity by osteoclasts and knowing
that diabetes (especially type 1) can suppress catabolic and anabolic
properties, diabetic treatment options need to be considered carefully.
Ikeda et al. [10] present data showing that, at least in type 2 diabetic
patients, the use of alendronate (a bisphosphonate) effectively reduces
bone loss. The long-term effects of bisphosphonates on bone density
and ultimate strength in type 1 diabetic patients is less well known. An
important area of research is testing the efficacy of existing osteoporotic
treatments in diabetic patients to assess their impact on bone health

in this population. Identifying existing drugs that promote bone loss
in patients is also important. For example, anti-diabetic compounds
that activate PPARy (i.e., rosiglitazone) to lower hyperglycemia,
hyperinsulinemia and hypertriglyceridemia in type 2 diabetic patients,
also induce marrow adiposity, bone loss and increase fracture risk.
Several therapeutic possibilities are currently being examined. In
this issue, Devesh et al. [11] identified that combination therapy
of pioglitazone with spirulina reduced the risk of fracture in insulin
resistance rats and that spirulina complemented the anti-hyperglycemic
and anti lipidemic activity of pioglitazone. It is important to continue
to examine factors (existing or novel) that can serve as therapeutics to
benefit diabetic bone health.

As noted previously, it is imperative that the mechanisms
accounting for diabetic bone loss be identified to aid in the development
of therapeutic targets and novel treatment regimes. It is well known
that diabetes leads to decreased insulin signaling and that diabetes can
impact IGF-1 signaling as well; both factors are known to have bone
anabolic properties and alterations in their signaling pathways can
contribute to diabetic bone pathology [12]. In addition, hyperglycemia
itself can alter cellular metabolic processes as well as directly modify
proteins through advanced glycation end products (AGEs). AGE
and reactive oxygen species can impact osteoblast activity and likely
contribute to diabetic bone pathology. The underlying mechanism is
thought to involve AGE signaling through their receptor RAGE to
impact cell function and inflammation. Witzke and Vinik [13] discuss
the role of RAGE in osteoclast activation in Charcot neuroarthropathy,
which can occur in diabetic patients. Therefore, administration of
sRAGE in people who lack adequate endogenous production might
have the anti-resportive potential by interrupting the osteoclastic
activation.

In summary, both type 1 and type 2 diabetes is associated with
increased fracture risk through similar as well as potentially different
mechanisms. With medical advances lengthening patient lifespan.
This leads to extended time of tissue exposure to diabetic conditions
(altered metabolism) and compounds disease complications with
those of aging. Understanding the factors/mechanisms involved in the
diabetic bone pathologies is critical to optimizing current treatments
and identifying new drug treatment targets and therapies.
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