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Abstract

Bone fragility is an emerging complication of diabetes. People with diabetes are at a significantly higher risk of fractures
compared to the general population. Bone fragility occurs in diabetes as a result of complex and poorly understood mecha-
nisms occurring at the cellular level contributed by vascular, inflammatory and mechanical derangements. Bone mineral
density (BMD) as assessed by DEXA is low in type 1 diabetes. Type 2 diabetes has a high risk of fracture despite a normal
to raised BMD. DEXA thus underestimates the fracture risk in diabetes. Data are scare regarding the efficacy of the available

therapies in this low bone turnover state.
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Introduction

Diabetes affects nearly 422 million people globally and its
prevalence is on rise, likely to reach to 642 million by 2040
[1]. The prevalence of diabetes in India is as high as 7.3%
[2]. Diabetes is one of the important cause of secondary
osteoporosis. A cross-sectional study of 252 patients with
type 2 diabetes mellitus (T2D) in a tertiary care institute
in India demonstrated a prevalence of 33% of osteoporosis
and 40% of osteopenia [3]. Considering the high prevalence
of diabetes, the burden of bone disease in diabetes is also
huge. Along with the known micro- and macro-vascular
complications of diabetes, bone fragility has emerged as a
new complication. Unfortunately, it is often an ignored and
undermanaged complication of diabetes. With the ageing
population, the prevalence of both diabetes and osteoporosis
is expected to increase. Thus, osteoporosis and diabetes are
now considered as the dual pandemics.

The pathophysiological mechanism between bone fra-
gility and diabetes is poorly understood. Various factors in
diabetes can have an impact on bone homeostasis by impair-
ing the function of osteoclasts, osteoblasts and osteocytes or
affecting the structural properties of the bone.
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Epidemiology of Osteoporosis in Diabetes

Patients with diabetes are at an increased risk of fractures
compared to general population. Diabetic patients have
0.5 to 2 times increased risk of any osteoporotic fracture
compared to control with an odds ratio [OR]=1.3, 95% CI
1.2-1.5 for T1D and 1.2, 95% CI 1.1-1.3 for T2D. For spine
fracture, the OR was significant for type 1 diabetes mel-
litus (T1D) but not significant for T2D. With regard to hip
fracture, the OR was 1.7, 95% CI 1.3-2.2 for T1D, and 1.4,
95% CI 1.2-1.6 for T2D [4]. In a metanalysis, patients with
diabetes have a pooled relative risk of hip fractures amongst
all the included studies which was 2.07 (95% CI 1.83-2.33)
compared to patients without diabetes [5]. In a community-
based study in India of 57,117 people with age > 20 years,
prevalence of fractures was significantly more in diabetics
(4%) compared to non-diabetics (2.5%) [6].

The risk of fracture is more in T1D compared to T2D.
According to the IOWA Women'’s Health study, T1D women
have 12 times more probability of sustaining hip fractures
than non-diabetic women. In addition, T2D women have
1.7 times chance of having hip fracture compared to non-
diabetic women even with a normal bone mineral density
(BMD) [7]. The risk of fracture is higher in T1D due to
long disease duration and also hip fractures occurs around
15 years earlier compared to control population [8]. The
risk is comparatively lower in T2D, but as the duration of
diabetes, insulin requirement and complications increases,
the fracture risk worsens by up to twofold [9].
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Pathophysiology of Osteoporosis and Bone
Fragility in Diabetes

T1D is a known cause of low BMD; however, BMD may
be low, normal or even high in patients with T2D. The
pathophysiology of bone fragility is thus complex.
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Advanced glycation end-products (AGEs) and bone
strength

AGEs such as pentosidine (PEN) and carboxymethyl
lysine are produced through non-enzymatic condensa-
tion reactions between amino groups and carbonyl
groups. Enzymatic crosslinking is essential for main-
taining bone strength by increasing collagen stiffness,
whereas non-enzymatic crosslinking is deleterious to
bone quality [10]. In patients with diabetes, there is
an increase in non-enzymatic crosslinking of collagen
by AGEs. Studies have shown that increased urinary
and serum concentrations of PEN correlated with an
increased risk of fractures, independent of BMD, in
patients with both T1D and T2D [11-13]. This could
explain the reason for an increased bone fragility in
patients with diabetes with an apparently normal BMD.

Apart from an effect on the mechanical properties
of the bone, AGEs significantly inhibit osteoblast pro-
liferation, increase apoptosis of osteoblast, increase
expression of sclerostin and decrease RANKL [14-16].
In addition, AGEs inhibit parathyroid hormone (PTH)
secretion [17]. All these alterations ultimately lead to
a state of suppressed bone turnover, characteristic of
diabetes.
Interactions at level of mesenchymal stem cells

The bone marrow consists of 2 population of cells,
i.e. osteoblasts and adipocytes, derived from a common
precursor, the mesenchymal stem cells (MSC). Two
systems, the Wingless-related integration site (Wnt)
signalling and the peroxisome proliferator-activated
receptors-y (PPAR-y) pathways, modulate the balance
between adipogenesis and osteogenesis. Activation of
Wt signalling pathway favours osteogenesis whilst
inhibiting adipogenesis, whereas PPAR-y promotes
adipogenesis and inhibits osteogenesis [18]. Marrow
adipogenesis is found to be associated with decreased
bone formation, lower BMD and increased risk of frac-
ture in several studies. Other factors in diabetes which
can promote adipogenesis includes glucocorticoids use,
advancing age, obesity and immobility [19].
RANK/RANKL/OPG system

Diabetes and obesity are a state of chronic inflamma-
tion where the inflammatory cytokines increase bone
loss. The association is bi-directional. osteoprotegerin
(OPQG) is found to be associated with increased athero-
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sclerotic parameters and fat mass [20]. Receptor acti-
vator of nuclear factor-kB ligand (RANKL) has been
found to worsen insulin resistance and predict the risk
of development of T2D [21].

Alterations in Wnt signalling pathway

Sclerostin and Dickkopf-1, inhibitors of Wnt sig-
nalling pathway has been shown to be higher in T2D
compared to control population as a result of hypergly-
cemia. Thus, bone formation is impaired in T2D.
Insulin deficiency

Insulin has anabolic action on osteoblasts. This
widely explains the BMD differences in T1D and T2D.
T1D has insulin deficiency and thus low bone mass,
which improves with insulin therapy [22]. T2D with
insulin resistance and hyperinsulinemia has a higher
BMD [23]. Insulin promotes the proliferation and dif-
ferentiation of osteoblast by increasing Runt-related
transcription factor 2 (RUNX2) activity and increases
collagen synthesis [24]. T1D has low IGF-1 levels,
which further impairs bone formation as insulin-like
growth factor-1 (IGF-1) is known to be anabolic to
bone [25].

BMI and bone

Studies have shown a positive correlation between
body mass index (BMI) and bone mass. A study in
conducted in North India showed that a normal body
mass index (18.5-22.9 kg/m?) had higher prevalence
of osteoporosis and osteopenia compared to BMI >25
kg/m? [26]. Beneficial effect of weight specially fat
mass is due to the increased mechanical loading on
weight-bearing skeleton mediated by alterations in
mechanostat function of osteocytes and changes in
locally produced bone growth factors [27]. Weight loss
has been found to increase bone resorption and lower
BMD. However, when weight loss is accompanied by
exercise training, it attenuates this bone loss [28].
Role of incretins (Gut-bone axis)

Glucagon-like peptide-1 (GLP-1) receptors are pre-
sent on the immature osteoblasts and stromal cells of
bone marrow. It promotes osteogenesis and decreases
differentiation of MSC to adipocytes [29]. GLP-1
may inhibit postprandial bone resorption via increas-
ing calcitonin. Gastric inhibitory polypeptide (GIP)
and Glucagon-like peptide-2 (GLP-2) also inhibits
postprandial bone resorption. In diabetes, this incre-
tin response is decreased or lost. Thus, incretin-based
therapies may have a positive effect on bone health.
Role of other hormones

Adipokines (leptin and adiponectin) have shown to
have positive effects on bone by promoting osteogene-
sis and inhibiting osteoclastogenesis. Resistin levels are
elevated in diabetics and a study has shown an inverse
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relationship between resistin and lumbar spine BMD in
males, though the effect was small [30].
Inflammatory cytokines

Interleukin I-6, IL-1, tumour necrosis factor (TNF)
as well as reactive oxidation species are increased in
T2D and obesity due to marrow adiposity and insulin
resistance. In addition, as a part of generalised immune
activation in T1D, these cytokines are raised. This leads
to an increased survival and function of osteoclasts and
inhibits bone formation.

Thus, diabetes is a state of low bone turnover. The
main cause of bone fragility is low bone formation.

Risk Factors for Osteoporosis and Bone
Fragility in Diabetes
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Age and gender: old age and female gender have higher
risk of bone fragility.
Hyperglycemia.

There are various mechanisms how impaired blood
glucose leads to poor bone health.

(a) Increased oxidative stress: raised levels of
advanced glycation end-products have negative
impact on structural proteins like type 1 colla-
gen by forming crosslinks between the fibres and
posttranslational modification. These ultimately
results in reduced mechanical properties and
strength of bone [31, 32]. In addition, increased
levels of urinary pentosidine in diabetics were
found to be associated with a 42% increase risk of
new clinical fractures compared to non-diabetics
[11].

(b) Hyperglycemia per se leads to impaired function
of osteoblasts.

(c) Hyperglycemia-induced acidosis increases bone
resorption [33].

In general, poor glycemic control is associated
with higher bone fragility compared to those with
adequate glycemic control [34]. A glycated hae-
moglobin (HbAlc) of > 7.9% in T1D and > 9% in
T2D has shown to significantly increase the risk
of fractures [35, 36].

Presence of chronic complications of diabetes and
comorbidities:

Risk of fractures is higher is patients with compli-
cations of diabetes. Retinopathy decreases vision, and
balance and gait are impaired by neuropathy leading
to increased risk of falls and fractures. In addition,
impaired mechanical stress can occur due to neuropa-
thy, sarcopenia and myopathy. Diabetic nephropathy is
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perhaps the most common complication that is associ-
ated with bone fragility, right from the early stages. It
is mainly due to increased bone turnover as result of
alterations in calcium, phosphate, vitamin D and para-
thyroid hormone levels [37]. Comorbidities associated
with T2D such as ischaemic heart disease and hyper-
tension, per se has detrimental effects on bone [38, 39].
Duration of diabetes: low BMD is particularly seen in
diabetics with disease duration > 5 years.
Poor accrual of peak bone mass: as T1D affects rela-
tively younger people when the skeletal growth is still
incomplete, it may lead to poor gain in the peak bone
mass. In addition, due to rising trend of obesity, T2D
prevalence is increasing amongst relatively younger
population, which impairs achieving adequate bone
mass.
Hypogonadism: around 1/3rd of T2D men are deficient
in testosterone [40]. Testosterone inhibits osteoclas-
togenesis and decreases marrow adiposity. Increased
oestrogen levels in T2D contribute to raised BMD.
Early menopause and lesser use of hormone replace-
ment therapy is also an important cause of osteoporosis
in India.
Nutritional status and physical activity: protein and cal-
cium deficiency and decreased physical activity also
adds to poor bone health. A study showed that patients
with vitamin D deficiency (levels <20 ng/ml) have a
higher risk of osteopenia and osteoporosis, OR 7.8,
95% CI3.1,19.5 and OR 7.3,95% CI 2.8, 18.8, respec-
tively, compared to those with vitamin D > 30 ng/ml
[41]. Prevalence of vitamin D deficiency is particu-
larly high in India, more so in people with diabetes
[42]. However, results of other studies are conflicting.
The presence of malabsorptive conditions like celiac
disease further worsens bone health. Sarcopenia in
persons with diabetes also increases risk of falls and
fractures [43].

Other risk factors such as family and personal history
of fractures are similar to general population.

Effect of Glucose-Lowering Therapies
on Bone (Table 1)
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Insulin: fracture risk is higher in T2D patients on
insulin therapy compared to those not on insulin [44].
As such, insulin therapy does not per se has negative
effects on bone. These studies may have been con-
founded by the fact that T2D who are requiring insulin
usually have a longer disease duration, higher preva-
lence of complications. In addition, risk of hypoglyce-
mia is higher in patients on insulin, which could lead
to increased risk of falls [45]. A study conducted by
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Table 1 Summary of effect of glucose-lowering therapies on bone

Drug Effect on bone

Comments

(1) Insulin Anabolic to bone

Increased risk of falls due to hypoglycemia. Increased fracture risk could be
a confounding effect of long disease duration, poor glycemic control and
chronic complications

(2) Insulin secretagogues
(3) Metformin

(4) Thiazolidinediones
(5) GLP-1 agonists

(6) Dipeptidyl peptidase 4

Neutral
Neutral or slightly positive -
Decrease BMD
Neutral or favourable -
Neutral or favourable -

(DPP4) inhibitors

(7) SGLT?2 inhibitors

Increased fracture risk

May increase risk of falls by causing hypoglycemia

Increase bone marrow adipogenesis and decrease osteoblastic differentiation

Data are mainly with canagliflozin
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Raj et al. in 74 patients of T2D showed that treatment
with insulin and sulfonylureas were associated with a
lower risk of osteoporosis, possibly due to bone ana-
bolic actions of insulin [46].

Thiazolidinediones: TZDs acts as PPAR-gamma
ligands, which promotes adipogenesis and inhibits oste-
ogenesis in vitro [47]. They also increase the RANKL
expression and recruitment of hematopoietic stem cells
to form osteoclasts. Most of the studies suggesting
increased bone fragility and fracture with TZDs are
with rosiglitazone. ADOPT (A Diabetes Outcome Pro-
gression Trial) was the first study suggesting a negative
impact of TZD on bone. In this study, the hazard ratio
for fracture with rosiglitazone was 2.13 compared to
glyburide and 1.81 compared to metformin [48]. Data
are scare and conflicting regarding the now commonly
used TZD, pioglitazone [49-51].

Metformin: Data from the ADOPT trial did not show
an increased risk of fracture with metformin or glybur-
ide [48]. Some studies have shown a positive effect of
metformin on bone health [4, 52].

Sulfonylureas: as they carry a potential risk of hypo-
glycemia, sulfonylureas should be used with caution
in elderly osteoporotic population. In a study on frac-
ture risk in elderly male population, there was a 66%
higher risk of non-vertebral fractures in sulfonylurea
users compared to control [9].

SGLT?2 inhibitors: affects bone indirectly via alter-
ing the calcium and phosphate metabolism, causing
increased excretion of calcium and leading to sec-
ondary hyperparathyroidism. In the CANVAS study,
there was a significant higher risk of fracture in the
canagliflozin group as compared to control arm (4 vs
2.6%). One of the factor responsible for higher fracture
incidence in this could be presence of cardiovascular
comorbidity. Furthermore, data from pooled analysis of
non-CANVAS studies did not show an elevated fracture
risk with canagliflozin [53].
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GLP-1 agonists: studies have suggested a neutral effect
of GLP-1 agonists on bone [54, 55].

Dipeptidyl peptidase 4 (DPP4) inhibitors: considering
almost negligible risk of hypoglycemia and favourable
effect of incretins on bone, these agent are one of the
recommended drug for T2D adults with osteoporosis.
However, further studies are needed.

Diagnosis of Osteoporosis and Bone
Fragility in Diabetes
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Dual-energy X-ray absorptiometry (DEXA): it is the
most commonly used technique for diagnosing osteo-
porosis. BMD is low in T1D, whereas it is normal or
even high in T2D. In general, T2D has a mean 5-10%
higher BMD compared to non-diabetics [56]. Fracture
Risk Assessment Tool (FRAX) is a commonly used
parameter to assess fracture risk in population. T1D is
one of the secondary cause of osteoporosis in FRAX
tool and the risk calculated has interpretation similar
to non-diabetic population. However, FRAX underesti-
mate the risk of fracture in T2D by 30-50% [57]. Thus,
for diagnosing osteoporosis in T2D, a T-score of — 2.0
is advocated as compared to a score of — 2.5 for gen-
eral population [58]. In addition, it is recommended to
treat patients of T2D at a lower FRAX cutoffs. Various
adjustment in calculating FRAX for T2D have been
suggested: (1) trabecular bone score adjustment (TBS),
(2) adding rheumatoid arthritis input, (3) decreasing the
femoral neck T-score by 0.5 in the BMD input, and (4)
increasing age by 10 years [59].

Trabecular bone score (TBS): it is used to assess the
microarchitecture of bone and thus bone quality. A TBS
of <1.2 suggest degraded microarchitecture. TBS can
be used as a parameter to adjust FRAX in T2D.
High-resolution peripheral quantitative computed
tomography (HR-pQCT): it is a 3-dimensional imag-
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ine technique which provides volumetric BMD in a
compartment-specific manner. Trabecular and cortical
bone volume has been shown to be low in TID and
this correlates with poor glycemic control and micro-
vascular complications [60]. People with T2D have
an increased cortical porosity compared to control. A
study in post-menopausal women with T2D of long
duration (> 10 years) by in-vivo microindentation test-
ing of tibia showed a reduced bone mineral strength
[61].

(4) Bone biopsy: analysis of bone histomorphometry in
T1D with good glycemic control showed normal levels
of bone-formation indices in T1D compared to con-
trol. However, there was increase in levels of AGEs
deposition with non-enzymatic collagen crosslinks sug-
gesting poor bone quality [62, 63]. This increased non-
enzymatic crosslinking of collagen that is also found in
T2D. The collagen-crosslink results in increased brit-
tleness of bones.

(5) Bone turnover markers (BTM): BTM are not useful
for diagnosis of osteoporosis. Studies have shown a
reduced levels of osteocalcin and raised levels of bone
alkaline phosphatase in T2D [64, 65]. Increased levels
of sclerostin, an inhibitor of bone formation, has been
found both in-vivo and in-vitro studies in T2D [14, 25].
BTM have not found to be useful to predict fracture risk
in diabetes [66]. BTM have a role in the follow-up of
patient who are receiving anti-osteoporotic therapy.

Other screening tools such as SCORE (Simple Calcu-
lated Osteoporosis Risk Evaluation), OSTA (osteoporosis
self-assessment tool for Asians), and MORES (male osteo-
porosis risk estimation score) have been validated for Indian
population [67, 68].

Falls risk assessment is a useful tool to identify patients
who are at a high-risk for fracture and initiate early interven-
tion to prevent the same. One such scoring system is FRAS
(Falls risk assessment score), a self-reported tool to screen
older patients for risk of falls. The scores ranges from 0 to
6.5 and more the score, higher is the risk of falls [69].

Treatment of Osteoporosis in Diabetics: How
It is Different from Persons Without Diabetes

The treatment options for osteoporosis are same for diabetics
as for those without diabetes. However, as diabetes is a low
bone turnover state, further suppression of bone turnover by
anti-resorptive therapies like bisphosphonates or denosumab
might not be efficacious in this setting. Available data in
this regard are limited to post hoc analysis or observational
studies, with a limited number of patients with diabetes.

Currently, there no randomised controlled trial published,
focussing exclusively on diabetic population.

Post hoc analysis of Raloxifene Use for the Heart (RUTH)
and Multiple outcomes of Raloxifene Evaluation (MORE)
trial found a similar efficacy of raloxifene in improving
BMD in diabetics compared to non-diabetics [70, 71]. In
the Fracture Intervention Trail (FIT) trial of alendronate,
the BMD gains were similar in diabetes versus non-diabetes
patients. However, details regarding fracture risk reduction
are not available [72]. In the Fracture Reduction Evaluation
of Denosumab in Osteoporosis (FREEDOM) trial, deno-
sumab reduced the risk of vertebral fractures in patients with
diabetes by 80% compared to placebo. However, there was
an apparent increase in non-vertebral fractures which was
found only during the initial 3 years of study and was not
observed in the 10-year extension of the trial [73]. A study
by Vestergaard et al. on a large cohort treated with anti-
resorptives showed no significant differences in fracture risk
reduction in patients with diabetes compared to control [74].

As diabetes is a state of low bone turnover, anabolic ther-
apies seem to be an attractive option. A post hoc analysis
of Direct Assessment of Nonvertebral Fractures in Com-
munity Experience (DANCE) study, for efficacy of teripara-
tide in patients with and without diabetes, the gain in spine
BMD did not differ between the 2 groups, +0.040 (95% CI
0.017-0.063) g/cm? vs. +0.047(0.042-0.053) g/cm?, respec-
tively, P =0.542, whereas there was a significantly higher
gain in BMD at the femoral neck in T2D patients, +0.034
(0.011-0.057)g/cm? vs. +0.004 (—0.001-0.009) g/cm?,
respectively, P=0.014 [75]. In the post hoc analysis of
Abaloparatide Comparator Trial In Vertebral Endpoints
(ACTIVE) trial, abaloparatide lead to a significant improve-
ment in lumbar spine BMD (8.9% versus 1.3%), femoral
neck BMD (2.6 vs — 0.2%), and TBS (3.72 vs — 0.56%)
compared to placebo [76]. As the sclerostin levels are high
in diabetes, romosozumab is a potential therapy for osteo-
porosis in diabetes. However, data are scare and also there
are cardiovascular concerns with this agent.

Recommendations for Osteoporosis
in Diabetes

International Osteoporosis Foundation (IOF) provides rec-
ommendation for osteoporosis in diabetes [77]. BMD assess-
ment by DEXA in T2D is recommended starting at 5 years
of diabetes duration in the absence of other risk factors like
steroids use or old age [77]. If fracture risk is low, repeat
DEXA at interval of 3-5 years. As osteoporotic fractures
occurs at a relatively younger age in India compared to the
western population, India Society for Bone and Mineral
Research (ISBMR) guidelines recommend screening start-
ing at an earlier age [78].
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For T1D, International Society for Pediatric and Adoles-
cent Diabetes (ISPAD) recommends performing DEXA in
late adolescents, especially in the presence of celiac disease,
poor glycemic control or any complications of diabetes.

Regarding prevention and management, lifestyle modifi-
cations to maintain a normal BMI are advisable. If a patient
is overweight or obese, weight loss should be attained
through a combined calorie restriction and an increased
physical activity. Exercise particularly resistance and endur-
ance training helps to prevent sarcopenia and falls [79]. Edu-
cation regarding fall prevention should be an integral part
of osteoporosis management. IOF suggests six steps for fall
prevention. This includes techniques to keep home safe by
ensuring adequate lightings and grab bars, use of non-slip-
pery footwear, correction of any visual defects, exercise and
healthy eating habits and reviewing medications which may
predispose to falls [80].

Vitamin D should be maintained > 20 ng/ml. Patients as
per requirement should receive 1000-2000 IU of vitamin
D per day to maintain target levels. Calcium supplements
should be prescribed if the dietary calcium intake is less
than 1.2 g per day [78].

In general, the indications for initiating anti-osteoporotic
therapy in diabetes are same as in people without diabe-
tes. Only difference is the threshold should be decreased
to T-score < -2 at either lumbar spine or femoral neck [78].

Once a patient develops fracture, after the necessary
intervention for the fracture is performed, anti-osteoporotic
therapy should be started before discharging the patient from
the hospital [81]. The fracture healing is often delayed and
post-intervention complications are also higher in patients
with diabetes. In general, fracture associated mortality par-
ticularly from hip fracture is higher in T2D versus patients
without diabetes [82].
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