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Editorial

Quick Response Code:

Diabetes mellitus, vitamin D & osteoporosis: Insights

Globally, diabetes affects around 415 million
people, and its prevalence is likely to increase to
640 million by 2040'. The current estimates of
prevalence of diabetes in India are 8.8 per cent with
wide regional variations related to rural or urban
dwellings®. The prevalence of diabetes within India,
during 15 yr of assessments, was 4.3 per cent in Bihar,
4.5 per cent in Meghalaya and further higher in the
southern Indian States®>. Urban areas have a 2-3 times
higher prevalence than the rural areas. An interesting
observation in the urban areas is higher risk of diabetes
among the low socio-economic groups than the
affluent counterparts®>. There is increasing awareness
about common problems of bone health i.e., vitamin D
deficiency (VDD) and osteoporosis. The interrelation
between bone health and diabetes is an emerging new
area for clinicians.

VDD was considered to be rare among Indians.
However, studies indicated that hypovitaminosis D
was not unusual among healthy indoor subjects*>. Skin
complexion, poor sun exposure among indoor workers
and vegetarian food explain the VDD among indoors
despite sunny climate®’. Calcium intake, crucial for
bone health, is also deficient by upto 30 per cent in
urban and tribal areas®. Osteoporosis is characterized by
reduced bone mass and altered bone microarchitecture,
resulting in decreased bone strength and an increased
risk of fractures. One in three women and one in
five men experience an osteoporotic fracture in their
lifetime®. With increasing life expectancy, osteoporosis
is likely to be a major health concern in India'®!'. The
prevalence of osteoporosis based on bone mineral
density (BMD) was 22 per cent at femoral neck and
39 per cent at lumbar spine in 1560 postmenopausal
women in rural south India'’, whereas ‘DeVOS’ study
observed 17.1 per cent prevalence of osteoporosis
among north Indian females of more than 50 yr age''.

Fragility fractures are common in type 1 and type 2
diabetes. The incidence of hip fractures in patients with
type 1 diabetes mellitus (T1DM) is six-fold higher than
that in general population. Similarly, hip fractures are
2.5-fold higher in type 2 diabetes mellitus (T2DM)'2.
Cross-sectional studies on Indian population have
estimated 20-35 per cent prevalence of osteoporosis in
patients with T2DM, with females affected two times
more than the males'®. Hip fractures are more common
with diabetes when compared to vertebral fractures'.
Patients with T2DM have a higher risk of fractures
than the non-diabetic population for a given BMD.
Microarchitectural abnormalities of bone predispose
patients with diabetes to fragility fractures. These
abnormalities are difficult to measure and are often
independent of BMD. Bone fragility is, therefore, an
underestimated problem in diabetic patients. Bone
turnover markers are relatively low in patients with
diabetes, and the actual fracture rates in diabetic
population are higher than those predicted by fracture
risk assessment tool (FRAX).

The pathogenesis of osteoporosis in TIDM
involves decreased peak bone mass due to deficiency
of insulin and insulin-like growth factors, leading to
inhibition of osteoblast growth, inactivation of p27
(responsible for osteoblastogenesis) and poor collagen
synthesis'>. Collagen type 1 alpha 1 (COL1A1) gene
and vitamin D receptor gene polymorphisms are other
contributors to decreased BMD in TIDM!%". Besides,
TIDM can be associated with other predisposing
conditions such as Graves’ disease, celiac disease,
amenorrhoea, delayed puberty and eating disorders'”.
A complex pathophysiological interaction exists
between T2DM and bone health due to several
factors including the direct effect of T2DM on bone
metabolism and strength, indirect effects of antidiabetic
medication-induced altered bone metabolism, and

This editorial is published on the occasion of the World Diabetes Day - November 14, 2019.

© 2019 Indian Journal of Medical Research, published by Wolters Kluwer - Medknow for Director-General, Indian Council of Medical Research



426 INDIAN J MED RES, NOVEMBER 2019

retinopathy and neuropathy associated increased
risk for falls and hence, subsequent fractures. The
bone changes in T2DM are linked with obesity and
hyperglycaemia which activate interleukin-6 (IL-6)
and osteoclast-mediated resorption, accumulation of
advanced glycation end products on collagen, reduced
cross linking of collagen and glycosuria, leading to
hypercalciuria and decreased total body calcium!'’.
Serum osteoprotegerin, which binds to RANKL
(receptor activator of nuclear factor kappa B ligand),
is elevated in patients with diabetes, thus leading
to suppression of bone remodelling. Wnt B-catenin
pathway inactivation is another factor for reduced bone
mass in diabetes'®.

Though it is reasonable to screen diabetic
patients for osteoporosis, the diagnostic criteria
for osteoporosis in diabetes are challenging. The
World Health Organization defines osteoporosis
as a BMD score of —2.5 or less”. With fractures
occurring at higher BMD, there is a need to assess
other parameters reflecting bone microarchitecture
quality in diabetes!>?®. Trabecular bone score
determined from the pixel grey analysis of dual-
energy X-ray absorptiometry (DXA) images is a
novel method to assess bone microarchitecture
which may help to identify the patients at risk of
fractures but with normal BMD?. Other methods
for assessing bone health include microarchitecture
analysis by quantitative computed tomography
(CT), high-resolution peripheral quantitative CT,
high-resolution magnetic resonance imaging (MRI)
and micro-CT and hip structural analysis using DXA.
Among various drugs used in the management of
diabetes, thiazolidinediones (TZDs) are associated
with increased risk of fractures?'. TZDs stimulate
nuclear receptor peroxisome proliferator-activated
receptor gamma (PPARYy), induce differentiation of
multipotent mesenchymal stem cells into adipocytes,
channelling away from bone osteoblast precursors,
and also increase osteoblast apoptosis. Incretin-
based drugs [glucagon-like peptide-1 (GLP-1)
receptor agonists and dipeptidyl peptidase-4 (DPP-4)
inhibitors] might exert potentially beneficial effects
on bone by direct or indirect action on thyroid C-cells
producing calcitonin, that suppresses boneresorption®.
There has been concern regarding increased fracture
risk associated with use of sodium-glucose transport
protein 2 (SGLT2) inhibitors in diabetes”. However,
the subject awaits further studies related to bone
microarchitecture, bone resorption markers and

changes in calcium and phosphate homeostasis,
circulating fibroblast growth factor 23 (FGF23),
parathyroid hormone and 1,25-dihydroxyvitamin D.

Initial observational studies indicated an inverse
correlation between serum vitamin D status and
prevalence of diabetes, and also a possible association
between poor vitamin D status and increased
progression from pre-diabetes to diabetes. The
worsening of glycaemic control in diabetic patients
during winter was also attributed to lowering of
vitamin D levels during those months. Till recently,
these notions were driving clinicians to consider
routine supplementation of vitamin D to patients with
diabetes mellitus. Two recent independent double-
blinded randomized controlled trials have shown
no beneficial role of vitamin D supplementation
in glycaemic outcomes including prevention of
diabetes®*?. Similarly, Wallace et al*, showed absence
of any effect of vitamin D supplementation on insulin
resistance, beta cell dysfunction and glycaemic control
in diabetic patients. Thus, it seems vitamin D has no
major-independent role in glycaemic control among
patients with diabetes.

General management principles of osteoporosis in
diabetes include good glycaemic control, prevention
of hypoglycaemia and falls and exercise programmes
to improve overall muscle and bone strength. The
Institute of Medicine recommends that all adults
receive vitamin D at a dose of 600 [U/day in the age
bracket of 51-70 yr and 800 IU/day for those more
than 70 yr?’. The recommendations for elemental
calcium are 1200 mg for all females above 50 yr and
males above 70 yr and 1000 mg for males in the age
range of 51-70 yr*’. A meta-analysis of 81 randomized
trials showed no beneficial effect of vitamin D
supplementation in the prevention of fractures or
falls in adults or clinically meaningful effects on
BMD?. Currently, there are no separate guidelines
for the initiation of anti-osteoporosis medications
in diabetes. The available evidences support the use
of both anti-resorptive and anabolic agents in these
patients with bisphosphonates being the first-choice®.
Denosumab can be employed in those with impaired
renal function. However, the potential benefit of
these agents in patients at high-risk for fractures with
near-normal BMD and normal or low bone turnover
markers is unproven. The advent of new molecules
such as sclerostin antibodies which can improve the
bone microstructure and strength might help improve
diabetes associated fragility.
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The skeletal control of energy metabolism is
another upcoming area in bone health and diabetes.
Undercarboxylated form of osteocalcin (OC) improves
glucose metabolism through multiple mechanisms
including increase in pancreatic beta cell proliferation,
insulin secretion, insulin sensitive glucose utilization
and energy expenditure®®. Reciprocally, the action of
insulin on osteoblastic receptors activates osteoclastic
activity and increased undercarboxylated OC, resulting
in a feed forward loop*.

Thus, the area of bone health in DM requires in-
depth research in multiple areas such as alteration
in bone quality, methods to investigate perturbed
bone microarchitecture, diagnostic criteria for
osteoporosis and choice of anti-osteoporotic
medicines for best bone health. Further, there is a
need to monitor the effect of antidiabetic medicines
including pioglitazones, newer GLP analogues and
SGLT?2 inhibitors on the parameters of bone quality
and strength to identify the effect of these medicines
on bone health in diabetes.
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