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ABSTRACT

Diabetes mellitus (DM) and osteoporosis are the two important public health problems in India. The burden of both
these conditions is expected to increase in the near future in view of changing lifestyle habits and ageing population.
Indians are at risk of osteoporosis due to their low body mass index (BMI), genetic predisposition and nutritional
factors. The diseases type 1 DM and type 2 DM (T2DM) are associated with increased fracture risk in the disease
population, in spite of difference in the bone mineral density (BMD). Anincreasein fracturerisk is also reported among
older patients with T2DM despite frequently reported normal or increased BMD. Administration of insulin stimulates
osteoblast activity and bone mineral apposition rates. The impact of endogenous insulin production, insulin sensitivity,
and exogenous insulin administration as an anabolic agent for bone in T2DM has not been clarified. Biguanides and
sulphonylureas do not appear to have adverse effects on BMD. Preclinical evidence suggests that incretin-based
drugs may be beneficial for bone, but clinical evidence to support this hypothesisis not yet available. Thiazolidinedione
(TZD) group of agents have been implicated in causing osteoporosis in various animal studies and some human
studies available till date. The debate regarding thisisissueis still ongoing. Randomized controlled studies with larger
sample size preferably involving multiple centres, multiple ethnicities are required to answer these queries.
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INTRODUCTION more susceptible to osteoporosi S. I_Exi stence of
Indiansin general are susceptibleto obesity and Ee” phler d ”@fop?ggg decrge;sed vison, frequerrlwt
metabolic syndrome. Thismakesdiabetesmdlitus ypoglycaemic episodesand frequent visitsto the

(DM) amajor health problem in our country. dippery bathroomsdueto polyuriaincreasesthe

According to DiabetesAtlas 2011 published by
International Diabetes Federation thereareabout
61 million people with DM in India* Various
macrovascular and microvascular complications
associated with DM are well known. These
complicationscontributeto significant morbidity
and mortality in patientswith DM. Therole of
osteoporosisin contributing to the morbidity and
mortality isoften under stressed. Asaresult we
do not have sufficient data regarding the
preval ence of osteoporosisamong patientswith
DM. Another reason for not suspecting
osteoporosisamong patientswith DM isthefase
notion that type 2 diabetesmellitus (T2DM) are
protected against osteoporosis. Variousfactors
such asdecreased mobility dueto obesity, use of
ora hypoglycaemic agentsmake patientswith DM
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risk of fallsin patientswith DM. Thisincreased
risk of fallsplusthe associated osteoporosismakes
fractures more common in patients with DM.
Among thevariousfactorsthat increasetherisk
of fracturesin patients with DM, usage of oral
hypoglycaemic agents is one factor which is
iatrogenic.

Thesefactors put together makesit important to
seethat osteoporosisisprevented in patientswith
DM by early initiation of measuresto preventive
measures.

OSTEOPOROSIS

Osteoporosis is a disease characterized by
reduction inthebonemassand disruption of bone
architectureleading toimpaired skeleta strength
and anincreased susceptibility of fractures.?

Osteoporosisis one of the major public health
problems, especially in the elderly causing
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considerabl e socio-economic burden.®With the
increasing proportion of theelderly populationdl
over the world, this problem needs special
attention. By increasing therisk of fracturethe
proportion of dependant among the elderly
increasesand thisin turn causesagreat burden
on health care system.* Nearly 50% of theworld
populationresidesinAsaand sgnificant numbers
of Asanpopulationarelivingin South-East Asa.
The phenomenon of increase in the elderly
population will place enormous burden on the
hedlth care systeminthe South-East Asia.®

Theedtimated lifetimerisk of osteoporoticfracture
isashighas50% inAsianwomen. Osteoporotic
fractures occur oneto two decadesearlier inthe
Asian women when compared to their western
counterparts. Thefactorswhichinfluencetherisk
of osteoporosis in the later life includes
predominantly pesk bonedensity dongwith other
factors such as genetic factors, ethnicity, race,
environment, lifestyle.>° The factors such as
nutrition, body weight,*!2 exposure to sex
hormones at puberty**'* and level of physical
activity™ arenot only important for theacquigition
of maximal bonemassbut dsofor itsmaintenance
throughout life. 1617

Theimportant underlying mechanisminal cases
of osteoporosisisanimbalance between process
of bone resorption and bone formation. Up to
10% of thetotal boneisactively involvedinthe
process of remodelling at any point of timeand
thisprocesstakes placeinthebone multice lular
units. The process of bone remodelling isfirst
described by Frost.®®

Boneisresorbed by osteoclast cdlls(derived from
the bone marrow), after which new bone is
deposited by osteoblast cells. The three main
mechanisms by which osteoporosisdevelop are
inadequate peak bone mass, excessive bone
resorption and inadequateformation of new bone
during remodelling. Interplay of these three
mechanismsunderliesthe devel opment of fragile
bonetissue.’®

Hormonal factorsstrongly determinetherate of
bone resorption. Lack of oestrogen (e.g., asa
result of menopause) increases boneresorption
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aswell asdecreasing thedeposition of new bone
that normally takesplaceinweight-bearing bones.
Theamount of oestrogen needed to suppressthis
processislower than that normally needed to
stimulatethe uterusand breast gland. Thea-form
of the oestrogen receptor appearsto bethemost
important inregulating boneturnover.® Inaddition
to oestrogen, calcium metabolism plays a
sgnificant rolein boneturnover, and deficiency
of calciumand vitamin D leadstoimpaired bone
deposition; in addition, the parathyroid glands
react to low calcium levels by secreting
parathyroid hormone (PTH), which increases
boneresorptionto ensuresufficient calciuminthe
blood.

Variousmolecular sgnalslikereceptor activator
for nuclear factor éaligand (RANKL) regulate
theactivation of theosteoclast. Thismoleculeis
produced by osteoblasts and other cells (e.g.
lymphocytes). RANKL stimulates receptor
activator of nuclear factor éa (RANK).
Osteoprotegerin (OPG) bindsRANKL beforeit
hasan opportunity to bind to RANK, and hence
suppressesitsability toincreaseboneresorption.
RANKL, RANK and OPG arerelated to tumour
necrosisfactor (TNF) and itsreceptorsintheir
chemicd gructure. Theroleof thewnt sgnaling
pathway isrecognized but lesswell understood.
Local production of eicosanoidsandinterleukins
playsrolein regulation of bone turnover, and
excessor reduced production of thesemediators
may |ead to the devel opment of osteoporosis.”®
Trabecular boneis more active because of the
inhabitation of the osteobl asts and osteocl asts
near the bone surface. Trabecular boneismore
subject to boneturnover andtoremodelling. Both
the bonedensity and bone microarchitectureare
disrupted. Thewesker spiculesof trabecular bone
break lead to formation of “microcracks’ and are
replaced by weaker bone. Common osteoporotic
fracturesites, thewrig, thehip and thespine, have
arelatively hightrabecular boneto cortica bone
ratio.

Risk factors

Risk factorsfor osteoporotic fracture can be non-
modifiableand potentially modifiable.
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Non-modifiable risk factors

Themost important risk factorsfor osteoporosis
are advanced age (in both men and women) and
female sex; oestrogen deficiency following
menopauseiscorrelated with arapid reductionin
bone mineral density (BMD), whilein men a
decreasein testosterone levelshasacomparable
(but less pronounced) effect. European or Asian
ancestry predisposesfor osteoporosis, although
it occursin al ethnic groups.?® Family history
increasestherisk of fracture; the heritability of the
fractureaswell aslow BMD isrelatively high,
ranging from 25% to 80%. At least 30 genesare
associ ated with the devel opment of osteoporosis.™
Thosewho havealready had afractureare prone
for osteoporotic fracture twice more commonly
then people of the same ageand sex.

Potentially modifiable risk factors

Excessalcohol: chronic heavy drinking[alcohol
intakegreater than 3 units/day (aunitisdefined as
14 g of alcohol)] especially at younger age
increases risk of osteoporotic fracture
significantly,? whereas, smal amountsof acohol
do not increase osteoporosisrisk and may even
bebeneficia .2

Tobacco smoking : Tobacco smokinginhibitsthe
activity of osteoblastsand isan independent risk
factor for osteoporosis. Smoking resultsin lower
body weight, increased breakdown of exogenous
oestrogen and earlier menopause, this can
contributetolower BMD.2

Vitamin D deficiency: Vitamin D deficiency has
adsoemerged asapotentidly modifiablerisk factor
for osteoporotic fractures.?®

Malnutrition: Low dietary calcium and/or
phosphorus, magnesium, zinc, boron, iron,
fluoride, copper, vitamins A, K, E and C (in
additiontovitamin D). Excesssodium aongwith
acidosis areknowntoinhibit boneformation. %

Physical activity: Boneremodelling occursin
responseto physical stress, and weight bearing.
Exercise can increase peak bone mass achieved
inadolescence. In adults, physical activity helps
maintain bonemassand physicd inactivity canlead
to significant bone loss.?* Incidence of
osteoporosisislower inoverweight people. %
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Hormonal status: Oestrogen deficiency isknown
to cause osteoporosis. Even though oestrogen
therapy can prevent osteoporosis, its use is
advisable in patients with other compelling
indicationsfor hormonal replacement. Pregnancy
isassociated with bone losses of approximately
3% to 5% at the spineand hip in some studies,?®
Swhile other studieshavefound that bone density
remains stable during this period of increased
cdciumdemand,® or declinessignificantly only at
thetrochanter.®

In contrast, lactation has more consistent and
profound effects on bone density. Bone loss of
3% to 10% at the spine and hip are seen over
three to six months of lactation.**Bone lossis
related to duration of lactation and duration of
amenorrhoeaand ca cium supplementation hasnot
shown to prevent thisboneloss.3+%

PTH-related protein, which is secreted by the
lactating mammeary gland, playsaroleinthecontrol
of calcium mobilization during lactation.®” %
Circulating calcitonin® and the oestrogen
deficiency that ischaracteristic of |actation may
asobeinvolvedinthe control of bonelossduring
thistime.

Bonelossreversesduring and after weaning, but
the regulators mediating bone recovery in this
setting have not been clearly defined.*Recovery
from |actation-associated boneloss may continue
for 18 monthsor longer and studiesin both humans
and animal models suggest that the pattern and
extent of bonerecovery may be site specific with
completereversal at the spineandincomplete or
slower recovery at other sites.**2Most studies
have not found an associ ation between ether parity
or lactation and osteoporosisor increased fracture
risk in postmenopausa women. 4

Secondary osteopor osis

Medical conditionsor treatments® that interfere
with the attainment of peak bone massand may
cause secondary osteoporosis are listed in the
Table 1. During secondary osteoporosis, an
increased rate of boneremodelling or anincrease
in the quantity of bone being remodelled causes
an overall increase in the rate of bone loss.
Osteoporosis can a so betheresult of disorders
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wherebonemarrow cavity expandsat theexpense
of trabecular boneleading to decreased strength
of thebone.

Diagnosis of osteoporosis

Themeasurement of BMD by dual-energy x-ray
absorptiometry (DEXA) as an index of bone
strength and fracture risk, has been used in
postmenopausal women predominantly. The
distribution of BMD follows a Gaussian
distributioninyoung heslthy adultsuntil the peak
bone massisreached. The BMD valuesinthe
individuascan beexpressed asstandard deviation
(SD) unitsinredationto thereference population.
Thishepinreduction of difficultiesassociated with
differences in calibration between various
ingruments. Whenthe SD unitsareusedinrdation
to the young healthy adult population, the
measurement isreferred to as T-score. When the
SD unitsareused in relation to the age-matched
norms, the measurement is referred to as Z-
score.#647

The T-score is calculated using the following
formula®e-4

T-score = (observed BMD - young normal
mean) / standard deviation of young normal
mean

In postmenopausa women, norma bonehasbeen
defined as BMD greater than 1 SD below the
young adult femal e reference mean (T-scoree>
—1 SD). Osteopenia has been defined asBMD
greater than 1 SD below theyoung adult female
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mean, but lessthan 2.5 SD below thisvalue (T-
score < —1 and > -2.5 SD). Osteoporosis has
been defined asBMD 2.5 SD or more bel ow the
young adult femalemean (T-score<—2.5 SD) with
or without the presence of afragility fracture
according to World Health Organization (WHO).#

In premenopausal women, the population with
fracture is much lower when compared with
postmenopausal women, and the relationship
between BMD and fracturerisk isnot the same.
Therefore, the diagnostic guidelines and the
treatment practices based on bone density
measurements in postmenopausal women can
apply tothispopulation. Thelnternational Society
for Clinica Dendtometry (1ISCD) recommendsuse
of BMD Z-scoresat thelumbar spine, total hip,
femoral neck, and distal radius, rather than T-
scoresin premenopausa women and menlessthan
50yearsage.**®The BMD assessmentinthe T-
scores can be applied to the men aged morethan
50 years.**° |nternational Osteoporosis
Foundation and WHO recommendsthe Nationa
Health and Nutrition Examination Survey
(NHANES) reference database from women
belonging to the age group 20-29 years asthe
referencerange.®

Inwomen, boneloss occurs predominantly after
the menopause. Intheyoung heathy population,
15% of women have a T-score of less than —1
and thus have low bone mass or osteopenia.*
Becauseof thenormal distributionfor BMD, about
0.5% of women fall into the osteoporotic range,

Table1: Variousconditionsleading to secondary osteoporosis

Chronic kidney disease
Cushing's disease

Hepatic dysfunction
Anorexianervosaand bulimia
Rheumatoid arthritis

Mal absorption syndromes (e.g., coeliac disease, tropical sprue, blind loop syndromes)

Multiplesclerosis
Chronic obstructive pulmonary disease
Scurvy

Endocrinol ogical diseases (hyperparathyroidism, hyperthyroidism, hypercortisolism)
Haematol ogical diseases (thalassemia, multiple myeloma, leukaemia)

Metastatic bone diseases

Medications or chemicals (cigarette smoking , corticosteroid therapy, alcohol abuse, lithium, aluminium, barbiturates,

antacids containing aluminium etc.,)

Source: reference 45
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withaT scoreof —2.5 or less. Furthermore, the
proportion of women osteoporosis at any one
anatomical steincreasesgreatly withageinmuch
thesameway asfracturerisk increaseswith age.*
The ISCD recommends avoidance of the term
osteopenia. Instead, theterm “ bel ow the expected
rangefor age” hasbeen considered appropriate
when Z-scores< —2.0 SD are observed.®4°

A youngwomanwithlow BMD for ageandwith
risk factorsfor fracture or secondary causes of
osteoporosis (such as glucocorticoid therapy,
hypogonadism, or hyperparathyroidism) may be
defined ashaving premenopausal osteoporosis in
addition to the BMD score criteriaobtained by
DEXA asdescribed above.

Fragility fracture

Despite thisdichotomy, new boneformation as
well asbonemicro-architecturd integrity isdtered
inthediabetic state, leading to anincreased risk
for fragility fracture and inadequate bone
regeneration following injury.T2DM was
associated with 2% - 8% higher regiond andwhole
body BMD (both areal and volumetric measures)
even with adjustment for body composition
variablesof lean mass, fat mass, and abdominal
visceral fat and other confounding factorsin a
study.® The unique finding of lower spinebone
volumewasobserved inthisstudy. Another study>
demonstrated that at lower bone volumes the
structural integrity of cancellousboneisrapidly
compromised. Lower spinal bone volumesin
patientswith T2DM can account for increased
incidenceof fracturesin these patients.

The aetiology of theincreased BMD in T2DM
remainsunclear, asevidence of decreased bone
formation, increased bone resorption and
increased boneformation have all been reported
in studies on subjects with T2DM .55 These
studiesfrequently do not specify and/or analyze
resultson the basisof treatment type(diet vs. ora
hypoglycaemicagent Vs insulin), whichcouldaso
account for theincons stenciesin studies of bone
density inT2DM. Animal studiesillustratethese
differences. Specificaly, in mice, rosiglitazone
administration was observed to have significant
decrease in BMD, bone volume, and bone
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formation rate associated with a decrease in
osteoblast specific gene expression,*® and
increased apoptotic death of osteobl asts.>®

In contrast, adminitration of insulinto the point of
hyperinsulineemiastimulatesogteoblast activity and
minera gppositionrates> Treatment administered
canadsoimply thedifferencesthat exist in disease
severity further confounding the outcome of such
dudies.

Thus, theimpact of endogenousinsulin production,
insulin sensitivity, and exogenous insulin
administration as an anabolic agent for bonein
T2DM hasnot been clarified.

Fracturerisk

Both TIDM and T2DM are associated with
increased fracturerisk in spite of differencesinthe
BMD.®Age-adjusted rdlativerisk ratios (RR) for
fractureamong individualswithranged from 1.4
to 2.9 and frequently demonstrated anincreasing
RRwith longer duration of disease.

Thiswould suggest that factorsindependent of
BMD might also contributeto theincreased RR
for fractures. Fallsand traumatic injuriesthat are
associated with variousother factorsinthepatients
with DM can account for increased incidence of
fracturesin them. Specifically, hypoglycaemia
unawareness and hypoglycemic seizures, visual
impairment, periphera neuropathy, and nocturnal
polyuriaaresomeof theimportant factorsthat can
contributeto ahigher risk of fall.>*¢! Prolonged
fractureuniontimeand prolonged hedlingarea so
seenin patientswith T2DM .% Specifically, the
presence of DM isassociated with anincreased
risk of wound complicationsfollowing surgical
treatment of fractures and non-union or malunion
of hedling fracturesites.

Oral hypoglycaemicagentsand osteopor oss

Effectsof drugsusedfor DM should beconsdered
along with the effect of DM on bone minera
metabolism.®* 7 Theeffect of thiozolidinediones
(TZD) observedinvariousclinical studies®®is
givenintheTable2. Theprevaenceof osteopoross
in patientswith T2DM invariousstudiesisgiven
in Table 3.7 TZD group of agents have been
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implicatedin causng osdeoporossinvariousanima
studies and some human studies available till
date.”#® One study has shown that these agents
through their action on leptin metabolism have
improved BM D & Biguanidesand sul phonylureas
do not appear to have adverse effects on
bone,Preclinical evidence suggeststhat incretin-
based drugsmay bebeneficid for bone, but clinica
evidence to support this hypothesisis not yet
avallable®

Thiozolidinediones and bone metabolism

Treatment with TZD class of antidiabetic drugs,
causeshonelossand further increasesfracturerisk.
In vitro and in-vivo animal studies have
demonstrated that TZD-mediated PPARy
activationincreasesboneresorption and reduces
theformation of new bone. A shiftinmarrow cells
from osteoblast lineageto adipocyteformation due
to PPARY activation can result in reduced bone
formation.®® Ageing and oestrogen deficiency are
sengitizing factorsto bonelossasaresult of TZD
therapy.%

IntheRECORD trid,* theincidenceof fractures
was higher intherosiglitazone group. Fractures
occurred mainly intheupper and dista lower limbs
and were more common inwomen thanin men.
However, the primary objective of thisstudy was
to observe the effect of rosiglitazone in
cardiovascular outcomesin ora agent combination
therapy for T2DM.

Prevalenceof osteoporosisin patientswith
T2DM

Thestudy population considered for these studies
constitute of predominantly postmenopausal
women.Sudiesfrom Turkey and Chinef®™ suggest
that the prevaence of osteoporosisin patientswith
T2DM were comparableto the control subjects.
Inastudy from Saudi Arabia™ the patientswith
T2DM were observed to have higher prevalence
of osteoporosiswhen compared with the study
subjects. Contrary tothepopular belief that patients
with T2DM may havelesser risk of developing
osteoporosisthese studies show that therisk of
osteoporosis in T2DM is comparable to the
genera population.
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Similar tothe patientswith TADM, patientswith
T2DM, who were once thought to be protected
from osteoporosisdueto higher BM D and obesity,
aredsoat ahigher risk for devel oping osteopoross.
Useof ora hypoglycamic drugs (especially the
TZD group) has been associated with risk of
osteoporosis. Therapeutic interventions by
Increasing thebonedensity and decreasing therisk
of fallsarethe key to prevent fractures. Further
work toward understanding the particular bone
response to diabetes is important for disease-
specific tailored prevention and therapeutic
strategies. Inthe meanwhile care of patientswith
diabetes should include an assessment of bone
hedith.
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