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Abstract— Diabetes is said to be derived from a Greek
word Diabetes which means siphon. Siphon means to pass
through and the Latin word Mellitus meaning sweet.
Diabetes Mellitus is a disease which disrupts normal
metabolism by the process of elevation in blood glucose
levels. Insulin hormone cannot move glucose into the cells
from the blood which results in increased accumulation of
glucose in blood. As of now there is no cure for diabetes
but with regular exercise and proper meal planning, one
can control the diabetes. Diabetes comes in different forms
such as Prediabetes, T1IDM, T2DM and Gestational
diabetes. A diabetic person with long history of diabetes is
prone to impaired bone structure and has high risks of
bone fracture. So, the controlling of diabetes become
necessary to avoid complications regarding bone fragility.
In this review, | will emphasis on the impact of diabetes
mellitus on bones.
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l. INTRODUCTION

Diabetes mellitus have caused decrease in the quality of the
bone and have hiked risks of fractures of bones in patients. A
study which involved 783213 participants showed that
diabetic people are more prone to bone fractures when
compared to control group and it also showed that patients
affected with TIDM were more susceptible to hip fractures as
compared to patients affected with T2DM while the relative
risk of T2DM was 1.34-1.7 and that of T2DM was 5.76-6.312,
The people who are affected with diabetes and are going
through a fracture recovery stays longer in hospital but they
generally recover®. The most important causes behind
increased risk of fracture are decreased hone strength, poor
bone microarchitecture and increased risk of fall in elderly
people.* Low bone mineral density is obvious during the time
of diagnosis®. Vestergaard et al. (2009) concluded that
diabetes, whether TIDM or T2DM carry an increased risk of
fracture®® but again T2DM has a high risk of fracture among
both the types due to differences in bone quality between
T1DM and T2DMS, Increase of glucose levels in blood are
said to be related with an increasing loss of calcium in urine,’
S0, one can say that increased levels of glucose in blood may
have harmful effect on bones®. The motto of this review is to
outline the basics of diabetes and its types, along with the
pathogenesis and prevention of the disease. To achieve this
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aim, various number of articles related to diabetes and fracture
risk were evaluated using PubMed Central and different
diabetes related journals. No year restriction was followed.
Snowballing technique was also performed to find the best
literature articles.

Type 1 diabetes mellitus is a disease which results due to
insulin deficiency and increased blood glucose level due to
autoimmune destruction of pancreatic PB-cells®. T1DM
increases the risk of hip fractures'®. It is also associated with
some of the major complications such as retinopathy,
nephropathy, neuropathy, cardiovascular diseases®. Type 2
Diabetes Mellitus is defined by insulin resistance with
increased amount of insulin i.e. hyperinsulinemia and impair
insulin secretion!* which is also associated with the increased
risk of fractures. The increasing number of fractures is more
likely to increase the cost associated with these fractures,
hence increasing the economic burden of bone fracture to
society?. The risk of fall increases in the people suffering
from DM but still falls are not completely related with the
increased fracture risk®3, Therefore, changes such as metabolic
or biochemical which are associated with DM might have
altered the bone microarchitecture and tissues®. Various other
factors such as high sugar in blood, decreased concentration of
insulin and autoimmune inflammation, vitamin D, reduced
levels of IGF-1 might have increased the chances of bone
fragility®**®. Peripheral vascular diseases may also cause bone
fragility®. These factors also play a crucial role in impairing
osteoblast differentiation>. TLDM is correlated with the small
reduction of bone mineral density and increased chances of
fractures with the Hip Z score of -0.37+£0.16 and T2DM
patients have hip z score of 0.27+0.16 with an increase in
fracture risk®. This raises the question that if increased bone
mineral density is protective against fractures. The complete
absence of insulin in TIDM along with the combination of
low levels of IGF-1 decreases the rate of bone formation by
applying an inhibitory effect on osteoblasts during the early
stages of disease!’. As we know that TLDM generally occurs
in children and young adults, the complete absence of insulin
corresponds with a stage of skeletal maturation, which affects
the bone accumulation and development!®, High levels of
blood glucose generates a high concentration of advanced
glycation end products due to which bone strength is
reduced?®?®. Bone remodeling and bone loss could be
accelerated with an hike in inflammation and its associated
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cytokine?®22t During the study of rat models of T1DM,
Verhaeghe J et al. reported that bone histology and bone
markers indicated reduced osteoblast activity combined with
normal or reduced osteoclast activity??. Some of the studies
related to bone turnover in TIDM have reported increased
resorption in humans®. In 1980, Hunter Heath and his
colleagues in their study using mayo clinic records reported
that increased risk of fracture was not associated with
diabetes. They also concluded that T2DM is associated with
increased weight which provides protection from most
fractures?®. Although increased risk of hip fractures has been
reported in various recent cohort studies’®. Some of the studies
have reported that sites such as proximal humerus, foot and
ankle has high fracture risk due to diabetes?*?, Also, one
cohort study reported a decreased fracture risk in old age
women suffering from diabetes, considering all non-vertebral
fracture sites combined®®?®. Kemink S.A. et al. in their study
reported that men suffering from T1DM are more prone to
osteopenia or osteoporosis. They also reported that there was a
negative correlation between duration of TIDM with bone
mineral density only in men'?, Some of the factors
associated with low bone mass in T1DM are use of
estrogen/gestagen based oral contraceptives in women,
smoking in both men and women which may be responsible
for increased risk of fractures?®?°. Some of the studies which
observed determinant conditions for falls and injurious falls
have not made clearer about the relation between diabetes and
fractures®®. After statistically adjusting for various factors such
as physical inactivity, impaired vision, impaired motor
abilities related to fall risk, Forsen et al. in their study by
working on the data from Nord-Trondelag Health Survey
reported an increased risk of hip fractures in men and women
above 50 years of age®. In a similar way, even after adjusting
for various fall related factors, Ottenbacher et al. in their study
of old age Mexican-American people found an 50% increased
risk of hip fracture!®3, This clearly suggests that falls or
injuries are not solely responsible for fracture incidence in
diabetes. Decreased bone strength may be the reason behind
the increased fracture incidence in diabetic patients.

T1DM is mostly reported in children, adolescents and young
adults. So, the insulinopenia coexist with skeletal immaturity
which affects bone growth'?. So, it has led to a hypothesis that
insulin assists as an anabolic factor for bones. Also, the
hypothesis that poor quality of diabetic bone is not associated
with the lower density is supported by the rodent models®®.
Various types of studies on spontaneously diabetic rats and
streptozotocin-induced diabetes have reported decreased
strength of bones?>32%, Decreased bone strength in diabetes
can be explained by the accumulation of advanced glycation
end products in collagen of bones. AGEs are said to be reduce
elasticity and increase the permeability of blood vessels®.
Wang et al. in their study on human cadaveric bone reported
that a high concentration of AGE was associated with a
decreased strength®s.
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Another reason for the decreased bone strength in older
diabetic people is rapid loss of bones. Krakauer et al. on his
study of 19 people with T2DM found no loss of bone mineral
density®. In various studies, great weight loss has been
reported to be correlated with bone loss®" %,

IIl. DIABETES MANAGEMENT AND PREVENTION

With a change in living style and treatment methods, a
diabetic person can achieve good metabolic control over the
diabetes®. Maintaining a good diet plan can help diabetic
people achieve the normal blood glucose, blood pressure,
weight and also lipid profile®. Various studies have also
reported that HbA1c can be reduced through proper nutritional
recommendation***2, Consumption of alcohol in moderate
quantity will not harm the blood sugar levels but can improve
the same and reduce cardiovascular events®. Omega-3 rich
product consumption can also be helpful in preventing
cardiovascular disease®. Physical activity and exercises are
the most helpful tool in treatment of diabetes.

Various kinds of oral agents are also helpful in treatment of
diabetes. Metformin is one of the best oral agents used by
diabetic patients***5, Intake of metformin activates AMP-
activated protein  kinase and it also  decreases
lipopolysaccharide levels*. Metformin inhibits synthesis of
glucose by different mechanisms such as*:

a) by activating hepatic AMPK*®,

b) by inhibiting production of glucagon induced CAMP
production®.

¢) by activating AMPK through increased ATP/AMP
ratio in the mitochondrial electron transport chain®.

d) By inhibiting mitochondrial glycerol phosphate
dehydrogenase®..

Sulfonylureas and glinides are another oral agent used by the
diabetic people®. They increase insulin secretion by regulating
ATP-sensitive potassium channels®2. Various other oral agents
are available such as acarbose, miglitol and voglibose® which
are alpha-glucosidase enzyme located in the border membrane
of the small intestine®. Dapagliflozin, canagliflozin and
empagliflozin are three oral antidiabetic drugs which
represents sodium glucose co-transporter-2 inhibitor and are of
great use.®®

V. CONCLUSION

Diabetes Mellitus is becoming a matter of concern in 21%
century. More and more people are being affected by the
diabetes worldwide. With the two types of diabetes (T1DM
and T2DM) one should exercise proper caution in their
lifestyle. Increase in blood sugars are a matter of concern and
early diagnosis of the same can reduce mental and physical
burden of the patient. TLDM is mainly diagnosed in the young
adults and children which leads to insulinopenia and T2DM is
diagnosed into the old people over a course of time. With the
increase in risk fractures in both of the types, more and more
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cases are being reported about the bone fractures which also
increases an economy burden on the country. Clinical
management of the diabetes is possible through the wide range
of injectable or oral agents available in the market. Future
research should study about the anti-diabetic drugs with no
side effects and gene therapy for the complete treatment of
diabetes.
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