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ABSTRACT

Background: Type 2 diabetes mellitus (T2DM) influences bone metabolism, but the relation of
T2DM with bone mineral density (BMD) remains inconsistent across studies. The objective of
this study was to estimate the difference in BMD (g/cm”) between diabetic and non-diabetic
populations, and to investigate potential underlying mechanisms.

Materials and methods: The association between T2DM and BMD measured by dual energy
X-ray absorptiometry was evaluated, including both healthy controls and subjects with T2DM.
Results: Analysis showed that BMD in diabetics was significantly higher than non-diabetic at
various sites. The differences in forearm BMD were not significantly different between diabetics
and non-diabetics. Analysis showed similar results in both sexes. Also, it was seen that younger
age, male sex, higher body mass index and higher HbA ¢ were positively associated with higher
BMD levels in diabetic patients.

Conclusion: Patients with T2DM have higher BMD levels when compared to non diabetics.
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INTRODUCTION

Osteoporosis and  diabetes are association between them remains unclear.
common diseases in India. Their coexistence Due to the different pathogenesis of type 1
was reported in 1948' but hitherto the and type 2 diabetes mellitus (T2DM), it is
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not surprising that there is no uniform entity
of diabetic bone disease as such. While
decreased bone mineral density (BMD) has
consistently been observed in type 1
diabetes patients™ studies on BMD
investigated in T2DM showed contradictory
results with higher, lower or similar values
in comparison with healthy control
subjects®. It is well known that advanced age
is a risk factor for bone loss and
osteoporosis®. Some of the attributed
mechanisms include increased production of
inflammatory  cytokines and cellular
components, the incremental osteoclast
precursor generation and decreased bone
preservation due to gonadal failure resulting
in lower tissue production of sex steroids'’.
Advanced age 1is also associated with
increased fall, lack of exercise, use of drugs
that negatively influence bone metabolism
and renal function such as drugs prescribed
for diabetes.

Gender also appears to have an
important effect on the relation between
BMD and T2DM. Barrett-Connor'' found
that older women with T2DM had higher
BMD levels at all sites compared to those
with normal glucose tolerance. It has also
been  suggested that obesity and
hyperinsulinemia can lead to lower bone
turnover in diabetic womenlz, so that the
adverse effects of estrogen deficiency on
bone mass are attenuated after menopause.

Diabetic patients have a higher body
mass index (BMI), increased insulin levels,
less physical exercise. These might
influence bone metabolism independently of
diabetes.aim of our study was to study the
association difference between type 2
diabetics and healthy individuals in BMD
levels measured at four anatomical sites. In
addition, we evaluated factors influencing
BMD variation like sex, age, BMI and
glycemic control (HbA;. levels) evaluates
possible mechanisms by which T2DM
influences BMD.

MATERIALS AND METHODS

One hundred and Sixty one case of
Type2  Diabetes Mellitus  diagnosed
according to ADA criteria who attended
Outpatient departments of Internal Medicine
and Diabetology in three hospitals of South
Kerala were studied. Same number of
control population was also studied. All
patients were subjected to physical
examination, BMD was measured by dual
energy X-ray absorptiometry (DXA) and
expressed as an absolute value in g/cm”. The
mean and its standard deviation (SD) of
BMD measure at the calcaneus, femoral
neck, total hip, spine and forearm were
extracted to explore the pooled mean
difference estimation. HbA;C was done in
all patients. The weighted mean difference
estimates of BMD in g/cm® comparing
diabetes with controls were calculated as
DerSimonian and Laird estimators using
random effects models. All analyses were
conducted with the use of Review Manager,
version. To estimate the effects of gender,
age, BMI and HbA ¢ on the BMD measured
at the different sites analysis was performed
using STATA 11.0.

RESULTS

Participants in all study populations
were aged 30years and over and
approximately 75 % were middle-aged or
older. Mean age of males in the study was
52.6 and females was 52.4 respectively.
Mean BMI of males was 25.4 and females
was 27.2. Mean HbAlc was 7.2 and 7.4 in
male and female diabetic patients. In
addition, the most common covariates
considered by the study was BMI or weight,
cigarette smoking, alcohol use, physical
activity, diuretic use, calcium intake
estrogen use, menopause status, age at
menarche and HbAlc.

BMD levels in diabetics and non-
diabetics at four skeletal sites in the study
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showed at the femoral neck, found a higher
BMD in subjects with diabetes. At the total
hip, significantly higher BMD was noted in
diabetics. At the lumbar spine, almost all of
the studies reported a higher BMD in
diabetics. These differences were
statistically significant at the forearm there
were no significant differences between
diabetics and non-diabetics. No major
differences between genders were found.
(See table 1.)

It was found that BMI was positively
correlated with BMD. There was some
evidence suggesting that other factors such as
insulin levels also had a positive correlation
with BMD. HbA,. levels had positive
correlation with BMD.

Age was negatively associated with
BMD at the hip, but positively at the lumbar
spine. Higher BMI was a strong determinant
of higher BMD at the femoral neck and
lumbar spine, with no apparent effect on
forearm BMD. Higher HbA;c levels
(reflecting lesser glucose control) resulted in
higher BMD at the femoral neck and total hip.

Age-adjusted, gender-specific BMD
in patients with diabetes and controls per
skeletal site. (See table 2 & 3 and figure 1.)

DISCUSSION

The study provides insights into the
relationship between T2DM and BMD. Our
study concluded that overall individuals with
T2DM have about 25-50 % SD higher BMD
compared to non-diabetic control subjects.

Subjects with T2DM had elevated
BMD at the femoral neck, hip, and spine. No
major differences in BMD at the forearm
were seen, but there are no obvious biological
reasons we can attribute to them. This lack of
association with forearm BMD may be the
consequence of limited sample size. We also
found no strong evidence suggesting there is a
sex-specificity in the observed BMD
differences between diabetics and non-
diabetics.

The differences in glucose control and
prevalence of diabetic complications may
affect the outcome. Nevertheless, it is seen
that in addition to BMI, HbAc levels also
have a significant positive effect on BMD
measured at any site.

The mechanisms that might account
for an association between T2DM and
increasing BMD are plentiful and largely
unclear. From a clinical perspective the most
important factors which can influence the
relationship between T2DM and BMD are.

Obesity

Historically, overweight and
hyperinsulinemia have been postulated as two
important features of T2DM which are
positively correlated with BMD. There are
several complex pathways by which obesity
may influence the relation between diabetes
and BMD. Body fatness may have an impact
on the accuracy of the DXA-based BMD
measures as demonstrated in obese diabetic
patients. On the other hand, adipose tissue
releases a wide variety of adipokines that
have been implicated either directly or
indirectly in the regulation of bone
remodeling. Plasma leptin concentrations
have been shown to be higher in diabetic men
than in healthy controls'>. Leptin induces
bone growth by stimulating osteoblast
proliferation and differentiation"”.

Hyperinsulinemia

Insulin levels could mediate in part a
positive association between T2DM and
elevated BMD. Individuals with T2DM
usually have an excess of insulin.
Physiologically, insulin has an anabolic effect
on bone due to its structural homology to
IGF-1 by interacting with the IGF-1 receptor
which is present on osteoblasts. The IGF-1
signaling pathway is crucial for bone
acquisition' .
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Medication use

Thiazide use, which is expected to be
higher in diabetic individuals has also been
associated with higher BMD at different
skeletal sites'®. Also statin use (also more
prevalent in diabetics) is associated with
higher BMD'’. Nevertheless, it is unlikely
that this alone can explain the observed
associations.

CONCLUSION

Our study showed that diabetic
individuals have higher BMD levels than
non-diabetics independent of the skeletal site
of measurement, gender, age, BMI or
medication use. In addition, we could find
that younger age, male gender, higher BMI
and higher HbA,. are positively associated

with higher BMD levels in diabetic
individuals. The potential mechanisms
underlying these  associations  remain

complex, suggesting that several influential
factors need to be considered while
interpreting the association between T2DM
and BMD.

Large prospective studies are needed
to establish the mechanisms underlying this
association, and most importantly the
relationship with fracture risk, the most
adverse consequence of osteoporosis.
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Table 1. Characteristics of the patients by gender

Male Female

Age BMI HbA,. Disease Age BMI HbA,. Disease
(years) (kg/m?) (VA) duration (years) (years) (kg/m?) (%) duration (years)
52.6 25.4 7.2 9.4 524 27.2 7.4 8.2

Table 2. Skeletal site of BMD measurement: femoral neck

Female Male
Diabetes Non-diabetes P value Diabetes Non-diabetes P value

0.830+0.120 | 0.740+0.110 <0.0001 0.900+0.130 | 0.840+0.110 0.03

Table 3. Skeletal site of BMD measurement: spine

Female Male
Diabetes Non-diabetes P value Diabetes Non-diabetes P value
0.900 + 0.160 0.870 £ 0.150 0.264 1.21+0.2 1.13+0.14 <0.001
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Figure 1. BMD femur and BMD spine
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