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Impact of non-insulin dependent diabetes mellitus
on bone structure biomarkers in postmenopausal

obese women

Abstract

Background: At menopause, there is reduction in both cortical and trabecular bone
associated with low estrogen hormone secretion. In addition, non-insulin dependent
diabetes mellitus (NIDDM) characterized with poor quality and microarchitecture of
bone that increase the risk of fracture.

Objective: As the influence of NIDDM on markers of bone turnover and density
of bone after menopause is a matter of debate and inconclusive, so the aim of this
study was to measure the impact of NIDDM on bone mineral status among obese
postmenopausal women.

Material and Methods: One hundred thirty eight obese postmenopausal Saudi
women with body mass index (BMI) ranged from 31 to 36Kg/m2, were selected
from the out-patient clinic of Gynecology and Obstetrics Department at the
King Abdalziz University Hospital in Jeddah area. Initially, a physician at King
Abdulaziz University Hospital examined all participants; their medical history was
taken to collect information about general condition, physical activity and current
medications. Participants were allocated into two study groups; group (A) 77 diabetic
postmenopausal women with fasting blood sugar >7.0mmol/l or post-prandial blood
sugar >11.Immol/l and glycosylated hemoglobin (HbA1¢%)>6.5%, and group (B) 43
non-diabetic postmenopausal women.

Results: The mean values of the Osteocalcin and PINP as bone turn over markers
for bone formation were significantly lower in diabetic patients than non-diabetic
patients, while both CTX and NTX as bone turn over markers for bone resorption
were non-significantly lower in diabetic patients than non-diabetic patients. In the
other hand, the mean values of BMD of the lumbar spine L2-L4 total, the femoral neck
and radius were significantly greater in diabetic patients than non-diabetic patients.

Conclusion: Non-insulin dependent diabetes mellitus remarkably reduce bone
turnover biomarkers in obese postmenopausal women.
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although the BMD did not diminished which indicate the fragility of
bone in NIDDM was due to deterioration in bone quality rather than

reduced bone mass.”

Introduction

Osteoporosis is one of the most common bone metabolic diseases,

Non-insulin dependent diabetes mellitus (NIDDM) is most
commonly current metabolic disorder as it affects more than
385million and it is expected to reach about 590million by 2035
worldwide,' so that NIDDM has huge economic burden and adverse
medical effects as there is a risk of fracture due to bone fragility in
spite many researches confirm normal or even higher bone mineral
density (BMD) that controls especially with long history of diabetes
and poor glycemic control.>*

The risk of bone fracture is higher among patients with NIDDM,
for example, the relative risk ratio of hip fracture is 1.7 among
NIDDM compared to non-diabetics.” Similarly, Yamaguchi &
Sugimoto® in their meta-analyses of several researches concluded that
the risk of hip fracture is 1.4 - 1.7 folds greater in NIDDM and the risk
of vertebral fracture also higher among NIDDM than non-diabetics,*

more frequently reported in postmenopausal women.! It is reported
to be the cause of fracture in 30% of this population. Apart from aging
and hormonal changes, which are directly linked with osteoporosis,
many studies have pointed out certain underlying diseases and the
consumption of specific medications as the culprit.!! Diabetes is
reported to be one of these conditions as its sufferers are reported to
be up to 12times more likely to experience an osteoporotic fracture in
their life.'>"

Postmenopausal women are shown to be more prone to developing
diabetes because of various reasons. Aging negatively affects
carbohydrate metabolism in the body, increasing the risk of developing
insulin resistance and thus NIDDM.' The higher rate of obesity and
lower levels of physical activity noticed in this group also aggravate
the condition.'> According to existing reports, this group is also more
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susceptible to osteoporosis mainly because of the hormonal changes
that occur during aging. Many researchers, therefore, are looking for
associations between osteoporosis and diabetes; there is, however, no
consensus in this regard.'!” As the influence of NIDDM on markers
of bone turnover and density of bone after menopause is a matter of
debate and inconclusive, so the aim of this study was to measure the
impact of NIDDM on bone turnover markers and bone mineral status
among obese postmenopausal women.

Materials and methods

Subjects

One hundred twenty obese postmenopausal Saudi women with
body mass index (BMI) ranged from 31 to 36Kg/m? were selected
from the out-patient clinic of Gynecology and Obstetrics Department
at the King Abdalziz University Hospital in Jeddah area. Initially,
a physician at King Abdulaziz University Hospital examined all
participants; their medical history was taken to collect information
about general condition, physical activity and current medications.
Inclusion criteria of this study were postmenopausal women aged
47-59years and taking no medication affecting bone metabolism
and hormone-replacement therapy. However, exclusion criteria
included smokers and patients suffering from congestive heart
failure; uncontrollable cardiac arrhythmias, hypertension, chronic
liver disease, renal failure, previous pathological fractures, thyroid or
parathyroid disorders, hematologic diseases, cancer and pregnancy.
Participants were allocated according to their diabetic status into two
groups; group (A) 77 diabetic postmenopausal women with fasting
blood sugar >7.0mmol/l or post-prandial blood sugar >11.1mmol/l
and glycosylated hemoglobin (HbA1¢%)>6.5%,'" and group(B) 43
non-diabetic postmenopausal women. The Ethical Committee of the
Faculty of Applied Medical Sciences, King Abdulaziz University,
approved this study. All participants signed a written informed
consent.

Measurements

a. Body mass index: Body mass index (BMI) was calculated
on the basis of weight (kilograms) and height (meters), and
subjects were classified as normal weight (BMI 18.5-24.9Kg/
m?), overweight (BMI 25-29.9Kg/m?), and obese (BMI >30K g/
m?).

b. Bone turnover biochemical markers measurement: An
overnight fasting venous blood samples were withdraw
between 7:30 A.M. and 9:00 A.M., centrifuged and stored

Table | Baseline and demographic characteristics of all study participants
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at -70°C until assayed. Bone formation biomarkers were
measured by ELISA N-mid Osteocalcin was used to measure
osteocalcin (IDS Ltd., Scottsdale, AZ, USA) and RIA (IDS
Ltd., Fountain Hills, AZ, USA) was used measure Procollagen
Type 1 N-Terminal Propeptide (PINP).”” However, bone
resorption biomarkers were measured by ELISA (IDS Ltd.)
which was used to measure serum C-terminal telopeptides
of Type I collagen (CTX) and ELISA (Inverness Medical,
Princeton, NJ, USA) was used to measure serum N-telopeptide
(NTX).? All biomarkers were measured in the same session
and day to avoid inter-day variability.

c. Bone mineral density measurement: Lumbar vertebrae
(L2-L4), neck of the femur and radius bone mineral density
were measured with Dual Energy X-Ray Absorptiometry
(DXA) GE Lunar Prodigy enCORE software version 8.80,
GE Medical Systems, Madison WI) where the measured values
were recorded as g/cm?,

Statistical analysis

Independent t-test was used to compare differences between
both groups. Statistical analysis of data was performed using SPSS
(Chicago, IL, USA) version 17. All data were presented as mean+SD
(P<0.05).

Results

One hundred thirty eight obese postmenopausal Saudi women,
their menopause duration ranged from 3-7years and their BMI ranged
from 31 to 36Kg/m>. Participants were allocated into 2 groups; group
(A) 77 diabetic postmenopausal women and group (B) 43 healthy
postmenopausal women. The diabetic study and non-diabetic group
mean of age was 54.37+5.16 and 55.82+4.91years respectively, where
the menopause duration mean was 4.26+1.22 and 5.71+1.13years,
respectively. The comparison between the groups regarding the
baseline characteristics reveal no significant differences except in
fasting blood glucose and glycosylated hemoglobin which were
significantly greater in diabetic than non-diabetic patients.

The mean values of the Osteocalcin and PINP as bone turn over
markers for bone formation were significantly lower in diabetic
patients than non-diabetic patients, while both CTX and NTX as bone
turn over markers for bone resorption were non-significantly lower
in diabetic patients than non-diabetic patients. In the other hand, the
mean values of BMD of the lumbar spine L2-L4 total, the femoral
neck and radius were significantly greater in diabetic patients than
non-diabetic patients (Tables 1 & 2).

Characteristic Diabetic Non-Diabetic Significance
Age (years) 54.3715.16 55.82+4.91 P>0.05
BMI (kg/m?) 32.52+3.48 33.67+3.85 P>0.05
Menopause duration (year) 4.26%1.22 571%1.13 P>0.05
SBP (mm Hg) 132.64+9.81 120.52+6.93 P>0.05
DBP (mm Hg) 80.26+5.37 77.3214.18 P>0.05
Calcium (mg/dl) 8.74+0.81 8.96+0.75 P>0.05
PTH (pmol/L) 2.61£1.39 2.45%1.12 P>0.05
Albumin (mg/dL) 4.53+0.62 4.76+0.73 P>0.05
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Characteristic Diabetic Non-Diabetic Significance
Urea (mg/dL) 32.42+4.25 31.155.14 P>0.05
FBS (mg/dL) 175.67+11.24*% 93.43+7.32 P<0.05
HbAlc (%) 7.58+1.62% 5.11+0.83 P<0.05

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; PTH, parathyroid hormone; FPG, fasting blood glucose; HBA I ¢, glycosylated

hemoglobin

*indicates a significant difference between the two groups, P<0.05.

Table 2 The mean value and the significance values of different parameters in both groups

MeantSD
Significance
Diabetic Non-diabetic
PINP (ng/ml) 32.73+6.48 55.25+7.91 P<0.05
Osteocalcin (nmol/L) 4.12%1.46 6.57+2.38 P<0.05
CTX (ng/ml) 0.35+0.17 0.58+0.19 P<0.05
NTX (nmol/BCE/L) 12.85+3.14 18.73+4.21 P<0.05
BMD of lumbar spine L2-L4 total (g/cm?) 0.93£0.15 0.81£0.11 P<0.05
Femoral neck (g/cm?) 0.88+0.16 0.75+0.13 P<0.05
BMD of radius (g/cm?) 0.64+0.12 0.53+0.09 P<0.05

PINP, procollagen type | n-terminal propeptide; CTX, c-terminal telopeptide; NTX, n-terminal telopeptide; BMD, bone marrow density

*indicates a significant difference, P<0.05.
Discussion

Osteoporosis is a major medical problem, especially in Asia, as
about 50% of all hip fracture all over the world will affect Asian
populations.?! Age-related bone mass loss that starts with the 4"
decade of life induces fragility fracture in postmenopausal women.?*2*
In the other hand, the incidence of osteoporosis among patients with
NIDDM is progressively increases that increase the risk of vertebral
and hip fractures.>?¢ As the influence of NIDDM on markers of bone
turnover and density of bone after menopause is a matter of debate and
inconclusive, so that this study was designed to measure the impact
of NIDDM on bone mineral status among obese postmenopausal
women.

Concerning bone mineral density, results of our study proved
that that BMD values in diabetic patients for lumbar L2-L4 total
BMD, femoral neck BMD and radius were higher than non-diabetic
postmenopausal patients, these results are consistent with many
previous researches,”*” which proved that values of BMD values
were better in NIDDM patients than the non-diabetics. Although there
is remarkable increase bone destruction is in the postmenopausal
period as reduction in estrogen induce osteoclasts released from the
bone marrow*'* delayed bone loss in postmenopausal women with
NIDDM.?-° Similarly, Van Daele et al.,** & Tsaia et al.,** confirmed that
values of BMD were higher in postmenopausal patients with NIDDM
relative to postmenopausal control women associated with a lower
rate of non-vertebral fractures. The possible cause of greater value
of BMD may due to the extra mechanical loading on bone induced
by obesity associated with NIDDM in addition to relative increased
levels of some circulating hormonal as parathormone, leptin, insulin,
adiponectin and estrogen which stimulate bone deposition in patients
with NIDDM.3¢-37

Regarding the values of bone turnover markers, the results of our
study revealed that osteocalcin and PINP levels as bone turn over
markers for bone formation were significantly lower in diabetic
patients than non-diabetic postmenopausal women. These results
are consistent with several previous studies that reported low
osteocalcin®®* and PINP*# among patients with NIDDM. Our
finding that supports the concept of lower bone formation biomarkers
in NIDDM than non-diabetics was due to impaired osteoblast
function associated with high glucose levels among diabetics.**
Moreover, we found that CTX and NTX as bone turn over markers
for bone resorption were significantly lower in diabetic patients than
non-diabetic patients, so that these results indicate delayed bone
destruction in patients with NIDDM. Our resulted agreed with Akin
et al.,” found that BMD values of lumbar spine in diabetic patients
were higher than healthy postmenopausal patients as osteocalcin and
N-telopeptide/creatinine (NTx/Cr) values were significantly lower in
diabetic patients than healthy postmenopausal patients.*

In contrary, Razi & Esmaili M*' measured bone mineral density and
110 Iranian postmenopausal women and divided them into diabetic
group and non-diabetic group; they proved no significant differences
in BMD or bone turnover markers between both groups.’! These results
contradicted with our results due to participants baseline criteria as
authors selected patients with relatively longer menopause duration
and the age of the selected sample were greater than our study In
addition, Saeed et al.,”> & Shu et al.,>* conducted cross sectional studies
among postmenopausal obese women with NIDDM and age matched
non-diabetic postmenopausal women and they found postmenopausal
women with NIDDM have lower bone turnover markers than non-
diabetic control subjects in addition to no significant differences in
BMD between both groups, again these results contradicted with our
results due to participants baseline criteria as authors selected patients
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with relatively longer menopause duration and the age of the selected
sample were greater than our study in addition to selected over-weight
non-diabetic postmenopausal women as control subjects.

The possible mechanism for altered bone turnover markers in
patients with NIDDM may be due to hyperglycemia that induce
generation of advanced glycation products (AGEs) which interact
with AGE receptors (R-AGEs) that adversely affect bone turnover,*
reduce activity of osteoblast cells*® and increase activity of osteoclast
cells.*® Moreover, AGEs induce brittle scaffolding bone structural
arrangement as they adversely affect the structural cross-linking
of collagen in bone which resulted in poorer structural integrity of
bone.””* However, chronic hyperglycemia is associated glycosuria
that leads to hypercalciuria that increase calcium washout of bone
which adversely affect bone quality.** Finally, increased level
of oxidative stress induced increases in AGEs, and poor insulin
sensitivity may be additional potential cause of reduced bone turnover
and further risk of fragility fracture in.

Conclusion

Non-insulin dependent diabetes mellitus remarkably reduce bone
turnover biomarkers in obese postmenopausal women.
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