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Abstract
Described and treated since ancient times, diabetes is an incurable chronic disease that
affects almost every organ and system of the body. The present study comprised a total of
78 postmenopausal women out of which 40 women had diabetes mellitus type 2 and all
these women had attained menopause for average five years. The remaining 38 were
normal, non-diabetic, and post-menopausal women. Data regarding bone related
parameters like calcium, phosphorus, hydroxyproline, bone formation marker alkaline
phosphatase, HbA1c and blood sugar levels were estimated. The results obtained showed
that in postmenopausal diabetic women the serum alkaline phosphatase tends to be
higher, while serum calcium and phosphorus levels are decreased, moreover an increase
in level of urinary calcium and hydroxyproline is seen. Therefore, our findings suggest
that hyperglycemia in postmenopausal women affect the bone related biochemical
parameters.

Introduction
Women have an early postmenopausal phase of rapid bone loss that lasts for 5-10 years
after menopause. In women the rapid phase is mediated mainly by loss of the direct
restraining effect of estrogen on bone cell function, whereas the slow phase is mediated
mainly by the loss of estrogen action on extra skele-tal calcium homeostasis leading to
net calcium wasting. Osteopenia has been ascribed to diabetes without residual insulin
secretion and high insulin requirement. However, it is not known if this is partially due to
disturbance in the Insulin – like growth factor system, which is a key regulator of bone
cell function [1]. One study reports that women with diabetes had significantly higher
bone mineral density levels than women with normal glucose tolerance [2]. Recent cross-

sectional studies revealed that the presence of hyperglycemia is associated with higher
bone mass and lower fracture rates [3,4,5,6]. One of these stud-ies reports that metabolic
improvement of poorly controlled hyperglycemia decreases bone turnover [3]. Other
studies indicate that poor glycemic control impairs the responses of osteoblasts and
osteoclasts in normo-insulinemic type 2 diabetic patients [7]. Still some studies find no
evidence that hyperglycemia produces any change in bone metabolism or mass [8]. It
seems worthwhile to investigate the pattern of bone loss in postmeno-pausal women with
hyperglycemia.
The aim of this study is to evaluate the effect of hyperglycemia on the rate of bone
turnover as well as the status of calcium, phosphorus and hydroxyproline metabolism in
postmenopausal diabetic women so that they can be used as prognostic markers to delay
or prevent the multifaceted complications before they can eventually manifest.

Material and Methods
The study was conducted in the Department of Biochemistry and Clinical Biochemistry
of M.G.M. Medical College and OPD of M.Y. Hospital, Indore.
Clinical Material
Subjects: The clinical material for the present study comprised of a total of 78 post
menopausal subjects. Two groups were formed, group 1 comprised of 40 mildly diabetic
patients while group 2 comprised of 38 normal, non-diabetic women as a con-trol group.
Data regarding history of diabetes, HbA1c values, random blood glucose (RBG) levels,
bone-related parameters like calcium phosphorus, alkaline phosphatase (ALP) and
hydroxyproline was obtained by structured questionnaires and by clinical and laboratory
assessments.
1. Hyperglycemic postmenopausal women (Group 1)
This group comprised of 40 postmenopausal mildly diabetic women. Blood glucose was
controlled by balanced diet and exercise. None of the patients had a disease or were
treated with drugs that would interfere with calcium or phosphate metabolism and/or
bone structure. The exclusion criteria also included hypertension and other factors
affecting blood sugar level.
2. Normal Subjects (Group 2)
This group comprised of 38 normal, non-diabetic postmenopausal women, without any
prior family history of diabetes and not on any other drug therapy. These individuals
were screened for the presence of diabetes based on the diagnostic criteria of the ADA
[9].
Collection of material

Blood and urine: From all the above Groups 5ml whole blood was collected along with
24 h urine sample. 0.5ml whole blood was mixed with EDTA reagent (anticoagulant) and
kept for the estimation of HbA1c. The remaining whole blood is kept at room
temperature for 1 hour after which the supernatant clear fluid is pipetted out into another
tube and the sample is used for esti-mation of blood sugar, calcium, phosphorus and
ALP. Urine sample is used for estimation of calcium and hydroxyproline.
Clinical Method: estimation of HbA1c, Blood sugar and bone related biochemical
parameters
HbA1c, Calcium, Phosphorus, Alkaline phosphatase and Random blood sugar are
estimated on fully automated auto-analyzer (Selectra E). Urine hydroxyproline estimation
is done by Modified Neuman and Logan method.
Statistical analysis
The statistical analysis was done by student ‘t’ test. The values were expressed as Mean +
S.D. (Standard Deviation).

Results
The biochemical findings of the study can be expressed in the form of the following
results.
1. Significant increase (p < 0.001) in the alkaline phos phatase level is seen in the study
group (Table 1).
2. Significant decrease (p < 0.001) in the serum calcium and phosphorus level is found in
the study group (Table 1) with an associated increase (p < 0.001) of urinary calcium and
hydroxyproline levels (Table 2).
3. Blood sugar levels and HbA1c values were signifycantly high (p < 0.001) in the study
group subjects (Table 1).
Table 1: Status of biochemical parameters estimated in serum of control and study
subjects.

(For larger image of Table 1, click here)

Table 2: Status of biochemical parameters estimated in urine of control and study
subjects

(For larger image of Table 2, click here)

Discussion
During the course of their lifetime, women lose approximately 50% of their trabecular
bone and 30% of all postmenopausal women eventually will have osteoporotic fractures.
In the pre-sent study the postmenopausal women had an increased serum alkaline
phosphatase (Table 1) level. This result is similar to the reports of many earlier studies
which demonstrated that bone-specific alkaline phosphatase tends to be higher in diabetic
subjects [10,11,12]. A decline in alkaline phosphatase expression with maturation of
osteoblasts at mineralization phase [13] sug-gested that hyperglycemia causes a
suppression of osteoblast maturation [11]. However, histomorphometric analyses of
bones from diabetes type 2 patients do not show such changes [14,15]. In normal
postmenopausal women, an increase in bone turnover accelerates the reduction in bone
mass, whereas a decrease in bone turnover is associated with preservation of bone mass
[16,17,18]..
Although osteoporosis is reported as a potential complication of type 1 diabetes mellitus,
the effects of type 2 diabetes mellitus on bone mass are conflicting in postmenopausal
women. One study suggested that the bone turnover rate is remarkably lower in diabetes
mellitus type 2 patients compared to healthy post-menopausal subjects [19]. In the
present study the serum calcium and phosphorus levels were decreased in the study group
(Table 1). Poorly controlled NIDDM patients have relative hypercalciuria probably
caused by osmotic diuresis associated with glycosuria [20,21]. This could lead to
negative calcium balance which might result in accelerated bone resorption and loss of
bone [22]. The decrease in urinary calcium excretion after metabolic control correlated
with the decrease in urinary glucose excretion as previously reported [20,21,23,24].
Another study found that there is a significant relation between the state of metabolic
normalization of diabetes and the degree of biochemical aberrations concerning calcium
phosphate metabolism [25]. The increased level of urinary hydroxyproline in diabetic
postmenopausal women (Table 1) show increased bone loss [26].
Postmenopausal diabetic women have higher blood sugar values as compared to the
control group (Table 1) because the estrogen hormone which makes the body cells more
receptive or sensitive to insulin is either not secreted at all or is in limited supply. The
estrogen hormone in females is protective for developing diabetes [27]. Estrogen seems
to contribute to glucose homeostasis in women [28]. Bone turnover is regulated by many

local cytokines, cell-cell and cell-matrix interactions as well as systemic hormones and
hyperglycemia may affect any of these local micro-environments that regulate bone
turnover [22].
It is therefore concluded that the biochemical indices of bone turnover estimation show
significantly increased bone activity in hyperglycemic postmenopausal women as
compared to normal postmenopausal women.
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