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Abstract
Objective
To assess the association of non-insulin-dependent diabetes mellitus (NIDDM) with bone mineral density
(BMD) and its effect on bone turnover.

M ethods
BMD (measured by osteo C.T. of the lumbar spine) and bone resorption (deoxypyridinoline) and formation
(alkaline phosphatase bone isoenzyme) markers were measured in 40 femal e postmenopausal patients with
NIDDM and in 40 non-diabetic females of the same age. The same investigations were carried out in 20
males with NIDDM and in 20 normal non-diabetic males.

Results
Women with diabetes had significantly (p < 0.01) higher BMD levels than women with normal glucose
tolerance. Diabetic femal es were also significantly overweight (p < 0.001) and had a longer duration after
menopause (p < 0.02). Bone resor ption markers and bone formation markers were significantly (p < 0.001)
higher in the control group compared with the diabetic group. Men with diabetes had BMD levels similar to
those men with normal glucose tolerance. Also there was no significant difference on comparing bone
resorption and formation markers in the group of diabetic men to the control male group.

Conclusion
Older women with NIDDM had better BMD than normal women. No difference in bone density by diabetic
status were obeserved in men. That sex difference may be explained by the obesity and the greater
androgenecity reported in women with hyperglycemic and hyperinsulinemic conditions.
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Introduction

Several studies have suggested the ex-
istence of atered bone mineral metabo-
lism in patients with diabetes mellitus
(DM). Osteopenia has been reported as
an established complication in insulin-
dependent diabetics (1-4), especialy in
the first few years from the time of diag-
nosis (5), in patients with poor control
and in patients who have been treated
with large doses of insulin (6). On the
other hand, the issue is controversia in
patients with non-insulin-dependent dia-
betes mellitus (NIDDM) who showed
evidence of decreased, normal or in-
creased skeletal mass (1,7, 8). These con-
tradictory results could be attributed to
differencesin the patients studied (age,
sex, type of diabetes), differing methods
of measurement of bone mass, failure to
consider body weight, use of thiazide
diuretics, and other determinants of bone
density. In addition most investigators
studied only one sex or failed to anayze
data from men and women separately.
The mechanism of altered bone meta-
bolism in diabeticsis as yet unresolved
(9). The suggestion that variationsin
calcitropic hormones are responsible is
debated and in most cases remains a
somewhat unsatisfactory explanation
(10, 11). Disturbed calcium homeostasis
has been reported in both short- and
long-term animal models of diabetes (11,
12). However, it has been found that re-
sults obtained in experimental modelsin
rats cannot be extrapolated to humans
(13), which means that the effect of dia-
betes mellitus on bone turnover should
be studied in humans.

Current interest in biochemical markers
include their potential value in predict-
ing changes in bone mass. The determi-
nation of bone marker concentrations has
the advantages of being a specific, sen-
sitive and non-invasive approach for
monitoring bone metabolism. Bone-spe-
cific alkaline phosphatase and osteo-
calcin are osteoblast-derived, non-colla-
genous proteinsthat are released into the
circulation during bone synthesis, and
therefore have been used as markers of
bone formation. Pyridinoline and deoxy-
pyridinoline are two non-reducible tri-
valent crosslinksthat stabilize type | col-
lagen chains and are released during the
degradation of mature collagen fibrils.
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Tota pyridinoline and deoxypyridinoline
can be measured in urine samples and
are considered markers of bone resorp-
tion (14).

This controlled study was performed to
determine the association of NIDDM

with bone mineral density (BMD) in
both men and women and to investigate
the effect of the disease on bone turno-
ver in these patients.

Material and methods

Patients

Forty postmenopausal Egyptian female
and 20 Egyptian male patients diagnos-
ed with NIDDM were included in this
study. They were randomly collected
from those attending the diabetic care
outpatient clinic at Ain Shams Univer-
sity. They were all on ora hypoglycemic
drugs and were currently ketosis-resist-
ant. A full medical history including the
duration of diabetes mellitus, history of
back pain whether acute or chronic, his-
tory of falls or inability to bear weight
was taken. A thorough clinical exami-
nation was made of each patient, with
particular stress on localised tenderness
over the vertebrae and the lower end of
the radius, free range of motion of the
hip joints, and paraspinal muscle spasm
in addition to kyphosis and/or scoliosis.
At initial evaluation, postmenopausal
duration and number of pregnancies
were recorded for the female patients.
The height and weight of each patient
was measured and the body mass index
(BMI) (wt/height?) was calculated as an
estimate of obesity. A dietary history, es-
pecialy calcium intake, was also recor-
ded.

Patients with a history of renal involve-
ment were excluded from this study. Also
patients with a history of other disease
[e.g., malignancy, thyrotoxicosis, hyper-
corticoidism (endogenous or iatrogenic),
hyperparathyroidism) or medications
(steroids, thyroid hormone, diuretics,
antihypertensive drugs containing thia-
zZides, antimitotics, heparin and anticon-
vulsants) that could alter bone metabo-
lism] were also excluded from the study.
None of our postmenopausal patients
were on hormone replacement therapy
or any other form of treatment for oste-
oporosis. None of our patients were smo-
kersor alcohalics.



Radiological assessment

Each patient was subjected to plain x-
ray (anteroposterior and lateral views)
for the dorsal and lumbar spines. X-rays
of the forearm and/or pelvis were taken
if fracture was suspected. Bone mineral
content (BMC) was measured by quan-
titative CT (Siemens) of the L1-L3 lum-
bar vertebrae. The procedure was carried
out according to the method of Cann and
Gennant (15). Briefly, a phantom (QCT
Bone Minderal Analysis System, San
Francisco, CA) containing potassium
phosphate standard was positioned un-
der the patient. Cursors were placed on
the vertebral image to define a 100 mm
thick transverse section through the cen-
ter of L1, L2, L3. Cross-sectional images
of each vertebrawere obtained and used
to position elliptical cursorsin the tra-
becular area of each vertebral body. CT
counts were then obtained for the se-
lected vertebrae. Spinal measurements
were referenced to a calibration curve
obtained from the standard and were ex-
pressed in mg/cc. The results were ex-
pressed as a Z score (number of stand-
ard deviations above or below the nor-
mal mean after comparison with age- and
sex-matched normal control values sup-
plied by the manufacturer).

The T score for the women was cal cu-
lated according to the equation provided
by the manufacturer: BMC (trabecular)
-159.1 (BMC of an average 35-year-old
female) / 27.6 (SD)

The T score for men was calculated ac-
cording to the equation: BMC (trabecu-
lar) - 175.5 (BMC of an average 20-year-
old male) / 26.5 (SD).

Laboratory investigations

Each patient underwent blood analyses
(to measure serum creatinine and glyco-
sylated haemoglobin) and urinalysis. In-
sulin hormone was measured in 27 fe-
male and 20 male patients by an enzyme
immunoassay using kits and instrumen-
tation (Axsym) from Abbott L aborato-
ries (Wiesbaden, Germany).

Bone mineral profile

The following parameters were assayed:
serum calcium, phosphorous, alkaline
phosphatase, urinary deoxypridinoline
(bone resorption marker) and bone-spe-
cific alkaline phosphatase (bone forma-
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tion marker). Aliquots of urine were
stored frozen at -70°C until each batch
assay was completed. Venous blood sam-
ples were obtained, centrifuged and stor-
ed in asimilar manner.
Deoxypyridinoline was measured in the
urine by estimating Pyrilinks-D using a
competitive EIA (monoclonal antideoxy-
pyridinoline antibody coated on moni-
tor strips with deoxypyridinoline-AP
conjugate to quantitate the free deoxy-
pyridinoline) kit obtained from Metra-
biosystems Ltd. (California, USA).
Bone specific alkaline phosphatase was
assessed using an EIA (Metrabiosys-
tems) based on monoclonal anti-bone
alkaline phosphatase antibody coated on
microtitre strips to capture and quantitate
bone akaline phosphatase activity.

Control group

Forty Egyptian postmenopausal femaes
and 20 Egyptian males matched for age
were randomly collected and included as
acontrol group. They had no history of
any disease or medication known to af-
fect bone metabolism. They underwent
the same laboratory and radiological as-
sessments. In addition, their blood was
tested for fasting and 2-hour plasmaglu-
cose levels and glycosylated haemoglo-
bin, which were all found to be within

the normal range.

All patients and controls provided their
informed consent to participate in this
study.

Satistical analysis

Data was analysed using the Statistical
Package for Social Sciences (SPSS)
Software on an IBM-PC. The different
variables were expressed as the means +
SD. Student’ st-test was used to compare
the data between cases and controls. The
Mann-Whitney test was used to compare
the variables which were not uniformly
distributed. Spearman’s correlation co-
efficient was used to assess the correla-
tions between age, BMI, glycosylated
haemoglobin, the duration of diabetes
mellitus, insulin hormone, and the T and
Z scores in the diabetic males and fe-
males. The effect of obesity was removed
by stratified analysis.

Results

Table | shows acomparison of the char-
acteristics of the 40 women with NID-
DM versusthe controls. It was found that
postmenopausal females with NIDDM
had a better BMD than the control group,
while among the males (Table I1) there
was no significant difference between
patients and controls (although BMD

Tablel.Mean + SD of the variable assessed in the female diabetic and control groups.

Variable Diabetic Group Control Group

N =40 N =40 P
Age(yrs) 529+ 6.16 536+ 554 N.S.
Weight (kg.) 83.2+ 13216 68.6 + 10.558 <0.001
BMI (weight/height2) 35.03+6.328 29.35+ 3491 <0.001
Parity 8.58+ 3.98 8.9+ 3.622 N.S.
Glycosylated haemoglobin (%) 856+ 141 492+ 0.47 <0.01
Duration aftter menopause (yrs.) 8.16 + 6.203 5.44 + 4454 <0.02
Insulin H (uU/ml) 26.4 + 29.98
Cortical BMC (mg/cm3) 238.36 + 41.376 234.84 + 42.031 N.S.
Trabecular BMC (mg/cm3) 96.53 + 28.58 79.99 + 32.288 <0.01
Z-score -0.68 + 0.923 -1.33+ 0.935 <0.002
T-score -2.27+1.175 -2.87 + 1.026 <0.01
Serum Ca (mmol/L) 219+0.12 223+0.14 N.S.
Pphosphorous (mmol/L) 1.19+0.15 121+0.2 N.S.
Alkaline phosphatase (mmol/L) 16.37+8.14 17.83+6.17 N.S.
Deoxypyridinoline (nmol/mmol) 482+219 7.68+224 <0.001
Bone alkaline phosphatase isoenzyme (U/L) 17.14+6.011 22.48 + 5720 <0.001

BMI: Body massindex, BMC: Bone mineral content.
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Tablell.Mean + SD of the variable assessed in the male diabetic and control groups.

Variable Diabetic group Control group

N =40 N =40 P
Age (yrs.) 51.6 +£ 5.433 5235+ 6.434 N.S.
Weight (kg) 89.85+ 11.310 86.5 + 10.836 N.S.
BMI (weight/height?) 31.64 + 3.559 29.56 + 3.141 <0.05
Glycosylated haemoglobin % 8.08+1.27 4.8+ 0.53 <0.001
Insulin H (uU/ml) 18.99 + 10.41
Cortical BMC (mg/cm3) 314.9+ 43.814 300 + 58.03 N.S.
Trabecular BMC (mg/cm3) 149.3+ 27.211 146.3 + 31.302 N.S.
Z-score 0.85+0.70 0.83+0.69 N.S.
T-score -0.95+ 1.024 -1.07 + 1.185 N.S.
Serum Ca (mmol/L) 218+ 0.093 216+ 0.110 N.S.
Phosphorous (mmol/L) 117+0.12 1.19+0.17 N.S.
Alkaline phosphatase (mmol/L) 18.21+ 5.59 13.96 + 3.89 <0.001
Deoxypyridinoline (nmol/mmol) 441 +1.741 5.09 + 1.898 N.S.
Bone alkaline phosphatase isoenzyme (U/L) 16.26 + 4.044 17.45 + 3.663 N.S.

BMI: Body massindex, BMC: Bone mineral content.

was dightly better in the diabetic group).
Furthermore, the bone resorption and
formation markers were significantly
lower in the diabetic females compared
with the females who had normal glu-
cose tolerance. In contrast there were no
significant differences in the bone re-

sorption and formation markers between
the male patient and control groups (al-
though they were lower in the diabetic
male group). The diabetic patients (both
male and female) were overweight and
their BMI differed significantly from the
respective control groups.

O Nonhyperinsulinemia
O Hyperinsulinemia

100%
90% -
80% -
70%
60%
50%
40%
30% A
20% -
10% -

0% -
Female
group

Male
group

Fig. 1. Prevalenceof hyperinsulinemiain both diabetic female and males groups studied.
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Glycosylated haemoglobin was signifi-
cantly higher in the diabetic male and
femal e groups compared to the control
groups. This may reflect the difficulty
of establishing a correct diet-drug bal-
ance, which isarelatively common prob-
lem among Egyptian diabetics.

Plain x-rays showed reduced bone den-
sity in 10% (4/40) of the female patients,
while no osteopeniawas seeninthemale
patients. No fractures were observable
on x-ray in any of the patientsincluded
in this study.

Hyperinsulinemia (fasting level > 24
mcU/ml) was found in 59% (16/27) of
the diabetic females and in 55% (11/20)
of the diabetic males (Fig. 1).

Table Il shows the correlation coeffi-
cients for the variables tested in the dia-
betic female group. It shows that there
was no significant correlation between
the T and Z-scores and the duration of
the disease, the body massindex, or gly-
cosylated haemoglobin. On the other
hand there was significant correlation
between the insulin hormone level in the
blood of the female diabetic patients and
their T and Z-scores.

Table IV shows the correlation coeffi-
cients for same variablesin the diabetic
male group. Asin thefemale group, there
was no correlation between the Z-score
and the body mass index nor the glyco-
sylated haemoglobin level. Insulin hor-
mone correlated significantly with the Z-
score (p < 0.01).

Table V shows a comparison of the Z-
scores between obese diabetic females
(BMI > 30) and obese non-diabetic post-
menopausal females, and between non-
obese diabetic females (BMI < 30) and
non-obese non-diabetic females. In both
cases there was a significant difference
(p<0.01 and p < 0.04, respectively).

Discussion

Diabetes mdllitus has been variously re-
ported to be associated with an increased,
anormd or adecreased bone mass when
compared with controls and thereis no
consensus in the literature asto what ab-
normdities, if any, generaly exist. More-
over, it isrelevant to notice that most in-
vestigators studied only one sex or failed
to andyze data. on men and women sepa-
rately.

Theresults of our study show that post-
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menopausal women with NIDDM have
ahigher cortica and trabecular (p < 0.01)
bone mineral content in the axial spine
than women with normal glucose toler-
ance. Also the Z and T-score are signifi-
cantly better (p < 0.002 and p < 0.01,
respectively) in the diabetic group. These
differences cannot be explained by obes-
ity, cigarette smoking, dietary calcium
or the use of medications that are known
to increase bone mineral density.

On the other hand, the bone mineral den-
sity in men with NIDDM did not differ
significantly from that in males with
normal glucose tolerance. As noted ear-

lier, bone mass in diabetics has been
found to be elevated, normal or decreas-
ed (1-9). It seemslikely that most type |

diabetics have decreased bone mass (1-

4). Type |l diabetics may constitute a
different subgroup. This study suggests
that postmenopausal women with type
|1 diabetes generally have increased bone
mineral density. These resultsarein con-
cordance with what has been reported in
previous studies by Meema and Meema
(7), Johnston and colleagues (16) and
Weinstock et al. (17), who reported less
osteopeniain older women with diabe-
tes. Moreover, in another study Conner

Tablelll. Correlation coefficient of the variables tested in the diabetic female group.

Glycosyl.  Duration Insulin
Age BMI Hgb. ofillness  Hormone T
Z-score -0.2280 -0.0391 -0.0981 -0.0350 0.6566 0.7847
P<0.001 P<0.001
T-score -0.5444 0.0841 -0.0872 0.1851 0.4637
P<0.001 P<0.01
Insulin hormone -0.0716 0.0780 -0.0303 -0.2857
Duration of illness -0.1450 0.0917 0.2929
Glycosylated Hgb. -0.0632 0.0613
BMI -0.1576

TablelV. Correlation coefficient of the variables tested in the diabetic male group.

Duration Glycosyl. Insulin
Age BMI of illness Hgb. hormone
Z-score -0.1586 -0.1724 0.6770 0.1447 0.4295
p<0.001 p <0.005
Insulin hormone 0.1338 -0.0851 0.8046 -0.2228
p<0.001
Glycosylated Hgb. -0.0908 -0.0083 -0.0221
Duration of illness 0.1952 0.0101
BMI -0.4118

BMI: Body Mass Index

TableV. Comparison of Z-score between obese and non-obese diabetic and control female

groups.
Obese Obese Non-obese Non-obese
diabetic control P diabetic control P
Z-score -75+092 -1.3+0.66 P<0.01 0.00+ 0.68 -1.31+1.13 P<0.05
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and Holbrook (18) reported that older
women with NIDDM had better bone
mineral density than women with nor-
mal glucose tolerance, independently of
differencesin obesity. Furthermore, they
reported no differences in bone density
in men with NIDDM compared with
controls.

Our diabetic postmenopausal women
had a significantly higher body weight
and BMI (p < 0.001) compared with the
control group. Obesity has been reported
to protect against osteoporosis (19). En-
dogenous estrogen produced in the sub-
cutaneous fat of heavier women due to
the aromatization of androstenedione to
estrone could account for this difference
(20). However, obesity alone may not be
the sole explanation for this difference.
Comparing the obese (BMI > 30) and
non-obese (BMI < 30) diabetic females
with the control group revealed signifi-
cant differencesin the bone minera den-
sity (Z-score) (Table V). In addition,
there was no significant correlation be-
tween BMI and bone mineral density
(Tablelll). Moreover, women with NID-
DM were less overweight than the dia-
betic men. Despite thisfact, therewas a
significant differencein BMD between
patients and controlsin the female group
while there was no difference on the mae
side. An interesting finding was reported
in the study by Johnston et al. (16), who
observed that in diabetics and non-dia-
betics of similar weight the estrone level
was nevertheless higher in the diabetic
group.

Alternatively, hyperinsulinemia has been
suggested as a possible explanation for
the better BMD seen in patients with
NIDDM (17). However, when the insu-
lin hormone levels were measured in our
two groups of patients, we found hyper-
insulinemiain 59% of the females and
in 55% of the males. That makes this
hypothesis seemslesslikely, asless oste-
oporosis was found only in women with
NIDDM and no difference in BMD was
found in the men. Reduced levels of in-
sulin-like growth factors has been repor-
ted in patients with diabetes or hyperin-
sulinemia (21). However, areduction of
insulin-like growth factors would cause
osteopenia and not the reverse, as seen
in our patients.

Dietary calcium cannot explain the sex
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difference, since both the men and wo-
men with diabetes reported a somewhat
lower calcium intake than non-diabetic
subjects, which would have been ex-
pected to cause reduced bone density in
the diabetic women and not to increase
it. Our findings are in concordance with
the results of Connor and Holbrook (18),
who reported that separate analysis ad-
justment for calcium intake did not ex-
plain the sex difference in BMD.

The sex differencein BMD is compat-
ible with diabetes-related differencesin
endogenous sex hormones. Older males
with diabetes often have lower levels of
androgens than men without diabetes
(22, 23). Plasmainsulin and glucose lev-
elswere found to be positively correlated
with androgenecity in women (24, 25),
whereas in men asignificant inverse cor-
relation was seen (26). We did not meas-
urethe levels of sex hormonesin our two
groups of patients. However, our group
of diabetic females had a significantly
longer duration after menopause (p <
0.02). In astudy by Scheidt-Nave et al.
(27) significantly (p < 0.001) higher lev-
els of unbound testosterone were found
in menopausal women with diabetes
mellitus than in control women without
diabetes. It may be of value here to add
the finding reported by Horton and Tait
(28), who stated that androstenedione is
not only the major source of estronein
postmenopausal women but also of tes-
tosterone in women of all ages. Taken
together, these data are compatible with
the hypothesis that higher androgen lev-
elsin hyperglycemic women could pro-
tect them from some of the bone loss that
occurs after menopause. Reduced andro-
gens in diabetic men may have lessim-
pact because of their higher baseline an-
drogen levels and higher bone mass.
Glycation and glycoxidative reactions
have been recognized to play a major
pathogenetic role in the biochemical and
biophysical aterations of proteinsin dia-
betes mellitus (29). Glycation of proteins
is associated with the formation of high
molecular weight aggregates that are sta-
bilized by non-reducible cross-linking
components (30). The formation of cross
links has an impact on collagen triple
helix stability, as has been shown previ-
ously for collagen Il from the interver-
tebral discs of elderly patients (31). That

raises the possibility that the non-enzy-
matic glycosylation of extracellular pro-
teins could alter turnover at the level of
the bone. Thisis supported in part by our
finding of asignificantly elevated glyco-
sylated haemoglobin percentage (p <
0.001) in both the diabetic males and the
diabetic males femal es compared to the
control groups. However, there was no
significant correlation between the gly-
cosylated haemoglobin percentage and
bone mineral density in the diabetic pa-
tients (Tables Il and V).

Another interesting point isthe possible
link between non-insulin diabetes mel-
litus and osteoarthritis (32). The impact
of thislink on bone density is question-
ablein view of the consistent evidence
supporting the theory of an inverse rela-
tionship between bone density and osteo-
arthritis (33).

Studies of bone mineral metabolism in
diabetic patients have focused on osteo-
peniain insulin dependent diabetic sub-
jects. Earlier studies reported that cal-
cium homeostasis is disturbed in both
short- and long-term animal models of
diabetes (11, 12). In another study,
Pedrazzoni et al. (34) reported that cal-
cium homeostasisis altered in diabetic
patients, leading to dlightly elevated cal-
cium levels and subsequent parathyroid
hormone suppression associated with
increased calcitonin levels. Rico et al.
(35) correlated impaired bone formation,
manifested by low osteocalcin levelsin
IDDM patients, to deficient osteoblastic
function rather than to insulin deficiency
as the cause of the diminished bone for-
mation.

To the best of our knowledge, the present
study isthe first to assess markers of
bone resorption and formation in patients
with NIDDM and to correlate them with
BMD. Our results reveal asignificant
decrease in both resorption and forma-
tion markers in postmenopausal women
with NIDDM. This suggests that such
women have lower rate of bone turno-
ver than women with normal glucose
tolerance. On the other hand, postmeno-
pausal non-diabetic women showed a
significant increase in bone resorption
and formation markers, indicating accel-
erated bone loss.

The lower rate of bone turnover in dia-
betic females may reflect the impact of
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elevated sex hormones on bone in this
group of patients. Our finding of lower
levels of the bone formation marker bone
alkaline phosphatase isoenzyme agrees
with earlier studies measuring osteocal-
cinin diabetic patients (34, 35). How-
ever, these studies correlated this lower
level of the bone formation marker to a
deficiency of osteoblastic function rather
than using it as assessment of bone turno-
ver in their group of patients. Moreover,
intheir study Rico et al. (35) observed a
marked and significant reduction in the
bone formation marker in insulin de-
pendent diabetics, whileit was relatively
higher (although till significantly lower
than the control group) in patients with
NIDDM. Thiswas correlated to the ef-
fect of insulin hormone which was found
to stimulate osteoblasts directly (36). On
the other hand, sex steroids (both estro-
gen and testosterone) have been repeat-
edly reported to inhibit bone resorption
and to increase bone minera density (37,
38). This may confirm our previous ob-
servation that type | diabetics decreases
bone mass, a finding which could be at-
tributed to deficient osteoblastic func-
tion, while type Il diabetic patients rep-
resent a different subgroup showing re-
duced bone turnover by combined reduc-
tions in bone resorption and formation
markers.

In conclusion, postmenopausal women
with NIDDM were found to have a
higher bone mineral density together
with a decreased rate of bone turnover
than non-diabetic women. On the con-
trary, no difference in bone density asa
function of diabetic status were observed
in maes. The reason for this sex-related
difference in bone metabolism is not
clear; most probably the levels of endog-
enous sex steroids and to some extent
obesity could explain in part the greater
peak bone mass and slower bone loss
with age found in postmenopausal wo-
men with NIDDM.
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