
Diabetic osteopenia is a recognised but neglected
complication of diabetes mellitus. Reduced bone

mass and an overall twofold increase in fracture rate
has been shown to occur in Type I (insulin-depen-
dent) diabetes mellitus [1]. The situation in Type II
(non-insulin-dependent) diabetes mellitus is less
clear-cut, with reports of increased, decreased or un-
altered bone mass reflecting the underlying heteroge-
neity of Type II diabetes [2]. The pathogenesis of dia-
betic osteopenia remains unclear. The reduction in
bone mass could be due, in part, to a failure to reach
peak bone mass especially in younger subjects with
Type I diabetes [3] and partly to abnormal bone turn-
over [4]. In adults net bone loss has been found with a
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Summary Osteopenia is a recognised complication of
diabetes mellitus which could be due to abnormal
bone turnover or disturbances in the calcium/para-
thyroid hormone/vitamin D axis or both. Genetic fac-
tors also play an important part in determining bone
mass although this has not been studied in diabetes.
Recently a polymorphism of the collagen type 1 a 1
(COL1A1) gene has been shown to be associated
with low bone mass in British women. To identify
subjects with diabetes who may be at risk of develop-
ing osteoporosis and fractures, we analysed bone
mineral density in relation to the biochemical mark-
ers of bone turnover, calcium homeostasis and the
COL1A1 genotype in a group of premenopausal
women with Type I (insulin-dependent) diabetes
mellitus (n = 31), Type II (non-insulin dependent) di-
abetes mellitus (n = 21) and control subjects (n = 20).
Bone mineral density was lower at the femoral neck
in the subjects with Type I diabetes (p = 0.08) as
were serum 25-hydroxyvitamin D compared with
control subjects (p = 0.023) and this was negatively
correlated with serum collagen type 1 C-terminal
propeptide (r = ±0.56, p < 0.001). Bone mineral den-

sity in Type II diabetes was not different from control
subjects, after correction for body mass index. Bone
resorption was, however, raised in the Type II diabet-
ic subjects as reflected by the higher urinary deoxy-
pyridinoline values (p = 0.016) and lower collagen
type 1 C-terminal propeptide:deoxypyridinoline ratio
(p = 0.04). In the whole group studied, subjects with
the COL1A1 �s' genotype had lower bone mineral
density at the femoral neck (p = 0.01) which was part-
ly attributable to a lower body mass index. Following
multiple regression analysis body mass index and col-
lagen type 1 C-terminal propeptide concentrations
remained determinants of bone mass at all three sites,
whereas genotype appeared to be a predictor of bone
mass at the femoral neck only. We conclude that mea-
surement of these variables could prove useful in
firstly identifying those diabetic women at risk of os-
teoporosis and secondly guiding therapeutic inter-
vention. [Diabetologia (1998) 41: 1314±1320]
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rate of bone loss three times higher in patients in
whom endogenous insulin concentrations had de-
creased [5]. Insulin is regarded as a systemic regulator
of bone formation [6].

In addition to the direct effect of insulin deficiency,
other metabolic disturbances such as abnormalities of
the vitamin D/parathyroid hormone axis can also
contribute to the diabetic osteopathy [7]. Several
studies in experimental rat models [8, 9] and in hu-
mans with diabetes [10] have suggested that an im-
pairment of the vitamin D/parathyroid hormone en-
docrine system could have a role in bone loss.

As the determinants of bone mass are predominant-
ly genetic, it is also likely that genetic factors will influ-
ence the development of osteopenia in diabetic pa-
tients. Genetic factors have been shown to influence
the development of postmenopausal osteoporosis
[11] and the vitamin D receptor (VDR) gene has been
implicated as one candidate for the regulation of bone
mass [12]. The relation between the vitamin D recep-
tor gene and bone mineral density is controversial
[13]. Of the many genes that could potentially regulate
bone mineral density, type 1 collagen has been the first
to be suspected of putatively underlying the genetic ef-
fect on bone mass as mutations in its coding region give
rise to severe osteoporosis and osteogenesis imperfec-
ta. Recent studies have shown that a novel polymor-
phism in the collagen type 1 a 1 (COL1A1) gene is
overrepresented in patients with osteoporotic frac-
tures and is associated with reduced bone density [14].
This has not been studied in patients with diabetes.

As improvements in the care of diabetic patients
prolong their life expectancy, the importance of in-
creased fracture risk is likely to become greater. Dia-
betes per se could add to the postmenopausal and
age-related bone loss although prospective studies
are lacking. To devise effective clinical and therapeu-
tic strategies it is important to identify those diabetic
women at increased risk of developing osteoporosis.
The aim of this study was firstly to assess bone miner-
al density, secondly the biochemical markers of bone
turnover, thirdly COL1A1 gene polymorphism and
fourthly calcium homeostasis in a group of premeno-
pausal women with diabetes to identify those indices
which would be the best predictors of osteoporosis
and fracture risk in diabetic women. This cross-sec-
tional study should also provide preliminary informa-
tion on whether any of these variables could guide
clinical management in this group and be included in
a �risk factor profile' in future prospective studies of
bone metabolism in diabetes.

Subjects and methods

Subjects. We studied 72 premenopausal women who were di-
vided into 3 groups: group 1 was the Type I diabetic group
and comprised 31 women, group 2 was the Type II diabetic

group and comprised 21 women, group 3 was the control
group and comprised 20 nondiabetic women matched for
age. Exclusion criteria were heavy smoking ( > 10 cigarettes/
day), an alcohol intake of greater than 12 units/week, renal
impairment (serum creatinine > 110 mmol/l), abnormal uri-
nary albumin excretion (urine albumin > 30 mg/24 h), any
drug treatment which can influence bone metabolism such
as thyroid hormones, steroids, products containing vitamin
D or its derivatives, calcium and magnesium. All subjects
were Caucasians and physically active. There was no differ-
ence in the level of physical activity between the groups.
The diabetic women who met all eligibility criteria were se-
lected from the diabetic clinic database of patients and invit-
ed to participate in the study. The study was performed in ac-
cordance with the Helsinki declaration and approved by the
local ethics committee. The subjects were seen in the investi-
gation unit on the metabolic ward and informed consent was
obtained.

Clinical data on all subjects are summarised in Table 1. The
subjects with Type I diabetes were receiving twice daily injec-
tions of a short-acting and an intermediate-acting insulin. The
prevalence of diabetic complications in this group was low.
None of the patients had diabetic nephropathy or clinical evi-
dence of neuropathy. Only three of the patients in Group
1 had proliferative retinopathy and they had received success-
ful retinal photocoagulation treatment. The rest of the patients
in this group had either no or background retinopathy. The pa-
tients with Type II diabetes were receiving oral hypoglycaemic
agents (metformin or sulphonylureas or both). Two patients in
this group were also being treated with lipid lowering drugs.
None of the patients with Type II diabetes had any evidence
of nephropathy or neuropathy. Only one patient in Group
2 had proliferative retinopathy.

Biochemical assays. Random blood samples were taken and a
24-h urine collection obtained. Serum and urine concentra-
tions of urea, creatinine, electrolytes, calcium, phosphate and
magnesium were measured by standard laboratory techniques
on the Hitachi 747 (Boehringer Mannheim, Mannheim, Ger-
many). We measured HbA1c by high performance liquid chro-
matography using the Bio-Rad variant assay system (Bio Rad
Labs. Hemel Hempstead Herts U. K.). Serum parathyroid hor-
mone was measured by an immunochemiluminometric assay
(Ciba Corning Diagnostics Ltd. Halstead, Essex, U.K.). Inter-
assay coefficient of variation (CV) was 12.4 %. Serum 25-hy-
droxyvitamin D (25-(OH)D) was determined by radioimmu-
noassay (Diasorin Ltd Wokingham Berkshire U. K., Minn.,
USA). Inter-assay CV was 15 and 11 % at serum 25-(OH) D
concentrations of 13.8 and 53.7 ng/ml, respectively. Serum and
urine samples for the determination of the biochemical bone
markers were frozen at ±20 °C until analysis. Blood samples
was also kept at ±20 °C for DNA extraction.

Bone turnover was assessed by measuring serum collagen
type 1 C-terminal propeptide (CICP) and urinary deoxypyri-
dinoline. The procollagen molecule (CICP) reflects collagen
type 1 formation and subsequently bone formation. Deoxy-
pyridinoline is a bone specific collagen breakdown product re-
leased during resorption of bone tissue and is therefore useful
as a marker of bone resorption. Serum CICP was determined
in duplicate by an immunometric assay using the Prolagen C
kit (Metra Biosystems Ltd, Great Haseley Oxon U. K.). Inter-
assay CV was 1.3 and 10 % at CICP concentrations of 4.5 and
30.5 ng/ml, respectively. Deoxypyridinoline was measured in
duplicate in the 24-h urine collections by the Pyrilinks-D assay
(Metra Biosystems Ltd). We analysed 24-h urine collections as
opposed to random samples to minimise variation in excretion.
Inter-assay CV was 14 and 4.5 % at deoxypyridinoline concen-
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trations of 16 and 102 nmol/l, respectively. Results were ex-
pressed as creatinine ratios.

DNA analysis. Isolated DNA from whole blood using the
DNA extraction kit from Quiagen Ltd (Dorking, Surrey.
U.K.) and amplified DNA sequences by polymerase chain re-
action (PCR). To amplify the COL1A1 gene polymorphism,
PCR was carried out using the protocol described previously
[14]. After PCR the reaction products were digested overnight
at 37 °C with MScI and analysed by agarose gel electrophore-
sis. Genotypes were determined according to the digestion pat-
tern of the PCR products. Alleles were coded �S' or �s' (ab-
sence or presence of restriction site).

Bone densitometry. Bone mineral density at the spine (L1-L4),
left hip (neck of femur) and the left forearm (total radius) was
measured by dual-energy X-ray absorptiometry (DXA) using
the Hologic QDR 1000/W DXA scanner Waltham MA. USA.
The measurement CV was 1 % at the forearm and spine and
1.8 % at the femoral neck. The World Health Organisation cri-
teria for the diagnosis of osteoporosis and osteopenia were ap-
plied. Osteoporosis was defined as a bone mineral density of
less than ±2.5 SD below the young normal mean (T score). Sub-
jects with osteopenia had a �T' score between ±1 and ±2.5.

Statistical analysis. A one-way analysis of variance followed by
Scheffe test correction was used to compare parametric data
between the subjects with Type I diabetes, Type II diabetes
and control subjects. Mann-Whitney U test was used for non-
parametric data. Linear regression analysis (univariate and
stepwise multiple linear regression) was made to assess the de-
pendence of bone mineral density on the independent vari-
ables such as clinical characteristics, biochemical markers of
bone turnover and calcium homeostasis and genotype. Pear-
son's Chi-squared test was used to assess the frequency distri-
bution of the different genotypes. Statistical analyses were
made using the statistical software STATA 5, STATA Corp
(1997) College Station Tex., USA.

Results

Bone mineral density. The three groups of subjects
were matched for age. Body mass index (BMI) was
significantly higher in the group with Type II diabe-
tes compared with control subjects. There was no
significant difference in BMI between the Type I di-
abetic group and control subjects. The results are
summarised in Table 1. Bone mineral density, uncor-
rected for BMI, was significantly higher at the fore-
arm only in the subjects with Type II diabetes com-
pared with control subjects. After correction for
BMI there was no difference in bone mineral densi-
ty at any site between subjects with Type II diabetes
and control subjects. Bone mineral density at the
neck of femur in the Type I diabetic group tended
to be lower than in control subjects' mean (SD) 0.8
g/cm2 (0.12) compared with 0.891 g/cm2 (0.15) al-
though the results just failed to reach significance
(p = 0.08). Four of the Type I diabetic (13%) pa-
tients had T scores of less than ±2.5 at the hip (Ger-
many) (Figure 1). After univariate analysis, there
was a positive association of bone mineral density
with BMI and Type II diabetes at all three sites. Af-
ter correction for BMI, however, the association be-
tween bone mineral density and Type II diabetes
no longer remained significant. A significant nega-
tive association was found between bone mineral
density at the neck of femur and Type I diabetes
which was unaffected by correction for BMI. There
was no significant association between HbA1 c, age,
duration of diabetes, serum calcium and magnesium,
parathyroid hormone and bone mineral density at
any site in the diabetic patients. Significant associa-
tions are shown in Table 2. After stepwise multiple

G. Hampson et al.: Bone metabolism in diabetes mellitus1316

Table 1. Summary of data on all subjects

Type I Type II Subjects

Subjects (n) 31 21 20
Age (years) 42.4 (8.9) 42.5 (5.5) 41.8 (5.2)
Duration of diabetes (years) 20.2 (10.5) 7.6 (5) ±
HbA1c (%) 9.2 (1.4) 8.5 (1.9) 5.3 (0.5)
BMI (kg/m2) 25.6 (3.2) 34.4 (5.7)1 25 (5.5)
BMD lumbar spine (g/cm2) 1.064 (0.16) 1.21 (0.11) 1.108 (0.15)
BMD neck of femur (g/cm2) 0.8 (0.15)5 0.936 (0.14) 0.891 (0.12)
BMD forearm (g/cm2) 0.58 (0.05) 0.623 (0.05)4 0.586 (0.035)
Serum CICP (ng/ml) 102.6 (41.6) 78.2 (22.7) 88.9 (28.2)
Dpd/creatinine (nmol/mmol) mean (range) 4.83 (2±32.4) 5.13 (2±10)2 4.08 (2.7±8.4)
CICP/Dpd ratio mean (range) 27.2 (2.6±50.7) 16.4 (6.5±48.1)4 23.3 (8.6±40.8)
Serum calcium (mmol/l) 2.23 (0.06) 2.3 (0.1) 2.31 (0.1)
Serum phosphate (mmol/l) 1.01 (0.2) 1.08 (0.2) 1.03 (0.16)
Serum PTH (pmol/l) 2.6 (1.5) 2.96 (1.9) 3.0 (1.0)
Serum magnesium (mmol/l) 0.79 (0.05) 0.75 (0.06)1 0.82 (0.057)
Serum 25-(OH) D (ng/ml) 16.9 (6.3)3 21 (10) 24.5 (13)

Results are expressed as mean (SD) except for dpd and CICP/
dpd ratio.
Differences between groups were analysed by analysis of vari-
ance followed by Scheffe correction and by the Mann-Whitney
U test for Dpd/creatinine and CICP/Dpd. BMD was un-

corrected for BMI. 1 p = 0.000; 2 p = 0.016; 3 p = 0.023; 4 p =
0.04; 5 p = 0.08 compared with control subjects.
BMD, bone mineral density; Dpd, deoxypyridinoline; PTH,
parathyroid hormone



linear regression as summarised in Table 2, BMI re-
mained a strong predictor of bone mineral density
at the spine and neck of femur. In the whole group
24% of the variability in bone mineral density at
the neck of femur and lumbar spine was explained
by BMI (p = 0.045).

Bone markers. Serum CICP was not significantly dif-
ferent in the Type I diabetes and Type II diabetic
groups compared with control subjects (Table 1).
There was a significant negative correlation between
serum 25-(OH) D and CICP in the subjects with
Type I diabetes (Fig.2). Deoxypyridinoline was not
significantly different in the Type I diabetic group
compared with control subjects. It was, however, sig-
nificantly higher in the Type II diabetic group than
in the control group and CICP:deoxypyridinoline ra-
tio was significantly lower in the Type II diabetic
group than in the control subjects. Bone mineral den-
sity was negatively associated with CICP concentra-
tions at all three sites. This association remained sig-
nificant at the neck of femur and lumbar spine after
stepwise multiple linear regression (Table 2).

COL1A1 genotypes. There was no difference in allele
frequency between the Type I diabetic, Type II dia-
betic and control groups as is summarised in Table 3.
In the whole group studied, 65.3% (n = 47) of the
women had the �SS' genotype and 34.7% (n = 25)
the �Ss' or �ss' genotypes. There was differential rep-
resentation of COL1A1 alleles in patients with os-
teopenia at the neck of femur only. The �Ss' and �ss'
genotypes were significantly over-represented in os-
teopenic patients (Fig.3). Of the subjects who were
osteopenic at the neck of femur, 12 out of 22
(54.5%) had the �s' allele. Only 13 out of the 50 sub-
jects (26%) with a T score of greater than ±1 had the
�s' allele. A similar trend was also observed in each
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Fig.1. �T' score at the femoral neck in the subjects with Type I
diabetes, Type II diabetes and control subjects

Table 2. Summary of significant associations with bone mineral density after univariate and stepwise multiple regression analysis

Forearm Spine Femoral neck
BMD BMD BMD

Variables
Univariate analysis b -Coefficient (standard error)
BMI 0.0024 (0.0009)

p = 0.013
0.0125 (0.0026)
p = 0.000

0.012 (0.0026)
p = 0.000

Type II 0.037 (0.014)
p = 0.01

0.1 (0.044)
p = 0.024

0.044 (0.042)
p = 0.3

Type II
(corrected for BMI)

0.027 (0.018)
p = 0.15

0.014 (0.053)
p = 0.8

� 0.07 (0.05)
p = 0.2

Type I ± 0.004 (0.013)
p = 0.77

� 0.04 (0.04)
p = 0.28

� 0.089 (0.04)
p = 0.029

Type I
(corrected for BMI)

� 0.005 (0.013)
p = 0.71

� 0.042 (0.04)
p = 0.299

� 0.089 (0.037)
p = 0.02

Genotype � 0.0035 (0.011)
p = 0.76

� 0.038 (0.03)
p = 0.256

� 0.08 (0.03)
p = 0.012

Genotype
(corrected for BMI)

0.0018 (0.01)
p = 0.876

� 0.016 (0.03)
p = 0.586

� 0.06 (0.028)
p = 0.036

Serum CICP � 0.0004 (0.00017)
p = 0.024

� 0.0015 (0.0005)
p = 0.005

� 0.0014 (0.0005)
p = 0.0005

Stepwise multiple analysis
BMI 0.002 (0.0009)

p = 0.036
0.0096 (0.0028)
p = 0.002

0.009 (0.002)
p = 0.000

Serum CICP � 0.0002 (0.00019)
p = 0.3

� 0.001 (0.0004)
p = 0.028

� 0.0009 (0.0004)
p = 0.041

Genotype � 0.003 (0.011)
p = 0.765

� 0.018 (0.034)
p = 0.58

� 0.05 (0.026)
p = 0.06

BMD, bone mineral density



group with the �s' genotype present in over 50% of
patients with T score less than ±1 as compared with
about 25% in patients with T score more than ±1.
Three out of the four patients with Type I diabetes
with T score less than ±2.5 at the femoral neck had
the �s' allele. Bone mineral density at the neck of fe-
mur was 10 % lower in the �Ss' or �ss' subjects when
compared with those with the �SS' genotypes (mean
bone mineral density of 0.9 g/cm2 vs 0.81 g/cm2,
p = 0.01). There was also a significant difference in
BMI between the genotypes. It was significantly low-
er in �Ss' and �ss' compared with �SS' subjects
(p = 0.05). Linear regression analysis showed a signif-
icant association between bone mineral density at the
neck of femur and genotype which remained signif-
icant after correction for BMI. After stepwise multi-
ple linear regression the association of bone mineral

density at the femoral neck with genotype still ap-
proached significance (p = 0.06). There was no signif-
icant genotype-specific differences in CICP or deoxy-
pyridinoline.

In predicting bone mass in this group, multiple re-
gression analysis showed that 40% of the variability
in bone mineral density at the femoral neck can be
explained by BMI, Type I diabetes, serum CICP and
genotype. At the lumbar spine, 36% of the variability
could be explained by BMI and serum CICP concen-
trations.

Vitamin D/parathyroid hormone axis. No significant
difference was observed in serum calcium, phosphate
and parathyroid hormone between the three groups
(Table 1). Serum magnesium was significantly lower
in the Type II diabetic group compared with control
subjects. Urinary calcium, phosphate and magnesium
did not differ significantly between the three groups
(data not shown).The Type I diabetic group had a sig-
nificantly lower serum concentration of 25-(OH) D
compared with control subjects. Two of the four
Type I diabetic patients with a T score of less than
±2.5 at the neck of femur had very low serum 25-
(OH) D concentrations ( < 5.0 and 6.6 ng/ml).

Discussion

Osteoporosis causes considerable mortality and mor-
bidity leading to an enormous financial burden on
the health services. Whilst population based screen-
ing cannot be justified at present, identification and
close follow-up of ªhigh-riskº groups provides a logi-
cal approach to the prevention and treatment of the
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Fig.2. The correlation between serum CICP and 25(OH)vita-
min D concentrations in women with Type I diabetes
(r = ±0.56, p < 0.001)

Table 3. Genotype distribution in the whole group and by diag-
nosis and summary of bone mineral density, BMI data and age
by genotype

Genotypes

SS Ss/ss

Number of patients
n (%) 47 (65.3%) 25 (34.7%)

Distribution by disease

Type I (%) 64.5% 35.5%

Type II (%) 66.6% 33.3%

Control subjects (%) 65% 35%

BMD (g/cm2)

mean (SD)
Forearm 0.59 (0.047) 0.59 (0.057)
Lumbar Spine 1.13 (0.15) 1.09 (0.17)
Neck of femur 0.9 (0.15) 0.81 (0.15)1

BMI (kg/m2) 29 (6.4) 25.7 (5.3)2

Age (years) 42.7 (5.6) 43.1 (5.1)
1 p = 0.01, 2 p = 0.05 compared with SS genotype.
BMD, bone mineral density
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Fig.3. Overrepresentation of COL1A1 �s' allele in subjects
with T score < ±1 at the neck of femur (n = 22) compared with
patients with T score > ±1 (n = 50). Number of subjects in
each group were SS:10 Ss/ss:12 (T score < ±1) compared with
SS:37 Ss/ss:13 (T score > ±1) (c2 test = 4.8, p = 0.029)



condition. Women with diabetes may be considered a
subgroup at ªhigh-riskº of developing osteoporosis.
A reduction in bone mass and a twofold increase in
fracture risk have been shown to be associated with
Type I diabetes [1]. In the metabolically more hetero-
geneous group of Type II diabetes, conflicting results
regarding bone mass have been observed. Differenc-
es in body mass index, variation in the degree of insu-
linopenia or beta-cell failure or both in this group
could explain the inconsistent findings [15]. The es-
tablishment of a means of screening this group is im-
portant considering the increased life expectancy of
diabetic patients. Diabetic women are likely to be
more at risk of fracture since diabetes per se would
add to the additional post-menopausal and age-relat-
ed bone loss, although prospective data are not avail-
able to date. This study assessed bone mineral densi-
ty, bone turnover, the COL1A1 gene polymorphism
and the calcium/parathyroid hormone/vitamin D
axis in patients with Type I and Type II diabetes.
The aim was to identify the most useful determinants
in the assessment of bone metabolism and fracture
risk in diabetic women. These variables can be used
to guide firstly therapeutic intervention and secondly
the design of future prospective studies in this group.
A premenopausal group was studied to minimise the
confounding effect of the menopause and to obtain
baseline data. We observed lower bone mineral den-
sity at the femoral neck and serum concentrations of
25(OH)vitamin D in women with Type I diabetes.
Both factors are associated with an increased risk of
fractures. Bone resorption was significantly raised in
Type II diabetes. This study also showed an associa-
tion for the first time between COL1A1 polymor-
phism and bone mineral density at the femoral neck
in patients with diabetes. Body mass index and serum
CICP were significantly associated with bone mass at
the lumbar spine and neck of femur.

This study confirmed the association of low bone
mineral density at the femoral neck and Type I diabe-
tes [16]. In contrast to other studies [17] duration of
disease did not seem to be an important factor in the
development of osteopenia at the hip. This would im-
ply that the acute and major bone loss occurs early in
the course of the disease [18]. This is likely to be a fac-
tor in the Type I diabetic women as most showed this
loss in childhood. This pattern of bone loss or of failure
to achieve peak bone mass may be due to the absolute
or near absolute deficiency of insulin which accompa-
nies the onset of diabetes mellitus which is then cor-
rected with the introduction of insulin treatment in
this group. Nevertheless, the initial reduction in bone
mass would put them at higher risk of fracture. It is
noteworthy that a reduction in bone mineral density
is seen only at the femoral neck in Type I diabetes.
The fact that the femoral neck is a compartment com-
prising of both trabecular and cortical bone, whereas
the lumbar spine consists mainly of trabecular bone,

might explain the discrepancy in bone mineral density
changes, at least, at these two sites.

In the patients with Type II diabetes the higher
bone mineral density at the forearm can be attributed
to the higher body mass of this group. Body mass index
was found to be an important determinant of bone
mineral density at all sites as reported previously [19].
Bone turnover was, however, significantly different
compared with control subjects and those with Type I
diabetes. It is the generally held view that diabetic os-
teopenia is a low turnover condition [20, 21]. Our re-
sults in the patients with Type II diabetes suggest,
however, increased bone resorption. In contrast to
previous studies, the increased bone resorption was
not related to medium-term metabolic control [22]. It
has been suggested that bone loss is less in patients
with Type II diabetes who are receiving insulin than
those receiving oral hypoglycaemic agents [23]. This
may partly explain our findings as the patients with
Type II diabetes in our study were receiving oral hypo-
glycaemic agents. This is compatible with the view that
insulin is required for the maintenance of bone integri-
ty. The pathogenetic mechanisms of increased bone
resorption in this group are likely to be multifactorial,
given the heterogeneity of the condition and merit fur-
ther investigations. An inverse association between
serum CICP and bone mineral density was observed.
This is surprising as CICP is generally considered to
be a marker of bone formation. Our results would,
however, indicate that CICP like osteocalcin is a
marker of bone turnover. Measurement of the bio-
chemical markers of bone metabolism could thus be
useful in this group to identify those women with
Type II diabetes who have an imbalance of bone re-
modelling and are at risk of bone loss. Although a re-
duction in bone mineral density is not apparent at this
stage in the premenopausal women with Type II dia-
betes, should this increased bone turnover persist in
the very long-term, an appreciable negative effect on
bone mass might be expected after the menopause.

The major determinant of bone mass is genetic
[11] with estimates of heritability ranging from 50 to
70%. Genetic factors have been shown to influence
the development of postmenopausal osteoporosis.
Recent studies have shown that the novel polymor-
phism in the COL1A1 gene is overrepresented in pa-
tients with an osteoporotic fracture and is associated
with reduced bone density. This polymorphism can
also influence the development of osteopenia in dia-
betic women, although there are no studies to date.
COL1A1 genotype was associated with bone mineral
density at the hip and therefore appears to be predic-
tive of bone mass at this site. Our results are in con-
trast to a previous study [14] where an association be-
tween COL1A1 polymorphism and bone mineral
density at the spine only was observed in a group of
mostly postmenopausal women. Firstly the difference
in the results between the 2 studies could be ex-
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plained partly by the difference in the menopausal
status or age or both of the subjects studied. It could
be that COL1A1 polymorphism is associated with
peak bone mass at the femoral neck. Secondly the as-
sociation between bone mineral density and the
COL1A1 genotypes could have become more appar-
ent in our study because of the added influence of di-
abetes mellitus (Type I) in determining bone mineral
density at the femoral neck. The results also suggest
that the effect of the COL1A1 genotype on bone
mineral density can be partly mediated by its genetic
effect on body size. Analysis of the COL1A1 poly-
morphism in this group could thus help in identifying
those diabetic women at risk of osteoporosis.

Diabetic osteopenia has also been related to dys-
regulation of the calcium/parathyroid hormone/vita-
min D axis [9, 10, 24]. Risk factors could also include
low or suboptimal calcium/vitamin D intake which
patients with diabetes might be at risk of as a result
of the low fat �diabetic diet'. The lower serum 25-
(OH) D concentrations in the subjects with Type I di-
abetes are unlikely to be due to seasonal variation as
they were recruited at random at the same time of
the year as the control subjects. Low vitamin D con-
centrations are associated with high bone turnover.
This could potentially be detrimental especially in
those patients who are already osteopenic. The lower
serum magnesium in the patients with Type II diabe-
tes can also lead to abnormalities in bone metabo-
lism. Hypomagnaesemia can not only result in deteri-
oration of parathyroid function but also affect bone
mineral content [25].

Our results suggest that women with long-standing
but otherwise uncomplicated Type I diabetes could
be at increased risk of developing osteoporosis espe-
cially at the hip. There is evidence of increased bone
resorption in the group of women with Type II diabe-
tes. This study also shows abnormalities in the calci-
um/magnesium/vitamin D axis which could further
compromise bone metabolism in this group. There-
fore additional prospective studies of measurement
of bone mineral density in conjunction with assess-
ment of bone turnover, calcium homeostasis and
COL1A1 genotyping are recommended in diabetic
women in order to further investigate the usefulness
of these variables in the assessment of risk factors for
osteoporosis and fractures in women with diabetes.
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