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Abstract. Bone disease in hemodialysis (HD) patients
with type 2 diabetes mellitus (DM) is characterized by
low bone turnover (Inaba M, et al. Am J Kidney Dis
2002; 39:1261-1269), although their bone quality is yet
to be determined. The present study was designed to
examine whether the prevalence of vertebral fracture in
female HD patients with type 2 DM, age 65 years and
older, might be increased, and the relation of this
fracture to bone mineral density (BMD) determined by
dual X-ray absorptiometry (DXA), since few data are
available on the effect of DM on bone strength at
lumbar spine. The prevalence of vertebral fracture in
type 2 DM HD patients was 32.3%, which was greater
than that of non-DM HD patients (13.3%) when ad-
justed for age and HD duration. Logistic regression
analysis elucidated the presence of DM and age as
independent risk factors for an increased prevalence of
vertebral fracture in HD patients. In non-DM HD
patients, those with vertebral fracture showed age sig-
nificantly higher and BMD in either lumbar spine or
distal one third of radius significantly lower than the
respective value in those without fracture. However, in
DM HD patients, neither BMD in lumbar spine nor
distal one third of radius was significantly lower in
those with vertebral fracture than in those without.
Furthermore, age did not differ significantly between
DM HD patients with and without fracture. In con-
clusion, female type 2 DM HD patients, age 65 years
and older, showed significantly higher incidence of
vertebral fracture than non-DM HD patients. Al-
though age and low BMD emerged as independent risk
factors for vertebral fracture in non-DM HD patients,
those factors failed to be a risk factor in DM HD
patients, suggesting that BMD determined by DXA
might not be reliable in assessing bone strength in DM
HD patients.
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Introduction

Bone disease in diabetes mellitus (DM) is characterized
by a low rate of bone formation [1-4], although its effect
on the prevalence of vertebral fracture is yet to be
determined. We reported that impaired bone formation
in the patients with type 2 DM, including hemodialysis
(HD) patients, may result mainly from impaired secre-
tion of parathyroid hormone (PTH) [5-8]. A prospective
and epidemiologic study recently reported that older
female patients with type 2 DM (> 65 years old) have
higher incidence of nonvertebral fracture than non-DM
patients, irrespective of the same BMD, although the
investigators did not monitor the incidence of vertebral
fracture for a study period of 9 years but only for 3 years
[9]. A previous study reported that HD patients had a
significantly higher prevalence of vertebral fracture [10]
and that low PTH [10, 11] and low bone turnover [12]
are major risk factors for vertebral fracture in those
patients. Because HD patients with type 2 DM have
serum PTH levels significantly lower than non-DM HD
patients [5, 6], an increasing proportion of DM HD
patients with lower serum PTH may contribute to the
higher incidence of vertebral fracture in HD patients.

Although accumulated evidence indicates that there
is a relationship between low bone mass and increased
fracture risk [13, 14], the possibility that diabetes is
associated with a decrease in bone strength that is not
apparent from conventional bone density measure-
ments is raised [9]. Lower PTH levels may lead to
accumulation of microdamage of bone by suppressing
bone turnover [15], thereby resulting in poor bone
quality.

These observations prompted us to investigate (i)
whether the prevalence of vertebral fracture might be
increased in older female HD patients with type 2 dia-
betes (65 years and older) compared to non-DM coun-
terparts, and (ii) the relationship between vertebral
fracture and bone mineral density (BMD) in lumbar
spine to examine the clinical utility and the appropriate
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role of BMD measurements in the prediction of verte-
bral fracture in HD patients with type 2 diabetes.

Patients and Methods
Patients

One hundred and fourteen HD patients maintained at Shira-
sagi Hospital were enrolled in the present study after written
informed consent for joining the present study was obtained
from each. Subjects were restricted to female subjects, age 65
years or older, in the present study as in the previous large
epidemiologic study [9] and also to avoid the influence of the
menstrual cycle on bone metabolism. The mean (£ standard
deviation [SD]) age was 71.8 + 4.5 years and HD duration was
3.80 £+ 3.02 years in HD patients with type 2 DM, and age
73.6 £ 6.3 years and HD duration 5.73 £+ 6.03 years in non-
DM HD patients, respectively. The diagnosis of type 2 DM
was based on a history of diabetes or criteria according to the
Report of the Expert Committee on the Diagnosis and Clas-
sification of Diabetes Mellitus [16].

At the time of the study, most of the patients had received
either calcitriol or phosphate-binding therapy. Patients for
whom HD duration was less than 1 year or more than 12
years, or who had a history of parathyroidectomy, oral pulse
calcitriol therapy, steroid therapy, or therapy for osteoporosis
such as hormone replacement therapy were excluded from the
study.

Sample Collection

Patients received an HD session three times weekly, on Mon-
day, Wednesday, and Friday. Blood sampling was performed
at the Monday session, exactly 68 hours after the previous
session, as previously described [6, 7]. A blood sample was
withdrawn from the arteriovenous fistula and collected
immediately before the start of the HD session. Blood was
kept on ice for 30 minutes and then centrifuged at 1000g for 10
minutes. The resultant serum was stored in aliquots at —30°C
until assayed. The frozen samples were thawed and the mea-
surement was performed immediately.

Biochemical Parameters for Ca Metabolism and PTH Assay

Biochemical parameters in serum were determined essentially
as previously described [6, 7]. Serum levels of Ca, phosphate
(P1), and albumin were measured with an autoanalyzer. Blood
hemoglobin A;. (Hba;.) was determined as previously de-
scribed [7]. Serum PTH was measured by immunoradiometric
assay (Allegro Intact PTH, Nichol’s Institute, San Juan,
Capistrano, CA, U.S.A)) [6, 7]. The intra- and interassay CVs
for PTH were 4.8% and 9.3%, respectively [17]. The normal
range for healthy people determined in our laboratory was
15.4 to 60.0 pg/mL.

Assessment of Vertebral Fractures

All patients underwent radiographic examinations of the tho-
racic and lumber spine. Vertebral fractures were assessed with
lateral radiographs. The vertebral bodies from the fourth tho-
racic to the fifth lumbar were measured by using a digitizer.
Ratios of the anterior or midpoint height of the vertebra to the
posterior height were obtained. The assessment of vertebral
fracture was based on the criteria created by the research group
on osteoporosis of the Ministry of Health and Welfare of Japan;
a fracture was considered present if the anterior height of the
vertebra was 25% less than the posterior height or if the middle
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or posterior was 20% less than the posterior height within a
vertebra or adjacent vertebra [10].

BMD Measurement

BMD was measured by dual X-ray absorptiometry (DXA)
(QDR-4500A; Hologic Inc., Waltham, MA, U.S.A), with both
measurements performed 21 to 24 hours after completion of a
dialysis session. BMD measurement was performed at least 1
year after HD initiation to avoid the influence of acute meta-
bolic change on BMD in the induction period of hemodialysis
[18]. BMD was measured in the distal one third of the radius
and the third of the lumbar spine (L3). L3 BMD measurement
was performed in the lateral position to avoid the influence of
the calcification of the descending aorta on lumbar spine BMD
that is often seen in HD patients [19]. Any patient enrolled in
the present study was confirmed not to have a fracture at L3 in
lateral radiographs to avoid the apparent increase of BMD by
fracture.

Statistical Analysis

Data were analyzed by using the StatView 5.0 J program
(Abacus Concepts, Inc,. Berkeley, CA, U.S.A.). Values are
means + SD unless otherwise indicated. The differences in the
means between DM and non-DM patients were analyzed by
the Student ¢ test. Correlation coefficients were calculated by
using simple regression analysis. The y° test was used for
comparisons of proportions. The risk of vertebral fracture was
estimated by using logistic regression models. Findings of P <
0.05 were considered significant.

Results

Clinical and Biochemical Profiles of HD Patients with and
without Type 2 DM

Clinical and biochemical profiles of the patients enrolled
in the present study are shown in Table 1. There was no
significant difference in age; body weight; HD duration;
or serum levels of albumin, Ca, Pi, and PTH between
older DM HD patients (n = 31) and non-DM HD pa-
tients (n = 83). Mean serum PTH level in the DM
group was 106.1 = 97.1 pg/mL, which was not signifi-
cantly lower than that in the non-DM HD patients
(139.5 + 135.8 pg/mL), probably because of the small
number of subjects. L3 BMD did not differ between DM
HD patients and non-DM HD patients, whereas BMD
in the distal one third radius was higher in DM HD
patients than in non-DM HD patients. The numbers of
patients having vertebral fracture were 10 (32.3%) of 31
DM HD patients and 11 (13.2%) of 83 non-DM HD
patients. The difference in the proportions having frac-
ture was statistically significant between DM HD and
non-DM HD patients (P < 0.05 by y test), indicating
higher prevalence of vertebral fracture in DM HD
patients.

Logistic Regression Analysis of Risk Factors for Vertebral
Fracture

We next determined the risk factors for vertebral frac-
tures in HD patients. As shown in Table 2, logistic
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Table 1. Comparison of clinical and biochemical profiles between DM HD patients and non-DM HD patients

Non-DM HD patients DM HD patients P
N 83 31
Age (y) 73.6 £ 6.3 71.8 £ 4.5 n.s.
Body weight (kg) 49.0 £ 9.9 49.7 £ 6.7 n.s.
HD duration (y) 5.73 £ 6.03 3.80 + 3.02 n.s.
Hbaic (%) N.D. 6.39 £ .11 -
Albumin (g/dL) 3.82 + 0.39 3.87 £ 0.42 n.s.
Calcium (mg/dL) 9.17 £ 0.53 8.99 £ 0.55 n.s.
Phosphate (mg/dL) 5.32 £ 1.07 535 £ 1.22 n.s.
Intact PTH (pg/mL) 139.5 + 135.8 106.1 £ 97.1 n.s.
L3 BMD (g/cm?) 0.568 + 0.121 0.592 + 0.098 n.s.
Distal 1/3 radius BMD (g/cm?) 0.446 + 0.093 0.489 + 0.092 <0.05*
Vertebral fracture (+) 11/72 10/21 <0.05%

Values are mean + SD
*denotes statistical significance (P < 0.05)
#denotes statistical significance analyzed by y test

DM, diabetes mellitus; HD, hemodialysis; ND, not determined; ns, not significant; Hba ., hemoglobin A;.; PTH, parathyroid

hormone; BMD, bone mineral density

Table 2. Logistic regression analysis of risk factors for verte-
bral osteoporosis in older female HD patients (DM plus non-
DM)

Relative

Independent variables risk 95% CI P
Age (per 1 year) 1.210 1.048-1.396  <0.05
HD duration (per 1 year)  0.805 0.595-1.090 n.s.
L3 BMD (per 1 g/cm?) 0.012 0.000-91.52 n.s.
Serum Ca (per 1 mg/dL) 0.292 0.067-1.273 n.s.
Serum Pi (per 1 mg/dL) 1.732 0.864-3.473 n.s.
Serum PTH (per 1 pg/mL) 1.004 0.098-1.010 n.s.
DM (presence vs. absence) 5.793 1.015-33.05 <0.05

HD, hemodialysis; BMD, bone mineral density; Ca, calcium;
Pi, phosphate; PTH, parathyroid hormone; DM, diabetes
mellitus

regression analysis between the vertebral fracture and
nonfracture groups clucidated age and the presence of
type 2 DM as independent risk factors for vertebral
fractures in HD patients. HD duration, L3 BMD, and
serum PTH level did not emerge as a risk factor for
vertebral fracture.

Comparison of Clinical Profiles of DM and non-DM HD
Patients with and without Vertebral Fracture

In non-DM HD patients, those with fracture had age
significantly older than those without fracture (Table 3).
Furthermore, BMD either in lumbar spine or in the
distal one third of the radius was significantly lower in
those with fractures than in those without. In contrast,
between DM HD patients with and without fracture
there was no significant difference in BMD in cither site
or with respect to age. Serum PTH did not differ sig-
nificantly between those with and without fracture in
either the DM or non-DM group of patients.

Discussion

The present study clearly demonstrated that the preva-
lence of vertebral fracture in female DM HD patients,
age 65 years and older, was higher than that of non-DM
HD patients when adjusted for age, HD duration, and
biochemical parameters including serum PTH, Ca, and
Pi levels (Table 1). Logistic regression analysis elucidated
the presence of DM, in addition to age, as an indepen-
dent risk factor for increased prevalence of vertebral
fracture in HD patients (Table 2). In non-DM HD pa-
tients, those with vertebral fracture showed age signifi-
cantly older and BMD in either lumbar spine or distal
one third of radius significantly lower than the respective
value in those without fracture (Table 3). However, of
great interest, BMD in either lumbar spine or distal one
third of the radius was not significantly lower in DM HD
patients with vertebral fracture than in those without.
Furthermore, age did not differ significantly between
DM HD patients with and without fracture (Table 3),
and increased incidence of vertebral fracture is not ex-
plained by lower BMD in DM HD patient in contrast to
non-DM HD patients. It is possible that BMD did not
differ between DM HD patients with and without frac-
ture because of the small number of patients. However,
the mean BMD value was essentially the same for those
with and without fracture. Therefore, even if the number
of DM HD patients increases, the difference should not
become statistically significant; this contrasts with the
situation of significantly lower BMD in non-DM HD
patients with fracture.

It was previously reported that HD patients show a
higher prevalence of vertebral fracture and that a
reduction of lumbar spine BMD and aging increased the
odds ratio of vertebral fracture [10]. These findings are
in agreement our data in terms of non-DM HD patients.
However, neither BMD in the lumbar spine and distal
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Table 3. Comparison of patient profiles with and without vertebral fracture in female HD patients with and without DM, age 65

years or older

Non-DM hemodialysis patients

DM hemodialysis patients

Fracture in lumbar spine -) (+) P -) (+) P
Numbers 72 11 21 10

Age (y) 72.8 £ 5.7 79.0 + 7.8 <0.005 72.1 £ 4.2 71.2 £ 5.3 n.s.
HD duration (y) 6.10 = 6.31 3.13 £ 2.20 n.s. 424 + 2.77 2.88 £ 3.46 n.s.
BMI (kg/m?) 19.6 +£ 34 20.2 + 34 n.s. 209 £ 1.9 21.5 + 2.7 n.s.
Hbaic (%) N.D. N.D. — 6.33 + 1.15 6.95 £ 1.75 n.s.
Serum PTH 146.2 + 131.2 134.3 £ 179.8 n.s. 104.8 £ 62.4 109.6 + 34.0 n.s.
Lumbar spine (L3) BMD (g/cm?) 0.579 £ 0.121 0.490 £ 0.085 <0.05 0.597 £ 0.106 0.581 £ 0.086 n.s.
Distal 1/3 radius BMD (g/cm?) 0.455 £+ 0.090 0.392 £+ 0.097 <0.05 0.480 £+ 0.093 0.507 £ 0.091 n.s.

Data are expressed as mean + SD
Difference of the means is assessed by Student ¢ test

n.s., not significant; N.D., not determined; PTH, parathyroid hormone; BMI, body mass index, BMD, bone mineral density; HD,

hemodialysis; Hbajc, hemoglobin ;.

one third of radius nor age of DM HD patients differed
significantly between those with and without vertebral
fracture (Table 3). BMD of a given region is the best
predictor of fractures in that region [20], but BMD at
another site is a second best predictor. Therefore, the
present study was designed to measure BMD in the
lumbar spine to assess risk for vertebral fracture. The
lack of a significant reduction in lumbar spine BMD in
DM HD patients with vertebral fracture strongly sug-
gests that bone strength might not be determined prin-
cipally by BMD in DM HD patients. A previous study
reported that, irrespective of having the same BMD,
DM patients have a higher incidence of nonvertebral
fracture than non-DM patients, although no data were
available from the study on the incidence of vertebral
fracture during the study period of 9 years [9]. There-
fore, it is possible that bone quality of the vertebrae
might be deteriorated, irrespective of a high BMD level
at lumbar spine in DM HD patients. Although little is
known about bone quality in DM patients, it is sug-
gested that the low bone turnover state in DM patients
resulting from low PTH [5, 6] and the occurrence of
osteoblast refractoriness to PTH [7, 21-24] may cause an
accumulation of microdamage of bone, thereby leading
to increasing bone fragility [15]. It was reported previ-
ously that low PTH [10, 11] and low-turnover osteo-
dystrophy [12] are risk factors for vertebral osteoporosis
in HD patients. Although a significant difference did not
exist in serum PTH levels between DM and non-DM
HD patients, probably because of the small number of
patients in the present study (Table 1), the data sup-
ported the notion of lower serum PTH levels in DM HD
patients compared to non-DM HD patients as we de-
scribed previously [5, 6]. Supportive of lower bone
turnover in DM HD patients DM HD patients exhibited
a significantly higher BMD in the distal one third of the
radius than non-DM HD patients and a tendency to-
ward higher BMD in L3. This may be a consequence of

a low bone turnover state, whereby there is attenuation
of age-related/postmenopausal bone loss in DM HD
patients [3, 4].

Another possible candidate to induce low bone
turnover in patients with DM is the abnormal vascular
function caused by the microvascular complications
associated with diabetes [25, 26], which may impair
osteoblast function by decreasing blood supply to bone
cells. Furthermore, there are many factors that could
predispose DM patients to bone fractures. These include
altered proprioception, balance, postural hypotension,
and gait caused by neuropathy and visual impairment
from diabetic retinopathy and cataracts, which may in-
crease the risk for fractures by causing frequent falls
[27]. Although osteoporosis traditionally has not been
listed as a complication of DM, particularly those with
type 2 DM, recent large-scale epidemiologic data dem-
onstrated higher incidence of bone fracture in type 2
DM patients [9, 28, 29]. Although DXA, which is
available in clinical practice, is the best predictor and
evaluator of osteoporosis, it is not a perfect diagnostic
tool because there are many microarchitectural bone
qualities and bone geometries that are not detectable via
DXA. This is particularly true when assessing patients
with type 2 DM [30]. The limitation of the present study
is the small number of patients. Because the present
study was performed in only one hospital, the finding
should be further confirmed by a larger scale multicenter
study.

In summary, female DM HD patients, age 65 years
and older, showed a higher incidence of vertebral
fracture than non-DM HD patients. Although age and
low BMD emerged as an independent risk factors for
vertebral fracture in non-DM HD patients, those fac-
tors failed to be a risk factor in DM HD patients,
suggesting that BMD determined by DXA might not
be reliable in assessing bone strength in DM HD
patients.
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