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In diabetic patients with poor glycemic control, a reduction in bone mineral density (BMD) has been re-
ported. Since osteoprotegerin (OPG) has an inhibitory effect on osteoclast differentiation and bone resorption,
OPG might be involved in the pathogenesis of renal osteodystrophy (ROD) in diabetic patients receiving hemo-
dialysis (HD). The aim of the present study was to examine the role of OPG in the bone metabolism of HD pa-
tients with noninsulin-dependent diabetes mellitus (NIDDM). Serum OPG levels were measured in 62 patients
(32 diabetic and 30 non-diabetic) with a mean age of 57.1 = 1.3 years using a sandwich enzyme immunoassay.
Computed X-ray densitometry was used to measure BMD. Bone biochemical markers, such as intact parathyroid
hormone (iPTH), osteocalcin and bone alkaline phosphatase, were determined simultaneously. Serum OPG levels
were significantly increased in HD patients, compared with age-matched healthy volunteers (2409 +13.1 vs 66.6
+6.2 pg/ml). No significant difference in serum OPG levels was observed in subgroups classified according to
their serum iPTH levels. In addition, no significant correlation was observed between serum OPG levels and se-
rum levels of bone metabolic markers or BMD in all HD patients. However, serum OPG levels were positively
correlated with serum iPTH levels (r=0587, p<0.01) in HD patients with NIDDM. Moreover, a negative corre-
lation was observed between serum OPG levels and BMD (r = —0.333, p<<0.05) in these patients. OPG may act
as a counter-regulatory factor to prevent further bone loss in HD patients with NIDDM. The determination of se-
rum OPG levels in combination with iPTH can be used as a marker for the noninvasive diagnosis of ROD in these
patients.
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Introduction

Recently, the number of patients with diabetic
nephropathy who require hemodialysis (HD) has
been rapidly increasing. In addition, more than one
third of all patients on maintenance HD therapy
have diabetes mellitus (DM)". Renal osteodystro-
phy (ROD) is a major complication in HD patients,
but the clinical features of metabolic bone disease in
diabetic patients undergoing HD remains to be
clarified. ROD in diabetic patients might differ from
that in nondiabetics receiving HD. Previous reports
have shown a reduced incidence of secondary hy-
perparathyroidism in diabetic patients receiving
HD?™. Mori et al® reported that the incidence of

bone loss was lower in diabetic patients than in non-
diabetics receiving HD, possibly due to low levels of
serum parathyroid hormone (PTH).Moreover, sec-
ondary hyperparathyroidism in diabetic patients
develops slower than in nondiabetics undergoing
HD®. Since osteoblast function was influenced by
age, sex, and blood levels of insulin and glucose™®,
the evaluation of bone metabolism in HD patients
with DM was thought to be complicated.
Osteoprotegerin (OPG) is a decoy receptor that
blocks the interaction of nuclear factor-kB (RANK)
with its ligand (RANKL), thereby inhibiting osteo-
clast differentiation and activity®. OPG and the OPG
ligand (OPGL) constitue a complex mediatory sys-
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tem involved in the regulation of the resorption
process in bone, which is probably responsible for
the homeostatic mechanism of bone turnover. Re-
cent experimental evidence has suggested that
changes in this system may form the basis of some
metabolic bone diseases, like osteoporosis and os-

919 Recent studies have shown that

teopetrosis
PTH acts by enhancing the production of the osteo-
clastogenic factor OPGL and by inhibiting the syn-
thesis of the soluble receptor OPG, which blocks the
biological effect of OPGL'" ™%,

The present study evaluated the serum levels of
OPG in HD patients with or without DM, and exam-
ined the relationship between serum OPG levels
and several biochemical markers or bone mineral
density (BMD) in these patients.

Subjects and Methods

Subjects and study design

Sixty-two maintenance HD patients (44 males and
18 females) in the Minami Senju Hospital were en-
rolled in the present study. The mean age of the
patients was 57.1 = 1.3 years, and the mean duration
of HD therapy was 6.5 = 0.7 years. The underlying
diseases were noninsulin-dependent DM (NIDDM)
in 32 patients and chronic glomerulonephritis
(CGN) without DM in 30 patients. We excluded pa-
tients with a history of a parathyroidectomy or
clinically evident aluminum accumulation. The con-
trol group consisted of 20 healthy volunteers, 35-68
years of age (mean 55.8 = 35). Informed consent
was obtained prior to enrollment in the study.

HD was performed three times weekly (4 h/day)
using hollow-fiber dialyzers, such as cellulose triace-
tate (FB, Nipro, Osaka, Japan) and polysulfone (PS,
Fresenius, Germany) . The calcium concentration of
the dialysate was 3.0 mmol/: this concentration
was not changed during the observation period.
The blood flow rate was 200 ml/min, and the di-
alysate flow rate was 500 ml/min. Calcium carbon-
ate (CaCOs;) was used as a phosphate binder, and
vitamin D was administered in the form of either al-
facalcidol or calcitriol. The CaCQO; was adminis-
trated in 93.8% in DM group and in 96.7% in CGN
group. Vitamin D was administrated to 40.6% of pa-
tients in the DM group and to 30.0% of patients in

the CGN group. The body weight, blood pressure,
and serum concentrations of urea nitrogen, cre-
atinine, albumin, calcium (Ca) and inorganic phos-
phorus (Pi) were measured before HD. All serum
samples obtained from patients that did not have an
infectious agent were stored at —20 C.

Evaluation of bone mineral density (BMD)

The BMD of the second metacarpal was meas-
ured in both hands using a computed X-ray densi-
tometer (CXD; Teijin Diagnostics, Tokyo, Japan) .
The CXD method measures the bone density at the
middle of the second metacarpal using a radiograph
of the hand relative to a standardized aluminum
step wedge (20 steps, 1 mm/step). The computer al-
gorithm compares the bone radiodensity with the
gradations of the aluminum step wedge, calculating
the bone thickness as an aluminum equivalent (mm
Al) with the same X-ray absorption. This CXD
method for measuring BMD has been validated in a
number of ways, both by assessing its reproducibil-
ity and by comparing its results with those of dual-
energy X-ray absorptiometry at the same and at
other sites. The precision error for measuring BMD
using the CXD method is 0.2-1.2%™.

Measurement of biochemical markers

Serum OPG was measured using a sandwich en-
zyme immunoassay purchased from Immunodiag-
nostik (Bensheim, Germany). This immunoassay
uses two highly specific antibodies against human
OPG. The detection antibody was a biotin-labelled
polyclonal antiserum OPG antibody derived from a
goat immunized with recombinant human OPG.
The intra- and inter-assay variation coefficients
(CVs) were 8 and 12%, respectively. Normal values
for a large number of normal subjects of different
ages, obtained using the same assay method, have
been recently reported'.

The serum intact PTH (iPTH) concentration was
measured by radioimmunoassay (RIA; Nichols Insti-
tute Diagnostics, San Juan Capistrano, CA, USA).
Patients were classified into the following three
groups according to their serum iPTH levels: a low
PTH group (iPTH <100 pg/ml), a median PTH
group (100-450 pg/ml), and a high PTH group
(iPTH >450 pg/ml). These groups were defined
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based on the criteria presented by Torres et al'®
and Qi et al'”. The concentration of intact osteocal-
cin (i0C) in the serum was measured using an es-
tablished enzyme immunoassay with antibodies to
the N- and C-terminal regions of human osteocalcin
(Teijin Diagnostics, Tokyo, Japan). The intra- and
inter-assay CVs were 4.6 and 6.3%, respectively.
The reference range of serum iOC levels is 2.2 to 54
ng/ml. An enzyme immunoassay was used to meas-
ure bone alkaline phosphatase (BAP; SRL Co, To-
kyo, Japan). The intra- and inter-assay CVs were
4.2 and 7.2%, respectively. The normal mean BAP
values are 13.0-33.9 U/! in males and 9.6-354 U/I in
females. The corrected Ca level was calculated ac-
cording to the following formula: corrected Ca =
serum Ca + (4-serum albumin).

Statistical analysis

All values are presented as mean = SEM. An
analysis of variance (ANOVA) followed by Scheffe’s
multiple-range test were used to analyze the indi-
vidual parameters of the different groups. Pearson’s
correlation test was used to examine the relation-
ship between the serum levels of OPG and BAP,
i0C, iPTH and BMD. Differences in sex, age, dura-
tion of dialysis, and etiology of renal disease were
compared using the x* test. A p value less than 0.05
was considered to be statistically significant.

Results

We compared the serum OPG levels in all HD pa-
tients and age-matched healthy volunteers. As
shown in Fig. 1, the mean serum OPG level in HD
patients (2409 = 13.1 pg/ml) was significantly
greater than that in age-matched control subjects
(66.6 = 6.2 pg/ml). The clinical and laboratory pa-
rameters of the three PTH groups are shown in Ta-
ble 1. No significant differences in age, sex, and du-
ration of dialysis were observed among the three
PTH groups (low PTH; 423 =49 pg/ml, median
PTH; 217.9 = 160 pg/ml, high PTH; 596.0 £ 91.0 pg/

118)

ml) . Nakashima et al® reported that serum iPTH
levels less than 65 pg/ml in hemodialysis patients
with adynamic bone disease (ABD) is associated
with radial BMD. Diabetic patients accounted for
63.6% of the patients in the low PTH groups; this

percentage was significantly higher than those in
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Fig.1 Serum osteoprotegerin (OPG) levels in control
subjects (n=20) and in all hemodialysis (HD) patients
(n=62)

the other PTH groups. In dialysis patients due to
CGN, no significant correlation was detected in the
relationship between serum OPG levels and serum
iPTH levels (r=0212, p=0.125) or BMD (r=0.145,
p=0.203) . When the dialysis patients with DM (n=
32) were divided into three groups according to se-
rum iPTH levels, serum OPG levels tended to in-
crease in association with serum iPTH levels (low
PTH:; 1970 + 174 pg/ml, median PTH; 292.8 = 36.8
pg/ml, high PTH; 396.0 = 80.2 pg/ml) . Serum levels
of BAP and iOC were significantly lower in the low
PTH group than in the other PTH groups. No sig-
nificant differences in serum OPG levels were ob-
served among the three PTH groups.

Clinical and laboratory parameters were com-
pared in subgroups according to the etiology of re-
nal disease. As shown in Table 2, no significant dif-
ferences in sex, age, duration of dialysis, and serum
levels of corrected Ca, Pi, BAP, or OPG were ob-
served between the groups. The serum iPTH level
in the DM group (1160 # 223 pg/ml) was signifi-
cantly lower than that (190.6 +37.7 pg/ml) in the
CGN group (p=0004). The serum iOC level was
significantly lower in the DM group (325*58 ng/
ml) than in the CGN group (98.1+22.1 ng/ml) (p=
0.001). A positive correlation was observed be-
tween the serum levels of iPTH and OPG in HD pa-
tients with DM (Fig. 2), but a significant correlation
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Table 1 Clinical findings of hemodialysis patient groups classified according to serum

levels of intact PTH

All patients Low PTH Median PTH High PTH
Male/Female 44/18 22/11 19/4 2/3
Age (years) 571 £ 1.3 558 = 1.8 581 = 20 56.8 = 6.5
Duration of HD (years) 6.5 = 0.7 54 = 0.8 70 = 1.3 112 £ 16
Diabetes (%) 516 636 348 40.0
Corrected Ca (mg/dl) 98 = 0.1 97 =02 94 + 02 101 = 02
Pi (mg/dl) 54 £ 0.1 53 = 0.2 55 + (.2 6.3 + 04
BAP (U/D) 243 19 195 £ 15 270 = 32 448 = 11.3
iOC (ng/ml) 642 + 11.8 241 = 36 805 = 8.0 2624 % 105.0
OPG (pg/ml) 2330 = 126 2335 = 154 2237 = 228 2978 + 65.1

Pi: phosphorus, BAP: bone alkaline phosphatase, iOC: intact osteocalcin, OPG: osteoprotegerin.

Table 2 Clinical and laboratory parameters in hemodialysis
patient groups classified according to the etiology of renal disease

CGN (n=30) DM (n=32) p
Male/Female 23/9 NS
Age (years) 556 £ 1.8 585 = 19 NS
Duration of HD (years) 65 % 10 64 =09 NS
Corrected Ca (mg/dl) 100 + 0.1 97 + 02 NS
Pi (mg/db) 55 =02 53 = 0.2 NS
BAP (U/D) 240 = 24 246 £ 29 NS
iOC (ng/ml) 98.1 £ 221 325 £ 538 0.001
iPTH (pg/ml) 1906 = 37.7 1160 = 223 0.004
OPG (pg/ml) 221.3 = 184 2439 *+ 175 NS
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Fig.2 Correlation between serum levels of osteoprote-
gerin (OPG) and intact parathyroid hormone ((PTH)
in hemodialysis patients with noninsulin-dependent
diabetes mellitus (n=32)

was not observed in the overall HD patient group.
In all patients, the mean BMD value was 246
0.06 mmAl, ranging from 1.43 to 3.25 mmAl. No sig-
nificant difference in BMD was observed in sex. All
women studied were postmenopausal, suggesting
that metabolic factors, such as Ca, Pi, iPTH, and pre-

scribed doses of CaCO; and active vitamin D, act on
the BMD more than sexual hormones in dialysis pa-
tients. The serum OPG levels (218.3+ 15.3 pg/ml) in
patients with higher BMD group (>2.5 mmAl) were
significantly lower than those (280.3 + 18.7 pg/ml) in
patients with lower BMD group (<25 mmAl (p=
0.0389) . No significant difference in BMD was ob-
served between the DM group (251 = 008
mmAl) and the CGN group (241 +0.08 mmAl) . Ac-
cordingly, we examined the correlation between
biological bone markers and BMD in the DM group.
A negative correlation was observed between the
age and the BMD (r=0587, p<0.01) . No significant
correlation was found between BMD and clinical
parameters, such as the duration of dialysis and se-
rum levels of corrected Ca, Pi and HbA... Figure 3
depicts the relationship between BMD and serum
OPG levels in the DM group. Serum OPG levels
were negatively correlated with BMD (—0.333, p<
0.05) . Many factors, PTH in particular, simultane-
ously modify bone metabolism, which would mask
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Fig. 3 Relationship between serum osteoprotegerin
(OPG) levels and bone mineral density (BMD) in
hemodialysis patients with noninsulin-dependent dia-
betes mellitus (n=32)

Table 3 Correlation between serum OPG
levels and clinical or biochemical markers in
hemodialysis patients with diabetes mellitus

r P
Age (years) 0401 0.039
Duration of HD (years) 0.004 0.982
Corrected Ca (mg/dl) 0.296 0.099
Pi (mg/dl) 0.111 0543
BAP (U/D) 0.083 0.655
iOC (ng/ml) 0464 0.007
iPTH (pg/mb) 0.587 0.005

the action of OPG in uremic patients. The aim of the
present study was to elucidate the factors that af-
fect the circulating OPG levels. Table 3 summarizes
the correlations between serum OPG levels and
clinical or biochemical parameters in HD patients
with NIDDM.
Discussion

The spectrum of ROD in HD patients has
changed, and much attention has recently been di-
rected toward ABD*~®_ Although the precise me-
chanism of ABD is not fully understood, hypopara-
thyroidism is considered to be one of the causative
factors®*. DM is thought to be responsible for ap-
parent absolute or relative hypoparathyroidism®.
In the present study, diabetic patients accounted
for 63.6% of the patients in the low PTH group, a
significantly higher percentage than those ob-
served in the other PTH groups. Therefore, we fo-
cused on bone metabolism in HD patients with
NIDDM.

21

The present study clearly demonstrates that cir-
culating OPG is significantly higher in HD patients
than in healthy volunteers, but that the serum OPG
levels in subgroups divided according to their se-
rum iPTH levels are not significantly different. The
serum OPG level in HD patients with NIDDM is
negatively correlated with BMD, while no signifi-
cant correlation was observed in overall HD pa-
tients. Therefore, the reduction in bone turnover in
HD patients with NIDDM is probably not due to ex-
cessive OPG production, and OPG may be involved
in bone turnover independently of iPTH in these
patients.

OPG has recently been identified as a novel cy-
tokine, that acts on bone tissues to increase bone
mineral density and volume by decreasing the num-
ber of active osteoclasts in vitro”. The cells produc-
ing OPG in dialysis patients remain unknown. Fac-
tor regulating the OPG levels in dialysis patients re-
main unclear. At least decreased renal clearance
seems unlikely to be the main reason®. At overex-
pression of OPG in transgenic mice resulted in os-
teopetrosis”, while OPG-deficient mice developed
severe osteoporosis'”. These experimental data
suggest a counter-regulatory function of OPG that
prevents further bone loss.

Yano et al® reported that circulating OPG in-
creased with age and was significantly elevated in
postmenopausal women with osteoporosis. This
finding has led to the speculation that circulating
OPG levels are regulated by age-related factors and
that the increase in their serum concentration may
be a compensatory response against enhanced os-
teoclastic bone resorption. Szulc et al*” reported a
negative correlation between serum OPG levels and
serum PTH levels, but no correlation with BMD. Se-
rum PTH levels and the gene expression of OPG in
bone cells have also been reported to be inversely
correlated in postmenopausal women®. These clini-
cal findings support the hypothesis of a counter-
regulatory function of OPG for preventing bone
loss.

Kazama et al® recently showed that serum OPG
levels were elevated in uremic patients, independ-
ent of serum iPTH, and suggested that circulating
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OPG was an independent factor affecting bone me-
tabolism in uremic patients. Moreover, several stud-
ies have recently reported and discussed serum
OPG levels in HD patients. Haas et al*” showed that
a combination of OPG and iPTH can be used as a
marker for the noninvasive diagnosis of ROD in HD
patients. Coen et al® demonstrated that serum
OPG levels are lower in ABD patients than in pa-
tients with predominant hyperparathyroidism, and
significant negative correlations were found be-
tween serum OPG and iPTH levels. The authors
concluded that the determination of serum OPG
levels could be useful in the diagnosis of low turn-
over bone disease in HD patients.

In summary, serum OPG levels were significantly
higher in HD patients than in healthy volunteers,
and circulating OPG may be involved in the devel-
opment of ROD in HD patients with NIDDM, acting
as a counter-regulatory factor to prevent further
bone loss. The determination of serum OPG levels
might be helpful in evaluating bone metabolism in
these patients.
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