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Objective: Chronic kidney disease-mineral and bone disorder (CKD-MBD) is a regular complication of hemo-

dialysis patients. On the other hand, with advances in strategies for hemodialysis therapy, the number of ex-

tremely long-term survivors of CKD receiving hemodialysis has been increasing. We investigated tartrate-

resistant acid phosphatase (TRACP) 5b which is reportedly not affected by renal function, and the bone mineral

density (BMD), of extremely long-term hemodialysis patients. Methods: Ninety-three outpatients receiving main-

tenance hemodialysis (including 18 for more-than-30-years) at the Sangenjaya Hospital were enrolled. The serum

levels of TRACP-5b were measured before the start of the hemodialysis session. BMD was assessed usang dual-

energy X-ray absorptiometry scans. We classified the patients according to the duration of hemodialysis therapy
(less-than-10-years (n =57), 10-20-years (n = 10), 20-30-years (n = 8), or more-than-30-years (n = 18)) and compared
the TRACP-5b and BMD among the groups. Results: The TRACP-5b level was higher in the more-than-30-years
group, compared with each of the other groups (p<<0.0001). The BMD and Z score was 059 = 0.17 g/cm?® and
—0.26 = 1.42 in less-than-10-years group, 0.59 = 0.16 g/cm” and — 150 +2.33 in 10-20-years group, 045 +0.12 g/cm?
and —2.23+1.16 in 20-30-years group and 043 +0.13 g/cm’ and — 3.21 + 1.86 in more-than-30-years group. The
BMD was lower in the more-than-30-years group than in the less-than-10-years (p = 0.019) and 10-20-years (p =

0.013) groups. The Z score was reduced gradually according to the duration of hemodialysis and was significantly

lower in the more-than-30-years group than in the less-than-10-years (p<0.0001) and 10-20-years (p = 0.009)
groups. BMD was negatively correlated with the serum level of TRACP-5b (p<<0.0001). Conclusion: The serum

TRACP-5b level is closely related to the BMD. In extremely long-term hemodialysis outpatients (for more-than-
30-years), the BMD was reduced while the serum TRACP-5b level was relatively high.

Key Words: bone mineral density, bone markers, long-term hemodialysis, tartrate-resistant acid phosphatase 5b

Introduction
Chronic kidney disease-mineral and bone disor-
der (CKD-MBD) is a regular complication of hemo-
dialysis patients” and leads to substantial increases
in the fracture rate, morbidity, and mortality”. Bone
mineral density (BMD) and biochemical parameters
are widely applied for the assessment of renal os-

teodystrophy. Cortical BMD was reported to be a
predictor of prevalent fractures in hemodialysis pa-
tients”. The measurement of serum tartrate-
resistant acid phosphatase (TRACP) 5b has been re-
ported to be independent of renal dysfunction and
to be a clinically relevant assay for estimating the

bone metabolic status of hemodialysis patients®®.
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Table 1 Background characteristics of out-
patients receiving maintenance hemodialysis

Parameters
Number (male/femal) 93 (62/31)
Age (years) 672+123
HD duration (years) 118127
‘Cause of ESKD n (%)
Chronic glomerulonephritis 41 (44.1)
Diabetic nephropathy 26 (28:0)
Nephrosclerosis 13 {14.0)
Others 5( 54
Unknown 8 ( 8:6)

Values are expressed as mean £ SD.
HD: hemodialysis, ESKD: end-stage kidney disease.

On the other hand, with advances in strategies
for hemodialysis therapy, the number of long-term
survivors of CKD receiving hemodialysis has been
increasing. Because there are not enough renal
transplantation donors in Japan, the duration of
hemodialysis therapy is much longer than in other
countries®. Therefore, Japan provides an ideal set-
ting for describing patients receiving extremely
long-term dialysis. Little information is presently
available concerning CKD-MBD in patients receiv-
ing extremely long-term hemodialysis. In the pre-
sent study, we investigated several biochemical pa-
rameters, including TRACP-5b and the BMD, of ex-
tremely long-term hemodialysis patients.

Patients and Methods

Of all outpatients receiving maintenance hemo-
dialysis, 93 patients (including 18 for more-than-30-
years) who agree to examine were enrolled. Clinical
data were collected, including age, sex, duration of
hemodialysis therapy, cause of end-stage kidney
disease (ESKD), and medical history of operation for
dialysis-related amyloidosis.

We classified the patients according to the dura-
tion of hemodialysis therapy (less-than-10-years, 10-
20-years, 20-30-years, or more-than-30-years) and
compared the laboratory data and BMD among the
groups.

The serum levels of albumin, calcium, phospho-
rous, alkaline phosphatase (ALP), intact parathyroid
hormone (i-PTH) and TRACP-5b were measured
before the start of the hemodialysis session.
TRACP-5b, which is reportedly not affected by re-

nal function, was measured using a novel
fragments-absorbed immunocapture enzymatic as-
say (FAICEA) and two monoclonal antibodies”.
Routine chemistry profiles were determined using
standard methods. The calcium concentration was
corrected according to the albumin concentration
using the following formula®: corrected Ca (mg/
dL)=measured serum Ca (mg/dL)+ 0.8 X [4-serum
albumin (g/dL)].

‘Bone mineral density (BMD) was assessed using
dual-energy X-ray absorptiometry (DEXA) scans.
The absolute BMD values for the 1/3 distal radius
on the side not containing the vascular access were
reported.

All the data were expressed as the means = S.D.
The Student’s t-test was used for comparisons be-
tween continuous variables. A simple regression
analysis was used to examine the relationship be-
tween two continuous variables. All statistical cal-
culations were performed using Stat View SE. P
values less than 0.05 were considered to denote sta-
tistical significance. This study was conducted in ac-
cordance with the principles of the Declaration of
Helsinki.

Results

Background characteristics of outpatients re-
ceiving maintenance hemodialysis

The patient characteristics are shown in Table 1.
The mean age was 67.2 +12.3 years, and the mean
duration of hemodialysis was 11.8 £ 12.7 years. The
most prevalent cause of ESKD was chronic
glomerulonephritis (44.1%).

Comparison of laboratory data and BMD
among patients according to the duration of
hemodialysis

The patient characteristics, including age and
laboratory data, and the BMD of the 4 groups di-
vided according to the duration of hemodialysis
therapy are shown in Table 2. No significant differ-
ences in age were observed among the 4 groups.
The TRACP-5b level was 1,1924 = 484.1 mU/dL,
and the BMD was 043 +0.13 g/cm”® in the more-
than-30-years group. The TRACP-5b level was
higher in the more-than-30-years group, compared
with each of the other groups (p<0.0001). The BMD
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Table 2 Comparison of laboratory and anthropometric data among patients according to the du-

ration of hemodialysis

Duration of hemodialysis (years)

<10 10-20 20-30 30<

Number (M/F) 57 (38/19) 10 &/2) 8 (4/4) 18 (1276)
Age (years) 68.6+139 641126 674+85 64.5+6.7
Duration of HD (years) 30+26 134+30 23120 339+25
Corrected Ca (mg/dlj* 9.3+0.6 9406 98+0.3 96+05
Phosphorous (mg/dl) 53x14 5507 52+1.2 5010
Ca-P (mg%/d1? 492+126 52.1+88 512117 454 £ 150
ALP ([U/h** 2786 +150.2 191.9+48.1** 2435+938 3431x175.0
i-PTH (pg/ml) 1959+156.3 1804 +1174 2054+1926 185.1+1314
TRACP-5b (mU/dlj* ** 4796 + 253.3 456.7% 296.4 509.6 +256.3 1,1924+484.1
BMD (g/cm?)# 059+0.17 059=0.16 045+0.12 043+0.13
Z score## -026+142 -150+233 -223£1.16 —321x1.86
Operation for CTS n (%) 1 (1.8) 0 0y 5 (62.5) 17 (94.4);
Operation for cervical DSA n (%) 0 (0) 0 (0) 0(0) 6 (33.3)
Cause of ESKD n (%)

Chronic glomerulonephritis 8 (14.0) 7 (70.0) 8 (100.0) 18 (100.0)

Diabetic nephropathy 24 (42.1) 2 (20.0) 0¢ 00 0¢ 00

Nephrosclerosis 13 (22.8) 0 ( 0.0y 0( 00 0(¢ 00

Others 4(70) 1 (10.0) 0(¢ 00 0( 00

Unknown 8 (14.0) 0( 0.0) 0-( 0.0 0-¢ 0.0y

Values are expressed as mean = SD.

*:p= 00267 (<10 vs 20-30), p=0.0386 (<10 vs 30<).

**: p=0.096 (1020 vs 30<).
***: p<0.0001 (30< vs each other groups).

#: p=0.0189 (<10 vs 20-30), p=0.0003 (<10 vs 30<), p=0.0157 (10-20 vs 30<).

##: p=0.0275 (<10 vs 10-20), p=0.0171 (<10 vs 20:30), p<0.0001 (<10 vs 30<), p =0.0085.(10-20 vs 30<)..
HD: hemodialysis, Ca: calcium, P: phosphorous, ALP: alkaline phosphatase, -PTH: intact parathyroid hor-
mone, TRACP: tartrate-resistant acid phosphatase, BMD: bone mineral density, CTS: carpal tunnel syn-

drome, DSA: destructive spondyloarthropathy.

Table 3 Correlations of bone mineral
density with mineral bone disease-
related parameters

Bone mineral density

r p
Age (years) -0.361 0:0004
HD duration (years) -0.381 0.0002
Corrected Ca (mg/dl) —0.146 NS
Phosphorous (mg/dly 0.068 NS
CaxP (mg?/d3) 0.062 NS
ALP @u/l) —0:.180 NS
-PTH (pg/mly 0.022 NS
TRACP-5b (mU/dl) —0426 <0.0001

HD: hemodialysis, Ca: calcium, P: phosphorous,
ALP: alkaline phosphatase, i-PTH: intact para-
thyroid hormone, TRACP: tartrate-resistant
acid phosphatase.

was lower in the more-than-30-years group than in
the less-than-10-years (p = 0.0189) and 10-20-years
(p=0.0126) groups. The Z score was reduced gradu-
ally according to the duration of hemodialysis and

was significantly lower in the more-than-30-years
group than in the less-than-10-years (p<0.0001) and
10-20-years (p = 0.0085) groups. Almost of all pa-
tients underwent operation for carpal tunnel syn-
drome (17 out of 18, 94.4%), and 6 out of 18 (33.3%)
underwent operation for cervical destructive spon-
dyloarthropathy in more-than-30-years group. The
cause of ESKD' was chronic glomerulonephritis in
all patients with more-than-20-years hemodialysis:
therapy.

Correlations of BMD with mineral bone dis-
ease (MBD)-related parameters

As shown in Table 3, a simple linear regression
showed that the BMD was negatively correlated
with age (p = 0.0004), duration of hemodialysis ther-
apy (p=0.0002) and the serum level of TRACP-5b
(p<<0.0001, also shown in Figure).

Discussion
We investigated the BMD and several biochemi-
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Figure Relation between the bone mineral density
(BMD) and the serum tartrate-resistant acid phos-
phatase (TRACP) 5b level. A negative linear rela-
tionship was observed between the two parameters
(r=—10.426, p<0.0001).

cal parameters including the serum TRACP-5b
level. Even though patient age did not differ signifi-
cantly among the 4 groups when divided according
to the duration of hemodialysis, the BMD was sig-
nificantly lower in the more-than-30-years group
than in the other groups, and the serum level of
TRACP-5b was significantly higher in the more-
than-30-years group than in the other groups. The
BMD was negatively and the serum level of
TRACP-5b was positively correlated with the dura-
tion of hemodialysis. Thus, long-term hemodialysis
therapy may affect the bone metabolic status.
Today’s ESKD patients are prone to developing
accelerated osteoporosis as a result of their increas-
ing age, hormonal status, and multiple comorbidities
that limit their physical activity level”. Physical
exercise is advised to prevent reductions in the
BMD™. Dialysis-related amyloidosis is one common
complication of long-term hemodialysis™ that can
affect activities of daily living. This complication
may limit their physical activity level, resulting in a
loss of BMD in extremely long-term hemodialysis
patients. Prevention of dialysis-related amyloidosis
(such as use of B2-microglobulin adsorption column
or hemodiafiltration) and keep physical exercise
may be advised to prevent reductions in the BMD.
Dialysis-related amyloidosis causes bone absorption
and may affect loss of BMD directly. But we could

not investigate the relation between BMD and p2-
microgloblin because of lack of data.

Biochemical parameters and the BMD are widely
applied for the assessment of renal osteodystro-
phy®
routine clinical practice for the noninvasive assess-

. The serum PTH level is often measured in

ment of the bone metabolic state, but serum bone
metabolic markers are superior to serum PTH for
this purpose because of the wide individual vari-
ation in the PTH responsiveness of bone tissue' ™.
Recent study showed low PTH levels (i-PTH <100
pg/ml) were not associated low BMD in patients
with ESKD'. Bone resorption markers are as-
sumed to be superior to bone formation markers for
predicting the rate of bone loss", since most causes
of osteoporosis arise from an increase in bone turn-
over and bone resorption’”®. TRACP-5b is secreted
into the circulation by osteoclasts during bone re-

% and has been proposed as a marker of

sorption
bone resorption® . In this study, we also con-
formed a remarkable correlation between the BMD
and the serum TRACP-5b level. The measurement
of serum TRACP-5b levels may be capable of pre-
dicting the severity of reductions in BMD.

There are some limitations in this study. The
cause of ESKD was not evenly distributed in this
study. All of the cause of ESKD in more-than-20-
years hemodialysis therapy was chronic glomeru-
lonephritis. High prevalence of chronic glomeru-
lonephritis in relatively long-term hemodilaysis pa-
tients may affect BMD. We also could not investi-
gate gender influence cause of small subjects.

Conclusion

The serum TRACP-5b level is closely related to
the BMD. In extremely long-term hemodialysis out-
patients (for more-than-30-years), the BMD was re-
duced while the serum TRACP-5b level was rela-
tively high.
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(BB BRI D B 3 % 9 VRBHE S (Chronic kidney disease-mineral and bone disorder, CKD-MBD)
FMEEN BB LR TIEEREETH L. —F, BNBROERITHEY, RENCEST 520 BEHMN
LTETWS. LaL, BENEULOBIHEZEOERHERICHT AWM XMERI RV, 22 THE, EWE 30
EPDFOBHBERBEICBWT, BRINY—7# —Tdh 5 tartrate-resistant acid phosphatase (TRACP) 5b & B%
BERME L. (5 ZHABRRRICE W CHERFILBGENT & fi17 L TV 5 ZHTEE 30 DL Lo EE 18 2 &1 93
ZEWGHE L. BETOIME TRACP-5b % fragments-absorbed immunocapture enzymatic assay (FAICEA)
L2RBEOE) sa—F VPR EERALCHlE L. BEEEIED v v MUBEEN 1/3 #8312 T Dual Energy X-
ray Absorptiometry B CHIE L7z, BATEE % ERE (10T (n=57), 10~204 (n=10), 20~30 4 (n=
8), 30FEMUE =1L o TAFIIHT, BB T TRACPSD L BEEZILE Lz RSB 30E L
DBEIZB W, fiE TRACPSD E 1% 1,1924+4841 mU/dL TH B E 120432013 g/cm’ Td » /2. M {E
TRACP-5b 13BN EE 30 FUL LOBIIB W THOZNZNOR L Y ARICEETH o 72 (p<0.0001). FEEL
ZAATIEENBEIOEL T OB T059+0.17 g/cm’ & — 026+ 142, FE A FE 10~20 4E @ B T 059+0.16 g/cm’
& —150=2.33, BHE 20~30 EEDEET 045+ 0.12 g/cm? & —223+1.16, BATEE 30 FELL EDFET 043 +0.13 g/cm?
& -321186 Th o/ BEEIIBNEE 20 FLLL TEMET, i< 30 FEULDOHIZBWT, 10FUTOREB LT
10~20 EDBL WV EAEIRETH o 72 (FRFhp=0019,p=0013). BEBED Z A3 7IXENBEIISL THA
WIERTL, BENEDEOEICBVT, 10EUTORBLCI10~20E0B LKL, FRICKETH -2
(FhZEN p<0.0001, p=0009). BHEEIZ TRACPSb L BWEBOMEZ/R LA (p<0.0001). (i) TRACP-5b
BEBELROVEOHBZR L. BHE 30 EULOBEMENEZICB W TEERE LK T TRACPSD 15
fETH o7z,
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