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Abstract

Background/Aims: The Mineral and Bone Disorder Out-
comes Study for Japanese CKD Stage 5D Patients (MVBD-5D)
is a multicenter, prospective observational study of hemo-
dialysis patients with secondary hyperparathyroidism (SHPT)
in Japan, where the national guideline recommends targets
for serum calcium (8.4-10.0 mg/dl), phosphorus (3.5-6.0 mg/
dl), and intact parathyroid hormone (PTH) (60-180 pg/ml).
Methods: The MBD-5D involved patients who were receiv-
ing hemodialysis for more than 3 months and met at least
one of the following conditions: having intact PTH levels
>180 pg/ml, or receiving intravenous vitamin D receptor ac-
tivators (VDRAs) or oral VDRA analog. This report describes
the baseline characteristics of the study participants and ex-
amines factors associated with mineral metabolism control-

lability. Results: A total of 8,229 patients were registered
from 86 facilities as the whole cohort, and 3,276 patients
were randomly selected as the subcohort. The severity of
SHPT was associated with a lower likelihood of achieving the
targets for calcium and phosphorus, whereas patients with
a history of parathyroidectomy were more likely to achieve
these targets as compared with those who had not under-
gone surgery despite high PTH levels. The use of 2.5 mEq/I
calcium dialysate was also associated with a higher likeli-
hood of achieving the targets compared with the use of 3.0
mEq/| calcium dialysate. Conclusion: The severity of SHPT
and the use of dialysate with higher calcium concentration
are associated with practical difficulty in managing mineral
metabolism in dialysis patients. Further prospective follow-
up is needed to confirm our findings and to examine their
impact on patient-level outcomes.
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Introduction

Chronic kidney disease-mineral and bone disorder
(CKD-MBD) is a common complication of dialysis pa-
tients, which not only contributes to the development of
bone disease [1-3], but also increases the risk for all-cause
and cardiovascular mortality [3-8], potentially mediated
through vascular calcification [9, 10]. It is, therefore, cru-
cial to control biochemical parameters of CKD-MBD
le.g., serum calcium, phosphorus, and parathyroid hor-
mone (PTH) levels]. Many national [11, 12] and interna-
tional [13] guidelines recommend control of these pa-
rameters within specific target ranges.

Secondary hyperparathyroidism (SHPT), character-
ized by increased secretion of PTH [14, 15], is one of the
major abnormalities underlying CKD-MBD. In patients
receiving dialysis, SHPT is frequently associated with al-
terations in calcium and phosphorus metabolism, as a re-
sult of either excess PTH alone or the therapeutic use of
vitamin D receptor activators (VDRAs) [16]. Generally,
SHPT progresses with increasing dialysis vintage, lead-
ing to the development of parathyroid hyperplasia. As
parathyroid hyperplasia progresses to advanced stages,
the expression of calcium-sensing receptors (CaSR) and
vitamin D receptors (VDR) is progressively reduced [17-
19], resulting in resistance to treatment with VDRAs [20-
22] and, finally, requiring parathyroidectomy (PTx) [23].

Despite considerable advances in the understanding
and management of SHPT, however, mortality rates for
patients on maintenance dialysis remain extremely high,
with substantial variations between countries. The Dialy-
sis Outcomes and Practice Patterns Study (DOPPS) re-
ported that the crude 1-year mortality rates were 6.6% in
Japan, 15.6% in Europe, and 21.7% in the United States
[24]. Due to such lower mortality and limited chance for
kidney transplantation, a growing number of Japanese
patients receive dialysis therapy for a longer time. This
could increase the prevalence and degree of SHPT in this
population and may differentiate practice patterns for the
management of SHPT from that of the rest of the world.

The Japanese Society for Dialysis Therapy (JSDT)
guideline, released in 2006, recommends target ranges
for serum levels of calcium (8.4-10.0 mg/dl), phosphorus
(3.5-6.0 mg/dl), and intact PTH (60-180 pg/ml) [12]. This
guideline is characterized by a lower target range for in-
tact PTH compared with that of the KDOQI guidelines
(150-300 pg/ml) [11] and the KDIGO guideline (two to
nine times the upper limits of normal, corresponding to
130-600 pg/ml) [13]. The threshold beyond which surgi-
cal PTx is indicated in the JSDT guideline is intact PTH
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>500 pg/ml, which is also lower than that of the KDOQI
guidelines (intact PTH >800 pg/ml). The JSDT guideline
is, however, mainly based on retrospective analysis of the
nationwide survey [7] and expert opinion, due to a pau-
city of high-level evidence. In addition, cinacalcet hydro-
chloride [25, 26] and lanthanum carbonate [27, 28] were
launched on the Japanese market after publication of the
guideline. These introductions brought about significant
changes in the management of CKD-MBD in Japanese
dialysis patients.

The Mineral and Bone Disorder Outcomes Study for
Japanese CKD Stage 5D Patients (MBD-5D) is a multi-
center, prospective observational study of hemodialysis
patients with SHPT to examine the impact of patient
characteristics and practice patterns on mortality, hospi-
talization and other clinical outcome measures [29]. This
report describes the baseline characteristics of the study
participants and examines factors associated with con-
trollability of biochemical variables of CKD-MBD.

Materials and Methods

Study Design

The MBD-5D is a 3-year prospective observational study with
acase-cohortand a cohort design. Details of the study design have
been published [29]. In brief, patients were eligible for inclusion if
they had received dialysis regularly for more than 3 months at the
participating facilities as of January 1, 2008, and if they met at
least one of the following conditions: (1) having intact PTH levels
>180 pg/ml, or (2) receiving intravenous VDRAs (calcitriol or
maxacalcitol) or oral VDRA analog (falecalcitriol), the only oral
drugapproved in Japan for the treatment of SHPT. The whole co-
hort was planned to assess rare clinical events such as all-cause
and cardiovascular death, and the subcohort, a random sample
(40%) of the whole cohort, was planned to assess more frequent
clinical events and longitudinal laboratory and medication data.
The study protocol was approved by central and local ethical re-
view boards. The study was conducted in accordance with the
principles of the Declaration of Helsinki, and it was registered at
ClinicalTrials.gov, No. NCT00995163.

Data Collection

Background and demographic information included age, sex,
cause of end-stage renal disease (ESRD), dialysis vintage, height,
body weight, comorbid conditions, and medical histories. Dialy-
sis prescription, laboratory data, and medication were collected
prospectively. Baseline laboratory data, analyzed in local labora-
tories, were obtained from July 1 to December 31, 2007. Serum
levels of calcium, phosphorus, creatinine, hemoglobin, albumin,
alkaline phosphatase (ALP), total cholesterol, and C-reactive
protein were measured using standard methods. Serum calcium
levels were corrected for albumin concentration using Payne’s
formula [30]. Measurements of intact PTH were performed by
various second-generation assays depending on the different
participating facilities. Serum whole PTH levels measured with a
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third-generation PTH assay (Whole PTH; Scantibodies Labora-
tories, Santee, Calif., USA) were converted to intact PTH levels by
the following equation: intact PTH = whole PTH X 1.7 [12]. Se-
rum bone-specific ALP (BAP) levels were mostly measured with
an enzyme immunoassay kit (Osteolinks BAP; Quidel Corpora
Serum, San Diego, Calif., USA), and values measured with other
than this assay were not included in the analyses.

Statistical Methods

Continuous variables were expressed as mean * SD and com-
pared with Student t tests or one-way ANOVA (analysis of vari-
ance), as appropriate. Categorical variables were expressed as pro-
portions and compared with x? test. We used Pearson’s correla-
tion analysis to test the association between total ALP and BAP.
We used logistic regression to test the association between the
achievement of the JSDT targets for calcium and phosphorus and
the following factors: severity of SHPT according to the JSDT
guideline (60-180, 181-300, 301-500, and >500 pg/ml), history of
successful PTx (defined by having a history of PTx and intact PTH
levels <300 pg/ml), and dialysate calcium use (2.5 or 3.0 mEq/1).
For each analysis, three types of models were examined: (1) unad-
justed models included only the independent variable of interest;
(2) case-mix adjusted models included age, sex, dialysis vintage,
and cause of ESRD, and (3) multivariable adjusted models includ-
ed the case-mix covariates plus body mass index (BMI), dialysis
adequacy (Kt/V), history of cardiovascular disease (ischemic
heart disease, coronary artery disease, congestive heart failure,
cerebrovascular diseases), creatinine, hemoglobin, albumin, total
cholesterol, and VDRA use. We also examined the association
between the achievement of targets for calcium and phosphorus
and the severity of SHPT according to the KDOQI guidelines
(<150, 150-300, 301-600, and >800 pg/ml) and the KDIGO
guideline (<130, 130-600, and >800 pg/ml). A 10-ng dose of
maxacalcitol was considered to be equal to 1.5 g of calcitriol, and
all results for injectable vitamin D sterol dosages are presented as
calcitriol equivalents. p values <0.05 were considered as statisti-
cally significant. All statistical analyses were performed with SAS
software, version 9.1 (SAS Institute, Cary, N.C., USA).

Results

Overall Demographics

A total of 8,229 patients from 86 facilities were regis-
tered as the whole cohort, and 3,276 patients were ran-
domly selected as the subcohort. There were no signifi-
cant differences in age, sex, or intact PTH between the
whole cohort and subcohort (table 1). Detailed patient
characteristics in the subcohort by the JSDT PTH catego-
ry are shown in table 2. Mean age was 61.9 * 12.7 years
and mean dialysis vintage was 122 * 99 months. The
most common primary cause of ESRD was chronic glo-
merulonephritis. Patients with higher intact PTH levels
were associated with longer dialysis vintage and low-
er proportion of diabetic nephropathy. Similar trends
were observed in the analysis using PTH category accor-

MBD-5D Baseline Data

Table 1. Baseline characteristics of the whole cohort and the sub-
cohort

Characteristic Whole cohort  Subcohort p
(n = 8,229) (n = 3,276)

Age, years 62.0x12.6 61.9+12.7 0.69

Gender female, % 37.7 38.5 0.41

Intact PTH, pg/ml 341%272 337+289 0.43

ding to the KDIGO or KDOQI guidelines (for all online
supplementary material, see tables 1 and 2, www.
karger.com/doi/10.1159/000327654).

Distributions of serum calcium, phosphorus, intact
PTH, and ALP are shown in figure 1. Because the study
participants were restricted to those with SHPT, the pro-
portion of patients with intact PTH levels <180 pg/ml
was substantially lower than that of the general Japanese
dialysis population. Serum BAP was measured in 398 pa-
tients (12.1%) as a routine measurement. These levels cor-
related highly with total ALP levels albeit with wide vari-
ations (r = 0.515; slope = 0.099; online suppl. fig. 1). Pa-
tients with higher intact PTH levels were more likely to
have higher BAP levels, suggesting high-turnover bone
disease (table 2).

Medication Use

Among patients in the subcohort, intravenous VDRAs
were used in 48.6% (calcitriol 11.5%, maxacalcitol 37.3%)
and oral VDRAs were used in 30.6% (fig. 2). The mean
dose of administered intravenous VDRAs, expressed as
calcitriol dose equivalents, was 2.14 * 1.55 pg/week. A
distribution of intravenous VDRAs dose is shown in on-
line supplementary figure 2. Phosphate binders used were
calcium carbonate in 43.7%, sevelamer hydrochloride in
18.2%, and both in 23.1%. The proportion of patients
treated with intravenous VDRAs and sevelamer hydro-
chloride tended to be higher and that of calcium carbon-
ate tended to be lower in patients with higher intact PTH
levels. All patients with intact PTH levels <180 pg/ml re-
ceived an intravenous VDRA or oral VDRA analog fale-
calcitriol, in accordance to the inclusion criteria. No pa-
tients received cinacalcet hydrochloride or lanthanum
carbonate, which were not available in Japan at the time
of the study start. Dialysates containing 2.5 and 3.0 mEq/1
calcium were used by comparable proportions of patients.
Previous history of surgical PTx, percutaneous ethanol
injection therapy, and percutaneous vitamin D injection
therapy was noted in 6.2, 1.4, and 1.1%, respectively.
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Table 2. Patient characteristics of the subcohort by the JSDT PTH category

Characteristic <60 60-180 181-300 301-500 >500 f
(n=92) (n = 492) (n =1,368) (n = 822) (n = 502)
Age, years 62.9+13.9 63.2%+12.5 62.5+12.7 61.6*12.9 59.6£11.8 <0.001
Gender female, % 46.7 37.8 36.5 41.1 38.8 0.11
Cause of ESRD, %
Glomerulonephritis 46.7 43.3 40.7 45.1 58.6 <0.001
Diabetic nephropathy 28.3 26.8 28.9 212 12.7
Pyelonephritis 1.1 1.6 1.9 1.7 2.0
Polycystic kidney disease 33 5.1 4.1 3.9 5.4
Nephrosclerosis 7.6 5.7 6.4 7.2 4.4
Other 6.5 53 8.7 10.2 9.2
Unknown 6.5 12.2 9.3 10.7 7.8
Dialysis vintage, months 110x110 112+98 110x 96 125+ 94 160+ 103 <0.001
History of CVD, % 40.2 45.3 443 41.6 40.6 0.39
BMI 20.8*x4.2 21.2%33 21.4%3.5 21.5%x3.9 21.2%34 0.39
Kt/V 14%0.3 1.4%0.3 1.4%0.3 14%0.3 14%0.3 0.100
Laboratory data
Calcium, mg/dl 10.1x1.1 9.6x0.8 9.3%0.9 9.5%x34 9.7%0.9 <0.001
Phosphorus, mg/dl 49*14 52%13 53%1.3 58+14 6.1x15 <0.001
Intact PTH, pg/ml 34%15 125+34 234 %35 380+ 55 807 £470 <0.001
ALP, U/l 276 £216 242 %109 266 X136 294+133 372%259 <0.001
BAP, U/l 19.4%+6.3 25.7%x14.9 34.1%31.3 46.5+41.9 58.6 £59.5 <0.001
Creatinine, mg/dl 10.2+2.9 11.1x2.8 11.1x£29 11.2%28 11.8%x2.8 <0.001
Hemoglobin, g/dl 103£1.2 10.9£5.6 105£1.3 10.5%1.1 10.5%£1.2 0.020
Albumin, g/dl 3.6X0.6 3.8+0.4 3.7x0.4 3.8+0.4 3.8+0.4 <0.001
Total cholesterol, mg/dl 155+ 38 154+ 35 155+ 37 155+46 153+33 0.93
C-reactive protein, mg/dl 07%+1.8 05%x1.2 04%1.3 05%x1.2 0.5%22 0.66
IV vitamin D use, % 64.1 75.2 33.8 45.1 65.9 <0.001
Calcitriol, % 16.9 27.6 249 20.8 224 0.14
Maxacalcitol, % 83.1 73.0 75.8 79.2 77.9 0.19
IV vitamin D dose, pg/week! 1.90+1.20 1.95*1.16 2.10x1.47 2.12%£1.68 2.47 *£1.86 <0.001
Oral vitamin D use, % 41.3 24.4 39.8 28.5 13.1 <0.001
Falecalcitriol, % 50.0 60.0 14.3 16.7 21.2 <0.001
Calcitriol, % 28.9 12.5 24.6 28.2 21.2 0.018
Alfacalcidol, % 21.1 27.5 61.6 55.6 57.6 <0.001
Phosphate binder use, % 83.7 88.6 83.7 84.8 87.3 0.061
Calcium carbonate, % 73.9 74.2 70.0 64.6 53.4 <0.001
Sevelamer hydrochloride, % 27.2 37.6 36.8 42.9 56.8 <0.001
Dialysate calcium, mEq/1 2.8%0.2 2.7%0.2 2.8%0.2 2.8%0.3 2.8%0.3 0.19
2.5 mEq/l, % 40.7 50.2 44.7 423 44.8 0.23
3.0 mEq/l, % 52.7 44.7 47.2 48.5 46.2
Other, % 6.6 5.1 8.1 9.3 9.0
History of PTx, % 11.1 33 5.1 6.6 10.5 <0.001
History of PEIT, % 1.1 0.7 0.8 1.8 3.2 0.001
History of PDIT, % 0.0 0.9 0.7 1.4 1.9 0.15

ALP = Alkaline phosphatase; BAP = bone-specific alkaline phosphatase; BMI = body mass index; CVD = cardiovascular disease;
ESRD = end-stage renal disease; IV = intravenous; JSDT = Japanese Society for Dialysis Therapy; PDIT = percutaneous vitamin D

injection therapy; PEIT = percutaneous ethanol injection therapy; PTH = parathyroid hormone; PTx = parathyroidectomy.

* p value refers to overall ANOVA or x? analysis. ! Vitamin D doses were calcitriol dose equivalents. 1.5 pg of calcitriol = 10 g of

maxacalcitol.
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Fig. 2. Proportion of patients treated with different VDRAs.

MBD-5D Baseline Data

with intact PTH 60-180 pg/ml, 48.3% for those with in-
tact PTH 181-300 pg/ml, 35.2% for those with intact PTH
301-500 pg/ml, and 25.0% for those with intact PTH
>500 pg/ml (p < 0.001). In a subgroup analysis that ex-
cluded patients receiving VDRAs, the corresponding
percentages were 46.3% for those with intact PTH 181-
300 pg/ml, 37.4% for those with intact PTH 301-500 pg/
ml, and 30.9% for those with intact PTH >500 pg/ml
(p = 0.007). Logistic regression analysis showed that se-
vere SHPT was associated with a lower likelihood of
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Table 3. Proportion of patients in each group classified by the
JSDT targets for serum calcium and phosphorus

Calcium, mg/dl Phosphorus, mg/dl

<3.5 3.5-6.0 >6.0
<8.4 0.6% 5.8% 3.1%
8.4-10.0 3.0% 40.9% 20.8%
>10.0 0.9% 15.9% 8.9%

Table 4. Characteristics of the subgroup by dialysate calcium*

Characteristic 2.5 mEq/1 3.0 mEq/1 p
(n=1,467) (n=1,543)
Age, years 62.4*128 61.8%X127 0.15
Gender female, % 39.5 37.7 0.31
Dialysis vintage, months 113£95 128 £101 <0.001
Laboratory data
Calcium, mg/dl 94%09 9.6*26 <0.001
Phosphorus, mg/dl 55t14 55*14 096
Intact PTH, pg/ml 340+284 332%305 0.46
ALP, U/l 290+ 180 284+*153 0.41
BAP, U/l 39.0%£32.3 342%435 0.27
IV vitamin D use, % 48.7 47.6 0.55
Calcitriol, % 19.0 28.9 <0.001
Maxacalcitol, % 81.5 714 <0.001
IV vitamin D dose, pg/week**  2.37£1.67 1.94%1.46 <0.001
Oral vitamin D use, % 324 294 0.079
Falecalcitriol, % 15.4 31.7 <0.001
Calcitriol, % 30.1 18.3 <0.001
Alfacalcidol, % 54.7 50.7 0.21
Phosphate binder use, % 85.7 84.5 0.37
Calcium carbonate, % 69.4 64.9 0.008
Sevelamer hydrochloride, % 41.3 39.9 0.42
History of PTx, % 5.7 6.2 0.55
History of PEIT, % 1.7 1.3 0.33
History of PDIT, % 0.6 1.4 0.042

* Patients not treated with dialysate calcium of 2.5 or 3.0 mEq/1
were excluded in the analysis.

** Calcitriol dose equivalents. 1.5 pg of calcitriol = 10 ug of
maxacalcitol.

ALP = Alkaline phosphatase; BAP = bone-specific alkaline
phosphatase; IV = intravenous; PDIT = percutaneous vitamin D
injection therapy; PEIT = percutaneous ethanol injection therapy;
PTH = parathyroid hormone; PTx = parathyroidectomy.

achieving the JSDT targets for serum calcium and phos-
phorus in crude, case-mix adjusted and fully adjusted
models (fig. 3). The results were unchanged in analyses
that used the KDIGO or KDOQI PTH category (online
suppl. fig. 3, 4).
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Fig. 3. Odds ratios for achieving the target ranges for serum cal-
cium and phosphorus according to the JSDT PTH category. Mod-
el 1: unadjusted; Model 2: adjusted for age, sex, dialysis vintage,
and cause of ESRD; Model 3: adjusted for covariates in Model 2
plus BMI, dialysis adequacy (Kt/V), history of cardiovascular dis-
ease, creatinine, hemoglobin, albumin, total cholesterol, and
VDRA use. * p <0.05. R = Reference.

History of PTx and Mineral Metabolism Management

Compared with patients who had not undergone sur-
gical PTx despite high PTH levels (>500 pg/ml), a greater
proportion of patients with a history of successful PTx
achieved the targets for serum calcium and phosphorus
simultaneously (25.5 and 38.6%, respectively; p = 0.013).
Logistic regression analysis showed that a history of suc-
cessful PTx was associated with a higher likelihood of
achieving the targets for serum calcium and phosphorus
in all analysis models (fig. 4). These results were materi-
ally unchanged when the threshold for surgical PTx spec-
ified in the KDOQI guidelines (intact PTH >800 pg/ml)
was applied (data not shown).

Dialysate Calcium Concentration and Practice

Patterns of CKD-MBD

Patient characteristics according to the dialysate cal-
cium concentration, 2.5 or 3.0 mEq/l, are shown in ta-
ble 4. Serum calcium levels were significantly lower in
patients using 2.5 mEq/I calcium dialysate, whereas in-
tact PTH and phosphorus levels were comparable be-
tween patients on 2.5 calcium dialysate and those on 3.0
mEq/] calcium dialysate. The use of 2.5 mEq/I calcium
dialysate was associated with increased use of calcium
carbonate and high doses of intravenous VDRAs. The
proportion of patients receiving sevelamer hydrochloride
was comparable between groups.

Both serum calcium and phosphorus levels were with-
in the target ranges in 43.4% of patients using 2.5 mEq/1

Fukagawa et al.
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Fig. 4. Odds ratios for achieving the target ranges for serum cal-
cium and phosphorus according to a history of parathyroidecto-
my. Model 1: unadjusted; Model 2: adjusted for age, sex, dialysis
vintage, and cause of ESRD; Model 3: adjusted for covariates in
Model 2 plus BMI, dialysis adequacy (Kt/V), history of cardiovas-
cular disease, creatinine, hemoglobin, albumin, total cholesterol,
and VDRA use. * p < 0.05. R = Reference.

calcium dialysate and 38.7% of patients using 3.0 mEq/1
calcium dialysate (p = 0.010). Logistic regression analysis
showed that the use of 2.5 mEq/l calcium dialysate was
associated with a higher likelihood of achieving the JSDT
targets for serum calcium and phosphorus in all analysis
models (fig. 5).

Discussion

The MBD-5D is a multicenter, prospective observa-
tional study among hemodialysis patients with SHPT in
Japan [29]. This paper describes the baseline characteris-
tics of patients participating in the study. The results re-
vealed that the proportion of patients who achieved the
JSDT targets for serum calcium and phosphorus still re-
mains low, particularly in patients with higher PTH lev-
els. Progression of SHPT was independently associated
with increased difficulty in controlling serum calcium
and phosphorus, whereas a history of PTx for severe
SHPT was associated with improved control of these
variables. It was also found that as compared with 3.0
mEq/] calcium dialysate, the use of 2.5 mEq/] calcium
dialysate was associated with enhanced use of calcium
carbonate and intravenous VDRAs, and related to in-
creased proportion of patients achieving the targets for
serum calcium and phosphorus.

It is well known that the development of SHPT, char-
acterized by elevated PTH secretion, contributes to in-

MBD-5D Baseline Data

Fig. 5. Odds ratios for achieving the target ranges for serum cal-
cium and phosphorus according to the dialysate calcium use.
Model 1: unadjusted; Model 2: adjusted for age, sex, dialysis vin-
tage, and cause of ESRD; Model 3: adjusted for covariates in Mod-
el 2 plus BMI, dialysis adequacy (Kt/V), history of cardiovascular
disease, creatinine, hemoglobin, albumin, total cholesterol, and
VDRA use. * p<0.05. R = Reference.

creased risk for bone fractures [1-3] and cardiovascular
diseases [3-8]. Previous studies showed that high PTH
damages cardiac myocytes [31] and contributes to the de-
velopment of uremic cardiomyopathy [32]. However, re-
cent works suggest that elevations in serum calcium and
phosphorus that accompany SHPT play a more critical
role in the development of vascular calcification rather
than PTH itself [9, 10]. Analyses from several large dialy-
sis databases provide support for this notion, demon-
strating that serum calcium and phosphorus levels are
more closely associated with all-cause and cardiovascular
mortality risks than PTH levels are [3-8]. Based on these
data, many guidelines released in recent years recom-
mend giving priority to the control of serum calcium and
phosphorus rather than PTH levels [11-13].

In this regard, our findings that progression of SHPT
is associated with increased difficulty in managing se-
rum calcium and phosphorus are worthy of consider-
ation. This suggests that halting progression of SHPT is
crucial to adequately control serum calcium and phos-
phorus and thereby improve survival, even though PTH
has only a limited independent effect on outcomes as re-
ported in previous observational studies [3-8]. In this
study, we also found an association between a history of
successful PTx and improved control of serum calcium
and phosphorus, which further bolsters the hypothesis
that the degree of SHPT has a considerable impact on the
management of mineral metabolism. Recent observa-
tional data suggest that PTx for severe SHPT improves
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survival atleast in the long term [33]; these positive effects
by PTx on survival may be attributed to improved control
of serum calcium and phosphorus after the surgery, as
well as marked reduction in PTH levels.

Abnormalities in calcium and phosphorus metabo-
lism in SHPT are not only caused by high PTH levels, but
also by therapeutic measures used to manage it. VDRAs
enhance the intestinal absorption of calcium and phos-
phorus, and their use to manage SHPT raises serum cal-
cium and phosphorus levels [16]. In this study, we showed
that the development and progression of SHPT is associ-
ated with practical difficulty in managing serum calcium
and phosphorus, and notably, this was also the case with
patients who were not treated with VDRAs. This finding
suggests that SHPT causes abnormal mineral metabo-
lism independently of the effects of VDRAs, presumably
by directly affecting bone to increase calcium and phos-
phate efflux.

This study also showed that dialysate calcium concen-
tration, 2.5 or 3.0 mEq/l, affect the practice patterns and
controllability of mineral metabolism in CKD-MBD.
Compared with 3.0 mEq/] calcium dialysate, the use of
2.5 mEq/l calcium dialysate was associated with in-
creased use of calcium carbonate and high doses of
VDRAs, while improving achievement of the JSDT tar-
gets for serum calcium and phosphorus. Theoretically, it
is possible that the use of 2.5 mEq/I calcium dialysate re-
sulted in a tendency towards lower serum calcium com-
pared with 3.0 mEq/I calcium dialysate, which may have
enabled the administration of calcium carbonate, leading
to improved management of serum phosphorus. Possibly
for the same reason, the doses of VDR As might have been
increased in patients on 2.5 mEq/l calcium dialysate
compared with those on 3.0 mEq/I calcium dialysate [34].
Recent retrospective data suggest a possible link between
the use of VDR Asand improved survival [35-37]. Wheth-
er the increased use of VDRAs as well as improved man-
agement of mineral metabolism associated with the use
of 2.5 calcium dialysate provides a survival benefit, or,
rather, higher dose of VDR As and calcium-based binders
limit the survival advantage predicted by a better bio-
chemical control should be investigated in future studies.

In this study, we also examined baseline serum ALP
levels among patients in the MBD-5D, showing that
22.9% of patients had serum ALP >350 U/l (approximate-
ly the upper limit of the reference ranges). It is well known
that serum ALP can be used as a biochemical marker of
high-turnover bone disease [38]. In addition, recent epi-
demiological studies have shown an increased risk of all-
cause and cardiovascular mortality associated with high-
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er serum ALP in hemodialysis patients [39, 40]. It is also
reported that higher serum ALP was associated with cor-
onary artery calcification in hemodialysis patients [41].
Although definitive evidence remains to be provided,
these data lead to the hypothesis that serum ALP could
be a potential biomarker to guide treatment of CKD-
MBD. The MBD-5D will determine whether lower serum
ALP is also associated with better survival in Japanese
hemodialysis patients.

Our study has several important limitations. First, this
was a baseline analysis of a prospective cohort study, and
the cross-sectional nature of the study does not allow us
to determine the causal direction between the severity of
SHPT and difficulty in managing mineral metabolism.
Thus, although we used rigorous statistical methods to
adjust for baseline differences between patients, we can-
not exclude the possibility that poor control of mineral
metabolism contributes to the development of SHPT.
Second, all study participants in this study were Japanese
patients and their SHPT were mostly treated according to
the JSDT guideline. We do not, however, consider that
our results should be limited to Japanese patients. In Ja-
pan, laboratory measurements are usually performed fol-
lowing the longest interdialytic period; thus, the slightly
higher target range for serum phosphorus in the JSDT
guideline can be considered to be identical to that of the
KDOQI guidelines [42]. Also, the upper limit of the target
range for serum calcium in the JSDT guideline is slightly
higher than that of the KDOQI guidelines; however, re-
cent clinical data suggest that serum calcium in this range
is associated with lowest mortality in the US population
[43]. Finally, and most importantly, the target range for
intact PTH in the JSDT guideline is substantially lower
than that of the KDOQI and the KDIGO guideline. Al-
though, whether such a lower target for intact PTH actu-
ally provides a survival benefit remains to be determined,
our sensitivity analysis showed that the use of PTH cat-
egory according to the KDIGO or KDOQI guidelines did
not alter the association between the severity of SHPT
and mineral metabolism management. Collectively, the
results of this study would provide important implica-
tions for the management of SHPT worldwide, although
our findings should be confirmed by international stud-
ies, such as the DOPPS and the Current Management of
Secondary Hyperparathyroidism: A Multicenter Obser-
vational Study (COSMOS) [44].

In conclusion, this baseline analysis of the MBD-5D
suggests that the severity of SHPT is associated with prac-
tical difficulty in managing mineral metabolism in CKD
and that PTx for advanced SHPT leads to improved con-
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trol of serum calcium and phosphorus. Dialysate calcium
concentration also appears to substantially affect practice
patterns for CKD-MBD and controllability of mineral
metabolism. Further prospective investigation will deter-
mine associations between practice patterns for CKD-
MBD and improved patient-level outcomes in Japan,
which will provide important perspectives for future
clinical trials and clinical practice guidelines worldwide.

Appendix

The following investigators also participated in this study, No-
buo Hashimoto (H-N-MEDIC), Mari Ishida (Kitasaito Hospital),
Toshiyuki Date (Date Clinic), Kiyotaka Yabuki (Yabuki Hospital),
Hideki Tanida (Tendo Onsen Yabuki Clinic), Fumitoshi Yamau-
chi (San-ai Hospital), Mikihiko Fujishima (Yahaba Clinic), To-
mohito Matsunaga (Eijinkai Hospital), Jun Urae (Ishinomaki
Clinic), Hiroshi Kawaguchi (Iwaki Urological Hospital), Tkuo
Takahashi (Kisen Hospital), Yoshiko Tanaka (Shinjuku-Koshin
Clinic), Hideo Kobayashi (Suda Clinic), Maki Takahashi (Suda
Naika Clinic), Tatsuya Nonaka (Seishokai Memorial Hospital),
Hideto Emoto (Tokai Hospital), Kyosuke Nishio (Shinkoiwa
Clinic), Atsushi Hayama (Moriyama Rehabilitation Hospital),
Toshio Shinoda (Kawakita General Hospital Dialysis Center), Ta-
kashi Kono (Mihama Narita Clinic), Takahiro Mochizuki (Kam-
eda Medical Center), Yasuo Kimura (Shin-kashiwa Clinic), Nori-
yoshi Murotani (Chiba Social Insurance Hospital), Satoshi Yama-
guchi (Asahi Hospital), Taichi Nakanishi (Kurihama Clinic),
Kiyoshi Ozawa (Yokosuka Clinic), Takashi Nagaoka (Sagamihara
Clinic), Takao Suga (Bousei Hiratsuka Clinic), Masakazu Suda
(Suda Medical Clinic), Yoshikazu Goto (Saiyu Soka Hospital),
Michio Kuwahara (Shuwa General Hospital Hemodialysis Clin-
ic), Hiromi Shimoyama (Yuai Clinic), Kimihiko Matsuyama (Mi-
sato Kenwa Clinic), Kazue Ueki (Toho Hospital), Kyoko Ito (Heisei
Hidaka Clinic), Katsuhiko Miyamoto (Seseragi Hospital), Ta-
kashi Ishizu (Tukuba Central Hospital), Shuichi Kikuchi (Ohba
Renal Clinic), Masaki Kobayashi (Tokyo Medical University
Ibaraki Medical Center), Mitsuyoshi Furuhashi (Maruyama Hos-
pital), Masanori Wakabayashi (Bousei Dai-ichi Clinic), Kazuyo-
shi Nakamura (Fujidaiichi Clinic), Hirotake Kasuga (Kaikoukai
Central Clinic), Itsuo Yokoyama (Nagoya Memorial Foundation
Narumi Clinic), Chikao Yamazaki (Masuko Clinic SUBARU),
Kijun Nagata (Sawada Hospital), Yasumasa Kawade (Suzuka Kid-
ney Clinic), Toshiaki Kawanaka (Ishikiriseiki Hospital), Yoshi-
hiro Tsujimoto (Inoue Hospital), Mikio Okamura (Ohno Memo-
rial Hospital), Shigeki Okada (Okada Clinic), Senji Okuno (Kid-
ney Center Shirasagi Clinic), Harumi Nagayama (Nagayama
Hemodialysis Clinic), Shuji Okazaki (Nagayama Hospital), Yo-
shinori Tone (Fujii Clinic), Ibuki Yajima (Ibuki Clinic), Kouji
Shibuya (Sumiyoshigawa Hospital), Kunihiko Yoshiya (Hara
Genitourinary Hospital), Morihiro Kondou (Otowa Kinen Hos-
pital), Satoru Yamazaki (Tojinkai Hospital), Ryoichi Miyazaki
(Fujita Memorial Hospital), Katsuhiko Arimoto (Shigei Medical
Research Hospital), Misaki Moriishi (Nakajima Tsuchiya Clinic),
Takahito Nasu (Tokuyama Central Hospital), Seiichi Obayashi
(Kinashi Obayashi Hospital), Yuzuru Sato (Sato Junkankika Nai-
ka), Takao Tanaka (Ohji Hospital), Hidetoshi Nakamura (Kokura
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Daiichi Hospital), Nobuhiko Koga (Shin-Koga Clinic), Haru-
michi Higashi (St. Mary’s Hospital), Kougi Yuu (Takahashi Naika
Clinic), Asako Kitamura (Chikuho Social Insurance Hospital),
Tomoji Matsumae (Murakami Memorial Hospital), Katsushige
Abe (Jinikai Hospital), Masahiro Kawatomi (Kawatomi Internal
Medicine Clinic), Motoko Tanaka (Akebono Clinic), Chisa No-
gami (Kumamoto Urological Hospital), Etsuo Yoshidome (Ikeda
Hospital), Shinyu Miyagi (Okinawa Daiichi Hospital), Satoshi
Nakazato (Chibana Clinic), Yoshiki Shiohira (Tomishiro Central
Hospital), and Kiyoyuki Tokuyama (Tokuyama Clinic).
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