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CANTUNE 3

Chronic kidney disease (CKD) as a newly recognized threat to health
Key Words : eGFR, proteinuria, cardio vasucular disease, end-stage renal failure
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ARTICLE I'NFO ABSTRACT
Article history: The role of 25-hydroxyvitamin D [25(0H)D] and fibroblast growth factor-23 (FGF-23) in chronic kidney
Received 2 July 2008 disease-mineral and bone disorder (CKD-MBD) remains elusive in predialysis CKD patients, From the fact
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that FGF-23 suppresses bone mineralization in vitro and that 1a-hydroxylase is present in parathyroid cells

and osteoblasts, they may be associated with bone mass or serum parathyroid hormone (PTH) level. In this
- cross-sectional observational study, we investigated the potential associations of 25(0H)D or FGF-23 with 1-
84 PTH and bone mineral density (BMD) in the femoral neck (FN) and lumbar spine (LS) of 325 non-diabetic
patients. All patients had stages 3-5 CKD and had never been treated with bisphosphonate, estrogen, or
vitamin D. We measured bone-specific alkaline phosphatase (bone ALP), intact FGF-23 and 1-84 PTH in a
third generation assay, and performed a multiple regression analysis for 1-84 PTH and BMD Z-score. In our
cohort, 80.1% had 25(0H)D levels less than 30 ng/mL, and 4.1% had levels less than 15 ng/mL A univariate
analysis indicated a negative association for 25(0H)D with 1-84 PTH and bone ALP. A multivariate analysis
showed that the significant determinants for 1-84 PTH were 25(0OH)D, estimated glomerular filtration rate
(eGFR), corrected calcium, serum calcitriol and phosphate, Intriguingly, the three former parameters had
negative associations with 1-84 PTH while calcitriol had a positive association. While further adjustment of
FGF-23 extinguished the positive association of phosphate and 1-84 PTH, there was absolutely no increase in
the R% With regard to the BMD Z-score, 25{OH)D and the body mass index were the significant common
independent positive determinants for both FN and LS, whereas bone ALP was the negative determinant even
though there was no correlation noted for 1-84 PTH, calcitriol, or FGF-23 with BMD. In addition, eGFR
positively contributed to the Z-score only in FN, Therefore, despite a positive correlation between 25(0OH)D
and calcitriol, their contribution to the CKD-MBD appears to be different. Since the significant associations for
25(0H)D with 1-84 PTH and BMD were independent of serum calcitriol and bone ALP, this might imply that
25(0H)D has a direct effect on the parathyroid gland and bone.
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Introduction

It is generally accepted that low serum levels of calcium and
calcitriol combined with high phosphate levels contribute to the
pathogenesis of secondary hyperparathyroidism (Il HPT) in chronic
kidney disease (CKD) patients [1-4]. However, even after adjusting for
the many confounding factors, a clear correlation between 25-
hydroxyvitamin D [25(OH)D] with predialysis Il HPT and bone mineral
density (BMD) has yet to be demonstrated.

- For a long time, 25(OH)D was believed to be just a precursor of
calcitriol that had no inherent biological activity, and thus, was simply
used as an indicator of the nutritional state. However, recent studies
have demonstrated that parathyroid cells and osteoblasts contain 1o~
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hydroxylase [5] and megalin, which is the main endocytic receptor in
the proximal tubules for the re-uptake of proteins, including the
vitamin D-binding protein (DBP){25(0H)D complex [6]. These data
suggest a possible clinical relevance of 25(0H)D in bone metabolism
and in parathyroid function.

An insufficiency of 25(0H)D is a common condition seen in both
the general population and in CKD patients [7,8]. n order to manage Il
HPT in predialysis CKD patients, the Kidney Disease Outcome Quality
Initiative (K/DOQI) guidelines have recommended ergocalciferol
administration to stages 3 or 4 CKD patients if they have intact
parathyroid hormone (PTH) levels greater than the target range and
25(0H)D levels less than 30 ng/mL (75 nmol/L) [9]. In fact, serum 25
(OH)D has been shown to be inversely correlated with PTH in
individuals with or without CKD [10-13], as well as in renal
transplantation patients [14]. However, PTH levels in these studies

‘were measured using a second-generation (intact PTH) assay that also

Please cite this article as: Tomida K, et al,, Serum 25- hydroxyvnamm Dasan mdependent determmant ofl 84 PTH and bnne mmeral den ty
in non—dsabenc predralysss C}(D patlents Bone (2009), doi: 10. 1016/j. bone.2008.11. 16 P &

R




2 K. Tomida et al. / Bone xox (2009) so0e-200

detects 7-84 PTH as well as the bioactive 1-84 PTH. Kazama et al. [15]
reported that the ratio of 1-84 PTH to intact PTH changes remarkably
as the renal function declines. In addition, vitamin D status itself has
also been shown to affect this ratio [16]. Therefore, in cases of renal
failure, it is unclear if the vitamin D status actually contributes to the
serum 1-84 PTH level (not the intact PTH level).

When studying the contribution of 25(0H)D to 1-84 PTH, one of
the important confounders is.the novel phosphaturic hormone,
fibroblast growth factor 23 (FGF-23). FGF-23 affects vitamin D
metabolism through the inhibition of la-hydroxylase [17]. This
hormone is also upregulated under the conditions of excessive PTH
[18]. Bone cells express fibroblast growth receptor 1, suggesting that
FGF-23 could alter bone mineralization through a direct effect on the
skeleton. A recent study has shown that overexpression of FGF-23
suppresses osteoblast differentiation and matrix mineralization in
vitro [19]. Therefore, the potential exists for this hormone to affect the
BMD in predialysis CKD patients.

In the present study, after adjusting for confounders including FGF-
23, we attempted to determine the difference between serum 25(0H)
D and calcitriol with regard to the contribution to CKD-mineral and
bone disorders (CKD-MBD). To achieve this, we examined which
laboratory data were associated with BMD and serum 1-84 PTH (not
intact PTH) in a group of non-diabetic predialysis patients.

Patients and methods
Study design and subjects

In this cross-sectional observational study, we ‘enrolled 325
predialysis patients who were 18 years or older and who had stages
3-5 CKD (210 men and 115 women). Patients were excluded if they
had a history of treatment with glucocorticoids, calcium, vitamin D
analogues, ergocalciferol, cholecalciferol, bisphosphonates, sodium
bicarbonate, estrogens, or selective estrogen receptor modulators.
Patients with primary hyperparathyroidism or liver cirrhosis were
also excluded. Because diabetes mellitus affects bone turnover [20]
due to impaired osteoblast function [21], we studied non-diabetic
predialysis patients with stages 3 to 5 CKD.

Laboratory measurements

Blood samples were drawn from ambulatory patients at the
outpatient clinic of Osaka University Hospital and Osaka General
Medical Center. We centrifuged the blood at room temperature at
3000 rpm for 5 min, with the serum then stored at -80 °C until
analysis. Blood chemistry [serum creatinine, albumin (Alb), calcium
‘(Ca), and phosphate] was measured using standard automated
techniques. Full length 1-84 PTH was measured using a third-
generation assay (whole PTH, Scantibodies, Santee, CA, USA). The
biologically active form of FGF-23 was measured using a sandwich
enzyme-linked immunosorbent assay system (Kainos Laboratories,
Inc, Tokyo, Japan). Bone-specific alkaline phosphatase (bone ALP) was
assayed by using the Osteolinks-Bone ALP high-sensitivity diagnostic
enzyme immunoassay (EIA) kit (Sumitomo Pharmaceuticals, Co.,

Table 1
The characteristics of enrolled patients

CKD stage L oot el g B o
Numbers of the: 2=k 133 (47)iE 49 (16)= - NS
_patients (Female) - e e v
Age(years):: - - 624%138 . 63.0%145 > - 616+148. - . ns:
BMI(kg/m?) © = == 240333 - 224331~ - 225340 0.0118
CorrectedCa =~~~ 5.39$049 - 9303040 - .. 9.00061 <.0001
(mg/dL). - . Sl = SH R e S

Phosphate (mg/dL) 3.2620.50= 3471059 - -~ 4102075 <.0001

CKD, chronic kidney disease; BMI, body mass index.
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Fig. 1. Changes of phosphaturic hormones, calcitriol and vitamin D status across CKD
stages. Calcitriol and 25(OH)D are shown as the mean (£SEM). The boxes for 1-84 PTH
and FGF-23 represent the interquartile range, with the upper and lower edges
representing the 75th and 25th percentiles, respectively, The central horizoxntal lines
represent the median levels, The vertical lines above and below the boxes represent the
range of outliers up to 1.5 times the interquartile range. *P<0.05 vs. CKD stage 3.

Osalca, Japan). The levels of serum calcitriol and 25-hydroxyvitamin
D were measured by using a 1,25-hydroxyvitamin D RIA kit “TFB’
(Immunodiagnostic Systems Ltd., Boldon, UK) and a " RIA kit
(DiaSorin Inc, Stillwater, MN, USA), respectively. The serum Ca level
was corrected for Alb by the formula (5-Ca; serum corrected Ca=Ca+B
(4-Alb), if Alb<4.0 g/dL) [22]. We measured the BMD of the second to
fourth lumbar vertebrae (L2-4) in addition to the femoral neck with a
dual-energy X-ray absorptiometer (Discovery A, Hologic Inc,, Bedford,
MA, USA) in the posterior-anterior projection. Values were expressed
by the age- and sex-adjusted Z-score.

Statistical analysis

Data are reported as the mean+SD or the median and range. The
estimated GFR (eGFR) was calculated by the MDRD formula
optimized for Japanese patients [(0.741%175xCr™ 1154 x Age™02%3x 0,742
(if fenale))] [23). Patients were categorized and placed into three
groups according to their eGFR (CKD stage 3: eGFR 30 to 60 mL/min/
1.73 m?; CKD stage 4: eGFR 15 to 30 mL/min/1.73 m?; or CKD stage
5: eGFR less than 15 mL/min/1.73 m?). We investigated the
independent determinants of 1-84 PTH and the age- and sex-
adjusted BMD Z-score by using a multiple linear regression analysis.
Variables that were significantly affected in the bivariate analysis
(P<0.2) were included in a forward and backward stepwise multiple
regression analysis. To take into account the contribution of the
seasons with regard to the vitamin D status, we converted the
seasons to dummy variables in the multiple regression analyses for
1-84 PTH and bone ALP. Because their distributions were skewed,
bone ALP, 1-84 PTH and FGF-23 were log transformed before the
regression analysis. Statistical tests were two-sided, and P-values less
than 0.05 were considered statistically significant All analyses were
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performed with JMP ver. 7.0.1] for Windows (SAS Institute Inc, Cary,
NC, USA).

Results

The characteristics of the study population are summarized in
Table 1. In accordance with the K/DOQI guideline recommendations,
we found that 234 out of 291 patients (80.1%) had 25(0H)D levels less
than 30 ng/mL (vitamin D insufficient), while 12 patients (4.1%) had
levels less than 15 ng/mL (vitamin D deficient). However, if we used a
cut-off value of 20 ng/mL to indicate a vitamin D deficiency [13], then
54 patients (16.6%) were considered to be vitamin D deficient. Serum
25(0H)D levels did not differ across the CKD stages, The variations of
25(0H)D, calcitriol, FGF-23 and 1-84 PTH across the CKD stages are
illustrated in Fig. 1. There was a significantly positive association
between the serum calcitriol levels and the serum 25(OH)D levels in
CKD stage 3 (r=0.14, P=0.045) and stage 4 (r=0.39, P=0.0008)
patients, No significance was noted for the CKD stage 5 patients.

Determinants of 1-84 PTH

In a univariate analysis, serum 25(0H)D had a significant negative
association not only with 1-84 PTH but also with the bone formation
marker, bone ALP (Fig. 2). S-Ca, phosphate, calcitriol, eGFR and FGF-23
were also significantly associated with 1-84 PTH. By using these
parameters along with age and gender as independent variables, we
constructed two models and performed a multiple regression analysis

-
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Fig. 2. Relationships between 25(0H)D and (A) Log(1-84 PTH), and (B) Log(Bone ALP).
Serum 25-hydroxyvitamin D was negatively associated with not only with 1-84 PTH,
but also with the bone turnover marker bone ALP.

Table 2
Multiple regression analysis for log (1-84 PTH)

{44 Model 1:FGF-23 ()10 ¢ Model 2:FGE23 (+)ii sl

PR AEY sk, SEReS: P value i Al e S Pk 4y Pvalue!
25(0HD . -0.02507 00073 00008 -0.0258 ' 00077." 00010
Calcitriol |/ -~ 0,0107 40,0033 ' 00012 0.0119 - 0.0034 | 0,0005
Corrected €2 -0.2985 -~ 0.0837 . 0.0004 ~ ' -02999  0.0860  0.0006
eGFR.[© /! ' - -00496 | D.DO48 . <0001 ' -0.0442; . 00054 ' <0001
Phosphate | (01421 00692 - 0.0408 00522 0.0782. 050(ns)
LDg(FGF 23] gRLL i 02233 00905 © 0.0143

ey o FE L RP-046*

SE Standard error; 25(0H)D, 25-hydroxyvitamin D; eGFR, estimated glomerular
filtration rate.; FGF-23, fibroblast growth factor-23.
* Corrected R? for degree of freedom.

for 1-84 PTH in order to investigate the factors promoting Il HPT. FGF-
23 was excluded in model 1 and included in model 2. In both models,
25(0H)D, corrected Ca, and eGFR were negatively associated with 1-
84 PTH. Intriguingly, calcitriol was found to be positively associated
with 1-84 PTH. As for phosphate, the positive association seen in
model 1 disappeared in model 2, in which FGF-23, in stead of
phosphate, showed positive association with 1-84 PTH (Table 2).
Moreover, when we made adjustments for the seasons, there were no
changes noted in the results.

Multiple regression analysis showed that only 1-84 PTH was a
determinant of bone ALP in males, whereas in females, in addition to
1-84 PTH, younger age and post-menopausal status were also
associated with a higher bone ALP (Table 3). The ratio for the bone
ALP to 1-84 PTH (bone ALP/1-84 PTH) was demonstrated to be
positively associated with eGFR [Log (bone ALP/1-84 PTH)=
0.03*eGFR-0.93, R?=0.29, P<0.0001], which suggests there is a low
skeletal sensitivity to PTH in advanced renal failure.

Determinants of age- and sex-adjusted BMD Z-scores in the femoral neck
and lumbar spine

The associations between the CKD stages and the age- and sex-
adjusted Z-scores of BMD are shown in Fig. 3A. A significant trend
towards decreased Z-scores with the higher CKD stages was observed
for the femoral neck (FN) but not for the lumbar spine (LS). We
investigated the association of the Z-scores with the number of
achieved K/DOQI guideline target ranges for $-Ca, phosphate, and
intact PTH (recommended PTH target ranges were; 35-70, 70-110 and
150-300 pg/mL for CKD stages 3, 4 and 5, respectively). With higher
BMDs for both the FN and LS, there was an associated increase in the
number of target achievements, although this trend was not
statistically significant (Fig. 3B).

To elucidate the significant determinants of the BMD Z-score, we
performed a multiple regression analysis that used the S-Ca,
phosphate, 25(0H)D, calcitriol, bone ALP, FGF-23, 1-84 PTH, eGFR
and BMI as the potential explanatory variables. Common significant

Table 3
Multiple linear regression analysis for bone specific alkaline phosphatase

M“.IE. cok e
Log (1-84 PTH)

Age {
Log (1-84 P’I’HJ -
Postmenopause.. '

PTH, parathyroid hormone.
* R? for degree of freedom.
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Fig. 3. Changes of age- and sex-adjusted Z-scores at the femoral neck (FN) and lumbar spine (LS) across the CKD stages (A), and across the achieved K/DOQI guideline recommended
target ranges for calcium, phosphate and intact PTH(B). In (A) and (B), we observed a tendency for negative and positive associations. However, this significant trend was only
observed between the FN-Z and CKD stages. P: serum phosphate, K/DOQJ: Kidney Disease Outcome Quality Initiative, FN-Z: BMD Z-score at the femoral neck, LS-Z: BMD Z-score at

the lumbar spine, CKD: chronic kidney disease.

positive determinants of BMD at both sites were 25(OH)D and BMI,
whereas bone ALP was the common negative determinant. The
estimated GFR was a significant positive determinant of BMD only at
the FN, which is rich in cortical bone (Table 4). However, there was no
significant correlation found between the BMD Z-score and calcitriol,
1-84 PTH, or FGF-23,

To further investigate the correlation between the BMD Z-score
and these independent BMD determinants, we divided the subjects
into tertiles based on 25(0H)D, bone ALP, and BMI. We then classified
the subjects into nine categories based on the tertile combinations
that consisted of 25(0H)D and bone ALP or the tertiles of 25(0OH)D and
BMI (Fig. 4). A gradual increase in the BMD Z-scores was observed
when there was higher 25(0OH)D and lower bone ALP or higher BML
Unexpectedly, when compared to the other groups that had the lowest
25(0H)D tertile, the BMDs at both sites were lower in the group that
had the lowest tertiles for bone ALP and 25(OH)D (the LL group) (Fig.
4). Moreover, in the LL group, the 1-84 PTH level was the lowest
among all of the nine groups (data not shown).

Table 4
Multiple linear regression analysis for age- and sex-adjusted BMD Z-score

Discussion

In our study, after adjusting for S-Ca, eGFR, and FGF-23, a
multivariate analysis indicated there was a negative association for
25(0H)D with 1-84 PTH and a positive association for calcitriol with 1-
84 PTH [24]. We also found that 25(0H)D was a positive determinant
of the BMD Z-score in addition to BMI and bone ALP for both the LS
and FN, whereas neither serum calcitriol nor FGF-23 exhibited any
association with BMD.

In addition to the negative association noted for 25(0OH)D with 1-
84 PTH, our univariate analysis showed that 25(OH)D but not calcitriol
exhibited a negative correlation with bone ALP, which is a marker of -
bone turnover in CKD [25]. These data might imply that serum 25(0H)
D, but not calcitriol, is a surrogate marker for bone turnover and bone
mass in predialysis patients. Our data are reminiscent of a bone biopsy
study by Coen et al. in hemodialysis patients [26]. This previous study
revealed that serum 25(0H)D was a significant determinant of bone
turnover independently of serum calcitriol. Therefore, the direct
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FN-Z, age- and sex-adjusted BMD Z-score at the femoral neck; LS-Z, Age- and Sex- Adjusted BMD Z-score at the lumbar spine; S.E., standard error; 25(0H)D, 25-hydroxyvitamin D;
bone ALP, bone specific alkaline phosphatase; BMI, body mass index; eGFR, estimated glomerular filtration rate.
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Fig. 4. BMD Z-scores for the nine different tertile combinations for (A, B) 25(0H)D and
bone ALP, and (C, D) 25(0H)D and BML. Patients were categorized and then placed into
nine groups based on the tertiles of 25(OH)D, bone ALP, and BMI. The group with the
lowest 25(0OH)D and highest bone ALP, and the group with lowest 25(0H)D and lowest
BMI were used as the reference groups in each figure. H, high; M, middle; L, low. a:
P<0.05, b: P<0.01, c: P<0.001 as compared with the reference group (Dunnett's test).

action of 25(OH)D on bone metabolism through auto/paracrine
actions in osteoblast might explain the mechanism for the association
of 25(0H)D and bone turnover [27].

One of the limitations of our study was that it was a cross-sectional
observational one, and thus, it was not possible to elucidate the causal
relationship. To truly clarify the contribution of 25(0H)D to CKD-MBD,
a further longitudinal interventional study with 25(0H)D supplemen-
tation is required. While Ziyad Al-aly et al. performed a retrospective
study that followed this format [28), they did not have data with
regard to changes in BMD or in bone turnover markers when
administering ergocalciferol to predialysis patients. Hernandez et al.
reported that administration of ergocalciferol completely improved
the clinical symptoms associated with osteomalacia in a young
hemodialysis patient, despite discontinuation of paricalcitol. In this
patient, reduction of PTH and ALP, an increase in BMD, and a
remarkable improvement in the overall bone histology were observed
[29]. The findings of their case report are in agreement with our
current cross-sectional study.

Intriguingly, in our study, a multivariate analysis showed that 1-84
PTH was positively associated with calcitriol even in the late stages of
CKD. This result is compatible with the physiological role of PTH, which
upregulates 1a-hydroxylase in the proximal tubules [30]. In fact, in
primary hyperparathyroidism, serum calcitriol levels are usually high
because of this unregulated, elevated hormone [31]. However, in CKD
patients, 1-84 PTH fails to upregulate 1a-hydroxylase enough, because
of the reduced number of viable nephrons. In hemodialysis patients,
the phosphate load is roughly reflected in the serum phosphate levels,
and the serum phosphate levels are positively correlated with 1-84
PTH [32]. As in the multivariate model that did not include FCF-23, this
positive association also applies to the predialysis patients. However,
after adjustment for FGF-23, the positive association of phosphate with

1-84 PTH was extinguished. Given that FGF-23 is also upregulated by
the oral phosphate load [2,32,33], our results imply that 1-84 PTH can
be upregulated not only by serum phosphate but also by the phosphate
load. Measurement of urinary phosphate or phosphate intake would
likely have revealed this, but we did not measure these levels, which is
another limitation of our study. Acute injections of recombinant FGF-
23 was shown to reduce PTH in rats without renal failure [34].
However, we did not observe a negative association between PTH and
FGF-23. The main reason for this might be that PTH, in turn, can
upregulate FGF-23 [18]. High PTH even under the condition of
extremely high levels of FGF-23 could be attributed to some FGF-23
resistance of the parathyroid cells due to reduced Klotho expression,
which was previously reported in human primary HPT [35).

Diverse difference of the skeletal sensitivity to PTH across the CKD
stages might explain the reason for the lack of association between 1-
84 PTH and BMD. This difference is possibly due to the down-
regulation of the PTH-1 receptor caused by the uremic toxins [36], and
is reflected in our finding of a positive association of bone ALP/1-84
PTH with eGFR in the current study. In contrast to osteocalcin, renal
function did not interfere with the levels of bone ALP [37]. Moreover,
our data showed that the postmenopausal high bone turnover state
was also reflected in bone ALP [25]. These should be the main reason
why bone ALP not 1-84 PTH is a determinant of BMD Z-score. A recent
study has found that in hemodialysis patients, full-length biclogically
active FGF-23 had no significant correlation with bone mass or bone
turnover markers [38). This observation was also noted in the
predialysis CKD patients in the present study.

Among the nine groups based on the 25(0H)D and bone ALP, the
mean BMD Z-score was unexpectedly low in the group that exhibited a
low bone ALP and low 25(OH)D. In this group, 1-84 PTH was the lowest
among all of the nine groups. Thus, the poor response of this anabolic
hormone to the low vitamin D status might lead to impaired bone
formation, which in turn could lead to the low BMD in this group.

In summary, this study demonstrated the importance of the
vitamin D status in non-diabetic CKD-MBD with regard to [l HPT and
BMD. Since the serum calcitriol level itself was the consequence of the
regulations by endogenous 1-84 PTH and FGF-23, we propose that it is
not the serum calcitriol but its precursor 25(0H)D that should be
monitored in predialysis patients.
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