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Abstract
Objective: To compare the circulation levels of hormones related with bone metabolism in a cohort of patients with chronic 
kidney disease in stage 3-5 who were treated by ergocalciferol (VitD2) or calcitriol (aVitD3).

Methods: A post-hoc study was designed, and 204 patients were enrolled into the present study with a mean following-up 
duration of 33.2 ± 3.8 months. Patients in Group VitD2 (n = 104) and Group aVitD3 (n = 100) were treated by ergocalciferol 
and calcitriol, respectively. The circulation levels of routine biochemical parameters were detected including hemoglobin 
(Hb), hypersensitive C reactive protein (hs-CRP), serum creatinine (SCr), albumin (A), total cholesterol (TCh), triglycerides 
(TG), calcium (Ca), phosphorus (P), as well as bone biomarkers covering alkaline phosphatase (ALP), intact parathyroid 
hormone (iPTH), 25-hydroxyvitamin D, fibroblast growth factor-23 (FGF-23), klotho, bone morphogenetic protein (BMP) 
and osteopontin (OPN). Statistic analysis was conducted on parameters levels changes according to different time points 
and groups during following up. 

Results: Among different time points, there were significant differences in the circulating levels of Ca (F = 2.908, P = 0.014), 
P (F = 9.168, P < 0.001), ALP (F = 4.625, P = 0.005), iPTH (F = 4.064, P = 0.003), 25(OH) D (F = 306.48, P < 0.001), FGF-23 
(F = 118.42, P < 0.001), klotho protein (F = 71.079, P < 0.001), and OPN (F = 6.576, P < 0.001). The 25(OH) D (F = 209.222, 
P < 0.001) and BMP-7 (F = 44.245, P < 0.001) levels of VitD2 group increased significantly than aVitD3 group during 
treatment. 25(OH) D level had a significantly negative correlation with FGF-23 after 24 months vitamin D supplements 
treatment (t = -2.572, β = -0.177, P = 0.011).

Conclusions: The blood levels of bone metabolism hormones change significantly after vitamin D agents’ therapy. 
Ergocalciferol supplementation treatment can increase blood levels of 25(OH) D and BMP-7 much more than calcitriol. 
Improving 25(OH) D insufficiency can suppress the endocrine of FGF-23.
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Introduction
Chronic kidney disease mineral bone disorder (CKD-

MBD) is highly prevalent in CKD stage 3-5 patients 
[1,2]. Though bone biopsy can give an identify diagnosis 
of CKD-MBD, it is difficult for mostly hospitals to con-
duct the biopsy due to patients’ reluctance. Moreover, 
at an early stage of CKD-MBD, the only signs of the 
disease may be abnormal levels and bioactivities of the 
bone metabolism hormones and circulation biochemical 
markers, which including blood calcium (Ca), phospho-
rus (P), parathyroid hormone (PTH), alkaline phospha-
tase (ALP), Vitamin D [3,4], fibroblast growth factor 23 
(FGF-23) and klotho, etc. [5]. Thus, the circulation bio-

markers of CKD-MBD are very important. Besides blood 
biomarkers on bone metabolism including bone spe-
cial alkaline phosphatase (BALP), osteopontin (OPN), 
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bone morphogenetic protein (BMP), and FGF-23 could 
also provide very important information and evidence 
for clinical assessment of CKD-MBD. The correlations 
among these bone metabolism hormones are complex, 
which need further research. For example, overloaded 
phosphate deposition causes arterial medial calcification, 
while OPN and FGF-23 may be inducers and markers 
of this process [6-9]. Increased extracellular phosphate 
and vitamin D hormone stimulate the secretion of BMP-
7 and FGF-23 in bone, which forming a feedback loop 
between bone and kidney [10].

In CKD patients, vitamin D insufficiency and defi-
ciency are more common than in the general population 
[11]. The prevalence of 25-hydroxyvitamin D [25(OH)
D] deficiency in adults at CKD stage 2-4 has been re-
ported at 71%-82% and is closely correlated with CKD 
stages [12]. Vitamin D deficiency plays a critical role in 
CKD-MBD and is associated with mortality and mo-
bility in CKD patients [3,4]. Therefore, vitamin D sup-
plements are common in the treatment of CKD-MBD. 
To compare the efficacy and safety of ergocalciferol (vi-
tamin D2, Vit D2) and calcitriol (activated vitamin D3, 
aVitD3) on treatment of secondary hyperparathyroid-
ism (sHPT) in stage 3-5 CKD patients, we conducted a 

randomized, prospective, controlled, open-labeled study 
[13]. Because it remains unclear whether the bone me-
tabolism biomarkers respond to vitamin D therapies, we 
also detected the changes of circulating levels for bone 
metabolism biomarkers, including ALP, FGF-23, klotho 
protein, BMP-7, and OPN for two years following-up. 
The present post-hoc study would provide valuable in-
formation for controlling CKD-MBD.

Methods
Study design

The protocol was detailed in our previous work [13]. 
A total of 254 patients were recruited from January 2011 
to June 2012, and 204 patients finished the following-up 
until June 2014 (Figure 1). Subjects were randomized into 
two groups: oral ergocalciferol (Group VitD2) treatment 
group and calcitriol (Group aVitD3) treatment group. 
These enrolled patients were visited every 3 months in 
the clinic during follow-up period, and underwent rou-
tine measurements of hemoglobin (Hb), hypersensitive 
C reactive protein (hs-CRP), serum creatinine (SCr), al-
bumin (A), total cholesterol (TCh), triglycerides (TG), 
Ca, P, ALP, and iPTH. Estimated glomerular filtration 
rate (eGFR) was calculated using the Modification of Diet 

         

254 patients recruited for CKD-MBD cohort 

124 patients in Group aVitD3 130 patients in Group VitD2 

Randomized divided into two groups  

100 patients enrolled 104 patients enrolled 

Excluded (n=24) 
- Cannot visit the doctor every month (n=1); 
- Contrary the protocol (n=5); 
- Loss during the first 3 months (n=1); 
- Denied participating (n=6); 
- Death (n=1); 
- Beginning of RRT (n=10). 

Excluded (n=26) 
- Cannot visit the doctor every month (n=2); 
- Contrary the protocol (n=8); 
- Loss during the first 3 months (n=4); 
- Denied participating (n= 6); 
- Death (n=1); 
- Beginning of RRT (n=5). 

Total of 204 patients finished the following-up 

Figure 1: Flow chart of participants in the cohort. CKD-MBD, chronic kidney disease mineral bone disorders; aVitD3, 
active vitamin D3, patients in this group were treated by calitriol; VitD2, vitamin D2, patients in this group were treated by 
ergocalciferol; RRT, renal replacement therapy.
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Results
In these 204 individuals who finished the following 

up, 104 were assigned to the VitD2 group, and 100 were 
assigned to the aVitD3 group. The mean duration of fol-
low-up was 33.2 ± 3.8 months (23.3-39.9 months). The 
baseline patient characteristics were shown in our previ-
ous published article [13]. Table 1 show the biochemical 
parameters levels in different treatment groups. 

All 204 patients completed 24 months follow-up, and 
there were 177 patients (86.8%) finished 30 months fol-
low-up. The repeated measures of General Linear Mod-
el were calculated according to the data for 30 months 
follow-up. In regular laboratory parameters, the levels 
of Hb, A, and SCr changed significantly with elevated 
trends during following up (Table 1, Figure 2A, Figure 
2C and Figure 2F). Other parameters, such as hsCPR, 
TCh, TG, and eGFR, did not show significant changes 
among different time points. For bone metabolism bio-
markers, there were significant differences in the circu-
lating levels of Ca, P, ALP, iPTH, 25(OH) D, FGF-23, 
klotho protein, as well as OPN over time. (Table 1, Fig-
ure 2H, Figure 2I, Figure 2J, Figure 2K. Figure 2L, Fig-
ure 2M, Figure 2N and Figure 2P). In details, the BMP-
7 levels changed without significant difference (Table 
1 and Figure 2O). The trends of Ca, P, ALP, and iPTH 
levels showed “U” shape, which the values decreased at 
the 0, 6th, and 12th month, then increased gradually in 
later follow-up period (Figure 2). Both 25(OH) D and 
FGF-23 levels increased significantly during following 
up, in contrast that both Klotho protein and OPN levels 
decreased significantly. When compared the 25(OH) D 
and BMP-7 levels between two groups, their levels of the 
VitD2 group increased significantly than aVitD3 group 
(Table 1, Figure 2L and Figure 2O). All other biochem-
ical parameters of bone metabolism showed no signif-
icant differences between the two groups (Table 1 and 
Figure 2).

According to the Linear Regression tests, there were 
complex correlations among these parameters. On base-
line, Ca had significant correlation with A, TCh, and 
iPTH, while P was correlated with Hb, SCr, eGFR and 
OPN, CRP was correlated with ALP, iPTH was correlat-
ed with Ca and SCr, BMP-7 was correlated with klotho 
protein, OPN was correlated with P and BMP-7, as well 
as BMP-7 was correlated with Hb, klotho protein and 
OPN, respectively (Table 2 and Figure 3A). Neither 
25(OH) D nor FGF-23 had statistically significant cor-
relations among other parameters on baseline. On the 
24th follow-up month, the significant correlations existed 
as: Ca with SCr and TCh, P with Hb and SCr, ALP with 
CRP and Ca, iPTH with Ca, SCr, and eGFR, 25(OH) D 
with FGF-23 and BMP-7, 25(OH) D with FGF-23, Ca 
with klotho protein, as well as 25(OH) D with BMP-7, 

in Renal Disease (MDRD) formula. Blood levels of bone 
metabolism hormones were measured every 6 months, 
including FGF-23, klotho protein, BMP-7, OPN, as well 
as 25(OH) D. 

The target level of 25(OH) D was 20 ng/ml in this 
study. The clinical outcomes included maintenance tar-
get levels of serum Ca, P, iPTH and 25(OH) D accord-
ing to the Kidney Disease Outcomes Quality Initiative 
(KDOQI) clinical practice guidelines [3]. The primary 
end-point events included all-cause death (ACD), acute 
non-fatal myocardial infarction (AMI), acute non-fatal 
stroke, congestive heart failure (CHF), and non-trau-
matic fracture (NTF). The secondary end-point events 
were the beginning of renal replacement therapy (RRT), 
eGFR decline > 25%, or doubling in SCr levels.

Biochemical assays
Whole blood samples were obtained regularly, and 

the serum samples were collected, and frozen immedi-
ately at -80 °C until they were analyzed. The serum levels 
of 25(OH) D were measured by using high-performance 
liquid chromatography-tandem mass spectrometry (LC-
MS/MS) [14] (Sciex API 2000 MDS LC-MS System, Ap-
plied Biosystems, USA). Serum FGF-23, klotho protein, 
BMP-7 and OPN were measured using enzyme linked 
immunosorbent assay (ELISA) kits (Blue Gene Biotech, 
China). The routine investigation parameters were mea-
sured by standard methods.

Statistical analysis
The patients’ characteristics and parameters are sum-

marized by treatment groups. The results are presented 
as mean ± SD for continuous variables and frequency for 
categorical variables. In order to identify the differenc-
es of biomarkers’ mean levels during follow-up wheth-
er caused by different treatments or by different time 
points, we used General Linear Model Repeated Mea-
sures for continuous variables. To observe the complex 
relationships among the bone metabolism biomarkers 
before (Month 0) and after (Month 24) vitamin D sup-
plements treatment, it was calculated by Pearson’s test 
and thereafter Linear Regression analyses. The predict 
factors among these biomarkers for either the outcomes 
or endpoint events were detected by Logistic Regression, 
respectively. P < 0.05 was considered to indicate a signif-
icant difference. All of the analyses were performed us-
ing SPSS software (version 13.0 for Windows; SPSS Inc., 
Chicago, IL, USA).

The study protocol was approved by central ethical 
review boards of the principal investigator’s clinical fa-
cility. The study was conducted in accordance with the 
principles of the Declaration of Helsinki (ClinicalTrials.
gov identifier: NCT01633853).
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FGF-23, klotho protein, OPN and BMP-7, in this ran-
domized 36-month study. Though several previous ex-
periments studied on the relationship of calcitriol and 
these hormones, such as FGF-23, klotho and BMP-7, 
as we know, this is the first time to report the effects of 
long-term treatment by different vitamin D agents on 
bone metabolism hormones. The results may provide 
some information for the treatment of CKD-MBD.

In CKD-MBD patients, one of the aims of vitamin 
D supplements is increase the level of vitamin D. The 
present study identified that ergocalciferol supplement 
could raise the blood level of 25(OH) D more signifi-
cantly than calcitriol (Table 1 and Figure 2L). Most pa-
tients in Group VitD2 (96/104, 90.4%) could reach the 
target of 25(OH) D level during the first 6 months, and 
the level increased continuously over time. The blood 
level of 25(OH) D also increased during early period in 
Group aVitD3 but declined later. Possible explanation 

respectively (Table 2 and Figure 3B). There were no sig-
nificant correlations among OPN and other parameters. 

Furthermore, there were no biomarkers of bone me-
tabolism affecting any primary endpoint events. Howev-
er, P (P < 0.001, OR = 10.825) and iPTH (P = 0.025, OR = 
1.005) levels of baseline could predict the secondary end-
point events (beginning of RRT, eGFR decline > 25%, 
and doubling in SCr levels). 

Discussion
Both KDOQI and KDIGO guidelines for CKD-MBD 

recommend using nutritional vitamin D supplements to 
treat CKD-MBD patients [3,4]. In one of our previous 
studies [13], the results suggested ergocalciferol has the 
similar effects with calcitriol on controlling CKD-MBD 
by maintaining the target levels of Ca, P, and iPTH in 
CKD stage 3-5 patients. We also found the circulation 
level changes of bone metabolism hormones, such as 

Table 2: The correlations among bone metabolism biomarkers.

Bone metabolism 
biomarkers 

Correlated parameters

Ca Month 0 A TCh iPTH
(mmol/L) P, t, β 0.020a, 2.345, 0.156 0.012a, 2.536, 0.170 0.001b, - 3.409, - 0.229

Month 24 SCr TCh
P, t, β < 0.001a, 3.909, 0.315 < 0.001a, - 4.098, 0.328

P Month 0 Hb SCr eGFR OPN
(mmol/L) P, t, β 0.003b, 2.345, 0.156 < 0.001b, 3.962, 0.347 0.042a, - 2.048, - 0.188 0.018a, 2.385, 0.134

Month 24 Hb SCr
P, t, β 0.007b, - 2.710, - 0.168 < 0.001b, 6.009, 0.492

ALP Month 0 CRP
(U/L) P, t, β < 0.001b, 5.007, 0.332

Month 24 CRP Ca
P, t, β < 0.001b, 5.599, 0.365 0.016a, - 2.419, -0.155

iPTH Month 0 Ca SCr
(pg/ml) P, t, β < 0.001b, - 4.552, - 0.281 0.002b, 3.140, 0.311

Month 24 Ca SCr eGFR
P, t, β < 0.001b, - 4.794, - 0.271 < 0.001b, 4.339, 0.416 0.024a, - 2.277, -0.219

25(OH) D Month 0 None
(ng/ml) P, t, β

Month 24 FGF-23 BMP-7
P, t, β 0.024a, - 2.272, - 0.135 < 0.001b, 8.644, 0.514

FGF-23 Month 0 None
(pg/ml) P, t, β

Month 24 25(OH) D
P, t, β 0.011a, - 2.572, - 0.177

Klotho Month 0 BMP-7
(ng/ml) P, t, β < 0.001b, 3.756, 0.254

Month 24 Ca
P, t, β 0.034a, - 2.130, - 0.148

OPN Month 0 P BMP-7
(pg/ml) P, t, β 0.006b, 2.792, 0.184 < 0.001b, - 4.590, - 0.302

Month 24 None
P, t, β
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tein and OPN levels decreased continuously and signifi-
cantly during follow-up (Figure 2). However, the blood 
levels of iPTH, FGF-23, klotho protein and OPN have 
no significant differences between two treatment groups 
(Table 1 and Figure 2). These results demonstrated that 
bone metabolism hormones would change with renal 
dysfunction preceding other than with different vitamin 
D agents. The changing trends on these biomarkers were 
similar to the results of previous studies except for OPN 
[8,16,17].

FGF-23-klotho system is an important regulator of 
calcium and phosphorus metabolism and plays a core 
role in development of CKD-MBD. FGF-23 is an endo-
crine hormone that is secreted by osteocytes, osteoblasts 
and other tissues than bone [18]. The primary physiolog-
ical functions of FGF-23 are to stimulate phosphaturia 

might be that ergocalciferol were metabolized in liver 
and changed to 25 hydroxyvitamin D2, while calcitriol 
has 1 and 25 hydroxl groups. The other reason might be 
that calcitriol prescription would be stopped temporar-
ily when serum levels of Ca and/or P were beyond the 
target range according to the comments of guidelines 
[3,4]. Many studies show that calcitriol are more likely 
to cause hypercalcemia and hyperphosphatemia, which 
makes calcitriol have a narrow therapeutic window [15]. 
Comparably, ergocalciferol has fewer side effects than 
calcitriol in controlling Ca and P levels and can be used 
continuously in most CKD patients [13].

As well known, the bone metabolism biomarkers 
would change with kidney function in CKD patients. 
Accompanied with the elevation of SCr, the concentra-
tions of iPTH and FGF-23 increased while klotho pro-

BMP-7 Month 0 Hb Klotho OPN
(ng/ml) P, t, β 0.023a, 2.285, 0.147 < 0.001b, 3.897, 0.250 < 0.001b, - 4.575, - 0.295

Month 24 25(OH) D
P, t, β < 0.001b, 8.827, 0.528

The significant correlated parameters of each bone metabolism biomarkers in month 0 and 24 were listed.
Abbreviations: Hb: Hemoglobin; hsCRP: High Sensitive C Reactive Protein; A: Albumin; SCr: Serum Creatinine; eGFR: Estimat-
ed Glomerular Filtration Ratio; TCh: Total Cholesterol; TG: Triglycerides; Ca: Calcium; P: Phosphorus; ALP: Alkaline Phospha-
tase; iPTH: Intact Parathyroid Hormone; 25(OH)D: 25-hydroxyvitamin D; FGF: Fibroblast Growth Factor; BMP: Bone Morphoge-
netic Protein; OPN: Osteopontin; β: Standardized Coefficient. a P < 0.05, b P < 0.01.
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Figure 3: The correlations among blood biochemical parameters.
The relationships among parameters were tested by Linear Regression in month 0 (A) and month 6 (B) during follow-up. The 
connecting lines represent the correlations among parameters. Compared to the baseline, the blood levels of Ca, P, PTH, SCr 
and Hb had the similar correlations after 24 months of vitamin D treatment. The correlations among other parameters were 
not constant and changed after vitamin D treatment.
Abbreviations: Hb: Hemoglobin; CRP: High Sensitive C Reactive Protein; A: Albumin; SCr: Serum Creatinine; TCh: Total 
Cholesterol; Ca: Calcium; P: Phosphorus; ALP: Alkaline Phosphatase; PTH: Intact Parathyroid Hormone; 25(OH)D: 25-hy-
droxyvitamin D; FGF: Fibroblast Growth Factor; BMP: Bone Morphogenetic Protein; OPN: Osteopontin; Vit D: Vitamin D 
treatment. 
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was not an independent correlation factor of OPN in our 
study (Table 2). Then, more deep studies would be need-
ed to do on OPN in CKD patients.

BMP-7 is an important factor in the formation of kid-
neys, eyes and bones. It plays an important role in bone 
metabolism. BMP-7 deficiency appeared in early stage of 
CKD and plays an important role in the pathogenesis of 
CKD and vascular calcification. Davies, et al. [24] found 
that BMP-7 can maintain the normal differentiation of 
VSMCs, up-regulate α-smooth muscle actin expression, 
decline phosphorus levels, improve calcium cycling and 
calcification of the aorta in a rat model of atherosclero-
sis combined with CKD. Studies have demonstrated that 
BMP-7 can influence the number and morphology of 
osteoblasts, reduce the fibrosis surrounding trabecular, 
reduce bone resorption, and increase bone formation 
rate in sHPT. BMP-7 expression decreases after kidney 
damage. However, we did not find the decline trend in 
BMP-7 levels for 30 months follow-up. Otherwise, the 
circulating level of BMP-7 kept stable in Group aVitD3, 
and increased significantly in Group VitD2 (Table 1 and 
Figure 2O). Calcitriol is a stimulus of osteolysis, which 
may further promote BMP-7 expression to antagonize 
its effect. The present study suggested both ergocalciferol 
and calcitriol could maintain or even raise BMP-7 level 
in CKD patients. Linear regression results show BMP-7 
level was correlated with 25(OH) D positively and sig-
nificantly after vitamin D agents’ treatment (Table 2 and 
Figure 3B). These indicated that improving 25(OH) D 
level would increase circulating BMP-7 level. And the 
effect of Vitamin D promoting bone formation by in-
creasing BMP-7 may depend on raising blood levels of 
25(OH) D. The potential benefits of ergocalciferol on 
CKD-MBD by increasing BMP-7 are valuable to further 
research. 

In this study, we also found SCr, P, iPTH and Ca had 
strong relationships between each other (Figure 3). Their 
correlations did not change through time, groups, SCr 
or eGFR levels, as well as vitamin D treatments. These 
results suggest blood P and iPTH concentrations were 
mainly determined by SCr, and the change of Ca was 
crucially affected by iPTH.

For outcomes, clinical studies have demonstrated 
that excess FGF-23 led to an increase cardiovascular 
morbidity and mortality independently of the GFR in 
CKD patients [25-27]. Systemic klotho expression re-
duced with CKD progressing, circulating levels of klotho 
is connected with prognosis of CKD (creatinine level 
doubled, starting renal replacement therapy and death) 
[28]. However, Circulation level of klotho protein is not 
be related to kidney and does not predict adverse out-
come in CKD patients in the study by Seiler, et al. [29]. 
For BMP-7, a nested case-control study of 281 patients 

by down-regulating luminal expression of sodium-phos-
phate co-transporters in the proximal tubule, to reduce 
systemic levels of 1,25-dihydroxyvitamin D by directly 
inhibiting the renal 1-α hydroxylase and stimulating the 
catabolic 24-hydroxylase, as well as to inhibit PTH se-
cretion. The classical effects of FGF-23 in the kidney and 
parathyroid glands are mediated by its binding to FGF 
receptors (FGFR) with the co-receptor klotho, which in-
creases the binding affinity of FGF-23 for FGFR [19,20]. 
In the human kidney, decreased klotho expression oc-
curs as early as in CKD stage 2. This decrease could be re-
sponsible, at least in part, for the early increase in serum 
FGF23 [5]. There was significant elevation on FGF-23 
level and reducing on klotho protein level for 30 months 
follow-up (Table 1 and Figure 2), but neither SCr nor 
eGFR had correlation with FGF-23 or klotho protein in 
the present study (Table 2 and Figure 3). When we treat 
the CKD-MBD, calcitriol can promote the synthesis and 
secretion of klotho protein and the uptake of phosphorus 
[9]. However experimental studies have shown that cal-
citriol can also induce FGF-23 releasing from bones, par-
ticularly from the osteoblast lineage cells to elevate serum 
FGF-23 level [21,22]. Therefore, this replacement therapy 
of calcitriol is still in controversy. We compared the ef-
fects of calcitriol and ergocalferol on FGF-23 and soluble 
klotho levels in this study. The results identified that se-
rum klotho protein decreased but FGF-23 increased sig-
nificantly over time. There was no significant difference 
between two groups on either klotho protein or FGF-23 
(Table 1 and Figure 2). So, we surmise that FGF-23 and 
klotho would be affected by many factors except for SCr, 
especially in CKD 3-5 stage patients who were treated by 
vitamin D supplements. Moreover, 25(OH) D level had 
a significantly negative correlation with FGF-23 after 24 
months vitamin D treatment (Table 2), which suggested 
that vitamin D supplements could suppress endocrine of 
FGF-23.

OPN is a phosphoprotein expressed in the mineral 
tissues which inhibits mineralization by blocking hy-
droxyapatite formation and activating osteoclast func-
tion [23]. But the possibility that OPN could serve as a 
calcification serum marker is controversial. Barreto, et 
al. [16] demonstrated elevated plasma OPN levels in pa-
tients with CKD, even at early stages, in comparison to 
healthy volunteers. But one recent study did not find the 
differences of bone metabolism proteins, including of 
OPN, fetuin A, osteocalcin, osteoprotegerin and matrix 
γ-carboxyglutamic acid protein, between CKD patients 
and control patients without CKD [17]. In the present 
study, we got different results. The OPN levels decreased 
significantly through following up period with the de-
crease of eGFR, and there were no significant differences 
between two groups (Figure 2P). These results may be 
caused by vitamin D treatment. However, the 25(OH) D 
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