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Abstract 

 

Su Hyun Hong 

Clinical Pharmacy, Department of Pharmacy 

The Graduate School 

Seoul National University 

 

Background: Uncontrolled abnormalities of mineral bone disorder (MBD) in chronic 

kidney disease (CKD) patients lead to increased risks of cardiovascular disease. 

Fibroblast growth factor-23 (FGF-23), a recently identified phosphaturic hormone 

thought to play an important role in CKD-MBD, is associated with increased mortality 

and cardiovascular risks in CKD patients. However, mechanisms regarding its actions 

and regulations are not yet fully defined. Moreover, there have been inconsistent 

reports regarding the effect of CKD-MBD therapies on FGF-23. The purpose of the 

current study was to investigate the effect of calcium carbonate in concurrent use with 

calcitriol on FGF-23 levels in CKD stage 3 patients. 

 

Design and methods: In this parallel-group, open-label, single center trial, thirty CKD 

stage 3 patients were randomized to receive calcitriol or calcitriol with additional 

calcium carbonate for eight weeks. Patients were required to not have been exposed to 
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both vitamin D analogues and phosphate binders 3 months prior to study entry. 

Primary outcome was the difference in percent change of serum FGF-23 from baseline 

between the two treatment groups. Secondary endpoints included percent change 

differences between serum calcium, phosphate, intact parathyroid hormone (iPTH), 

25-hydroxyvitamin D [25(OH)D], and 1,25-dihydroxyvitamin D [1,25(OH)2D] from 

baseline. 

 

Results: There was no difference between treatment groups for percent change in 

serum FGF-23 from baseline [-23.5 (-41.6 to -3.1) vs. -9.6 (-29.4 to 14.9); p = .202]. 

Serum FGF-23 levels decreased significantly after treatment with calcitriol alone (p 

= .022). There was no difference in percent changes between the treatment groups with 

regards to calcium, phosphate, iPTH, 25(OH)D, and 1,25(OH)2D. There weren’t any 

laboratory abnormalities throughout the study period, and only one case of mild 

gastrointestinal discomfort was reported. 

 

Conclusions: In conclusion, we observed significant treatment effects of calcitriol on 

FGF-23, while no effect with concomitant calcium carbonate, probably due to an 

overall cancellation effect by calcium. Treatment modalities were well tolerated, with 

high rates of compliance for both groups. Further studies are warranted to determine 

better understanding of the bone-kidney-parathyroid gland axis, as well as the 
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interactions between treatment modalities used in CKD-MBD and their impact on 

FGF-23. 

 

Keywords: Fibroblast growth factor-23, calcitriol, calcium carbonate, chronic kidney 

disease stage 3, randomized controlled trial 

Student number: 2011-21783 
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1. Introduction 

1.1. Chronic kidney disease and its cardiovascular complications 

Chronic kidney disease (CKD), characterized by progressive deterioration of 

kidney function which eventually leads to end-stage renal disease (ESRD), is one of 

the leading contributors of morbidity and mortality worldwide.1 It is an established risk 

factor for cardiovascular disease (CVD) morbidity and mortality, as shown by 

common manifestations of left ventricular hypertrophy (LVH) and arterial 

calcifications in CKD patients.2-5 ESRD patients often demonstrate disturbances in 

mineral bone metabolism such as hyperphosphatemia, secondary hyperparathyroidism, 

and arterial calcification. Uncontrolled abnormalities in mineral bone disorder (MBD) 

exert detrimental effects on the bone, parathyroid, and vasculature, consequently 

leading to increased cardiovascular risks.6,7 

 

1.2. Mineral bone disorder in CKD 

Disturbances in mineral bone metabolism in CKD begin with decreased renal 

phosphate clearance and decreased conversion of 25-hydroxyvitamin D (25(OH)D) to 

its active form, 1,25-dihydroxyvitamin D (1,25(OH)2D).8 Subsequent 

hyperphosphatemia and vitamin D deficiency lead to hypocalcemia and secondary 

hyperparathyroidism. However, such complications are not detectable yet in the early 
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stages of CKD via laboratory tests due to renal handling of MBD abnormalities.9 

Hence, treatment therapies for mineral bone disorder do not normally start until the 

telltale signs begin to appear, which usually take place in CKD stages 4 and up. 

Remarkably, serum phosphate levels are maintained at normal values during the early 

stages of CKD due to the compensatory mechanisms of parathyroid hormone (PTH) 

and fibroblast growth factor-23.10 

 

1.3. Fibroblast growth factor-23 

Fibroblast growth factor-23 (FGF-23) is a recently identified phosphaturic 

hormone that is secreted from the bone during phosphate overload. Its physiological 

role is to promote renal phosphate excretion by suppressing the expression of Na/Pi co-

transporters at the renal proximal tubules, and to decrease 1,25(OH)2D by down-

regulating 1α-hydroxylase and up-regulating 24-hydroxylase.11 It primarily responds to 

increased phosphate load, thereby maintaining normal serum phosphate levels even in 

the early stages of CKD.  

Since its discovery, FGF-23 is recognized as a key factor in the bone-kidney-

parathyroid gland axis that regulates mineral bone metabolism, via a negative feedback 

mechanism that involves PTH and vitamin D. While the workings of this endocrine 

axis are not yet fully defined, previous studies have attempted to elucidate its properties. 
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As can be derived from its physiological actions, FGF-23 exerts inhibitory actions 

upon vitamin D and PTH. Meanwhile, PTH promotes phosphaturia in the kidneys 

similar to FGF-23, but has opposite stimulatory effects towards 1,25(OH)2D. Lastly, 

1,25(OH) 2D has been reported to up-regulate FGF-23, but down-regulate PTH.12 The 

mechanisms of this complex axis are still in the process of being determined, as there 

are unknown factors and pathways require clearer elucidation.  

 

1.4. FGF-23 as an early biomarker 

As discussed above, FGF-23 begins to rise in a compensatory manner, early in the 

course of CKD, long before other CKD-MBD parameters.13 Such characteristics have 

led nephrologist to believe that FGF-23 may play a preeminent role as a potential early 

biomarker of phosphate overload and CKD progression. Studies investigating early 

assessment and evaluation of FGF-23 in patients with early CKD will be required to 

confirm such notions. 

Conversely, while FGF-23 may provide benefits in possibly being an early 

biomarker, it is also associated with detrimental clinical outcomes. Thus far, FGF-23 is 

reported to rise with the progression of CKD, existing in concentrations that are up to 

1000-folds higher in ESRD patients compared to normal persons.14 FGF-23 is under 

spotlight after having been identified as a risk factor for CKD progression,15-17 
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secondary hyperparathyroidism,18 and cardiovascular disease.19-23 Previous studies 

reported significant associations between FGF-23 and mortality in hemodialysis 

patients10,24 as well as with LVH,1,25 vascular dysfunction,26 atherosclerosis,27 and other 

cardiovascular events.28 Although the exact actions are yet undefined, mechanisms 

regarding FGF-23 continue to gain interest for their potential attribution in the above 

afflictions. 

 

1.5. Paradox of vitamin D therapy 

Amid increasing interest in FGF-23 and its clinical implications, an intriguing 

paradox regarding vitamin D has been broached. While vitamin D treatment is the 

mainstay therapy for secondary hyperparathyroidism, some animal and human studies 

have reported significant increases in FGF-23 following vitamin D administration,9,29-33 

which may contribute to calcification and increased mortality. Because most ESRD 

patients receive vitamin D therapy, the association between FGF-23 and vitamin D, as 

well as that with other CKD-MBD therapies, should be investigated further for clearer 

understanding.  

 

1.6. Drugs affecting FGF-23 

Therapeutic strategies that may possibly lower FGF-23 levels have been 
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approached. Studies found that non-calcium based phosphate binders generally 

decrease FGF-23, while discrepant results have been reported regarding calcium-based 

phosphate binders.34-36 Pre-clinical in vivo studies have reported vitamin D to up-

regulate FGF-23,29-30,37 yet clinical studies were not consistent in reporting similar 

results. While some studies demonstrated significant increases in FGF-23,38-40 others 

showed either no change or decreases in FGF-23.31,41-42 Lastly, cinacalcet has shown to 

decrease FGF-23 levels.31 Varying outcomes following drug interventions highlight the 

need for additional trials of phosphate binders, with and without active vitamin D 

therapy for prolonged durations of follow-up.  

 

1.7. Aims and scopes 

Since clinical trials regarding the effect of vitamin D on FGF-23 have resulted in 

disparate outcomes, further studies are needed to improve current understanding of the 

relationships between FGF-23 and treatment therapies used in CKD-MBD. Moreover, 

the lack of studies carried out on Korean CKD patients regarding FGF-23 also led the 

investigators to design the current study. Thus, the purpose of the present study was to 

investigate the effect of calcium carbonate in concurrent use with calcitriol on FGF-23 

levels and their trends in Korean CKD stage 3 patients.  
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2. Methods 

2.1. Study Design & Patients 

This was a randomized, parallel-group, open-label, single center trial that 

consisted of Korean CKD stage 3 patients (Figure 1). Adults of 18-70 years of age with 

CKD stage 3 (glomerular filtration rate (GFR) 30-60 ml/min/1.73m2) were recruited 

from the nephrology department at Seoul National University Hospital, Korea. 

Exclusion criteria included known allergy to calcitriol or calcium carbonate, 

administration of vitamin D analogues or phosphate binders 3 months prior to study 

entry, history of hypercalcemia (corrected serum calcium > 10.5 mg/dL) or 

hypophosphatemia (serum phosphate < 2.5 mg/dL) 3 months prior to study entry, 

patients with bone pathologies or diseases requiring vitamin D therapy unrelated to 

CKD-MBD, administration of concurrent medication, diseases, or history of surgeries 

that may affect mineral bone metabolism or alter bone status, patients diagnosed with 

rapidly progressive glomerulonephritis or in need of renal replacement therapy, 

patients with obstructive bowel diseases, and patients with less than two years of life 

expectancy. Written informed consent was obtained from all patients. The institutional 

review board at Seoul National University Hospital approved the current study (IRB 

No. H-1206-098-415). It was conducted in accordance with the ethical standards of the 

Declaration of Helsinki, and has been registered at ClinicalTrials.gov (NCT01748396). 
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2.2. Study Intervention 

Based on a pre-specified scheme, patients were randomized on a 1:1 ratio to 

receive either calcitriol (Bonky Soft Cap; Yuyu Pharma., Inc) or calcitriol with 

additional calcium carbonate (Cicibon Tab; Huons Co., Ltd) for eight weeks. Calcitriol 

was given at 0.25mcg daily and calcium carbonate (CaCO3) at 500mg three times 

daily with meal. Dosages were kept uniform throughout study duration. 

 

2.3. Study Assessments 

Blood samples were collected at study entry and at study completion for analysis 

of serum creatinine, blood urea nitrogen (BUN), calcium, phosphate, albumin, intact 

PTH (iPTH), 25(OH)D, 1,25(OH)2D, and FGF-23. iPTH was measured using an 

immunoradiometric assay, FGF-23 with an ELISA assay[Milliplex® MAP, Millipore, 

USA], and both 25(OH)D and 1,25(OH)2D were measured via radioimmunoassay. 

Blood samples taken to measure FGF-23, 25(OH)D, and 1,25(OH)2D were frozen at 

below -70°C until they were sent for analysis. Reference ranges for FGF-23, iPTH, 

and phosphate are as the following: FGF-23, 8.2 - 54.3 pg/mL43; iPTH, 10 - 65 

pg/mL35; phosphate, 2.7 – 4.5 mg/dL35. Serum calcium levels were corrected for serum 

albumin levels.  
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2.4. Outcome Assessments 

The primary endpoint was the difference in percent change of serum FGF-23 

from baseline between the two treatment groups. Secondary endpoints included 

percent change differences between serum calcium, phosphate, iPTH, 25(OH)D, and 

1,25(OH)2D from baseline. Percent change was computed according to the following 

equation:  

[𝑝𝑜𝑜𝑜−𝑜𝑡𝑡𝑡𝑜𝑡𝑡𝑡𝑜 𝑡𝑡𝑡𝑜𝑚𝑡𝑡𝑡𝑡𝑡𝑜 −𝑏𝑡𝑜𝑡𝑏𝑏𝑡𝑡 𝑡𝑡𝑡𝑜𝑚𝑡𝑡𝑡𝑡𝑡𝑜]
𝑏𝑡𝑜𝑡𝑏𝑏𝑡𝑡 𝑡𝑡𝑡𝑜𝑚𝑡𝑡𝑡𝑡𝑡𝑜

 ×   100(%).  

We also analyzed associations amongst various CKD-MBD parameters, and 

evaluated FGF-23 levels in Korean CKD stage 3 patients. Safety assessment consisted 

of occurrences of adverse events, and laboratory abnormalities such as hypercalcemia 

(corrected calcium > 10.5 mg/dL) or hypophosphatemia (phosphate < 2.5 mg/dL) 

during study duration. 

 

2.5. Statistical Analysis 

Due to the lack of studies that have compared the effect of calcium carbonate 

against placebo with regards to FGF-23, we used a study that investigated calcium 

acetate as reference,35 utilizing the differences between pre- and post-treatment 

measurements of FGF-23 as detectable difference. Thus, assuming a 20% drop out rate, 
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we estimated that allocating 15 patients to each group would provide 80% power, with 

α = 0.05, to detect a 16 pg/mL difference in change in FGF-23. 

Demographic characteristics and biochemical parameters were described as mean 

± S.D. or median (interquartile range) according to their distribution. Differences 

between the two groups at baseline were analyzed with the independent t-test, 

Wilcoxon rank sum tests, or Χ2 test, as appropriate. Change from baseline within 

groups were analyzed using the paired t-test and Wilcoxon signed-rank test, while the 

independent t-test and Wilcoxon rank-sum tests was used to detect change from 

baseline between the two groups. Spearman’s correlation was used to analyze 

relationships between study parameters. All tests were two-sided, and a P value < 0.05 

was considered significant. Statistical analysis was performed with SPSS v 19.0.0 

(SPSS Statistics, Armonk, NY, USA).   
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3. Results 

3.1. Patient Characteristics 

As indicated in Figure 2, thirty patients were randomly assigned to receive either 

calcitriol or calcitriol with calcium carbonate (age 55.5 ± 9.3 years, male 68%). 

During the study, five patients dropped out from the study; one patient from the 

calcitriol group (protocol violation (1)) and four patients from the combination group 

(withdrawal of consent (3), protocol violation (1)). The remaining patients were 

included for analysis. Baseline characteristics of the patients enrolled in the current 

study are shown in Table 1. Both groups were similar in demographic and biochemical 

parameters, and there were no significant differences between treatment groups at 

baseline. At the end of study, both groups demonstrated relatively high compliance 

rates (Table 2). 

 

3.2. Change in serum FGF-23 

The changes in biochemical parameters after eight weeks of drug intervention are 

listed in Table 3. There was no difference between treatment groups for percent change 

in serum FGF-23 from baseline [-23.5 (-41.6 to -3.1) vs. -9.6 (-29.4 to 14.9); p = .202]. 

Serum FGF-23 levels decreased significantly after treatment with calcitriol alone, 47.8 

(45.7 – 61.6) to 42.4 (26.4 – 49.9) (p = .022), while it did not change significantly with 
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additional calcium carbonate, 49.7 (47.5 - 59.6) to 47.0 (36.9 - 65.9) (p = .477, Figure 

3). 

 

3.3. Changes in other CKD-MBD parameters 

There was no difference in percent changes between the treatment groups with 

regards to calcium, phosphate, iPTH, 25(OH)D, and 1,25(OH)2D (Table 3, Figure 4). 

In the within-group analysis, 1,25(OH)2D decreased significantly in both groups 

compared to baseline (p = .002 for calcitriol group, p = .003 for combination group). 

Also, while it did not reach significance, percent changes in calcium in the 

combination group showed a tendency of increase (9.2 ± 0.2 to 9.4 ± 0.2; p = .055). 

 

3.4. Associations amongst CKD-MBD parameters 

Spearman’s correlation between CKD-MBD parameters are shown and 

illustrated in Table 4 and Figure 5. Changes in FGF-23 were directly correlated with 

changes in calcium (p = .021) and phosphate (p = .01). Variations in calcium showed 

positive correlation with changes in phosphate (p = .035), but correlated inversely with 

changes in 25(OH)D (p = .031). Meanwhile, there was a significant negative 

correlation between changes in 1,25(OH)2D and iPTH (p = .014). Finally, there was a 

tendency of negative correlation between changes in iPTH and FGF-23 (p = .054), as 
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well as between changes in iPTH and calcium (p = .061).  

A multiple linear regression analysis showed that age, change in phosphate, and 

change in 25(OH)D were factors significantly associated with variations in FGF-23 

(Table 5). Results revealed change in phosphate to have the greatest effect in the 

multiple linear regression model (β = 11.046). At baseline, GFR and FGF-23 tended 

to inversely correlate with one another (ρ = -.345, p = .062). 

 

3.5. Safety 

We did not observe laboratory abnormalities such as hypercalcemia or 

hypophosphatemia throughout the study duration. For adverse events, only one case of 

mild gastrointestinal discomfort was reported in the calcitriol group. There were no 

serious adverse events.  

 

3.6. Assessment of FGF-23 in Korean CKD stage 3 patients 

Distributions of FGF-23, iPTH, and phosphate at baseline are shown in Figure 6. 

Both iPTH and phosphate levels were mostly distributed within the known normal 

ranges, but FGF-23 levels tended to distribute in the higher ranges. As seen in Figure 

6A, more than one third of the study population had FGF-23 levels higher than normal 

ranges, and the rest were populated in the upper normal ranges. The FGF-23 median in 

this study’s patients was 48.9 pg/mL (interquartile range: 46.2 – 61.6).  
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4. Discussion 

We performed an eight-week, randomized, parallel-group, single center trial on 

the effect of vitamin D and phosphate binders on FGF-23 in CKD stage 3 patients. 

Add-on therapy of calcium carbonate to calcitriol for eight weeks did not have 

significant treatment effect on serum FGF-23 levels, while calcitriol alone significantly 

reduced serum FGF-23. Moreover, neither calcitriol nor calcium carbonate had 

significant effects on other CKD-MBD parameters except for 1,25(OH)2D, which 

decreased significantly.  

In the study presented here, calcium carbonate did not appear to have significant 

FGF-23 lowering effects. In fact, we observed an overall non-significant increased 

FGF-23 at the end of the study after eight weeks of calcium carbonate administration. 

This may be attributed to the fact that our phosphate binder of choice, calcium 

carbonate, is a calcium-based phosphate binder. Calcium is reported to have 

stimulatory effects on FGF-23 secretion37,44 Thus, the calcium content in calcium 

carbonate (40% elemental calcium45) may have cancelled out the phosphate binder-

induced decrease in phosphate load, leading to a net result of no significant change and 

slight non-significant increase in FGF-23. The stimulatory effect of calcium was 

confirmed in our study through the positive significant correlation between changes in 

calcium and FGF-23.  
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Similar outcomes have been reported in previous trials that investigated the 

effects of calcium and non-calcium based phosphate binders. Block et al46 reported 

significant decreases of FGF-23 with sevelamer, no change with lanthanum, and 

significant increases with calcium acetate, which is a calcium-based phosphate binder. 

Yilmaz et al36 reported disparate responses of FGF-23 towards sevelamer and calcium 

acetate, with the former agent producing significant decrements, while the latter 

resulted in a small increase. Lastly in a six-week trial, sevelamer appeared to be more 

effective at lowering FGF-23 compared to calcium acetate.35 As such, results from 

previous trials seem to indicate that non-calcium based phosphate binders are more 

effective at lowering FGF-23, while calcium-based phosphate binders demonstrate 

non-decreases of FGF-23 owing to the FGF-23 inducing effects of calcium. 

Accordingly, similar results were also observed in the present study, as described above. 

The effects of vitamin D analogues have been investigated in clinical trials, with 

varying effects exerted on FGF-23. While some studies reported significant increases 

with the use of vitamin D analogues, others reported either no changes or significant 

decreases in FGF-23. Our results are in accordance with several studies that have 

reported non-increase in FGF-23 after vitamin D administration. Alvarez et al47 

reported no significant change in serum FGF-23 after 1 year treatment with 

cholecalciferol versus placebo in patients with CKD stages 2-3. Post hoc analysis 
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revealed that FGF-23 levels increased in patients with optimal vitamin D ( > 30 ng/mL) 

levels for the cholecalciferol group at 12 weeks, but they too returned to baseline by 52 

weeks. At the end of our study, only two patients had optimal vitamin D levels and 

they did not share the tendencies shown in the study by Alvarez. Moreover, results 

from our subgroup analysis performed according to vitamin D levels were insignificant. 

A crossover trial of alphacalcidol-sevelamer also reported no treatment effects on FGF-

23.42 This study in particular was similar to ours in that it was carried out in CKD stage 

3b patients and used a vitamin D dose that was fairly bioequivalent to ours. The 

authors of the crossover trial hypothesized that the non-treatment effect of vitamin D 

analogue may be attributed to the relatively low dose of alphacalcidol, which may 

apply to the current study as well. Another trial involving six week treatment with 

cholecalciferol in non-CKD patients revealed significant decrease in FGF-23 levels.32 

On the contrary, twelve weeks of ergocalciferol versus placebo resulted in a 

significant increase of FGF-23; this trial, however, was performed on patients with 

normal kidney functions and is thus of a different setting from ours.38 The 

discrepancies in the results compared to those of our study may be attributed to 

possible differences in the way FGF-23 responds to a stimulus when in a status of 

illness versus healthy state. Also, another study demonstrated that FGF-23 increased 

after treatment with either calcitriol or doxercalciferol.39 However, this trial was carried 
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out in pediatric ESRD patients on peritoneal dialysis using varying dosages of vitamin 

D analogues, aiming to target optimal PTH ranges. Authors reported to have 

administered vitamin D analogues up to doses equivalent to approximately 1.4mcg and 

2.3mcg of calcitriol per group. These dosages are larger than the 0.25mcg administered 

in our study. Based on preceding studies, along with the results of our own, we 

cautiously hypothesize that discrepancies in administered doses and the degree of renal 

function may affect the way FGF-23 responds to treatment with vitamin D.  

The discovery of the involvement of FGF-23 in bone metabolism has changed 

the way nephrologists understand mineral bone disorder, with most agreeing that it 

plays a central role in CKD-MBD. However, the multi-faceted and complex regulatory 

mechanisms involved in the bone-kidney-parathyroid gland axis need further 

elucidations, as complete understanding is still lacking. While administration of 

vitamin D has shown definite increases in circulating levels of FGF-23 in animal 

studies via a vitamin D response element in the upstream of the FGF-23 promoter,9,48 

controversial results have been reported in human clinical studies. Other yet to be 

defined factors may be involved in the regulation of FGF-23 by vitamin D within the 

human body that result in the discrepancies of FGF-23 response between in vivo and 

clinical studies. Furthermore, even factors that seem to share similar stimulatory or 

inhibitory actions on FGF-23 may differ in their degree of predominance according to 
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the status of the bone-kidney-parathyroid gland axis, and whether the exerted actions 

are transpired directly or indirectly. The significant decrease in 1,25(OH)2D and FGF-

23 following vitamin D administration may reflect unchartered territories and less than 

complete understanding of this newly discovered axis. 

Phosphate load is known have the greatest effect as a stimulus on FGF-23 levels, 

as can be derived from the nomenclature, “phosphaturic” hormone.9 This was 

confirmed in our study through the positive correlation between changes in phosphate 

and FGF-23, as well as the results from the multiple linear regression analysis, where 

variations in phosphate had the greatest effect on changes in FGF-23. The negative 

correlation between 1,25(OH)2D and iPTH illustrate in part, the negative feedback that 

these two elements share. This relationship is applied in the treatment of secondary 

hyperparathyroidism, where vitamin D analogues are actively used to suppress PTH 

synthesis and secretion at the parathyroid. Also in our study, 25(OH)D and calcium 

exhibited an inverse correlation, which, in view of the 1α-hydroxylation that occurs at 

the kidneys,49 may be interpreted as increased calcium due to increased conversion 

from 25(OH)D to 1,25(OH)2D. 

To the best of our knowledge, this is the first study to investigate FGF-23 levels in 

Korean adults with early CKD. Since FGF-23, along with other mineral metabolism 

parameters, has been reported to distribute diversely amongst different racial groups,33 
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the results of the current study may contribute in further defining the characteristics of 

FGF-23. For the first time, FGF-23 levels in Korean CKD stage 3 patients have been 

derived, with a median of 48.9 pg/mL (interquartile range: 46.2 – 61.6). Also, serum 

FGF-23 levels in our study population tended to increase with decreases in GFR, as 

has been previously reported by others.50-51 Lastly, more than one third of our patients 

had FGF-23 levels higher than known normal ranges, while almost every patient 

presented normal levels of iPTH and phosphate. This is consistent with previous 

studies reporting earlier elevations of FGF-23 compared to other CKD-MBD 

parameters,52 further alluding to the potential role of FGF-23 as an early biomarker. 

Our evaluation of FGF-23 in CKD stage 3 patients has led us to conclude that FGF-23 

tends to increase with decreasing renal function, and at an earlier phase compared to 

phosphate and iPTH. Had we also performed this trial including patients with higher 

CKD stages, the relationship between GFR and FGF-23 may have been observed 

more clearly, with perhaps a larger FGF-23 response in size. However, a trial will need 

to be performed to investigate the above hypotheses. 

The current study presents several limitations. First, the relatively small number 

of patients may have limited us in achieving results of greater power. Assumptions 

made in calculating sample size estimations were performed based on a previous study 

that investigated the FGF-23 lowering effects of calcium acetate. However, the FGF-
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23 difference in the reference study is larger than what we ultimately found in our 

patients. Thus, the number of patients needed to achieve sufficient power may have 

been underestimated. Second, the use of a calcium-based phosphate binder may have 

introduced confounding bias with regards to FGF-23 response. We also believe that 

variations in calcitriol dosages could have strengthened our study in defining the 

relationship between vitamin D and FGF-23. We expect larger randomized controlled 

trials of vitamin D analogues of varying doses with non-calcium based phosphate 

binders to achieve improved results. 

In conclusion, we observed significant treatment effects of calcitriol on FGF-23, 

while no effect with additional calcium carbonate, probably due to an overall 

cancellation effect by the calcium content in calcium carbonate. Treatment modalities 

were well tolerated, with high rates of compliance for both groups. Further studies are 

warranted to determine better understanding of the bone-kidney-parathyroid gland axis, 

as well as the interactions between treatment modalities used in CKD-MBD and their 

impact on FGF-23. 
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Table 1. Baseline Characteristics 

Characteristics Calcitriol 
(n = 15) 

Calcitriol + CaCO3 
(n = 15) p Value 

Age (yr) 56.0 ± 9.9 55.3 ± 8.5 0.83 

Gender (male/female) 11/4 10/5 1.00 

CKD Etiology [n (%)]   0.19 

Chronic GN 2 (13.3) 1 (6.7) 
 

Diabetes 7 (46.7) 2 (13.3) 
 

Hypertension 1 (6.7) 2 (13.3) 
 

IgAN 3 (20.0) 7 (46.7) 
 

Others 2 (13.3) 3 (20.0) 
 

Systolic BP (mmHg) 128.1 ± 14.1 121.1 ± 9.7 0.13 

Diastolic BP (mmHg) 74.4 ± 6.3 76.1 ± 8.1 0.53 

GFR (mL/min/1.73m2) 46.4 ± 9.2 46.3 ± 9.9 0.97 

Serum calcium (mg/dL)* 9.3 ± 0.4 9.3 ± 0.3 0.52 

Serum phosphorus (mg/dL) 3.6 ± 0.5 3.4 ± 0.4 0.21 

Serum 25(OH)D (ng/mL) 16.4 ± 7.4 19.4 ± 8.3 0.31 

Serum 1,25(OH)2D (pg/mL) 45.4 ± 13.2 48.5 ± 12.8 0.52 

Intact PTH (pg/mL) 29.0 (19.0 - 42.0) 27.0 (23.0 - 45.0) 0.84 

Serum FGF-23 (pg/mL) 48.4 (45.9 - 60.8) 49.7 (46.7 - 65.2) 0.39 

Categorical data expressed as frequencies and counts. Continuous data expressed as 
mean ± SD, or median (interquartile range) as appropriate. 

Abbreviations: CaCO3, calcium carbonate; CKD, chronic kidney disease; Chronic GN, 
chronic glomerulonephritis; IgAN, immunoglobulin A nephropathy; BP, blood pressure; 
GFR, glomerular filtration rate; 25(OH)D, 25-hydroxyvitamin D; 1,25(OH)2D, 1,25-
dihydroxyvitamin D; PTH, parathyroid hormone; FGF-23, fibroblast growth factor-23.  

* Serum calcium levels were adjusted for albumin levels.   
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Table 2. Compliance Rates 

Drug 
Calcitriol 

(n = 14) 

Calcitriol + CaCO3 

(n = 11) 

Calcitriol (%) 98.2 ± 2.8 99.7 ± 1.1 

Calcium Carbonate (%) N/A 90.6 ± 9.8 

Abbreviations: CaCO3, calcium carbonate; N/A, not applicable.  
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Table 3. Changes after eight weeks of treatment 

 
Calcitriol (n = 14) Calcitriol + CaCO3 (n = 11)  

 
Baseline 8 week Baseline 8 week p value§ 

GFR (mL/min/1.73m2) 47.0 ± 9.2 44.8 ± 10.7 47.2 ± 11.4 46.0 ± 13.7 .648 

Calcium (mg/dL) 9.3 ± 0.4 9.3 ± 0.4 9.2 ± 0.2 9.4 ± 0.2 .181 

Phosphate (mg/dL) 3.6 ± 0.6 3.7 ± 0.7 3.4 ± 0.4 3.6 ± 0.6 .944 

25(OH)D (ng/mL) 16.7 ± 7.5 15.4 ± 6.1 19.6 ± 8.6 20.0 ± 10.2 .163 

1,25(OH)2D (pg/mL) 45.5 ± 13.7 30.5 ± 6.1 47.3 ± 11.9 30.8 ± 10.2 .788 

iPTH (pg/mL) 31.0 (18.8 - 42.3) 29.0 (14.8 - 52.3) 28.0 (25.0 - 45.0) 23.0 (17.0 - 35.0) .317 

FGF-23 (pg/mL) 47.8 (45.7 - 61.6) 42.4 (26.4 - 49.9) 49.7 (47.5 - 59.6) 47.0 (36.9 - 65.9) .202 

Data are given as mean ± SD, except for iPTH and FGF-23, which are expressed as median (interquartile range). 
Abbreviations: CaCO3, calcium carbonate; GFR, glomerular filtration rate; 25(OH)D, 25-hydroxyvitamin D; 1,25(OH)2D, 1,25-dihydroxyvitamin D; iPTH, 

intact parathyroid hormone; FGF-23, fibroblast growth factor-23.  
Serum calcium levels were adjusted for albumin levels. 
§Comparison of percent changes between the two treatment groups.
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Table 4. Correlations between changes in CKD-MBD parameters (Spearman's rho) 

 
Δ Ca Δ P Δ iPTH Δ 25(OH)D Δ 1,25(OH)2D Δ FGF-23 

Δ Ca - 

     
Δ P .423* - 

    

Δ iPTH -.380 -.345 - 
   

Δ 25(OH)D -.433* -.190 -.045 - 
  

Δ 1,25(OH)2D .154 .072 -.487* -.107 - 
 

Δ FGF-23 .460* .505* -.390 -.347 .185 - 

Abbreviations: CKD-MBD, chronic kidney disease-mineral bone disorder; Ca, calcium; P, phosphate; iPTH, intact parathyroid 
hormone; 25(OH)D, 25-hydroxyvitamin D; 1,25(OH)2D, 1,25-dihydroxyvitamin D; FGF-23, fibroblast growth factor-23.  

Δ indicates change in each respective parameter. 
Serum calcium levels were adjusted for albumin levels.  
*p < .05  
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Table 5. Multiple linear regression of factors associated with changes in FGF-23 

Variables β estimate SE p value 95% CI 

Age 0.859 0.390 0.040 .044 to 1.673 

Δ P 11.046 5.120 0.043 .366 to 21.725 

Δ 25(OH)D -2.033 0.923 0.039 -3.958 to -.109 

Abbreviations: P, phosphate; 25(OH)D, 25-hydroxyvitamin D; SE, standard error; CI, 

confidence interval. Δ25(OH)D indicates change in 25(OH)D. 
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Figure 1. Study Design  
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Figure 2. Study Protocol  
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Figure 3. Changes in FGF-23 levels over 8 weeks. Percent change in FGF-23 for each 

group (A); Absolute changes in FGF-23 over 8 week treatment with calcitriol () and 

calcitriol + calcium carbonate () (B). *P < .05 versus baseline for calcitriol group.  
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Figure 4. Percent changes in calcium (A), phosphate (B), iPTH (C), 25(OH)D 

(D), and 1,25(OH)2D (E) over 8 week treatment. *P < .05 versus baseline. 
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Figure 4 (continued). Percent changes in calcium (A), phosphate (B), iPTH (C), 

25(OH)D (D), and 1,25(OH)2D (E) over 8 week treatment. *P < .05 versus 

baseline. 
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Figure 4 (continued). Percent changes in calcium (A), phosphate (B), iPTH (C), 

25(OH)D (D), and 1,25(OH)2D (E) over 8 week treatment. *P < .05 versus baseline. 
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Figure 5. Correlations between changes in CKD-MBD parameters 

(Spearman's rho). A) Change in FGF-23 vs. change in calcium; B) change in 

FGF-23 vs. change in phosphate. 
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Figure 5 (continued). Correlations between changes in CKD-MBD parameters 

(Spearman's rho). C) Change in iPTH vs. change in 1,25(OH)2D; D) change in 

25(OH)D vs. change in calcium. 
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Figure 5 (continued). Correlations between changes in CKD-MBD parameters 

(Spearman's rho). E) Change in calcium vs. change in phosphate. 
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Figure 6. Distributions of FGF-23 (A), iPTH (B), and phosphate (C) 

amongst patients at baseline. Normal ranges are shaded in each graph. 

[FGF-23, 8.4 - 54.3 pg/mL; iPTH, 10 - 65 pg/mL; phosphate, 2.7 - 4.5 mg/dL] 
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Appendix 

 

증례기록서 

Case Report Form 

 

 

만성신부전 3단계 환자에서 Calcitriol과 함께  

인 결합제 투여 시 FGF-23에 미치는 영향 규명 

 

Effect of Phosphate Binders on FGF-23 During  

Calcitriol Administration in CKD Stage 3 Patients 

 

 

Subject Initial : ________________________ 

Subject Code : ________________________ 

책 임 연 구 자 : ______________________ 
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I. Patient Essential Information 

Subject initial  Subject code  

Date of birth       년    월    일 (Age:    ) Sex □ Male □ Female 

Diagnosis  
 

선정기준 

선정기준에 하나 이상의 ‘아니오’가 있을 경우, 본 연구에서 제외시킨다. 예 아니오 

1. 만 18세 이상, 70세 미만의 성인 □ □ 

2. 사구체여과율 (MDRD GFR) 30-60 ml/min/1.73m2 □ □ 

3. 본 연구에 참여하고자 서면 동의한 자 □ □ 
   

제외기준 

제외기준에 하나 이상의 ‘예’가 있을 경우, 본 연구에서 제외시킨다. 예 아니오 

1. Calcitriol 또는 calcium carbonate에 대하여 알려진 과민증 □ □ 

2. 최근 3개월 이내 Vitamin D 제제 또는 인 결합제를 복용한 환자 □ □ 

3. 최근 3개월 이내 hypercalcemia (corrected serum calcium level > 10.5 mg/dL)  □ □ 

4. 최근 3개월 이내 hypophosphatemia (serum phosphate level < 2.5 mg/dL)  □ □ 

5. 신성 골이영양증이 아닌 기타 다른 골 대사에 영향을 미치는 질환 □ □ 

6. 골 대사에 영향을 미치는 약제 복용 (예. Vitamin D, 스테로이드, 

bisphosphonate등) 

□ □ 

7. 골 대사에 영향을 미치는 수술 (예. 부갑상선절제술) □ □ 

8. 급속진행성 사구체신염이 있거나 신장 대체 요법이 즉시 필요 □ □ 

9. 장 폐쇄 및 기타 심각한 위장관계 질환 □ □ 

10. 예상수명을 2년 미만인 질환 동반 (예. 악성질환) □ □ 

11. 투약에 대한 순응도가 낮은 자 □ □ 

12. 기타, 연구자에 의해 본 연구 수행이 곤란한 자 □ □ 

13. 환자가 연구에 동의하지 않은 경우 □ □ 

상기 항목들을 종합하면, 피험자의 임상연구 참여가 적합합니까? 

예 □  아니오 □ 

피험자가 동의한 날짜   년 월 일 

임상연구 책임연구자          
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I. Visit 1 (0 month) 

 

평가일         년       월      일 

책임연구자                        

피험자 번호 ________________________ 

Randomization Randomization date           년       월       일 

 Randomization code                        

Vital sign Height ______________cm Blood 

pressure 

 

(Mean) 

1.      /     mmHg 

2.      /     mmHg 

3.      /     mmHg 

     /     mmHg 

Body weight ______________kg 

Pulse __________beats/min 

Medical history Has subject any relevant medical conditions except for chronic kidney disease? 

□ No □ Yes (If yes, please specify.) 

    □ Hypertension □ Past □ Current 

    □ Cardiovascular disorder  □ Past □ Current 

    □ Cerebrovascular disorder □ Past □ Current 

    □ Hepatic disorder □ Past □ Current 

    □ Allergies □ Past □ Current 

    □ Other(                      ) □ Past □ Current 

Surgical history Has subject undergone any relevant surgery? 

□ No □ Yes (If yes, please specify.) 

 1.  

 2.  

  3.  

  4.  

  5.  

  6.  

Physical 

examination 
Condition Normal Abnormal  If abnormal, please specify. 

General appearance □ □  (                             ) 

Cardiovascular □ □  (                             ) 

Lungs □ □  (                             ) 

Head/Neck □ □  (                             ) 

Abdomen □ □  (                             ) 

Back/Extremity □ □  (                             ) 

Neurologic □ □  (                             ) 

Others □ □  (                             ) 
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I. Visit 1 (0 month) 

 

평가일         년       월      일 

책임연구자                        

피험자 번호 ________________________ 

Medication 

profile 

Trade name ROA* Dose Start day Stop day Reason for therapy 

1.       

2.       

3.       

4.       

 5.       

 6.       

 7.       

Laboratory 

findings 

Sampling date:         년     월     일 

Item Values Item Values 

WBC  (103/μL) Platelet  (103/μL) 

Hemoglobin  (g/dL) Hematocrit  (%) 

BUN  (mg/dL) Serum creatinine  (mg/dL) 

Total protein  (g/dL) Albumin  (g/dL) 

Sodium  (mmol/L) Potassium  (mmol/L) 

Chloride  (mmol/L) Total CO2  (mmol/L) 

Calcium  (mg/dL) Phosphorus  (mg/dL) 

Uric acid  (mg/dL) Total bilirubin  (mg/dL) 

Alkaline 

phosphatase 
 (IU/L) ALT  (IU/L) 

AST  (IU/L) Cholesterol  (mg/dL) 

intact PTH  (pg/mL) 1,25(OH)2D3  (pg/mL) 

FGF-23  (pg/mL) 25(OH)D3  (ng/mL) 
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II. Visit 2 (8 weeks) 

 

평가일         년       월      일 

책임연구자                        

피험자 번호 ________________________ 

Pill count        caps (Total:     caps) Compliance           % 

Vital sign Height    __________________cm Blood 

Pressure 

 

(Mean) 

1.      /     mmHg 

2.      /     mmHg 

3.      /     mmHg 

     /     mmHg 

Body weight _________________ kg 

Pulse ____________beats/min 

Physical 

examination 

Condition Normal Abnormal  If abnormal, please specify. 

General appearance □ □  (                             ) 

Cardiovascular □ □  (                             ) 

Lungs □ □  (                             ) 

Abdomen □ □  (                             ) 

Others □ □  (                             ) 

Laboratory 

findings 

Sampling date:         년     월     일 

Item Values Item Values 

WBC  (103/μL) Platelet  (103/μL) 

Hemoglobin  (g/dL) Hematocrit  (%) 

BUN  (mg/dL) Serum creatinine  (mg/dL) 

Total protein  (g/dL) Albumin  (g/dL) 

Sodium  (mmol/L) Potassium  (mmol/L) 

Chloride  (mmol/L) Total CO2  (mmol/L) 

Calcium  (mg/dL) Phosphorus  (mg/dL) 

Uric acid  (mg/dL) Total bilirubin  (mg/dL) 

Alkaline 

phosphatase 
 (IU/L) ALT  (IU/L) 

AST  (IU/L) Cholesterol  (mg/dL) 

intact PTH  pg/mL) 1,25(OH)2D3  (pg/mL) 

FGF-23  (pg/mL) 25(OH)D3  (ng/mL) 

Adverse 

events, 

reminder 

Any adverse events? 

□ No □ Yes (If yes, please specify.) 

 (                                                         ) 
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Compliance of  

Investigated Medication     

 

평가일        년       월      일 

책임연구자                        

피험자 번호 ________________________ 

 Dispensed Remained 

Calcitriol 

Date (yyyy/mm/dd)   

No. of medication   

Compliance   

Comment   

CaCO3 

Date (yyyy/mm/dd)   

No. of medication   

Compliance   

Comment   
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Adverse Events (AEs)  

평가일          년       월      일 

책임연구자                        

피험자 번호 _________________________ 

No. AEs 
Started 

(yy/mm/dd) 

Stopped 

(yy/mm/dd) 
Severity Causality Treatment Outcome 

1    □ Mild 

□ Moderate 

□ Severe 

□ Certain 

□ Probable 

□ Possible 

□ Unlikely 

□ Conditional 

  

2    □ Mild 

□ Moderate 

□ Severe 

□ Certain 

□ Probable 

□ Possible 

□ Unlikely 

□ Conditional 

  

3    □ Mild 

□ Moderate 

□ Severe 

□ Certain 

□ Probable 

□ Possible 

□ Unlikely 

□ Conditional 

  

4    □ Mild 

□ Moderate 

□ Severe 

□ Certain 

□ Probable 

□ Possible 

□ Unlikely 

□ Conditional 

  

5    □ Mild 

□ Moderate 

□ Severe 

□ Certain 

□ Probable 

□ Possible 

□ Unlikely 

□ Conditional 

  

6    □ Mild 

□ Moderate 

□ Severe 

□ Certain 

□ Probable 

□ Possible 

□ Unlikely 

□ Conditional 

  

        



- 51 - 

 

Serious Adverse Events (SAEs) 
평가일          년       월      일 

책임연구자                        

피험자 번호 ________________________ 

No Date of SAE             년       월       일 

1 SAE  

 SAE due to 

(Check all criteria) 

□ Death 

 □ Life-threatening 

 □ In-patient hospitalization or prolongation of existing hospitalization 

 □ Persistent or significant disability 

 □ A congenital abnormality / birth defect 

 □ Important medical event 

 
If hospitalization, 

Date of 

hospitalization 
             년       월       일 

  Date of discharge              년       월       일 

 If death, Date of death              년       월       일 

  Autopsy? □ No  □ Yes 

 Causality 

assessment 

1. Calcitriol □ No □ Yes  

 2. Calcium carbonate □ No □ Yes  

 Description of SAE Symptoms  

 Diagnostic procedure  

 Treatment  

 Outcomes  

 Other comments  
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Termination of the study  

피험자 번호 ________________________ 

Subject completed or discontinued the study on          년      월      일 

책임연구자                         

Randomization Code                                 

Withdrawal of 

consents 

Was the subject’s participation in this study prematurely terminated? 

□ No □ Yes (If yes, please check the reason of termination.) 

 □ Eligibility criteria not fulfilled 

 □ Subject not willing to continue study 

 □ Adverse events 

 □ Non compliance 

  □ Follow-up loss 

  □ Others (                                              ) 
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초록 

만성신부전 3 단계 환자에서 

Calcitriol 과 함께 인 결합제 투여 시 

FGF-23 에 미치는 영향 

서울대학교 약학대학원 

약학과 예방·임상약학 전공 

홍 수 현 

 

연구배경 및 목적: 만성신부전 환자의 신성 골이영양증의 부적절한 조절 

및 치료는 혈관 석회화, 좌심실비대 등의 심혈관계 합병증을 초래하여 

심혈관계 이환율 및 사망률의 증가로 이어진다. 이때 최근에 발견된 

섬유아세포 성장인자-23(fibroblast growth factor-23, FGF-23)은 

신성 골이영양증에 중요한 역할을 하는 것으로 생각되는 인산뇨-유발 

호르몬으로, 만성신부전 환자에서 심혈관계 위험 및 사망률 증가와 

연관된 것으로 보고된 바 있다. 아직까지 FGF-23의 조절 및 작용기전에 

대해 명백히 알려지지 않은 실정이며, 신성 골이영양증의 치료약물이 

FGF-23에 미치는 영향은 선행연구마다 상이한 경우가 있었다. 또한, 
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투석하지 않는 한국인 만성신부전 환자에서 FGF-23을 평가한 연구는 

전무하다. 이에 본 연구는 만성신부전 3단계 환자에게 칼시트리올와 함께 

인 결합제 투여 시 FGF-23에 미치는 영향을 규명하기 위해 설계 및 

수행되었다.  

 

연구방법: 30명의 만성신부전 3단계 환자가 8주 동안 칼시트리올 또는 

칼시트리올 및 탄산칼슘을 복용하는 2개의 군으로 무작위배정 되었다. 

연구 등록 최소 3개월 전부터 비타민 D 제제 또는 인 결합제를 복용한 

이력이 없는 환자들이 등록에 적합하였다. 1차 유효성 평가변수는 

기저선으로부터 두 군간 혈청 FGF-23 변화율의 차이였으며, 2차 유효성 

평가변수는 기저선으로부터 두 군간 혈청 칼슘, 인, 부갑상선호르몬, 25-

히드록시 비타민D [25(OH)D], 그리고 1,25-디히드록시 비타민D 

[1,25(OH)2D] 변화율의 차이였다.  

 

결과: 기저선으로부터 두 군간 혈청 FGF-23 변화율의 차이는 

통계적으로 유의하지 않았다 [각각 -23.5, -9.6; p = .202]. 칼시트리올 

군에서 혈청 FGF-23이 유의하게 감소하였다(p = .022).  또한, 

기저선으로부터 혈청 칼슘, 인, 부갑상선호르몬, 25(OH)D, 그리고 

1,25(OH)2D 변화율은 두 군간 차이가 없었다. 연구기간 동안 실험실적 



- 55 - 

 

수치의 이상은 없었으며, 경증의 소화기계 불편감 1건이 보고되었다. 

 

결론: 결론적으로 칼시트리올은 혈청 FGF-23에 유의한 치료효과를 보인 

반면 탄산칼슘의 병용은 치료효과가 없었는데, 이는 탄산칼슘 내 함유된 

칼슘으로 인한 상쇄효과일 것으로 사료된다. 두 치료요법의 내약성은 

우수하였으며, 순응도 또한 높았다. 향후 골-신장-부갑상선 축에 대한 

더욱 깊은 이해와 신성 골이영양증 치료약물이 FGF-23에 미치는 

영향을 조사하는 추가 연구들이 필요할 것으로 사료된다. FGF-23은 

앞으로 신성 골이영양증의 이해 및 환자들의 치료 계획에 있어 많은 

기여를 할 것으로 기대된다.  

 

주요어 : 섬유아세포 성장인자-23, 칼시트리올, 탄산칼슘, 만성신부전 

3단계, 무작위대조시험  

학   번 : 2011-21783 
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