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Abstract
Objective: Homeostasis of serum phosphorus and calcitriol level is regulated mainly by 
fibroblast growth factor 23 (FGF23). Studies show that elevated serum FGF23 level was 
significantly associated with aortic calcification severity, peripheral blood vessels, and a 
higher score of coronary artery calcification in patients undergoing hemodialysis. We did 
this cross-sectional study to determine the FGF23 diagnostic value for abdominal aortic 
calcification in Indonesian hemodialysis patients. Materials and Methods: This study 
included seventy-five, chronic hemodialysis patients. An enzyme-linked immunosorbent assay 
method was used to measure serum intact FGF23 level, and abdominal aortic calcification was 
detected by lateral lumbar X-ray. The diagnostic value of FGF23 was analyzed using receiver 
operating characteristic (ROC) curves. Results: fifty-one (68.0%) patients had abdominal 
aortic calcification (AAC). Serum intact FGF23 level ranged from 217 to 950 pg/mL with 
a median level of 328 pg/mL. The FGF23 levels in the serum of patients with AAC were 
significantly higher than those without AAC (P < 0.001). The best cutoff point was 277 pg/
mL. The calculated area under the ROC curves was 0.959 (95% confidence interval, 0.912–
1.00); sensitivity was 94.0% and specificity was 84.0% (P < 0.001). Conclusion: serum 
intact FGF23 level may be proposed as a proper tool for abdominal aortic calcification in 
Indonesian hemodialysis patients.
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FGF 23 is secreted from bone osteocytes and osteoblasts [7]. 
Research with cross-sectional design showed that serum 
FGF23 level in circulation is higher in CKD patients compared 
to healthy individuals. This elevation will increase gradually 
concurrent with decreasing kidney function so that when the 
patient is on end-stage kidney disease, FGF-23 concentrations 
can reach 1000 times above the reference range [8,9].

Data show that elevated serum FGF-23 concentrations 
were independently associated with aortic calcification sever-
ity [10], peripheral blood vessels, and higher coronary artery 
calcification scores in patients undergoing hemodialysis [9,11].

Until now, there is no data in Indonesia regarding serum 
FGF23 concentrations as an independent predictor of vascular 
calcification. With this background in mind, we performed this 

Introduction

According to The Kidney Disease Improving Global 
Outcomes, one of the complications of chronic kidney 

disease (CKD) is CKD-mineral and bone disorder (CKD-MBD), 
which is defined as a clinical syndrome consisted of mineral, 
bone, and calcified cardiovascular diseases [1]. The variety of 
clinical manifestations in CKD can make this clinical syndrome 
and associated with mortality of end-stage kidney disease [2]. 
Vascular calcification is more commonly seen in hemodialysis 
patients compared to their age and sex-matched counterparts 
in the general population [3]. Research in the last decade has 
shown that vascular calcification is not only a passive degen-
erative phenomenon but a complex and active pathological 
process in CKD patients. Impaired mineral metabolism has 
been suggested as a risk factor or can be a significant cause of 
vascular calcification in patients with CKD [4]. One of the most 
important factors that govern bone and mineral metabolism are 
fibroblast growth factor-23 (FGF-23) [5].

FGF23, previously called a “phosphatonine,” has a molecu-
lar weight of 32-kDa and contains 251 amino acid residues [6]. 
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study to determine the diagnostic value of FGF23 for abdomi-
nal aortic calcification in Indonesian hemodialysis patients.

Materials and methods
Ethical approval

Ethical approval for this study (324 TGL/KEPK FK 
USU-RSUP HAM/2018) was provided by the Health Research 
Ethical Committee Medical Faculty of Universitas Sumatera 
Utara/H. Adam Malik General Hospital, Medan, Indonesia, on 
May 30, 2018. Informed written consent was obtained from 
all patients before their enrollment in this study. This study 
confirmed to Good Clinical Practice and the Declaration of 
Helsinki.

Study design
This was single-center, cross-sectional study in the outpa-

tient clinic at Rasyida Renal Hospital Medan, Indonesia, in 
February 2018.

Study subjects
Seventy-five patients who underwent regular hemodialysis 

for more than 30 months, with ages ≥18 years were recruited. 
Patients with a lack of medical records, pregnancy, as well as 
unattainability of imaging were exclusionary.

Clinical characteristics
Patients’ general information, including clinical history and 

medications, were reviewed from medical charts and supple-
mented with data directly from patients. We measured the 
weight and height to calculate the body mass index (BMI). If 
the patients had a previous abnormal cardiac investigation or a 
history of myocardial infarction or angina, so we would con-
sider them having a history of coronary artery disease. History 
of high blood pressure and taking or having taken antihyper-
tensive drugs will be defined as hypertension.

Laboratory values
Serum phosphorus (mg/dL), calcium (mg/dL), and 

FGF-23 (pg/mL) were recorded. Blood sampling was drawn 
in the fasting state 5–10 min before starting of hemodialysis 
process. Serum intact FGF23 levels were examined using the 
two-site enzyme-linked immunosorbent assay technique.

Lateral lumbar X-rays
Lateral lumbar X-rays was performed to assess the pres-

ence of abdominal aortic calcification in the same day with 
blood sampling was drawn. By this tool, we could evaluate 
eight locations (anterior and posterior abdominal aortic walls 
at vertebral segments L1–L4) and count Framingham calcifica-
tion scores (0 = no detectable calcification; 1 = small scattered 
calcifications over ≤1/3 of part’s aortic wall; 2 = calcifica-
tion of 1/3 to <2/3 of the part’s aortic wall; 3 = calcification 
of ≥2/3 of the part’s aortic wall). The eight measurements 
were summed for the total calcification score ranging from 0 
to 24. Patients were said to have no calcification if the score 
was 0, mild calcification if the score was 1–4, severe calcifi-
cation if the score was above 4 [12]. The interpretation was 
performed by a professional radiologist who did not know the 
patient’s clinical condition.

Statistical analysis
The baseline characteristics of the study participant were 

analyzed with descriptive statistics. Data were expressed as 
mean ± standard deviation, median (range), or frequency (pro-
portion). Spearman correlations analyzed the correlation 
between the score of abdominal aortic calcification and the 
level of FGF-23 serum. Normally distributed data were com-
pared using unpaired t-tests and Mann–Whitney U-tests for 
nonnormally distributed data. Receiver-operating characteris-
tic (ROC) curves assessed the predictive value of FGF23 in 
the diagnosis of abdominal aortic calcification. The significant 
result was considered if the P < 0.05. The statistical analysis 
was performed using the SPSS 22.0 software.

Results
Baseline data

Table 1 presents the clinical and demographic character-
istics of the study participant. Patients were predominantly 
male (60.0%) with a range age of 25–78 years (median 57) 
and a median BMI of 23.30 kg/m2 (range 16.73–42.67). Most 
patients undergo hemodialysis for 10 h a week (72.0%) with 
a median dialysis vintage of 67 months (range 30–331). The 
majority of study participants had a history of hyperten-
sion (74.7%), and only 18.7% were diabetic. A history of 
coronary artery disease was known in only 16.0% of patients. 
Twenty-four patients (32.0%) reported once or currently 
smoking.

Biochemical values are shown in Table 1. Participants 
had a median serum FGF-23 level of 328 pg/mL (range 
217–950), a median serum calcium level of 9.8 mg/
dL (range 8–10.9), and mean serum phosphate level of 
5.47 ± 0.61 mg/dL.

Abdominal aortic calcification scores were available in all 
patients, with a median (range) of 5 (0–19). The prevalence of 
abdominal aortic calcification was 68.0%, affecting 51 of 75 
evaluable patients. A total of 24 (32.0%) patients were free of 
abdominal aortic calcification.

Bivariate analysis was performed to determine the relation-
ship of various factors with abdominal aortic calcification. 
Table 2 shows that older patients and high levels of FGF-23 
serum were associated with abdominal aortic calcification. 
Spearman correlation coefficients showed that abdominal aortic 
calcification scores were positively correlated with serum 
FGF-23 level (r = 0.543, P < 0.001) [Figure 1].

In the current study, there was a statistically nonsignificant 
association between radiographic abdominal aortic calcifica-
tion with gender, BMI, dialysis duration, serum calcium level, 
and serum phosphate level (P > 0.05) [Table 2].

Diagnostic value of fibroblast growth factor‑23
ROC curve showed that FGF23 was associated with a 

higher predictive value for abdominal aortic calcification 
with an area under the curve was 0.959 (95% confidence 
interval [CI] 91.2%–100.0%, P < 0.001) [Figure 2]. When 
the detection cutoff point was 277 pg/mL, the sensitivity and 
specificity were 94% and 84%, respectively [Figure 3].
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Area under ROC curve was 0.959 (95% CI 0.912–1.00, 
P < 0.001). AUC = Area under curve; ROC = receiver operat-
ing characteristic.

When the detection cutoff point was 277 pg/ml, the sensi-
tivity and specificity were 94% and 84%, respectively.

Table 3 shows the diagnostic value of the FGF-23 level 
for the incidence of abdominal aortic vessel calcification. The 
cutoff point FGF-23 ≥277 has excellent diagnostic values and 
accuracy.

Discussion
The CKD-MBD Working Group Guidelines recommend 

radiographic examination of vascular calcification, including 
abdominal aortic calcification, which allows assessment for 
the presence and semi-quantitative [1].

Vascular calcification is prevalent in chronic hemodialysis 
patients. Its prevalence varies significantly from 60% to 100%, 

Table 1: Demographic and clinical characteristics of the study participant
Variables (n=75), n (%)
Gender: Male versus female 45 (60.0) versus 30 (40.0)
Age (years), median (minimum-maximum) 57 (25-78)
BMI (kg/m2),(minimum-maximum) 23.30 (16.73-42.67)
Dialysis vintage (months), (bulan), median (minimum-maximum) 67 (30-231)
Dialysis hours per week: 10 versus 12 54 (72.0) versus 21 (28.0)
Renal failure etiology: diabetic versus hypertension 14 (18.4) versus 56 (74.7)
History of coronary artery disease, yes 12 (16.0)
Tobacco-smokers: yes 24 (32.0)
Abdominal aortic calcification scores, median (minimum-maximum) 5 (0-19)
Abdominal aortic calcification

No calcification 24 (32)
Calcification 51 (68)

Calcium (mg/dL), median (minimum-maximum) 9.80 (8-10.9)
Phosphate (mg/dL), mean±SD 5.47±0.61
FGF-23 (pg/mL), median (minimum-maximum) 328 (217-950)
BMI: Body mass index, SD: Standard deviation, FGF: Fibroblast growth factor

Figure 1: Scatter plot correlation of fibroblast growth factor-23 level with abdominal 
aortic calcification score

Figure 2: Receiver operating characteristic curve of fibroblast growth factor-23 
levels for the prediction of abdominal aortic calcification coronary calcification. 
Area under receiver operating characteristic curve was 0.959 (95% confidence 
interval 0.912–1.00, P < 0.001). AUC = Area under curve; ROC = Receiver 
operating characteristic

Table 2: Related factors with abdominal aortic calcification
Variables Calcification (+) (n=51) Calcification (−) (n=24) P
Gender; male 54.2% 62.7% 0.479*
Age (years), median 45.50 58.00 0.016+

BMI (kg/m2), median 23.05 23.44 0.658+

Dialysis duration (months), median 56.50 71.00 0.621+

Calcium (mg/dL), median 9.70 9.90 0.502+

Phosphate (mg/dL), mean±SD 5.61±0.77 5.42±0.51 0.280^

FGF-23 (pg/mL), median 247.50 388.00 <0.001+

BMI: Body mass index, SD: Standard deviation, FGF: Fibroblast growth factor, *Chi-Square Test, +Mann-Whitney Test, ^T-Independent Test
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depending on the location of the examination and diagnostic 
method used and the area where the study was conducted [13]. 
This study showed that the prevalence of vascular calcification 
in chronic hemodialysis patients by lateral lumbar X-rays was 
quite high, i.e., 68% with a median (range) abdominal aortic 
calcification score of 5 (0–19). This result was almost the 
same as Woro et al., [14] who got the prevalence of vascular 
calcification in chronic hemodialysis patients, around 65%.

Most of the patients underwent dialysis 4 h for each 
session (3 sessions per week) in developed countries, but 
in Indonesia, especially in the present study, most patients 
received dialysis services only 5 h for each session (2 sessions 
per week). This difference is because the financing system 
strongly influences hemodialysis facilities in Indonesia, namely 
using national health insurance Indonesian Health care insur-
ance (JKN), which is generally done twice a week [13,15].

In contrast with other countries, the leading cause of 
CKD based on the Indonesian Renal Registry data was 
hypertension (36%), followed by diabetes (29%) and other 
diseases [13]. While in the United States, the leading cause of 
CKD was diabetes and followed by hypertension, and another 
illness with a proportion reaches 44% and 29%, respec-
tively [16]. Although the rate of hypertension was higher than 
internal rate of return (IRR) data, our research showed the 
same result with IRR data; hypertension is a major cause of 
CKD. This difference likely because we got information only 
from the history and medical records without biopsy data, so it 
was difficult to recognize whether hypertension occurred as a 
cause or as a result of kidney failure.

By comparing the results of our study with previous studies, 
we found that both in our research and previous studies, older 
patients were associated with abdominal aortic vessel calci-
fication [17]. The atherosclerosis process has started since 

childhood and continues to form atheroma with various lesions 
that form calcification. Hence, the age is thought to be a criti-
cal determinant of the presence of calcification [18].

The risk of vascular calcification was influenced by dialy-
sis vintage. Calcification Outcome in Renal Disease (CORD) 
study on multivariate analysis showed dialysis vintage inde-
pendently predicted abdominal aortic calcification (per 1-year 
increase, odds ratio 1.110; P < 0.001) [12]. The same result 
was found by Guérin et al. that 27% of patients who had 
dialysis for a year had vascular calcification. The incidence 
increased to 83% in patients undergoing dialysis for more than 
8 years [19]. In this study, patients’ radiographic abdominal 
aortic calcification associated with dialysis vintage, although 
it did not show a statistically significant difference. It perhaps 
because we only involved patients, who had been on dialy-
sis for more than 3 years, so most had experienced vascular 
calcification.

High serum levels of calcium and phosphate can promote 
calcification and contribute to increased mortality in end-stage 
renal disease [20]. In our study, abdominal aortic calcifica-
tion did not associate significantly with serum calcium level 
and serum phosphate level, perhaps because almost every 
patient has taken calcium or noncalcium-containing phosphate 
binders. Unfortunately, there was no data about using calcium 
or noncalcium-containing phosphate binders, and it is related 
to serum calcium level and serum phosphate level.

FGF-23 is a polypeptide hormone, a member of the 
FGF family, which can regulate phosphate metabolism. 
The osteocytes and Gergen Bauer’s cells (osteoblasts) are 
primarily secreting FGF-23. The main target organs of circu-
lating FGF-23 are the kidney, bone, thyroid, and intestine [21]. 
Peripheral vascular calcification was detected semi-quantita-
tively on plain radiograph, has been independently associated 
with serum FGF23 levels in hemodialysis patients [22].

The previous reports have confirmed that the serum FGF23 
concentrations are useful for clinical prediction of abdominal 
aortic calcification, and our study was consistent with it [17]. 
ROC curve analysis showed the value of FGF23 in the diagno-
sis of abdominal aortic calcification was higher than previous 
studies, suggesting that patients with increased FGF23 levels 
tended to have abdominal aortic calcification and were a 
high-risk population of cardiovascular complications [23].

Different from Fetuin-A, which acts as a protective factor 
to abdominal aortic calcification, [24] the pathogenesis of cor-
relation between FGF23 and abdominal aortic calcification 
was remained unclear. Vascular smooth muscle cells’ (VSMC) 
transdifferentiation into osteoblast-like cells was an essential 
mechanism of vascular calcification. The principal mechanism 
of vascular calcification was the transdifferentiation of VSMC 
into osteoblast-like cells. FGF23 accelerated phospho-
rus-induced VSMC transdifferentiation into osteoblast-like 

Table 3: Diagnostic value of fibroblast growth factor‑23 level for abdominal aortic calcification
Cut off Sensitivity Specificity PLR NLR PPV NPV Accuracy
FGF-23 (≥277) (%) 94 84 5.88 0.07 92.2 87.4 90.7
PLR: Positive Likelihood ratio (LR+), NLR: Negative Likelihood ratio (LR−), PPV: Positive predictive value, NPV: Negative predictive value

Figure 3: The cutoff point fibroblast growth factor-23 level for the prediction of 
abdominal aortic calcification. When the detection cutoff point was 277 pg/mL, 
the sensitivity and specificity were 94% and 84%, respectively
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cells in vitro. According to Jimbo et al., the extracellular 
signal-regulated protein kinases 1 and 2 pathway probably 
mediated the process [25]. Klotho is an essential co-factor 
for FGF23. Its position could explain the role of FGF23 in 
vascular calcification. Consequently, an increase in FGF23 
concentrations with decreased of Klotho concentrations may 
be a result of unresolved hyperphosphatemia and impaired 
Vitamin D metabolism, which are also essential factors in vas-
cular calcification [26]. Another possible explanation for the 
association between FGF23 and abdominal aortic calcification 
is that FGF23 triggers the release of inflammatory cytokines, 
for example, tumor necrosis factor-α, interleukin-6 (IL-6), and 
transforming growth factor β [27]. Mitchell et al., in their 
study of FGF23 in healthy girls’ ages 9–18 years, reported 
that the concentration of FGF23 was inversely correlated with 
urinary calcium excretion, which may contribute to the accu-
mulation of serum calcium level [28].

There were a few limitations of this study, for example, 
the study design was observational and cross-sectional in a 
single-center, single radiologist, unavailability of concomi-
tant medication data and the need to be correlated with other 
markers of chronic inflammation in  Hemodialysis (HD) like 
IL-6, and comparing these results to patients with perito-
neal dialysis. As a single center with a lower prevalence of 
diabetes, it did not describe the condition of all hemodialy-
sis patients in Indonesia. Although we had serum phosphorus 
and calcium laboratory results, data on the use of phosphate 
binders and other CKD-MBD drugs would have been relevant 
if available.

Nevertheless, for the best of our knowledge, this is the first 
study to show that the diagnostic value of FGF 23 for abdomi-
nal aortic calcification in Indonesian hemodialysis patients. 
Further prospective researches are needed to explain the 
mechanisms by which FGF23 may be involved in the patho-
genesis of abdominal aortic calcification.

Conclusion
Abdominal aortic calcification, which is visible on lateral 

lumbar aorta X-ray, had a statistically significant correlation 
with the FGF23 level. Serum intact FGF23 level may be pro-
posed as a promising diagnostic marker for abdominal aortic 
calcification in hemodialysis patients.

Financial support and sponsorship
R. A. M has received CME speaker grant from CREED to 

present this study in the 54th Annual Scientific Meeting of the 
Australian and New Zealand Society of Nephrology in Sydney.

Conflicts of interest
The authors declared no competing interests.

References
1. Kidney Disease: Improving Global Outcomes (KDIGO). Clinical practice 

guideline update for the diagnosis, evaluation, prevention, and treatment 
of chronic kidney disease-mineral and bone disorder (CKD-MBD). 
Kidney Int Suppl 2017;7:1-59.

2. Block GA, Klassen PS, Lazarus JM, Ofsthun N, Lowrie EG, 
Chertow GM. Mineral metabolism, mortality, and morbidity in 
maintenance hemodialysis. J Am Soc Nephrol 2004;15:2208-18.

3. Goodman WG, Goldin J, Kuizon BD, Yoon C, Gales B, Sider D, et al. 
Coronary-artery calcification in young adults with end-stage renal disease 
who are undergoing dialysis. N Engl J Med 2000;342:1478-83.

4. Giachelli CM. The emerging role of phosphate in vascular calcification. 
Kidney Int 2009;75:890-7.

5. David V, Martin A, Isakova T, Spaulding C, Qi L, Ramirez V, et al. 
Inflammation and functional iron deficiency regulate fibroblast growth 
factor 23 production. Kidney Int 2016;89:135-46.

6. Nabeshima Y. The discovery of alpha-klotho and FGF23 unveiled new 
insight into calcium and phosphate homeostasis. Cell Mol Life Sci 
2008;65:3218-30.

7. Russo D, Battaglia Y. Clinical significance of FGF-23 in patients with 
CKD. Int J Nephrol 2011;2011:364890.

8. Fliser D, Kollerits B, Neyer U, Ankerst DP, Lhotta K, Lingenhel A, et al. 
Fibroblast growth factor 23 (FGF23) predicts progression of chronic 
kidney disease: The mild to moderate kidney disease (MMKD) study. 
J Am Soc Nephrol 2007;18:2600-8.

9. Gutierrez O, Isakova T, Rhee E, Shah A, Holmes J, Collerone G, et al. 
Fibroblast growth factor-23 mitigates hyperphosphatemia but accentuates 
calcitriol deficiency in chronic kidney disease. J Am Soc Nephrol 
2005;16:2205-15.

10. Nasrallah MM, El-Shehaby AR, Salem MM, Osman NA, El Sheikh E, 
El-Din UA. Fibroblast growth factor-23 (FGF-23) is independently 
correlated to aortic calcification in haemodialysis patients. Nephrol Dial 
Transplant 2010;25:2679-85.

11. mirza MA, Hansen T, Johansson L, Ahlström H, Larsson A, Lind L, et al. 
Relationship between circulating FGF23 and total body atherosclerosis in 
the community. Nephrol Dial Transplant 2009;24:3125-31.

12. Honkanen E, Kauppila L, Wikström B, Rensma PL, Krzesinski JM, 
Aasarod K, et al. Abdominal aortic calcification in dialysis patient: Result 
of the CORD study. Nephrol Dial Transplant 2008;23:4009-15.

13. Rosa-Diez G, Bratti G, Filaninno G, Peñalba A, Otreras F, Ledesma M, 
et al. Prevalence of factors related to vascular calcification in patients 
chronic kidney disease on dialysis. Medicina (Buenos Aires) 2017; 
77:207-13.

14. Woro R, Muzasti R, Thamrin A, Nasution S. Association between the 
presence of vascular calcification and serum magnesium in hemodialysis 
patients. IOSR JNHS 2018;7:68-70.

15. Prodjosudjadi W, Suhardjono A. End-stage renal disease in indonesia: 
Treatment development. Ethn Dis 2009; 19(1 Suppl 1):S1-33-6.

16. National Institutes of Health. 2016 USRDS Annual Data Report: 
Epidemiology of Kidney Disease in the United States. Bethesda, MD: 
National Institutes of Health, National Institute of Diabetes and Digestive 
and Kidney Diseases; 2016.

17. Jean G, Bresson E, Terrat J, Vanel T, Hurot JM, Lorriaux C, et al. 
Peripheral vascular calcification in long-hemodialysis patients: 
Associated factors and survival consequences. Nephrol Dial Transplant 
2009;24:948-55.

18. Jayalath RW, Mangan SH, Golledge J. Aortic calcification. Eur J Vasc 
Endovasc Surg 2005;30:476-88.

19. Guérin AP, London GM, Marchais SJ, Metivier F. Arterial stiffening and 
vascular calcifications in end-stage renal disease. Nephrol Dial Transplant 
2000;15:1014-21.

20. Soleymanian T, Nikzad N, Mahjoub A, Argani H, Saavaj S. Serum levels 
of intact parathyroid hormone, calcium, and phosphorus and risk of 
mortality in hemodialysis patients. Nephro Urol Mon 2017;9:425-69.

21. Mirams M, Robinson BG, Mason RS, Nelson AE. Bone as a source of 
FGF23: Regulation by phosphate? Bone 2004;35:1192-9.

22. Chen Z, Chen X, Xie J, Ma X, Zhong F, Hou L, et al. Fibroblast growth 
factor 23 is a predictor of aortic artery calcification in maintenance 
hemodialysis patients. Ren Fail 2013;35:660-6.

23. Zhang M, Yan J, Zhu M, Ni Z. Fibroblast growth factor 23 predicts 
coronary calcification and poor prognosis in patients with chronic kidney 



 159

Muzasti and Lubis / Tzu Chi Medical Journal 2021; 32(2): 154-159

disease stages 3-5d. Ann Clin Lab Sci 2015;45:17-22.
24. Muzasti RA, Loesnihari R. High fetuin – A level as a protective factor to 

abdominal aortic calcification in indonesian regular hemodialysis patients. 
Open Access Maced J Med Sci 2019;7:721-5.

25. Jimbo R, Kawakami-Mori F, Mu S, Hirohama D, Majtan B, Shimizu Y, 
et al. Fibroblast growth factor 23 accelerates phosphate-induced vascular 
calcification in the absence of klotho deficiency. Kidney Int 2014;85:1103-11.

26. Yamada S, Giachelli CM. Vascular calcification in ckd-mbd: roles for 
phosphate, FGF23, and klotho. Bone 2017;100:87-93.

27. Francis C, David V. Inflammation regulates fibroblast growth factor 23 
production. Curr Opin Nephrol Hypertens 2016;25:325-32.

28. Mitchell DM, Jüppner H, Burnett-Bowie SM. FGF23 is not associated 
with age-related changes in phosphate but enhances renal calcium 
reabsorption in girls. J Clin Endocrinol Metab 2017;102:1151-60.


