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Introduction: Volume overload is a known risk factor for cardiovascular disease and stroke in 
hemodialysis patients. The use of fibroblast growth factor 23 (FGF23) as a volume overload marker 
has been validated in multiple studies. 
Objectives: This is a prospective cross-sectional study considering the association between FGF23 
and bioimpedance-measured volume overload in hemodialysis patients. 
Patients and Methods: Bioimpedance analysis was performed on 43 hemodialysis patients at the end 
of hemodialysis to evaluate the remaining volume overload and serum FGF23 was measured before 
hemodialysis. 
Results: The results indicated no significant correlation between mean serum FGF23 levels and 
volume overload in hemodialysis patients (P = 0.824).
Conclusion: Although this study did not show any association between volume overload and FGF23, 
further studies are needed to define the role of FGF23 as a volume overload marker. 

ABSTRACT

Implication for health policy/practice/research/medical education:
In this study, we aimed to assess the correlation between FGF-23 and overload in hemodialysis patients. We found fibroblast growth factor 
23 (FGF23) has not any significant association with overload in hemodialysis patients.
Please cite this paper as: Minoo F, Alamdari A, Karimi H. Does fibroblast growth factor 23 correlates with volume status in hemodialysis 
patients?. J Nephropathol. 2019;8(4):e35. DOI: 10.15171/jnp.2019.35.

Introduction 
End-stage kidney disease can occur due to different 
etiologies such as diabetes mellitus and hypertension and 
even specific conditions like microalbuminuria, obesity 
or glomerulonephritis (1). Cardiovascular disease and 
stroke are the principal causes of morbidity and mortality 
in hemodialysis patients (2). Studies have indicated that 
hypertension is the major cause of cardiovascular and 
cerebrovascular adverse events in hemodialysis patients 
which, in turn, has been linked to chronic volume overload 
in these patients (3,4). Therefore, fluid management is an 
essential component of successful dialysis prescription (5). 
Ideally, fluid removal during dialysis treatment should 
result in dry weight (DW) which is the lowest weight a 
patient can tolerate without developing symptoms and 
hypotension (2,6). Traditionally, DW is determined 
clinically based on patient’s blood pressure, presence 

of edema, and patient tolerance to the chosen weight 
(7). However, clinical assessment lacks sensitivity and 
specificity (8), thus necessitating more objective tools to 
determine DW (2). Although several objective methods 
such as biochemical markers (2), vena cava diameter (9), 
lung sonography (10), and blood volume monitoring (11) 
have been used for DW assessment, however, there is no 
single standard method. Further, cost and complexity also 
limit using these methods (2).

Among various methods, bioimpedance analysis 
(BIA) is non-invasive, low cost, and accurate tool for 
determining DW which is increasingly being used in 
many dialysis centers (5). It is performed by nursing staff 
at bedside within minutes. Total body water (TBW), 
extracellular water (ECW), and intracellular water (ICW) 
are determined via this tool. This method, combined 
with clinical evaluation, can provide valuable information 
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about fluid management in hemodialysis patients (12,13).
At present, biochemical markers such as atrial natriuretic 

peptide (ANP) and brain natriuretic marker (BNP) have 
been studied as an overload marker, but the results were 
contradictory (14-16). Recently, it has been proposed that 
fibroblast growth factor 23 (FGF23), which is the most 
powerful predictor of cardiovascular mortality, increases 
following hypervolemia (17). FGF23 is a phosphaturic 
hormone produced by osteocytes and increases in early 
stages of chronic kidney disease (CKD) to maintain 
phosphate balance (18,19).

Objectives
The aim of this study was to evaluate the relationship 
between the remaining volume overload after hemodialysis 
and mean serum FGF23. 

Patients and Methods
Patients
This prospective cross-sectional study was conducted 
at the dialysis center of the Imam Khomeini hospital 
complex, affiliated to Tehran University of Medical 
Sciences, Tehran, Iran. Forty-three patients, who were 
on stable hemodialysis treatment thrice a week for at 
least 3 months and were 18-80 years of age, enrolled 
in this study. Patients were excluded from the study if 
they had psychiatric disorders, pregnancy and lactation, 
hypoalbuminemia, and local extremity edema, or if they 
refused to participate. In addition, patients with cardiac 
pacemakers, implanted electrical pumps, and implanted 
hip or knee joint were excluded from the study. All 
participants were provided written informed consent 
forms before enrollment. Demographic data and patients’ 
laboratory data were collected from the medical records. All 
patients were dialyzed with high flux dialyzers appropriate 
for body surface area. Blood pressure measurements were 
obtained by dialysis unit staff in standard conditions 
before and after hemodialysis.

Bioimpedance analysis (InBody S10) was performed at 
the end of hemodialysis to evaluate the remaining volume 
overload while patients were in the supine position with 
electrodes placed on their wrists and ankles.

Venous blood samples were taken for FGF23 
measurement from all of the patients at the start of dialysis 
session, after which plasma samples were frozen at -70°C 
until analysis. Serum FGF-23 levels were measured by 
ELISA kits (from BIOTECH company made in China, 
pg/mL).

Ethical issues
Study-related data was delivered to subjects and informed 
consent was provided before the study. The research 
followed the Tenets of the Declaration of Helsinki. The 

Figure 1. Frequency of bioimpedance measured volume overload 
in hemodialysis patients.

Ethics Committee of Tehran University Medical Sciences 
approved this study (ethical cod # 29580, grant number # 
940314629580). This study was conducted as the thesis 
of Hamed Karimi in the department of internal medicine 
of Tehran University Medical Sciences. 

Statistical analysis
Data were analyzed using SPSS version 16 software for 
descriptive statistics. Student’s t-test and chi-square 
test were used for continuous and categorical variables, 
respectively. The correlation was studied by assessing 
Pearson’s coefficient of correlation. A multivariate 
logistic regression model was employed to investigate the 
association between FGF23 and other variables. Statistical 
significance (P value) was set at below the 5% level.

Results
A total of 43 adult patients with the mean age of 
56.72±11.58 years were included in this study. The mean 
systolic and diastolic blood pressure after hemodialysis 
was 130.58±21.4 mm Hg and 77.15±8.74 mm Hg, 
respectively. The average fluid overload of patients 
determined by BIA was 0.560±0.93 liter at the end 
of dialysis (Figure 1). The mean serum FGF23 level of 
patients was 1010.92 ± 463.84 pg/mL. Although there 
was a negative correlation between FGF23 levels and fluid 
overload, it was not significant (P = 0.824). No significant 
correlation was found between FGF23 levels and age, 
gender, and high blood pressure. In addition, there was no 
difference between males and females in terms of dialysis 
time, blood pressure, fluid overload, FGF23, and Kt/V. 
Additionally, Age, gender, blood pressure, and Kt/V had 
no effects on the correlation between FGF23 and fluid 
overload according to co-variance analysis (Table 1).

Discussion
FGF23 has recently been recognized as a volume overload 
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marker in hemodialysis population (17-20). However, our 
study did not find any significant relationship between 
FGF23 levels and volume overload.

FGF23 is a circulating, bone-derived factor. Its serum 
level rises in parallel with diminishing renal function 
and plays a critical role in the regulation of phosphorus 
and vitamin D metabolism (18). Serum levels of FGF23 
can reach nearly 1000-fold above the normal range in 
CKD stage 4-5. This supra-physiologic levels of FGF23 
can result in faster progression of moderate CKD and 
increased mortality in end-stage renal disease patients (21). 
Accelerated atherosclerosis and endothelial dysfunction 
secondary to increased FGF23 levels is the possible 
explanation for increased mortality in this population 
(22). 

Several studies have concluded that FGF23 induces 
left ventricular hypertrophy (LVH) and is associated 
with cardiovascular disease in these patients (23-25). In 
addition, few studies have recently reported a definite 
relationship between hypervolemia and plasma FGF23 
in hemodialysis patients (17,20). Recently, Unver et al 
(17) conducted a prospective study on 97 hemodialysis 
patients. They considered inter-dialytic volume overload 
(IVO) using pre-and post-dialysis weight as hypervolemia. 
They found a significant relationship with FGF23. Unver 
et al not only showed a correlation between hypervolemia 
and LVH in line with previous studies but also found 
that FGF23 concentration correlated with hypervolemia 
and LVH. According to their results, volume control and 
emitting overload can curb elevation of FGF23 levels and 
decrease ventricular hypertrophy. 

Humalda et al (20) conducted an observational study 
on 109 prevalent hemodialysis patients. They investigated 
the relationship between FGF23, ultrafiltration volume 
(UFV), and copeptin. The results of this study suggested 
that FGF23 concentration strongly correlated with both 
UFV (ultra-filtrated volume; as functional markers of 
volume overload) and with biochemical markers of volume 
overload (copeptin). Indeed, UFV was identified as an 
independent determinant of FGF23 levels in hemodialysis 
patients. Further, they observed no relationship between 
FGF23 and structural markers of volume overload such 
as left ventricular mass index. The authors concluded that 
volume control could regulate mineral homeostasis. 

In this study, we considered the relationship between 
FGF23 concentration and the remaining volume overload 
which was assessed by BIA at the end of dialysis. However, 
we did not find any correlation between FGF-23 and post-
dialysis remained overload. The major limitations of our 
work included the small number of enrolled patients. In 
addition, mean volume overload was small (0.560±0.93 
L). In other words, our patients had low remained volume 
overload after hemodialysis. Probably, it has been the main 

reason why we did not find any significant correlation as 
with previous studies.

Conclusion
Although we could not show any association between 
FGF23 and volume overload, further clinical studies in 
our center are necessary to clarify whether FGF23 is as 
an indicator of volume overload in hemodialysis patients 
or not.

Limitations of study 
This was a pilot study requiring further investigations by 
other studies.
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Table 1. Correlation between FGF23 and volume overload and 
other variables
Variables FGF 23

Volume overload
Correlation coefficient -0.035
P value 0.824

Dry weight
Correlation coefficient -0.350
P value 0.804

Volume overload
Men

Correlation coefficient -0.077
P value 0.703

Women
Correlation coefficient 0.060
P value 0.826

Volume overload
Yes

Correlation coefficient 0.093
P value 0.658

No
Correlation coefficient -0.183
P value 0.466

Volume overload

Age≤50
years

Correlation coefficient 0.120
P value 0.725

Age>50
years

Correlation coefficient -0.101
P value 0.583



Minoo F et al

Journal of  Nephropathology, Vol 8, No 4, October 2019                                                   www.nephropathol.com4

Sciences (grant number 940314629580). The funding 
agency did not play any role in the planning, conducting, 
and reporting or decision-making to submit the paper for 
publication.

References
1.	 Minoo F, Mahdavi Mazdeh M, Abasi MR. Association 

of micro albuminuria with diastolic function in obese 
normotensive no diabetic individuals. Nephrourol Mon. 
2014;6(6):e22386. doi: 10.5812/numonthly.22386. 

2.	 Jaeger JQ, Mehta RL. Assessment of dry weight in 
hemodialysis: an overview. J Am Soc Nephrol. 1999;10:392-
403.

3.	 Prevention of stroke by antihypertensive drug treatment in 
older persons with isolated systolic hypertension. Final results 
of the Systolic Hypertension in the Elderly Program (SHEP). 
SHEP Cooperative Research Group. JAMA. 1991;265:3255-
64.

4.	 Fishbane S, Natke E, Maesaka JK. Role of volume overload 
in dialysis-refractory hypertension. Am J Kidney Dis. 
1996;28:257-61.

5.	 Davies SJ, Davenport A. The role of bioimpedance and 
biomarkers in helping to aid clinical decision-making 
of volume assessments in dialysis patients. Kidney Int. 
2014;86:489-96. doi: 10.1038/ki.2014.207. 

6.	 Ohashi Y, Sakai K, Hase H, Joki N. Dry weight targeting: 
The art and science of conventional hemodialysis. Seminars 
in dialysis. Semin Dial. 2018;31:551-6. doi: 10.1111/
sdi.12721.

7.	  Chazot C, Charra B, Vo Van C, Jean G, Vanel T, Calemard 
E, et al. The Janus-faced aspect of ‘dry weight’. Nephrol Dial 
Transplant. 1999;14:121-4.

8.	 Leunissen KM, Kouw P, Kooman JP, Cheriex EC, deVries PM, 
Donker AJ,et al. New techniques to determine fluid status in 
hemodialyzed patients. Kidney Int Suppl. 1993;41:S50-6.

9.	 Mandelbaum A, Ritz E. Vena cava diameter measurement for 
estimation of dry weight in haemodialysis patients. Nephrol 
Dial Transplant. 1996;11 Suppl 2:24-7.

10.	 Jiang C, Patel S, Moses A, DeVita MV, Michelis MF. Use of 
lung ultrasonography to determine the accuracy of clinically 
estimated dry weight in chronic hemodialysis patients. Int 
Urol Nephrol. 2017;49:2223-30. doi: 10.1007/s11255-017-
1709-5.

11.	 de Vries JP, Olthof CG, Visser V, Kouw PM, van Es A, 
Donker JM, et al. Continuous measurement of blood 
volume during hemodialysis by an optical method. ASAIO 
J. 1992;38:M181-5.

12.	 Kyle UG, Bosaeus I, De Lorenzo AD, Deurenberg P, Elia 
M, Gomez JM, et al. Bioelectrical impedance analysis--part I: 
review of principles and methods. Clin Nutr. 2004;23:1226-
43.

13.	 Mulasi U, Kuchnia AJ, Cole AJ, Earthman CP. Bioimpedance 
at the bedside: current applications, limitations, and 
opportunities. Nutr Clin Pract. 2015;30:180-93. doi: 
10.1177/0884533614568155.

14.	 Booth J, Pinney J, Davenport A. N-terminal proBNP--marker 

of cardiac dysfunction, fluid overload, or malnutrition in 
hemodialysis patients? Clin J Am Soc Nephrol. 2010;5:1036-
40. doi: 10.2215/CJN.09001209.

15.	 Papakrivopoulou E, Lillywhite S, Davenport A. Is 
N-terminal probrain-type natriuretic peptide a clinically 
useful biomarker of volume overload in peritoneal dialysis 
patients? Nephrol Dial Transplant. 2012;27:396-401. doi: 
10.1093/ndt/gfr338.

16.	 Wilkins MR, Wood JA, Adu D, Lote CJ, Kendall MJ, Michael 
J. Change in plasma immunoreactive atrial natriuretic 
peptide during sequential ultrafiltration and haemodialysis. 
Clin Sci (Lond). 1986;71:157-60.

17.	 Unver S, Kavlak E, Gumusel HK, Celikbilek F, Esertas K, 
Muftuoglu T, et al. Correlation between hypervolemia, 
left ventricular hypertrophy and fibroblast growth factor 
23 in hemodialysis patients. Ren Fail. 2015;37:951-6. doi: 
10.3109/0886022X.2015.1052945.

18.	 Marthi A, Donovan K, Haynes R, Wheeler DC, Baigent 
C, Rooney CM, et al. Fibroblast growth factor-23 and risks 
of cardiovascular and noncardiovascular diseases: a meta-
analysis. J Am Soc Nephrol. 2018;29:2015-2027. doi: 
10.1681/ASN.2017121334.

19.	 Minoo F, Ramezanzade E , Mojarad M, Alamdari A, Najafi 
MT. The association of fibroblast growth factor-23 with 
mineral factors (Ca, P, and Mg), parathyroid hormone, and 
25-hydroxyvitamin D in hemodialysis patients: a multicenter 
study. Nephrourol Mon. 2018;10:e84296. doi: 10.5812/
numonthly.84296

20.	 Humalda JK, Riphagen IJ, Assa S, Hummel YM, Westerhuis 
R, Vervloet MG, et al. Fibroblast growth factor 23 
correlates with volume status in haemodialysis patients and 
is not reduced by haemodialysis. Nephrol Dial Transplant. 
2016;31:1494-501. doi: 10.1093/ndt/gfv393.

21.	 Mirza MA, Larsson A, Melhus H, Lind L, Larsson TE. 
Serum intact FGF23 associate with left ventricular mass, 
hypertrophy and geometry in an elderly population. 
Atherosclerosis. 2009;207:546-51. doi: 10.1016/j.
atherosclerosis.2009.05.013.

22.	 Hsu JJ, Katz R, Ix JH, de Boer IH, Kestenbaum B, Shlipak 
MG. Association of fibroblast growth factor-23 with arterial 
stiffness in the multi-ethnic study of atherosclerosis. Nephrol 
Dial Transplant. 2014;29:2099-105. doi: 10.1093/ndt/
gfu101. 

23.	 Lee G, Krishnasamy R, Hawley CM, Johnson DW. The impact 
of fibroblast growth factor-23 on the cardiovascular system 
in chronic kidney disease. Expert Rev Endocrinol Metab. 
2015;10:565-568. doi: 10.1586/17446651.2015.1079124.

24.	 Leifheit-Nestler M, Richter B, Basaran M, Nespor J, Vogt I, 
Alesutan I, et al. Impact of altered mineral metabolism on 
pathological cardiac remodeling in elevated fibroblast growth 
factor 23. Front Endocrinol (Lausanne). 2018;9:333. doi: 
10.3389/fendo.2018.00333.

25.	 Mitsnefes MM, Betoko A, Schneider MF, Salusky IB, Wolf 
MS, Juppner H, et al. FGF23 and left ventricular hypertrophy 
in children with CKD. Clin J Am Soc Nephrol. 2018;13:45-
52. doi: 10.2215/CJN.02110217.

Copyright © 2019 The Author(s); Published by Society of Diabetic Nephropathy Prevention. This is an open-access article distributed 
under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted 
use, distribution, and reproduction in any medium, provided the original work is properly cited.


