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INTRODUCTION

Chronic kidney disease (CKD) is an 
international public health problem that 
increases the risk of  premature death 
because of  cardiovascular disease (CVD). 
Both atherosclerotic disease and congestive 

heart failure (CHF) are contributing to 
the higher rate of  CVD in these patients, 
although the risk of  CHF is more prominent.
[1] Several studies regarding the CVDs 
in patients with CKD have shown that 
left ventricular hypertrophy (LVH) is an 
important cause of  CHF and arrhythmia 
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ABSTRACT
Objectives: To determine the association of fibroblast growth factor 23 (FGF23) with left 
ventricular hypertrophy (LVH) through the assessment of left ventricular (LV) mass and left 
ventricular mass index (LVMI) in patients on hemodialysis, this study was done. Methods: 
All patients on hemodialysis who are older than 18 years and in whom hemodialysis vintage 
was at least 6 months were enrolled. All patients were on hemodialysis thrice a week for 4 h 
using low-flux dialysis filters, polysulfone membranes, reverse osmosis purified water, and 
bicarbonate-base hemodialysis solution. The exclusion criteria were any respiratory illness or 
pulmonary infection, cigarette smoking, and the presence of pericarditis or pericardial effusion. 
Additionally, patients with a known coronary artery disease, any form of cardiac arrhythmias, 
any cardiomyopathy or severe valvular heart disease diagnosed by echocardiography, 
acute congestive heart failure (CHF), and acute myocardial infarction were not included. 
Echocardiography was conducted by an experienced operator for all the enrolled patients 
using the ACUSON SC2000™ ultrasound system transducer (Siemens), with a frequency 
bandwidth of: 1.5–3.5 MHz. Patients were considered to have LVH if the LVMI was greater 
than 134 g/m2 for men and greater than 110 g/m2 for women. Results: A total of 61 patients 
(19 female and 42 male) were enrolled to the study. Mean (± SD) age of the patients was 59.6 
± 13.1 years. The median duration of hemodialysis was 23 (range: 6–120) months. The median 
predialysis level of FGF23 was 1,977 pg/mL (range: 155–8,870). LVH was seen in 73.8% of 
the patients (n = 45) and of them 66.7% were male. There was a statistically significant direct 
correlation between FGF23 and left ventricle diameter in end systole (LVDs) (r = 0.29, P = 
0.027). However, the association of FGF23 with LV mass, LVMI, and left ventricular ejection 
fraction (LVEF) was not significant. Conclusion: This study does not show the correlation 
between FGF23 and LV mass in stable hemodialysis patients.
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and encountered as a strong risk factor for cardiovascular 
morbidity and mortality.[1, 2]

Patients with CKD have a high prevalence of  traditional 
cardiac risk factors [1, 2]; however, the severity and 
the extent of  their cardiovascular events seem to 
be disproportionate to these risk factors’ profile.[1-3] 
Studies have shown that metabolic bone disease is 
among the other factors contributing to the increased 
cardiovascular risk and reduced survival in patients with 
CKD.[3,4] As all components of  mineral metabolism (i.e., 
inorganic phosphate, calcium, parathyroid hormone, and 
vitamin D) affect each other, clarifying the true culprits 
responsible for cardiovascular events still remains a 
complex challenge.

Fibroblast growth factor 23 (FGF23) is the most recent 
discovered member of  the fibroblast growth factors family.[4,5]  
This circulating peptide hormone is released primarily by 
osteocytes and acts as an endocrine hormone regulating 
phosphate and vitamin D homeostasis through binding to 
fibroblast growth factor (FGF) receptor and single-pass 
transmembrane coreceptor of  klotho located in the kidney 
and parathyroid glands.[4-6] The main physiologic roles of  
this peptide include the reduction of  reabsorption of  
filtered inorganic phosphate in the kidney proximal tubules 
and the promotion of  phosphaturia by downregulation of  
the expression of  sodium-phosphate cotransporters and 
the attenuation of  systemic 1,25-dihydroxyvitamin D levels 
through decreased activation and enhanced degradation 
of  25-hydroxyvitamin D.[5,6] The effect of  this peptide on 
parathyroid hormone (PTH) is still under debate.[6-8]

It has been shown that circulating levels of  FGF23 increase 
gradually as CKD stage progresses and the renal capacity 
for phosphorus excretion declines.[9,10] In end-stage renal 
disease, the serum levels of  FGF23 are dramatically 
elevated compared to healthy individuals, raising up to 
10,000-fold higher than normal population[10,11].

Moreover, some articles have demonstrated that 
higher FGF23 levels are associated with greater risk of   
LVH.[10-12] Faul and colleagues showed that FGF23 caused 
pathological hypertrophy of  isolated rat cardiomyocytes via 
FGF receptor–dependent activation of  the calcineurin–
NFAT signaling pathway,[13] a finding that supports the 
causal role of  elevated FGF23 in the pathogenesis of  LVH. 
FGF23 is not only involved in the pathogenesis of  CVD 
but also a marker of  higher risk of  CHF.[10,11,15]

It has been shown that FGF23 concentrations are elevated 
in patients who are on dialysis;[10-12], however whether 
there is an association between FGF23 levels and LVH 
and other echocardiographic indexes of  LV dysfunction 

in patients who are on dialysis is still unproven.[13,14,16] 
Therefore, in this study, we decided to evaluate the role of  
FGF23 on LVH, left ventricular mass index (LVMI), and 
other echocardiographic findings in a group of  patients 
on hemodialysis without known CVD.

MATERIALS AND METHODS

Patients
In this cross-sectional study, we enrolled 61 prevalent 
chronic hemodialysis patients, who underwent maintenance 
treatment thrice a week on hemodialysis section of  Masih 
Daneshvari medical center affiliated to Shahid Beheshti 
University of  Medical Sciences, Tehran, Iran, in 2014. 
The study protocol was approved by the ethic committee 
of  Shahid Beheshti University of  Medical Sciences. The 
research followed the tenets of  the Declaration of  Helsinki 
and Good Clinical Practice guidelines. All the necessary 
information was explained to patients, and informed 
consent was obtained before recruiting them into the study. 
All patients hemodialysis who were older than 18 years and 
in whom hemodialysis vintage was at least 6 months were 
enrolled. All patients were on hemodialysis thrice a week for 
4 h using low-flux dialysis filters, polysulfone membranes, 
reverse osmosis purified water and bicarbonate-base 
hemodialysis solution.

The exclusion criteria were any respiratory illness or 
pulmonary infection, cigarette smoking, and the presence 
of  pericarditis or pericardial effusion. Additionally, patients 
with a known coronary artery disease, any form of  cardiac 
arrhythmias, any cardiomyopathy or severe valvular heart 
disease diagnosed by echocardiography, acute CHF, and 
acute myocardial infarction were excluded as well.

Anthropometric and demographic data collection
Information on demographic characteristics, such as age, 
sex, medications, etiology of  kidney disease, duration 
of  hemodialysis, smoking status, coronary heart disease, 
myocardial infarction, as well as duration of  diabetes 
and hypertension (HTN) were obtained from medical 
records.

After physical examination, weight, height and blood 
pressure were recorded. Systolic and diastolic blood 
pressures of  the participants were assessed after resting 
for 10 min. Blood pressures were measured through a 
conventional mercury manometer.

Body mass index (BMI) was calculated as the weight (kg) 
divided by the square of  the height (m2). Body surface area 
(BSA) is assessed using the Dunois equation: BSA (m2) = 
0.007184 × (height) 0.725 × (weight) 0.425, where height 
is expressed in meters and weight is in kilogram.[17]
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Echocardiographic assessment
Echocardiography was conducted by an experienced 
operator for all the enrolled patients using the ACUSON 
SC2000™ ultrasound system transducer (Siemens), with a 
frequency bandwidth of  1.5–3.5 MHz. M-mode and two-
dimensional measurements were performed in accordance 
with methods recommended by the American Society of  
Echocardiography.[18] Measurements included fractional 
shortening (FS), left ventricle diameter in end diastole 
(LVDd), left ventricle diameter in end systole (LVDs), left 
ventricle volume in end diastole (LVEDV), left ventricle 
volume in end systole (LVESV), early to late ventricular 
filling velocity (E/A) ratio, and also posterior LV wall 
thickness (PWT). Left ventricle ejection fraction (LVEF) 
was calculated from M-mode measurement. LV mass 
was calculated according to a formula described [18,19] and 
indexed for BSA to give LVMI. Patients were considered 
to have LVH if  the LVMI was greater than 134 g/m2 for 
men and greater than 110g/m2 for women[19].

Laboratory assessments
Blood samples were obtained after a long dialysis-
free weekend interval before the next hemodialysis, 
after a minimum of  8-h overnight fast. Serum intact 
parathyroid hormone (iPTH) was measured by 
electrochemiluminescence immunoassay (ECLIA) using 
the kits and protocol from Roche Diagnostics GmbH, 
Mannheim, Germany. Serum vitamin D was measured 
by enzyme-linked immunosorbent assay (ELISA). Serum 
lipids (triglyceride, cholesterol, low-density lipoprotein-
cholesterol [LDL-C], high-density lipoprotein-cholesterol 
[HDL-C]) and serum albumin were measured using 
standard kits and using standard automated techniques.

Ser um FGF23 (C-ter m)  was  measured us ing 
immunoenzymometric assay (IEMA) by ELISA kit 
(Immutopics, San Clemente, CA, USA).

Statistical analysis
Results were expressed as mean (±SD) and considered 
statistically significant when P < 0.05. For correlations, Pearson 

product-moment correlation coefficient was used. For the 
assessment of  difference between male and female population, 
the student t-test was applied. Data were analyzed with Stata 
software (Stata Corp. 2011, Stata Statistical Software: Release 
12, College Station, TX, Stata Corp LP).

RESULTS

A total of  61 patients (19 females, 42 males) were enrolled 
in this study. Mean (± SD) age of  the participants was 59.6 
± 13 years (range: 25–90 years). The median duration of  
dialysis was 23 months (range: 6–120 months). The major 
causes of  CKD in the studied subjects were diabetes 
mellitus (n = 22, 36%) and HTN (n = 14, 23%). Table 1 
shows the basic demographic characteristics of  the patients.

The median of  serum concentration of  FGF23 was 1,977 
pg/dL (range: 155–8,870 pg/dL). The median of  FGF23 
was 2074 pg/dL in males and 1,929 pg/dL in females; as 
a result, there was no significant difference between them 
(P = 0.37). Table 2 shows the results of  relevant laboratory 
data and echocardiographic findings of  the patients. The 
mean (± SD) of  LVMI measured in the patients was 152 ± 
52 g/m2. When this index was measured separately in both 
genders, no significant difference (P = 0.281) was noticed 
between them; however, male subject has slightly higher LV 
mass (157 ± 57 g/m2) compared to female subjects (141 ± 
38 g/m2). LVH was seen in 73.8% of  the patients (n = 45) 
and of  them 66.7% were male. In LVH group, the median 
of  FGF23 was 2,088 pg/dL compared to 1,929 pg/dL in 
patients without LVH (P = 0.71). To evaluate the impact 
of  FGF23 on ventricular hypertrophy, the correlation 
between serum levels of  FGF23 and echocardiographic 
index of  ventricular function, demographic characteristics, 
and laboratory data of  the study group was assessed 
(Table 3). We found a significant positive correlation 
between FGF23 and LVDs (r = 0.287, P = 0.02), while 
no correlation was found between FGF23and LVMI (r = 
−0.085, P = 0.52). Among the biochemical parameters, 
there was only a significant association between FGF23 and 
serum phosphorus (r = 0.584, P < 0.001). The correlation 

Table 1: Demographic characteristics of the study group

Variables Mean (SD) Median (Min.–Max.)

Age (years) 59.6 (13.1) 61 (25–90)

BMI (kg/m2) 25.1 (4.9) 24.8 (15.2–40.2)

BSA ( m²) 1.78 (0.21) 1.79 (1.39–2.58)

Systolic blood pressure(mmHg) 128.4 (21.2) 125 (91–188)

Diastolic blood pressure(mmHg) 76.3 (11.5) 76 (46–103)

Dialysis duration (months) 31.7 (25.7) 23 (6–120)

Volume change (L) 1.87 (0.66) 1.80 (0.80–5.20)
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Table 3: Correlation between FGF23 and the following 
characteristics
Characteristics r P value

Age (years) −0.092 0.488

Dialysis duration (months) 0.213 0.106

Volume change (L) 0.114 0.389

Hemoglobin (g/L) −0.109 0.412

iPTH (ng/L) 0.243 0.063

Vitamin D (nmol/L) 0.121 0.361

Calcium (mmol/L) 0.111 0.401

Phosphorus (mmol/L) 0.584 <0.001

LV-Mass (g) −0.049 0.710

LV-Mass index(g/m2) −0.085 0.522

LVDd (mm) 0.102 0.441

LVDs (mm) 0.287 0.027

LVEDV(mL) −0.059 0.656

LVESV(mL) 0.155 0.241

LVEF (%) 0.011 0.937

FS (%) −0.416 0.001

PWT(mm) −0.170 0.197

E/A ratio −0.184 0.167

FGF23, fibroblast growth factor 23; iPTH, intact parathyroid hormone; 
LV, left ventricle; LVDd, left ventricle diameter in end diastole; LVDs, left 
ventricle diameter in end systole; LVEDV, left ventricle volume in end 
diastole; LVESV, left ventricle volume in end systole; LVEF, Left ventricle 
ejection fraction; FS, fractional shortening; PWT, posterior left ventricular 
wall thickness; E/A ratio, early to late ventricular filling velocity.

Table 2: Biochemical and echocardiographic parameters 
of the study group
Parameter Mean (SD) Median (Min.–Max.)

FGF23(pg/dL) 2486 (2391) 1977 (155–11,010)

Hemoglobin (g/L) 109 (15) 108 (71–148)

Albumin (g/L) 38 (4) 39 (27–50)

iPTH (ng/L) 241 (213) 182 (11–919)

Vitamin D (nmol/L) 46.5 (8) 47(30–75)

Calcium (mmol/L) 2.0 (0.17) 1.98 (1.52–2.52)

Phosphorus (mmol/L) 1.25 (0.39) 1.19 (0.49–2.66)

Triglyceride (mmol/L) 1.59 (0.97) 1.37 (0.40–4.39)

Cholesterol (mmol/L) 3.82(0.94) 3.80 (2.21–6.55)

LDL-C (mmol/L) 2.26 (0.73) 2.27 (0.80–4.89)

HDL-C (mmol/L) 0.78 (0.26) 0.73 (0.36–1.72)

LV-Mass (g) 271 (91) 276 (102–545)

LV-Mass index(g/m2) 152 (52) 151 (27–319)

LVDd (mm) 48(7) 48 (31–69)

LVDs (mm) 31 (8) 31 (11–52)

LVEDV(mL) 135(49) 138 (13–259)

LVESV(mL) 51 (26) 48 (12–142)

LVEF (%) 54 (11) 44 (30–74)

FS (%) 24.9 (7.3) 35.8 (18.5–59.3)

PWT(mm) 11.9 (2.2) 11.8 (7.0–18.4)

E/A ratio 1.0 (0.6) 0.9 (0.4–4.1)

FGF23, fibroblast growth factor 23; iPTH, intact parathyroid hormone; 
LDL-C, low-density lipoprotein-cholesterol; HDL-C, high-density 
lipoprotein-cholesterol; LV, left ventricle; LVDd, left ventricle diameter 
in end diastole; LVDs, left ventricle diameter in end systole; LVEDV, left 
ventricle volume in end diastole; LVESV, left ventricle volume in end 
systole; LVEF, Left ventricle ejection fraction; FS, fractional shortening; 
PWT, posterior left ventricular wall thickness; E/A ratio, early to late 
ventricular filling velocity.

between FGF23 and serum iPTH was considerable, 
although it did not reach a significant level (r = 0.243, 
P = 0.063). Evaluation of  association of  LV mass with 
echocardiographic findings of  the patients only showed 
significant association with LVDd and LVDs (P = 0.007). 
Except for iPTH that was significantly higher in LVH 
group (197 ng/L) than that in the patients without LVH 
(132 ng/L) (P = 0.06), other demographic or biochemical 
data were similar in both groups (Table 4).

DISCUSSION

The FGF family consists of  23 members (FGF1 to 
FGF23); FGF23, as a novel member of  this family, is 
a bone-derived protein, secreted mainly by osteoblasts 

and osteocytes, and has a function quite different from 
other members of  the FGF family.[4,5] Numerous studies 
revealed that FGF23 as a phosphate binding hormone is 
independently associated with several cardiovascular risk 
factors.[3,10] Thus, FGF23 could be considered as the novel 
risk biomarker for CVD death in patients on hemodialysis. 
Therefore, as CVDs are the leading cause of  death in 
patients with CKD,[1,3] in this study, we aimed to evaluate 
the association between serum levels of  FGF23 and 
echocardiographic indexes of  LV dysfunction in patients 
on hemodialysis. Our findings suggest that once relevant 
confounders were considered, the relation between serum 
FGF23 levels and LVDs  was significant, while there was 
no significant relationship between FGF23 and LVDd, 
PWT, LV mass, LVMI, and LVEF. In adults with CKD, 
the link between FGF23 concentration and LVH has been 
documented in many studies; however, studies regarding 
the association of  FGF23 with LVH in patients who are 
on hemodialysis are less frequent and sometimes addressed 
various results.
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Hsu et al. examined 124  patients with end-stage kidney 
failure and found that LVH was correlated with higher 
levels of  FGF23. They concluded from results that serum 
FGF23 level is independently associated with LVH; 
however, it is not a predictor for short-term prognosis 
(2-year follow-up).[22] In a recent study, Kovács and 
colleagues[23] by using three-dimensional speckle tracking 
echocardiography investigated the effects of  FGF23 on 
LV mechanics in patients on hemodialysis and found that 
elevated FGF23 levels were associated with increased 
LV mass (ρ = 0.581, P < 0.001). Accordingly, Liu et al.[24] 
examined the relationship between FGF23and LVH in 
62 patients on continuous ambulatory peritoneal dialysis 

and 30 healthy controls [24]. They found that serum FGF23 
level were significantly higher in patients on continuous 
ambulatory peritoneal dialysis than in healthy controls, 
while both were higher in patients with LVH than in 
individuals without LVH. Also, FGF23 was detected 
to be positively associated with LVMI. They concluded 
that FGF-23 is an independent risk factor for LVH in 
patients on continuous ambulatory peritoneal dialysis.[24] 
In contrast, Knap et al. examined the possible association 
between FGF23 levels with LVMI in 50 patients on 
maintenance hemodialysis and found no correlations 
between log FGF23 levels and LVMI, a result that is in 
accordance with our findings.[25]

Table 4: All characteristics of the patients with and without LVH

Characteristics LVH group Non-LVH group P value

n = 45 n = 16

Age (years) 59.1 (13.3) 61.1 (12.8) 0.598

BMI 24.8 (4.4) 26.0 (6.2) 0.408

Dialysis duration (months) ⃰23 (6–120) 15 (6–62) 0.055

Volume change (L) 1.8 (0.5) 2.1 (1.0) 0.338

FGF23 (pg/dL) ⃰2,088 (155–8,870) 1,929 (256–8,169) 0.715

Hemoglobin (g/L) 10.8 (1.6) 11.2 (1.3) 0.394

iPTH (ng/L) ⃰197 (11– 919) 132 (21–339) 0.064

Vitamin D (nmol/L) 46.7 (8.5) 46.5 (6.5) 0.952

Calcium (mmol/L) 2 (0.1) 1.9 (0.2) 0.882

Phosphorus (mmol/L) 1.2(0.3) 1.4 (0.4) 0.203

Triglyceride (mmol/L) ⃰1.4 (0.4–4.5) 1.3(0.5–3.8) 0.954

Cholesterol (mmol/L) 3.8(1) 3.8(0.8) 0.848

LDL (mmol/L) 2.2(0.7) 2.3 (0.7) 0.474

HDL(mmol/L) 0.8(0.3) 0.7 (0.2) 0.158

LVDd (mm) 49 (7) 44 (7) 0.007

LVDs (mm) 32 (7) 26 (7) 0.007

LVEDV (mL) 140 (52) 120 (40) 0.186

LVESV (mL) 53 (26) 46 (26) 0.376

LVEF (%) 53 (12) 56 (10) 0.417

FS(%) 86 (28) 92 (28) 0.098

PWT (mm) 86 (28) 92 (28) 0.320

E/A ratio 86 (28) 92 (28) 0.620

Data are shown as mean (SD) and ⃰as median (Min.–Max.). FGF23, fibroblast growth factor 23; LVH, left ventricular hypertrophy; BMI, body mass index; 
iPTH, intact parathyroid hormone; LDL-C, low-density lipoprotein-cholesterol; HDL-C, high-density lipoprotein-cholesterol; LV, left ventricle; LVDd, left 
ventricle diameter in end diastole; LVDs, left ventricle diameter in end systole; LVEDV, left ventricle volume in end diastole; LVESV, left ventricle volume in 
end systole; LVEF, Left ventricle ejection fraction; FS, fractional shortening; PWT, posterior left ventricular wall thickness; E/A ratio, early to late ventricular 
filling velocity.
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It is shown that the extent of  LV dysfunction produced 
by heart disease is a major determinant of  clinical 
prognosis and survival.[27] The assessment of  cardiac 
chamber dimensions, ventricular function, and myocardial 
mass is among echocardiographic indexes that have an 
important prognostic value.[19,27,28] However, it should be 
noted that LV diameter is a relatively crude assessment 
of  a three-dimensional structure that cannot consider for 
more complex variations in ventricular shape or size,[29-31]  
an issue that might be the reason for not seeing an 
association between serum levels of  FGF23 and LVM 
index in our study. Moreover, better phosphate level, blood 
pressure, and anemia control in our patients might also be 
considered, at least partially, as the reason for not seeing 
this difference.[32]

It is correct that ejection phase indexes, particularly ejection 
fraction, are the most used clinical parameters of  LV 
function, but this index is affected by changes in loading 
conditions independent of  changes in muscle function. 
On the other hand, end systolic volume is independent of  
preload, and therefore, it is recommended that end systolic 
volume index might be a better marker of  contractile 
function than ejection fraction in patients in whom the 
preload is altered.[30,31] This might explain why we did not 
see an association between FGF23 and ejection fraction 
while the relation was present between the growth factor 
and LVDs. 

CONCLUSION

In summary, in our study, the association of  FGF23 with 
LV mass, LVMI, and LVEF was not significant. We found 
a positive significant association of  FGF23 with LVDs. 
However, the association of  FGF23 with LV mass, LVMI, 
and LVEF was not significant. Additional longitudinal 
investigations that evaluate the predictive power of  
FGF23 and analyze whether FGF23 has additional clinical 
applications are necessary. Also, it is needed to evaluate 
the role of  treatment strategies and reducing serum levels 
of  FGF23 and to analyze if  it has to be associated with 
decreased rate of  cardiovascular events.[33]
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