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Abstract: Background: The family of FGFs consists of 23 proteins that regulate cell proliferation, migration, 

differentiation, and survival. FGF-23 is the most recently discovered FGF and functions as an endocrine hormone that 

regulates phosphorus homeostasis. Increased FGF23 production in chronic kidney disease (CKD) enhances urinary 

phosphate excretion to prevent hyperphosphatemia. Left ventricular hypertrophy (LVH) is a common manifestation of 
cardiovascular disease in CKD patients. We design this study to examine the relationship between increased plasma 

FGF 23 and LVH in patients with pre-dialysis CKD in order to understand the early mechanisms of LVH in CKD 

patients. Methods: FGF-23 measurement using ELIZA immunoassay and Conventional echo-Doppler study for LVH 

were done in 27 patients with pre-dialysis CKD (estimated glomerular filteration rate (eGFR) ≤ 60 mL/min/1.73m²) as 

well as 13 patients with preserved kidney function (eGFR) ˃ 60 mL/min/1.73m²) to serve as control. Results: The 

mean FGF-23 plasma level in patients with CKD (3.8 ± 2.2 pg/ml) was significantly higher than FGF-23 in those with 

preserved kidney function (0.5 ± 0.1 pg/ml). Within CKD patients, the FGF -23 levels were also significantly increased 

in group 4 compared with group 3 CKD (5.5 ± 1.3 pg/ml vs. 1.9±0.8 pg/ml). The increased FGF23 levels in CKD 

patients were negatively correlated with GFR and positively correlated with LVM and LVMI. Conclusion: Increased 

synthesis of FGF-23 in the course of declined GFR positively correlated to LVM and LVMI in patients with CKD and 

this positive correlation was present before appearance of hyperphosphatemia. FGF-23 may serve as sensitive marker of 
early calcium-phosphate disturbances and can predict occurrence of LVH in patients with CKD. 
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1. Introduction 

Fibroblast growth factor-23 (FGF-23) is a 251-

amino acid protein that is involved in the control of 

phosphate (P) and calcium (Ca) metabolism through 

binding to both FGF receptor (FGFRs) and its co-
receptor (klotho) in the kidney and parathyroid glands.  

The activation of FGF-Rs is Klotho dependent as a 

Klotho/FGF-R complex binds to FGF-23 with higher 

affinity than does FGF-R or Klotho alone. It is 

synthesized and secreted by bone cells, mainly 

osteocytes (Yamashita et al., 2000). FGF-23 is a 

phosphaturic hormone, inducing urinary phosphate 

excretion by suppressing the expression of type IIa and 

IIc sodium/phosphate cotransporters in the brush 

border of renal proximal tubules (Shimada et al., 

2004). In addition, it inhibit gastrointestinal phosphate 
absorption by reducing intestinal IIb sodium/phosphate 

cotransporters activity in a vitamin D-dependent 

manner (by inhibiting 1α-hydroxylase which reduce 

the circulating 1, 25-dihydroxyvitamin D levels) 

(Miyamoto et al., 2005). The principal physiological 

stimuli for increased FGF-23 expression both in vitro 

and in vivo are 1,25 dihydroxyvitamin D level and high 

dietary phosphate intake (Kolek et al., 2005 and 

Antoniucci et al., 2006).  

Chronic kidney disease (CKD) is a global public 

health problem that is estimated to affect many 

individuals’ worldwide. Patients with CKD tend to 

develop hyperphosphatemia as a consequence of 

impaired renal P excretion and decreased 1,25-
dihydroxyvitamin D production and hypocalcemia. In 

early stages of CKD, compensatory changes in renal P 

handling are sufficient to maintain a normal serum P 

level, but in more advanced CKD, these processes 

become no longer sufficient and overt 

hyperphosphatemia develops. The resulting increased P 

burden contributes directly to development of 

secondary hyperparathyroidism. PTH leads to 

induction of bone turnover to maintain serum Ca 

normal as well as increase the FGF-23 production by 

osteocytes through activation pathway with negative 
feedback control (Saji et al., 2009). The FGF-23 

increases early in CKD in response to abnormal P 

metabolism and mediates its effect by promoting 

urinary phosphate excretion in the face of reduced 

nephron mass helping to restore serum P levels to 

normal in CKD stage 3 and in early stage 4. The 

increased P burden and subsequent overt 

hyperphosphatemia are associated with increased 

mortality and morbidity (Isakova et al., 2011). Several 
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studies have measured circulating FGF23 levels in 

predialysis and dialysis patients and reported 
progressively elevated FGF23 levels as serum 

creatinine or phosphate levels increase (Larsson et al., 

2003 and Imanishi et al., 2004).  
Patients with CKD are at increased risk for 

cardiovascular events. Left ventricular hypertrophy 

(LVH) is a common manifestation of cardiovascular 

disease in those patients and is associated with 

markedly increased risk of mortality. Approximately 

40% of patients with pre-dialysis CKD and up to 80% 

of patients initiating hemodialysis manifest LVH 

(London et al., 2003). Elevated serum phosphate 

concentrations, even within the normal range, are 
associated with LVH and increased cardiovascular 

mortality in both CKD and non-CKD populations. 

These results suggest that disordered phosphorus 

metabolism is a risk factor for LVH and cardiovascular 

disease (Tonelli et al., 2005). The circulating 

concentrations of FGF-23 increase early in the course 

of kidney disease, long before the development of 

hyperphosphatemia, and thus a high FGF-23 

concentration is among the earliest markers of 

disordered phosphorus metabolism in CKD. 

Furthermore, increased FGF-23 concentrations were 
much stronger predictors of mortality than elevated 

serum phosphate concentrations, and the strongest 

associations between FGF-23 and mortality were 

observed in the normal range of serum phosphate 

(Nakai et al., 2010).  
These results suggest that increased FGF-23 

may represent an early, more sensitive biomarker of 

disordered phosphorus metabolism than concomitant 

serum phosphate measurements. Elevated 

concentrations of FGF-23 have been shown to activate 

fibroblast growth factor receptors implicated in the 

development of cardiac hypertrophy (Virag et al., 

2007). So, the hypothesis that elevated FGF-23 

concentrations can be used as early, sensitive 

biomarker of LVH in asymptomatic patients with CKD 

need to be tested. We design this study to examine the 

relationship between FGF-23 and LVH in patients with 

pre-dialysis CKD in order to understand the early 

mechanisms of LVH in CKD patients which is 

essential for designing novel therapeutic strategies to 

attenuate cardiovascular disease in those patients. 

 

2. Patients and Methods: Study Population: 
 This study was conducted in AL-Zahraa 

hospital of Al-Azhar University, Cairo, Egypt. The 

study population consisted of 40 patients with various 

stages of CKD according to The Kidney Disease 

Outcomes Quality Initiative (K/DOQI) 2002 (Patel et 

al., 2002): stage 1 kidney damage with normal or 

increased GFR (>90 mL/min/1.73 m2), stage 2 with 

mild reduction in GFR (60-89 mL/min/1.73 m2) stage 

3 with moderate reduction in GFR (30-59 mL/min/1.73 

m2) and stage 4 with severe reduction in GFR (15-29 

mL/min/1.73 m2). Stage 5 with end stage kidney 
failure (GFR < 15 mL/min/1.73 m2) or dialysis were 

excluded from the study. Those patients were recruited 

from Internal Medicine Department. Patients were 

classified to 2 groups, 27 patients with CKD defined as 

sustained reduction (≥ 3 months) in estimated 

glomerular filtration rate (eGFR) of ≤ 60 ml/min/1.73² 

based on the simplified Modification of Diet in Renal 

Disease formula (Levey et al., 1999)  and 13 patients 

with preserved renal functions (eGFR of ≥ 60 

ml/min/1.73²) to serve as control. The early renal 

impairment in control group was proved by 

microalbuminuria and/or grade I to II nephropathy by 
abdominal US. Patients were eligible for the study if 

they were 30 years of age or older. All patients 

included in the study underwent a standard procedure 

consisting of detailed history (with special concern to 

smoking and co-morbidity with renal impairment) and 

complete physical examination. Blood pressure (BP) 

measurements were taken by sphygmomanometer as a 

mean of three times at different occasions in sitting 

position. Body surface area (BSA) was calculated from 

the equation BSA (m²) = ([Height (cm) x Weight (kg)]/ 

3600)½ (Mosteller, 1987). Body mass index (BMI) 
was calculated using the equation BMI = weight (in 

kilograms) divided by the square of the height (in 

meters). Exclusion criteria include: Stage 5 kidney 

disease (eGFR < 15 ml/min/1.732), renal replacement 

therapy (dialysis or kidney transplant), known ischemic 

heart diseases or heart failure. 

Conventional echo-Doppler study: Echo-

Doppler study was performed at rest with the patient at 

steady state in both supine and left lateral position,  

using Vivid- 7GE system with multi frequency (2.5 

MHz) matrix probe M3S. Echo-Doppler study was 

performed using the standard views from all accessible 
windows (parasternal long axis view, short axis view at 

the level of great vessels, apical four chamber view, 

and apical two chamber view) with ECG physio-signal 

displayed. Two dimensional guided M- mode 

measurements of left ventricular end diastolic 

dimension (LVEDD), left ventricular systolic 

dimension (LVS), interventricular septal thickness 

(IVS) and posterior wall thickness (PWT), were 

measured at the left ventricular (LV) short axis view at 

the level of chordae tendinae just beyond the mitral 

leaflet tips as recommended by the American Society 
of Echocardiography (ASE) (Sahn et al., 1978). 

Patients with structural valvular disorders or ejection 

fraction < 40% were execluded. Echocardiographic 

measurements of LVM were calculated using the 

American society of echocardiography (ASE) formula 

described by (Devereux et al., 1986): LVM (gm) = 

0.80 {1.04x (LVEDD+IVS+PWT) 3- (LVEDD) 3} + 

0.6 g. and was corrected to body surface area.  LV 

hypertrophy (LVH) was defined as LVM/BSA>95 
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gm/m2 for women and > 115 gm/m2 for men (Lang et 

al., 2005). 
Laboratory investigations: Blood samples were 

obtained from all patients and immediately centrifuged, 

separated into aliquots to prepare for further assays. 

Serum urea and serum creatinine were done using 

Hitachi 912 Auto-analyzer (Roch-Germany). The 

Cockcroft-Gault formula for estimating CrCl was used 

as follows: CrCl (male) = ([140-age] × weight in 

kg)/(serum creatinine × 72) and CrCl (female) = CrCl 

(male) × 0.85. Serum phosphate, calcium and albumin 

were measured using standard commercial assays.  

FGF-23 assays were measured using ELIZA Kit 

according to manufacturer's protocol (Catalogue No. 
CSB-E10113h/Cusabio biotech). The microtiter plate 

provided in this kit has been pre-coated with an goat-

anti-rabbit antibody. Standards or samples are then 

added to the appropriate microtiter plate wells with a 

HRP-conjugated FGF23 and antibody preparation 

specific for FGF23 and incubated. Then substrate 

solutions are added to each well. The enzyme-substrate 

reaction is terminated by the addition of a sulphuric 

acid solution and the color change is measured 

spectrophotometrically at a wavelength of 450 nm ± 2 

nm. The concentration of FGF23 in the samples is then 
determined by comparing the O.D. of the samples to 

the standard. The sensitivity for minimum detectable 

dose of human FGF23 is typically less than 0.5pg/ml. 

Statistical methods: IBM SPSS statistics (V. 

20.0, IBM Corp., USA, 2011) was used for data 

analysis. Data were expressed as Mean ± SD for 

quantitative parametric measures in addition to 

percentage for categorized data. Routine statistics was 

done after adjustment for age and BMI using analysis 

of co-variance. The following tests were done: (1) 

Comparison between two independent mean groups for 

parametric data using Student t test. (2) Comparison 
between two independent groups for non-parametric 

data using Wilcoxon Rank Sum test. (3) Ranked 

Sperman correlation test to study the possible 

association between each two variables among each 

group for non-parameteric data. (4) Chi-square test to 

study the association between each 2 variables or 

comparison between 2 independent groups as regards 

the categorized data. The probability of error at 0.05 

was considered sig., while at 0.01 and 0.001 are highly 

sig. 

 

3. Results: 

The description of demographic, laboratory and 

echocardiogram data of all 40 patients involved in the 

study classified according to level of kidney functions 

are represented in table (1). Results are expressed as 

mean ± standard deviation or percent as appropriate. 

There was none significant difference in age (47 ± 15 

years vs. 54 ± 13 years), sex (59.3% females vs. 61.5 
% females) or BMI (29.7± 3.3 kg/m² vs. 29.2±5.6 

kg/m²)  between control and CKD patients. The CKD 

participants (grades 3 and 4) were 33.3 % smokers and 

had one or more co-morbidities with renal disease in 

the form of diabetes mellitus (59.2%), hypertension 

(59.3%), autoimmune disease (3.7), or liver disease 

(3.7%). The participants with preserved kidney 

function (grades 1 and 2 CKD) were 38.5% smokers 

and the co-morbidity with renal disease including DM 

(61.5%), hypertension (46.1%) and bronchial asthma 

(7.7). The mean systolic and diastolic BP was normal 

in both groups; however systolic blood pressure show 
significant increase across the spectrum of CKD 

patients. The laboratory data were demonstrated a 

highly significant increase in serum FGF-23 in patients 

with CKD compared with those with preserved kidney 

functions. There was also significant decrease in serum 

calcium (which considered a main stimulus for PTH 

secretion and subsequently FGF-23). Furthermore, the 

mean serum phosphate concentration was within the 

normal range in all patients, including the group with 

CKD (3.9±0.6) which favour the idea that the FGF-23 

is increased long before the development of 
hyperphosphatemia. Echo data also represented highly 

significant increased LVM and LVMI in patients with 

CKD compared with those with preserved kidney 

functions (155 ± 26 vs 250±75 and 88 ± 14 vs 137±38 

respectively). 

In order to further characterize the relationship 

between increased FGF-23 and progression of kidney 

functions, we classify the patients with CKD according 

to GFR into: grade 3 CKD with eGFR→ 60-30 (n=13) 

and grade 4 CKD with eGFR → 30-15 (n=14). 

All demographic data were equally distributed 

between grades 3 and 4 CKD except for systolic and 
diastolic BP that showed significant increase in grade 4 

compared to grade 3 CKD.  Laboratory data showed 

significant decrease in serum calcium as kidney 

function deteriorates however, serum phosphorus 

remained unchanged. FGF-23 plasma level was 

increased as renal functions deteriorate (Figure 1) 

evident by highly significant increase in FGF-23 in 

grade 4 CKD compared by grade 3. There was no 

significant difference in the indices of cardiac structure 

and function across the spectrum of CKD except for 

LVM and LVMI which showed significant increases in 
grade 4 compared to grade 3 CKD (Table 2). 

Table 3 represents significant positive correlation 

between plasma FGF 23 and GFR as well as LVM and 

LVMI (Figure 2) in patients with CKD. However, no 

significant correlations were founded between FGF-23 

and serum calcium and phosphorus. 
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Table (1): Demographic, laboratory, and echocardiograpgic data  of all patients according to kidney function. 

Variables  eGFR ˃ 60 ml/min/1.73² 

N=13 

eGFR ≤ 60 ml/min/1.73² 

N=27 

P value Significance 

Demographic data: 

Age/years 47 ± 15 54 ± 13 0.139 NS 

Female gender (%) 61.5 59.3 0. 890 NS 

Co-morbidity (%): 

Diabetes mellitus 

Hypertension 
Bronchial asthma 

SLE 

Liver disease 

 

61.5 

46.1 
7.7 

0.0 

0.0 

 

59.2 

59.3 
0.0 

3.7 

3.7 

  

Smoking (%) 38.5 33.3 0.750 NS 

BSA (m²) 1.8 ± 0.2 1.8±0.2 0.787 NS 

BMI (kg/m2) 29.7± 3.3 29.2±5.6 0.764 NS 

Systolic BP/mmHg 126 ± 9.6 135.7±17.6 0.032 S 

Diastolic BP/mmHg 79 ± 7.6  83.7±10 0.127 NS 

Laboratory data: 

Serum Calcium/(mg/dl) 8 ± 0.8 7.9± 0.9 0.198 NS 

Serum Phosphorus/(mg/dl) 3.8 ± 0.5 3.9±0.6 0.348 NS 

 Serum Albumin/(mg/dl) 3.9 ± 0.4 3.3±0.5 0.002 HS 

Serum Urea/(mg/dl) 58 ± 26 99± 40 0.001 HS 

Serum Creatinin /(mg/dl) 0.9 ± 0.2 2.2±1 0.000 HS 

eGFR (ml/min/1.73 m²) 96 ± 18 43±19 0.000 HS 

FGF (pg/ml) 0.5±0.1 3.8± 2.2 0.000 HS 

Echocardiogram M-mode left ventricular measurements 

IVSd/cm 1.1± 0.2 1.2±0.1 0.078 NS 

LVIDd/ cm 4.8±0.5 5.2±0.7 0.068 NS 

LVPWd/cm 1.1±0.2 1.2± 0.1 0.032 S 

IVSs/cm 1.5±0.3 1.7±0.3 0.151 NS 

LVIDs/cm 2.9± 0.7 3.1±0.6 0.418 NS 

LVPWs/cm 1.5± 0.2 1.6±0.2 0.02 S 

EDV/ml 105.5± 18.9 131.3± 46.3 0.017 S 

ESV/ml 37± 10 40± 17 0.478 NS 

EF% 70 ± 8 68±8 0.371 NS 

LVM/g 155 ± 26 250±75 0.00 HS 

LVMI 88 ± 14 137±38 0.00 HS 

eGFR, estimated glomerular filtration rate, BSA, body surface area, BMI, body mass index, BP, blood pressure, FGF, fibroblast growth factor, IVS, inter 

ventricular septum, LVID, left ventricular internal dimensions, LVPW, left ventricular pulmonary wedge pressure, EDV, end diastolic volume, ESV, end 

systolic volume, EF, ejection fraction, LVM left ventricular mass, LVMI, left ventricular mass index, NS, non significant, S, significant, HS, highly significant.  

 

Table (2): Comparison between demographic, laboratory and echocardiographic data  of grades 3 and 4 CKD. 

Variables  Grade 3 CKD 

N=13 

Grade 4 CKD 

N=14 

P value Significance 

Demographic data: 

Age/years 54 ± 12 54 ± 13 0.962 NS 

BSA (m²) 1.8.±0.2 1.8± 0.1 0.667 NS 

BMI (kg/m2) 28.4±6 30 ± 5 0.46 NS 

Systolic BP/mmHg 127± 18 144± 13 0.015 S 

Diastolic BP/mmHg 78.85 88 ± 6.7 0.014 S 

Laboratory data: 

Serum Calcium/(mg/dl) 8.4 ± 0.6 7.5 ± 1 0.008 HS 

Serum Phosphorus/(mg/dl) 3.9 ± 0.6 4 ± 0.6 0.563 NS 

Serum Albumin/(mg/dl) 3.3 ± 0.7 3.2 ± 0.4 0.72 NS 

Serum Urea/(mg/dl) 65 ± 21 127 ± 27 0 HS 

Serum Creatinin /(mg/dl) 1.4 ± 0.5 2.9 ±1 0 HS 

eGFR (ml/min/1.73 m²) 47 ± 5 26 ± 3 0 HS 

FGF (pg/ml) 1.9 ± 0.8 5.5± 1.3 0 HS 

Echocardiogram M-mode left ventricular measurements: 

IVSd/cm 1.1± 0.1 1.2±0.1 0.065 NS 

LVIDd/ cm 5.0±0.6 5.3±0.9 0.235 NS 

LVPWd/cm 1.1±0.1 1.2±0.1 0.101 NS 

IVSs/cm 1.6±0.3 1.7±0.3 0.305 NS 

LVIDs/cm 3.0±0.6 3.3±0.6 0.231 NS 

LVPWs/cm 1.6±0.2 1.7± 0.2 0.076 NS 

EDV/ml 118.6±31.6 143±55.3 0.169 NS 

ESV/ml 35.9±13 43.5±19.3 0.236 NS 

EF% 67.0±7.8 68.4±7.9 0.643 NS 

LVM/g 215.4±25.5 281.2± 91.6 0.021 S 

LVMI 119.8±11.7 153.7±46 0.018 S 

eGFR, estimated glomerular filtration rate, BSA, body surface area, BMI, body mass index, BP, blood pressure, FGF, fibroblast growth factor, IVS, inter 

ventricular septum, LVID, left ventricular internal dimensions, LVPW, left ventricular pulmonary wedge pressure, EDV, end diastolic volume, ESV, end 

systolic volume, EF, ejection fraction, LVM left ventricular mass, LVMI, left ventricular mass index, NS, non significant, S,  significant, HS, highly significant. 
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Figure (1): Elevated circulating FGF23 levels as renal functions deteriorate (as regards median values) 

 

Table (3): Correlation between FGF-23 and serum calcium, phosphrous, creatinin, eGFR, LVM and LVMI in CKD 

patients 

Variables FGF-23 

R P Sig. 

Calcium (mg/dl) -0.37 0.058 NS 

Phosphorus (mg/dl) 0.175 0.384 NS 

Creatinin (mg/dl) 0.526 0.005 HS 

eGFR (ml/min/1.73 m²) -0.631 0 HS 

LVM/g 0.491 0.009 HS 

LVMI 0.487 0.01 S 

 
Figure (2): Linear regression analysis showing correlation between FGF-23 and LVMI among CKD patients 

 

4. Discussion  

     Cardiovascular disease is the leading cause of 

death in all stages of CKD. One of the most important 

mechanisms of cardiovascular disorders is LVH that 

contributes to diastolic dysfunction, congestive heart 

failure, arrhythmia, and sudden death (Go et al., 2004). 

Our study was designed to characterize the FGF-23 

role in the development of LVH in patients with CKD, 
aiming to elucidate additional mechanism of LVH 

helping to identify novel therapeutic targets for 

reducing the burden of cardiovascular disease in those 

patients. 

Increased synthesis of FGF-23 in the course of 

declined glomerular filtration rate were characterized 

in our study by the increased plasma levels of FGF-23 

in patients with CKD versus those with preserved 

kidney function as well as increased FGF-23 plasma 

levels in patients with grade 4 versus grade 3 CKD. 
The increased FGF 23 was negatively correlated to 

GFR in patients with CKD however; this increased 

FGF is independent of serum phosphate level which 

50 

100 

150 

200 

250 

300 

0 10 20 30 

LVMI 

FGF 23  



Journal of American Science, 2012;8(8)                                                     http://www.americanscience.org  

http://www.americanscience.org                                                                 editor@americanscience.org 256 

remained normal in our study. Our results are in line 

with Stevens et al., 2011 from the Renal Unit at the 
Western Infirmary in Scotland who founded that FGF-

23 concentration correlates negatively with eGFR in 

patients with diabetic nephropathy, biopsy-proven IgA 

nephropathy and CKD stages 3 and 4. Glomerular 

filtration rate  may modulate FGF 23 levels 

independent of serum P as association of GFR with 

FGF 23 was also observed in subjects with normal or 

mildly impaired renal function (Marsell et al., 2008) 

and increased FGF 23 in patients with CKD develops 

earlier than increased phosphate or PTH (Isakova et al., 

2011). Hence, FGF23 measurements may be a 

sensitive early biomarker of disordered phosphorus 
metabolism in patients with CKD and normal serum 

phosphate levels.  

FGF-23 Levels are elevated, often more than 

1000-fold, in patients with end-stage renal disease 

(ESRD) and hyperphosphataemia develops despite this 

marked elevation.  Increased levels of FGF-23 may be 

due to reduced renal responsiveness which may reflect 

the reduction in the number of intact nephrons, and the 

resulting reduced expression of its co-receptor Klotho 

on distal convoluted cells (Koh et al., 2001). De Borst 

et al., 2011 present another explanation that low levels 
of calcitriol (due to the loss of 1-alpha hydroxylase) 

increase renal renin production. Activation of the 

renin-angiotensin-aldosterone system (RAAS), in turn, 

reduces renal expression of klotho. The resulting high 

FGF-23 levels suppress 1-alpha hydroxylase, further 

lowering calcitriol. This feedback loop results in 

vitamin D deficiency, RAAS activation and high FGF-

23 levels, and renal klotho deficiency, all of which 

associate with progression of renal damage. 

The higher level of FGF-23 was significantly 

associated with higher risk of end stage renal disease 

(ESRD) and with an independently greater risk of 
death (Isakova et al., 2011). In advanced CKD, FGF-23 

is strongly and independently associated with all-cause 

mortality (41%), cardiovascular events (56%), and 

initiation of chronic dialysis (20%) (Kendrick et al., 

2011). 

A valuable suggestion linking high FGF-23 to 

greater cardiovascular risk was offered by our study 

that revealed a significant correlation between elevated 

FGF-23 and LVMI in patients with CKD and this 

positive correlation was present before appearance of 

hyperphosphatemia as the mean phosphate level in our 
patients are within the normal range. So, FGF-23 may 

serve as sensitive marker of early calcium-phosphate 

disturbances and can predict occurrence of LVH in 

patients with CKD. 

Our results augment Gutierrez and his colleagues, 

2009 who presented a cross-sectional data from 162 

subjects with pre-dialysis CKD and demonstrating that 

increased FGF-23 concentrations are associated with 

increased LVH independent of known risk factors in 

CKD. 
In Stevens and his colleague’s study, 2011, they 

assessed the relationship between FGF-23 and LVH in 

CKD using Cardiac magnetic resonance imaging. They 

concluded that FGF-23 concentrations correlate 

positively with LVMI and considered an independent 

predictor of LVH in CKD. The mechanism by which 

FGF-23 cause development of LVH in CKD patients 

may be a direct effects on the growth or matrix 

production of cardiac myocytes or that it has the 

potential to increase blood pressure.  

Stevens et al., 2011 in vitro examined the effect 

of FGF-23 on endothelial cells and showed that FGF-
23 stimulates the production of the cell adhesion 

molecules, E-selectin and VCAM. Higher levels of E-

selectin and VCAM, indicate activation of the vascular 

endothelium and are present in patients with essential 

hypertension, who have endothelial dysfunction.  

However they did not prove direct causality with 

elevated FGF-23 and LVH.  

Moreover, elevated concentrations of FGF-23 

have been shown to non-selectively activate fibroblast 

growth factor receptors implicated in the development 

of cardiac hypertrophy (Eswarakumar et al., 2005). 
Further research needed to be continued in this 

area to ascertain the pathophysiological mechanism of 

FGF-23 on cardiac myocytes and development of LVH 

and also ascertain if lowering levels of FGF-23 

translates to improved clinical outcomes in patients 

with CRF. FGF-23 can be lowered using routine 

clinical interventions that restrict dietary phosphorus 

absorption; these may suggest novel therapeutic 

strategies for ameliorating the development of LVH as 

well as improving the fatal prognosis of patients with 

CKD. 

 

Summary and conclusion: 

 Increased FGF-23 in the course of decreased 

renal function may represent an early and sensitive 

biomarker of asymptomatic LVH in patients with CKD 

than concomitant serum phosphate measurements. 

Recommendation: Further research needed to be 

continued in this area to ascertain the 

pathophysiological mechanism of FGF23 on cardiac 

myocytes and development of LVH and also to 

ascertain if lowering levels of FGF-23 translates to 

improved clinical outcomes in patients with CKD.  
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