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Abstract
Background. Fibroblast growth factor-23 (FGF-23) is a
phosphorus-regulating substance. Circulating FGF-23 le-

vels increase markedly in dialysis patients and are inde-
pendently associated with increased risk of mortality.
Given the fact that cardiovascular disease is the leading
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cause of death in dialysis patients, the aim of this study
was to test if elevated FGF-23 levels might be associated
with left ventricular mass index (LVMI) and left ventricu-
lar index of myocardial performance (MPI) in maintenance
haemodialysis patients.
Methods. In this cross-sectional study, plasma FGF-23
concentrations were measured using a C-terminal human
enzyme-linked immunosorbent assay kit, and echocardiog-
raphy was performed in 128 maintenance haemodialysis
patients (65 women and 63 men, mean age: 55.5 ±
13 years, mean haemodialysis vintage: 52 ± 10 months,
all patients are on haemodialysis thrice a week) and 40
control subjects (21 women and 19 men; mean age: 54 ±
11 years) with normal kidney function (eGFR >90 mL/
min/1.73 m2).
Results. Serum FGF-23 levels were elevated when com-
pared with age- and gender-matched controls with
preserved kidney function [(median 958 RU/mL; inter-
quartile range 106–1894 RU/mL) vs (median 27 RU/mL;
interquartile range 11–35), P < 0.0001]. Patients with a
history of coronary artery disease and aortic valve calcifi-
cations had higher levels of log FGF-23 than those with-
out (3.00 ± 0.22 vs 2.82 ± 0.26, P = 0.002; and 3.06 ±
0.19 vs 2.83 ± 0.26, P = 0.0001, respectively). Patients
with MPI >0.47 had higher serum FGF-23 levels than
those with MPI <0.47 [(median 1156 RU/mL; interquartile
range 396–1894 RU/mL) vs (median 657 RU/mL; inter-
quartile range 106–1102 RU/mL), P = 0.0001]. Significant
correlations were recorded between log FGF-23 levels
and LVMI (r = 0.281, P = 0,007) and MPI (r = 0.555,
P = 0.0001). Multivariable-adjusted regression analyses
revealed that increased log FGF-23 concentrations were
independently associated with increased left ventricular
mass index (30% increase per 1-SD increase in log FGF-
23 concentration, P = 0.002) and increased MPI (28.5%
increase per 1-SD increase in log FGF-23 concentration,
P = 0.001).
Conclusions. Plasma FGF-23 concentration is independ-
ently associated with LVMI and MPI in maintenance
haemodialysis patients. Further prospective studies are
needed to clarify whether increased serum FGF-23 level
is a marker or a potential mechanism for left ventricular
involvement in patients with end-stage renal disease.

Keywords: fibroblast growth factor-23; haemodialysis; left ventricular
mass index; myocardial performance index

Introduction

Abnormalities of mineral metabolism are a prevalent
condition in chronic kidney disease and are important de-
terminants of the bone and vascular system in this patient
population. Several studies have shown that hyperpho-
sphataemia, increased serum PTH and low 1,25(OH)2D3
levels are independently associated with increased total
and cardiovascular mortality in patients with end-stage
renal disease (ESRD) [1–3]. These observations have
raised interest in understanding mineral metabolism regu-

lation and its consequences in patients with chronic kidney
disease (CKD).

Fibroblast growth factor-23 (FGF-23), a novel hormone
secreted by osteocytes and osteoblasts, is an important
negative regulator of phosphate and vitamin D metabol-
ism. Initially, FGF-23 was described as the cause of rare
hypophosphataemic syndromes characterized by hypopho-
sphataemia, renal phosphate wasting, low serum levels of
1,25(OH)2D3, and osteomalacia or rickets [4,5]. FGF-23
induces renal phosphate wasting by inhibiting the proximal
tubular sodium phosphate co-transporter type IIa (NPT2a)
and suppressing the renal expression of CYP27B1, result-
ing in decrease of 1,25(OH)2D3 synthesis [6].

Several studies have indicated that serum levels of FGF-
23 are elevated in haemodialysis (HD) patients [7,8], and
recently, elevated FGF-23 concentrations have been inde-
pendently associated with increased risk of mortality in pa-
tients who are beginning HD treatment [9]. Moreover,
serum FGF-23 was shown to be independently associated
with left ventricular hypertrophy (LVH) in a pre-dialysis
CKD [10] and HD study [11]. However, studies examining
the relationship between FGF-23 and LVH are not sufficient
in the ESRD population. Furthermore, to the best of our
knowledge, the relation between FGF-23 and myocardial
function has not been studied yet in these patients. There-
fore, we conducted a cross-sectional study to test the hypoth-
esis that elevated FGF-23 concentrations are independently
associated with left ventricular mass index (LVMI) and
myocardial performance index in maintenance HD patients.

Materials and methods

Subjects

Out of 137 adult HD patients, 4 patients refused, and 5 patients were ex-
cluded due to known malignancies (n = 1), autoimmune diseases (n = 2)
and clinically evident active infections (n = 2). Overall, 128 maintenance
HD patients participated (65 women and 63 men, mean age 55.5 ±
13 years, mean HD time: 52 ± 10 months, on HD thrice a week). The
patients suffered from ESRD due to diabetic nephropathy (n = 34), hyper-
tensive nephrosclerosis (n = 30), chronic glomerulonephritis (n = 27),
chronic pyelonephritis (n = 15) and polycystic disease (n = 10). The renal
diagnosis was unknown in 12 patients.

Patients were prescribed treatments including CaCO3 (27%), sevela-
mer (11%), Ca acetate (41%), alfacalcidol (62%), warfarin (18%) and
erythropoietin (70%). The mean erythropoietin dose was 145 U/kg/week
achieving a mean haemoglobin (Hb) serum level of 11.4 g/dL; <10%
of patients had serum Hb <10 g/dL.

All patients were receiving conventional 4-h HD with polysulphone
dialysers F6HPS and F7HPS (Fresenius AG, Bad Homburg, Germany)
thrice a week, with bicarbonate dialysate, and low-molecular-weight hep-
arin for standard anticoagulation. Mean blood flow rate was 300 mL/min
during the HD session (range 250–340 mL/min). Dialysate fluid compos-
ition was sodium 140 mEq/L, potassium 1–3 mEq/L, calcium 3 mEq/L
and bicarbonate 33 mEq/L. Dry weight was considered optimal when the
patients had no residual symptoms of orthopnoea, dyspnoea and oedema
during the interdialytic period. Urea (Kt/V) values were calculated accord-
ing to the Daugirdas second-generation formula [12].

Blood pressure (BP) of the patients was measured with a conventional
mercury manometer prior to each HD session. Hypertension was defined
as a systolic BP of 140 mmHg or above, diastolic BP of 90 mmHg or
above, and patients on antihypertensive medication [13]. Average values
of systolic and diastolic BP obtained in the first 3 weeks of the study were
used in statistical analysis. Patients were on antihypertensives: angioten-
sin-converting enzyme inhibitors (n = 22), angiotensin receptor blockers
(n = 14), beta-blockers (n = 30) and calcium channel blockers (n = 28).
No patient was on statin therapy.
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Forty control subjects (21 women and 19 men; mean age: 54 ±
11 years) with normal kidney function (eGFR >90 mL/min/1.73 m2) were
recruited to investigate the relationship between serum FGF-23 levels and
LVMI and myocardial performance index in non-chronic kidney disease
patients. These subjects were enrolled from inpatient services at the Dis-
kapi Training and Research Hospital, Ankara, Turkey. The subjects were
≥18 years old and had no evidence of cardiac disease such as acute myo-
cardial infarction, known cardiomyopathy, known aortic or mitral valvular
disease, pericardial disease, and ejection fraction <40%. All the subjects
were clinically stable. These subjects were planned to undergo echocar-
diograms that were ordered by their primary doctors.

The study was approved by the local ethics committee of Diskapi
Training and Research Hospital, and all the patients and controls provided
written informed consent before entering the study.

Biochemical assays

Venous blood samples were drawn after an overnight fast. The blood sam-
ple was obtained directly through an arteriovenous fistula or central cath-
eter on a mid-week non-dialysis day. Serum total cholesterol and
triglycerides were quantified by commercial colorimetrical assay methods
(GPO-PAP and CHOD-PAP; Boehringer-Mannheim, Mannheim, Ger-
many). High-density lipoprotein cholesterol (HDL-C) was quantified by
the phosphotungstic acid precipitation method. Low-density lipoprotein
cholesterol (LDL-C) was calculated by the Friedewald formula (LDL-C =
CHO − TG/5 − HDL-C), where CHO is serum total cholesterol and TG
is triglycerides. CRP was detected by rate nephelometry (IMAGE). Serum
biochemical parameters (creatinine, blood urea nitrogen, glucose, electro-
lytes, albumin and complete blood count) and intact parathormone levels
were studied by means of a computerized autoanalyser (Hitachi 717;
Boehringer-Mannheim). We measured serum CRP levels of all patients
thrice a year in order to monitor cardiovascular events. Serum albumin
levels were routinely measured monthly with other biochemical para-
meters in the routine follow-up of the patients in our institution. Thus,
mean values of serum chemistries (total of 12 values) and CRP levels
(total of three values) over 12 months were taken into account in statistical
analysis.

Echocardiography

Conventional and Doppler echocardiography with TDI (Vingmed, WI,
USA) were performed on a mid-week non-dialysis day. The ejection frac-
tion, end-diastolic diameter of the LV, and the thicknesses of the LV pos-
terior wall and interventricular septum were measured from the long-axis
parasternal plane according to the American Society of Echocardiography
(ASE) guidelines [14]. The LVMI was calculated with the Devereux for-
mula [15]. Body surface area was calculated with the formula of DuBois
and DuBois. In the Framingham Heart Study, the mean values ± two
standard deviations for the left ventricular mass indexed by body surface
area were 131 and 100 g/m2 for men and women, respectively [16,17].
Left ventricular hypertrophy was diagnosed when the LVMI was greater
than these values.

On Doppler echocardiography, we calculated the Tei index (myocar-
dial performance index) as the sum of the isovolumetric relaxation and
contraction time divided by ejection time [18]. The Tei index has proved
to be a reliable method for the evaluation of LV systolic and diastolic
function [19]. Clear advantages over older established indexes and prog-
nostic value have been reported in many kinds of heart disease like heart
failure [20], idiopathic dilated cardiomyopathy [21], heart transplantation
[22], coronary artery disease [23], valvular disease [24] and congenital
heart disease [25]. Some preload dependency of the Tei index has been
suggested under different conditions, but, however, the extent of changes
has been reported to be smaller than 10% [19]. Higher values of the Tei
index were reported in patients with heart failure than in controls and
were correlated with LV end-diastolic pressures [26]. Receiver operator
curve analysis revealed that discriminatory power of the Tei index could
be enhanced by selecting arbitrary ‘cut-points’ of >0.47 which identified
patients with heart failure with a sensitivity of 86% and a specificity of
82% [27].

Fig. 1. Correlations between log FGF-23 and septal thickness (r = 0.221,
P = 0.048; a), posterior wall thickness (r = 0.452, P = 0.0001, b), and left
ventricular end-diastolic diameter (r = 0.242, P = 0.029, c).
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Plasma FGF-23 levels

Plasma FGF-23 concentrations were measured using a C-terminal human
ELISA (Immunotopics, San Clemente, CA, USA) [4]. Measurements
were made in duplicate and averaged. The sensitivity of the second gen-

eration Human FGF-23 C-terminal ELISA as determined by the 95% con-
fidence limit on 20 duplicate determinations of the 0 RU/mL Standard is
1.5 RU/mL. The intra-assay and inter-assay variation of plasma FGF-23
measurements were 5% and 5–7.3%, respectively.

Table 1. Characteristics of the haemodialysis population (mean ± SD)

Parameter
FGF-23 quartile 1§

(<454 RU/mL)
FGF-23 quartile 2§

(454–1023 RU/mL)
FGF-23 quartile 3§

(>1023 RU/mL) P-value

Number (n, %) 41 (32.1%) 44 (34.3%) 43 (33.6%)
Male/female 19/20 22/23 22/22
Age (years) 54 ± 14 55 ± 14 56 ± 13 0.51
Body mass index (kg/m2) 24.0 ± 3.2 23.9 ± 2.6 24.2 ± 3.1 0.76
HD duration (months) 49 ± 7 52 ± 11 51 ± 10 0.35
Diabetes (n, %) 11 (27%) 13 (29.5%) 10 (23%) 0.77
Smoking (n, %) 7 (17%) 9 (20%) 9 (21%) 0.82
Hypertension (n, %) 24 (58.5%) 22 (50%) 25 (58%) 0.59
Systolic blood pressure (mmHg) 138 ± 27 140 ± 22 144 ± 19 0.30
Diastolic blood pressure (mmHg) 77 ± 19 80 ± 17 79 ± 19 0.40
Medications
ACEI/ARB* 22 (54%) 24 (55%) 22 (51%) 0.36
Beta-blockers 14 (24%) 11 (25%) 11 (26%) 0.84
CCB† 16 (39%) 17 (39%) 16 (37%) 0.56
CaCO3 11 (27%) 12 (27%) 12 (28%) 0.92
Ca acetate 19 (46%) 23 (52%) 21 (49%) 0.68
Sevelamer–HCl 4 (10%) 6 (13%) 4 (10%) 0.82
Alfacalcidol 24 (59%) 27 (61%) 28 (65%) 0.54
Haemoglobin (g/dL) 10.9 ± 1.1 11.2 ± 0.9 11.3 ± 0.8 0.77
Calcium (mg/dL) 9,1 ± 0.4 9,0 ± 0.6 9.1 ± 0.7 0.78
Phosphorus (mg/dL) 4.3 ± 1.0 4.9 ± 0.9 5.2 ± 0.6 0.002
Intact parathormone level (pg/mL) 121 (76–144) 345 (230–412) 566 (458–992) 0.01
Serum creatinine (mg/dL) 10.5 ± 2.8 10.6 ± 2.4 10 ± 2.0 0.69
Total cholesterol (mg/dL) 148 ± 49 156 ± 41 149 ± 42 0.71
Triglycerides (mg/dL) 143 ± 55 151 ± 29 143 ± 40 0.46
LDL-C (mg/dL)** 89 ± 24 87 ± 27 88 ± 20 0.62
HDL-C (mg/dL)** 40 ± 15 42 ± 19 40 ± 13 0.87
C-reactive protein (mg/dL) 1.8 ± 1.3 1.8 ± 1.6 1.6 ± 1.9 0.95
Kt/V 1.35 ± 0.33 1.32 ± 0.27 1.34 ± 0.30 0.69

*Angiotensin-converting enzyme inhibitors, or receptor blockers.
†Calcium channel blockers.
**LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol.
§The lower quartile of FGF-23, FGF-23 Q1, is the number that cuts off lowest 25% of data (equals to the 25th percentile); FGF-23 Q2 cuts data set in
half (also known as the median quartile that equals to the 50th percentile); and the upper quartile, FGF-23 Q3, is the number that cuts off highest 25%
of data, or lowest 75% (equals to the 75th percentile) of FGF-23.

Table 2. Echocardiographic parameters by tertile of serum FGF-23 and controls

Parameter Controls with preserved renal function
FGF-23 quartile 1§

(<454 RU/mL)
FGF-23 quartile 2§

(454–1023 RU/mL)
FGF-23 quartile 3§
(>1023 RU/mL)

P-value*

(trend)

n 40 41 44 43
Septal thickness (cm) 0.90 ± 0.12a 1.34 ± 0.21a 1.45 ± 0.18a 1.59 ± 0.19a 0.004
Posterior wall thickness (cm) 0.88 ± 0.10a 1.11 ± 0.22 a 1.23 ± 0.17a 1.36 ± 0.18a 0.009
LVEDD (cm) 4.00 ± 0.62a 4.17 ± 0.69 a 4.49 ± 0.72a 4.81 ± 0.75a 0.010
LVESD (cm) 3.05 ± 0.77 3.27 ± 0.99 3.35 ± 0.84 3.57 ± 0.72 0.230
EF (%) 68 ± 7.4 60.9 ± 9.17 62 ± 11 62 ± 10.1 0.960
FS 31 ± 4.8 30.6 ± 6.7 31.4 ± 6.3 32.1 ± 6.1 0.680
LVMI (g/m2) 49 ± 13a 94 ± 15a 103 ± 14a 111 ± 18a 0.040
LVH (%) 4 (10%)a 19 (46%)a 31 (70%)a 41 (95%)a 0.002
MPI 0.21 ± 0.05a 0.30 ± 0.09a 0.40 ± 0.10a 0.53 ± 0.14a 0.008

LVEDD, left ventricular end-diastolic diameter; LVESD, left ventricular end-systolic diameter; EF, ejection fraction; FS, fractional shortening; LVMI,
left ventricular mass index; LVH, left ventricular hypertrophy; MPI, myocardial performance index.
aSignificant differences between controls and patients are noted.
*P-value for linear trend includes only haemodialysis patients.
§The lower quartile of FGF-23, FGF-23 Q1, is the number that cuts off lowest 25% of data (equals to the 25th percentile); FGF-23 Q2 cuts data set in
half (also known as the median quartile that equals to the 50th percentile); and the upper quartile, FGF-23 Q3, is the number that cuts off highest 25% of
data, or lowest 75% (equals to the 75th percentile) of FGF-23.
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Statistical analysis

Data analysis was performed by using SPSS for Windows, version 11.5
(SPSS Inc., Chicago, IL, USA). Whether the distributions of continuous
variables were normal or not was determined by using the Shapiro–Wilk
test. Data were shown as mean, standard deviation, median and interquar-
tile range. To test for associations between serum FGF-23 levels and
echocardiographic parameters, we examined serum FGF-23 levels in
quartiles according to the distribution of values in HD patients. The
non-normally distributed variable FGF-23 was also log-transformed to
achieve a normal distribution and used in subsequent statistical analysis.
Degrees of associations between continuous variables were calculated by
Spearman’s analysis of non-symmetrically distributed data.

A cut-off of 0.47 was chosen for the Tei index, because it is the value
which has been previously shown to identify patients with heart failure
with a sensitivity of 86% and a specificity of 82% according to a recent
receiver operator curve analysis [27].

Linear regression was used to examine the association between LVMI,
MPI and baseline demographic, clinical, and laboratory variables. Multi-
variable models were used to examine the relationship between FGF-23

levels, LVMI and myocardial performance index, adjusting for covariates
that were significantly (P < 0.05) associated with LVMI and myocardial
performance index in univariate analyses. Adjustments for treatment with
phosphorus binders and vitamin D were also performed because these
medications may influence serum FGF-23 levels [28]. Three models were
used (Table 3) for myocardial performance index: Model 1, crude model;
Model 2, adjusting for ‘presence of coronary artery disease’; and Model
3, adjusting for both ‘presence of coronary artery disease’ and ‘serum
phosphate levels’. Two-tailed P-value <0.05 was considered statistically
significant.

Results

Serum FGF-23 levels

Serum FGF-23 levels were elevated when compared with
age- and gender-matched healthy controls [(median
958 RU/mL; interquartile range 106–1894 RU/mL) vs
(median 27 RU/mL; interquartile range 11–35), P <
0.0001]. Mean log FGF-23 was 2.9 ± 0.29. Log FGF-23
levels were not significantly different in patients with a
history of type 2 diabetes mellitus (2.9 ± 0.29 vs 2.9 ±
0.26, P = 0.96) and smoking (2.93 ± 0.25 vs 2.89 ±
0.26, P = 0.60) compared with those without. However,
patients with a history of coronary artery disease and aor-
tic valve calcifications had higher levels of log FGF-23
than those without (3.00 ± 0.22 vs 2.82 ± 0.26, P =
0.002; and 3.06 ± 0.19 vs 2.83 ± 0.26, P = 0.0001). Sig-
nificant correlations were observed between serum FGF-
23 levels and serum phosphate (r = 0.469, P < 0.0001;
Figure 1a) and intact PTH levels (r = 0.374, P = 0.001;
Figure 1b).
The demographic and clinical characteristics of the

study patients according to the FGF-23 quartiles are de-
picted in Table 1. Patients in the highest quartile had higher
serum levels of intact PTH, phosphate and Ca × P product.

Serum FGF-23 levels and left ventricular echocardio-
graphic findings

Mean septal and posterior wall thicknesses, end-diastolic
left ventricular diameter, LVMI, and MPI increased with
increasing tertiles of FGF-23 (Table 2). Compared with
controls with preserved renal function, HD patients had
significantly higher mean MPI, LVMI, septal and posterior
wall thicknesses, end-diastolic diameters, and percentage
of LVH (Table 2).

Patients with MPI >0.47 had higher serum FGF-23 le-
vels than those with MPI <0.47 [(median 1156 RU/mL;
interquartile range 396–1894 RU/mL) vs (median
657 RU/mL; interquartile range 106–1102 RU/mL), P =
0.0001]. Moreover, log FGF-23 concentrations were sig-
nificantly correlated with septal thickness (r = 0.221, P
= 0.048, Figure 1a), posterior wall thickness (r =
0.452, P = 0.0001, Figure 1b), left ventricular end-dia-
stolic diameter (r = 0.242, P = 0.029, Figure 1c), LVMI (r
= 0.281, P = 0.007, Figure 2a) and myocardial performance
index (Tei index, r = 0.555, P = 0.0001, Figure 2b).

Univariate analysis showed that BMI (8% increase per
1-kg/m2 increase in BMI; P < 0.0001), hypertension (19%
increase when compared with those without; P = 0.007),
serum phosphate levels (11% increase per 1-mg/dL in-

Fig. 2. Correlations between log FGF-23 and left ventricular mass index
(LVMI; r = 0.281, P = 0.007, a) and myocardial performance index (Tei
index, r = 0.555, P = 0.0001, b).
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crease in serum level; P = 0.01), increased log FGF-23
concentrations (34% increase per 1-SD increase in log
FGF-23; P = 0.001), and diabetes mellitus (10% increase
when compared with those without; P = 0.03) were sig-
nificantly associated with LVMI. In the multivariable
model, BMI (5.2% increase per 1-kg/m2 increase in
BMI; P = 0.001) and log FGF-23 (30% increase per 1-SD
increase in log FGF-23 concentration, P = 0.002) were the
only parameters that remained significantly associated
with LVMI. The results did not differ significantly when
further adjusted for vitamin D and phosphate binder use
(data not shown).

In univariate analysis, presence of coronary artery dis-
ease (17% increase when compared with those without;
P = 0.003), serum phosphate levels (6% increase per 1-
mg/dL increase in serum level; P = 0.01) and log FGF-
23 (38% increase per 1-SD increase in log FGF-23; P =
0.001) concentrations were significantly associated with
myocardial performance index. Log FGF-23 concentra-
tions were significantly associated with increased myocar-
dial performance index, independently of serum phosphate
levels and presence of coronary artery disease (Table 3).
The results were statistically significant in crude and ad-
justed models (Table 3). Similar results were obtained in
multi-category models (Table 3).

Discussion

In the present study, plasma FGF-23 level was shown to be
associated with increased LVMI and increased MPI, inde-
pendently of established known risk factors. The signifi-
cant and positive association of plasma level with LVMI
and MPI raises the possibility of a specific pathophysiolo-
gic effect of FGF-23 on left ventricular mass and function,
distinct from its effects on serum calcium, phosphorus and
intact parathormone.

FGF-23 has emerged as a novel important negative
regulator of circulating phosphate and 1,25(OH)2D3 levels
[29]. FGF-23 levels are progressively elevated in patients
with chronic kidney disease and when the patients reach
end-stage renal disease. FGF-23 levels are often 100–

1000 times higher than the normal range [9]. Despite the
fact that elevated FGF-23 levels in progressive chronic kid-
ney disease seem to be appropriate to compensate hyper-
phosphataemia, chronically elevated FGF-23 might have
actions on organs other than the kidney and the parathy-
roid gland.

Recently, increased FGF-23 concentrations have been
reported to be independently associated with mortality
among patients who are beginning HD treatment [9] and
also among patients treated with long HD sessions [30].
The results of the present study revealed that markedly ele-
vated FGF-23 levels were associated with LVMI and MPI.
LVH is an important cardiovascular risk factor for mortal-
ity in patients with CKD [31,32], and these findings may
add evidence to explain the link between elevated FGF-23
levels and mortality in ESRD population. In agreement
with the current study, similar results were obtained in
pre-dialysis chronic kidney disease patients [10] as well
as in a Taiwanese HD study [11]. Importantly, FGF-23 ex-
hibited the strongest association with concentric left ven-
tricular hypertrophy, the most malignant form of left
ventricular hypertrophy [10]. Moreover, the results of
current study stated that FGF-23 also showed significant
association with the Tei index, the myocardial performance
index.

The Tei index has been introduced by Chuwa Tei as an
index of myocardial performance, considering systolic and
diastolic function in combination [33]. Numerous studies
have shown its clinical utility as a sensitive method for
evaluation of left ventricular function in several cardiac
conditions [21,27,34,35], and the Tei index correlates
closely with invasive measurements of left ventricular sys-
tolic and diastolic function [36]. In the present work,
haemodialysis patients with MPI >0.47 had higher FGF-
23 levels than patients with lower MPI levels, suggesting
a decrease in myocardial performance with higher FGF-23
levels. The results should be cautiously interpreted due to
the preload dependency of the Tei index in renal and non-
renal patients [37–39]. Recent reports demonstrated that
haemodialysis treatment led to an increase in the Tei index
[37,40]. To the best of our knowledge, this is the first study
demonstrating such a novel, functional and negative asso-

Table 3. The relation between FGF-23 and MPI

Study patients
(n = 128) Model 1a Model 2b Model 3c

Continuous models
1-SD increase in log FGF-23 1.38† (1.18–1.43) 1.35† (1.14–1.49) 1.285‡ (1.11–1.40)

Multi-category models
FGF-23 quartile 1 Referent Referent Referent
FGF-23 quartile 2 1.02 (0.77–1.65) 0.93 (0.56–1.07) 1.05 (0.72–1.44)
FGF-23 quartile 3 2.34§ (1.38–3.12) 1.89§ (1.29–2.58) 1.77§ (1.34–2.36)

Values are OR (95% confidence interval).
aModel 1: crude model.
bModel 2: adjusted for presence of coronary artery disease. In this model, OR of presence of coronary artery disease for increased MPI = 1.15 (1.08–
1.23), P = 0.009.
cModel 3: adjusted for presence of coronary artery disease and serum phosphate levels. In this model, OR of presence of coronary artery disease for
increased MPI = 1.14 (1.08–1.18), P = 0.012; OR of serum phosphate levels for increased MPI =1.03 (1.014–1.07), P = 0.019.
†P = 0.001.
‡P < 0.05.
§P < 0.01.
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ciation between FGF-23 and MPI (Tei index) in dialysis
patients. Regardless of its preload dependency, this rela-
tionship needs to be tested in larger studies, considering
its high predictive accuracy of mortality in other clinical
conditions as mentioned before.

According to recent clinical evidence, firstly, it may be
speculated that plasma FGF-23 level may not only be a
biomarker of early cardiovascular changes induced by al-
tered mineral homeostasis, but that FGF-23 itself also dir-
ectly influences the cardiovascular system [29]. However,
as Klotho is neither expressed in the cardiac myocytes nor
in coronary vasculature, it seems unlikely that FGF-23 af-
fects cardiovascular tissues in an endocrine fashion [29].

Secondly, supraphysiological concentrations of FGF-23,
observed in many dialysis patients, may induce unspecific,
Klotho-independent, FGF receptor signalling [29]. FGF re-
ceptors, FGFR1 and FGFR4, are markedly expressed in
cardiac myocytes, tunica media of coronary arteries and
veins [41]. Activation of these FGF receptors with FGFs
may yield to myocardial hypertrophy and fibrosis. It has
been shown that FGF-2 may increase both fibroblast and
myofibroblast proliferation and lead to increased scar for-
mation or a stiffer myocardium in the presence of cardiac
injury in vivo [42–44]. Moreover, addition of FGF-2 to cul-
tured neonatal cardiac myocytes has resulted in fetal con-
tractile protein gene expression, characteristic of pressure
overload-induced cardiac hypertrophy in vivo [45]. Fur-
thermore, addition of FGF-2 and human pericardial fluid
(rich in FGF-2 levels) was shown to induce adult cardio-
myocyte in vitro [46]. Finally, mice deficient in FGF-2 de-
veloped significantly less ventricular hypertrophy than
wild-type mice in a model of pressure-overload hyper-
trophy induced by aortic coarctation [47].

Based on the above-mentioned data, we might speculate
that chronically and remarkably elevated FGF-23 levels in
dialysis patients may induce hypertrophic and fibrotic re-
sponse in the myocardium of uraemic patients by binding
to FGF receptors. However, this hypothesis remains to be
proven and, unfortunately, does not work in the kidney, as
Klotho-null mice were not able to correct elevated serum
phosphate and 1,25(OH)2D3 levels despite markedly ele-
vated levels of FGF-23 [48]. Moreover, patients with X-
linked hypophosphataemic rickets and tumour-induced
osteomalacia who have high circulating FGF-23 but not
chronic renal disease do not experience an increased car-
diovascular risk [29]. On the other hand, in elderly patients,
serum FGF-23 was found to be positively associated with
LVMI and increased risk of having left ventricular hyper-
trophy [49], and most importantly, the associations were re-
markably much stronger when restricted to subjects with
decreased eGFR [49]. Evidence from pre-dialysis CKD
patients [10] and dialysis patients [11] in addition to the
present work were also in agreement.

Serum phosphate levels were associated with LVMI and
MPI, but were independently associated only with MPI in
multivariate analysis. Previous studies have shown hyper-
phosphataemia to be associated with increased LVMI and
LVH in uraemic patients [50,51]. Moreover, Ayus et al. has
recently published their study suggesting that correction of
hyperphosphataemia is associated with reduction in LVMI
[52]. Based on the current work, it appears that log FGF-

23 might be superior to serum phosphate levels to suggest
a link between left ventricular geometry, function and
phosphate metabolism in haemodialysis patients. However,
according to our findings, serum phosphate levels influence
MPI independently, suggesting that poor mineral metabo-
lism might affect left ventricular function. In agreement
with this, Hayashi et al. demonstrated that elevated serum
phosphorus and calcium–phosphorus product are asso-
ciated with decreased isovolumetric contraction velocity
and peak systolic velocities [53].

Despite the negative association between 1,25(OH)2D3
and FGF-23 in patients with chronic kidney disease, ad-
justments for 1,25(OH)2D and phosphorus binders did
not affect the level of the association between FGF-23
and LVMI. This may originate not only from the cross-
sectional design of the study but also from a possible in-
dependent relationship between FGF-23 and LVMI, as
suggested by the present work. However, this needs to be
confirmed by further studies.

FGF-23 might be an important adaptive factor prevent-
ing early hyperphosphataemia in progressive CKD [54].
Before initiation of renal replacement therapy, serum
FGF-23 level may be a valuable biomarker of phosphate
load and phosphate exposure that may be analogous to
the predictive value of HbA1c in the evaluation of diabetes
management [54]. Given the findings regarding FGF-23 to
be a strong and independent predictor of mortality, FGF-23
may be a biomarker of the cardiovascular damage potential
of phosphate loads, partly independent of the magnitude of
serum phosphate levels [54]. Yet, recent evidence and the
results of the present work still remain insufficient proof
for definitively establishing a causal link between serum
FGF-23 level and cardiovascular disease. This kind of
proof might only derive from interventional studies in
which serum FGF-23 is modified by an appropriate inter-
vention [55].

There are several limitations of this cross-sectional
study. Due to the design of the study, we investigated echo-
cardiographic parameters of left ventricular function and
geometry in which changes generally occur by time. Then,
we tried to find out associations of these with single point
in time measurements of plasma FGF-23 levels. Uncertain
possible variations in plasma FGF-23 levels may take place.
Moreover, the study was performed in one centre in Tur-
key, revealing limitations in number and race of patients.
Furthermore, no causal relationship could be observed;
only association data were presented. An important limita-
tion of this study is that serum levels of 25(OH)D3 and
1,25(OH)2D3 were not measured. The inverse relationship
between 1,25(OH)2D3 and FGF-23 is well known [6], and
low vitamin D status (tissue or circulating levels, therefore
high FGF-23 state) is associated with left ventricular
hypertrophy and cardiovascular disorders [56,57]. The
prescription and supplementation of vitamin D do not in-
dicate the real vitamin D status. The associations between
FGF-23 and cardiac parameters would be more significant
when adjusted to circulating levels of vitamin(s) D, not to
prescription.

Despite these limitations, we were able to detect inde-
pendent associations between log FGF-23 and LVMI and
MPI. However, due to the cross-sectional design, the re-
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sults should be interpreted with caution, and causal rela-
tionship could not be suggested. Further prospective stud-
ies are needed to clarify whether increased serum FGF-23
level is a marker or a potential mechanism for left ventricu-
lar involvement in patients with end-stage renal disease.

Conflict of interest statement. None declared.

References

1. Block GA, Klassen PS, Lazarus JM et al. Mineral metabolism, mor-
tality, and morbidity in maintenance hemodialysis. J Am Soc Nephrol
2004; 15: 2208–2218

2. Slinin Y, Foley RN, Collins AJ. Calcium, phosphorus, parathyroid
hormone, and cardiovascular disease in hemodialysis patients: the
USRDS waves 1, 3, and 4 study. J Am Soc Nephrol 2005; 16:
1788–1793

3. Young EW, Albert JM, Satayathum S et al. Predictors and conse-
quences of altered mineral metabolism: The Dialysis Outcomes and
Practice Patterns Study. Kidney Int 2005; 67: 1179–1187

4. Jonsson KB, Zahradnik R, Larsson T et al. Fibroblast growth factor
23 in oncogenic osteomalacia and X-linked hypophosphatemia.
N Engl J Med 2003; 348: 1656–1663

5. White KE, Jonsson KB, Carn G et al. The autosomal dominant
hypophosphatemic rickets (ADHR) gene is a secreted polypeptide
overexpressed by tumors that cause phosphate wasting. J Clin Endo-
crinol Metab 2001; 86: 497–500

6. Saito H, Kusano K, Kinosaki M et al. Human fibroblast growth fac-
tor-23 mutants suppress Na+-dependent phosphate co-transport ac-
tivity and 1α, 25-dihydroxyvitamin D3 production. J Biol Chem
2003; 278: 2206–2211

7. Imanishi Y, Inaba M, Nakatsuka K et al. FGF-23 in patients with end-
stage renal disease on hemodialysis. Kidney Int 2004; 65: 1943–1946

8. Gutiérrez OM, Isakova T, Rhee E et al. Fibroblast growth factor-23
mitigates hyperphosphatemia but accentuates calcitriol deficiency in
chronic kidney disease. J Am Soc Nephrol 2005; 16: 2205–2215

9. Gutiérrez OM, Mannstadt M, Isakova T et al. Fibroblast growth
factor 23 and mortality among patients undergoing hemodialysis.
N Engl J Med 2008; 359: 584–592

10. Gutiérrez OM, Januzzi JL, Isakova T et al. Fibroblast growth factor 23
and left ventricular hypertrophy in chronic kidney disease.Circulation
2009; 119: 2545–2552

11. Hsu HJ, Wu MS. Fibroblast growth factor 23: a possible cause of left
ventricular hypertrophy in hemodialysis patients. Am J Med Sci 2009;
337: 116–122

12. Daugirdas JT. Second generation logarithmic estimates of single-pool
variable volume Kt/V: an analysis of error. J Am Soc Nephrol 1993; 4:
1205–1213

13. Chobanian AV, Bakris GL, Black HR et al. Joint National Committee
on Prevention, Detection, Evaluation, and Treatment of High Blood
Pressure. National Heart, Lung, and Blood Institute; National High
Blood Pressure Education Program Coordinating Committee. Sev-
enth report of the Joint National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure. Hypertension
2003; 42: 1206–1252

14. Sahn DJ, De Maria A, Kisslo J et al. Recommendations regarding
quantitation inM-mode echocardiographicmeasurements.Circulation
1978; 58: 1072–1083

15. Reichek N, Devereux RB. Left ventricular hypertrophy: relationship
of anatomic, echocardiographic and electrocardiographic findings.
Circulation 1981; 65: 99–108

16. Levy D, Savage DD, Garrison RJ et al. Echocardiographic criteria for
left ventricular hypertrophy: the Framingham Heart Study. Am J
Cardiol 1987; 59: 956–960

17. Liao Y, Cooper RS, Durazo-Arvizu R et al. Prediction of mortality
risk by different methods of indexation for left ventricular mass. J Am
Coll Cardiol 1997; 29: 641–647

18. Tei C. New non-invasive index for combined systolic and diastolic
ventricular function. J Cardiol 1995; 26: 135–136

19. Lakoumentas JA, Panou FK, Kotseroglou VK et al. The Tei index of
myocardial performance: applications in cardiology. Hellenic J
Cardiol 2005; 46: 52–58

20. Harjai K, Scott L, Vivekananthan K et al. The Tei index: a new prog-
nostic index for patients with symptomatic heart failure. J Am Soc
Echocardiogr 2002; 15: 864–868

21. Dujardin K, Tei C, Yeo T et al. Prognostic value of a Doppler index
combining systolic and diastolic performance in idiopathic-dilated
cardiomyopathy. Am J Cardiol 1998; 82: 1071–1076

22. Mooradian S, Goldberg C, Crowley D et al. Evaluation of a nonin-
vasive index of global ventricular function to predict rejection after
pediatric cardiac transplantation. Am J Cardiol 2000; 86: 358–360

23. Ascione L, De Michele M, Accadia M et al. Myocardial global per-
formance index as a predictor of in-hospital cardiac events in patients
with first myocardial infarction. J Am Soc Echocardiogr 2003; 16:
1019–1023

24. Haque A, Otsuji Y, Yoshifuku S et al. Effects of valve dysfunction on
Doppler Tei index. J Am Soc Echocardiogr 2002; 15: 877–883

25. Eiden BW, Tei C, O’Leary PW et al. Nongeometric quantitative
assessment of right and left ventricular function: myocardial perform-
ance index in normal children and patients with Ebstein anomaly.
J Am Soc Echocardiogr 1998; 11: 849–856

26. St John Sutton M, Wiegers S. The Tei index—a role in the diagnosis
of heart failure? Eur Heart J 2000; 21: 1822–1824

27. Bruch C, Schmermund A, Marin D et al. Tei-index in patients with
mild-to-moderate congestive heart failure. Eur Heart J 2000; 21:
1888–1895

28. Liu S, Quarles LD. How fibroblast growth factor 23 works. J Am Soc
Nephrol 2007; 18: 1637–1647

29. Larsson TB. The role of FGF-23 in CKD-MBD and cardiovascular
disease: friend or foe? Nephrol Dial Transplant 2010; 25: 1376–1381

30. Jean G, Terrat JC, Vanel Tet al. High levels of serum fibroblast growth
factor (FGF)-23 are associated with increased mortality in long
haemodialysis patients.Nephrol Dial Transplant 2009; 24: 2792–2796

31. Silberberg JS, Barre PE, Prichard SS et al. Impact of left ventricular
hypertrophy on survival in end-stage renal disease. Kidney Int 1989;
36: 286–290

32. Foley RN, Parfrey PS, Harnett JD et al. The prognostic importance of
left ventricular geometry in uremic cardiomyopathy. J Am Soc
Nephrol 1995; 5: 2024–2031

33. Tei C, Ling LH, Hodge DO et al. New index of combined systolic
and diastolic myocardial performance: a simple and reproducible
measure of cardiac function—a study in normals and dilated cardio-
myopathy. J Cardiol 1995; 26: 357–366

34. Tei C, Dujardin KS, Hodge DO et al. Doppler index combining sys-
tolic and diastolic myocardial performance: clinical value in cardiac
amyloidosis. J Am Coll Cardiol 1996; 28: 658–664

35. Poulsen SH, Jensen SE, Tei C et al. Value of the Doppler index of
myocardial performance in the early phase of acute myocardial
infarction. J Am Soc Echocardiogr 2000; 13: 723–730

36. Tei C, Nishimura RA, Seward JB et al. Noninvasive Doppler-derived
myocardial performance index: correlation with simultaneous mea-
surements of cardiac catheterization measurements. J Am Soc Echo-
cardiogr 1997; 10: 169–178

37. Koga S, Ikeda S, Matsunaga K et al. Influence of hemodialysis on
echocardiographic Doppler indices of the left ventricle: changes in
parameters of systolic and diastolic function and Tei index. Clin
Nephrol 2003; 59: 180–185

38. Lutz JT, Giebler R, Peters J. The Tei index is preload dependent and
can be measured by transesophageal echocardiography during mech-
anical ventilation. Eur J Anaesthesiol 2003; 20: 872–877

39. Cheung MM, Smallhorn JE, Redington AN et al. The effects of
changes in loading conditions and modulation of inotropic state on
the myocardial performance index: comparison with conductance
catheter measurements. Eur Heart J 2004; 25: 2238–2242

40. Yakabe K, Ikeda S, Urata J et al. Significance of Tei-index alterations
induced by acute preload reduction with hemodialysis. Clin Nephrol
2008; 70: 41–47

FGF-23, LV mass index, myocardial performance index and haemodialysis 1353

 by guest on N
ovem

ber 13, 2015
http://ndt.oxfordjournals.org/

D
ow

nloaded from
 

http://ndt.oxfordjournals.org/


41. Hughes SE. Differential expression of the fibroblast growth factor
receptor (FGFR) multigene family in normal human adult tissues. J
Histochem Cytochem 1997; 45: 1005–1019

42. Hoerstrup SP, Zund G, Schnell AM et al. Optimized growth condi-
tions for tissue engineering of human cardiovascular structures. Int J
Artif Organs 2000; 23: 817–823

43. Galzie Z, Kinsella AR, Smith JA. Fibroblast growth factors and their
receptors. Biochem Cell Biol 1997; 75: 669–685

44. Detillieux KA, Sheikh F, Kardami E et al. Biological activities of
fibroblast growth factor-2 in the adult myocardium. Cardiovasc Res
2003; 57: 8–19

45. Parker TG, Packer SE, Schneider MD. Peptide growth factors can
provoke ‘fetal’ contractile protein gene expression in rat cardiac myo-
cytes. J Clin Invest 1990; 85: 507–514

46. Corda S, Mebazaa A, Gandolfini MP et al. Trophic effect of human
pericardial fluid on adult cardiac myocytes. Differential role of fibro-
blast growth factor-2 and factors related to ventricular hypertrophy.
Circ Res 1997; 81: 679–687

47. Schultz JE, Witt SA, Nieman ML et al. Fibroblast growth factor-2
mediates pressure-induced hypertrophic response. J Clin Invest
1999; 104: 709–719

48. Urakawa I, Yamazaki Y, Shimada T et al. Klotho converts canonical
FGF receptor into a specific receptor for FGF23. Nature 2006; 444:
770–774

49. Mirza MA, Larsson A, Melhus H et al. Serum intact FGF23 associate
with left ventricular mass, hypertrophy and geometry in an elderly
population. Atherosclerosis 2009; 207: 546–551

50. Strozecki P, Adamowicz A, Nartowicz E et al. Parathormon, calcium,
phosphorus, and left ventricular structure and function in normoten-
sive hemodialysis patients. Ren Fail 2001; 23: 115–126

51. Galetta F, Cupisti A, Franzoni F et al. Left ventricular function and
calcium phosphate plasma levels in uraemic patients. J Intern Med
2005; 258: 378–384

52. Ayus JC, Mizani MR, Achinger SG et al. Effects of short daily versus
conventional hemodialysis on left ventricular hypertrophy and
inflammatory markers: a prospective, controlled study. J Am Soc
Nephrol 2005; 16: 2778–2788

53. Hayashi SY, Brodin LA, Alvestrand A et al. Improvement of cardiac
function after haemodialysis. Quantitative evaluation by colour tissue
velocity imaging. Nephrol Dial Transplant 2004; 19: 1497–1506

54. Ketteler M, Biggar PH. As nature did not predict dialysis—what we
can learn from FGF23 in end-stage renal disease? Nephrol Dial
Transplant 2009; 24: 2618–2620

55. Zoccali C. FGF-23 in dialysis patients: ready for prime time? Nephrol
Dial Transplant 2009; 24: 1078–1081

56. Achinger SG, Ayus JC. The role of vitamin D in left ventricular
hypertrophy and cardiac function. Kidney Int Suppl 2005; 95:
S37–S42

57. Artaza JN, Mehrotra R, Norris KC. Vitamin D and the cardiovascular
system. Clin J Am Soc Nephrol 2009; 4: 1515–1522

Received for publication: 12.5.10; Accepted in revised form: 9.8.10

Nephrol Dial Transplant (2011) 26: 1354–1360
doi: 10.1093/ndt/gfq487
Advance Access publication 13 August 2010

Use of handgrip strength in the assessment of the muscle function of
chronic kidney disease patients on dialysis: a systematic review

Viviane O. Leal1, Denise Mafra1,2, Denis Fouque3 and Luiz A. Anjos1,4

1Medical Science Post Graduate Program, Fluminense Federal University (UFF), Niterói, Brazil, 2Clinical Nutrition Department,
Nutrition Faculty, Fluminense Federal University (UFF), Niterói, Brazil, 3Department of Nephrology, Hôpital E. Herriot, Univ. Lyon,
Lyon, France and 4Social Nutrition Department, Nutrition Faculty, Fluminense Federal University (UFF), Niterói, Brazil

Correspondence and offprint requests to: Viviane de Oliveira Leal; E-mail: vivianeoleal@yahoo.com.br

Abstract
Background. Even though handgrip strength (HGS) is
considered a simple and reliable method to evaluate
muscle function and, indirectly, the nutritional status in
clinical settings, there is still no consensus concerning its
use in patients with chronic kidney disease (CKD) under-
going dialysis. This study presents a systematic review of
the literature on the use of HGS as a parameter for nutri-
tional assessment and a prognostic marker in patients on
dialysis.
Methods. The MEDLINE database (1966 to October
2009) was consulted for this systematic review by using

the search terms hand strength or muscle strength dyna-
mometer and dialysis. Eighteen articles were identified
and included in the analysis.
Results. Similar to the general population, HGS values
were associated with age and gender. The analysed studies
showed correlation between muscle function estimated by
HGS and variables used in the assessment of muscle mass
and nutritional status, as well as the prediction of clinical
complications.
Conclusions. The analysis indicates that HGS is a useful
tool for continuous and systematic assessment of muscle
mass related to nutritional status in patients on dialysis.
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