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Abstract
Background: Cardiovascular disease is the most common 
cause of death in patients with chronic kidney disease. Diastolic 
dysfunction is an important risk factor result in development of 
advanced cardiovascular disease. Fibroblast growth factor- 23 
(FGF23) secretes in response to hypophosphatemia as a result of 
renal excretion of phosphate. Elevation of serum FGF23 is one of 
the possible causes of diastolic dysfunction. The aim of the current 
study was to investigate association between Serum levels of 
FGF23 and diastolic dysfunction in hemo dialysis patients.

Methods: 100 hemodialysis patients were enrolled in the study 
between October 2015 and February 2016. Cardiac diastolic 
function was assessed by tissue Doppler imaging and ejection 
fraction>50% considered to be investigated. Serum FGF23, 
cholesterol, triglyceride, fasting blood sugar, 25(OH)vitD3, 
Phosphorus, calcium, alkaline phosphatase, PTH and hemoglobin 
were measured in all patients. Statistical analysis preformed using 
SPSS version 16(Chicago, USA).

Results: FGF 23 was elevated in 69% (52/75) of patient and had 
correlation with serum levels of phosphor and PTH, while Serum 
levels of FGF23 was not significantly difference between patients 
whit diastolic dysfunction versus other cardiac problem (p=0.158). 

Conclusions: After elimination of secondary causes of diastolic 
dysfunction, no association was found between serum FGF23 
levels and diastolic dysfunction among hemodialysis patients.
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Introduction
Chronic renal failure (CRF) increased risk of cardiovascular 

disease (CVD) and mortality. Two categories of traditional or classic 
risk factors and elements associated with renal failure or non-classical 
risk factors are considered as underlying causes of CVD. recognition 

and control of traditional factors such as hypertension, diabetes and 
dyslipidemia, had little impact on the prognosis of cardiovascular 
disease among CRF patients, whereas diagnosis and management of 
non-classical risk factors like anemia, hyperphosphatemia, increased 
serum levels of Fibroblast growth factor-23 (FGF23), vitamin D 
deficiency, hyperparathyroidism and systemic inflammation has been 
far better impact on prognosis of cardiovascular disease [1-3]. FGF23 
Secretion is in response to hyperphosphatemia and lead to renal 
excretion of phosphate [4]. FGF23 increasing, occurs before elevation 
of serum phosphorus and PTH level in CRF patients [5]. Increased 
serum levels of FGF23 are associated with impaired vascular function, 
vascular calcification and left ventricular hypertrophy. Elevated 
FGF23 levels are demonstrated as possible causes of diastolic 
dysfunction [6,7]. Diastolic dysfunction is risk factor of development 
and progression of advanced cardiovascular disease. Therefore, 
FGF23 increasing is associated with cardiovascular complications 
and increased mortality among chronic renal failure [8].

Christian Faul et al. noted that Elevation of serum FGF23 is 
associated with progression of kidney failure and increased mortality 
rate. They also illustrated increased FGF23 as strong risk factor for 
cardiovascular disease among patients with CRF [6]. We are aware 
of the high incidence of diastolic dysfunction among CRF patients 
as reported by Farshid et al. diastolic heart function, is an important 
factor leading mortality of patients with renal failure [9]. A literature 
by Bleskestad et al. reported if patients with renal impairment 
first treated with calcitriol and then with sevelamer, reduction in 
serum levels of FGF-23 is produced previous findings considered 
management of high FGF23 levels by reducing phosphorus levels. 
Finally it is not entirely clear if FGF23 levels reduction result in better 
diastole function or prevent diastolic dysfunction [10].

Dogan et al. noted that Significant relationship between the 
indices Diastolic function as E′ and IVRT, with levels of FGF23 is 
exist among type 1 diabetes with early stages of diabetic nephropathy, 
whereas similar relationship does not find in type 1 diabetic patients 
without nephropathy, as well as in healthy individual [11] so the 
role of FGF23 in diastolic dysfunction may be stronger in end stages 
of renal disease. By review of previous studies the effect of elevated 
FGF23 serum levels on diastolic dysfunction among hemodialysis 
patients is not clear. Aim of the current study was to investigate 
the relationship between FGF23 levels and diastolic dysfunction in 
dialysis patients.

Methods
Subjects

This descriptive study was performed on 100 hemodialysis 
patients of Loghman Hakim Hospital and Ashrafi Esfehani Hospital 
were enrolled in the study between octobre  2015 and  February 
2016. Written consent was obtained from all patients and the study 
protocol was approved by ethical committee of Shahid Beshti 
university of medical sciences (protocol no: 571). Exclusion criteria 
was hemodialysis<3month, age<18 years, anemia (hemoglobin<10), 
uncontrolled hypertension, history of heart disease; (EF less than 
50%, heart surgery, vascular stent, CABG, arrhythmia, severe valvular 
disease) and inadequacy of dialysis (KT/V<1.2) serum levels of 
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FGF 23, cholesterol, triglyceride, fasting blod sugar, 25(OH)vitD3, 
phosphorus, calcium, alkaline phosphatase, PTH and hemoglobin 
were measured and echo cardio graphic parameters was determine 
among all included subjects.

Biochemical parameter 

Blood sample were taken from all patients after 12 hours of fasting 
and stored at -80◦C until analysis. typical laboratory methods were 
used to assess fasting blood sugar (FBS), phosphorus (P), calcium 
(Ca), alkaline phosphatase (alk-p) parathyroid hormone (PTH),25 
(OH)vit D3, c-reactive protein (CRP)and hemoglobin. measurement 
of fibroblast growth factor-23 (FGF23)serum plasma levels performed 
by ELISA kit according to manufacture ‘s instruction. The lower limit 
of detection (LLD) of this assay was defined as the lowest detectable 
concentration that could be differentiated from zero. The detectable 
range described as 15.6-100 pg/mL. Normal range of FGF-23 plasma 
levels was reported as 31.3 ± 8.4 pg/dL by studying healthy population 
[12].

Echocardiographic assessment

Doppler Tissu Imaging (DTI) (Phillips Epiqe 7c) was performed 
to assess cardiac function during non-dialysis day for patients who 
had just Diastolic dysfunction with preserved systolic function 
(without any other cardiac problem). Measurements of quantitative 
data such as the left ventricular end diastolic (LVED) volume, mitral 
annular velocity (E′), late diastolic annular velocity (A′), mitral valve 
fellow to mitral annular motion index (E/E′) isovolomic relaxtion 
time (IVRT), iso volomic contraction time (IVCT), deceleration 
time of early diastolic mitral flow (Dec T), propagation velocity (PV), 
systolic fellow in pulmonary venous (S), D duration ADure were 
done (Table 3). 

Statistical analyses 

All values were expressed as mean ± (standard deviation) SD. 
Quantitative data was analyzed using student T- test and Mann-

Whitney test, while chi-square test was used to analyze qualitative 
variables. Pearson rho correlation was used for normally distributed 
variables and spearman’s rho correlation was performed to assess the 
correlation of non-normally distribute data. 

All tests were done two-sided, and P<0.05 was considered 
statistically significant data analysis performed by SPSS statistics 
version 16.0 (Chicago, USA).

Results 
Among (75/100) hemodialysis patients (50 men) 52% (39/75) of 

patients had diastolic dysfunction with preserved systolic function 
(without other cardiac problem) and (36/75) 48% patient had 
other cardiac problem. Demographic characteristics of patients 
are presented in Table 1. The mean age of patients with diastolic 
dysfunction (53 ± 13/63) were lower than other cardiac problem 
(61/36 ± 12/6) (p=0/007). Laboratory and echocardiographic data are 
presented in Table 2.

FGF23 was elevated in 69% (52/75) of patient and had correlation 
with serum levels of phosphor and PTH, while serum levels of FGF 
23 was not significantly difference between patients whit diastolic 
dysfunction versus other cardiac problem (p=0.158) (Figure 1). 
Demographic and laboratory data between two groups was not 
significantly difference but fasting blood sugar (116/92 ± 57/98) 
among patients with diastolic dysfunction was lower than non-
diastolic dysfunction (138/30 ± 74/78) (p=47/70) (Figure 2).

Discussion
The most common cause of death in dialysis patients is 

cardiovascular events [9].

Diastolic dysfunction is an independent factor for cardiovascular 
events among hemodialysis patients with preserved systolic function 
[13]. Prashant et al. reported CKD is associated with moderate to 
severe diastolic dysfunction and left ventricular diastolic dysfunction 

Variables Total Diastolic dysfunction Other cardiac problem P value
Women/Men (n) 25F/50M 14F/25M 11F/25M 0/807
Age( years) 57/1 ± 13/7 53 ± 13/63 61/36 ± 12/6 0/007
Dialysis sufficiency (%) 66 35 (89/7) 31(86/1) 0/73
Over weight before dialysis (<2)kg 36 15(38/5) 21(58/3) 0/108
Past history
Diabetes (%) 35 15(38/5) 20(55/6) 0/168
Dyslipidemia (%) 5 3 (7/7) 2(5/6) 1
Cardiovascular disease
Ischemic heart disease (%) 14 6 (15/4 ) 8(22/2) 0/557
Hypertension (%) 48 23(59) 25(69/4) 0/471
Smoking (%) 7 3 (7/7) 4 (11/1) 0/704
Opium (%) 7 4 (10/3) 3(8/3) 1
Alcohol (%) 1 0 (O) 1(2/8) 0/480M
Medication
ACE inhibitor, n (%) 6 3 (7/7) 3 (8/3) 1
ARB, n (%) 11 7(17/9) 4 (11/1) 0/52
Beta blockers, n (%) 20 13 (33/3 ) 7 (19/4) 0/201
Calcium channel blockers (%) 23 12 (30/8) 11 (30/6) 1
Diuretics (%) 9 4 (10/3) 5 (13/9) 0/73
Statin (%) 13 6 (15/4) 7 (19/4) 0/763
Fibrate (%) 2 2 (5/1) 0(0) 0/494
Note: ACE - Angiotensin-converting enzyme, ARB - Angiotensin ІІ receptor blockers. 

Table 1: Demographic and laboratory data of patients.
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correlation between serum levels of FGF23 and diastolic dysfunction, 
because we exclude patient with other cardiac problem.

Review of mentioned articles shows that there is no consensus 
on the relationship between serum FGF-23 level and diastolic 
dysfunction in dialysis patients. Further studies are needed to verify 
these findings. Sakane et al. concluded that patients with preserved 
left ventricular function and no-CKD, patients with elevated FGF23 
concentrations were at higher risk for diastolic dysfunction [16].

Dogan et al. noted that there was Significant relationship between 
diastolic function as E′ and IVRT, with serum levels of FGF-23 in 
type 1 diabetes with early stages of diabetic nephropathy [11], which 
this relationship does not exist in type 1 diabetic patients without 
nephropathy, as well as in healthy individuals. They surveyed young 
adult type 1 diabetic patients with GFR>60 ml/min, but we surveyed 
diastolic dysfunction in dialysis patients. This may account for the 
difference in results between the current study and their results. 
Sharon et al. reported that Cinacalcet significantly reduced the 
serum levels of FGF-23 in CKD and treatment-induced reductions 
in serum FGF23, reduce mortality and cardiovascular events in CKD 
[18] Maizel et al. surveyed mice with CRF and concluded FGF23 

has been observed even in the early stages of CKD [14]. Maizel et 
al. concluded that sevelamer (as phosphate binder) not only reduces 
serum phosphate and FGF23 levels but also decrease diastolic 
dysfunction [15]. 

Some studies found statistically significant relation between 
serum FGF23 levels and diastolic dysfunction [11,15,16], but others 
could not confirmed the correlation. In our study, patients’ sex 
was not statistically significant difference between two groups, but 
subjects with diastolic dysfunction were younger. This finding was 
against the Okamoto study, which reported female more than male 
had diastolic dysfunction, and patients with diastolic dysfunction 
was older than patient with non-diastolic dysfunction problems. 
Otherwise Okamato’ patients were not on hemodialysis and he 
was not excluding valvular heart disease. We found no association 
between serum FGF23 levels and diastolic dysfunction in dialysis 
patients after elimination of secondary causes. Our results are in 
agree with previous studies that concluded FGF23levels, was not 
significantly in associate with diastolic dysfunction [17].

We found that in younger dialysis patient diastolic dysfunction 
was first manifestation in echocardiography and there was no 

Variables Total Diastolic dysfunction Other cardiac problem P value
25(OH) vitam
inD 30/1 ± 17/3 29/68 ± 15/75 30/62 ± 19/17 0/82

Hemoglobin,g/dL 11/04 ± 1/35 11/16 ± 1/29 10/92 ± 1/42 0/437
Cholesterol (mg/dL) 133/2 ± 33 131/4 ± 29/09 135/2 ± 37/06 0/623
Triglyceride (mg/dL) 128/5 ± 76/2 135 ± 68/7 121/5 ± 84/0008 0/450
HDL (mg/dL) 37/6 ± 9/2 36/9 ± 9/5 38/3 ± 8/80 0/533
LDL (mg/dL) 71/3 ± 21/6 71/22 ± 22/5 71/3 ± 20/9 0/991
Phosphorus (mg/dL) 5/2 ± 1/5 5/17 ± 1/25 5/15 ± 1/67 0/937
Calcium (mg/dL) 8/9 ± 351/03 8/89 ± 0/89 8/9o ± 1/17 0/956
ALP 299 ± 146/2 319/44 ± 148/73 267/52 ± 142/01 0/206
FBS 127/2 ± 67 116/92 ± 57/98 138/30 ± 74/78 0/047
Hs-CRP 7/5 ± 4/8 6/131 ± 6/55 9/0024 ± 11/2 0/561
PTH 159/9 ± 145/9 180/38 ± 155/34 136/35 ± 132/67 0/266
FGF23(pg/Dl) 461/3 ± 351/03 533/587 ± 365/92 382/96 ± 320/99 0/158
Note: HDL - High density lipoprotein, LDL - Low density lipoprotein, ALP - Alkaline phosphatase, FBS - Fasting blood sugar, HS-CRP - High sensitivity C-reactive 
protein, PTH - Parathyroid hormone, FGF23 - Fibroblast growing factor-23.

Table 2: Comparison between laboratory data of patients with and without diastolic dysfunction.

Variables Normal Range Maximum Minimum ST. deviation Mean

LVE diastolic dysfunction Female 2/8-8/9:
Male 2/9-4/ 5: 2 4/83 0/52 4/7

E’ 12 - 5 11 4 1/9 2/6
A’ 12 - 8 9 2/4 1/8 7/5
S 110 - 5 15 7/5 1/8 9/4
E 36 ± 16 113 42 17/2 70
A 26 ± 13 150 20 13/2 76/3
VP <20 67 20 2 27/1
Deceleration time(msec) 240 - 160 815 93 29/3 126/2
IVRT 90 - 70 109 40 17/5 35/6
IVCT(mm) >60 105 82 13/6 32/1
E/E’ 18/88-4/65 58/6 2/9 2/1 18/8
PAP 42 - 30 80 52 1/2 52/6
ADure 180 - 122 32 80 13/1 23
Ps 4 - 8 62 52 10/3 49/4
Pd 6 - 3 28 56 7/8 82
EF <20 22 50 11/02 47

Table 3: Echocardiographic data of patient with diastolic dysfunction.
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Figure 2: FBS levels were lower among patients with diastolic dysfunction vs non-diastolic dysfunction.

serum level was not reduced by sevelamer. Serum phosphate was 
independently correlated with LV diastolic function, but not FGF23. 
So, sevelamer first improved diastolic dysfunction and secondarily 
prevented LVH [15].

Conclusions
After elimination of secondary causes of diastolic dysfunction, 

no association was found between serum FGF23 levels and diastolic 
dysfunction in dialysis patients.
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Figure 1: Comparison of FGF23 between diastolic dysfunctions and non-diastolic dysfunction.
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