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Background. CKD-MBD is a mineral and bone metabolism syndrome caused by chronic kidney disease. FGF23 is an important
factor regulating phosphorus and is the main infuencer in the CKD-MBD process. In this study, we observed the correlation
among serum FGF23 and calcium, phosphorus and parathyroid hormone, and the correlation between FGF23 levels and cardiac
structural changes inMHD patients.Methods. We examined serum FGF23 concentrations in 107 cases of MHD patients using the
ELISA method, recorded demographic information and biochemical data, and analyzed the correlation between serum FGF23
levels and blood calcium and blood phosphorus and PTH levels. All patients were evaluated by cardiac color ultrasound, and we
fnally analyzed the association between the FGF23 level and cardiac structural changes. Results. In 107 cases of MHD patients,
serum FGF23 levels were linearly associated with serum calcium (r� 0.27 P< 0.01) and parathyroid hormone levels (r� 0.25,
P< 0.05). FGF 23 was negatively correlated with age (r� −0.44, P< 0.01).Serum FGF23 levels were correlated with right atrial
hypertrophy in HD patients (P< 0.05). No correlation was found among FGF23, left ventricular hypertrophy/enlargement, and
valve calcifcation stenosis (P> 0.05). Conclusion. Serum FGF23 showed a positive correlation among blood calcium levels and
PTH levels in hemodialysis patients, and FGF23 levels can afect the incidence of right atrial hypertrophy in MHD patients.

1. Introduction

Chronic kidney disease (CKD) is a serious disease threat to
human health, and cardiovascular complications are the
leading cause of death in CKD patients [1]. However, how to
delay the progression of chronic kidney disease as well as
how to reduce the risk of cardiovascular outcomes are still
major challenges in nephrology [2]. Chronic kidney disease-

mineral and bone abnormalities (CKD-MBD) is a syndrome
of abnormal mineral and bone metabolism caused by
chronic kidney disease, including abnormal calcium and
phosphorus metabolism, parathyroid hormone (PTH)
changes, and bone mineralization, and reduced bone mass
and osteomalacia [3, 4]. Fibroblast growth factor 23 (FGF23)
is an important phosphate metabolism regulator secreted by
osteocytes. It inhibits phosphorus reabsorption through
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renal tubules and suppresses parathyroid hormone secretion
and the synthesis of active vitamin D3, thus limiting
phosphate absorption in the intestine [5, 6]. Several studies
showed FGF23 was independently associated with left
ventricular hypertrophy, and there were many observational
clinical reports on the positive correlation between FGF23
and vascular calcifcation in CKD patients [7]. How does
FGF23 infuence the cardiac structural changes in hemo-
dialysis patients is our concern.

A longitudinal study indicates that increased FGF23 is
linearly associated with mortality in hemodialysis patients
[8]. Accumulating recent clinical evidence suggests that
FGF-23 plays a regulatory role in multiple pathological
processes in cardiovascular diseases, such as coronary ath-
erosclerosis, vascular calcifcation, left ventricular hyper-
trophy, andmyocardial injury [7, 9, 10]. Conversely, another
investigation establishes that FGF23 is not associated with
arterial calcifcation [11]. Te correlation between FGF23
levels and altered cardiac structure and indicators of dis-
turbed mineral and bone metabolism in hemodialysis pa-
tients is not clear. Tis cross-sectional observational study
aims to explore the correlation between serum FGF23 levels
and mineral and bone abnormalities in hemodialysis pa-
tients, as well as to assess any potential correlations with
cardiac structural changes in hemodialysis patients. In ad-
dition, we investigate FGF23 as the potential biomarker of
adverse cardiovascular outcomes in hemodialysis patients.

2. Methods

2.1. Study Population. In this retrospective, single-center,
observational study, 107 maintenance hemodialysis (MHD)
patients (58 males and 49 females) in the Hemodialysis
Center of Huadu District People’s Hospital in Guangzhou
(China) were selected for participation from September 2018
to December 2019. Of these patients, 42 were with chronic
glomerulonephritis, 29 with diabetic nephropathy, 14 with
hypertensive renal impairment, 7 with gout nephropathy, 5
with obstructive nephropathy, 6 with polycystic kidney, and
4 with lupus nephritis. Te following inclusion criteria were
applied: diagnostic criteria for CKD stage 5 were met and
MHDwas received for >three months.Te exclusion criteria
employed were as follows: the use of immunosuppressants
within the present month; history of severe infection in the
recent March or surgery or trauma within the present
month; severe malnutrition or malignant tumors; and pa-
tients unable to undergo cooperative examination. Tis
clinical study was reviewed and approved by the hospital
Ethics Committee (no. 2022007), and all the patients par-
ticipating in the project signed the informed consent form.

2.2. Clinical Data Collection. We collected the basic clinical
information of all patients, including age, gender, dialysis age,
primary disease, and accompanying disease. Patients’ labo-
ratory examination results, including serum creatinine (sCr),
blood urea nitrogen (BUN), hemoglobin (Hb), albumin (Alb),
calcium (Ca), phosphorus (P), parathyroid hormone (PTH)
value, and other indicators, were also collected.

2.3. Measurement of Serum FGF23. Blood samples were
collected before hemodialysis, and the serum fuid was
collected by centrifugation. Te serum FGF23 levels were
measured by enzyme-linked immunosorbent assay (ELISA).
Te human FGF23 ELISA kits utilized in this study were
manufactured by Immutopics International (San Clemente,
CA, USA; #60–6600).

2.4. CardiacColorUltrasoundEvaluation. All MHD patients
underwent doppler color ultrasound for evaluation of the
cardiac structure and function using the Philip company
doppler ultrasound instrument. Doppler color ultrasound
examination measured the patient’s right atrial diameter
(RA), left atrial diameter (LA), left ventricular posterior wall
thickness (LVPW), pulmonary artery diameter (PA), right
chamber diameter (RV), left ventricular contraction fraction
(FS), left ventricular ejection fraction (LVEF), and the values
of other parameters.

2.5. Statistical Analysis. SPSS 21.0 statistical software was
used for statistical analysis. Measurement data conforming
to normal distribution were expressed as mean± standard
deviation, whereas nonnormal distribution data were pre-
sented as median and quartiles. Te t-test was implemented
to determine the means of normal distribution data between
the two groups. For count data, we used frequency and ratio,
and for group comparison, we conducted a chi-square test.
Correlation analysis was next performed using the Pearson
correlation analysis method. P< 0.05 was considered to
indicate statistically signifcant diferences.

3. Results

3.1. Clinical Baseline Characteristics of the MHD Patients.
Te mean age of the MHD patients was 57.5± 14.3 years. A
total of 58 (54.2%) males and 49 (45.8%) females were
enrolled in the study. Te mean dialysis time was 50.8± 33.7
months. Te detailed baseline information of the bio-
chemical indexes, including Hb, Alb, sCr, BUN, uric acid
(UA), TG, CHOL, LDL, HDL, Ca, P, PTH, and FGF23 levels
of all MHD patients are displayed in Table 1.

Twenty-eight healthy volunteers were selected for
measurements of FGF23. Te mean FGF23 value in healthy
controls was 17.14± 6.64 (pg/mL), whereas in MHD pa-
tients, it was signifcantly higher compared with healthy
controls, with t� −9.093 and P< 0.01.

Te analysis of the Pearson correlation between FGF23
levels and those of age, calcium, phosphorus, and PTH.

Table 2 indicates the Pearson correlation analysis be-
tween the levels of FGF23 and the ones of Ca, P, and PTH.
After multivariate linear regression analysis for FGF23, we
found that Age and PTH, calcium were the factors related to
FGF23 levels. Serum FGF23 had a negative linearly corre-
lation with age (r=−0.44, P< 0.001), serum FGF23 had
a positive linearly correlation with blood calcium (r= 0.27,
P � 0.005); and serum FGF23 had a positive linearly cor-
relation with serum PTH levels (r= 0.25, P � 0.01), see
Tables 2 and 3, Figure 1).
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Comparison of the clinical data and biochemical indexes
among the diferent FGF23 level groups.

Grouping was performed according to the FGF23 hor-
izontal line quartile method. Group 1: FGF23: (3.75–172.03)
pg/mL, N� 25 cases; Group 2: FGF23: (182.13–1146.13) pg/
mL, N� 26 cases; Group 3: FGF23: (1186.17–6314.80) pg/
mL, N� 27 cases; and Group 4: FGF23: (6438.10–14, 610.14)
pg/mL, N� 29 cases. Te comparison of clinical data and

biochemical indicators between the groups with diferent
FGF23 levels are presented in Table 4 and Figure 2.

By FGF23 quartile grouping analysis, with the increased
level of serum FGF23, the levels of serum calcium, serum
inorganic phosphorus, and PTH showed a linear increase
tendency. Tere is a signifcant diference between group 2
and group 4 in serum calcium levels (P � 0.033), there is
a signifcant diference between group 1 and group 4 in PTH
levels (P � 0.044).

Comparison of clinical Cardiac ultrasound parameters
among diferent FGF23 concentration groups (see Table 5).

Tere is a signifcant diference among group 3 and
group 1 or group 2 in the right atrial enlargement ratio
(P< 0.05).

4. Discussion

Currently, there are nearly 10%–15% of adults afected by
CKD worldwide, making it a considerable burden for public
health [12]. CKD-MBD represents a major clinical com-
plication in patients with chronic renal disease MHD and is
an important factor afecting survival and mortality. Dis-
covered recently, FGF23 is a core factor regulating the bone
and mineral metabolism axis; higher concentrations can be
detected in the serum of early-stage CKD patients [13]. In
addition, FGF23 was found to be a major risk factor for
cardiovascular events in CKD patients [14]. Nevertheless,
the association between FGF23 and cardiovascular com-
plications has not been assessed in CKD-MBD patients.

In this study, we found that the mean FGF23 level in
CKD-MBD patients was signifcantly higher than that in
healthy controls (P< 0.05). Te general increase in FGF23 is
an important factor in the development of CKD-MBD in
MHD patients. FGF23 is a hormone secreted by osteogenic
cells, which is involved in the suppression of osteoblast
diferentiation, proliferation, and activation, thereby
inhibiting bone mineralization.

Te level of FGF23 was increased in early-stage CKD
patients, which was identifed as the earliest regulator of
calcium, phosphorus, and bone metabolism, involved in
phosphorus homeostasis maintenance [15]. Further analysis
found that in MHD patients with diferent FGF23 level
groups, the serum calcium, serum phosphorus, and PTH
increased linearly with the elevation in the FGF23 levels.
Furthermore, statistically signifcant diferences were
established in the blood calcium and PTH among the

Table 2: Te correlation of FGF23 with clinical chemistry pa-
rameters (Pearson correlation).

Parameters
FGF23

r p

Dialysis (mon) 0.07 0.501
Age (y) −0.44 0.000
Weight (kg) 0.03 0.764
PTH 0.25 0.010
Calcium 0.27 0.005
Phosphorus 0.23 0.017
Serum creatinine 0.19 0.050
BUN 0.18 0.071
UA 0.20 0.042
Glucose −0.12 0.215
Hemoglobin 0.05 0.587
ALB 0.22 0.023
TG 0.12 0.222
CHOL 0.01 0.899
LDL 0.06 0.546
HDL 0.18 0.065
BNP −0.13 0.178

Table 3: Multivariate linear regression for FGF23.

Independent
variables

FGF23

p value Coefcients
95.0%

confdence interval
for B

Constant 0.249 −7064.51 −19141.32∼5012.29
Age 0.001 −76.25 −120.17∼ −32.33
PTH 0.010 17.22 4.16∼30.28
Calcium 0.004 4387.78 1470.04∼7305.52
Phosphate 0.990 −8.48 −1338.75∼1321.79
Uric acid 0.136 5.20 −1.66∼12.07
Albumin 0.725 37.47 −172.89∼247.82

Tabel 1: Baseline clinical and laboratory characteristics.

Parameters Mean± SD/median, n%
Dialysis (mon) 50.8± 33.7
Age (y) 57.5± 14.3
Weight (kg) 55.9± 11.2
FGF23 (pg/ml) 3520.4± 3678.2
PTH (pmol/l) 59.6± 48.3
Calcium (mmol/l) 2.3± 0.2
Phosphorus (mmol/l) 2.2± 0.4
Serum creatinine (umol/l) 1002.3± 254.2
BUN (mmol/l) 26.8± 3.8
UA (mmol/l) 453± 102.4
Glucose (mmol/l) 7.95± 3.41
Hemoglobin (g/l) 109± 13.6
ALB (g/l) 40.1± 3.3
TG (mmol/l) 1.9± 1.2
CHOL (mmol/l) 3.8± 1.3
LDL (mmol/l) 2.11± 0.68
HDL (mmol/l) 1.07± 0.27
BNP (pg/ml) 160.27
Gender (women %) 49 (45.8)
Death (%) 14 (13.0)
Hypertension (yes %) 80 (74.7)
Diabetes (ye s%) 30 (28.0)
Coronary heart disease (yes %) 25 (23.3)
Heart failure (yes %) 52 (48.5)
Stroke (yes %) 8 (7.4)
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diferent FGF23 groups (P< 0.05). Another study showed
that PTH increased the expression of the FGF23 gene [16].
Tus, we speculate that controlling blood calcium levels and
reducing PTH concentration can lower the level of FGF23,
and thus regulate the “master switch” of CKD-MBD de-
velopment. In addition, considering the FGF23 values in-
creased signifcantly with the progression of
hyperphosphatemia, the use of phosphorus binders is
a necessary treatment of CKD-MBD. New phosphorus

binders such as sevelamer hydrochloride and lanthanum
carbonate were recommended. Sevelamer hydrochloride has
shown to reduce the serum FGF23 levels in CKD patients
and CKD patients on dialysis [17, 18]. Lanthanum carbonate
also reduced the FGF23 level in CKD patients [19].

Interestingly, in this study, we found that increased
serum uric acid was also signifcantly associated with ele-
vated FGF23. Serum uric acid levels were signifcantly in-
creased between group 2 and group 4 (P< 0.05). An earlier
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Figure 1: Te correlation of FGF23 with PTH (a), Ca (b), and age (c).

Table 4: Comparison of the clinical data and biochemical indexes among the diferent FGF23 level groups.

Items Group 1,
N� 26

Group 2,
N� 25

Group 3,
N� 27

Group 4,
N� 29 p value

(3.75–172.03) (182.13–1146.13) (1186.17–6314.80) (6438.10–14610.14)
Age (y) 61.08± 17.28 65.40± 13.37 58.37± 14.87 46.83± 12.48 0.324
Dialysis time (mon) 63.27± 38.93 50.16± 19.46 66.56± 30.22 61.38± 29.68 0.137
Hb (g/L) 109.23± 15.07 108.32± 18.33 110.37± 13.69 111.06± 13.56 0.847
Alb (g/L) 40.19± 3.07 39.66± 3.91 40.33± 2.68 41.63± 2.82 0.596
sCr (umol/L) 944.22± 283.99 1021.74± 224.36 1059.98± 266.39 1072.73± 249.21 0.284
UA (mmol/L) 459.25± 99.42 437.73± 88.65a 445.64± 125.22 484.86± 73.96a 0.0 8
Ca (mmol/L) 2.17± 0.17 2.18± 0.25a 2.24± 0.22 2.35± 0.31a 0.0  
P (mmol/L) 2.00± 0.64 2.06± 0.50 2.16± 0.45 2.27± 0.58 0.102
PTH (pmol/L) 46.91± 38.09a 51.81± 41.63 54.78± 42.98 77.87± 67.36a 0.044
TG (mmol/L) 1.87± 1.26 1.93± 1.14 1.75± 1.43 2.4± 1.38 0.863
CHOL (mmol/L) 3.78± 0.84 4.44± 2.77 3.89± 0.92 4.15± 0.75 0.261
HDL (mmol/L) 0.98± 0.22a 1.13± 0.28 1.02± 0.21 1.15± 0.34a 0.028
LDL (mmol/L) 2.02± 0.76 2.00± 0.56 2.12± 0.74 2.26± 0.19 0.907
Note. Boldface represents P< 0.05.
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study discovered that hyperuricemia was associated with the
occurrence of cardiovascular events in CKD patients [20].
Terefore, we assumed that hyperuricemia contributed to
the acceleration of CKD-MBD progression.

To explore the association factors between FGF23 and
the occurrence of cardiovascular events inMHDpatients, we
further investigated the cardiac structure and performed
functional evaluation in MHD patients. We found that the
incidence of LV hypertrophy in early-to-fnal-stage CKD
patients was within 50%–90%, which is the most important
factor aggravating cardiovascular events in CKD patients
[21]. A previous study indicated that high FGF23 levels are
independent predictors of LV hypertrophy in CKD [22]. In
this investigation, we established that the incidence of LV
hypertrophy and LV enlargement in MHD patients reached
56.0% and 23.3%, respectively. However, no signifcant
diference was found between the groups with diferent
levels of FGF23, and there was no signifcant intergroup
diference in the left ventricular ejection fraction (LVEF)
(P> 0.05). In CKD-MBD, the abnormal deposition of cal-
cium and phosphate in the blood vessels, valves, and the
heart leads to vascular calcifcation. An earlier clinical study
showed that vascular calcifcation was an independent
predictor of increased cardiovascular mortality in patients
with CKD [23]. Cardiac valve calcifcation and stenosis are
common factors leading to decreased cardiac function and
a common manifestation of CKD-MBD. Here, the incidence

of cardiac valve stenosis inMHD patients was also very high,
reaching 45.7%, with no signifcant intergroup diference in
the FGF23 concentration (P � 0.351). We also found sig-
nifcant intergroup variations in the rate of the right atrial
enlargement; the high-concentration group 3 had a higher
incidence level than the low-concentration group 1. Tese
results suggest the presence of an association between the
FGF23 concentration and the enlargement of the right
atrium, which may be related to the stenosis of the tricuspid
valve, so the calcifcation/stenosis of the valve can lead to
enlargement of the right chamber.

In addition, we are also concerned that abnormal lipid
metabolism such as hyper-LDL-emia in MHD patients also
increased with the rise in the FGF23 levels. Te fndings of
some studies pointed out a positive relationship between
blood FGF23 and LDL in patients with coronary heart
disease [24]. Similarly, in the current study we found that the
increased LDL levels accompanied by the serum FGF23
concentration elevated in MHD patients. In the present
study, the increase in HDL was signifcantly higher in the
high-concentration FGF23 group 4 (P< 0.05). We suggest
that lipoprotein abnormalities also play an important role in
the increase of FGF23 in MHD patients.

Tis single-center cross-sectional retrospective study has
some limitations. First of all, the sample size was small, and
the results were representative only of our dialysis center
group. A randomized controlled clinical study with large
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Figure 2: Comparison of PTH, Ca, and P value among FGF23 groups.

Table 5: Te comparison of clinical cardiac ultrasound parameters among diferent FGF23 concentration groups.

Parameters (cardiac
ultrasound) Group 1 N� 26 Group 2 N� 25 Group 3 N� 27 Group 4 N� 29 p value

(3.75–172.03) (182.13–1146.13) (1186.17–6314.80) (6438.10–14610.14)
LVE n (%) 6 (23.0%) 7 (28.0%) 5 (18.5%) 7 (24.1%) 0.881
RAE n (%) 15 (57.6%) 17 (68.0%) 22 (81.4%) 13 (44.8%) 0.035
LEH n (%) 15 (57.6%) 13 (52.0%) 19 (70.3%) 13 (44.8%) 0.27
Valvular stenosis n (%) 14 (53.8%) 10 (40%) 15 (55.5%) 10 (34.4%) 0.315
LVEF (%) 64.11± 10.97 65.28± 14.19 64.51± 9.01 64.63± 10.76 0.985
Note. LVE: left ventricular enlargement; RAE: right atrial enlargement; LVH: left ventricular hypertrophy; and LVEF: left ventricular ejection fraction.
Boldface represents P< 0.05.
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samples is needed to further explore the association of high
FGF23 levels with clinical complications and biochemical
indicators in MHD patients. Second, the direct correlation
between high FGF23 levels and cardiovascular events in HD
patients was not explored here and is to be the direction of
our subsequent research work.

5. Conclusions

In conclusion, in the present study, we conducted a re-
search study into the clinical aspects and features of
hyper-FGF23-emia in MHD patients. We found that FGF
23 was positively correlated with PTH (r � 0.25, p � 0.010)
and calcium (r � 0.27, p � 0.005), but was no statistical
correlation with phosphate. FGF 23 was negatively cor-
related with age (r � -0.44, p< 0.0001). FGF23 was posi-
tively correlated with right atrial hypertrophy. No
correlation was found among FGF23, left ventricular
hypertrophy/enlargement, and valve calcifcation stenosis
(P> 0.05). Terefore, hyper-FGF23-emia is a clinical
phenomenon that requires continuous attention from
nephrologists and hemodialysis physicians and may be
a key tool for early intervention in achieving improvement
in CKD-MBD patients.
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