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Abstract

Aims Abnormalities of mineral metabolism (MM) have been related to cardiovascular disorders. There are no reports on the
prognostic role of MM after an acute coronary syndrome (ACS). We aim to assess the prognostic role of MM after an ACS.
Methods and results Plasma levels of components of MM [fibroblast growth factor 23 (FGF23), calcidiol, parathormone,
klotho, and phosphate], high-sensitivity C-reactive protein, and N-terminal-pro-brain natriuretic peptide were measured in
1190 patients at discharge from an ACS. The primary outcome was a combination of acute ischaemic events, heart failure
(HF) and death. Secondary outcomes were the separate components of the primary outcome. Age was 61.7 ± 12.2 years,
and 77.1% were men. Median follow-up was 5.44 (3.03–7.46) years. Two hundred and ninety-four patients developed the pri-
mary outcome. At multivariable analysis FGF23 (hazard ratio, HR 1.18 [1.08–1.29], P < 0.001), calcidiol (HR 0.86 [0.74–1.00],
P = 0.046), previous coronary or cerebrovascular disease, and hypertension were independent predictors of the primary out-
come. The predictive power of FGF23 was homogeneous across different subgroups of population. FGF23 (HR 1.45 [1.28–
1.65], P < 0.001) and parathormone (HR 1.06 1.01–1.12]; P = 0.032) resulted as independent predictors of HF. FGF23 (HR
1.21 [1.07–1.37], P = 0.002) and calcidiol (HR 0.72 [0.54–0.97), P = 0.028) were independent predictors of death. No biomarker
predicted acute ischaemic events. FGF23 predicted independently the primary outcome in patients with estimated glomerular
filtration rate > 60 mL/min/1.73 m2.
Conclusions FGF23 and other components of MM are independent predictors of HF and death after an ACS. This effect is
homogeneous across different subgroups of population, and it is not limited to patients with chronic kidney disease.
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Introduction

Mineral metabolism (MM) is primarily known by its role in
maintaining mineral homeostasis. When renal function de-
clines below an estimated glomerular filtration rate (eGFR)
of 75 mL/min/1.73 m2, the ability of the kidneys to eliminate
phosphate decreases.1 Then, an increase in bone production

of fibroblast growth factor 23 (FGF23) happens, which pro-
motes phosphate elimination. Additionally, FGF23 leads to a
decrease in vitamin D (calcidiol) levels due to both an
enhanced catabolism and a reduction in its production.1,2

Furthermore, the decrease in calcidiol levels releases para-
thormone (PTH) by feedback inhibition, leading to an in-
crease in its levels. Although this compensatory mechanism,
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which has been called the canonical pathway of FGF23, pro-
tects the organism against the adverse cardiovascular effects
of phosphate accumulation, these abnormalities are also as-
sociated with cardiovascular damage. In this regard, reduced
levels of calcidiol and high PTH plasma levels are related with
hypertension, left ventricular hypertrophy, coronary artery
disease (CAD), stroke, and with an elevated cardiovascular
risk.3–11 Similarly, high FGF23 plasma levels also promote left
ventricular hypertrophy and fibrosis, endothelial dysfunction
and vascular calcification, and they increase mortality and
cardiovascular events.12–16 Of interest, harmful FGF23 actions
appear mainly when over-physiological concentrations of this
molecule are present, so it binds to receptors different of the
canonical FGFR1 and its co-receptor klotho.17 The soluble
form of klotho has been said to have cardio-protective and
anti-aging properties.18

Despite its relationship with renal function, there is grow-
ing evidence that shows that the canonical pathway of
FGF23 is not the unique one leading to cardiovascular dam-
age. Concerning to it, we have seen that abnormalities of
MM may be present in patients with normal eGFR.19 More-
over, we and others have demonstrated that increased
levels of FGF23 may predict the development of cardiovas-
cular events in patients with stable CAD with average renal
function.16,20 It has been demonstrated that FGF23 can be
produced in a paracrine manner by cardiac myocardial cells,
enhancing the activity of cardiac fibroblasts and promoting
fibrosis independently of Klotho and FGFR1. This
non-canonical pathway of FGF23 may explain its involve-
ment in cardiac conditions even though chronic kidney dis-
ease (CKD) is not present. Then, it seems that the cardiovas-
cular implications of MM abnormalities are not restricted to
patients with CKD.

Despite the potential relevance of MM in cardiovascular
disease, there are no reports on its possible prognostic role
in patients with an acute coronary syndrome (ACS). Thus, in
this work, we studied 1190 patients with ACS to ascertain if
plasma levels of the MM components (calcidiol, FGF23,
PTH, phosphate, and klotho) have a predictive capacity in this
clinical setting.

Methods

Patients

We analysed the population of the BACS & BAMI (Biomarkers
in ACS & Biomarkers in Acute Myocardial Infarction) study. It
included patients admitted to five hospitals in Madrid with ei-
ther non-ST elevation acute coronary syndrome (NSTEACS) or
ST-elevation myocardial infarction (STEMI). Inclusion and ex-
clusion criteria have been defined previously.21

Between July 2006 and June 2014, 2740 patients were
discharged from the study hospitals with a diagnosis of
NSTEACS or STEMI; 1483 patients were excluded due to the
following prespecified criteria: age over 85 years (16.4%),
presence of disorders or toxic habits limiting survival
(29.8%), impossibility to perform cardiac revascularization
(9.6%), coexistence of other significant cardiopathy (5.7%),
impossibility to perform follow-up (16.3%), clinical instability
beyond the sixth day after the index event (10.9%), refusal to
participate in the study (1.5%), and impossibility of the inves-
tigators to include them (9.8%). From the included 1257 pa-
tients, 1230 completed the follow-up. From these, 1190 had
an adequate assessment of the components of mineral me-
tabolism. On admission, clinical variables were recorded,
and plasma was taken for analysis. Last follow-up visits were
carried out in June 2016.

Ethics statement

The research protocol suited the ethical guidelines of the
1975 Declaration of Helsinki as reflected in a priori approval
by the human research committees of the institutions partic-
ipating in this study: Fundación Jiménez Díaz University Hos-
pital, Fundación Alcorcón Hospital, Fuenlabrada Hospital,
Puerta de Hierro Majadahonda University Hospital, and
Móstoles University Hospital. All patients signed informed
consent document. The date of approval by the Ethics Com-
mittee was 24 April 2007 (act number 05-07).

Study design

At baseline, clinical variables were recorded, and 12-h fasting
venous blood samples were withdrawn and collected in
EDTA. Blood samples were centrifuged at 2500 g for
10 min, and plasma was stored at �80°C. Patients were seen
every year at their hospitals. At the end of follow-up, the
medical records were reviewed, and patient status was con-
firmed by telephone contact.

The primary outcome was the combination of acute isch-
aemic events (STEMI, non-STEMI, unstable angina, transient
ischaemic attack, and stroke), HF (both new onset HF and
decompensated HF), and all-cause mortality. Secondary out-
comes were the components of the primary outcome: acute
ischaemic events, HF, and death. NSTEACS was defined as
rest angina lasting more than 20 min in the previous 24 h,
or new-onset class III-IV angina, along with transient ST
depression or T wave inversion in the electrocardiogram
considered diagnostic by the attending cardiologist and/or
troponin elevation. STEMI was defined as symptoms
compatible with angina lasting more than 20 min and ST el-
evation in at least two adjacent leads in the electrocardio-
gram without response to nitro-glycerine and troponin ele-
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vation. A previous acute myocardial infarction was diag-
nosed in the presence of new pathological Q waves in the
electrocardiogram along with a concordant new myocardial
scar identified either by echocardiography or nuclear mag-
netic resonance imaging.22 Stroke was defined as rapid on-
set of a neurologic defect attributable to a focal vascular ter-
ritory lasting more than 24 h or confirmed by new cerebral
ischaemic lesions on imaging studies. Transient ischaemic at-
tack was defined as transient neurological signs and symp-
toms of cerebral ischaemia but resolved within the first
24 h and without cerebral acute ischaemic lesions at imag-
ing techniques.

Although all events were recorded for each case, patients
were excluded from the Cox regression analysis after the first
event. Then, despite the total number of events is also de-
scribed, patients that had more than one event computed
only once for these analyses. Patient’s follow-up was rigor-
ous, made by clinical visits and also by telephone contact
and hospital records reviews.

Biomarker and analytical studies

Plasma determinations were performed at the laboratory of
Mineral Metabolism at La Paz Hospital and at the laboratories
of Vascular Pathology and Biochemistry at Fundación Jiménez
Díaz University Hospital. The investigators who performed the
laboratory studies were unaware of clinical data. Plasma
calcidiol levels were quantified by chemiluminescent immu-
noassay on the LIAISON XL analyser (LIAISON 25OH-Vitamin
D total Assay DiaSorin, Saluggia, Italy). FGF23 was measured
by an enzyme-linked immunosorbent assay that recognizes
epitopes within the carboxyl-terminal portion of FGF23 (Hu-
man FGF23, C-Term, Immutopics Inc, San Clemente, CA), and
klotho levels were measured by ELISA (Human soluble alpha
klotho assay kit, Immuno-Biological Laboratories Co., Hok-
kaido, Japan). Intact PTH was analysed by a second-generation
automated chemiluminescent method (Elecsys 2010 plat-
form, Roche Diagnostics, Mannheim, Germany), and phos-
phate was determined by an enzymatic method (Integra 400
analyser, Roche Diagnostics, Mannheim, Germany). N-Termi-
nal pro-brain natriuretic peptide (NT-proBNP) levels were
assessed by immunoassay (VITROS, Orthoclinical Diagnostics,
Raritan, NJ, USA), high-sensitivity C-reactive protein (hs-CRP)
by latex-enhanced immunoturbidimetry (ADVIA 2400 Chemis-
try System, Siemens, Munich, Germany), and troponin by
immunometric immunoassay with a mice biotin-monoclonal
antibody and a luminescent reaction (Ortho Clinical Diagnos-
tics Vitros XT 7600, Raritan, NJ, USA). Lipids, glucose, and cre-
atinine determinations were performed by standard methods
(ADVIA 2400 Chemistry System, Siemens, Munich, Germany).
The eGFR was calculated using the Chronic Kidney Disease
Epidemiology Collaboration equation.

Statistical analysis

Quantitative data following a normal distribution are
presented as mean ± standard deviation, and those with
a not normal distribution are displayed as median (interquar-
tile range). Qualitative variables are presented as
percentages.

Univariable Cox regression was performed to analyse
which variables were associated with the development of
the outcomes. Then, multivariable regression analysis was
carried out including those variables that achieved statistical
significance at univariable analyses. Kaplan–Meier curves
were traced showing the development of the different out-
comes according to baseline FGF23 levels above the median
or not. Cox univariable and multivariable analyses were re-
peated dividing the population between those with eGFR
<60 mL/min/1.73 m2 or not. The Youden Index was esti-
mated to describe sensitivity and specificity values of the
biomarkers.

Analyses were performed with SPSS 20.0 (SPSS Inc., New
York) and were considered significant when P was lower than
0.05 (two-tailed).

Results

Characteristics of the population

The first table (Table 1) shows the baseline characteristics of
the population. Age was 61.7 ± 12.2 years, and 77.1% were
men. Twenty-two percent had diabetes, 57.1% hypertension,
60.1% dyslipidaemia, and 42.6% were smokers. Forty-nine
per cent had a STEMI, and 51% had a NSTEACS. Eighty
percent underwent percutaneous revascularization and 5%
coronary artery by-pass graft, and 15% were not
revascularized. A left ventricular ejection fraction
(LVEF) < 40% was present in 14.3%. Patients were well
treated at discharge, with 95.5% receiving acetylsalicylic acid,
95.9% statins, and 83% beta-blockers. Only 14.1% had an
eGFR <60 mL/min/1.73 m2 (overall mean 78.5 ± 20.0 mL/
min/1.73 m2). Median time for blood extraction from admis-
sion was 4 (2–5) days.

Independent predictors of the primary outcome

Median follow-up was 5.44 (3.03–7.46) years. Two hundred
ninety-four patients (24.7%) of the total population devel-
oped the primary outcome. Among them, 141 patients devel-
oped an ACS, 49 a cerebrovascular accident, 68 HF, and 115
died. Ten patients developed three different types of events,
59 had two different events, and the remaining patients de-
veloped a single event.
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Univariable analysis showed that age, diabetes, hyperten-
sion, previous cardiovascular disorders, LVEF < 40% and
treatment with anticoagulants, insulin and antidiabetic drugs,

mineralcorticoid receptor antagonists or diuretics, among
other factors, were positively associated with the develop-
ment of the primary outcome. Other factors, such as eGFR,
complete revascularization, and the use of acetylsalicylic acid,
P2Y12 blockers, statins, and beta-blockers, showed an inverse
association with the outcome (Table S1).

Multivariable analysis (Table 2) showed that high FGF23,
CAD or stroke, age, hypertension, LVEF < 40%, diuretics,
and insulin were independently associated with this out-
come (C statistic = 0.71). The best cut-off level was 154.5
RU/mL (sensitivity = 0.357, specificity 0.838; Youden
index = 0.195). Calcidiol levels and the use of beta-blockers
and modulators of renin-angiotensin system were inversely
and independently related to the primary outcome. No
interaction was found between FGF23 and calcidiol
(P = 0.710).

Independent predictors of the incidence of acute
ischaemic events

One hundred and eighty-four patients (15.5%) developed an
acute ischaemic event. Six developed both an ACS and cere-
brovascular accident, and the remaining subjects developed
a single event. The univariable analysis is presented in
Table S2.

Multivariable analysis (Table 3) showed that no biomarker
had an independent predictive power for the outcome,
while previous CAD and cerebrovascular accident, and
hypertension had an independent positive association with
it (C statistic = 0.67). On the other hand, STEMI as the
index event, eGFR, and angiotensin-converting enzyme inhib-
itors/angiotensin II receptor blockers showed an inverse
relationship.

Table 1 Baseline data

Variable (n = 1190)

Age (years) 61.67 ± 12.19
Age > 64 years 480 (40.3%)
Male sex 917 (77.1%)
Caucasian race 1151 (96.7%)
Diabetes 270 (22.7%)
Hypertension 680 (57.1%)
Body mass index (kg/m2) 28.32 ± 4.32
Dyslipidaemia 715 (60.1%)
Smoking 507 (42.6%)
eGFR < 60 mL/min/1.73 m2 168 (14.1%)
Coronary artery disease 240 (20.2%)
Peripheral artery disease 69 (5.8%)
Cerebrovascular accident 40 (3.4%)
Atrial fibrillation 28 (2.4%)
Number of affected vessels 1.45 ± 0.80
Laboratory results

Troponin (ng/mL) 10.09 (0.78, 52.85)
eGFR (mL/min/1.73 m2) 78.46 ± 19.99
LDL (mg/dL) 116.97 ± 36.85
Triglycerides (mg/dL) 131 (93.0, 182)
HDL (mg/dL) 40.25 ± 11.91
Calcidiol (ng/mL) 19.89 ± 9.86
PTH (pg/mL) 47.0 (36.0, 63.75)
FGF23 (RU/mL) 110.0 (84.0, 144.0)
Klotho (pg/mL) 629.49 ± 208.67
Phosphate (mg/dL) 3.26 (2.89, 3.63)
NT-proBNP (pg/mL) 405 (133.22, 1042.50)
Glycaemia (mg/dL) 104 (95.0, 124)
hs-CRP (ng/dL) 1.68 (0.72, 3.35)

Type of ACS and coronary angiographical findings
ACS
Non-STEACS 611 (51.3%)
STEMI 579 (48.7%)
LVEF < 40% 170 (14.3%)
Left main disease 40 (3.4%)
Complete revascularization 843 (70.8%)
Type of revascularization
No revascularization 180 (15.1%)
Drug eluting stent 620 (52.1%)
Bare metal stent 299 (25.1%)
Balloon angioplasty 32 (2.7%)
Coronary artery bypass grafting 59 (5.0%)

Treatments at discharge
ASA 1137 (95.5%)
P2Y12 blockers 1071 (90.0%)
Anticoagulant 80 (6.7%)
Statins 1141 (95.9%)
Ezetimibe 21 (1.8%)
Insulin 81 (6.8%)
Oral antidiabetic drugs 182 (15.3%)
ACEI/ARB 963 (80.9%)
Anti-aldosteronic drugs 95 (8.0%)
Beta-blockers 988 (83.0%)
Diuretics 182 (15.3%)

ACEI, angiotensin converting enzyme inhibitor; ACS, acute coro-
nary syndrome; ARB, angiotensin receptor blocker; ASA,
acetylsalicylic acid; eGFR, estimated glomerular filtration rate;
FGF23, fibroblast growth factor 23; HDL, high density lipoprotein;
hs-CRP, high sensitivity C-reactive protein; LDL, low density lipopro-
tein; LVEF, left ventricular ejection fraction; Non-STEACS, non-ST-
elevation acute coronary syndrome; NT-ProBNP, N-terminal-pro-
brain natriuretic peptide; PTH, parathormone; STEMI, ST-elevation
myocardial infarction.

Table 2 Multivariable Cox regression analysis for the primary
outcome of acute ischemic event, heart failure or death

Variable HR (95% CI) P

Coronary artery disease 1.73 (1.31, 2.29) <0.001
Diuretic 1.52 (1.12, 2.06) 0.007
Age 1.03 (1.02, 1.04) <0.001
FGF23a 1.18 (1.08, 1.29) <0.001
Insulin 1.76 (1.18, 2.62) 0.006
Hypertension 1.63 (1.20, 2.21) 0.002
ACEI/ARB 0.62 (0.45, 0.85) 0.003
Cerebrovascular accident 1.74 (1.08, 2.82) 0.024
LVEF < 40% 1.46 (1.04, 2.07) 0.031
Beta-blockers 0.73 (0.54, 0.99) 0.041
Calcidiolb 0.86 (0.74, 1.00) 0.046

Proportional hazards test; P = 0.207. C statistic = 0.71.
ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin
receptor blocker; FGF23, fibroblast growth factor 23; HR, hazard
ratio; LVEF, left ventricular ejection fraction.
aEvery 100 units of increment.
bEvery 10 units of increment.
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Independent predictors of the development of
heart failure

Sixty-eight patients (5.7%) developed HF (Table S3). At multi-
variable analysis, high FGF23 resulted in an independent pre-
dictor of HF, as well as PTH, LVEF < 40%, previous cerebro-
vascular accident, age, and treatment with antidiabetic or
anti-aldosteronic drugs (C statistic = 0.88). The best cut-off
level was 112.5 RU/mL (sensitivity = 0.809, specificity 0.539;
Youden index = 0.348). Cholesterol high-density lipoprotein
was inversely related to the outcome (Table 4). No interac-
tions were found among FGF23 and PTH (P = 0.988).

Independent predictors of death

One hundred and fifteen patients (9.7%) died. The cause of
death was cardiovascular in 48 cases (4.0%), cancer in 18
(1.5%), infection in 14 (1.2%), unknown in 14 (1.2%), renal
failure in 3 (0.3%), pancreatitis in 2 (0.2%), gastro-intestinal
bleeding in 2 (0.2%), and other in 14 (1.2%). Univariable anal-
ysis is shown in Table S4. After multivariable analysis
(Table 5), FGF23 and calcidiol, age, insulin, LVEF < 40%,
acetylsalicylic acid, mineral receptor antagonists, and choles-

terol low-density lipoprotein resulted independent predictors
of death, being the latter two protective (C statistic = 0.82).
The best cut-off level for this outcome was 167.5 RU/mL (sen-
sitivity = 0.426, specificity 0.854; Youden index = 0.280). No
interactions were found between FGF23 and calcidiol
(P = 0.492).

Prognostic power of FGF23 plasma levels above
the median

Kaplan–Meier curves showed highly significant differences in
patients with FGF23 levels above the median (110 RU/mL)
about the primary outcome, HF, and death (Figure 1). We
also performed Kaplan–Meier curves by dividing the popula-
tion into two groups according to the FGF23 cut-off value of
92.8 RU/mL, which was found in the SOLID-TIMI trial to be
the one that separated quartile 4 from quartiles 1–3 in that
study.6 The results were not more evident than using that
median FGF23 cut-off. In fact, this threshold value repre-
sented the percentile 35th in our population. In our study,
blood was withdrawn at discharge of the index event,
whereas in the SOLID-TIMI trial, it was taken about 15 days
after the index event. Thus, we hypothesized that FGF23
levels could decrease after an ACS, and we confirmed it in
our series (Table 6).

Homogeneity of the results obtained across
different population subgroups for the studied
outcomes

No significant differences were shown when the incidence of
the primary outcome, HF, and death was assessed according
to FGF23 levels across subgroups (Figure 2).

Table 3 Multivariable Cox regression analysis for the secondary
outcome of acute ischemic events

Variable HR (95% CI) P

Coronary artery disease 1.78 (1.25, 2.53) 0.001
eGFRa 0.89 (0.82, 0.97) 0.006
STEMI 0.69 (0.48, 0.99) 0.043
Hypertension 1.61 (1.10, 2.36) 0.014
ACEI/ARB 0.63 (0.43, 0.92) 0.016
Cerebrovascular accident 1.88 (1.01, 3.51) 0.047

Proportional hazards test; P = 0.148. C statistic = 0.67.
ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin
receptor blocker; CI, confidence interval; eGFR, estimated glomeru-
lar filtration rate; HR, hazard ratio; STEMI, ST-elevation myocardial
infarction.
aEvery 10 units of increment.

Table 4 Multivariable Cox regression analysis for the secondary
outcome of heart failure

Variable HR (95% CI) P

FGF23 1.45 (1.28, 1.65) <0.001
PTH 1.06 (1.01, 1.12) 0.032
LVEF < 40% 3.84 (1.98, 7.45) <0.001
Previous CVA 3.73 (1.84, 7.56) <0.001
Age 1.08 (1.05, 1.11) <0.001
Antidiabetic drugs 2.9 (1.61, 5.22) <0.001
HDL 0.73 (0.57, 0.93) 0.012
Anti-aldosteronic drugs 2.44 (1.15, 5.15) 0.019

Proportional hazards test; P = 0.042. C statistic = 0.88.
CVA, Cerebrovascular Accident; FGF23, fibroblast growth factor
23; HDL, high density lipoprotein; HR, hazard ratio; LVEF, left ven-
tricular ejection fraction; PTH, parathormone.

Table 5 Multivariable Cox regression analysis for the secondary
outcome of death

Variable HR (95% CI) P

Age 1.07 (1.05, 1.10) <0.001
Insulin 2.85 (1.57, 5.16) 0.001
LVEF < 40% 2.00 (1.12, 3.57) 0.02
FGF23a 1.21 (1.07, 1.37) 0.002
ASA 0.41 (0.21, 0.79) 0.008
LDL 0.92 (0.86, 0.98) 0.011
Calcidiolb 0.72 (0.54, 0.97) 0.028
Anti-aldosteronic drugs 1.99 (1.01, 3.90) 0.046

Proportional hazards test; P = 0.543. C statistic = 0.82.
ASA, acetylsalicylic acid; CI, confidence interval; FGF23, fibroblast
growth factor 23; HR, hazard ratio; LDL, low density lipoprotein;
LVEF, left ventricular ejection fraction.
aEvery 100 units of increment.
bEvery 10 units of increment.
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Figure 1 Kaplan–Meier curves showing the incidence of cardiovascular events once divided the population according to median FGF23 values with the
cut-off values of our study (110 RU/mL) and the cut-off values of the SOLID-TIMI52 trial (92.8 RU/mL).11
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Table 6 Comparison of plasma levels of mineral metabolism components at discharge and 6 months later

Variable Visit 0 Visit 6 months Difference P

Calcidiol (ng/mL) 19.0 (13.5, 25.3) 19.3 (14.3, 25.5) 0.20 (�5.57, 5.59) 0.486
PTH (pg/mL) 46.1 (36.0, 62.0) 58.0 (44.5, 75.3) 10.5 (�1.5, 23.4) <0.001
FGF23 (RU/mL) 110 (84, 145) 79.1 (59, 103) �26.9 (�54.60, �3.85) <0.001
Klotho (pg/mL) 589 (486, 734) 568 (472, 690) �18.6 (�125.2, 74.2) <0.001
Phosphate (mg/dL) 3.28 (2.90, 3.64) 3.20 (2.80, 3.50) �0.16 (�0.55, 0.26) <0.001
NT-proBNP (pg/mL) 393 (128, 992) 176 (91, 387) �162 (�577.5, 17.2) <0.001

Median is shown. Quartiles are shown in brackets.
FGF23, fibroblast growth factor 23; NT-proBNP, N-terminal-pro-brain natriuretic peptide; PTH, parathormone.

Figure 2 Forrest plots showing the prognostic value of FGF23 levels above the median for the primary and secondary outcomes across different pop-
ulation subgroups.
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Independent predictive power of fibroblast
growth factor 23 for the primary outcome
according to renal function

We assessed eGFR with the CKD-EPI equation.23 Two hun-
dred patients (18.9%) had an eGFR < 60 mL/min/1.73 m2.
Among them, no components of MM were independently as-
sociated with the primary outcome. However, considering the
group of eGFR ≥ 60 mL/min/1.73 m2, FGF23 was positively
and independently associated with the primary outcome,
while calcidiol was inversely related to it (Table 7).

Discussion

In our study, elevated concentrations of FGF23 were a strong
independent predictor of the primary outcome despite
adjusting for a large set of variables, including cardiovascular
risk factors, previous cardiovascular history, data from the in-
dex events, and medical therapy. This was due to its ability to
predict HF and death. The large number of variables included
in the multivariate test support the idea of FGF23 as an inde-
pendent predictor of this outcome instead of a surrogate
marker for sicker patients. Of interest, low calcidiol levels also
added independent predictive value for both, the
development of the primary outcome and of death, while
PTH provided significant independent prognostic ability on
the development of HF. Furthermore, after adjusting for
other biomarkers, such as NT-proBNP, the prognostic value
of FGF23 was not altered. Moreover, NT-proBNP and hs-CRP
plasma levels did not provide additional prognostic value
and were not positive in the multivariable model. Although

klotho plasma levels tended to be associated with a reduced
incidence of all studied outcomes, this association did not
reach statistical significance even at univariable analysis.

The results on FGF23 are consistent with previous studies in
the field, with the exception that they did not include a com-
plete assessment of the MM status. However, some differ-
ences should be noted. In a sample of 125 patients with acute
HF, high FGF23 levels at discharge predicted a higher incidence
of HF or death at 1 year of follow-up.24 Also, in 1099 patients
with acute myocardial infarction, the prognostic value of 175
biomarkers was explored after a median follow-up of
6.6 years.25 FGF23 was among those biomarkers predicting
the outcome of total death, recurrent acute myocardial infarc-
tion, or HF hospitalization, although the number of clinical var-
iables employed for adjustment was lower than in our study. A
meta-analysis including more than 135 000 participants from
the general population showed that FGF23 is an independent
predictor of the development of HF, stroke, and acute myocar-
dial infarction.26 In the community-based PREVEND (Preven-
tion of Renal and Vascular End-Stage Disease) study, a higher
FGF23 level was associated with the development of HF with
reduced ejection fraction but not with the appearance of HF
with preserved ejection fraction during follow-up.27 Finally, in
a secondary analysis from the Stabilization of Plaques Using
Darapladib-Thrombolysis in Myocardial Infarction 52 (SOLID-
TIMI 52) trial including 4947 patients with ACS, FGF23 was
found to be an independent predictor of cardiovascular death
or hospitalization by HF.28 However, some differences from our
work should be noted. Firstly, in our study, we analysed all
components of MM and not only FGF23 levels. Secondly, in
the multivariable analysis, we considered ongoing treatments
at discharge, which may have an additional role in the predic-
tion of recurrent events of interest. Finally, we performed
FGF23 assessment at discharge after the index event, while in
the SOLID-TIMI52, FGF23 determination was performed in
the 30 days following the index event. This is more compli-
cated than just assessing FGF23 during ACS admission. Interest-
ingly, although they used the FGF23 concentration that sepa-
rated quartile 4 from 1–3 as a cut-off, these values were
clearly lower than the median from our study (92.8 mg/dL vs.
110 mg/dL), and when we tried to use this cut-off in our pop-
ulation, the predictive value of FGF23 did not improve. We ex-
plained this difference as a result of the different timing of
FGF23 measurement, and we confirmed in our own population
that FGF23 levels decreased during the 6 months following the
ACS. Therefore, it might not be the same to assess FGF23 levels
during ACS than assessing it in the following weeks.

Role of fibroblast growth factor 23 in
cardiovascular disease

Abnormalities of MM are not exclusive to CKD patients, as we
have found previously that almost 20% of patients with sta-

Table 7 Multivariable Cox regression analysis for the primary
outcome according to eGFR

Variable HR (95% CI) P

(a) eGFR ≥ 60 mL/min/1.73 m2

Age 1.02 (1.01–1.04) 0.002
FGF23a 1.16 (1.05–1.30) 0.005
Diuretics 1.67 (1.12–2.48) 0.012
Hypertension 1.49 (1.07–2.09) 0.02
Beta-blockers 0.67 (0.47–0.96) 0.031
Insulin 1.80 (1.01–3.21) 0.044
Calcidiolb 0.82 (0.68–0.99) 0.042
(b) eGFR < 60 mL/min/1.73 m2

eGFRa 0.74 (0.59–0.93) 0.009
Anticoagulant 3.14 (1.69–5.84) <0.001
LDLb 0.89 (0.84–0.95) 0.001
Age 1.03 (1.00–1.06) 0.030
Previous CVA 2.16 (1.15–4.06) 0.017

For (a), proportional hazards test; P = 0.251. C statistic = 0.67. For
(b), proportional hazards test; P = 0.095. C statistic = 0.70.
CI, confidence interval; eGFR, estimated glomerular filtration rate;
FGF23, fibroblast growth factor 23; HR, hazard ratio; LDL, low
density lipoprotein.
aEvery 100 units of increment.
bEvery 10 units of increment.
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ble CAD and eGFR ≥ 90 mL/min/1.73 m2 have increased plas-
matic concentrations of FGF23 and PTH, and more than 60%
of them have low calcidiol levels.19 In line with this, other sit-
uations different to CKD, such systemic inflammatory pro-
cesses, diabetes, ACS, and shock, show high FGF23 levels.29

On this regard, FGF23 seems to be involved in vascular and,
specifically, myocardial damage,15,30 irrespective of the coex-
istence of traditional cardiovascular risks factors. Thus, it has
been linked to many cardiac diseases, mainly HF, and
acute31–33 and chronic16,20,33,34 CAD, through causing left
ventricular hypertrophy,15 cardiac fibrosis, and ventricular
remodelling.29,35 These effects have been called the para-
crine expression of FGF23 and are responsible for the cardiac
adaptation to its imbalance.36 Fibroblast growth factor 23 is
over-expressed in a mouse model of right ventricular pres-
sure overload mainly when there is fibrosis accompanying
ventricular hypertrophy, while its receptor FGFR1 is
over-expressed in the fibroblasts.37 In this way, FGF23 could
act as a paracrine factor produced by cardiomyocytes, thus
promoting fibrosis in adjacent fibroblasts. In addition, the
pro-fibrotic effect of FGF23 on fibroblasts in culture shows a
synergy with transforming growth factor β1 (TGF-β1),37 a
well-known mediator of fibrosis. Animal models have also
demonstrated that not only high FGF23 concentrations but
also the length of exposure to them are critical factors re-
garding cardiac adaptation.31 Furthermore, while the heart
suffers because of those MM changes, it is not only a passive
spectator. On the contrary, severe cardiac conditions, such as
cardiogenic shock, also increase the production of FGF23, cre-
ating a vicious circle of adverse adaptations.38 No safe levels
of FGF23 have been established, nor have any potential ben-
efits of its blockade, as animal models have linked the latter
to aortic calcification and higher mortality.38

Predictive power of fibroblast growth factor 23
across subgroups

Given the strong relationship between MM and renal func-
tion, it could be possible that the results observed were
due to the prognostic power of FGF23 in patients with CKD.
However, when multivariable regression analysis by sub-
groups according to renal function was performed, FGF23
was a strong, independent predictor of the primary outcome
in patients with eGFR ≥ 60 mL/min/1.73 m2. In patients with
lower eGFR, it did not retain this predictive power, although
this could be due to the low sample size of this subgroup.
Similarly, when we performed subgroup analysis, no
differences were evident for the predictive power of FGF23
according to sex, age, and the presence of hypertension or di-
abetes among other factors. These findings are similar to
those reported in the sub-analysis of the SOLID-TIMI 52
trial.28

Relevance of a complete assessment of mineral
metabolism for cardiovascular risk prediction

In addition to the consistent power of FGF23 to predict car-
diovascular events, in our series, low calcidiol levels added in-
dependent predictive value for the primary outcome and
death, while high PTH did so for HF. Furthermore, in a previ-
ous paper, we analysed the prognostic value of MM compo-
nents in 964 patients from this population, 6 months after
the ACS, in other words, when the patients had stable
CAD.11 At this point, PTH but not FGF23 turned out to be
an independent prognostic marker of acute ischaemic events,
HF, or death. Although the ultimate reason for this finding is
still unknown, we speculate that it may be related to the
changes in the MM that we observed the six-month period
after the ACS. In this regard, in addition to the decrease in
FGF23 plasma levels, there is an increase of PTH levels and
a decrease of soluble klotho and phosphate levels. These
data, as well as the evidence of the interaction between the
prognostic value of calcidiol and FGF23 that we had demon-
strated previously,20 suggest that a complete assessment of
MM may be necessary to answer the outstanding questions
in this area in the future.

Limitations

The design of the study required the collection of plasma for
analysis at discharge no later than 6 days after admission, to
achieve homogeneous results. This lead to the exclusion of
10.9% of ACS patients who did not meet this condition and
that fact may explain the low number of cases with
LVEF < 40% that were included. Therefore, these results
should not be extrapolated to populations with a high per-
centage of patients with moderate or severe LV systolic
dysfunction.

Conclusions

Among a population of patients with ACS with average eGFR,
FGF23 is a strong independent predictor of HF and death,
along with other components of MM, even after adjustment
of a large set of variables, including NT-proBNP plasma levels.
This effect was homogeneous across different population
subgroups and not limited to patients with CKD.

Clinical perspectives

• Mineral metabolism has been linked to deleterious adap-
tations on the cardiovascular system, not only in patients
with CKD.
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• We explore for the first time the potential predictive value
of a myriad of mineral metabolism components in a series
of patients after an acute coronary syndrome.

• Our results show they independently predict adverse out-
comes such us death and heart failure.

• Also, they enhance the importance of assessing the whole
pack of mineral metabolism components and to do it in
the acute phase.

• Finally, no other biomarkers such as hs-CRP and
NT-proBNP resulted independent prognostic markers.

Funding

This work was supported by grants from Instituto de Salud
Carlos III (ISCIII) (PI17/01495 and PI20/00923), Ministry of Sci-
ence and Innovation (RTC2019-006826-1), and Institute of
Heart de Salud Carlos III FEDER (FJD biobank: RD09/0076/
00101). The authors acknowledge the financial support

received from Spanish Society of Cardiology. The funders
had no role in the study design, data collection and analysis,
decision to publish, or preparation of the manuscript.

Conflict of interest

No conflicts of interest have to be declared.

Supporting information

Additional supporting information may be found online in the
Supporting Information section at the end of the article.

Data S1. Supporting Information

References

1. Wolf M. Forging forward with 10 burning
questions on FGF 23 in kidney disease. J
Am Soc Nephrol 2010;21:1427-1435.
doi:10.1681/ASN.2009121293

2. Inoue Y, Segawa H, Kaneko I, Yamanaka
S, Kusano K, Kawakami E, et al. Role of
the vitamin D receptor in FGF23 action
on phosphate metabolism. Biochem J
2005;390:325-331. doi:10.1042/BJ200
41799

3. Lavie CJ, Lee JH, Milani RV. Vitamin D and
cardiovascular disease will it live up to its
hype? J Am Coll Cardiol 2011;58:
1547-1556. doi:10.1016/j.jacc.2011.07.008

4. Scragg R, Jackson R, Holdaway IM, Lim T,
Beaglehole R. Myocardial infarction is in-
versely associated with plasma 25-
hydroxyvitamin D3 levels: A community-
based study. Int J Epidemiol 1990;19:
559-563. doi:10.1093/ije/19.3.559

5. Bodyak N, Ayus JC, Achinger S,
Shivalingappa V, Ke Q, Chen YS, et al.
Activated vitamin D attenuates left
ventricular abnormalities induced by
dietary sodium in dahl salt-sensitive
animals. Proc Natl Acad Sci U S A 2007;
104:16810-16815. doi:10.1073/pnas.
0611202104

6. Michos ED, Cainzos-Achirica M, Heravi
AS, Appel LJ. Vitamin D, calcium supple-
ments, and implications for cardiovascu-
lar health: JACC focus seminar. J Am Coll
Cardiol 2021;77:437-449. doi:10.1016/j.
jacc.2020.09.617

7. Kestenbaum B, Katz R, de Boer I,
Hoofnagle A, Sarnak MJ, Shlipak MG,
et al. Vitamin D, parathyroid hormone,
and cardiovascular events among older
adults. J Am Coll Cardiol 2011;58:
1433-1441.

8. Anderson JL, Vanwoerkom RC, Horne
BD, Bair TL, May HT, Lappé DL, et al.
Parathyroid hormone, vitamin D, renal
dysfunction, and cardiovascular disease:
Dependent or independent risk factors?
Am Heart J 2011;162:331-339.e2.
doi:10.1016/j.ahj.2011.05.005

9. Aceña Á, Pello AM, Carda R, Lorenzo Ó,
Gonzalez-Casaus ML, Blanco-Colio LM,
et al. Parathormone levels are indepen-
dently associated with the presence of
left ventricular hypertrophy in patients
with coronary artery disease. J Nutr
Health Aging 2016;20:659-664. doi:10.
1007/s12603-015-0649-y

10. Taylor EN, Curhan GC, Forman JP. Para-
thyroid hormone and the risk of incident
hypertension. J Hypertens 2008;26:
1390-1394. doi:10.1097/HJH.0b013e32
82ffb43b

11. Gutiérrez-Landaluce C, Aceña Á, Pello A,
Martínez-Milla J, González-Lorenzo Ó,
Tarín N, et al. Parathormone levels add
prognostic ability to N-terminal pro-
brain natriuretic peptide in stable coro-
nary patients. ESC Heart Fail 2021;8:
2713-2722. doi:10.1002/ehf2.13331

12. Gutiérrez OM, Mannstadt M, Isakova T.
Fibroblast growth factor 23 and
mortality among patients undergoing
haemodialysis. N Engl J Med 2008;359:
584-592. doi:10.1056/NEJMoa0706130

13. Li L, Gan H. Intact Fibrobast growth fac-
tor 23 regulates chronic kidney
disease-induced myocardial fibrosis by
activating the sonic hedgehog signaling
pathway. J Am Heart Assoc 2022;11:
e026365. doi:10.1161/JAHA.122.026365

14. Liu M, Li XC, Lu L, Cao Y, Sun RR, Chen
S, et al. Cardiovascular disease and its

relationship with chronic kidney dis-
ease. Eur Rev Med Pharmacol Sci 2014;
18:2918-2926. https://www.european-
review.org/article/date/2014/10/page/2

15. Faul C, Amaral AP, Oskouei B, Hu MC,
Sloan A, Isakova T, et al. FGF23 in-
duces left ventricular hypertrophy. J
Clin Invest 2011;121:4393-4408.
doi:10.1172/JCI46122

16. Parker BD, Schurgers LJ, Brandenburg
VM, Christenson RH, Vermeer C,
Ketteler M, et al. The associations of
fibroblast growth factor 23 and
uncarboxylated matrix Gla protein with
mortality in coronary artery disease:
The heart and soul study. Ann Intern
Med 2010;152:640-648. doi:10.7326/
0003-4819-152-10-201005180-00004

17. Ho BB, Bergwitz C. FGF23 signalling and
physiology. J Mol Endocrinol 2021;66:
R23-R32. doi:10.1530/JME-20-0178

18. Moe SM. Klotho: A master regulator of
cardiovascular disease? Circulation
2012;125:2181-2183. doi:10.1161/
CIRCULATIONAHA.112.104828

19. González-Parra E, Aceña Á, Lorenzo Ó,
Tarín N, González-Casaus ML, Cristóbal
C, et al. Important abnormalities of bone
mineral metabolism are present in pa-
tients with coronary artery disease with
a mild decrease of the estimated glomer-
ular filtration rate. J Bone Miner Metab
2016;34:587-598. doi:10.1007/s00774-
015-0706-y

20. Tuñón J, Cristóbal C, Tarín N, Aceña Á,
González-Casaus ML, Huelmos A, et al.
Coexistence of low vitamin D and high
fibroblast growth factor-23 plasma
levels predicts an adverse outcome in
patients with coronary artery disease.

FGF23 as a prognostic marker after an ACS 249

ESC Heart Failure 2024; 11: 240–250
DOI: 10.1002/ehf2.14568

https://doi.org/10.3389/fendo.2018.00351
https://doi.org/10.3389/fendo.2018.00351
https://doi.org/10.3389/fendo.2018.00351
https://doi.org/10.3389/fendo.2018.00351
https://doi.org/10.3389/fendo.2018.00351
https://doi.org/10.3389/fendo.2018.00351
https://doi.org/10.3389/fendo.2018.00351
https://doi.org/10.3389/fendo.2018.00351
https://doi.org/10.3389/fendo.2018.00351
https://doi.org/10.3389/fendo.2018.00351
https://doi.org/10.3389/fendo.2018.00351
https://doi.org/10.3389/fendo.2018.00351
https://doi.org/10.3389/fendo.2018.00351
https://doi.org/10.3389/fendo.2018.00351
https://doi.org/10.3389/fendo.2018.00351
https://doi.org/10.3389/fendo.2018.00351
https://doi.org/10.3389/fendo.2018.00351
https://www.europeanreview.org/article/date/2014/10/page/2
https://www.europeanreview.org/article/date/2014/10/page/2
https://doi.org/10.3389/fendo.2018.00351
https://doi.org/10.3389/fendo.2018.00351
https://doi.org/10.3389/fendo.2018.00351
https://doi.org/10.3389/fendo.2018.00351
https://doi.org/10.3389/fendo.2018.00351
https://doi.org/10.3389/fendo.2018.00351
https://doi.org/10.3389/fendo.2018.00351
https://doi.org/10.3389/fendo.2018.00351


PLoS ONE 2014;9:e95402. doi:10.1371/
journal.pone.0095402

21. Tuñón J, Blanco-Colio L, Cristóbal C,
Tarín N, Higueras J, Huelmos A, et al.
Usefulness of a combination of mono-
cyte chemoattractant protein-1,
galectin-3, and N-terminal probrain na-
triuretic peptide to predict cardiovascu-
lar events in patients with coronary ar-
tery disease. Am J Cardiol 2014;113:
434-440. doi:10.1016/j.amjcard.2013.
10.012

22. Thygesen K, Alpert JS, Jaffe AS,
Chaitman BR, Bax JJ, Morrow DA, et al.
ESC scientific document group. Fourth
universal definition of myocardial infarc-
tion (2018). Eur Heart J 2019;40:
237-269. doi:10.1093/eurheartj/ehy462

23. Levey AS, Stevens LA, Schmid CH,
Zhang Y(L), Castro AF III, Feldman HI,
et al. A new equation to estimate glo-
merular filtration rate. Ann Intern Med
2009;150:604-612. doi:10.7326/0003-
4819-150-9-200905050-00006

24. Vergaro G, Aimo A, Taurino E, del Franco
A, Fabiani I, Prontera C, et al. Discharge
FGF-23 level predicts one year outcome
in patients admitted with acute heart fail-
ure. Int J Cardiol 2021;336:98-104.
doi:10.1016/j.ijcard.2021.05.028

25. Eggers KM, Lindhagen L, Baron T,
Erlinge D, Hjort M, Jernberg T, et al.
Predicting outcome in acute myocardial
infarction: An analysis investigating
175 circulating biomarkers. Eur Heart J
Cardiovasc Care 2021;10:806-812.
doi:10.1093/ehjacc/zuaa014

26. Liu M, Xia P, Tan Z, Song T, Mei K,
Wang J, et al. Fibroblast growth
factor-23 and the risk of cardiovascular

diseases and mortality in the general
population: A systematic review and
dose-response meta-analysis. Front
Cardiovasc Med 2022;9:989574.
doi:10.3389/fcvm.2022.989574

27. Binnenmars SH, Hoogslag GE, Yeung
SMH, Brouwers FP, Bakker SJL, van Gilst
WH, et al. Fibroblast growth factor 23
and risk of new onset heart failure with
preserved or reduced ejection fraction:
The PREVEND study. J Am Heart Assoc
2022;11:e024952. doi:10.1161/JAHA.
121.024952

28. Bergmark BA, Udell JA, Morrow DA,
Cannon CP, Steen DL, Jarolim P, et al.
Association of fibroblast growth factor
23 with recurrent cardiovascular events
in patients after an acute coronary syn-
drome: A secondary analysis of a ran-
domized clinical trial. JAMA Cardiol
2018;3:473-480. doi:10.1001/jam
acardio.2018.0653

29. Rodelo-Haad C, Santamaria R, Muñoz-
Castañeda JR, Pendón Ruiz de Mier
MV, Martín-Malo A, Rodríguez M.
FGF23, biomarker or target? Toxins
2019;11:175. doi:10.3390/toxins110
30175

30. Vogt I, Haffner D, Leifheit-Nestler M.
FGF 23 and phosphate-cardiovascular
toxins in CKD. Toxins 2019;11:167.
doi:10.3390/toxins11110647

31. Pöss J, Mahfoud F, Seiler S, Heine GH,
Fliser D, Böhm M, et al. FGF-23 is associ-
ated with increased disease severity and
early mortality in cardiogenic shock. Eur
Heart J Acute Cardiovasc Care 2013;2:
211-218. doi:10.1177/2048872613494025

32. Reindl M, Reinstadler SJ, Freistritzer
HJ. Fibroblast growth factor 23 as novel

biomarker for early risk stratification af-
ter ST-elevation myocardial infarction.
Heart 2017;103:856-862. doi:10.1136/
heartjnl-2016-310520

33. Kurpas A, Supel K, Idzikkowska K,
Zielinska M. FGF23: A review of its role
in mineral metabolism and renal and
cardiovascular disease. Dise Markers
2021;2021:8821292. doi:10.1155/
2021/8821292

34. Lutsey PL, Alonso A, Selvin E, Pankow JS,
Michos ED, Agarwal SK, et al. Fibroblast
growth factor-23 and incident coronary
heartdisease, heart failure, and cardio-
vascular mortality: The atherosclerosis
Riskin communities study. J Am Heart
Assoc 2014;3:e000936. doi:10.1161/
JAHA.114.000936

35. Kawai M. The FGF23/klotho axis in the
regulation of mineral and metabolic ho-
meostasis. Horm Mol Biol Clin Invest
2016;28:57-67. doi:10.1515/hmbci-2015-
0068

36. Prié D. FGF23 and cardiovascular
risk. Ann Endocrinol (Paris) 2021;82:
141-143. doi:10.1016/j.ando.2020.03.007

37. Kuga K, Kusakari Y, Uesugi K, Semba K,
Urashima T, Akaike T, et al. Fibrosis
growth factor 23 is a promoting factor
for cardiac fibrosis in the presence of
transforming growth factor-ß1. PLoS
ONE 2020;15:e0231905. doi:10.1371/
journal.pone.0231905

38. Stöhr R, Schuh A, Heine GH, Branden-
burg V. FGF23 in cardiovascular disease:
Innocent bystander or active mediator?
Front Endocrinol 2018;9:351. doi:10.
3389/fendo.2018.00351

250 A. Kallmeyer et al.

ESC Heart Failure 2024; 11: 240–250
DOI: 10.1002/ehf2.14568

https://doi.org/10.3389/fendo.2018.00351
https://doi.org/10.3389/fendo.2018.00351
https://doi.org/10.3389/fendo.2018.00351
https://doi.org/10.3389/fendo.2018.00351
https://doi.org/10.3389/fendo.2018.00351
https://doi.org/10.3389/fendo.2018.00351
https://doi.org/10.3389/fendo.2018.00351
https://doi.org/10.3389/fendo.2018.00351
https://doi.org/10.3389/fendo.2018.00351
https://doi.org/10.3389/fendo.2018.00351
https://doi.org/10.3389/fendo.2018.00351
https://doi.org/10.3389/fendo.2018.00351
https://doi.org/10.3389/fendo.2018.00351
https://doi.org/10.3389/fendo.2018.00351
https://doi.org/10.3389/fendo.2018.00351
https://doi.org/10.3389/fendo.2018.00351
https://doi.org/10.3389/fendo.2018.00351
https://doi.org/10.3389/fendo.2018.00351
https://doi.org/10.3389/fendo.2018.00351
https://doi.org/10.3389/fendo.2018.00351
https://doi.org/10.3389/fendo.2018.00351
https://doi.org/10.3389/fendo.2018.00351
https://doi.org/10.3389/fendo.2018.00351
https://doi.org/10.3389/fendo.2018.00351
https://doi.org/10.3389/fendo.2018.00351
https://doi.org/10.3389/fendo.2018.00351
https://doi.org/10.3389/fendo.2018.00351
https://doi.org/10.3389/fendo.2018.00351
https://doi.org/10.3389/fendo.2018.00351
https://doi.org/10.3389/fendo.2018.00351
https://doi.org/10.3389/fendo.2018.00351

	Fibroblast growth factor 23 independently predicts adverse outcomes after an acute coronary syndrome
	Introduction
	Methods
	Patients
	Ethics statement
	Study design
	Biomarker and analytical studies
	Statistical analysis

	Results
	Characteristics of the population
	Independent predictors of the primary outcome
	Independent predictors of the incidence of acute ischaemic events
	Independent predictors of the development of heart failure
	Independent predictors of death
	Prognostic power of FGF23 plasma levels above the median
	Homogeneity of the results obtained across different population subgroups for the studied outcomes
	Independent predictive power of fibroblast growth factor 23 for the primary outcome according to renal function

	Discussion
	Role of fibroblast growth factor 23 in cardiovascular disease
	Predictive power of fibroblast growth factor 23 across subgroups
	Relevance of a complete assessment of mineral metabolism for cardiovascular risk prediction
	Limitations

	Conclusions
	Clinical perspectives

	Funding
	Conflict of interest
	References

