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Sirs:

Current guidelines recommend intravenous iron replen-
ishment (specifically by ferric carboxymaltose [FCM]) in 
iron-deficient patients with heart failure and reduced ejec-
tion fraction (HFrEF). We have previously shown that the 
administration of FCM in HFrEF patients with normal 
kidney function leads to an acute increase in circulating 
intact FGF23 (iFGF23) with a significant and concurrent 
hypophosphataemia that persists over the span of several 
weeks [IRON-TURTLE trial (NCT03079518)] [1]. Numer-
ous human cohort studies have postulated an independent 
association between elevated serum levels of FGF23 and an 
increased risk for cardiovascular disease and mortality [2]. 
Current hypotheses suggest that this association is caused 
by the direct effects of FGF23 on inducing myocardial 
hypertrophy [3]. Thus, FCM-induced increases in FGF23, 
paralleled by relevant hypophosphatemia, may compound 
to cause (additional) myocardial damage in patients with 
heart failure before the beneficial long-term effects of iron 
replenishment occur [4]. Furthermore, data suggest, that 
FGF23 may influence inflammation by directly stimulating 
the production of inflammatory markers from the liver [5, 
6]. Still, to date, no data exist on such potentially harmful 
short-term effect of FCM in patients.

The IRON-TURTLE trial included 23 patients with iron 
deficiency and HFrEF, all of whom received 1000 mg FCM. 
As reported before, FCM infusion significantly increased 
iFGF23 levels up to 11-fold within one day, returning back 
to baseline levels after four weeks, in a subgroup of 11 

patients with normal renal function (eGFR 74.8 ± 12.8 ml/
min/m2). In parallel to this iFGF23 rise, 60% of these 
patients developed significant hypophosphatemia (mean 
decrease 28% ± 16% from baseline) [1]. Thus, FCM-induced 
increases in FGF23, paralleled by a relevant hypophospha-
taemia, may compound to cause (additional) myocardial 
damage in patients with heart failure constituting a previ-
ously underestimated (transient) post-infusion risk in these 
patients before the beneficial long-term effects of iron 
replenishment occur.

We, therefore, measured levels of various established 
biomarkers of myocardial damage and heart failure [NT-
proBNP, MR-proANP, Copeptin-proAVP, Big Endothelin 
and MR-proadrenomedulin (MR-proADM)] [7, 8] as well 
as markers of renal function (GFR, Cystatin C, NGAL and 
KIM1) and markers of inflammation (TNF-alpha, Interleu-
kin-6 (IL-6) and C-reactive protein (CRP)) in the aforemen-
tioned subgroup of patients with normal renal function over 
the course of 4 weeks. The log-transformed values of all 
biomarkers were used to model each marker in linear mixed 
models with log-transformed iFGF23 as an independent con-
tinuous variable and visits as fixed factor. Random inter-
cepts for subjects were included in the models. Models were 
estimated using the restricted maximum likelihood method, 
and 95% profile confidence intervals were calculated for the 
coefficient estimates.

As depicted in Table 1, FCM infusion did not lead to 
any significant longitudinal fluctuations in cardiac and renal 
injury markers to parallel the changes in FGF23 and phos-
phate. There was a small association between rises in FGF23 
and a decrease in TNF-alpha and IL-6. However, the effects 
seen were small.

Our data obtained from a selected HFrEF cohort are of 
particular interest because previous experimental work has 
postulated a direct negative effect of FGF23 on the myocar-
dium [3]. Despite an 11-fold relative rise in iFGF23 induced 
by FCM infusion, a level which by far exceeds the threshold 
levels of iFGF23 for which an increase of mortality was 
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proven in associative human cohort studies [9], we do not 
see any adverse effect in our broad panel of cardiac and renal 
damage biomarkers. While one may argue that these short-
term effects do not reflect the long-term exposure to FGF23 
that renal failure and dialysis patients experience, previous 
experimental work has shown that increasing the level of 
FGF23 by just fourfold can lead to the development of acute 
myocardial damage and dysfunction after a short duration of 
5 days [3]. Interestingly, our data on inflammatory markers 
are in stark contradiction to previously published mouse data 
which had shown that increases in FGF23 induce the hepatic 
production of CRP and IL-6 through calcineurin-signalling, 
also in a short time span of 5 days [5].

Our data suggest that FCM does not induce transient 
myocardial stress and damage despite raising plasma FGF23 
to levels that far exceed those shown to cause cardiac dam-
age in previous experimental models. Similarly, our data 
challenge the current theory, that increases in FGF23 can 
directly influence hepatic inflammation.

Thus, the long-term beneficial effects of FCM administra-
tion in HFrEF patients which have been reported before [4] 
are not counterbalanced by acute, FGF-23 induced adverse 
cardiac effects. Hence, our clinical results on circulating 
biomarkers suggest that currently propagated rodent model 
data regarding myocardial damage and inflammatory stimu-
lation induced by FGF23 cannot be transferred directly to 
the human situation. The biological meaning of FGF23-
induced transient hypophosphatemia after FCM infusion in 
HFrEF patients remains to be determined, as does the effect 
of repetitive dosing.
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Table 1  Serum parameters over time
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MR-proANP (nmol/
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IL-6 (pg/ml) 16.8 ± 15.4 18.1 ± 17.1 18.3 ± 30.3 18.5 ± 37.2 13.4 ± 18.9 0.850 (0.739–0.977)*
hs-CRP 10.1 ± 15.7 10.5 ± 16.9 16.3 ± 39.9 22.3 ± 39.9 11.4 ± 28.1 0.989 (0.808–1.209)

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.jacc.2018.03.448
https://doi.org/10.1056/NEJMoa0706130
https://doi.org/10.1056/NEJMoa0706130


1318 Clinical Research in Cardiology (2020) 109:1316–1318

1 3

 3. Faul C, Amaral AP, Oskouei B, Hu MC, Sloan A, Isakova T, 
Gutierrez OM, Aguillon-Prada R, Lincoln J, Hare JM, Mundel 
P, Morales A, Scialla J, Fischer M, Soliman EZ, Chen J, Go AS, 
Rosas SE, Nessel L, Townsend RR, Feldman HI, St John Sutton 
M, Ojo A, Gadegbeku C, Di Marco GS, Reuter S, Kentrup D, Tie-
mann K, Brand M, Hill JA, Moe OW, Kuro OM, Kusek JW, Keane 
MG, Wolf M (2011) FGF23 induces left ventricular hypertrophy. 
J Clin Invest 121(11):4393–4408. https ://doi.org/10.1172/JCI46 
122

 4. Anker SD, Comin Colet J, Filippatos G, Willenheimer R, Dick-
stein K, Drexler H, Luscher TF, Bart B, Banasiak W, Niegowska J, 
Kirwan BA, Mori C, von Eisenhart RB, Pocock SJ, Poole-Wilson 
PA, Ponikowski P, Investigators F-HT (2009) Ferric carboxymalt-
ose in patients with heart failure and iron deficiency. N Engl J Med 
361(25):2436–2448. https ://doi.org/10.1056/NEJMo a0908 355

 5. Singh S, Grabner A, Yanucil C, Schramm K, Czaya B, Krick S, 
Czaja MJ, Bartz R, Abraham R, Di Marco GS, Brand M, Wolf M, 
Faul C (2016) Fibroblast growth factor 23 directly targets hepato-
cytes to promote inflammation in chronic kidney disease. Kidney 
Int 90(5):985–996. https ://doi.org/10.1016/j.kint.2016.05.019

 6. Emrich IE, Baier M, Zawada AM, Meyer T, Fliser D, Scharhag 
J, Heine GH (2019) Plasma FGF23 does not rise during physical 

exercise as a physiological model of sympathetic activation. 
Clin Res Cardiol 108(3):341–343. https ://doi.org/10.1007/s0039 
2-018-1347-7

 7. Rullman E, Melin M, Mandic M, Gonon A, Fernandez-Gonzalo 
R, Gustafsson T (2019) Circulatory factors associated with func-
tion and prognosis in patients with severe heart failure. Clin Res 
Cardiol. https ://doi.org/10.1007/s0039 2-019-01554 -3

 8. Munzel T, Hahad O, Gori T, Hollmann S, Arnold N, Prochaska 
JH, Schulz A, Beutel M, Pfeiffer N, Schmidtmann I, Lackner KJ, 
Keaney JF Jr, Wild PS (2019) Heart rate, mortality, and the rela-
tion with clinical and subclinical cardiovascular diseases: results 
from the Gutenberg Health Study. Clin Res Cardiol 108(12):1313–
1323. https ://doi.org/10.1007/s0039 2-019-01466 -2

 9. Isakova T, Cai X, Lee J, Xie D, Wang X, Mehta R, Allen NB, 
Scialla JJ, Pencina MJ, Anderson AH, Talierco J, Chen J, Fischer 
MJ, Steigerwalt SP, Leonard MB, Hsu CY, de Boer IH, Kusek 
JW, Feldman HI, Wolf M, Chronic Renal Insufficiency Cohort 
Study I (2018) Longitudinal FGF23 trajectories and mortality in 
patients with CKD. J Am Soc Nephrol 29(2):579–590. https ://doi.
org/10.1681/ASN.20170 70772 

https://doi.org/10.1172/JCI46122
https://doi.org/10.1172/JCI46122
https://doi.org/10.1056/NEJMoa0908355
https://doi.org/10.1016/j.kint.2016.05.019
https://doi.org/10.1007/s00392-018-1347-7
https://doi.org/10.1007/s00392-018-1347-7
https://doi.org/10.1007/s00392-019-01554-3
https://doi.org/10.1007/s00392-019-01466-2
https://doi.org/10.1681/ASN.2017070772
https://doi.org/10.1681/ASN.2017070772

	Sharp rises in FGF23 and hypophosphatemia after intravenous iron administration do not cause myocardial damage
	Acknowledgements 
	References




