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Abstract

Cardiac hypertrophy is a life-threatening disorder and is frequently observed in patients
with chronic kidney disease (CKD). Much attention has been focused on the derangement
in hormonal factors, including FGF23, as a novel cause of cardiac hypertrophy in CKD.
Recently, FGF23 is shown to be elevated as CKD progresses and may be responsible for the
development of cardiac hypertrophy and heart failure. Furthermore, FGF23 not only inhibits
the renal expression of angiotensin converting enzyme 2 but also enhances renin gene
transcription, both of which could accelerate renin-angiotensin-aldosterone system.
Although the increase in serum phosphate concentrations is a pivotal stimulus for FGF23
production, recent studies suggest that reduced iron status and elevated aldosterone
levels, frequently seen in patients with CKD or on dialysis, might also contribute to the
elevation in serum FGF23 levels. Conversely, phosphate binders and appropriate iron status
could reduce serum FGF23, potentially leading to the alleviation of cardiac hypertrophy and
heart failure. Also, it was hypothesized that N-terminal pro-B-type natriuretic peptide (NT-
pro-BNP) and B-type natriuretic peptide (BNP) levels could identify CAD and LVH in
asymptomatic patients with CKD. In conclusion, novel therapeutic strategies associated
with FGF23 may confer a benefit in the management of cardiac disorders in CKD.
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Introduction

Chronic kidney disease (CKD) is a life-threatening disorder and relentlessly progresses to end-stage
kidney disease requiring renal replacement therapy. A growing body of evidence has been
accumulated that CKD is closely associated with increased risk of cardiovascular events and death.
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Go et al., (1) demonstrated that the event rate inversely parallels the level of renal function.
Likewise, cardiovascular events are associated with the reduction in glomerular filtration rate
(GFR) among Japanese population (2, 3). Cardiovascular disease observed in CKD includes a
variety of disorders such as heart failure and cardiac hypertrophy. Since cardiac hypertrophy per se
is more prevalent as renal function deteriorates and reflects an ominous outcome with increased
mortality (4), the alleviation of this disorder would offer improved survival to CKD patients.

Although hemodynamic derangement such as systemic hypertension and volume overload plays a
major role in the development of cardiac hypertrophy, several lines of recent studies indicate that
humoral factors also contribute to the development of cardiac hypertrophy. For example,
angiotensin II is a well-known factor that exerts direct hypertrophic action on cardiomyocytes (5).
Further evidence has accrued that aldosterone, a traditional hormone regulating serum electrolyte
balance, not only induces renal glomerular hypertension (6) but also causes cardiac hypertrophy
(7) and heart failure. Because such humoral factors are often elevated in CKD (8), the strategy to
counter the action of these factors would improve various perturbed conditions in CKD and is
currently proposed as a milestone treatment of CKD, particularly with the use of renin-angiotensin

system (RAS) inhibitors (9).

It is well recognized that CKD is accompanied by a variety of disturbance of the internal milieu,
including electrolyte disorders. Despite impaired ability of renal excretory function, serum
phosphate levels remain relatively unchanged until GFR falls below half of the normal level. Recent
studies disclose that fibroblast growth factor 23 (FGF23) contributes importantly to the regulation
of the serum phosphate concentration by inhibiting the phosphate reabsorption in the proximal
tubule, which mitigates the tendency toward phosphate retention in CKD (10). Although this
mechanism teleologically serves to act as an adaptive regulatory factor to maintain serum phosphate
levels constant, further deterioration of CKD causes the elevation in serum phosphate
concentrations, which hence would stimulate FGF23 production. Furthermore, of importance is
the finding that elevated serum FGF23 concentrations are associated with the development of
cardiac disorders (11). Thus, apparently homeostatic mechanism for phosphate metabolism may
act to aggravate cardiac disease, leading to cardiac hypertrophy and heart failure.

FGF23 and phosphate in CKD

FGF23 is identified as a glycoprotein hormone that has been discovered as a member of the FGF
family (12). The subsequent investigations have unveiled an important role of FGF23 in the
homeostatic mechanism of serum phosphate levels. The conventional hypothesis, i.e., “trade-off
theory” (13), where secondary hyperparathyroidism is assumed to play a central role in phosphate
metabolism in CKD, therefore, has been updated by the introduction of FGF23 to the concept of
the phosphate metabolism in CKD.

Serum FGF23 levels have been shown to rise at early stages of CKD. Several studies demonstrate
that serum FGF23 is elevated even prior to the stage when serum parathyroid hormone rises (14).
Although the precise cellular mechanisms for the release and synthesis of FGF23 remain fully
undetermined, the elevation in serum phosphate and parathyroid hormone constitute
determinants that trigger the release of FGF23 from osteocytes and osteoblasts (Fig. 1). Because
FGF23 is a potent phosphaturic hormone that inhibits phosphate reabsorption through Na/P
cotransporter 2a/c in the proximal tubule (15), FGF23 would serve to mitigate hyperphosphatemia
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entailing impaired renal function. FGF23 also suppresses vitamin D activity by inhibiting renal
la-hydroxylase (the enzyme that converts 25-hydroxyvitamin D3 to its active form) and
stimulating 24-hydroxylase (the enzyme degrading to inactive form), leading to the decrease in
phosphate and calcium absorption from the intestine. Although FGF23 can inhibit parathyroid
hormone production, the effects of suppressed vitamin D activity along with decreased Ca levels
would govern the serum parathyroid hormone level more robustly in CKD, which results in
elevated parathyroid hormone levels characteristics of the hormonal profiles seen in CKD patients

(16, 17).
FGF23 and sodium in CKD

In addition to the phosphaturic action in renal proximal tubules, FGF23 is found to exert sodium
retaining action in distal tubular segments. Thus, Andrukhova et al., (18) have recently
demonstrated that FGF23 upregulates the sodium chloride cotransporter (NCC) in distal tubules,
which conceivably results in systemic volume expansion and hypertension. This finding
encompasses an important issue because FGF23 could cause the suppression of RAS due to
systemic volume expansion and subsequently decrease plasma aldosterone levels (19). In contrast,
a positive correlation between FGF23 and aldosterone concentrations is also reported in patients
with CKD and heart failure (20). In this regard, CKD is demonstrated to be associated with
decreased renal expression of Klotho (21-26). Since the action of FGF23 on NCC requires the
integrity of the FGF receptor/Klotho complex, the ability of FGF23 to promote sodium retention
and the subsequent development of hypertension may depend on intact FGF receptor/Klotho
complex activity. Indeed, the observation that plasma aldosterone levels are elevated in advanced
CKD suggests the diminished ability of elevated FGF23 to induce volume expansion, possibly due
to reduced Klotho expression in the kidney.

FGF23 and cardiac hypertrophy

Cardiac hypertrophy is a critical complication that is frequently observed in CKD (27). Cardiac
hypertrophy develops beginning at early stages of CKD and is quite common in patients on dialysis
therapy. In addition to the traditional determinants causing cardiac hypertrophy, including
hypertension, renin-angiotensin system, and chronic anemia, aldosterone is also established as a
crucial factor for cardiac hypertrophy. Furthermore, parathyroid hormone is suggested as a cause
of cardiac hypertrophy in dialysis patients (28), although contradictory results are also reported
(29). Of interest, mineralocorticoid receptor blockade reduces serum parathyroid hormone levels
in normal subjects as well as in patients with CKD and heart failure, suggesting that aldosterone
stimulates parathyroid hormone production (30, 31). Alternatively, parathyroid hormone
enhances the aldosterone secretion from adrenal cortex. Clinical implications of these interactions

in the development of cardiac hypertrophy, however, remain undetermined (32).

More recently, much attention has been focused on the role of FGF23 since this substance not
only participates in the phosphate homeostasis but also induces cardiac hypertrophy (Table 3).
Thus, Gutierrez et al., (33) discovered that there existed a close relationship between serum
FGF23 levels and LV mass index in patients with CKD. Faul et al., (34) also demonstrated that
LV mass index was increased as serum FGF23 levels were elevated. This relationship was also

observed in patients on maintenance hemodialysis. Finally, intravenous injection of FGF23 caused

Tob Regul Sci.™ 2023 ;9 (1): 8922 - 8929 8924


https://rrtjournal.biomedcentral.com/articles/10.1186/s41100-018-0152-0#Tab3

Amal Mohamed Abd El-Latef et. al

Fibroblast Growth Factor 23 and Pro-B-Type Natriuretic Peptide as a Risk factor of Cardiac
Hypertrophy in Chronic Kidney Disease

cardiac hypertrophy in mice, and the administration of an FGF receptor antagonist (PD173074)

prevented the development of the CKD (i.e., 5/6 nephrectomy)-induced cardiac hypertrophy. Of
importance, elevated serum FGF23 levels are causally linked to reduced ejection fraction.
Collectively, these observations provide conclusive evidence for the role of FGF23 in the
development of cardiac disorders in CKD.

Table 1 FGF23 and cardiac hypertrophy in CKD

Seifert Me et al.

31 CKD stage 3

Authors n Effects of FGF23 on cardiac hypertrophy
Humans
Gutierrez OM 162 CKD Incidence of LVH (%), FGF23 < 75 RU/ml;
et al. 7%, 75150 RU/ml, 21%, > 150 RU/ml; 25%
Faul C et al. 3070 CKD Incidence of LVH (eccentric+-concentric)%,
FGF23 quarfile 1; 38%, quarfile 2; 45%,
quartile 3; 54%, quarfile 4; 70%
Hsu HJ et al. 124 Serum FGF23 level is independently associated
hemodialysis with LVH in hemodialysis patients

The change in FGF23/klotho ratio was strongly
correlated with changes in LV mass index.

Sarmento-Dias M 48 peritoneal In multivariate adjusted analysis, FGF23was
et al. dialysis associated with LVMI (8=10.298, p=0.041),
Javanovich A 2255 elderly Higher FGF23 concentrations were associated
et al. CKD with greater LVM in adjusted analyses (8=6.71
[95% Cl 4.35-9.01] g per doubling of FGF23).
Tanaka S. et al 903 CKD The correlation between FGF23 and LVMI was
stage 1 to 5 significant among those with CKD stage G1/G2,
G3a, and G4.
Chue CD. et al 120 CKD Sevelamer carbonate reduced FGF23 but failed
stage 3 to improve LV mass
Animals
Maizel J et al. CKD mice Sevelamer reduced serum phosphate and LV
hypertrophy but not FGF23.
Yamazaki- CKD rats Lanthanum carbonate reduced LV weight but
Nakazawa A et al. failed to decrease FGF23 levels.

Although a growing body of evidence has been accumulated regarding the role of FGF23 in cardiac
hypertrophy in CKD, the mechanism responsible for the cardiac disorder remains undetermined
fully. In experimental models of mice, Faul et al., (34) demonstrated that the FGF23-induced
cardiac hypertrophy was abrogated by a phospholipase Cy inhibitor (U73122) and a calcineurin
inhibitor (cyclosporine A), but not by a MAP kinase inhibitor (PD98059), a PI3 kinase inhibitor
(wartmannin), or an Akt inhibitor (A6730). Furthermore, pan FGF receptor blockade by
PD173074 reduced LV mass and the cardiac expression of genes associated with LV hypertrophy
(35), and the receptor involved was identified as FGF receptor 4 (36). These findings lend support
to the premise that FGF23-induced cardiac hypertrophy is mediated by the FGF receptor
4/PLCy/calcineurin pathway.

N-Terminal Pro-B-Type Natriuretic Peptide for Identifying Left Ventricular Hypertrophy in
Chronic Kidney Disease

The Khan et al. (37) study demonstrates that in ambulatory patients with CKD not requiring
dialysis, NT—pro-BNP and BNP can identify, with similar accuracy, patients with LVH and CAD.
Serum levels of NT—pro-BNP and BNP generally increase with worsening renal impairment (38).

Tob Regul Sci.™ 2023 ;9 (1): 8922 - 8929 8925



Amal Mohamed Abd El-Latef et. al

Fibroblast Growth Factor 23 and Pro-B-Type Natriuretic Peptide as a Risk factor of Cardiac
Hypertrophy in Chronic Kidney Disease

Furthermore, it has been hypothesized that NT—pro-BNP may be more dependent on renal

clearance than BNP, limiting the diagnostic accuracy of the test in this setting. The results indicate
a greater increase in NT—pro-BNP levels compared with BNP levels from the established reference

ranges (39).

Consistent with the finding that natriuretic peptide levels are in large part independent of renal
function is the absence of a progressive trend in the prevalence of LVH or CAD by progressive
stages of CKD. Although long-term outcome studies are still needed in the CKD population to
determine if natriuretic peptides can specifically predict adverse cardiac events, the ability of NT-
pro-BNP and BNP to identify CAD and LVH suggests that elevated levels may be a method for
identifying CKD populations at the highest cardiovascular risk (40).

The elevated levels of natriuretic peptides in renal failure could be due to a combination of real
insufficiency and the presence of underlying cardiac disease. In such cases, renal insufficiency will

increase the optimal level of a marker for the prediction of cardiac disease (41).
Conclusions

Cardiac hypertrophy is a serious complication observed frequently in patients with CKD. Among
multiple factors involved in cardiac disease, humoral factors, including FGF23, are gaining much
attention as critical components responsible substantially for the development of cardiac
hypertrophy and heart failure that lead to increased morbidity and mortality. Recent progresses in
the therapeutic strategies using novel tools facilitate the management of CKD. Novel approaches
from the standpoint of hormonal (FGF23) and mineral/electrolyte factors (phosphate) as well as
iron status appear to be a promising strategy and could constitute a mainstay in the treatment of
cardiovascular disorders in CKD. Elevated natriuretic peptide levels are common in patients with
chronic kidney disease (CKD), as is the presence of coronary artery disease (CAD) and left
ventricular hypertrophy (LVH).
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