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Abstract

Disordered iron and mineral homeostasis are interrelated complications of chronic kidney
disease that may influence cardiovascular and kidney outcomes. In a prospective analysis of
3747 participants in the Chronic Renal Insufficiency Cohort Study, we investigated risks of
mortality, heart failure, end-stage kidney disease (ESKD), and atherosclerotic cardiovascular
disease according to iron status, and tested for mediation by C-terminal fibroblast growth
factor 23 (FGF23), hemoglobin and parathyroid hormone. Study participants were agnostically
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categorized based on quartiles of transferrin saturation and ferritin as: “Iron Replete” (27.1% of
participants; referent group for all outcomes analyses), “Iron Deficiency” (11.1%), “Functional
Iron Deficiency” (7.6%), “Mixed Iron Deficiency” (iron indices between the Iron Deficiency
and Functional Iron Deficiency groups; 6.3%), “High Iron” (9.2%), or “Non-Classified”

(the remaining 38.8% of participants). In multivariable-adjusted Cox models, Iron Deficiency
independently associated with mortality (hazard ratio 1.28, 95% confidence interval 1.04-1.58)
and heart failure (1.34, 1.05-1.72). Mixed Iron Deficiency associated with mortality (1.61,
1.27-2.04) and ESKD (1.33, 1.02-1.73). High Iron associated with mortality (1.54, 1.24-1.91),
heart failure (1.58, 1.21-2.05), and ESKD (1.41, 1.13-1.77). Functional Iron Deficiency did

not significantly associate with any outcome, and no iron group significantly associated with
atherosclerotic cardiovascular disease. Among the candidate facilitators, FGF23 most significantly
mediated the risks of mortality and heart failure conferred by Iron Deficiency. Thus, alterations
in iron homeostasis associated with adverse cardiovascular and kidney outcomes in patients with
chronic kidney disease.

Graphical Abstract

Iron status, fibroblast growth factor 23 and cardiovascular and kidney
outcomes in chronic kidney disease.
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Conclusion: Alterations in iron homeostasis are associated with adverse
cardiovascular and renal outcomes in patients with CKD. FGF23 most significantly
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Introduction

Disordered iron homeostasis, which encompasses a spectrum of iron deficiency, functional
iron deficiency and iron excess, is a common complication of chronic kidney disease
(CKD) that worsens quality of life, increases health care costs and may influence clinical
outcomes.k 23 4 With the development of multiple new therapeutics in the area of

iron and anemia management in CKD, further research is needed to determine how
distinct phenotypes of disordered iron homeostasis influence clinical outcomes and what
mechanisms underlie these risks.
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Fibroblast growth factor 23 (FGF23) is a bone- and bone marrow-derived hormone that
regulates phosphate and vitamin D homeostasis.® Levels of FGF23 are elevated in CKD
and associated with adverse clinical outcomes, most notably, mortality and heart failure,
for which it might contribute mechanistically.6: 7. 8. 9. 10, 11,12,13, 14,15 Fmerging data
demonstrate that iron is an important regulator of FGF23 and that absolute and functional
iron deficiency due to chronic inflammation induce FGF23transcription.16: 17. 18 Unlike
in individuals with preserved kidney function, iron deficiency-induced increases in FGF23
transcription in CKD result in increased circulating levels of full-length biologically active
FGF23 due to impaired cleavage of nascent FGF23.18. 19

We investigated iron status and risks of mortality, heart failure, end-stage renal disease
(ESRD), and atherosclerotic cardiovascular disease (ASCVD) in patients with moderate
to severe CKD enrolled in the Chronic Renal Insufficiency Cohort (CRIC) Study. We
hypothesized that more severe iron deficiency would associate with worse cardiovascular
and renal outcomes, and that elevated FGF23 is a mediator of risks of mortality and heart
failure that are attributable to iron deficiency.

Study Population

The CRIC Study is a multi-center prospective cohort study of risk factors for cardiovascular
disease and progressive kidney disease among 3939 individuals with moderate to severe
CKD at enroliment.2%: 21 participants aged 21-74 were recruited between June 2003 and
September 2008 from 7 clinical centers across the United States.2%: 21 Exclusion criteria
included New York Heart Association class Il or IV heart failure, multiple myeloma,
polycystic kidney disease, renal cancer, HIV infection, organ transplantation, previous
dialysis treatment for at least one month, recent chemotherapy or immunosuppressive
therapy, cirrhosis, institutionalization, enrollment in other studies, pregnancy, or inability

to provide informed consent.2! The study protocol was approved by the institutional review
boards at each participating site and all participants provided written informed consent.
Within the CRIC Study population, 3747 of 3939 (95.1%) participants had baseline samples
available for measurement of iron, transferrin and ferritin.

Primary Exposure and Outcomes

Given the lack of evidence-based cut points for functional iron deficiency and iron excess
in CKD, we agnostically defined categories of iron status based on quartiles of transferrin
saturation (TSAT) and ferritin for the primary analyses, as has been done previously.3 In
sensitivity analyses, we also investigated cut points used in clinical practice.22 23 Initially,
we categorized the study population into 5 exposure groups: “Iron Deficiency,” “Functional
Iron Deficiency,” “Iron Replete,” “High Iron,” and “Non-Classified,” which included

all remaining uncategorized participants (Figure 1). Upon investigation of the different
subgroups that comprised the Non-Classified group, participants in the TSAT quartile
1-ferritin quartile 2 group (between the Iron Deficiency and Functional Iron Deficiency
groups) were at significantly increased risk for certain clinical outcomes compared to the
Iron Replete group, unlike all other Non-Classified subgroups. Therefore, we re-categorized
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this group as “Mixed Iron Deficiency,” and conducted all analyses using 6 exposure groups
(Figure 1). Compared to the Iron Replete group, none of the other Non-classified subgroups
were at significantly increased risk of any outcome (Supplemental Table 1).

The primary outcomes were mortality, heart failure events, progression to ESRD, and
ASCVD events. Participants were followed until death, or censored for withdrawal from

the study, loss to follow-up, or when the database was locked for analysis in 2013. The
CRIC Study staff ascertained death through review of hospital records, reports from next

of kin, retrieval of death certificates or obituaries, and linkage with the Social Security
Death Index.24 All cardiovascular events were adjudicated by two independent physicians.
Heart failure events were classified as definite, probable or possible using symptoms
(dyspnea on exertion, orthopnea, paroxysmal nocturnal dyspnea) in conjunction with either
physical examination features (comprising >2 of pulmonary rales, S3 gallop, jugular venous
distention > 5 centimeters, peripheral edema), radiographic findings (pulmonary edema,
vascular congestion, pleural effusion), or invasive hemodynamic or echocardiographic
findings of heart failure (pulmonary capillary wedge pressure > 18 mmHg, cardiac index

< 2.0 L/min/m2, left ventricular ejection fraction < 35%). For this study, we defined heart
failure events only if they were considered definite or probable. Adjudicated ASCVD events
included a composite of myocardial infarction (definite/probable/possible), stroke (definite/
probable) and peripheral artery disease. ESRD, defined as initiation of chronic dialysis or
receipt of a kidney transplant, was determined through self-report, by participants’ point of
contact that was confirmed by CRIC Study staff, and by cross-linkage with the US Renal
Data System.24

Demographic and laboratory data and medications were collected from all participants at
the baseline visit when iron status was ascertained. Self-reported history of cardiovascular
disease was defined by prior coronary revascularization, heart failure, myocardial infarction,
ischemic stroke, peripheral artery revascularization, or amputation. Any versus no

iron supplementation was determined by dietary questionnaire; missing responses were
considered no supplementation. Resting blood pressure was measured via standardized
protocols.?1

All analytes were measured by the CRIC Central Laboratory after a single thaw of frozen
samples collected at the baseline CRIC study visit. Iron was measured on a Roche (c501)
autoanalyzer; the inter-assay coefficients of variation (CV) were 2.1% and 1.1%. Transferrin
was measured using an immunoturbidometric format (Roche Diagnostics); the inter-assay
CV were 0.9% and 0.5%. Total iron binding capacity (ug/l) was estimated as transferrin
(mg/l) x 1.43, and TSAT was calculated as serum iron concentration (Lg/l) / total iron
binding capacity (ug/l) x 100. Ferritin was measured using a sandwich immunoassay (Roche
Diagnostics); the inter-assay CV was 6.7%. Hemoglobin, serum creatinine and phosphate,
and urinary albumin-to-creatinine ratio (UACR) were measured using standard assays.20: 21
We calculated estimated glomerular filtration rate (eGFR) using the creatinine-based
Chronic Kidney Disease Epidemiology Collaboration equation.2> As described previously,
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parathyroid hormone (PTH) was measured using a total PTH assay (Scantibodies), and
C-terminal FGF23 was measured using a second-generation immunoassay (Immutopics).26

Statistical Analysis

We compared baseline characteristics and demographics across the 6 iron status groups. We
used Cox proportional hazards models to analyze time to each outcome according to iron
status. We adjusted for demographics (age, gender, race, ethnicity), and in the full model,
further adjusted for renal risk factors (eGFR, UACR [< 300 mg/dl, = 300 mg/dI, or missing
(3.5% of the population)]), cardiovascular risk factors (prior cardiovascular disease, systolic
blood pressure, diabetes, smoking, body mass index) and erythropoietin use. In secondary
analyses, we further adjusted the full models for C-reactive protein (CRP) as a marker of
inflammation, for oral iron use (yes or no), and for phosphate binder use (yes or no). All
models included stratification terms to account for study site. In secondary analyses, we
analyzed time-to-incident heart failure and time-to-incident ASCVD in the subpopulations
without a history of heart failure or ASCVD at baseline. For all time-to-event analyses, we
verified the proportional hazards assumption by visual inspection.

Mediation Analyses

Iron deficiency stimulates FGF23 production,® and FGF23 excess is associated with heart
failure and mortality.12 13 To investigate potential mediation of the effects of iron status

by FGF23, we first compared least square mean levels of FGF23 across the iron status
groups, adjusted for eGFR, phosphate, CRP, and PTH. Next, we investigated the effects on
the hazard ratios of the iron groups in Cox models that excluded and then included FGF23,
focusing only on outcomes that were significantly associated with iron status. Finally, we
used a counterfactual model-based approach for causal mediation analyses using a SAS
macro that uses a Cox proportional hazards model as the outcomes model to calculate
estimates for direct, indirect and total effects.2”: 28 Direct effects refer to effects of iron
stores on outcomes independent of FGF23. Indirect effects refer to effects of iron stores on
outcomes that act through FGF23. Total effects refer to the product of the direct and indirect
effects. In all mediation analysis models, we adjusted for the same covariates as in the
primary analyses including center, age, sex, race, ethnicity, diabetes, smoking, systolic blood
pressure, body mass index, prior cardiovascular disease, eGFR, urine albumin-to-creatinine
ratio, and erythropoietin use. We computed the proportion mediated using a counterfactual
model-based approach for causal mediation analyses using R package mediation based on

a Weibull model which generates estimates, 95% confidence intervals (C1) and P values.?°
To benchmark potential mediation effects of FGF23, we repeated the mediation analyses
using PTH as another marker of mineral metabolism, and hemoglobin, which is on a causal
pathway between iron deficiency and clinical outcomes.

Sensitivity Analyses

We investigated the multivariable-adjusted associations of TSAT and ferritin as continuous
variables on each outcome. We re-categorized the study population according to clinical
thresholds of iron status (Supplemental Figure 1), and repeated the multivariable and
mediation modeling that we used in the primary analyses. We also repeated the primary
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analyses adjusting for UACR as a natural log-transformed continuous variable instead of a
categorical variable.

All analyses were performed using SAS version 9.4 (Cary, NC, USA) and R package
version 3.4.4. Two-sided P values <0.05 were considered statistically significant.

Table 1 presents baseline characteristics according to the 6 iron exposure groups. The

mean TSAT ranged between 12-15% in the Iron Deficiency, Mixed Iron Deficiency,

and Functional Iron Deficiency groups. Individuals in the Iron Deficiency group had the
lowest iron, TSAT, hemoglobin, and ferritin levels, and the highest total iron binding
capacity. Individuals in the High Iron group had the highest iron, TSAT, hemoglobin and
ferritin levels, and the lowest total iron binding capacity. Individuals in the Functional Iron
Deficiency group had the highest median CRP and eGFR. Erythropoietin use was highest in
the Functional Iron Deficiency and High Iron groups, whereas oral iron use was highest in
the Iron Deficiency group. The Mixed Iron Deficiency group demonstrated features of both
iron deficiency (low TSAT and ferritin), and functional iron deficiency (elevated CRP).

Iron Status and Mortality

During a median follow-up of 9.5 years, 1104 of the 3747 participants died. Compared to
the Iron Replete group, the Iron Deficiency, Mixed Iron Deficiency and High Iron groups
were each at significantly increased risk of death in analyses that adjusted for demographics,
renal and cardiovascular risk factors, and erythropoietin use (Table 2). The results were
qualitatively unchanged after further adjustment for CRP, oral iron use and phosphate binder
use (Table 2). In contrast, the Functional Iron Deficiency group was not at significantly
increased risk of death compared to the Iron Replete group in any analysis (Table 2).

Iron Status and Heart Failure

During a median follow up of 8.8 years, 728 participants developed a heart failure event.
Similar to the analyses of mortality, the Iron Deficiency and High Iron groups were at
significantly higher risk of heart failure compared to the Iron Replete group in all analyses,
whereas the Functional Iron Deficiency group was not at a significantly increased risk

of heart failure in any analysis (Table 2). The Mixed Iron Deficiency group also was at
increased risk of heart failure, but the association was no longer significant after adjustment
for CRP (Table 2). Although fewer events reduced power, the results were qualitatively
unchanged when restricted to incident heart failure events in participants with no prior
history of heart failure (Supplemental Table 2).

Iron Status and ESRD

During a median follow up of 8.8 years, 1041 participants reached ESRD. Compared to the
Iron Replete group, the High Iron and Mixed Iron Deficiency groups were at significantly
increased risk of ESRD in the full model and after further adjustment for CRP, oral iron use
and phosphate binder use (Table 2). Iron Deficiency and Functional Iron Deficiency were
not significantly associated with increased risk of ESRD (Table 2).

Kidney Int. Author manuscript; available in PMC 2022 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Page 7

Iron Status and Atherosclerotic Events

During a median follow up of 8.8 years, 673 participants developed an ASCVD event. No
iron status group was at significantly increased risk of ASCVD events (Table 2). The results
were unchanged when restricted to incident ASCVD events in participants with no prior
history of ASCVD (Supplemental Table 2)

Mediation Analyses

To test the hypothesis that associations between iron status and clinical outcomes are
mediated, in part, by FGF23, we first compared least square mean levels of FGF23 across
the iron status groups. In an analysis parsimoniously adjusted for eGFR, CRP, phosphate,
and PTH, FGF23 levels were inversely associated with iron stores: FGF23 was highest in the
Iron Deficiency group and lowest in the High Iron group; the intermediate iron groups had
intermediate FGF23 levels (Figure 2). In contrast, adjusted PTH levels were similar across
all iron status groups (Figure 2).

Next, we confirmed that higher FGF23 levels independently associated with increased
risks of mortality and heart failure in fully adjusted models (Figure 3), as previously
reported.11: 13 When FGF23 and the iron exposure groups were included together in fully
adjusted models, the significant effects of FGF23 were unchanged, but the increased risks
of mortality and heart failure in the Iron Deficiency group were fully attenuated (mortality:
from 1.28 [95%CI 1.04, 1.58] to 0.97 [95%CI 0.77, 1.21]; heart failure: from 1.34 [95%ClI
1.05, 1.72] to 0.98 [95%CI 0.75, 1.27]; Figure 3). Adjustment for FGF23 partially attenuated
the effects of Mixed Iron Deficiency, but had no effect on the association of High Iron
with risks of mortality or heart failure (Figure 3). Formal mediation analyses confirmed
that the effects of Iron Deficiency on mortality and heart failure were fully accounted by
FGF23, whereas FGF23 mediated 20% of the association between Mixed Iron Deficiency
and death, and did not significantly mediate the effects of High Iron on either outcome
(Table 3, Supplemental Figure 2).

To benchmark the mediation effects of FGF23, we conducted similar analyses with PTH and
hemoglobin. PTH and hemoglobin were each independently associated with mortality and
heart failure in fully adjusted models (Figure 3), but when PTH and the iron exposure groups
were included together in fully adjusted models, the effects of iron status were unchanged.
In formal mediation analyses, PTH did not significantly mediate any of the associations of
Iron Deficiency, High Iron, or Mixed Iron Deficiency with mortality or heart failure (Table
3). When hemoglobin and the iron exposure groups were included together in fully adjusted
models, the point estimates of the Iron Deficiency and Mixed Iron Deficiency groups were
attenuated, but to a lesser degree than in the parallel FGF23 analyses (Figure 3). In formal
mediation analyses, hemoglobin accounted for 23% of the association of Iron Deficiency
with mortality, 31% of the association of Iron Deficiency with heart failure, and 5% of the
association of Mixed Iron Deficiency with mortality (Table 3).

Sensitivity Analyses

Multivariable-adjusted risk of mortality, HF, ESRD, and ASCVD across the spectra of
continuous TSAT and ferritin values demonstrate non-linear relationships between ferritin,
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TSAT and outcomes that highlight the need to categorize patients into groups across the two
dimensions of TSAT and ferritin (Supplemental Figures 3 and 4). When we re-categorized
the iron exposure groups using clinical cut points (Supplemental Table 3), the results of

the outcomes and mediation analyses were qualitatively similar to the primary analyses
(Supplemental Table 4 and 5). Analyses that adjusted for UACR as a continuous variable
yielded qualitatively similar results as the primary outcomes analyses (Supplemental Table
6). Likewise, adjusting for UACR as a continuous variable did not qualitatively change the
results of the primary mediation analyses (Supplemental Table 7).

Discussion

In a diverse cohort of individuals with moderate to severe CKD, we found that iron
deficiency associated with significantly increased risks of mortality and heart failure
compared to normal iron stores, but did not associate with ESRD or ASCVD events.
Analyses that used clinical rather than agnostic thresholds to define the iron exposure
groups yielded qualitatively similar results. Overall, these results confirm prior reports of
increased risk of mortality in association with iron deficiency in patients with CKD,3:

and extend them by comprehensively investigating iron deficiency and a range of important
cardiovascular and renal outcomes, including heart failure, ASCVD events and ESRD.

Multiple plausible biological mechanisms may contribute to increased risks of mortality and
heart failure among patients with CKD and iron deficiency. For example, iron deficiency
reduces oxygen storage in myoglobin and tissue oxidative capacity, adversely effects cardiac
mitochondrial energetics and alters immune responses.30: 31 Iron deficiency also increases
FGF23 expression. FGF23 levels were progressively higher in groups with more severe iron
deficiency, and FGF23 mediated the risks of mortality and heart failure associated with

iron deficiency. In contrast, PTH did not mediate the effects of iron deficiency on mortality
and heart failure, despite independent associations of PTH with these outcomes. These
contrasting data suggest specific mediation effects of FGF23 rather than non-specific effects
attributable to more severe alterations in mineral metabolism. Furthermore, hemoglobin
only partially mediated the effects of iron deficiency on mortality and heart failure, despite
anemia being an immediate downstream consequence of iron deficiency.

Together, these contrasts support FGF23 as a mediator on a potential causal pathway
between iron deficiency, heart failure and mortality in CKD. Mechanistically, iron deficiency
stimulates FGF23transcription by stabilizing hypoxia-inducible factor 1a..18 Reduced
FGF23 cleavage is a “second hit” that enables iron deficiency to increase full-length
biologically active FGF23 specifically in CKD.18: 32 Higher FGF23 levels associate with
increased risks of mortality and heart failure, and may contribute directly to cardiac toxicity
by activating FGF receptor 4 (FGFR4), which promotes left ventricular hypertrophy in

a klotho-independent manner.11: 12, 13,14, 15,33, 34, 35, 36, 37 The results of the current

study suggest that increases in FGF23 induced by iron deficiency could magnify the
cardiac toxicity of FGF23. Further studies are needed to determine whether correction of
iron deficiency can improve clinical outcomes in CKD, as it does in patients with heart
failure and iron deficiency, who also manifest elevated FGF23 levels that are independently
associated with worse outcomes.30: 38, 39, 40, 41,42, 43, 44, 45
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Functional Iron Deficiency did not significantly increase risk of any outcome in the primary
analyses. This finding was surprising given prior studies and because this group had

the highest rates of hypertension, diabetes, and prior cardiovascular disease, the highest
CRP and UACR, and the lowest eGFR. Some individuals in the current Mixed Iron
Deficiency group likely would have been categorized as having functional iron deficiency in
prior studies, which may have driven the associations between functional iron deficiency
and poor outcomes in prior studies.3 Functional iron deficiency is primarily caused

by chronic inflammation-induced increases in hepcidin, which reduces iron absorption

and availability.6 Given that inflammation and erythropoietin also upregulate FGF23
transcription,18 we expected FGF23 elevation in patients with functional iron deficiency.
Although FGF23 levels were higher in the Functional Iron Deficiency group than in the
High Iron and Iron Replete groups, levels were not as high as in the Iron Deficiency or
Mixed Iron Deficiency groups. Whether iron treatment will be beneficial or harmful in
patients with Functional Iron Deficiency is unknown.

Another unexpected finding was the emergence of the Mixed Iron Deficiency group,
which had an iron phenotype intermediate between the Iron Deficiency and Functional
Iron Deficiency groups, but clinical outcomes most similar to the Iron Deficiency group.
Likewise, FGF23 levels were elevated in this group and partially mediated its association
with increased risks of heart failure and mortality. Additional research is needed to better
understand the Mixed Iron Deficiency phenotype, to determine whether there would be
clinical utility in separating Mixed Iron Deficiency from its current inclusion in clinically-
defined Functional Iron Deficiency, and whether this group would benefit from iron
repletion.

High Iron significantly increased risks of mortality and heart failure regardless of whether

it was defined by agnostic or clinical criteria. High Iron also increased risk of ESRD,

as reported previously.3 47 Iron excess may increase catalytic iron that is not bound to
transferrin and is associated with acute kidney injury and mortality.*8: 49 Excess systemic
iron may also increase intracellular iron, which can cause lipid peroxidation that leads to
mitochondrial and cardiac dysfunction.? Further studies are needed to investigate the causes
and consequences of High Iron.

This study has limitations. Since we only measured iron parameters at a single time-point
at baseline, variability of ferritin and TSAT over time may have caused misclassification of
the primary exposure. Although we found that FGF23 mediated the associations between
iron deficiency and clinical outcomes, it is undoubtedly only one of many factors that
contribute to the adverse effects of iron deficiency on outcomes. Residual confounding

by unknown or unmeasured factors that were not included in the analysis cannot be
excluded. Additionally, despite our use of established methods to investigate mediation

by FGF23, observational studies cannot prove causality. Since we measured FGF23 with
a C-terminal assay that detects full-length FGF23 and its C-terminal fragments, but not an
intact assay that exclusively measures the full-length peptide, we cannot determine which
FGF23 peptides account for the effects we observed. Although full-length FGF23 is the
biologically active peptide for phosphate homeostasis, C-terminal peptides (or perhaps the
equimolar amounts of N-terminal fragments that are generated by FGF23 cleavage) might
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exert toxic but currently unknown effects that contribute to adverse outcomes.* %1 We also
did not have data on the duration of prior cardiovascular disease or vitamin D levels. Finally,
for all analyses, the true association between iron status and outcomes may fall anywhere
within the confidence interval, and in many cases, this lower limit of the confidence interval
is close to 1.00. Interpretation of point estimates should recognize the inherent limitations of
confidence intervals.

Lack of data on intravenous iron therapy is another limitation, but during the study period

of 2008-2013, intravenous iron was uncommon in non-dialysis-dependent CKD.52 Since
then, highly bioavailable oral iron preparations and intravenous iron formulations that enable
rapid correction of iron deficiency became available. Reports that these treatments may
improve clinical outcomes in CKD and heart failure populations,3: 44. 45. 53. 54 glong with
the current and recent results linking iron deficiency and FGF23 excess to each other and to
adverse outcomes in CKD,* justify randomized clinical outcomes trials of iron replacement
in select patients with non-dialysis-dependent CKD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 2. FGF23 and PTH according to iron status

Least square means of FGF23 and PTH by iron group adjusted for eGFR, CRP, phosphate,
and PTH or FGF23. Results are represented as mean values plus 95% confidence intervals.
Abbreviations: CRP, C-reactive protein; eGFR, estimated glomerular filtration rate; FGF23,

fibroblast growth factor 23; PTH, parathyroid hormone

Kidney Int. Author manuscript; available in PMC 2022 December 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Page 16

High Iron FGF23 PTH Hemoglobin
Mortality
Base + Fe Groups —— —— —
Base + FGF23 -
Base + FGF23, Iron Groups | —#— —— — -
Base + PTH --
Base + PTH, Fe Groups { el — e -
Base + Hgb |
Base + Hgb, Fe groups - —8— —— —
Heart Failure
Base + Fe Groups | — —— —
Base + FGF23 -
Base + FGF23, Iron Groups | —@— +—— —— —-—
Base + PTH -o-
Base + PTH, Fe Groups — ---
Base + Hgb -
Base + Hgb, Fe groups —8— —— —_— -
1 15 2 1 15 2 1 15 2 1 13 16 13 16 1 13 16
Hazard Ratio

Figure 3. Mediation analyses of iron status and risks of mortality and heart failure

Results for the iron groups are reported as hazard ratios and 95% confidence intervals
compared to the iron replete group. For the continuous variables, results are reported as
hazard ratios per 1 standard deviation of natural log FGF23, hemoglobin, and natural log
PTH. The full model was stratified by center, adjusted for age, sex, race, ethnicity, diabetes,
smoking, systolic blood pressure, body mass index, prior cardiovascular disease, eGFR,

urine albumin-to-creatinine ratio, and erythropoietin use.

23; Hgh, hemoglobin; PTH, parathyroid hormone
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