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Abstract

Aims—Klotho, an essential co-receptor for fibroblast growth factor (FGF)-23, has potentially 

beneficial inhibitory effects on the renin-angiotensin system. Limited data exist on the prognostic 

value of Klotho and FGF-23 in combination or their ability to predict benefit from angiotensin-

converting enzyme (ACE)-inhibition.

Methods and Results—3,555 patients with stable ischemic heart disease and LVEF >40% 

enrolled in the PEACE trial of trandolapril vs placebo had Klotho levels drawn at randomization. 

Patients were characterized by quartiles of Klotho and FGF-23 concentrations. 6-year Kaplan-

Meier rates and adjusted risk were calculated in the placebo arm for the composite of CV death or 

hospitalization for heart failure and its components. Low (quartile [Q]1–3) Klotho concentration 

was associated with an increased rate of CV death or hospitalization for heart failure as compared 

with Q4 (8.2 vs 4.2%; p=0.03). After multivariable adjustment for clinical variables and renal and 

CV biomarkers (eGFR, cystatin-C, UACR, FGF-23, hsTnT, NT-proBNP, and hsCRP), low Klotho 

concentration remained strongly associated with increased risk of CV death or hospitalization for 

heart failure (HRadj 2.62 [1.35–5.08]; p<0.01). The combination of low Klotho and high (Q4) 

FGF-23 concentration identified patients at particularly elevated risk (HRadj 3.99 [1.67–9.56]; 

p<0.01). This high risk combination additionally predicted benefit from trandolapril (HR 0.39 

[0.23–0.68]; pint<0.01).

Conclusions—Low Klotho concentration is associated with an increased risk of CV death or 

heart failure hospitalization in patients with stable ischemic heart disease. The combination of low 

Klotho and high FGF-23 further identifies patients at distinctly elevated risk who derive clinical 

benefit from the ACE-inhibitor trandolapril.
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Introduction

The renin-angiotensin system (RAS) connects cardiovascular (CV) and renal function in 

mammals and provides targets for essential medical therapies across a spectrum of disease 
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states. Chronic kidney disease (CKD) is associated with adverse CV outcomes by numerous 

mechanisms, including RAS dysregulation.1, 2 α-Klotho, hereafter referred to as Klotho, is a 

single-pass transmembrane protein located primarily in the renal distal convoluted tubule.3 

The extracellular domain may be cleaved, producing a soluble form with distant actions, 

including in the vasculature.3 Low Klotho levels are associated with findings similar to those 

seen in CKD, including left ventricular hypertrophy (LVH), myocardial fibrosis, and 

increased mortality.1, 2

RAS and Klotho function are closely linked, with low Klotho levels associated with RAS 

upregulation.4 Klotho’s actions are also intimately tied to fibroblast growth factor (FGF)-23, 

a protein hormone for which Klotho is a co-receptor in the kidney and vasculature.5–8 

Increased FGF-23 levels are associated with LVH, vascular calcification, and adverse CV 

events.9–11 This relationship is complex, however, with FGF-23 correlating in some studies 

with myocardial fibrosis and LVH in the setting of Klotho deficiency, but not at normal 

Klotho levels.2 This interaction among FGF-23, Klotho, and CV events has potential 

implications for prognostication as well as patient selection for clinical trials and therapies.

Previous work by our group showed elevated FGF-23 levels in patients enrolled in the 

PEACE (Prevention of Events with Angiotensin-Converting Enzyme) Trial12 to be 

associated with increased risk of CV death and heart failure and also predict benefit from the 

ACE-inhibitor trandolapril.13 Klotho levels were not available for this prior analysis. We 

now investigate here the relationships between Klotho, FGF-23, ACE-inhibitor exposure, 

and CV outcomes in patients with stable ischemic heart disease enrolled in the PEACE trial.

Methods

Study Design and Participants

The study design, baseline patient characteristics, and primary results of the PEACE trial 

(NCT00000558) have been described previously.12, 14 The PEACE trial was a double-blind, 

placebo-controlled study which randomized 8,290 patients with stable coronary artery 

disease and normal or mildly reduced left ventricular ejection fraction (LVEF) to the ACE-

inhibitor trandolapril or placebo. Median follow-up was 4.8 years.12 In addition to coronary 

artery disease, patients were required to have an LVEF >40%, serum creatinine ≤2.0 mg/dL, 

and age ≥50 years. There was no overall benefit with trandolapril for the primary end point 

of cardiovascular death, myocardial infarction, or coronary revascularization.

The primary end point for this post hoc, exploratory analysis was the composite of CV death 

or hospitalization for heart failure. Heart failure hospitalization was defined as a 

hospitalization for which heart failure was the primary cause as determined by centrally 

trained local staff and confirmed via review of hospital records by the clinical and statistical 

coordinating center at George Washington University, Rockville, Maryland.12, 15 All CV 

deaths were adjudicated by an independent and blinded clinical events committee.12, 14

All participants provided written informed consent. The study protocol was approved by all 

relevant institutional review boards.
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Measurement of Biomarkers

All subjects enrolled in the United States and Canada were invited to participate in 

biomarker sampling at study enrollment and approximately half agreed. Venous blood 

samples obtained at randomization were shipped frozen to the TIMI Clinical Trials 

Laboratory (Boston, MA), where they were stored at −80ºC or colder and subsequently 

tested by laboratory personnel blinded to treatment allocation and clinical outcome. Klotho 

was assayed on the third thaw of the samples, occurring in June 2014.

Klotho concentrations were measured using a manual enzyme-linked immunosorbent assay 

(soluble α-Klotho Assay, Immuno-Biological Laboratories, Inc., Minneapolis, Minnesota) 

targeting the 130 kD form of soluble Klotho16 and standard washers/readers (Tecan, 

Männnedorf, Switzerland). The coefficients of variation (CVs) observed in the TIMI 

Clinical Trials Laboratory were 3.5% at 187 pg/mL and 3.1% at 2969 pg/mL for intra-assay 

precision and 9.2% at 664 pg/mL and 6.2% at 1439 pg/mL for inter-assay precision. FGF-23 

was measured using the Human FGF-23 (C-term) ELISA Kit (Immutopics, Inc., San 

Clemente, CA). Observed intra-assay CVs were 4.7% at 33.6 RU/mL and 2.4% at 293 

RU/mL while inter-assay CVs were 12.8% at 30.3 RU/mL and 4.9% at 279 RU/mL. The 

reference range for this assay in adults with preserved renal function is 55+50 reference 

units (RU)/mL.17

Baseline concentrations of high-sensitivity troponin-T (hs-TnT), N-terminal pro-B-type 

natriuretic peptide (NT-proBNP), high-sensitivity C-reactive protein (hsCRP), cystatin-C, 

and urine albumin-to-creatinine ratio (UACR) have been reported for the PEACE trial cohort 

previously.13, 15, 18, 19

Statistical Analyses

All patients with available Klotho levels were included in the current analysis. Baseline 

patient characteristics by quartile of Klotho concentration were described with mean and 

standard deviation for continuous variables and number and percent for categorical 

variables. Comparisons of baseline characteristics were made using a linear trend test.

Spearman correlation coefficients were calculated among Klotho, FGF-23, estimated 

glomerular filtration rate (eGFR) calculated by the Modification of Diet in Renal 

Dysfunction (MDRD) formula, cystatin-C, UACR, NT-proBNP, hsTnT, and hsCRP.

Six-year Kaplan-Meier event rates for the primary end point of CV death or heart failure 

hospitalization as well as its individual components were calculated by quartile of Klotho 

concentration (Q1: lowest concentrations; Q4: highest concentrations) in the placebo arm. 

Event rates in the placebo arm and by randomized treatment were also calculated after 

simultaneous stratification by FGF-23 and Klotho with resulting assignment to a “low risk” 

(either FGF-23 Q1–3 or Klotho Q4) or “high risk” (both FGF-23 Q4 and Klotho Q1–3) 

group. FGF-23 quartiles were used in this exploratory analysis based on their previously 

reported association with CV outcomes in this patient cohort.13

Unadjusted risk for CV outcomes was calculated by quartile of Klotho concentration in the 

placebo arm. Adjusted risk was calculated using the following covariates: age, sex, current 
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smoker, hypertension, diabetes mellitus, prior MI, prior revascularization, weight, systolic 

blood pressure (SBP), LVEF, eGFR, cystatin-C, UACR, FGF-23, NT-proBNP, hsTnT, and 

hsCRP (sensitivity analyses were performed removing each of cystatin-C and eGFR; 

Supplemental Table S8). Patients were then simultaneously stratified by FGF-23 Q1–3 vs 

Q4 and Klotho Q1–3 vs Q4 and unadjusted and adjusted risks were calculated comparing 

each of the four resulting categories in the placebo arm. The interaction between treatment 

and risk groups was calculated accounting for a linear trend. Finally, metrics of 

discrimination (net reclassification index [NRI], integrated discrimination improvement 

[IDI], and Harrell’s C-statistic) were calculated for the addition of Klotho and FGF-23 to the 

clinical model including the clinical variables in the multivariate model above.

All analyses were performed by the TIMI Study Group using commercial statistical software 

(SAS version 9.4, SAS institute, Cary, NC). A two-sided p value of 0.05 was considered 

significant for all tests.

Results

Baseline Characteristics

3,555 patients had baseline Klotho levels available for analysis. The median Klotho 

concentration was 564.95 (interquartile range 463.12 to 691.45) pg/mL. Baseline patient 

characteristics according to Klotho quartile are presented in Table 1. Patients with the lowest 

Klotho levels were older with lower eGFR and were less likely to have diabetes or a prior 

MI. Baseline characteristics for the full trial population and the biomarker subgroup are 

shown in Supplemental Table S1.

Correlation with other Biomarkers

Klotho concentration showed only weak correlations with FGF-23 (r=−0.06, p<0.001) and 

with eGFR (r=0.12, p<0.001), cystatin-C (r=−0.11, p<0.001), NT-proBNP (r=−0.12, 

p<0.001), and hsCRP (r=−0.09, p<0.001). There was no correlation with hsTnT (r=−0.005, 

p=0.78) or UACR (r=0.03, p=0.13) (Supplemental Table S2).

Predictors of Klotho Concentration

Univariate clinical predictors of dichotomized Klotho concentration (Q1–3 vs Q4) in the full 

cohort were age (p<0.001), diabetes mellitus (p<0.0001), eGFR (p<0.001), body mass 

(p=0.003), and diastolic blood pressure (p=0.020). The independent predictors of Klotho 

concentration identified using the logistic multivariable model described above were 

diabetes mellitus (p<0.0001), eGFR (p<0.001), diastolic blood pressure (p=0.02), current 

smoking (p=0.01), and the biomarkers hsCRP (p=0.04) and UACR (p=0.002). Systolic 

blood pressure (p=0.08), age (p=0.10), prior MI (p=0.19), left ventricular ejection fraction 

(p=0.26), and the biomarkers NT-proBNP (p=0.07) and TnT (p=0.12) were not independent 

predictors of Klotho concentration.

Event Rates and Unadjusted Risk by Klotho Quartile in the Placebo Arm

Six-year Kaplan-Meier event rates for CV death or heart failure hospitalization in the 

placebo arm were highest among patients with low Klotho concentrations (Figure 1). Based 
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on the apparent event rate threshold between patients in Q3 and Q4 of Klotho concentration, 

patients were subsequently analyzed as being in Q1–3 vs Q4 (Supplemental Figure S1). 

Specifically, the rates of CV death or heart failure hospitalization were nearly twice as high 

in patients in Q1–3 of Klotho concentration (8.2 vs 4.2%; HR 1.78; 95% CI 1.06–2.99; 

p=0.028; Figure 1), with similar patterns for the individual outcomes of CV death (5.1 vs 

1.8%; HR 2.32; 95% CI 1.11–4.87; p=0.026) and heart failure hospitalization (3.9 vs 2.5%; 

HR 1.62; 95% CI 0.79–3.31; p=0.189). Rates of additional outcomes by dichotomized 

Klotho concentration are provided in Supplemental Table S3. The interaction with eGFR 

(<60 vs >=60 mL/min/1.73m2) for CV death or heart failure hospitalization by dichotomized 

Klotho concentration in the placebo arm did not reach statistical significance, though the 

increased risk with low Klotho concentration tended to be more pronounced in patients with 

low eGFR (pint=0.10; Supplemental Table S4).

Multivariable Adjustment

After multivariable adjustment for the clinical factors and biomarkers previously described, 

patients in Q1–3 of Klotho concentration remained at increased risk of CV death or heart 

failure hospitalization (HRadj 2.62; 95% CI 1.35–5.08; p=0.004) with directional consistency 

for both CV death (HRadj 5.38; 95% CI 1.60–18.08; p=0.007) and heart failure 

hospitalization (HRadj 2.00; 95% CI 0.89–4.50; p=0.095) individually in the placebo arm 

(results not shown). The inverse relationship between Klotho concentration and CV risk 

persisted when Klotho was modeled as a continuous variable, with a 22% reduction in 

adjusted risk of CV death or heart failure hospitalization observed for each standard 

deviation increase in Klotho concentration (p=0.048).

Concurrent Stratification by Klotho and FGF-23

In addition to Klotho, FGF-23 was also a significant independent predictor of CV death or 

hospitalization for heart failure, with a HRadj of 1.83 (95% CI 1.14–2.93; p=0.012) for Q4 vs 

Q1–3 FGF-23 concentration. When patients were stratified simultaneously by both FGF-23 

quartile and Klotho quartile in the placebo arm, the 6-year rate of CV death or 

hospitalization for heart failure was nearly five times higher in patients with both a Klotho 

level in Q1–3 and an FGF-23 level in Q4 (n=339) as compared to patients with high Klotho 

and low FGF-23 concentrations (n=340; 16.9 vs 3.4%). This risk persisted after 

multivariable adjustment with HRadj 3.99 (95% CI 1.67–9.56; p=0.002; Figure 2 and 

Supplemental Table S5A), as well as with stratification by baseline eGFR (pinteraction=0.096; 

Supplemental Table S5B). Similar findings were observed for the individual outcomes of 

CV death and hospitalization for heart failure (Supplemental Figure S2). Metrics of 

discrimination are shown in Supplemental Table S6. Whereas FGF-23 added value to the 

clinical model, Klotho did not.

Trandolapril Effect by Klotho and FGF-23 Stratification

Patients with Q1–3 Klotho concentrations derived benefit from trandolapril for the end point 

of CV death or heart failure hospitalization (HR 0.69; 95% CI 0.50–0.95), whereas patients 

with Q4 Klotho concentrations had similar risk of CV death or heart failure hospitalization 

irrespective of randomized treatment assignment (HR 1.37; 95% CI 0.73–2.54; pinteraction 

=0.054).
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Patients were classified as high risk if they were in both Q1–3 Klotho concentration and Q4 

FGF-23 concentration; all other combinations were classified as low risk. High risk patients 

assigned to placebo had a 16.7% rate of CV death or heart failure hospitalization at 6 years 

as compared to 6.0% for high risk patients assigned to trandolapril (HR 0.39; 95% CI 0.23–

0.68; Figure 3). Low risk patients did not benefit from trandolapril, however, with rates of 

CV death or heart failure hospitalization of 5.1% and 5.5% for placebo-treated and 

trandolapril-treated patients, respectively (HR 1.08; 95% CI 0.77–1.51; pint=0.002; Figure 3 

and Supplemental Table S7A). These results were consistent when patients were stratified by 

baseline eGFR (Supplemental Table S7B). Among high risk patients, trandolapril also 

showed benefit for the two components of the primary composite outcome of CV death (HR 

0.37; 95% CI 0.18–0.77; p=0.008) and heart failure hospitalization (HR 0.39; 95% CI 0.19–

0.81; p=0.012) individually. This benefit was not seen in low risk patients.

The additional ability of Klotho to predict benefit from trandolapril beyond FGF-23 alone 

was assessed in two ways. First, we examined trandolapril efficacy by high (Q4) or low 

(Q1–3) Klotho concentration in the subset of patients with high (Q4) FGF-23 concentration 

(n=885). Among these patients, a reduced risk of CV death or heart failure hospitalization 

was observed among patients with Q1–3 Klotho concentrations assigned to trandolapril (HR 

0.39; 95% CI 0.23–0.68), whereas no significant benefit was seen with trandolapril in 

patients with Q4 Klotho concentrations (HR 0.79; 95% CI 0.27–2.35; pinteraction=0.27). In 

the former group, the absolute risk reduction was 10.7% and therefore the number needed to 

treat (NNT) with trandolapril to prevent one CV death or heart failure hospitalization event 

in the high risk group was 9. Secondly, in a model that already contained an interaction term 

for trandolapril and FGF-23, we also added a term for the interaction between trandolapril 

and Klotho, which had a p value of 0.08.

Discussion

Among patients with stable ischemic heart disease and LVEF >40%, low circulating levels 

of Klotho are associated with an increased risk of CV death or hospitalization for heart 

failure independent of clinical risk factors, renal biomarkers, and traditional CV biomarkers. 

Moreover, low Klotho concentration remained an independent predictor of CV death or 

hospitalization for heart failure after adjusting for circulating levels of its ligand, FGF-23. 

Indeed, patients with low levels of Klotho and high levels of FGF-23 were at distinctly 

elevated risk, with an adjusted hazard ratio of nearly four. This high risk group derived 

particularly large benefit from ACE inhibition with trandolapril.

Klotho and FGF-23 have been shown individually to predict adverse CV outcomes across a 

variety of disease states and patient populations.1, 2, 9–11, 20–30 Specifically, we previously 

reported the association between FGF-23 and CV outcomes in the PEACE trial13 along with 

the ability of FGF-23 to predict response to trandolapril. This current analysis is the first to 

our knowledge to combine FGF-23 level, Klotho level, and randomized ACE-inhibitor 

treatment.

Klotho levels in this cohort from the PEACE trial were intermediate relative to other reports 

in the literature. Because Klotho concentrations fall with worsened renal dysfunction and 
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overall severity of illness, the distribution of Klotho concentrations in any cohort is 

determined by the particular population sampled. The median value of 565 pg/mL observed 

here among patients with stable ischemic heart disease is higher than the mean observed in a 

study of patients with CKD and type 2 diabetes (430 pg/mL),21 but lower than in the general 

older adult population (middle tertile 575–763 pg/mL).30

Klotho and FGF-23

The combination of low Klotho and elevated FGF-23 concentrations is a powerful marker of 

increased CV risk. It is possible that risk is increased with this pairing relative to either 

abnormality in isolation simply because two high-risk biomarkers portend a more ominous 

prognosis than one alone. But taking into consideration the close physiologic relationship of 

these two proteins, the findings reported here support the potential importance of FGF-23 

resistance as a distinct, high-risk state amenable to RAS inhibition. FGF-23 signaling in the 

kidney and vasculature occurs largely through its co-receptor, Klotho, though Klotho-

independent actions of FGF-23 do exist.5–8, 31 In the setting of systemic disease, 

inflammation, and renal dysfunction, however, Klotho levels fall, impairing FGF-23 

signaling and potentially leading to FGF-23 resistance.31 FGF-23 levels are observed to rise 

in these same circumstances. FGF-23 appears to have directly deleterious cardiovascular 

effects, including promotion of myocardial fibrosis and altered myocardial calcium 

handling, via Klotho-independent mechanisms.9, 10, 32–35 A framework of Klotho depletion 

resulting in FGF-23 resistance anticipates low Klotho and high FGF-23 levels, which are 

observed here among patients at the highest risk for CV events.

Simultaneous stratification by Klotho and FGF-23 provided clear risk discrimination beyond 

that seen with either biomarker alone. Our group previously found Q4 FGF-23 concentration 

to be associated with an increased risk of CV death or heart failure hospitalization as 

compared to Q1 after adjustment for clinical variables and biomarkers (not including 

Klotho; HRadj 1.73; 95% CI 1.09–2.4).13 In the present analysis, this association was again 

observed in the presence of low Klotho, but not elevated Klotho. In parallel, the heightened 

risk seen with low Klotho concentration tended to be greater in those with elevated FGF-23. 

Finally, the previously observed finding of high FGF-23 as a marker of benefit with 

trandolapril was seen here only with concurrent low Klotho. These findings support the 

principal physiological relevance of paired decrease in Klotho and elevation in FGF-23 over 

either single abnormality.

Klotho/FGF-23 and the Renin-Angiotensin System

Function of the Klotho/FGF-23 axis is closely linked to the RAS. Kidney injury is 

associated with RAS upregulation and Klotho deficiency.1, 2, 21, 25, 36 Klotho and 

angiontensin II are mutually inhibitory4, 37and exogenous Klotho suppresses RAS activation, 

normalizes blood pressure, and improves renal fibrotic lesions in mice.36 In humans, 

pharmacologic RAS blockade is associated with increased Klotho levels, reduced vascular 

calcification, normalization of blood pressure, and improvement in LVH and myocardial 

fibrosis.21, 25
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Mice with Klotho deletions develop extensive vascular calcification, increased aldosterone 

levels, LVH, and myocardial fibrosis.21–25 In humans, Klotho levels fall early in CKD,26 a 

finding which is associated with prevalent CAD27, 28 and mortality.30 Reverse findings have 

been seen with FGF-23, in which high FGF-23 is associated with RAS upregulation31, 38 

and potential benefit from ACE-inhibition.13, 39

Here we observed a modulation of treatment effect with the ACE-inhibitor trandolapril 

based on the Klotho/FGF-23 status. Patients with the high-risk combination of Q1–3 Klotho 

and Q4 FGF-23 concentrations showed significant benefit with trandolapril whereas no 

effect was seen in patients with low risk Klotho and FGF-23 levels. Indeed, the NNT with 

trandolapril to prevent one CV death or heart failure hospitalization event in the high risk 

group as defined by concurrent Klotho and FGF-23 stratification was 9, which is 25% fewer 

patients than when risk stratifying with FGF-23 alone (NNT=12).13 These observations are 

consistent with the combination of low Klotho and high FGF-23 concentrations serving as a 

marker of increased RAS activation. Further, while the interaction between eGFR and 

Klotho concentration for risk of CV death or heart failure was not statistically significant, 

there was a trend toward more apparent risk stratification by Klotho concentration among 

subjects with low eGFR.

Implications

Biomarkers allow for increasingly nuanced definitions of disease states, prognosis, and 

potential risks or benefits from therapies on individual and population levels. As strategies 

for primary and secondary prevention evolve, specific delineation of risk status and potential 

benefit is essential. Although Klotho did not add to FGF-23 in terms of measures of 

discrimination, stratification with both of these biomarkers at the intersection of 

cardiovascular and renal function provided important prognostication of recurrent 

cardiovascular events in patients with stable ischemic heart disease and predicted benefit 

from one of the most commonly used classes of cardiovascular medicines. This finding is 

particularly striking in the setting of an overall neutral trial and, if validated in other data 

sets, would support the use of biomarker concentrations in patient selection for future trials.

Limitations

While this analysis benefits from a large, prospectively collected sample with randomized 

ACE-inhibitor assignment and adjudicated outcomes, there are important limitations. First, 

this analysis is post hoc and exploratory and the trial was not designed to achieve sufficient 

power for these specific sub-analyses, particularly tests for subgroup interactions. Second, 

only baseline Klotho and FGF-23 values are available. A more complete analysis with 

response to treatment could be undertaken with serial biomarker recordings, including 

measurement of renin, angiotensinogen, and aldosterone. Third, biomarker cut-points for the 

univariate and multivariate analyses were established post hoc, perhaps limiting 

reproducibility in other cohorts. Fourth, the specificity of commercially available assays for 

α-Klotho is debated40 and the relevance of measured circulating level to biological activity 

is not certain; nor is the long term stability of Klotho in frozen samples known. Finally, 

PEACE was an overall negative trial, which limits the ability to show differential treatment 
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response. It might be fruitful to perform a similar analysis in a contemporary positive trial of 

an agent acting on the RAS.

Conclusion

In a population of stable patients with ischemic heart disease and preserved LV systolic 

function, low circulating levels of Klotho are associated with an increased risk of CV death 

or hospitalization for heart failure independent of clinical risk factors, renal biomarkers, and 

traditional CV biomarkers. Further, the combination of low Klotho and elevated FGF-23 

concentrations identifies patients at elevated risk who derive clinical benefit from the ACE-

inhibitor trandolapril.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
6-year Kaplan-Meier event rates and observed risk for CV death or heart failure 

hospitalization by quartile of Klotho concentration in the placebo arm.
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Figure 2. 
6-year Kaplan-Meier event rates and adjusted risk of CV death or heart failure 

hospitalization in patients in the placebo arm stratified by Klotho and FGF-23 

concentrations. As compared to Klotho Q4/FGF23 Q1–3 as the referent, the adjusted risk for 

CV death or heart failure hospitalization was HRadj 1.08 (95% CI 0.31–3.83) for Klotho Q4/

FGF23 Q4, HRadj 2.03 (95% CI 0.88–4.66) for Klotho Q1–3/FGF23 Q1–3, and HRadj 3.99 

(95% CI 1.67–9.56) for Klotho Q1–3/FGF23 Q4. Adjustment covariates: age, sex, current 

smoker, HTN, T2DM, prior MI, prior revascularization, weight, SBP, LVEF, eGFR, cystatin-

C, UACR, NT-proBNP, hsTnT, and hsCRP.
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Figure 3. 
Kaplan-Meier event rates for CV death or heart failure hospitalization by high risk or low 

risk status and randomized treatment. High risk status was defined as both Klotho 

concentration in Q1–3 and FGF-23 concentration in Q4. All other combinations were 

considered low risk.
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