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ABSTRACT
High-sensitivity troponin T (hsTnT) and N-terminal pro-B-type natriuretic peptide (NT-proBNP) strongly
predict heart failure (HF) in the general population. However, the interpretation of levels of these biomarkers
as predictors of HF is uncertain among patients with CKD. Here, we investigated whether hsTnT and NTproBNP are associated with incident HF among patients with CKD. In a prospective cohort analysis, we
studied 3483 people with CKD in the Chronic Renal Insufﬁciency Cohort (CRIC) Study recruited from June of
2003 to August of 2008 who were free of HF at baseline. We used Cox regression to examine the association
of baseline levels of hsTnT and NT-proBNP with incident HF after adjustment for demographic factors,
traditional cardiovascular risk factors, markers of kidney disease, pertinent medication use, and mineral
metabolism markers. At baseline, hsTnT levels ranged from #5.0 to 378.7 pg/ml, and NT-proBNP levels
ranged from #5 to 35,000 pg/ml. Compared with those who had undetectable hsTnT, participants in the
highest quartile (.26.5 ng/ml) had a signiﬁcantly higher rate of HF (hazard ratio, 4.77; 95% conﬁdence interval,
2.49 to 9.14). Similarly, compared with those in the lowest NT-proBNP quintile (,47.6 ng/ml), participants in
the highest quintile (.433.0 ng/ml) experienced a substantially higher rate of HF (hazard ratio, 9.57; 95%
conﬁdence interval, 4.40 to 20.83). In conclusion, hsTnT and NT-proBNP were strongly associated with incident HF among a diverse cohort of individuals with mild to severe CKD. Elevations in these biomarkers may
indicate subclinical changes in volume and myocardial stress that subsequently contribute to clinical HF.
J Am Soc Nephrol 26: 946–956, 2015. doi: 10.1681/ASN.2014010108

Heart failure (HF) is the most common cardiovascular
complication among patients with CKD, and it
imposes signiﬁcant morbidity and mortality.1,2
Among people with CKD, subclinical cardiac dysfunction (e.g., early changes in left ventricular structure
and function) confers poor prognosis, but its early
diagnosis remains difﬁcult.3,4 The cardiac biomarkers
high-sensitivity troponin T (hsTnT) and N-terminal
pro-B-type natriuretic peptide (NT-proBNP) have
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been shown to predict HF in the general population.5,6 NTproBNP is secreted from cardiac myocytes in response to myocardial stretch from pressure or volume overload,7 and levels
increase with increasing left ventricular mass.8–10 Through complementary physiologic pathways, concentrations of hsTnT may
become elevated in response to myocardial injury or remodeling
or left ventricular hypertrophy (LVH).11,1
The use of hsTnTand NT-proBNP to aid in the diagnosis of HF
among patients with CKD has been limited because of concerns
that elevated levels may be caused by reduced renal excretion.8,13 To
better understand the importance of elevated concentrations of
hsTnT and NT-proBNP among persons with CKD, we examined
their associations with incident HF events among participants of
an ongoing observational study: the Chronic Renal Insufﬁciency
Cohort (CRIC) Study. We hypothesized that elevations in hsTnT
and NT-proBNP would be independently associated with incident HF among persons with mild to severe CKD.

RESULTS

Among participants in our study, mean age was 57.9 years, eGFR
was 45.7 ml/min per 1.73 m2, 45.6% were women, 40.0% identiﬁed as black, and 46.4% had diabetes. hsTnT ranged from #5
to 738.7 pg/ml, and NT-proBNP levels ranged from #5 to
35,000 pg/ml (Figure 1). Median (interquartile range) levels
were 11.2 (5.4–21.8) pg/ml for hsTnT and 135.3 (58.6–335.6)
pg/ml for NT-proBNP. Higher hsTnT levels were signiﬁcantly
associated with older age, lower eGFR, higher proteinuria, diabetes, higher systolic BP, greater diuretic use, higher ﬁbroblast
growth factor 23 (FGF23), lower ejection fraction (EF), and
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higher left ventricular mass index (LVMI) (Table 1). Similar
associations were observed for NT-proBNP (Table 2).
Over a median follow-up of nearly 6 years, 320 incident HF
events were identiﬁed (n=237 deﬁnite and n=83 probable
events). In total, 582 participants were censored because of
ESRD, and 300 participants were censored because of death.
Crude incident HF rates increased steadily across categories of
both cardiac biomarkers (Figure 2). hsTnTand NT-proBNP were
both strong predictors of incident HF, which remained signiﬁcant, even after adjustment for an extensive set of covariates
(Table 3). After adjustment for medication usage and novel cardiovascular risk factors (model 2 in Table 3), compared with
those with undetectable hsTnT levels, rates of incident HF increased incrementally, with 2- to 5-fold higher rates across categories of detectable levels. Similarly, compared with the lowest
quintile of NT-proBNP, rates of incident HF increased incrementally and were 3- to 10-fold higher across remaining quintiles.
After adjustment for NT-proBNP, the risk of incident HF associated with hsTnT remained unchanged. Similarly, after adjustment for hsTnT, the association between incident HF and
NT-proBNP was attenuated only slightly (Table 3). Spline models
did not detect any nonlinear relationships or meaningful thresholds for either of the cardiac biomarkers overall or in models
stratiﬁed by baseline eGFR, sex, or race (data not shown).
Using covariates, including demographic and traditional cardiovascular risk factors (model 1 in Table 3), a predictive model
without inclusion of hsTnTand NT-proBNP generated a C statistic
of 0.779. Models additionally adjusting for hsTnTand NT-proBNP
separately produced C statistics of 0.789 and 0.810 (P=0.001), respectively. Finally, inclusion of both cardiac biomarkers in this
model with clinical data generated a C statistic of 0.812.

Figure 1. Distributions of cardiac biomarkers among participants without HF in the CRIC Study. (A) Distribution of hsTnT. (B) Distribution
of NT-proBNP.
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Table 1. Baseline demographic, clinical, and biochemical characteristics of CRIC Study participants without HF at baseline by
category of hsTnT
Characterisitics

hsTnT categories (n), pg/mla
£5 (n=814)

>5–9.3 (n=668)

>9.3–15.0 (n=667) >15.0–26.5 (n=667)

Age, yr
52.6 (11.8)
56.8 (11.3)
60.8 (9.9)
Women
556 (68.3%)
348 (52.1%)
278 (41.7%)
Race/ethnicity
Non-Hispanic white
417 (51.2%)
326 (48.8%)
310 (46.5%)
Non-Hispanic black
280 (34.4%)
252 (37.7%)
247 (37.0%)
Hispanic
76 (9.3%)
58 (8.7%)
84 (12.6%)
Other
41 (5.0%)
32 (4.8%)
26 (3.9%)
eGFR, ml/min per 1.73 m2b 56.9 (18.6)
49.3 (16.0)
44.8 (12.8)
24-hour urine protein, g/d
0.09 (0.06–0.3)
0.1 (0.06–0.5)
0.1 (0.07–0.6)
Diabetes
166 (20.4%)
223 (33.4%)
322 (48.3%)
History of MI/stroke/PAD
94 (11.5%)
143 (21.4%)
178 (26.7%)
Current smoker
112 (13.8%)
84 (12.6%)
85 (12.7%)
Alcohol use
591 (72.6%)
444 (66.5%)
432 (64.8%)
Body mass index, kg/m2
30.9 (7.9)
31.3 (7.5)
32.0 (7.8)
Systolic BP, mmHg
119.0 (16.9)
124.8 (19.7)
129.4 (20.5)
Diastolic BP, mmHg
71.8 (11.3)
72.5 (12.0)
71.4 (12.7)
Hemoglobin, g/dl
13.0 (1.6)
13.0 (1.8)
12.8 (1.8)
LDL cholesterol, mg/dl
110.6 (34.3)
103.7 (32.8)
101.1 (33.0)
HDL cholesterol, mg/dl
52.4 (16.7)
48.8 (15.0)
47.4 (15.4)
ACE/ARB use
423 (52.5%)
457 (68.8%)
469 (70.6%)
Diuretic use
299 (37.1%)
336 (50.6%)
391 (58.9%)
b-Blocker use
251 (31.1%)
282 (42.5%)
323 (48.6%)
FGF23, RU/ml
107.7 (74.6–166.0) 121.6 (85.8–194.1) 138.6 (96.6–215.9)
Serum phosphorus, mg/dl
3.6 (0.6)
3.6 (0.6)
3.6 (0.6)
Total PTH, pg/ml
41.0 (30.0–61.2)
45.9 (31.5–70.0)
48.8 (33.0–78.0)
EF from echocardiogramc
56.0 (6.4)
55.9 (6.8)
55.4 (7.4)
LVMI, g/m2.7c
45.0 (10.4)
47.1 (10.9)
51.1 (12.5)

61.1 (9.6)
234 (35.1%)

>26.5 (n=667)
59.3 (10.4)
171 (25.6%)

262 (39.3%)
177 (26.5%)
288 (43.2%)
326 (48.9%)
93 (13.9%)
144 (21.6%)
24 (3.6%)
20 (3.0%)
40.5 (13.8)
34.8 (12.3)
0.3 (0.09–1.2)
0.9 (0.2–3.3)
373 (55.9%)
531 (79.6%)
243 (36.4%)
252 (37.8%)
81 (12.1%)
86 (12.9%)
401 (60.1%)
362 (54.3%)
32.9 (7.8)
32.6 (7.4)
131.9 (23.1)
139.1 (24.4)
71.1 (13.3)
72.8 (13.8)
12.4 (1.7)
11.8 (1.6)
100.3 (36.5)
102.1 (38.9)
44.5 (14.0)
45.7 (15.1)
509 (76.8%)
484 (73.3%)
442 (66.7%)
480 (72.7%)
360 (54.3%)
375 (56.8%)
152.9 (103.4–239.4) 198.0 (128.5–334.8)
3.7 (0.6)
4.1 (0.8)
61.0 (39.2–93.2)
79.8 (46.0–136.0)
54.2 (8.3)
52.9 (8.3)
54.7 (14.0)
59.2 (14.4)

P Value
,0.001
,0.001
,0.001

,0.001
,0.001
,0.001
,0.001
0.92
,0.001
,0.001
,0.001
0.08
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001

MI, myocardial infarction; PAD, peripheral arterial disease; ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; RU, relative units.
a
Detectable levels of hsTnT were divided into quartiles.
b
eGFR calculated using serum creatinine and cystatin C (47).
c
From the year 1 clinic visit.

Levels of kidney function, FGF23, EF, presence of LVH,
proteinuria, diabetes status, race/ethnicity, and sex did not
modify the association of hsTnT or NT-proBNP with incident
HF (each P value for interaction$0.05) (Figures 3 and 4).
In sensitivity analyses, incremental adjustment for EF and
LVMI in addition to model 2 factors resulted in similar estimates
of the association of both cardiac biomarkers and incident HF
(Supplemental Table 1). Finally, when the study population included only participants free of any cardiovascular disease at
baseline, the association of hsTnT with incident HF in this subgroup was similar to that observed in the primary analysis (Supplemental Table 2). The association between NT-proBNP was
even stronger, resulting in a nearly 20-fold higher rate of HF
among those in the highest quintile of NT-proBNP compared
with the lowest quintile (Supplemental Table 2).

DISCUSSION

We examined the associations between baseline levels of hsTnT
and NT-proBNP and subsequent incident HF in a large, well
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characterized, multicenter cohort of individuals with mild to
moderate CKD. Participants with detectable hsTnT levels had up
to a 5-fold higher rate of incident HF, even after adjustment for a
number of potentially confounding factors. Study participants
with the highest NT-proBNP levels had a nearly 10-fold higher
rate of incident HF. These associations remained robust, even
after adjustment for the alternative biomarker, suggesting that,
although hsTnT and NT-proBNP are complementary, they may
be indicative of distinct biologic pathways for HF.
Participants in the highest quartile of hsTnT had a 5-fold risk
of incident HF in our study population. Patients with kidney
disease often have increased hsTnT levels, even in the absence of
clinically suspected acute myocardial ischemia, which has led to
speculation on whether troponin may cleared by the kidney.14,15
In particular, hsTnT (versus troponin I) is more frequently elevated in patients with kidney disease.16 However, we found that,
even after adjustment for eGFR, there was a strong association
between higher levels of hsTnT and incident HF. Our ﬁndings
are consistent with a previous analysis of 8000 participants with
albuminuria in the Prevention of Renal and Vascular End-Stage
Disease (PREVEND) Study, which showed that hsTnT was
J Am Soc Nephrol 26: 946–956, 2015
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Table 2. Baseline demographic, clinical, and biochemical characteristics of CRIC Study participants without HF at baseline by
quintile of NT-proBNP
NT-proBNP Quintile (n), pg/mla
Characterisitics

£47.6
(n=697)

>47.6–95.8
(n=697)

>95.8–188.8
(n=696)

>188.8–433.0
(n=697)

>433.0
(n=696)

Age, yr
52.9 (11.7)
57.2 (10.8)
58.9 (11.2)
59.9 (10.5)
60.5 (10.0)
Women
232 (33.3%)
330 (47.3%)
338 (48.6%)
370 (53.1%)
317 (45.5%)
Race/ethnicity
Non-Hispanic white
300 (43.0%)
306 (43.9%)
325 (46.7%)
309 (44.3%)
252 (36.2%)
Non-Hispanic black
317 (45.5%)
295 (42.3%)
264 (37.9%)
254 (36.4%)
263 (37.8%)
Hispanic
45 (6.5%)
62 (8.9%)
88 (12.6%)
103 (14.8%)
157 (22.6%)
Other
35 (5.0%)
34 (4.9%)
19 (2.7%)
31 (4.4%)
24 (3.4%)
eGFR, ml/min per 1.73 m2b
58.1 (16.8)
49.7 (16.4)
45.2 (15.3)
40.6 (13.8)
35.0 (12.4)
24-hour urine protein, g/d
0.1 (0.06–0.3)
0.1 (0.07–0.6)
0.2 (0.07–0.7)
0.2 (0.08–1.1)
0.7 (0.1–2.8)
Diabetes
218 (31.3%)
291 (41.8%)
315 (45.3%)
362 (51.9%)
429 (61.6%)
History of MI/stroke/PAD
79 (11.3%)
121 (17.4%)
172 (24.7%)
215 (30.8%)
323 (46.4%)
Current smoker
66 (9.5%)
76 (10.9%)
83 (11.9%)
99 (14.2%)
124 (17.8%)
Alcohol use
511 (73.3%)
496 (71.2%)
433 (62.2%)
419 (60.1%)
371 (53.3%)
Body mass index, kg/m2
31.8 (6.6)
32.0 (7.5)
32.1 (8.4)
32.0 (8.3)
31.6 (7.7)
Systolic BP, mmHg
118.9 (15.2)
124.0 (18.5)
125.0 (18.7)
131.8 (22.0)
142.5 (26.1)
Diastolic BP, mmHg
73.0 (11.1)
72.4 (11.4)
70.1 (11.8)
71.3 (13.2)
72.7 (14.9)
Hemoglobin, g/dl
13.6 (1.6)
12.9 (1.5)
12.6 (1.6)
12.3 (1.7)
11.8 (1.9)
LDL cholesterol, mg/dl
107.7 (34.0)
104.5 (35.0)
104.0 (35.5)
101.8 (34.1)
101.2 (37.8)
HDL cholesterol, mg/dl
47.1 (14.2)
48.2 (15.3)
49.0 (15.8)
48.8 (16.8)
46.7 (15.7)
ACE/ARB use
457 (66.2%)
467 (67.6%)
479 (69.1%)
481 (69.5%)
458 (66.3%)
Diuretic use
292 (42.3%)
369 (53.4%)
404 (58.3%)
401 (57.9%)
482 (69.8%)
b-Blocker use
157 (22.8%)
242 (35.0%)
305 (44.0%)
405 (58.5%)
482 (69.8%)
FGF23, RU/ml
99.6 (73.4–144.8) 122.7 (86.2–183.7) 133.2 (94.6–206.0) 159.3 (107.4–244.5) 209.1 (136.2–344.0)
Serum phosphorus, mg/dl
3.5 (0.6)
3.6 (0.6)
3.7 (0.7)
3.8 (0.7)
3.9 (0.7)
Total PTH, pg/ml
41.0 (29.4–56.0)
47.8 (32.6–77.3)
51.5 (32.0–78.6)
57.0 (37.0–94.0)
74.0 (46.0–123.4)
EF from echocardiogramc
55.6 (6.4)
56.1 (6.1)
55.6 (7.0)
54.8 (7.7)
52.2 (9.5)
LVMI, g/m2.7c
45.3 (10.4)
48.6 (11.4)
49.9 (12.3)
52.4 (13.2)
59.7 (15.4)

P Value
,0.001
,0.001
,0.001

,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
0.76
,0.001
,0.001
,0.001
0.005
0.02
0.56
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001

MI, myocardial infarction; PAD, peripheral arterial disease; ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; RU, relative units.
a
NT-proBNP categories were deﬁned by quintiles.
b
eGFR calculated using serum creatinine and cystatin C (47).
c
From the year 1 clinic visit.

associated with incident cardiovascular events, even after adjustment for eGFR and severity of albuminuria.17 Prior studies have
also shown that elevated hsTnT is associated with abnormal left
ventricular structure and function in patients with12,18 and without CKD.11 Among participants in the CRIC Study, those with
the highest quartile of detectable hsTnT had a 2-fold higher odds
of LVH compared with those in the lowest quartile.12 Our ﬁndings were similar after excluding participants with any cardiovascular disease (including coronary heart disease) at baseline.
There are several possible mechanisms that may explain elevated
hsTnT levels in patients with CKD, including (but not limited
to) previous myocardial infarction/unrecognized coronary
ischemia, cardiac stress from increased ﬁlling pressures (e.g.,
volume), ventricular ﬁbrosis, LVH, left ventricular dilation, inﬂammation, endothelial dysfunction, and other cardiac injury.19–21 Prior studies of hsTnT among patients with CKD are
limited, and outcomes have been restricted to coronary heart
disease and mortality or have included patients on chronic dialysis.22,23 We showed that small, early increases in hsTnT may
J Am Soc Nephrol 26: 946–956, 2015

represent subclinical injury that progresses to HF in patients
with mild to severe CKD.
We observed that even modest elevations in NT-proBNP were
associated with signiﬁcantly increased rates of incident HF. Our
results remained robust, even after adjustment for eGFR and
proteinuria and in subgroups stratiﬁed by eGFR, proteinuria, and
diabetic status. NT-proBNP regulates BP and body ﬂuid volume
by its natriuretic and diuretic actions, arterial dilation, and
inhibition of the renin-aldosterone-angiotensin system,24 and
increased levels of this marker likely reﬂect myocardial stress
induced by subclinical changes in volume or pressure, even in
persons without clinical heart disease. Our ﬁndings are consistent with prior studies of the general population that have shown
NT-proBNP to be strongly associated with HF.25,26 In sensitivity
analyses, we excluded participants who reported cardiovascular
disease at baseline to reduce the role of other biologic processes,
such as clinical atherosclerosis, that may confound our ﬁndings.
Interestingly, the association between NT-proBNP and incident
HF was even stronger in this subgroup.
Cardiac Biomarkers and Heart Failure in CKD
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Figure 2. Crude rates of incident HF per 1000 person-years of follow-up in the CRIC Study across categories of hsTnT and NT-proBNP.
Events rates for hsTnT are shown for those with undetectable levels (#5) and then by quartile among detectable levels; event rates for
NT-proBNP are shown by quintile. LLD, lower limit of detection; Q, quartile.

There has been reluctance to adopt the use of NT-proBNP
as a biomarker for HF in the CKD population because of the
concern that elevated levels might simply be a reﬂection of
reduced clearance from diminished GFR.8,27 However, similar
to our ﬁndings, several studies have shown that NT-proBNP
levels are strongly associated with cardiovascular events,

independent of eGFR levels, in patients with CKD.28–30 In the
African-American Study of Kidney Disease and Hypertension, a
study of hypertensive black patients with CKD, for each doubling of NT-proBNP, there was a 70% increased risk of HF.31 In a
study of 104 patients with CKD but without HF, elevated BNP
was associated with a 6-fold higher rate of subsequent HF.29 In

Table 3. Associations of cardiac biomarkers and incident HF in the CRIC Study
Model 1a
Cardiac Biomarker
Continuous predictors
Log(hsTnT) per 1
SD (1.12) increase
Log(NT-proBNP)
per 1 SD (1.39) increase
Categorical predictorsd
hsTnT, pg/ml
(reference: undetectable)
.5–9.3
.9.3–15.0
.15.0–26.5
.26.5
NT-proBNP, pg/ml
(reference: #47.6)
.47.6–95.8
.95.8–188.8
.188.8–433.0
.433.0

Model 2b

Model 3c

Hazard Ratio
Hazard Ratio
Hazard Ratio
P Value
P Value
P Value
(95% Conﬁdence Interval)
(95% Conﬁdence Interval)
(95% Conﬁdence Interval)
1.60 (1.36 to 1.88)

,0.001

1.50 (1.27 to 1.78)

,0.001

1.27 (1.07 to 1.52)

0.008

2.30 (1.99 to 2.66)

,0.001

2.11 (1.80 to 2.47)

,0.001

1.99 (1.69 to 2.35)

,0.001

1.75 (0.96 to 3.22)
2.47 (1.38 to 4.39)
2.72 (1.52 to 4.88)
4.85 (2.68 to 8.80)

,0.001

1.96 (1.02 to 3.79)
2.70 (1.44 to 5.05)
2.96 (1.57 to 5.59)
4.77 (2.49 to 9.14)

,0.001

1.98 (1.03 to 3.83)
2.51 (1.34 to 4.71)
2.47 (1.31 to 4.66)
3.71 (1.93 to 7.13)

0.001

2.71 (1.28 to 5.75)
4.11 (1.99 to 8.50)
5.73 (2.80 to 11.74)
11.83 (5.75 to 24.34)

,0.001

2.71 (1.23 to 5.98)
3.72 (1.72 to 8.04)
5.47 (2.55 to 11.74)
9.57 (4.40 to 20.83)

,0.001

2.57 (1.17 to 5.68)
3.41 (1.58 to 7.39)
4.76 (2.21 to 10.23)
8.07 (3.70 to 17.64)

,0.001

a
Model 1 adjusted for age, sex, race/ethnicity, clinical center, diabetes status, self-reported cardiovascular disease at baseline, current smoking, alcohol use, log(24hour urine total protein excretion), eGFR, systolic BP, body mass index, LDL, and HDL.
b
Model 2 adjusted for model 1 variables plus hemoglobin, angiotensin-converting enzyme/angiotensin receptor blocker use, diuretic use, b-blocker use, serum
phosphorus, log(PTH), and log(FGF23).
c
Model 3 adjusted for model 2 variables plus the alternative cardiac biomarker (e.g., adjusted for NT-proBNP and hsTnT in the models and vice versa).
d
Detectable levels of hsTnT were divided into quartiles; NT-proBNP categories were deﬁned by quintiles.
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Figure 3. Multivariable-adjusted association of hsTnT (per 1 SD increase) and incident HF in speciﬁc subgroups. Adjusted for age, sex, race/
ethnicity, clinical center, diabetes status, self-reported cardiovascular disease at baseline, current smoking, alcohol use, log(urine total protein
excretion), eGFR, systolic BP, body mass index, LDL, HDL, hemoglobin, angiotensin-converting enzyme/angiotensin receptor blocker use,
diuretic use, b-blocker use, serum phosphorus, log(PTH), and log(FGF23).

the PREVEND Study, although there was a cross-sectional association between eGFR and albuminuria with NT-proBNP, the
association of NT-proBNP and cardiovascular events was independent of eGFR level.17 Our study expands on these previous
studies by showing a very strong association of NT-proBNP with
incident HF among a large, diverse, and more generalizable cohort of patients with CKD. In contrast to previous studies, we
were able to evaluate the association between NT-proBNP and
incident HF across important subgroups and adjust for numerous traditional and novel cardiovascular risk factors.
Furthermore, we did not observe any differences in the
associations or thresholds of each cardiac biomarker with risk of
incident HF in important subgroups. Prior investigations have
suggested that thresholds for troponin, for example, may be
higher in men (versus women)32,33 and blacks (versus whites).33
Interestingly, it has been suggested that NT-proBNP levels may
be higher in women (versus men)34 and blacks (versus whites).35
J Am Soc Nephrol 26: 946–956, 2015

Similar to our ﬁndings, NT-proBNP had similar associations
with incident HF across sex and race/ethnicity groups in the
Multi-ethnic Study of Atherosclerosis Study.36
We adjusted for various physiologic parameters as well as
novel risk factors that are particularly relevant to patients with
CKD without signiﬁcant effect on our ﬁndings. Although LVH
and reduced EF are strongly associated with adverse outcomes,
including HF, among patients with CKD,37,38 the risk of HF in
persons with elevated hsTnT and NT-proBNP with incident
HF was similar among participants without reduced EF or
LVH and unchanged after adjustment for LVMI and EF. These
data suggest that hsTnT and NT-proBNP may detect subclinical disease even before abnormalities of cardiac structure or
function. Adjustment for a number of novel risk factors, including indicators of mineral metabolism (e.g., FGF23 and
serum phosphorus) previously shown to be strong predictors
of HF,39 also did not signiﬁcantly alter our ﬁndings.
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Figure 4. Multivariable-adjusted association of NT-proBNP (per 1 SD increase) and incident HF in speciﬁc subgroups. Adjusted for age,
sex, race/ethnicity, clinical center, diabetes status, self-reported cardiovascular disease at baseline, current smoking, alcohol use, log
(urine total protein excretion), eGFR, systolic BP, body mass index, LDL, HDL, hemoglobin, angiotensin-converting enzyme/angiotensin
receptor blocker use, diuretic use, b-blocker use, serum phosphorus, log(PTH), and log(FGF23).

Our study had numerous strengths. We prospectively followed a racially/ethnically diverse large population of well
characterized individuals with CKD but without known clinical
HF. We adjusted for a number of possible confounding factors,
including mineral metabolism markers, LVH, and EF quantiﬁed
from research echocardiograms. Study participants experienced
a relatively large number of incident HF events. These outcomes
were carefully adjudicated using a centralized process with accepted guidelines. Our study had limitations as well. We determined HF and cardiovascular disease at baseline on the basis of
self-report. Incident HF was only on the basis of HF hospitalizations; we were not able to adjudicate outpatient HF. Although
we relied on local treating physicians to make a diagnosis of HF
and central physician adjudication to conﬁrm the diagnoses of
HF, we recognized that it is often clinically challenging to differentiate between HF and volume overload from kidney disease.
Enrollment into the CRIC Study was not consecutive at each
952
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clinical site but on the basis of a combination of chart and laboratory database review, physician referral, and clinical screenings,
which may introduce some bias into the study population. Each
cardiac biomarker was measured only one time; thus, we did
not examine changes in each biomarker over time. We were not
able to draw conclusions on the association of other isoforms of
troponin or BNP in this analysis, which may differ in their associations with outcomes in patients with CKD. Finally, we
studied research volunteers, and therefore, our results may not be
generalizable to all patients with CKD.
In conclusion, among patients with mild to moderate CKD,
elevated levels of hsTnT and NT-proBNP were strongly associated with incident HF, even after adjustment for a broad
range of traditional and novel cardiovascular risk factors, and
they may indicate early subclinical changes in volume and
myocardial stress that subsequently contribute to clinical HF.
These associations remained robust after adjustment for the
J Am Soc Nephrol 26: 946–956, 2015
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alternative biomarker, suggesting that, although hsTnT and NTproBNPare complementary, they may represent distinct biologic
pathways to HF. Additional studies are needed to develop and
validate risk prediction tools for clinical HF in the setting of CKD
and determine the potential role of these biomarkers in a comprehensive HF risk prediction and prevention strategy.

CONCISE METHODS
Study Population
We studied a subgroup of men and women with mild to severe CKD
enrolled in the CRIC Study. In total, 3939 participants were enrolled
into the CRIC Study between June of 2003 and August of 2008 at
seven clinical centers across the United States (Ann Arbor/Detroit,
MI; Baltimore, MD; Chicago, IL; Cleveland, OH; New Orleans, LA;
Philadelphia, PA; and Oakland, CA). Eligible participants were identiﬁed
through a combinationof chart and laboratorydatabase review, physician
referral, and clinic screenings. Details on study design and baseline
characteristics of the participants were previously published.40,41 All
study participants provided written informed consent, and the study
protocol was approved by institutional review boards at each of the
participating sites.

Inclusion/Exclusion Criteria
Men and women were eligible for the study if they were between 21 and
74 years of age and met the following age-speciﬁc eGFR criteria: 20–70
ml/min per 1.73 m2 for individuals ages 21–44 years, 20–60 ml/min
per 1.73 m2 for individuals ages 45–64 years, and 20–50 ml/min per
1.73 m2 for individuals ages 65–74 years. Exclusion criteria included
New York Heart Association class III/IV HF and polycystic kidney
disease among others previously described.40 In total, 3483 participants were included in this study after excluding persons with missing
data for hsTnTor NT-proBNP (n=84) and persons who self-reported
HF at baseline (n=372).

Data Collection

Main Predictors
hsTnTand NT-proBNP were measured at baseline from EDTA plasma
stored at 270°C using a chemilluminescent microparticle immunoassay (www.roche-diagnostics.us) on the ElecSys 2010. hsTnT was
measured using the highly sensitive assay with a range of detectable
values from 5 to 10,000 pg/ml.42 The coefﬁcient of variation (CV) was
6.0% at a level of 26 pg/ml and 5.4% at a level of 2140 pg/ml. The
value at the 99th percentile cutoff from a healthy reference population
was 13 pg/ml for hsTnT with a 10% CV.42 The range of values for
NT-proBNP was from 5 to 35,000 pg/ml, and the CV was 9.3% at a
level of 126 pg/ml and 5.5% at a level of 4319 pg/ml.

Outcomes
The primary study outcome was incident HF over the time from study
entry to March 31, 2012. HF was identiﬁed by asking study participants
biannually if they were hospitalized, and selected hospitals or health care
systems were queried for qualifying encounters. The ﬁrst 30 discharge
codes were identiﬁed for all hospitalizations, and codes relevant to HF
J Am Soc Nephrol 26: 946–956, 2015
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resulted in retrieval of medical records by study personnel for centralized
adjudicated review. At least two study physicians reviewed all possible HF
events and deaths using medical records and guidelines on clinical
symptoms, radiographic evidence of pulmonary congestion, physical
examination of the heart and lungs, and when available, central venous
hemodynamic monitoring data and echocardiographic imaging. HF was
conﬁrmed when both reviewers agreed on a probable or deﬁnite occurrence of HF on the basis of modiﬁed clinical Framingham criteria.43
Patients were censored at ESRD, death, or loss to follow-up. ESRD was
identiﬁed through participant self-report and ascertainment by the US
Renal Data System. Deaths were identiﬁed from report from next of kin,
retrieval of death certiﬁcates or obituaries, review of hospital records,
and information from the Social Security Death Master File.

Covariates
At the baseline study visit, participants provided information on their
sociodemographic characteristics, medical history, medication usage,
and lifestyle behaviors. Race/ethnicity was categorized as non-Hispanic
white, non-Hispanic black, Hispanic, and other. Alcohol use was
dichotomized as none versus any in the past 12 months. Anthropometric
measurements and BP were assessed using standard protocols.44 Body
mass index was derived as weight in kilograms divided by height in
meters squared. Serum creatinine was measured using an enzymatic
method on an Ortho Vitros 950 at the CRIC Central Laboratory and
standardized to isotope dilution mass spectrometry-traceable values.45,46
Additional assays measured serum cystatin C, serum phosphorus,
24-hour urine total protein, glucose, LDL cholesterol (mathematically derived), HDL, cholesterol, FGF23, and total parathyroid hormone (PTH).
The aforementioned assays were performed at the CRIC Central Laboratory, with the exception of PTH (measured at Scantibodies Laboratory,
Inc.) and hemoglobin (locally measured). Diabetes mellitus was deﬁned
as a fasting glucose.126 mg/dl, a nonfasting glucose.200 mg/dl, or use
of insulin or other antidiabetic medication. eGFR was calculated from
serum creatinine and cystatin C using a CRIC Study equation.47
Echocardiograms were performed 1 year after enrollment in 2327
participants in our study population and provided data on left
ventricular EF, LVMI, and LVH.48 Cardiac structure and function
were assessed as previously described.49,50 In brief, assessments
were performed using two-dimensional images and a standard imaging protocol according to American Society of Echocardiography
guidelines51 and quantiﬁed centrally by a highly trained Registered
Diagnostic Cardiac Sonographer.

Statistical Analyses
Summary statistics and distributions of hsTnT and NT-proBNP were
generated. Study variables were described overall and across categories
of hsTnT (category 1: undetectable values [#5 pg/ml]; categories 2–5:
quartiles of detectable values) and NT-proBNP (quintiles) using
standard measures. Differences in characteristics across hsTnT and
NT-proBNP categories were compared using ANOVA, chi-squared
test, and Wilcoxon rank sum test as appropriate. Because of their
skewed distributions, 24-hour urine total protein, PTH, and FGF23
were log transformed.
Crude incident HF event rates were calculated across hsTnT and
NT-proBNP categories. Cox proportional hazards models were ﬁt for
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HF, and follow-up was censored at ESRD, end of administrative followup, loss to follow-up, or death, whichever occurred ﬁrst. Participants
who reached ESRD were censored from analyses to address potential
differences in the relationship of these biomarkers to incident HF among
patients undergoing dialysis. We performed a series of nested Cox
proportional hazard models with sequential adjustment for potential
confounders as follows. Model 1 adjusted for demographic factors,
including age, sex, and race/ethnicity, and traditional cardiovascular risk
factors, including diabetes status, self-reported cardiovascular disease at
baseline, current smoking, alcohol use, log(24-hour urine total protein
excretion), eGFR, systolic BP, body mass index, and LDL and HDL levels.
Model 2 included the factors in model 1 as well as pertinent medication
use and novel cardiovascular risk factors: hemoglobin, use of angiotensinconverting enzyme inhibitors/angiotensin receptor blockers, diuretics,
and b-blockers, and serum phosphorus, log(PTH), and log(FGF23)
levels. Model 3 included the factors in model 2 plus hsTnT and
NT-proBNP together. All models were adjusted for CRIC Clinical Center. The cardiac biomarkers were modeled in terms of hazards ratios per
1 SD increase of the log-transformed marker level and also across discrete categories. Spline models were ﬁt to explore for any nonlinear
relationships in the study population overall and models stratiﬁed by
baseline eGFR, sex, and race. C statistics, which quantify our ability to
discriminate cases from noncases, were reported from the multivariableadjusted model 1 before and after the addition of the two cardiac
biomarkers.
We explored effect modiﬁcation by an a priori-selected set of
baseline characteristics, including baseline level of kidney function
(eGFR,30, 30–44, and $45 ml/min per 1.73 m2), FGF23 (above and
below the median value of 138.62 relative units/ml), EF (,50% and
$50%), presence of LVH, 24-hour urine total protein excretion (a median value of ,0.2 or $0.2 g/d), diabetes mellitus, race (non-Hispanic
black and non-Hispanic white), and sex (men and women).
Two sensitivity analyses were performed. The ﬁrst analysis recapitulated model 2 with incremental adjustment for EF and LVMI
among 2327 participants who had an echocardiogram performed.
Because the echocardiograms were performed 1 year after study entry,
the follow-up time was reset from the time of echocardiogram rather
than study entry (which was used in the primary analysis). A second
analysis included participants in the CRIC Study who did not report
cardiovascular disease (e.g., myocardial infarction, revascularization,
stroke, and peripheral arterial disease) at baseline and adjustment for
all model 2 predictors (n=2329).
All analyses were performed using SAS 9.3 (SAS Institute, Inc.,
Cary, NC).
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