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Associations of cardiac biomarkers
with chronic kidney disease and
mortality in US individuals without
prevalent cardiovascular disease

Haitao Xie?, Shi Wang'?, Li Qian* Peng Yu'?, Xiaohu Chen?, Shuhua Tang?** &
Le Shen%2™

Our study aims to evaluate the prevalence of elevated cardiac biomarkers, as well as their associations
with chronic kidney disease (CKD) and long-term risk of mortality (all-cause and cardiovascular) in

the US individuals without known cardiovascular disease. The study population was derived from
individuals aged = 20 years in NHANES 1999 to 2004. We calculated the prevalence of elevated

cardiac biomarkers in both CKD and non-CKD populations and used multivariable logistic regression

to assess the relationships between each cardiac biomarker and CKD. We also used multivariable

Cox proportional hazards models and competing risk models to evaluate the adjusted associations
between elevated cardiac biomarkers and all-cause and cardiovascular mortality. The crude prevalence
of CKD in the overall population was 14.71%. Among CKD individuals, the age-standardized prevalence
of elevated NT-ProBNP (2125 pg/mL), hs-cTnT (26 ng/L), and hs-cTnl (M2 6 ng/L and F =4 ng/L) were
26.43%, 47.44%, and 19.23%, respectively. After adjusting for cardiovascular and renal risk factors,
significant correlations were observed between elevated cardiac biomarkers with CKD. Analysis of
follow-up data revealed elevated cardiac biomarkers were independently associated with cumulative
occurrence of all-cause mortality (CKD: adjusted hazard ratio [HR]: NT-proBNP: 2.00 [95% CI, 1.56—
2.56]; hs-cTnT: 2.89 [95% Cl, 1.96-4.26]; hs-cTnl: 1.92 [95% Cl, 1.50-2.44]) and cardiovascular mortality
(CKD: adjusted hazard ratio [HR]: NT-proBNP: 2.38 [95% Cl, 1.61-3.51]; hs-cTnT: 2.70 [95% CI, 1.35-
5.40]; hs-cTnl: 2.11 [95% CI, 1.46-3.04]). Additionally, different detection methodologies (Abbott,
Siemens, Ortho) do not significantly affect the correlation between hs-cTnl and CKD, with a consistent
positive correlation observed. Our research evaluated the substantial burden of elevated cardiac
biomarkers in CKD individuals and provided crucial prognostic information regarding the long-term risk
of mortality. These findings will offer significant guidance for risk stratification and the formulation of
tailored prevention strategies across diverse populations.
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Chronic kidney disease (CKD) has gradually increased in health burden in recent years'?, particularly among
the elderly®, affecting approximately 10% of the adult population worldwide®®. Compared to the general
population, individuals diagnosed with CKD experience a considerably reduced life expectancy and an elevated
rate of mortality. Notably, approximately half of all deaths are attributed to cardiovascular complications®’. In
view of the independent risk contribution of CVD, it is imperative that cardiovascular risk factors be precisely
identified in CKD individuals and that their control be strengthened.

As widely recognized cardiac biomarkers, a growing body of evidence recommends the use of N-terminal
pro-B-type natriuretic peptide (NT-proBNP), high-sensitivity cardiac troponin T (hs-cTnT), and high-sensitivity
cardiac troponin I (hs-cTnl) for the identification of cardiovascular risk factors in patients with CKD8-!!,
Existing clinical research has indicated an increased risk of myocardial infarction and heart failure among
individuals with CKD'2. Moreover, CKD individuals have also displayed elevated concentrations of NT-proBNP
and hs-cTnT/I, particularly in cases of unconventional acute myocardial injury and heart failure'. Therefore,
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the interpretation of elevated cardiac biomarkers in CKD individuals has become intricate and challenging.
Generally, elevated cardiac biomarkers are commonly considered to have limited clinical significance in CKD
individuals, primarily due to impaired renal clearance!*!>. However, the elevated cardiac biomarkers primarily
reflect cardiovascular risk, rather than solely being a result of decreased renal clearance!®'”.

Our study aims to assess the prevalence of elevated cardiac biomarkers (NT-proBNP, hs-cTnT, hs-cTnl) in
individuals without known cardiovascular disease, as well as their associations with CKD. Additionally, we
investigate the associations between elevated cardiac biomarkers and the risk of all-cause and cardiovascular
mortality across different groups.

Methods

Study design and participants

The data for this study were sourced from the National Health and Nutrition Examination Survey (NHANES),
a nationally representative cross-sectional survey conducted on the non-institutionalized civilian population
of the U.S. All individuals obtained written informed consent after receiving approval from both the Centers
for Disease Control and Prevention (CDC) and the National Center for Health Statistics (NCHS). The sample
consists of adult individuals (age > 20 years) who took part in the NHANES from 1999 to 2004. Individuals with
known cardiovascular diseases, defined as self-reported coronary artery disease, heart attack, angina, stroke,
or heart failure (n=17,772), were excluded. Additionally, those with incomplete data regarding blood, urine
creatinine or albuminuria (n=1,823), cardiac biomarkers, and other covariates (n=1,522) were also excluded. A
total of 10,009 individuals were included in the final analysis. The study design and exclusion details are shown
in the flowchart (Fig. 1).

Elevated cardiac biomarkers

During the period from 2018 to 2020, researchers conducted cardiac biomarker measurements in stored serum
samples at the University of Maryland School of Medicine. The Roche Cobas 601 automated analyzer was
used to measure the levels of NT-proBNP in serum. The lower limit of detection was 5 pg/mL, and the upper
limit was 35,000 pg/mL, with coefficients of variation (CV) of 3.1% (low, 46 pg/mL) and 2.7% (high, 32,805 pg/
mL). The measurement of hs-cTnT in serum was performed using the Roche Cobas e601 analyzer with Elecsys
reagents. The detection limit was 3 ng/L, and CV: 3.1% [26.12-31.28 ng/L] and 2.0% [2004.5-2215 ng/L]. The
measurement of hs-cTnl in serum was conducted using the Abbott ARCHITECT i2000SR analyzer, with a LoD
of 1.7 ng/L and CV: 6.4% (8.12-16.01 ng/L), CV: 4.5% (27.69-55.38 ng/L), CV: 3.5% (169.1-314.1 ng/L), and
CV: 6.7% (2758-4444 ng/L).

In the main analysis, we referred to other research findings and stratified the levels of NT-proBNP, hs-cTnT,
and hs-cTnl (Abbott) according to established clinical reference ranges for cardiovascular biomarkers!'®-2°. The
cutoff ranges were as follows: NT-proBNP: <125 pg/mL, 125- <300 pg/mL, 300- <450 pg/mL, and>450 pg/
mL; hs-cTnT: <6 ng/L, 6-<14 ng/L, and>14 ng/L; hs-cTnl (Abbott): males <6 ng/L, females <4 ng/L; males
6-12 ng/L, females 4-10 ng/L; and males > 12 ng/L, females > 10 ng/L. Elevated cardiac biomarkers are defined as
increased levels of NT-proBNP (> 125 pg/mL), hs-cTnT (=6 ng/L), or hs-cTnI (males > 6 ng/L, females >4 ng/L).

Chronic kidney disease

The estimated glomerular filtration rate (eGFR) of the individuals was calculated using the Chronic Kidney
Disease Epidemiology Collaboration equation (CKD-EPI)2!?2, The urinary albumin-to-creatinine ratio (UACR)
was calculated by dividing the urinary microalbumin level (mg/L) by the urinary creatinine level (g/L)*. In
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Fig. 1. Study design and exclusion information flowchart.
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CKD Status NO Yes P
n 8537 1472
Age (mean (SD)) 42.8 (14.8) 57.0 (19.1) <0.001
Gender(female (%)) 52 59.1 <0.001
Race (%) 0.002

Mexican American 7.7 6.6

Other Hispanic 5.9 6.4

Non-Hispanic White 72.6 68.2

Non-Hispanic Black 9.4 12.7

Other Race 44 6
Education (%) <0.001

Less Than High School 17.3 28.4

High School Diploma 25.6 27.2

More Than High School 57.1 44.5
Hypertension (%) <0.001

No 84.5 58.9

Yes 15.5 41.1
TC (mean (SD)) 5.23 (1.06) 5.32(1.08) 0.021
TG (mean (SD)) 134.62 (120.30) | 165.06 (141.01) | <0.001
HDL-C (mean (SD)) 1.36 (0.40) 1.35 (0.42) 0.384
HbA1lc (mean (SD)) 5.35(0.68) 5.91 (1.43) <0.001
Bun (mean (SD)) 4.54 (1.44) 5.65 (2.57) <0.001
FBG (mean (SD)) 91.58 (21.86) | 106.44 (45.66) | <0.001
Ua (mean (SD)) 311.32 (81.23) | 343.38 (96.06) <0.001
Cr (mean (SD)) 71.62 (16.57) 87.31 (46.61) <0.001
BMI (mean (SD)) 27.91 (6.12) 28.91 (6.77) 0.001
Hs-CRP (mean (SD)) 0.38 (0.67) 0.61 (1.32) <0.001
Albuminuria (mean (SD)) 8.97 (9.56) 150.03 (598.29) | <0.001
NT-proBNP, pg/mL (mean (SD)) | 67.01 (126.21) | 263.45 (942.39) | <0.001
Hs-cTnT, ng/L (mean (SD)) 5.53 (4.05) 11.47 (15.48) <0.001
Hs-cTnl, ng/L (mean (SD)) 2.21 (4.96) 6.07 (33.25) <0.001
Diabetes (%) <0.001

No 96 83.2

Yes 4 16.8
smoking (%) 0.002

Never 51.5 48.9

Current 24.9 22

Former 23.6 29
UACR, mg/g (mean (SD)) 7.05 (5.23) 132.49 (487.90) | <0.001
Medication use (%) <0.001

No 93.1 78.1

Yes 6.9 21.9

Table 1. Characteristics of US individuals without known cardiovascular disease by CKD status, NHANES
1999 to 2004. Continuous variables are described by weighted mean + SD or median (quartile spacing);
categorical variables are described as proportions/rates. All means and proportions/rates are weighted
estimates. NHANES: National Health and Nutrition Examination Survey; TC: total cholesterol; TG:
triglycerides; HDL-C: high-density lipoprotein cholesterol; HbAlc: glycated hemoglobin; Bun: serum urea;
FBG: fasting blood glucose; Ua: uric acid; Cr: creatinine; BMI: body mass index; Hs-CRP: high-sensitivity
C-reactive protein.

accordance with prevailing criteria, CKD is defined as an eGFR of < 60 mL/min/1.73 m? or a UACR of > 30 mg/
24,25
g+,

Mortality

Follow-up was conducted from the beginning of the investigation (1999-2004) until December 31, 2019.
Mortality data for individuals were obtained by linking their personal identification codes with death certificate
records from the National Death Index (NDI). Death certificates record the precise cause of death based on
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Elevated Cardiac Biomarkers

Crude.rate No CKD | CKD
elevated NT-proBNP | 11.40% | 41.00%
elevated hs-cTnT 30.50% | 63.40%

elevated hs-cTnl 5.40% 25.10%
Age-ajusted rate No CKD | CKD

elevated NT-proBNP | 13.23% | 26.43%
elevated hs-cTnT 34.56% | 47.44%
elevated hs-cTnl 7.23% 19.23%

Table 2. Crude and age-adjusted prevalence of elevated cardiac biomarkers in US individuals by CKD Status,
NHANES 1999 to 2004.

International Classification of Diseases, 10th revision (ICD-10) codes. In this study, cardiovascular mortality
was defined as any death caused by heart or cerebrovascular diseases with ICD codes 100-199.

Other baseline information

The trained interviewers collected sociodemographic information such as age, gender, race, and education level
of individuals during family interview questionnaires. Blood pressure was measured three consecutive times
on the right arm, with a 30 s interval between every measurement. Hypertension was defined as an average
systolic blood pressure > 140 mmHg or an average diastolic blood pressure > 90 mmHg, or self-reported history
of hypertension diagnosed by a physician. Smoking status was assessed using a detailed questionnaire and
categorized as never, current, or former smoking. Individuals were required to fast for atleast 8.5 h before providing
a fasting venous blood sample for the purpose of analyzing levels of total cholesterol, triglycerides, high-density
lipoprotein cholesterol, uric acid, creatinine, urea, glycated hemoglobin, and fasting glucose. Albuminuria was
detected using a solid-phase fluorescent immunoassay. Diabetes was defined as self-reported history of diabetes
diagnosed by a physician or HbAlc>6.5%. Random urine samples were collected and subsequently subjected
to analysis to determine the levels of urinary creatinine and the urinary albumin. Medication use was obtained
from prescription records of medications used in the past month, including angiotensin II receptor blockers
(ARB) and angiotensin-converting enzyme inhibitors (ACEI).

Statistical analysis

In the study, we examined the characteristics of sociodemographic, cardiovascular and renal risk factors among
individuals based on CKD status. In individuals with or without CKD, we firstly evaluated the crude prevalence
of elevated levels of cardiac biomarkers. Following the recommendations for data analysis, we subsequently
age-standardized the prevalence using the age distribution of the US adult population in 2000 as the reference.

In the main analysis, we employed multivariable logistic regression models to evaluate the relationships
between CKD and elevated cardiac biomarkers. Trend tests were conducted, and these biomarkers were modeled
using clinical cutoff points. Model 1 was non-adjusted; Model 2 was adjusted for age, gender, race, and education
level; and Model 3 was further adjusted for smoking, BMI, hypertension, TC, TG, HDL-C, Ua, FBG, HbAlc,
hs-CRP, albuminuria, eGFR, diabetes, and medication use. Additionally, in the supplementary analysis, we also
conducted adjustments for other cardiac biomarkers.

In order to visually characterize the continuous association between cardiac biomarkers and CKD, we
utilized restricted cubic splines to model each biomarker, with 4 knots located at the 5th, 35th, 65th, and 95th
percentiles. In the subgroups analysis, we examined the relationships between cardiac biomarkers and CKD in
different subgroups based on age, gender, BMI, hypertension, diabetes, and medication use, while interaction
tests were also performed to assess the consistency with the overall population results. In addition, to minimize
the interference of low renal filtration function on the correlation between elevated cardiac biomarkers and
CKD, we further conducted a sensitivity analysis. In this analysis, individuals with an eGFR of < 60 mL/min/1.73
m? were excluded, and CKD was defined as a UACR of > 30 mg/g. (participants: n=9,385).

In individuals with or without CKD, we employed multivariable Cox proportional hazards models and
Kaplan-Meier curves to evaluate the associations between elevated cardiac biomarkers and all-cause mortality.
We also used competing risk models and the Cumulative Incidence Function (CIF) to assess the associations
between elevated cardiac biomarkers and cardiovascular mortality. Moreover, we also compared the relationship
between hs-cTnl detected by different methods (Abbott Laboratories, Siemens Diagnostics, and Ortho Clinical
Diagnostics) and CKD, as well as all-cause and cardiovascular mortality.

All analyses incorporated the recommended sampling survey weights to obtain unbiased estimates of the
results. All analyses were performed using the statistical package R (http://www.r-project.org; version 4.2.3),
with a P-value of <0.05 considered statistically significant.

Results

Between 1999 and 2004, about 14.71% of individuals in the US without known cardiovascular disease had CKD.
Examining the sociodemographic characteristics shows that those with CKD were typically older and had lower
education levels. Regarding cardiovascular and renal risk factors, individuals with CKD were more likely to have
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Fig. 2. (A-B) Crude and age-adjusted prevalence of elevated cardiac biomarkers in US individuals by CKD
Status, NHANES 1999 to 2004. Elevated NT-proBNP (=125 pg/mL); Elevated hs-cTnT (=6 ng/L); Elevated
hs-cTnl (male > 6 ng/L, female >4 ng/L).

NT-proBNP, pg/mL
<125 1 (reference) 1 (reference) 1 (reference)
125-<300 3.56 (2.79, 4.55) 1.99 (1.53, 2.59) 1.65(1.22,2.25)
300~ <450 8.4 (6.01, 11.90) 3.69(2.58,5.29) | 2.13(1.27, 3.58)
=450 19.50 (13.90, 27.40) 7.31(5.19,10.30) | 3.00 (1.96, 4.60)
P for trend <0.001 <0.001 <0.001

hs-cTnT, ng/L
<6 1 (reference) 1 (reference) 1 (reference)
6-<14 2.82(2.39,3.32) 1.97 (1.63, 2.38) 0.96 (0.71, 1.30)
>14 13.40 (10.90, 16.60) 6.96 (5.22,9.28) 1.79 (1.18,2.72)
P for trend <0.001 <0.001 0.027

hs-cTnl, ng/L
M,<6;E<4 1 (reference) 1 (reference) 1 (reference)
M, 6-12; E4-10 | 5.63 (4.62,6.87) 2.59(2.13,3.15) | 1.50 (1.06, 2.12)
M,>12; E>10 6.97 (4.88,9.97) 3.95 (2.74, 5.70) 2.15(0.98, 4.69)
P for trend <0.001 <0.001 0.009

Table 3. Adjusted associations of NT-proBNP, hs-cTnT, and hs-cTnI with CKD, US individuals without known
cardiovascular disease, NHANES 1999 to 2004. Model 1: non-adjusted. Model 2: adjusted for age, gender, race,
and education level. Model 3: adjusted for age, gender, race, education level, smoking, BMI, hypertension, TC,
TG, HDL-C, urea, Ua, FBG, HbAIc, hs-CRP, eGFR, albuminuria, diabetes, and medication use. OR: odds
ratio. M: male; F: female.
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Fig. 3. (A-C). Restricted cubic splines models demonstrating continuous association of cardiac biomarkers
with CKD, NHANES 1999 to 2004. Models were adjusted for age, gender, race, education level, smoking, BMI,
hypertension, TC, TG, HDL-C, urea, Ua, FBG, HbAlc, hs-CRP, eGFR, albuminuria, diabetes, and medication
use.

comorbidities such as hypertension and diabetes, as well as higher smoking rates, BMI, TC, TG, HbAlc, FBG,
urea, Ua, hs-CRP, albuminuria, cardiac biomarkers, and medication use (Table 1).

In individuals with CKD, the crude prevalence of elevated NT-ProBNP, hs-cTnT, and hs-cTnl was 41.0%,
63.4%, and 25.1%, respectively (Table 2, Fig. 2A), which reduced to 26.43%, 47.44%, and 19.23% after age
standardization (Table 2, Fig. 2B). Furthermore, the prevalence of elevated cardiac biomarkers in the CKD group
was significantly higher compared to the non-CKD group.

Significant correlations were found between elevated cardiac biomarkers and CKD after adjusting for age,
gender, race, and education level in multivariable logistic regression models (Table 3). Further adjustment for
cardiovascular and renal risk factors weakened the association but remained statistically significant. Additionally,
noticeable differences in grades on the same cardiac biomarker were observed across different clinical categories
(Table 3, NT-proBNP: 125- <300 pg/mL vs>450 pg/mL: 1.65 vs 3.00). The association between NT-proBNP,
hs-cTnT, and CKD persisted even after further adjustment for other cardiac biomarkers, while the correlation
between hs-cTnI and CKD was no longer statistically significant (Table S1).
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A
NT—proBNP,pg/mL OR (95%CI) rx_0/rx_1 P—value P for interaction
Gender 0.529
Male
125-<300 1.32(0.76-2.31) L 235/135 0.338
300—<450 2.49(1.19-5.24) L 44/44 0.026
450+ 1.83(0.95-3.49) L 51/102 0.086
Female
125-<300 1.78(1.15-2.76) L 634/223 0.012
300—<450 2.21(1.14-427) L 77167 0.021
450+ 3.83(2.28-6.43) —— 68/127 <0.001
Age 0.125
20—39year
125-<300 2.73(1.31-5.74) —eeeeeee— 135/19 0.016
40-59year
125-<300 1.01(0.56-1.79) —— 222/32 0.999
450+ 4.09(1.37-12.29) 14/17 0.021
60+year
125-<300 1.71(1.15-2.51) i 512/307 0.009
300—<450 2.17(1.09-4.35) L 94/101 0.029
450+ 2.65(1.41-4.96) —_—— 103/208 0.004
BMI 0.152
<25
125-<300 1.81(1.06-3.09) L 307/128 0.03
300—<450 2.13(1.01-4.47) L 44/42 0.045
450+ 1.96(0.89-4.31) L 53/74 0.087
25-29.9
125-<300 1.71(1.06-2.73) L 309/120 0.04
300—<450 2.79(1.26-6.19) —_—lG0 45/30 0.021
450+ 5.77(2.63-12.66) — 38/94 <0.001
30+
125-<300 1.55(0.98-2.47) —— 253/110 0.08
300—<450 2.05(0.89-4.71) L 32/39 0.107
450+ 3.06(1.34-7.02) 28/61 0.016
Hypertension 0.665
No
125-<300 1.58(1.07-2.33) e el 568/160 0.032
300—<450 2.74(1.38-5.41) —,— 59/42 0.009
450+ 3.68(1.93-7.01) —_— 62/77 <0.001
Yes
125-<300 1.47(1.02-2.21) r—{— 301/198 0.041
300—<450 1.74(0.75-4.07) L 62/69 0.183
450+ 2.36(1.31-4.27) ] 57/152 0.007
Diabetes 0.406
No
125-<300 1.61(1.19-2.15) i 808/283 0.005
300-<450 1.96(1.21-3.19) L 111/87 0.015
450+ 2.99(1.97-4.55) | 107/183 <0.001
Yes
125-<300 2.49(1.55-4.16) L 61/75 0.07
300—<450 5.24(1.14-21.81) 10//24 0.037
450+ 4.35(1.61-11.02) — 12/46 0.077
Druguse 0.149
No
125-<300 1.44(1.02-2.03) r—— 745/252 0.04
300—<450 1.77(1.08-2.91) i 104/86 0.025
450+ 2.81(1.73-4.57) —_—i— 92/158 <0.001
Yes
125-<300 3.03(1.61-5.71) — 124/106 0.003
300—<450 5.62(1.79-9.43) ———— 17/25 0.008
450+ 5.88(2.21-9.67) ——b 27/71 0.002
| | | |
0 1 2 3

Fig. 4. (A-C). Subgroup analysis and forest plots of NT-proBNP, hs-cTnT, and hs-cTnI with CKD by gender,
age, BMI, hypertension, diabetes and druguse, US individuals without known cardiovascular disease,
NHANES 1999 to 2004.

Restricted cubic spline plots were employed to visually represent the association between cardiac biomarkers
and CKD on a continuous scale. After excluding extreme values, our findings demonstrated a significant
correlation between NT-proBNP, hs-cTnT, hs-cTnl, and CKD (Fig. 3A-3C). It was observed that as the levels
of cardiac biomarkers increased, the risk of CKD gradually increased. Significantly, these visualizations were
consistent with the results of the multivariable regression analysis.

The subgroups analysis indicated a positive correlation between elevated NT-proBNP and hs-cTnl and CKD
in almost all subgroups (Fig. 4A, Fig. 4C). Moreover, significant differences were observed in different genders
(hs-cTnl: P=0.009 for interaction). Conversely, no significant association was found between hs-cTnT and
CKD in some subgroups (Fig. 4B), with significant differences observed between younger and older individuals
(P=0.009 for interaction). Furthermore, the sensitivity analysis indicated a significant association between
elevated cardiac biomarkers and CKD, which is consistent with the results of the multivariate regression analysis
in the main analysis (Table S2).

Based on the follow-up data, the cumulative mortality rate was 16.5% in the non-CKD group, compared to
54.1% in the CKD group. Elevated cardiac biomarkers (Table 4, Fig. 5A-5F) were found to be linked to higher
all-cause mortality risk in both groups. Competing risk models and cumulative incidence function analysis
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B

Troponin T,ng/L OR (95%CI) rx_0/rx_1 P-value P for interaction
Gender 0.974
Male

6—<14 0.81(0.51-1.31) —— 1686/270 0.395

14+ 1.21(0.73-1.99) — 300/281 0.473

Female

6—<14 1.72(1.23-2.41) —— 797/333 0.005

14+ 3.71(2.15-6.38) 102/182 <0.001

Age 0.009
20-39year

6—<14 2.11(1.06-4.16) [ ] 466/36 0.045

14+ 2.29(0.93-6.39) [ ] 28//7 0.445

40—59year

6—<14 0.73(0.42-1.28) —— 833/112 0.291

14+ 1.16(0.56-2.41) ] 87/42 0.691

60+year

6—<14 1.11(0.71-1.73) — 1184/455 0.681

14+ 1.81(1.06-3.08) | ] 287/414 0.044

BMI 0.512
<25

6—<14 1.06(0.57-1.96) — 683/157 0.844

14+ 2.29(1.01-5.23) L ] 109/160 0.047

25-29.9

6—<14 1.06(0.69-1.63) —— 984/218 0.778

14+ 2.38(1.27-4.47) | 158/160 0.014

30+

6—<14 0.64(0.35-1.13) —— 816/228 0.138

14+ 0.69(0.37-1.36) —— 135/143 0.298

Hypertension 0.519
No

6—<14 1.09(0.79-1.49) —— 1759/272 0.621

14+ 2.33(1.31-4.14) [ ] 250/196 0.009

Yes

6-<14 0.76(0.47-1.21) —f— 724/331 0.257

14+ 1.13(0.69-1.85) —— 152/267 0.631

Diabetes 0.076
No

6—<I14 1.03(0.73—-1.44) —— 2264/477 0.868

14+ 2.02(1.13-3.07) [ ] 337/328 0.002

Yes

6-<14 0.81(0.43-1.53) — 219/126 0.524

14+ 1.17(0.72-4.45) ] 65/135 0.815

Druguse 0.428
No

6—<14 0.95(0.71-1.29) —i— 2147/443 0.762

14+ 1.91(1.26-2.89) ] 319/317 0.006

Yes

6-<14 0.85(0.45-1.65) —— 336/160 0.613

14+ 1.55(0.72-3.36) ! 83/146 0.252

Figure 4. (continued)

highlighted a positive association between elevated cardiac biomarkers (Table 4, Fig. 6A-6F, except for hs-cTnT:
6- <14 ng/L; hs-cTnl: male, 6-12 ng/L; female, 4-10 ng/L) and increased cardiovascular mortality in individuals
with CKD.

In addition, we compared the relationship between elevated hs-cTnl detected by three different methodologies
and CKD. The results showed that the detection methods did not significantly affect the correlation between
elevated hs-cTnl and CKD. Additionally, Additionally, patients with CKD showed an increased cumulative
incidence of all-cause and cardiovascular mortality associated with elevated hs-cTnI levels detected by different
methods (except for hs-cTnI (Ortho)) (Table S3, Table S4).

Discussion

Among US adults without known cardiovascular disease, individuals with CKD exhibited a higher prevalence
of elevated cardiac biomarkers compared to those without CKD. Specifically, after age standardization, the
prevalence rates for elevated NT-proBNP, hs-cTnI (Abbott), and hs-cTnT were found to be 26.43%, 19.23%, and
47.44%, respectively. We believe that this finding may be attributed to the fact that the myocardial injury threshold
values specified by the manufacturers for hs-cTnT are not applicable across the entire age range of the primary
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C
Troponin I,ng/L OR (95%CI) rx_0/rx_1 P—value P for interaction
Gender 0.009
Male
M,6—-12;F,4-10 1.73(1.12-2.66) ] 209/132 0.015
M,>12;F>10 0.67(0.19-2.35) ] 92/75 0.512
Female
M,6-12;F,4-10 1.45(1.03-2.16) e 266/193 0.043
M,>12;F>10 4.62(2.12-9.05) — 54/69 0.005
Age 0.519
20-39year
M,6-12;F,4-10 1.25(0.37-4.19) L] 70//9 0.721
M,>12;F>10 4.15(0.79-9.76) 28//6 0.106
40—59year
M,6-12;F,4-10 1.91(0.81-4.51) n 132/35 0.161
M,>12;F,>10 2.85(0.93-5.95) = 5021 0.924
60year
M,6-12;F,4-10 1.59(1.01-2.54) ] 251/281 0.045
M,>12;F>10 2.46(1.08-6.37) ] 68/117 0.041
BMI 0.329
<25
M,6-12;F,4-10 2.01(1.09-3.71) ] 120/98 0.037
M,>12;F>10 2.66(0.83-8.44) a— 45/45 0.114
25-29.9
M,6-12;F,4-10 1.51(0.75-3.03) ] 182/90 0.262
M,>12;F>10 1.92(0.81-4.58) ] 54/47 0.158
30+
M,6-12;F,4-10 1.18(0.77-1.81) —— 151/128 0.463
M,>12;F,>10 1.68(0.49-5.69) ] 47/52 0413
Hypertension 0.669
No
M,6-12;F,4-10 1.82(1.09-3.05) ] 274/127 0.024
M,>12;F>10 2.93(1.03-8.05) B 97/46 0.045
Yes
M,6—-12;F,4-10 1.25(0.85-1.86) —— 179/198 0.267
M,>12;F,>10 1.26(0.51-3.16) ] 49/98 0.626
Diabetes 0.439
No
M,6-12;F,4-10 1.73(1.23-2.43) —— 407/259 0.003
M,>12;F>10 2.35(1.04-5.28) [ ] 135/101 0.039
Yes
M,6-12;F,4-10 1.67(0.86-3.22) ] 46/66 0.138
M,>12;F>10 3.37(0.93-10.03) 11/43 0.068
Druguse 0.871
No
M,6-12;F,4-10 1.49(1.02-2.19) —a— 386/226 0.041
M,>12;F>10 1.99(0.78-5.21) [ | 117/99 0.144
Yes
M,6-12;F,4-10 1.49(0.75-2.96) ] 67/99 0.271
M,>12;F>10 3.12(0.82-7.83) 29/45 0.117
| | | |
0 1 2 3

Figure 4. (continued)

prevention population. Theoretically, the threshold defining elevated hs-cTnT is based on the 99th percentile
concentration from healthy reference samples; however, the myocardial injury thresholds recommended by
manufacturers may not be generalizable to the entire primary prevention population. According to the NHANES
website, the lower detection limit for hs-cTnT (Roche) is 3 ng/L, while for hs-cTnI (Abbott), it is 1.7 ng/L. The
higher detection limit for hs-cTnT may lead to a larger proportion of the population being identified as at risk,
which may explain the significantly higher prevalence of elevated hs-cTnT compared to NT-proBNP or hs-cTnl.

NT-proBNP, hs-cTnT and hs-cTnl are well-established biomarkers in CVD used for early detection and
diagnosis of adverse events like heart failure and myocardial infarction. The presence of CKD significantly raises
the risk of cardiovascular complications when compared to individuals without CKD?"~%. CKD patients often
have multiple CVD risk factors such as hypertension, dyslipidemia, and endothelial dysfunction®*-*, along
with disruptions in water-electrolyte balance and calcium-phosphate metabolism inherent to CKD??, further
increasing cardiovascular risk. Elevated cardiac biomarkers were linked to higher long-term all-cause and
cardiovascular mortality rates in the study, highlighting the need for accurate risk assessment and preventive
strategies because of the substantial differences in mortality risks between CKD and non-CKD groups.

After adjusting for cardiovascular and renal risk factors, notable associations were observed between elevated
NT-proBNP with CKD, aligning with previous research outcomes*»*. Multiple studies have indicated that
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All-Cause Mortality Cardiovascular Mortality
Clinical cut point | CKD Status CKD Status

No Yes No Yes
NT-proBNP, pg/mL
<125 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)
125-<300 1.35(1.10-1.66) | 1.28(1.04-1.58) | 1.56(1.19-2.05) | 1.46(1.01-2.10)
300- <450 1.99(1.45-2.73) | 1.52(1.12-2.05) | 1.79(1.08-2.94) | 1.66(1.04-2.66)
2450 2.40(1.81-3.18) | 2.00(1.56-2.56) | 2.02(1.29-3.15) | 2.38(1.61-3.51)
hs-cTnT, ng/L
<6 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)
6-<14 1.43(1.20-1.69) | 1.73(1.22-2.46) | 1.16(0.84-1.60) | 1.87(0.99-3.54)
=14 2.10(1.71-2.58) | 2.89(1.96-4.26) | 1.51(1.01-2.30) | 2.70(1.35-5.40)
hs-cTnl, ng/L
M,<6;E<4 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)
M, 6-12; F 4-10 | 1.48(1.26-1.73) | 1.44(1.23-1.68) | 1.45(1.08-1.96) | 1.31(0.98-1.75)
M,>12; E>10 1.58(1.08-2.31) | 1.92(1.50-2.44) | 1.47(0.88-2.45) | 2.11(1.46-3.04)

Table 4. Associations* (Hazard Ratio [95% CI]) between NT-proBNP, hs-cTnT, and hs-cTnl and mortality
(all-cause and cardiovascular mortality) in different CKD status, NHANES 1999-2004. *adjusted for age,
gender, race, education level, smoking, BMI, hypertension, TC, TG, HDL-C, urea, Ua, FBG, HbA1c, hs-CRP,
eGFR, albuminuria, diabetes, and medication use. M: male; F: female.

elevated NT-proBNP levels in the CKD population are linked to cardiovascular risks, including heart failure
and atrial fibrillation, and are independently correlated with increased risks of all-cause and cardiovascular
mortality>!2. It is generally believed that a decrease in renal clearance may potentially lead to an increase in NT-
proBNP levels, which may not accurately reflect actual acute heart failure events in CKD individuals. However,
our study also examined the relationship between NT-proBNP and mortality risk in individuals without CKD,
which were in line with those observed in the CKD group. These conclusions support previous research and
suggest that monitoring for cardiac biomarkers may be beneficial in predicting adverse outcomes.

We observed strong associations between hs-cTnT, hs-cTnl with long-term mortality risk in individuals
with CKD, even after considering other cardiac biomarkers. Previous research has reported an increased risk
of mortality in CKD individuals associated with longitudinally measured hs-cTn**%, which aligned with our
findings. However, it is important to note that most of these studies focused on individuals with a known history
of cardiovascular disease’*%*. In contrast, we examined the relationships between cardiac biomarkers and
mortality risk in a large sample population without known cardiovascular disease, which is a significant strength
of our study. The pathological and physiological mechanisms underlying the elevated hs-cTn in CKD remain
unclear. Nevertheless, implementing more robust intervention strategies for managing risk factors could be
beneficial. Recent findings from randomized clinical trials*® have substantiated a notable elevation in hs-cTn
concentrations as kidney function declines, and this observation is largely independent of acute myocardial
infarction occurrences.

Furthermore, we observed that the prevalence of elevated hs-cTnT was higher than hs-cTnl in both the
populations with CKD and without CKD, consistent with previous studies in individuals with diabetes or
peripheral artery disease!®?. To detect hs-cTnl, we employed three distinct assay kits provided by Abbott,
Ortho, and Roche. The criterion for diagnosing elevated hs-cTnl was established as concentrations exceeding
the 99th percentile in a healthy population, as recommended by each assay’s manufacturers. Despite variations
in the thresholds for elevated hs-cTnl, our study findings remained unaffected.

Moreover, we recognize that both hs-cTnT and hs-cTnl are utilized for the rapid diagnosis and screening
of clinical cardiovascular events. However, it is important to note that the predictive value of these two cardiac
biomarkers provides complementary risk information rather than redundant risk information*!. Early studies
have shown that hs-cTnT is associated with all-cause mortality and cardiovascular mortality, particularly
demonstrating a strong correlation with progressive heart failure and cardiac structural abnormalities??, while
its association with coronary atherosclerotic burden is significant but relatively weaker®’. In contrast, hs-
cTnl exhibits a more pronounced association with atherosclerotic cardiovascular disease**. Furthermore, in
supplementary studies, even after adjusting for different hs-cTn, we observed significant associations between
both hs-cTn and all-cause mortality and cardiovascular mortality risks across different populations (Table S4).
Therefore, we believe that hs-cTnT reflects the risk of structural changes in the heart, while hs-cTnI may represent
the burden of atherosclerosis. Nevertheless, despite the significant differences in their positive prevalence rates,
both cardiac biomarkers provide additional independent information regarding the risks of all-cause mortality
and cardiovascular mortality in the general adult population, aiding in more accurate risk stratification of high-
risk groups during clinical assessment.

The findings of our study hold several significant clinical implications. The observed links between
elevated cardiac biomarkers and CKD in individuals without known cardiovascular diseases may provide new
guidance for risk stratification of adverse outcomes in clinical CKD individuals and offer recommendations
for the development of preventive strategies. The associations between elevated cardiac biomarkers and long-

Scientific Reports |

(2025) 15:15001 | https://doi.org/10.1038/s41598-025-98506-x nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Kaplan-Meier Curve

A o
75%
E
3
8
2
g %
= 0% NTproBNP
= — NT-proBNP<125,pgimL
& — NT-proBNP:125-<300 pgimL.
— NT-proBNP:300-<450pgimL.
— NT-proBNP>=450 pgimL
25%
p <0.001 (Log-rank)
o%
3 o % 130 150 200 20
Follow up time(months)

NT-proBNP<125,pg/mL 7428 7359 7245 7091 6884 4853 989
NT-proBNP:125-<300,pg/mL. 869 839 784 31 669 410 79
NT-proBNP:300-<450,pg/mL 121 13 97 78 65 41 5

NT-proBNP>=450,pg/mL 119 104 81 65 47 21 2
Number at risk
C Kaplan-Meier Curve
100%
75%
z
3
8
H
i
a 50%
3 Troponin T
2 — Troponin T<6.nglL
@} — Troponin T:6-<14,ng/L
= Troponin T>=14,ng/L.
25%
p <0.001 (Log-rank)
0%
3 2 E) 1 250 20
Follow up time(months)
Troponin T<6ngll 5652 5622 5573 5507 5416 3957 863
Troponin T:6-<14,ng/L 2483 2425 2328 2192 2034 1250 192
Troponin T>=14,ng/lL. 402 368 306 266 215 118 20
Number at risk
E Kaplan—-Meier Curve
100%
75%
2
3
8
E
=
‘_: 50% Troponin |
% — Troponin l:male<6;female<4
@ — Troponin l:male,6-12;female,4-10
~— ‘Troponin :male>12female>10
25%
p < 0.001 (Log-rank)
0%
0 40 80 120 160 200 240
Follow up time(months)
Troponin I:male<6;female<d 7938 7849 7687 7491 7233 5047 1014
Troponin I:male,6-12;female,4-10 453 434 397 362 328 205 40
Troponin I:male>12;female>10 146 132 123 112 104 73 21

Number at risk

Kaplan-Meier Curve

B s
%
z
g
E
H so%
H
3
NTproBNP
= NT-peoBNP<125 pgimL
= NT-proBNP:125-<300.pg/mL.
8% = NT-proBNP:300-<450.pg/mL.
— NT-proBNP> =450 pgimL
p <0.001 (Log-rank)
o
L . . S
Follow up time(months)

NT-proBNP<125,pgimL. 774 753 725 690 651 609 565 309 59
NT-poBNPizs-<onpgmL 358 32 207 252 207 165 13 5T 13
NT-proBNP:300-<450,pg/mL. 111 103 95 75 55 44 32 16 4

NT-proBNP>=450,pgimL. 229 190 147 m 79 51 36 13 3

Survival probability

100%

75%

25%

Number at risk

Kaplan-Meier Curve

Troponin T
— Tioponin T<6.ng/L
— Tioponin T:6-<14,nglL
— Troponin T>=14,ngiL.

p < 0.001 (Log-rank)

Troponin T<6,ngiL

Troponin T:6-<14,ng/L.

Troponin T>=14,ng/L

o 30 60 90 120 150 180 210 240
Follow up time(months)

406 403 397 388 381 371 362 219 54

603 580 543 492 429 370 308 141 16
463 405 324 248 182 128 96 35 9
Number at risk

Kaplan-Meier Curve

100%
75%
z
3
8
2
2
a 50%
£
H
5
@
Troponin |
— Troponin male<Gfemale<s
25%]  — Troporin Lmale 6-12 emale.4-10
— Troponin I:male>12;female>10
p <0.001 (Log-rank)
0%
5 % 6 S 10 10 180 210 240
Follow up time(months)
Troponin Emale<sifomale<a 1003 975 917 852 784 702 636 340 68
Troponin l:male,6-12;female,4-10 325 292 254 201 149 119 92 36 5

Troponin :male>12female>10 144 121 93 75 59 48 38 19 6

Number at risk

Fig. 5. (A-F). Kaplan-Meier curves for all-cause mortality in US individuals by CKD status, NHANES
1999-2004. Individuals without CKD: Fig. 5A, Fig. 5C, Fig. 5E; Individuals with CKD: Fig. 5B, Fig. 5D, Fig. 5F

term mortality risk in both the general population and those with CKD further strengthen the case for regular
screening and monitoring of cardiac biomarkers, as well as the effectiveness and necessity of treating elevated
cardiac biomarkers. Additionally, the significant elevation of cardiac biomarkers in CKD individuals suggests the
need for further exploration of the potential key biological mechanisms between the two, and future prospective
studies and randomized experiments are needed to validate our findings.

Our study has several strengths. Firstly, we utilized nationally representative and racially diverse data samples
from NHANES for the first time. Secondly, through long-term follow-up and adjustment for confounding
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Fig. 6. (A-F). Cumulative Incidence Function (CIF) for associations between elevated cardiac biomarkers and
cardiovascular mortality in US individuals by CKD status, NHANES 1999-2004. Individuals without CKD:
Fig. 6A, Fig. 6C, Fig. 6E; Individuals with CKD: Fig. 6B, Fig. 6D, Fig. 6F.

factors, we identified the associations between elevated cardiac biomarkers and the risk of CKD and the risk
of long-term mortality. These observations carry significant clinical implications as they support the timely
identification of individuals at high risk and foster the development of intervention strategies that employ
cardiac biomarkers. Undoubtedly, this represents a remarkable strength of our study.
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Certain limitations should be acknowledged in our study. Firstly, due to the observational nature of our
research, we are unable to establish causality for the relationships we have identified. Further investigation is
necessary to confirm these findings. Secondly, the history of cardiovascular disease in adults is often based
on self-reported diagnoses, which may introduce errors because of the subjective biases of the participants
and result in misclassification. Lastly, despite our efforts to minimize confounding factors through the use of
multivariable regression models, there is a possibility of residual confounding that may persist.

In conclusion, the results of this study indicate that elevated cardiac biomarkers provide significant
prognostic values for individuals without known cardiovascular disease, including those with and without CKD.
This highlights the importance of strengthening the risk stratification strategies across diverse populations.
Particularly, elevated cardiac biomarkers may serve as crucial risk indicators in the general population. Therefore,
cardiac biomarkers holds potential for early risk identification and prognostic assessment.
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The data supporting the study findings are available from the corresponding authors upon reasonable request.
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