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Abstract

INTRODUCTION: We investigated the associations of high-sensitivity cardiac Troponin T (hs

cTnT) and N-terminal pro B-type natriuretic peptide (NT-proBNP) levels with risk of developing 

clinical peripheral artery disease (PAD) or a low ankle–brachial index (ABI).

METHODS: Hs-cTnT and NT-proBNP were measured in 6692 and 5458 participants respectively 

without baseline PAD between 2000 and 2002 in the Multi-ethnic Study of Atherosclerosis. A 

significant number also had repeat biomarker measurement between 2004 and 2005. Incident 

clinical PAD was ascertained through 2017. Incident low ABI, defined as ABI <0.9 and decline 

of ≥0.15 from baseline, was assessed among 5920 eligible individuals who had an ABI >0.9 
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at baseline and at least one follow-up ABI measurement 3–10 years later. Multivariable Cox 

proportional hazards and logistic regression modeling were used to determine the association of 

these biomarkers with clinical PAD and low ABI, respectively.

RESULTS: Overall, 121 clinical PAD and 118 low ABI events occurred. Adjusting for 

demographic and clinical characteristics, each log unit increment in hs-cTnT and NT-proBNP 

was associated with a 30% (adjusted hazard ratio (HR) 1.3, 95% confidence interval (CI): 1.1, 

1.6) and 50% (HR) 1.5, 95% CI: 1.2, 1.8) higher risk of clinical PAD respectively. No significant 

associations were observed for incident low ABI. Change in these biomarkers was not associated 

with either of the PAD outcomes.

CONCLUSIONS: NT-proBNP and hs-cTnT are independently associated with the development 

of clinical PAD. Further study should determine whether these biomarkers can help to better 

identify those at higher risk for PAD.

Keywords

Peripheral vascular disease; Biomarkers

Introduction

Lower extremity peripheral artery disease (PAD) is a significant public health problem, 

affecting over 200 million people worldwide.1 PAD is associated with significant morbidity, 

mortality, and health care expenditures.2 Continued investigation into the discovery of 

additional risk markers can help improve identification of those at higher risk for PAD 

and provide an earlier opportunity to initiate preventive measures.

Cardiac troponin T and N-terminal pro B-type natriuretic peptide (NT-proBNP) are 

clinically established biomarkers for diagnosis of myocardial infarction and acute heart 

failure (HF), respectively.3, 4 High sensitivity cardiac troponin T (hs-cTnT) and NT-proBNP 

levels in asymptomatic populations have also been shown to identify those at increased risk 

for future cardiovascular disease (CVD) and HF events, suggesting a prognostic utility of 

these biomarkers for the detection of subclinical cardiac injury in the general population.5–8

There is limited evidence to suggest that these cardiac injury biomarkers may also 

improve risk assessment in PAD.9–11Higher hs-cTnT and NT-proBNP levels have both 

been associated with an increased risk of PAD.9, 10 These studies were performed in 

predominantly white cohorts, included individuals with baseline CVD, focused only on 

hospitalized PAD, and did not evaluate whether changes in these markers also impacted PAD 

development.10

The objective of the present study was to examine the longitudinal association of circulating 

hs-cTnT and NT-proBNP levels with PAD, including both low ABI and symptomatic PAD, 

in a well-characterized multi-ethnic cohort without baseline CVD. We also determined 

whether changes in these cardiac markers over time had an association with the subsequent 

risk of incident PAD
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Materials and Methods

Cohort

The Multi-Ethnic Study of Atherosclerosis (MESA) is a National Heart, Lung, and Blood 

Institute-funded, multicenter, longitudinal community-based cohort study.12 The study 

recruited 6814 adults aged 45 to 84 years and free of clinically recognized CVD from 6 

field centers (Baltimore, Maryland; Chicago, Illinois; Forsyth County, North Carolina; Los 

Angeles, California; New York, New York; and St Paul, Minnesota) to undergo baseline 

examination between 2000 and 2002.11 The study participants self-identified with 1 of 4 

race/ethnic groups: non-Hispanic white (38%), black (28%), Hispanic (22%), and Chinese 

(12%). Follow-up visits 2, 3, 4, and 5 were done in 2002– 2004, 2004– 2005, 2005– 

2007, and 2010– 2012, respectively. Institutional review boards at each site approved the 

study, and all participants gave informed consent. Participants were not involved in the 

study design or conduct and did not determine outcome measures. Research questions were 

determined by investigators based on data collected from the participants and the outcomes 

assessed.

Exposure variables—hs-cTnT and NT-proBNP

A 250μl ethylenediaminetetraacetic acid plasma sample previously unthawed or only thawed 

once was used for plasma analysis. Hs-cTnT was measured at Exam 1 (n=6873) and Exam 

3 (n=3577). Measurements were performed at the University of Maryland using the Cobas 

e601 (Roche Diagnostics) and details have been described previously.13 The interassay 

coefficients of variation (CVs) observed for the MESA cohort measurements were 3.6% 

at 28 ng/L and 2.0% at 2154 ng/L. Measurements at the 3 ng/L, defined as the limit of 

detection (LOD) for this instrument, were well within the reportable range for the hs-cTnT 

used in this study.

NT-proBNP was measured in 5597 participants at Exam 1 and 4996 participants at Exam 

3. Measurements were performed at the Veteran’s Affairs San Diego Healthcare System 

(La Jolla, CA) using the Elecsys platform (Roche Diagnostics). The intra- and inter-assay 

coefficients of variation were as follows: at 175 pg/ml, 2.7% and 3.2%; at 355 pg/ml, 2.4% 

and 2.9%; at 1,068 pg/ml, 1.9% and 2.6%; and at 4,962 pg/ml, 1.8% and 2.3%, respectively. 

Details for NT-proBNP measurement have been previously reported.8

Peripheral artery disease – Clinical PAD and Low ABI

During follow-up, clinical PAD was identified by self-report of a PAD diagnosis by the 

participant via (1) MESA clinic visits, (2) follow-up phone call, or (3) notification to 

study teams; or by review of medical records. Follow-up for this analysis extended through 

2017. Two physician members of the MESA mortality and morbidity review committee 

independently classified events. The full committee made final classifications if there were 

disagreements.

Physician adjudicators subclassified “definite” clinical PAD as (1) lower extremity 

claudication, (2) atherosclerosis of arteries of the lower extremities, or (3) arterial embolism 

and/or thrombosis of the lower extremities. Criteria for clinical PAD were met by a) 
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Obstruction or ulcerated plaque (≥50% of the diameter or ≥75% of the cross-sectional area) 

demonstrated on ultrasound or angiogram of the iliac arteries or below, b) Absence of pulse 

by Doppler in any major vessel of the lower extremities, c) Exercise test that was positive 

for lower extremity claudication, d) Surgery, angioplasty, or thrombolysis for peripheral 

vascular disease, e) Amputation of one or more toes or part of the lower extremity because 

of ischemia or gangrene, or f) Exertional leg pain relieved by rest in combination with either 

physician-diagnosed claudication or an ankle-brachial index ≤0.8.

For diagnosis of subclinical PAD, the ABI was performed at baseline examination, as well 

as clinic exam 3 (September 2002 to February 2004), and clinic exam 5 (April 2010 to 

December 2011). To obtain the measurements used to calculate the ABI, participants rested 

supine for 5 minutes, and then systolic blood pressures were measured in both arms and legs 

with the appropriate-sized cuffs. For each leg, the systolic blood pressure in each posterior 

tibial and dorsalis pedis artery was measured using a continuous-wave Doppler ultrasound 

5-mHz probe. The leg-specific ABI was calculated as the higher systolic blood pressure in 

the posterior tibial or dorsalis pedis divided by the average of the left and right brachial 

pressures. In the event that left and right brachial pressures differed by 10 mmHg or more, 

the higher of the brachial pressures was chosen, since subclavian stenosis could be present. 

The lower of the two leg-specific ABIs was used for analysis.

Individuals with a history of lower extremity revascularization and those with an ABI ≤0.90 

at the baseline visit were excluded from the clinical PAD and low ABI analyses respectively. 

Participants with evidence of non-compressible vessels (ABI>1.4) at baseline were also 

excluded from the low ABI analyses. Incident clinical PAD required a physician-adjudicated 

diagnosis of “definite” PAD as defined above. Incident low ABI was defined as a decline 

in ABI of at least 0.15 and to 0.90 or less in either leg. This approach for ABI decline was 

used to limit the impact of regression to the mean and measurement error and avoid small, 

clinically insignificant changes being included in the incident low ABI definition.14 If only 

one follow-up ABI was available, then that was used for the analysis. If both follow-up ABIs 

were available, then exam 5 was used unless the participant already met criteria for ABI 

decline at V3.

Measurement of covariates

Standardized questionnaires were used at baseline to obtain age, sex, race/ethnicity, level of 

physical activity, alcohol consumption, smoking history, and medication usage, including 

statin, aspirin, anti-hypertensive, and anti-diabetic use. Body mass index (BMI) was 

calculated as weight in kilograms divided by height in meters squared. Three separate 

systolic and diastolic resting blood pressure measurements were taken in seated participants, 

with the last two measurements being averaged for analysis. Physical activity was recorded 

as participant-reported number of intentional exercise metabolic equivalent (MET)-minutes 

per week. Alcohol consumption was categorized as current, former, or never and also by 

self-reported number of drinks per week. Cigarette smoking was calculated in pack-years 

and also defined as current, former, or never. Aspirin use was defined as a self-reported use 

of at least 3 days per week. Hypertension was defined as a self-report of physician diagnosis 
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and use of an anti-hypertensive medication, or systolic blood pressure ≥140 mmHg, or 

diastolic blood pressure ≥90 mmHg.

Coronary artery calcium (CAC) was measured at baseline by cardiac computed tomography 

(CT) using either cardiac-gated electron-beam CT or multi-detector CT systems, depending 

on the study site. CAC scores were reported using the Agatston method. Total and high

density lipoprotein (HDL) cholesterol and glucose were measured from fasting blood 

samples. Diabetes was defined as a fasting glucose >125 mg/dl or use of anti-diabetic 

medications. The estimated glomerular filtration rate (eGFR) was calculated using the 

Chronic Kidney Disease Epidemiology Collaboration equations.15

Statistical analysis

Hs-cTnT levels were categorized as follows: participants with concentrations below the 

LOD (ie, <3 ng/L)16 comprised the lowest category and the remaining distribution of 

measurable hs-cTnT was divided into 3 categories of equal numbers of participants 

(categories 2–4). Those values <LOD were imputed at 1.5 ng/L (ie, 50% of the lowest 

detectable value). NT-proBNP was categorized according to quartiles. We examined the 

distributions of baseline characteristics according to baseline concentrations of predefined 

hs-cTnT categories and NT-proBNP quartiles.

Cox proportional hazards models were performed separately to calculate adjusted hazard 

ratios (HRs) and 95% confidence intervals (CIs) for the associations of baseline hs-cTnT 

and NT-proBNP with incident clinical PAD. Biomarkers were entered as (1) continuous 

variables (per log-transformed standard deviation increase) and (2) according to categories 

described above (referent=category with lowest levels). Models were adjusted for age, sex, 

race/ethnicity, study site (Model 1). Additional adjustments were made for BMI, diabetes, 

hypertension, total cholesterol, HDL cholesterol, lipid lowering therapy, smoking, and eGFR 

(Model 2). We repeated this analysis for development of low ABI using logistic regression 

modeling instead and additionally adjusting for the difference in time between the baseline 

and follow-up ABI measures (depending on which exam was used for the participants). To 

determine effects of coronary artery disease on observed associations, exploratory analyses 

were performed additionally adjusting for subclinical coronary atherosclerosis (CAC) and 

interim MI (those that occurring after a PAD event were censored).

We also determined whether changes in hs-cTnT and NT-proBNP levels between exams 1 

& 3 were associated with incident clinical PAD occurring after exam 3. Changes in hs-cTnT 

and NT-proBNP levels were modeled as a categorical variable in separate approaches as 

described previously.17, 18. Briefly, cTnT was stratified based on whether hs-cTnT was 

detectable at follow-up as well as, for those with detectable baseline cTnT only, according to 

percent change. NT-proBNP change was modeled according to percentage change only but 

separate analyses were performed based on their exam 1 level (<190 pg/mL vs. ≥190 pg/ml). 

Covariates were taken from exam 1. Participants developing clinical PAD prior to exam 3 

were censored from this analysis.
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Results

A total of 6692 participants were included in the prospective incident clinical PAD analysis 

(mean age 62 years; 53% female; 40% white, 25% African-American, 23% Hispanic, and 

12% Chinese). Baseline characteristics according to hs-cTnT and NT-proBNP levels are 

presented in Tables 1 and 2 respectively. Participants with higher hs-cTnT and NT-proBNP 

levels were older, were more likely to be male, less likely to currently smoke, had a higher 

SBP, had a lower eGFR, and reported more use of anti-hypertensive, lipid lowering, and 

aspirin therapy. Participants with higher hs-cTnT levels also were more likely to be black, 

were more likely to have had a higher DBP, had a higher prevalence of diabetes, and had a 

lower HDL-c. With the exception of race, opposite trends were observed for each of these 

clinical characteristics for participants with higher NT-proBNP levels.

The Kaplan Meier clinical PAD cumulative hazard estimates according to baseline hs-cTnT 

and NT-proBNP levels are shown in Supplemental Figures 1 and 2 respectively. The 

log rank test p-values were <0.01 for both hs-cTnT and NT-proBNP, suggesting that 

the survival distribution differed by category for both biomarkers. In adjusted analyses, 

while no interquartile associations were observed for hs-cTnT, each natural log-transformed 

SD increase in hs-cTnT levels was associated with a 30% higher risk of clinical PAD 

(adjusted HR 1.3; 95% CI: 1.1, 1.6; Model 2, Table 3). Compared to participants in the 

1st quartile of NT-proBNP levels those in the 2nd and 4th quartiles were at a higher risk 

of developing clinical PAD in adjusted analyses (2nd quartile HR 2.2 (95% CI: 1.2, 4.3) 

and 4th quartile HR 2.6 (95% CI: 1.3, 5.2); Model 2, Table 3). Each log-transformed SD 

increase in NT-proBNP levels was also associated with a 50% higher risk of clinical PAD 

(95% adjusted HR 1.5; 95% CI: 1.2, 1.8). NT-proBNP associations remained significant 

after additional adjustment for CAC and interim MI (Supplemental Table 1). There was no 

significant improvement in clinical PAD risk prediction after incorporating either hs-cTnT or 

NT-proBNP compared to Model 2 covariates alone (minimal change in Harrel’s c-statistic 

from 0.81 to 0.82 with adding either hs-cTnT or NT-proBNP and to 0.825 by adding both).

Baseline associations of hs-cTnT and NT-proBNP levels with incident low ABI are reported 

in Table 4. There were 118 cases of incident low ABI that occurred over 44,639 person

years of follow-up. In adjusted analyses neither NT-proBNP nor hs-cTnT was associated 

with the development of a low ABI (odds ratio (OR) per log-transformed SD increase in 

hs-cTnT 0.9 (95% CI: 0.7, 1.2); OR per log-transformed SD increase in NT-proBNP 1.2 

(95% CI: 0.9, 1.6)).

Associations of changes in hs-cTnT and NT-proBNP levels with risk of clinical PAD are 

presented in Supplemental Tables 2 and 3 respectively. No significant associations with 

clinical PAD were observed according to changes in either hs-cTnT or NT-proBNP levels.

Discussion

In this large, multiethnic cohort of individuals without symptomatic CVD at baseline, both 

NT-proBNP and hs-cTnT levels were associated with a higher risk of developing clinical 

PAD.
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Our results are consistent with the few prior prospective studies examining these 

associations. In an analysis of over 12,000 in the Atherosclerosis Risk in Communities 

(ARIC) study participants followed for over 20 years, those in the highest category of 

hs-cTnT and NT-proBNP levels were at an approximately threefold increased adjusted risk 

of hospitalized PAD compared with the lowest category.10 The hazard ratios associated 

with the highest categories for both of these biomarkers were even greater when the PAD 

outcome was further restricted to the critical limb ischemia (HR=7.74 for hs-cTnT and 

HR=4.63 for NT-proBNP).10 In a study of over 5000 individuals from the Malmo Diet and 

Cancer Study (MDCS), each SD increment in NT-proBNP was associated with a 28% higher 

risk of clinical PAD.

Findings reported here also build upon the established literature in several important ways. 

First, we extend findings to a multi-ethnic cohort that was free of clinical CVD at baseline. 

The MDCS and ARIC cohorts were predominantly white cohorts with a significant number 

of participants having some form of baseline CVD, including heart failure, stroke, atrial 

fibrillation, and CHD. Second, we report a wide spectrum of PAD outcomes that included 

milder forms of clinical PAD as well as a low ABI. Findings in ARIC were limited 

to hospitalized PAD and no prior studies included the low ABI outcome. The smaller 

magnitude of associations observed here for both hs-cTNT and NT-proBNP with risk of 

clinical PAD may have been due to these differences in patient and study characteristics 

described above. Finally, our study is the first to evaluate the relationship of longitudinal 

changes in hs-cTnT and NT-proBNP with risk of PAD.

The reasons by which subclinical elevations of these cardiac markers contribute to an 

increased PAD risk over time need further elucidation. NT-proBNP and hs-cTnT are both 

associated with heart failure and atrial fibrillation, clinical conditions that increase risk for 

systemic embolism which can cause acute PAD events.19, 20 High levels of NT-proBNP 

have been associated with vulnerable plaque components while higher hs-cTnT levels have 

been associated microvascular damage.21–23 Elevated hs-cTNT and NT-proBNP levels have 

both been directly associated with increased arterial stiffness.24–29 Additionally, PAD and 

CHD share several common risk factors, such as hypertension and diabetes mellitus. When 

present, these risk factors may promote cardiac remodeling, leading to higher hs-cTnT and 

NT-proBNP in blood before clinical CVD is evident.30–32 In parallel, these risk factors may 

similarly promote changes in the lower extremity that eventually lead to the development 

of PAD. NT-proBNP and hs-cTnT have already been shown to be independently associated 

with subclinical cerebral injury, defined by the presence of silent MRI-defined brain infarcts 

and white matter lesions.23

Troponin is largely released as a consequence of myocardial injury, which can occur 

under a variety of ischemic and non-ischemic cardiac conditions.33 The attenuation of the 

relationship between hs-cTnT and incident PAD after adjustment for subclinical CAD and 

interim CHD raises the possibility that the previously described associations of troponin 

with PAD may in part reflect associations of CAD with PAD which have been well 

documented. NT-proBNP, on the other hand, is largely released in the ventricle in response 

to increased mechanical stretch, which is due, in part, to increased peripheral vascular 

resistance and hypertension, both of which are mechanistically linked to PAD. Elevations in 
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these biomarkers likely reflect a cumulative burden of subclinical cardiac injury and cardiac 

stretch, which indirectly reflects risk for LE atherosclerosis. It is also possible that direct 

effects of NT-proBNP itself may have some importance as it relates to the risk of developing 

PAD in asymptomatic populations.

Clinical PAD directly has direct implications on medical management for secondary 

CVD prevention compared to an incident low ABI, which can be largely asymptomatic, 

and clinically these are recognized as different entities. However, both are a result of 

atherosclerotic progression, and it was not expected that hs-cTnT and NT-proBNP would 

only be associated with incident clinical PAD. One possibility is that hs-cTnT and NT

proBNP may more closely reflect clinically active atherosclerotic disease rather than the 

actual lower extremity atherosclerotic burden. Both biomarkers, as mentioned above, are 

associated with clinical conditions (heart failure and atrial fibrillation) which can increase 

risk of systemic embolism. Additionally, they are associated with higher levels of systemic 

inflammation, which is known to correlate more strongly with active disease.34, 35 Finally, 

also mentioned above, higher NT-proBNP levels been directly associated with the presence 

of vulnerable plaque characteristics.21

Increases in hs-cTnT and NT-proBNP levels were not associated with incident clinical, 

which was unexpected. We think a few factors may explain the lack of association with 

change in biomarkers and clinical PAD. First, since a notable proportion of participants who 

had a baseline measurement of biomarkers did not have follow up measurements (18% for 

NT- BNP and 33% for cTNT), our study had lower power to detect the associations of 

changes in biomarkers with the outcomes. Another possible explanation is that like some 

other risk factors, the higher baseline values carry a more important contribution to the risk 

and pathophysiology of the disease than the change. However, that would be the topic of 

a more detailed subsequent investigations, ideally with more frequent measurements done 

at different time intervals and further analyses done to explore if for some subsets of the 

population, this change in biomarkers have stronger association with outcomes.

Important strengths of this study include the recruitment of a racially/ethnically diverse 

population spread across 6 U.S. cities who were without prior clinical CVD at the time 

of enrollment, measurement of cardiac biomarkers by a core laboratory, careful assessment 

of each participant’s medical history and risk factors, and rigorous adjudication of clinical 

outcomes. Our study also has some limitations. Although the diagnosis of clinical PAD 

involved a comprehensive adjudication process, the number of events was low (3%) and 

reported confidence intervals of associations were wide. We were unable to determine 

whether associations differed by race/ethnicity or perform fully adjusted analyses for 

associations of cardiac biomarker change with incident PAD due to insufficient power. 

While hazard ratios increased across higher quartiles of baseline hs-cTnT, we did not 

observe any significant interquartile associations for hs-cTnT levels and clinical PAD, which 

may have been a result of reduced power as well. Incident low ABI may have been 

inadequately assessed due to the exclusion of participants with an ABI >1.4 at baseline 

and lack of toe-brachial index testing. Additionally, ABI measurements did not include a 

post-exercise value and, therefore, may not have detected PAD in some individuals. Lastly, 

this is an observational study, and we cannot exclude the possibility of residual confounding.
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In conclusion, higher levels of both NT-proBNP and hs-cTnT were associated with an 

increased risk of incident clinical PAD. Further study is needed to better understand 

mechanisms linking these biomarkers with risk of PAD, and to determine whether these 

biomarkers can improve risk prediction for developing PAD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• High-sensitivity cardiac Troponin T (hs-cTnT) and N-terminal pro B-type 

natriuretic peptide (NT-proBNP) levels are associated with an increased risk 

of developing clinical peripheral artery disease (PAD) in predominantly white 

populations.

• We expanded these findings to a multi-ethnic cohort without baseline 

cardiovascular disease. We also observed no significant associations for either 

of these biomarkers with incident low ankle-brachial index. In addition, 

change in these biomarkers were not associated with either of the PAD 

outcomes.

• Future studies are needed to corroborate our findings and determine whether 

these biomarkers can actually improve PAD risk prediction.
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Table 1.

Baseline characteristics of MESA participants according to hs-cTnT levels (n=6783)
*†

Characteristic hs-cTnT values

p- valueBelow LOB <3 
ng/L (n=2,156)

Category 2 
(n=1,536)

Category 3 
(n=1,548)

Category 4 
(n=1,542)

Age, years 57 (9) 61 (10) 64 (10) 68 (9) <0.01

Male, % 26 44 57 71 <0.01

Race, % <0.01

 White 36 39 43 42

 Chinese 16 14 11 6

 Black 24 22 24 32

 Hispanic 24 25 22 20

Body mass index, kg/m2 28 (6) 28 (5) 29 (5) 29 (5) <0.01

Smoking status, % <0.01

 Former 30 37 39 43

 Current 14 13 12 12

Pack-years smoking 8 (17) 10 (19) 13 (23) 15 (24) <0.01

Alcohol use, drinks/wk 3 (6) 3 (6) 4 (7) 4 (7) 0.11

Systolic blood pressure, mmHg 120 (19) 125 (20) 130 (21) 135 (22) <0.01

Diastolic blood pressure, mmHg 70 (10) 72 (10) 74 (10) 74 (11) <0.01

Total cholesterol, mg/dL 196 (35) 195 (35) 194 (36) 190 (37) <0.01

HDL cholesterol, mg/dL 53 (15) 52 (15) 50 (14) 49 (14) <0.01

Glucose, mg/dL 93 (25) 94 (24) 98 (30) 106 (40) <0.01

Diabetes, % 7 8 13 24 <0.01

Lipid lowering therapy, % 13 15 18 21 <0.01

Antihypertensive use, % 25 33 42 53 <0.01

Aspirin use, % 17 21 27 33 <0.01

Physical activity, MET-min/wk 296 (1011) 323 (1215) 327 (1076) 342 (1189) 0.64

eGFR, mL/min/1.73m2 84 (14) 80 (15) 76 (15) 70 (18) <0.01

Ankle-brachial index 1.1 (0.1) 1.1 (0.1) 1.1 (0.1) 1.1 (0.2) <0.01

Coronary artery calcium score 
(Log)

3.7 (1.8) 4.0 (1.8) 4.4 (1.8) 4.9 (1.8) <0.01

HDL=high-density lipoprotein, eGFR=estimated glomerular filtration rate

*
The lowest category consists of those participants with concentrations below the LOB (ie, <3 ng/L: category 1), and the remaining distribution 

of measurable hs-cTnT was divided into 3 categories of equal numbers of participants (categories 2–4). The cut-off values for categories 2– 4 are: 
Category 2: 3–4.83 ng/dL, Category 3: 4.84–7.89 ng/dL, Category 4: >=7.9 ng/dL

†
Continuous variables are expressed as mean (SD). Categorical variables are expressed as percent.

Int J Cardiol. Author manuscript; available in PMC 2022 December 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Garg et al. Page 14

Table 2.

Baseline characteristics of MESA participants according to quartiles of NT-proBNP (n=5,597)*

Characteristic NT-proBNP values
†

p-value
1st quartile 
(n=1,398)

2nd quartile 
(n=1,400)

3rd quartile 
(n=1,398)

4th quartile 
(n=1,401)

Age, years 56 (8) 60 (9) 64 (10) 69 (9) <0.01

Male, % 69 52 40 33 <0.01

Race, % <0.01

 White 27 40 43 50

 Chinese 18 13 13 9

 Black 30 23 20 19

 Hispanic 25 23 24 22

Body mass index, kg/m2 29 (5) 28 (6) 28 (5) 28 (6) <0.01

Smoking status, % <0.01

 Former 36 36 38 37

 Current 16 13 11 10

Pack-years smoking 10 (18) 11 (22) 11 (20) 12 (23) <0.01

Alcohol use, drinks/wk 4 (7) 4 (7) 4 (6) 4 (6) 0.06

Systolic blood pressure, mmHg 120 (16) 124 (18) 127 (21) 136 (25) <0.01

Diastolic blood pressure, mmHg 74 (9) 73 (10) 71 (11) 71 (11) <0.01

Total cholesterol, mg/dL 196 (36) 194 (36) 194 (35) 193 (36) 0.16

HDL cholesterol, mg/dL 46 (12) 50 (14) 52 (15) 55 (16) <0.01

Glucose, mg/dL 102 (36) 97 (30) 95 (27) 96 (28) <0.01

Diabetes, % 15 12 11 13 0.01

Lipid lowering therapy, % 14 15 16 19 0.01

Antihypertensive use, % 26 33 37 51 <0.01

Aspirin use, % 19 24 24 31 <0.01

Physical activity, MET-min/wk 302 (1273) 259 (901) 339 (1003) 321 (1177) 0.25

eGFR, mL/min/1.73m2 84 (14) 80 (15) 76 (15) 71 (17) <0.01

Ankle-brachial index 1.1 (0.1) 1.1 (0.1) 1.1 (0.1) 1.1 (0.1) <0.01

Coronary artery calcium score 
(Log)

3.9 (1.8) 4.2 (1.8) 4.4 (1.8) 4.8 (1.8) <0.01

HDL=high-density lipoprotein, eGFR=estimated glomerular filtration rate

*
Continuous variables are expressed as mean (SD). Categorical variables are presented as percent.

†
Values for 25th, 50th, and 75th percentile of NT-proBNP were 24.0, 54.5, and 112.5 pg/ml.
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Table 3.

Associations of baseline hs-cTnT and NT-proBNP levels with incident clinical PAD among MESA 

participants*

Incident clinical PAD

Events/# at risk Model 1
†
 HR (95% CI) p-value Model 2

‡
 HR (95% CI) p-value

hs-cTnT categories

<LOB 22/2151 1.00 1.00

Category 2 3–4.83 ng/dL 16/1533 0.8 (0.4, 1.6) 0.55 0.7 (0.4, 1.4) 0.33

Category 3 4.84–7.89 ng/dL 27/1537 1.1 (0.6, 2.1) 0.68 0.9 (0.5, 1.6) 0.64

Category 4 >=7.9 ng/dL 56/1471 2.0 (1.1, 3.6) 0.03 1.3 (0.68, 2.4) 0.45

hs-cTnT continuous

Per SD change in Log Unit
§ 1.5 (1.2, 1.7) <0.01 1.3 (1.1, 1.6) <0.01

NT-proBNP quartiles

1st quartile ≤24.0 pg/ml 15/1377 1.00 1.00

2nd quartile 24.1–54.5 pg/ml 30/1365 2.1 (1.1, 3.9) 0.03 2.2 (1.2, 4.3) 0.02

3rd quartile 54.51–112.5 pg/ml 25/1366 1.8 (0.9, 3.5) 0.11 1.9 (0.9, 3.7) 0.08

4th quartile >112.5. pg/ml 39/1350 2.6 (1.3, 5.1) <0.01 2.6 (1.3, 5.2) <0.01

NT-proBNP continuous

Per SD change in Log Unit
§ 1.5 (1.2, 1.9) <0.01 1.5 (1.2, 1.8) <0.01

PAD=peripheral artery disease, hs-cTnT=high-sensitivty cardiac Troponin T, NT-proBNP=N-terminal brain natriuretic peptide, HR=hazard ratio, 
CI=confidence interval

*
The lowest category consists of those participants with concentrations below the LOB (ie, <3 ng/L: category 1), and the remaining distribution 

of measurable hs-cTnT was divided into 3 categories of equal numbers of participants (categories 2–4). Results of multivariable Cox proportional 
hazards models

†
Model 1 adjusted for age, sex, race, ethnicity, study site

‡
Model 2 adjusted for Model 1 + body-mass index, diabetes, hypertension, total cholesterol, high-density lipoprotein cholesterol, lipid lowering 

therapy, smoking, and estimated glomerular filtration rate

§
The standard deviations (SD) for log units of hs-cTnT and NT-proBNP were 0.6 and 1.2 log units, respectively.
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Table 4.

Baseline associations of hs-cTnT and NT-proBNP levels with incident low ABI among MESA participants*

Incident low ABI

Events/ # at risk Model 1
†
 OR (95% CI) p-value Model 2

‡
 OR (95% CI) p-value

hs-cTnT categories

<LOB 32/1944 1.00 1.00

Category 2 3–4.83 ng/dL 20/1377 0.7 (0.4, 1.3) 0.22 0.7 (0.4, 1.4) 0.32

Category 3 4.84–7.89 ng/dL 27/1350 0.6 (0.3, 1.1) 0.10 0.6 (0.3, 1.2) 0.15

Category 4 >=7.9 ng/dL 39/1249 0.8 (0.4, 1.5) 0.47 0.8 (0.4, 1.6) 0.55

hs-cTnT continuous

Per SD change in Log Unit
§ 0.9 (0.7, 1.2) 0.57 0.9 (0.7, 1.2) 0.58

NT-proBNP quartiles

1st quartile ≤24.0 pg/ml 17/1265 1.00 1.00

2nd quartile 24.1–54.5 pg/ml 26/1254 1.0 (0.5, 2.1) 0.93 1.1 (0.53, 2.2) 0.84

3rd quartile 54.51–112.5 pg/ml 25/1246 1.1 (0.5, 2.3) 0.76 1.3 (0.6, 2.6) 0.53

4th quartile >112.5. pg/ml 33/1124 1.4 (0.7, 2.9) 0.39 1.7 (0.8, 3.6) 0.15

NT-proBNP continuous

Per SD change in Log Unit
§ 1.1 (0.8, 1.5) 0.45 1.2 (0.9, 1.6) 0.21

ABI=ankle-brachial index, hs-cTnT=high-sensitivty cardiac Troponin T, NT-proBNP=N- terminal brain natriuretic peptide, OR=odds ratio, 
CI=confidence interval

*
The lowest category consists of those participants with concentrations below the LOD (ie, <3 ng/L: category 1), and the remaining distribution 

of measurable hs-cTnT was divided into 3 categories of equal numbers of participants (categories 2–4). Results of multivariable linear regression 
models

†
Model 1 adjusted for age, sex, race, ethnicity, study site

‡
Model 2 adjusted for Model 1 + body-mass index, diabetes, hypertension, total cholesterol, high-density lipoprotein cholesterol, lipid lowering 

therapy, smoking, and estimated glomerular filtration rate

§
The standard deviations (SD) for log units of hs-cTnT and NT-proBNP were 0.6 and 1.2 log units, respectively.
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