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Abstract

Background: Although intensive blood pressure reduction has cardiovascular benefits, the 

absolute benefit is greater in those at higher cardiovascular disease (CVD) risk.

Objective: We examined whether NT-proBNP helps identify individuals at higher risk for CVD 

events across systolic blood pressure (SBP), diastolic blood pressure (DBP) or pulse pressure (PP) 

categories.

Methods: Participants from ARIC study visit 4 (1996–98) were grouped according to SBP, DBP 

or PP categories and further stratified by NT-proBNP categories. Cox regression models were used 
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to estimate hazard ratios for incident CVD (CHD, ischemic stroke or HF hospitalization) and 

mortality across combined NT-proBNP/BP categories adjusting for CVD risk factors.

Results: There were 9,309 participants (mean age 62.6 [SD 5.6] years, 58.3 % females) with 

2,416 CVD events over a median follow-up of 16.7 years. Within each SBP, DBP or PP category, 

higher category of NT-proBNP (100-<300 or 3300, compared to NT-proBNP <100 pg/mL) was 

associated with graded increased risk for CVD events and mortality. Participants with SBP 130–

139 mmHg but NT-proBNP ≥300 pg/mL had hazards ratio of 3.4 for CVD (95% CI 2.44–4.77) 

compared to NT-proBNP <100 pg/mL but SBP 140–149 mmHg.

Conclusion: Elevated NT-proBNP is independently associated with CVD and mortality across 

SBP, DBP and PP categories and helps identify individuals at the highest risk. Individuals with 

“stage 1” hypertension but elevated NT-proBNP had greater cardiovascular risk compared to those 

with “stage 2” SBP but lower NT-proBNP. Future studies are needed to evaluate use of 

biomarkers-based strategies for CVD risk assessment to assist with initiation or intensification of 

BP treatment.

Condensed abstract:

Current hypertension guidelines recommend aggressive blood pressure (BP) targets for patients 

with higher baseline cardiovascular risk. Participants from visit 4 of ARIC study (n=9309) were 

grouped by systolic BP, diastolic BP and pulse pressure categories and further stratified by NT-

proBNP. Compared to NT-proBNP <100 pg/mL, participants in higher category of NT-proBNP 

showed increased risk for CVD events, across all three BP variables. Participants with “stage 1” 

hypertension but elevated NT-proBNP had greater CVD risk compared to those with “stage 2” 

SBP but lower NT-proBNP. Future studies are needed to evaluate use of biomarkers for 

cardiovascular risk assessment for initiation or intensification of BP treatment.
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Introduction

Large observational studies have shown a strong association between blood pressure (BP) 

and incident coronary heart disease (CHD), stroke, heart failure (HF) and overall 

cardiovascular (CV) mortality(1). The Systolic Blood Pressure Intervention Trial (SPRINT) 

demonstrated that intensive BP lowering to a target <120 mm Hg in high risk adults without 

diabetes significantly reduced the composite endpoint of incident CHD, stroke, HF and CV 

mortality. However, a higher risk of side-effects such as, hypotension, electrolyte 

abnormalities and hospitalizations for acute kidney injury were also seen in the intensively 

treated arm(2). Moreover, other clinical trials evaluating intensive BP control have failed to 

achieve similar reductions in cardiovascular outcomes in patients with diabetes(3), stroke(4) 

or intermediate risk adults (5).

The current American College of Cardiology/American Heart Association (ACC/AHA) 

guidelines recommend BP targets be individualized based on underlying cardiovascular risk 
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rather than absolute BP values alone, with intensive BP control recommended for those at 

highest cardiovascular disease (CVD) risk (i.e. diabetes, chronic kidney disease, 

atherosclerotic CVD [ASCVD] or calculated 10-year ASCVD risk ≥10%)(6). However, 

given the higher incidence of side effects with intensive treatment, additional risk 

stratification to identify the highest risk groups could prove to be clinically valuable.

The potential value of troponin T [measured with a higher sensitivity assay (hs-cTnT)] as a 

marker to identify higher risk hypertensive individuals was described in the Atherosclerosis 

Risk In Communities (ARIC) study where increasing hs-cTnT levels were associated with 

increased hazards of incident CV events, HF and death across categories of systolic blood 

pressure (SBP)(7) and diastolic blood pressure (DBP)(8). In fact, individuals with SBP 

levels that were not well controlled (example 150–159 mmHg) but had undetectable hs-

cTnT had lesser event rates than those with SBP which was relatively controlled but with 

detectable/elevated hs-cTnT(8).

Similar to hs-cTnT, NT-proB-type Natriuretic Peptide (NT-proBNP) is another well-

established marker of elevated CV risk, especially HF(9). In a recent pooled analysis, which 

included data from the ARIC, Dallas Heart and Multi-Ethnic Study of Atherosclerosis 

studies, elevation of NT-proBNP or hs-cTnT levels identified individuals with higher CVD 

risk, among those individuals not on anti-hypertensive therapy(10). However, this study did 

not fully evaluate the value of NT-proBNP as it was evaluated only in combination with hs-

cTnT, a single cut-point of NT-proBNP (i.e. >100 pg/ml) was used and only individuals not 

on anti-hypertensive therapy were included. Furthermore, the value of NT-proBNP with 

respect to diastolic blood pressure (DBP) and pulse pressure (PP) was not evaluated. 

Compared to high sensitivity troponins assays, NT-proBNP is more widely available and 

therefore has greater potential of clinical implementation.

The objective of our study was therefore to extend prior observations and comprehensively 

examine the association of NT-proBNP with incident CVD events (CHD, ischemic stroke 

and HF hospitalizations), CV and all-cause mortality across categories of SBP, DBP and PP 

in the ARIC Study.

Methods

Detailed methods are in the Supplemental Material.

Study Population

The ARIC Study is a prospective population-based study of CVD incidence that recruited 

15,792 middle-aged men and women, ages 45 to 64 years from 4 US communities between 

1987–1989. A detailed description of the design and objectives of the ARIC study has been 

published (11). The study protocol was approved by each field center’s institutional review 

board, and all participants provided written informed consent. Of 11,656 participants who 

attended ARIC visit 4 (1996–1998) we included 9,309 participants without CVD 

(Supplemental Figure 1).
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Blood pressure measurement:

BP measurements were performed by certified technicians using a random-zero 

sphygmomanometer. An average of two BP readings measured in the sitting position after 5 

minutes of rest was used. PP was calculated as the difference between SBP and DBP.

We used the following pre-specified categories of SBP: <120, 120–129, 130–139, 140–149, 

≥150 mmHg and DBP: <60, 60–69, 70–79, 80–89, and ≥90 mmHg based on previous 

analyses from the ARIC study(7,8) while PP was categorized into <40, 40–49, 50–59, 60–

69, and ≥70mmHg. For analyses involving numbers needed to treat (NNT) and stratification 

by use of hypertension therapy or ASCVD risk, SBP was categorized into only three groups 

(120–139, 140–159 and ≥160mmHg) consistent with groups identified in the 2017 

ACC/AHA BP guidelines(6).

NT-proBNP quantification

NT-proBNP levels were measured with a high-sensitivity assay on a Cobas e411 analyzer 

using the Elecys proBNP II immunoassay (Roche Diagnostics, Indianapolis). The lower 

limit of detection for this assay is 5 pg/ml and the coefficient of variation is 3.5–4.7%(12). 

Based on prior analyses, NT-proBNP was categorized into prespecified levels of <100, 100-

< 300, and ≥300 pg/ml(13).

Outcome measures

The primary outcomes included incident CHD, ischemic stroke, HF hospitalization, CVD (a 

composite of incident CHD, ischemic stroke, HF hospitalization), CV and all-cause 

mortality. Follow-up time ended when the participant had an outcome, was lost to follow-up, 

or survived from visit 4 until December 31st, 2014. Criteria for adjudicating CHD, ischemic 

stroke, HF events, CV and all-cause mortality in ARIC have been previously described(14–

16); adjudication of HF hospitalization was done after 2005.

Statistical Analysis

Baseline characteristics are presented across 3 categories of NT-proBNP (<100, 100 to <300, 

≥300 pg/mL). Using Cox proportional hazards models and after stratification into subgroups 

of 1) SBP, 2) DBP, or 3) PP categories we estimated the hazards ratio (HR) and 95% 

confidence intervals (CI) for the associations of NT-proBNP (modeled as a categorical or 

continuous variable) with cardiovascular outcomes. Models were adjusted for age, sex, race 

and pertinent clinical variables including use of antihypertensive drug, use of lipid lowering 

medication, estimated glomerular filtration rate (eGFR), diabetes mellitus, glucose, total 

cholesterol/high density lipoprotein cholesterol (HDL-C) ratio, body mass index (BMI) and 

smoking status. The p-value-for-interactions between categories of NT-proBNP and SBP, 

DBP or PP for association of cardiovascular outcomes were estimated using Wald chi-square 

test.

For SBP analysis two reference groups were used: (1) NT-proBNP <100 pg/ml and SBP 

<120 mmHg and (2) NT-proBNP <100 pg/ml and SBP 140–149 mmHg. The second 

reference group was created to evaluate how (with respect to clinical outcomes) individuals 

with higher levels of SBP (i.e. stage 2) but lower levels of biomarker (NT-proBNP) did when 
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compared to those with elevated BP or stage 1 hypertension (SBP 120–139 mmHg) but 

higher levels of NT-proBNP. The reference group used for DBP was NT-proBNP <100 

pg/ml and DBP 70–79 mmHg and for PP was NT-proBNP <100 pg/ml and PP <40 mmHg.

Analyses stratified by BMI category (<30kg/m2, ≥30 kg/m2), given that BMI has been 

shown to affect NT-proBNP levels (17), pooled cohort equation (PCE) risk (<10 or ≥ 10%) 

and baseline use of anti-hypertensive therapy were also performed.

Finally, we calculated a 10-year number needed to treat (NNT10) to prevent one CVD event 

for each combined SBP (120–139, 140–159 or ≥160 pg/mL) and NT-proBNP category, sub-

stratified by PCE risk (low risk <10% or high risk ≥10%), assuming 25%, 22%, 41% and 

24% relative risk reduction in CVD, CHD, ischemic stroke, and HF hospitalization, 

respectively, based on the treatment effect of intensive BP lowering to target SBP <120 

mmHg shown in a meta-analysis (for CHD, stroke and HF)(18) or directly from SPRINT 

(for CVD)(2). For all presented tests were 2 tailed, and a P-value <0.05 was considered 

statistically significant.

Results

Baseline characteristics

The mean age of the study population was 62.6 years (SD 5.6), 41.7% were male and 21.5% 

were black. Subjects with higher baseline NT-proBNP were more likely to be older, females, 

white, smokers; have diabetes or hypertension, use antihypertensive medications, have 

higher HDL-C, high sensitivity c-reactive protein, hs-cTnT, galectin and left ventricular 

hypertrophy and lower BMI, total cholesterol, eGFR (Table 1).

Over a median follow-up of 16.3 (9.5–17.5) years, 25.9% of the study population 

experienced a cardiovascular event (n=2,416; 18.6 per 1000-person years). This included 

1,359 incident CHD (10.2 per 1000 person-years), 500 incident ischemic stroke (3.6 per 

1000 person-years) and 1,328 incident HF hospitalizations (9.7 per 1000 person-years). 

Approximately, 49% of CVD events occurred in individuals with SBP <130 mmHg 

(n=5601) and 59% in individuals with NT-proBNP <100 pg/mL (n=6361). On the other 

hand, 52% of those with baseline NT-proBNP ≥300 pg/mL (n=478) experienced a CVD 

event in follow up.

Systolic Blood Pressure, NT-proBNP and Cardiovascular Outcomes

Event rates for CVD were lowest for those with NT-proBNP <100 and SBP <120 mm Hg or 

120–129 mm Hg. Increasing levels of NT-proBNP (≥100 pg/mL) were independently 

associated with higher hazards for CVD events, CV mortality and all-cause mortality across 

each SBP category (Table 2, Supplemental Figure 2). The associations were also seen for 

individual outcomes of incident CHD, ischemic stroke, and HF hospitalization (Online 

Figure 3), with the strongest numerical association for HF hospitalization (Table 2). 

Individuals with NT-proBNP ≥300 pg/mL in all SBP categories, had numerically higher 

hazards ratio for incident stroke, HF hospitalization, CVD, CV and all-cause mortality when 

compared to individuals in the highest SBP category (≥150 mmHg) but lower NT-proBNP 

(<300 pg/mL).
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Of note, adults with elevated or stage 1 SBP (i.e.120–139 mm Hg) and NT-proBNP ≥100 

pg/ml had higher event rates and carried significantly higher risk for incident HF, CVD, CV 

and all-cause mortality compared to individuals with stage 2 SBP (140–149 mmHg) but NT-

proBNP <100 pg/mL (Supplemental Table 2).

In analyses stratified by BMI (<30 or ≥ 30 kg/m2) or baseline antihypertensive treatment 

status, the associations between NT-proBNP and incident CVD across SBP categories were 

qualitatively similar as in the overall cohort (Online Table 3 and Table 4). When stratified by 

baseline PCE risk (<10 or ≥10%), the association of NT-proBNP with risk of incident CVD 

were consistent across all SBP categories for those with PCE risk ≥10%. However, for those 

with PCE risk <10%, NT-proBNP predicted increased risk of CVD events for SBP 120–139 

mmHg subgroup only; albeit the numbers of individuals/events in the SBP 140–159 mmHg 

and ≥160 mmHg categories were very small (Supplemental Table 5).

In fact, within the SBP 120–139 mmHg category, the CVD event rate for those with low 

PCE risk (<10%) and elevated NT-proBNP (≥300 pg/mL; 24.2, 95% CI 14.6–40.1 per 1000 

person-years) was comparable to those with high PCE risk (≥10%) but lower NT-proBNP 

levels (<100 pg/mL;18.0, 95% CI 15.9–20.4 per 1000 person-years) (Supplemental Table 5).

Individuals with SBP ≥130 mmHg (vs SBP <120 mmHg) demonstrated increased risk for 

incident CHD, ischemic strokes and CVD across NT-proBNP categories <100 and 100-<300 

pg/mL. However, for individuals in NT-proBNP category ≥300 pg/mL, there was a J-shaped 

association between SBP and cardiovascular events where individuals with SBP 120–129 

mmHg demonstrated the lowest risk for each cardiovascular events and those with lower or 

higher SBP demonstrating higher risk (Table 2).

The strongest numerical hazards for cardiovascular events were seen in individuals in the 

highest SBP (≥150 mmHg) and NT-proBNP category (≥300 pg/mL) (Table 2 and Figure 1). 

However, there was no significant interaction between SBP and NT-proBNP for risk of all 

cardiovascular events except for CV mortality (p-value-for-interaction=0.005) 

(Supplemental Table 1).

NT-proBNP, diastolic blood pressure and cardiovascular outcomes

Increasing NT-proBNP categories (100-<300 and ≥300 vs <100 pg/mL) demonstrated 

consistently higher event rates and significantly increased hazards for each cardiovascular 

event across DBP strata (Table 3, Supplemental Figure 4). DBP showed a J-shaped 

association with cardiovascular events; individuals with DBP between 60–79 mmHg had 

lower whereas those with DBP <60 mmHg or ≥90 mmHg had higher event rates 

(Supplemental Figure 4). There was a significant interaction between DBP and NT-proBNP 

categories for association with HF hospitalization (p-value-for-interaction=0.05) and CVD 

events (p-value-for-interaction=0.02) (Supplemental Table 1). DBP <60 mmHg (vs DBP 70–

79 mmHg) was associated with an increased risk for incident HF hospitalization and CVD 

when NT-proBNP was <100 pg/mL. However, the association of low DBP (<60 mmHg) and 

CVD events were attenuated in higher NT-proBNP (≥100 pg/mL) categories (Table 3).
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Pulse pressure, NT-proBNP and cardiovascular outcomes

Within each PP category, a higher category of NT-proBNP was associated with significantly 

increased risk for incident CHD, ischemic stroke, HF hospitalization events, CV and all-

cause mortality (Table 4, Supplemental Figure 5). There was no significant interaction 

between NT-proBNP and PP categories and their association with cardiovascular events 

except for CV mortality (p-value-for-interaction <0.0001) (Supplemental Table 1).

Individuals with the highest PP (≥60 mmHg) and NT-proBNP (≥300 pg/ml) had the highest 

numerical hazards for CHD (HR: 3.79; 95% CI: 2.65–5.42), ischemic strokes (HR 10.97; 

95% CI: 6.13–19.65) and HF hospitalizations (HR: 8.15; 95% CI: 5.73–11.59) when 

compared to individuals with PP <40 mmHg and NT-proBNP <100 pg/ml (Table 4).

Potential role of NT-proBNP in treatment decisions

Participants with NT-proBNP <100 pg/ml had lower CVD event rates and hence higher 

estimated NNT10 at all levels of baseline SBP and PCE risk. On the other hand, a low 

NNT10 to prevent CVD (between 3 and 20), was estimated for persons with SBP ≥160 

mmHg irrespective of baseline NT-proBNP levels or estimated PCE risk (Central 

Illustration, Supplemental Table 6). Overall, NT-proBNP demonstrated the greatest value 

when NNT10 was considered in individuals with SBP 120–159 mmHg; for example among 

individuals with PCE <10% and, SBP 120–139 mmHg, those with NT-proBNP <100 pg/ml 

had a much higher NNT10 of 82 compared to those within same BP and PCE category but 

NT-proBNP ≥300 pg/ml (NNT10 of 21). Similar results were noted when incident CHD, 

ischemic stroke and HF hospitalization were assessed individually (Supplemental Table 6).

Individuals in the same BP category with low PCE risk (<10%) but higher NT-proBNP level 

(≥300 pg/ml) had comparable if not lower NNT10 to prevent CVD events as individuals with 

high PCE risk (≥10%) but lower NT-proBNP (<100 pg/ml). For example, among individuals 

with SBP 120–139 mmHg the NNT10 to prevent 1 CVD event in those with elevated NT-

proBNP of ≥300 pg/ml and PCE risk <10%, was 21 when compared to an NNT10 of 25 for 

those with a PCE ≥10% and NT-proBNP of <100 pg/mL. Similarly, in individuals with SBP 

140–159 mmHg the NNT10 was 10 for those with NT-proBNP ≥300 pg/ml and PCE risk 

<10%, vs NNT10 of 12 with PCE ≥10% and NT-proBNP of <100 pg/mL (Central 

Illustration).

Discussion

There has been a recent paradigm shift in the management of hypertension, with 

recommendations to move from a traditional approach of therapy based solely on BP values 

to one based on both BP and underlying CVD risk(6). Our results add to this emerging body 

of literature by demonstrating that NT-proBNP independently predicted increased risk for 

incident CVD events and individual outcomes of incident CHD, ischemic stroke, HF 

hospitalization, CV and all-cause mortality across narrow categories of SBP, DBP and PP in 

a large prospective cohort of adults without prevalent CVD. The associations were 

particularly strong for HF. Moreover, these associations persisted after stratification by BMI, 

anti-hypertensive treatment or PCE risk.
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Data has shown that although there is consistent relative risk reduction per unit decrease in 

SBP, individuals with higher baseline ASCVD risk derive greater absolute risk reduction and 

clinical benefit from BP treatment(19). This is particularly important as intensive BP control 

comes with increased risk for side effects especially in the elderly. Based on this concept, 

current guidelines recommend aggressive BP control (goal <130/80 mmHg) for individuals 

at the highest risk for CVD e.g. known CHD, diabetes or PCE risk ≥10%(6). Other groups 

have suggested higher threshold of 10-year ASCVD risk (~18%) based on a “benefit-to-

harm” ratio for intensive BP treatment(20). In our study, NT-proBNP ≥300 pg/mL was 

associated with a 10-year CVD event rate >18% irrespective for SBP or PCE risk suggesting 

that it would clearly identify high-risk individuals by any criteria.

We also found that persons with stage 1 hypertension (SBP 120–139 mmHg) and NT-

proBNP ≥100 pg/mL had significantly higher risk for CVD and mortality (primarily HF 

hospitalization and CV mortality) compared to those with stage 2 hypertension (SBP ≥140–

149 mmHg) but NT-proBNP <100 pg/mL. This group is particularly important as decisions 

to initiate or escalate therapy to treat to intensive SBP targets of <130 mmHg (rather than 

140 mmHg) are challenging in the context of results from SPRINT(2) and HOPE3(5). All 

participants with either SBP ≥150 mm Hg irrespective of NT-proBNP level or NT-proBNP 

≥300 pg/mL irrespective of SBP had higher CVD event rates. However, individuals with 

elevation of both NT-proBNP and either SBP or PP demonstrated the highest risk for 

cardiovascular events.

Moreover, risk assessment using traditional risk factors (PCE) as suggested by current 

guidelines have limitations as they can underestimate risk in certain racial/ethnic groups, 

among those with lower socioeconomic status or with chronic inflammatory diseases while 

overestimating risk in certain contemporary cohorts(21). Another major issue is that events 

captured in PCE are atherosclerotic and does not assess HF outcomes or mortality. As seen 

in our analysis and clinical trials such as SPRINT, HF and CV mortality are important CV 

outcomes (and most frequent in the elderly). Hence, better tools to identify higher risk 

individuals are needed to guide BP treatment.

Low risk individuals (PCE risk <10%) with SBP 120–159 mmHg but NT-proBNP ≥300 

pg/mL demonstrated higher 10-year CVD event rates with lower estimated NNT10 compared 

to those with lower NT-proBNP (<100 pg/mL) in the same BP and PCE risk category 

(Central Illustration) thereby identifying a higher risk group. Overall, we found NT-proBNP 

provided additive and incremental value to different BP parameters in identifying individuals 

with higher cardiovascular risk. Hence, more intensive BP targets may be considered when: 

1) SBP ≥150 mmHg 2) estimated CVD risk based on traditional risk factors (PCE) was ≥ 

10%, and most importantly 3) NT-proBNP ≥ 300 pg/mL irrespective of stage 1 or 2 

hypertension or PCE risk.

NT-proBNP is a strong prognostic marker for predicting adverse cardiovascular outcomes in 

HF, CHD and diabetes mellitus(22,23) with a recent interest in its role in 

hypertension(24,25). Use of NT-proBNP to identify patients with diabetes for treatment with 

combined neuro-humoral therapy proved to be an effective strategy to prevent 

hospitalizations or CVD death in the PONTIAC study(26). Similarly, in the St Vincent’s 
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Screening to Prevent Heart Failure (STOP-HF) clinical trial, BNP-based screening to 

identify individuals to refer to cardiologist reduced rates of combined systolic and diastolic 

dysfunction and HF(27). Increased NT-proBNP levels are indicative of increased wall stress 

and volume expansion, which may contribute to development of CVD events especially HF, 

even among those with BP in a normal range(28). This may also explain why individuals in 

our study with lower SBP but higher NT-proBNP levels had risk equivalent to if not higher 

than those with higher SBP (≥150 mmHg) but lower NT-proBNP levels.

A previous study from ARIC demonstrated that hs-cTnT predicted incident CVD across 

SBP categories(7). Similarly, our study provides a strong case for the use of NT-proBNP to 

identify higher risk individuals within narrow BP categories who could be expected to 

benefit more from more intensive BP goals. In a recent pooled cohort analysis from ARIC, 

Dallas Heart Study and Multiethnic Study of Atherosclerosis, combined elevation in NT-

proBNP and hs-cTnT in participants with elevated BP or low-risk stage I hypertension, 

according to current BP guidelines, predicted a higher 10-year risk for incident ASCVD or 

HF (≥10%) and lower NNT compared to those with non-elevated biomarkers(10). Moving 

forward future prospective clinical trials should evaluate whether strategies as used in the 

STOP-HF and PONTIAC trials i.e., using a panel of biomarkers, such as NT-proBNP and 

hs-cTnT, to inform BP treatment goals result in net clinical benefit in CV prevention.

Another interesting finding in our study is that when considering stroke where traditionally 

SBP is a dominant risk factor, NT-proBNP predicted increased risk for incident stroke 

irrespective of SBP or DBP levels. On the other hand, the association of hs-cTnT with 

ischemic stroke in ARIC was found to be modest at best, especially at lower SBP 

categories(7). This parallels a previous study where NT-proBNP showed stronger association 

for cardioembolic and non-lacunar strokes than hs-cTnT(29).

Association of diastolic blood pressure and NT-proBNP with cardiovascular events

Low DBP (<60 mmHg) has been shown to be associated with prevalent and progressive 

myocardial damage (as evidenced by higher hs-cTnT levels), with a previous analysis from 

ARIC showing that low DBP had a significant interaction with elevated hs-cTnT in 

prediction of incident CHD(8). Our study echoes these findings as DBP<60 mmHg was 

associated higher rate of CVD, CV mortality and all-cause mortality compared to higher 

DBP values. Moreover, the association of DBP and CVD events showed a significant 

interaction with NT-proBNP, with the association being strongest for baseline NT-proBNP 

≥300 pg/ml. Together, both studies, may provide a mechanistic link to explain why low DBP 

can result in adverse cardiovascular events. Low DBP (subclinical low perfusion pressures in 

the coronary arteries) may lead to myocardial damage (reflected by hs-cTnT) and 

neurohormonal activation with increased myocardial stiffness/fibrosis and adverse 

remodeling (reflected by NT-proBNP) which in turn may interact to increase the incidence 

of CVD. Thus, the presence of baseline elevation of hs-cTnT and NT-proBNP in an 

individual may call for careful follow-up of DBP levels when aggressive BP management is 

considered and may need to be evaluated in future studies.
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Role of pulse pressure and NT-proBNP in cardiovascular risk assessment

In our study, we show that PP may play an important role in hypertension management. 

Despite recent evidence about benefits of intensive BP reduction in high risk patients, there 

is continued controversy about systolic and diastolic BP targets in clinical practice. Another 

approach could be to focus on PP which is a marker of arterial stiffness. With loss of aortic 

compliance, systolic pressures rise, and diastolic pressures decline resulting in an increase in 

pulse pressure. In our study, NT-proBNP showed the strongest association with 

cardiovascular events including CV and all-cause mortality in individuals with the widest 

pulse pressure. Individuals with wide PP will have an increased afterload (high SBP) along 

with decreased coronary perfusion (low DBP) which could result in greater subclinical 

myocardial damage and explain increased risk for cardiovascular events and mortality. 

McEvoy et al demonstrated that individuals with PP ≥60 mmHg and detectable hs-cTnT had 

the highest risk for CV events(8). BP control in this group will be the most challenging as 

benefit from reduction in SBP may be offset by increased myocardial injury from DBP 

lowering. Biomarkers such as NT-proBNP and troponin may therefore need to be evaluated 

not only to identify higher risk individuals but perhaps also to monitor intensity of therapy.

Limitations

Our study has some limitations. First, being an observational study, our inferences do not 

reflect direct causality and we must always recognize the potential for residual, uncontrolled 

confounding that may partly explain the associations. Second, while we can establish that 

NT-proBNP may help classify risk in lower BP categories, due to the observational nature of 

our study, prospective clinical trials are needed to establish whether aggressive BP 

management in these groups will improve cardiovascular outcomes and have similar NNT10 

to our study. Moreover, the relative risk reduction used to estimate NNT10 is based on the 

assumption that a 10-mmHg reduction will have proportional effects in all BP groups which 

may not be the case. Third, despite a large sample size, certain subgroups (example NT-

proBNP ≥300 pg/mL and SBP 130–139mmHg or 140–149mmHg) had relatively small 

numbers. Fourth the diagnosis of hypertension in clinical practice is based on at least 2 BP 

measurements ≥130/80 on two separate occasions. In our study, hypertension was defined as 

use of antihypertensive medications or blood pressure of ≥140/90 and participants were 

categorized into blood pressure groups based on two BP readings 5 minutes apart at the 

same visit. Lastly, although we performed stratified analysis to exclude participants who 

were taking antihypertensive medication before baseline visit, some may have been initiated 

on anti-hypertensive medications on follow-up. Antihypertensive medication initiation 

would be expected to lower incident CV event rates and may therefore result in 

underestimation of CV risk in the present analysis.

Conclusion

Measurement of NT-proBNP, in in ambulatory patients without baseline CVD, can provide 

incremental and independent prognostic value in identifying individuals at higher 

cardiovascular risk and allow for personalized BP management. From a clinical perspective, 

our study suggests that individuals with higher concentrations of NT-proBNP across a range 

of mildly elevated BPs (120–149 mmHg) could identify those at higher risk for CHD, HF, 
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ischemic stroke, CV and all-cause mortality who may benefit from intensive BP goals. 

Future trials should consider validation of a biomarker-assisted approach to guide risk-based 

decisions for BP treatment initiation or titration.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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PP pulse pressure

PCE pooled cohort equation
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Clinical Perspectives

Competency in Medical Knowledge:

Increased blood levels of NT-proBNP are associated with an increased risk of 

cardiovascular events across categories of systolic and diastolic blood pressure and pulse 

pressure.

Translational Outlook:

Future studies should examine whether elevated levels of NT-proBNP identifies adults 

who benefit from more intensive blood pressure lowering.
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Figure 1. Forest Plot of Adjusted Hazard Ratio of Cardiovascular Disease (CVD) Events Across 
Systolic Blood Pressure (SBP) and NT-proBNP Categories.
Forest plot represents the hazard’s ratio (HR) and 95% confidence interval (CI) for the 

association of NT-proBNP with CVD events stratified by SBP. HR calculated using Cox 

proportional hazards models adjusted for age, sex, race, use of antihypertensive drug, use of 

lipid lowering medication, estimated glomerular filtration rate, diabetes mellitus glucose, 

total cholesterol/ high density lipoprotein cholesterol ratio, body mass index and smoking 

status. Increasing levels of NT-proBNP (≥100 pg/mL) were independent associated with 

increased risk of CVD events across each SBP category
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Central Illustration. Ten-year number needed to treat for prevention of an incident 
cardiovascular disease across systolic blood pressure categories stratified by NT-proBNP 
categories and sub-stratified by PCE risk group.
Number needed to treat (NNT10) to prevent one CVD event over 10 years with BP treatment 

initiation or intensification to SBP goal of 120 mmHg were calculated for each combined 

SBP and NT-proBNP category, sub-stratified by PCE risk (<10% or ≥10%). For each 10-

mmHg reduction, we assumed a 25% relative risk reduction in CVD based on results from 

SPRINT(2). Individuals with increasing levels of NT-proBNP demonstrated lower NNT10 

across SBP and pooled cohort equation (PCE) risk groups.
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Table 1.

Baseline Characteristics Across NT-proBNP Categories, ARIC Study (1996–1998, Visit 4)

Risk factors Overall NT-proBNP (pg/mL) P trend

<100 100-<300 ≥300

N (%) 9309 6361 2470 478

Age 62.6±5.6 61.7±5.4 64.0±5.7 66.0±5.4 <0.001

Male (%) 41.7 47.7 27.8 33.7 <0.001

Black (%) 21.5 24.8 14.3 15.3 <0.001

Hypertension (%) 44.0 39.5 50.8 68.6 <0.001

Diabetes (%) 14.7 15.9 11.5 16.1 0.001

Current smoking (%) 14.6 13.8 15.8 19.3 <0.001

Use of BP lowering meds (%) 37.8 34.3 41.7 65.1 <0.001

Use of lipid-lowering meds (%) 11.1 11.0 10.9 15.1 0.08

Use of statins (%) 8.5 8.5 7.8 12.4 0.22

SBP (mmHg) 127.0±18.8 124.8±17.2 130.4±20.1 138.2±24.6 <0.001

DBP (mmHg) 71.1±10.1 71.3±9.7 70.4±10.7 71.5±12.4 0.004

Pulse pressure (mmHg) 55.9±15.7 53.5±14.2 60.0±16.4 66.7±20.6 <0.001

BMI (kg/m2) 28.6±5.5 29.0±5.4 27.9±5.7 28.1±5.6 <0.001

Total cholesterol (mmol/L) 5.2±0.94 5.2±1.0 5.2±0.9 5.06±0.94 <0.001

Triglycerides (mmol/L) 1.4 (1.0, 1.9) 1.4 (1.0, 2.0) 1.3 (1.0, 1.9) 1.4 (1.0, 1.9) 0.03

LDL-C (mmol/L) 3.2±0.9 3.2±0.9 3.1±0.9 3.0±0.9 <0.001

HDL-C (mmol/L) 1.3±0.43 1.3±0.4 1.4±0.5 1.4±0.5 <0.001

Cholesterol/HDL ratio 4.3±1.5 4.5±1.5 4.1±1.4 4.1±1.5 <0.001

Fasting glucose (mmol/L) 6.07 ± 2.019 6.20±2.172 5.75±1.572 5.93±1.764 <0.001

eGFR (mL/min/1.73m2) 86.8±15.5 88.4±14.7 84.8±15.2 75.8±20.6 <0.001

LVH (%) 3.0 1.9 4.2 11.5 <0.001

hs-TnT (ng/L) 4 (1.5, 7) 4 (1.5, 7) 5 (1.5, 8) 8 (4, 14) <0.001

Galactin-3 (ng/mL) 14.1 (11.9, 16.7) 13.8 (11.7, 16.2) 14.5 (12.3, 17.4) 16.0 (13.3, 19.2) <0.001

hs-cTnI (ng/L) 2.1 (1.5, 3.3) 2.0 (1.4, 3.0) 2.3 (1.6, 3.6) 4.1 (2.3, 8.3) <0.001

hs-CRP (mg/L) 2.32 (1.05, 5.23) 2.19 (1.02, 4.91) 2.67 (1.13, 5.86) 3.26 (1.16, 7.50) <0.001

Data presented as mean±SD, median [25th, 75th percentiles], or percentage. P-values for linear trend were calculated by using trend test across 
ordered groups. p trend was calculated by non-parametric sum of rank test across ordered NT-proBNP groups. Abbreviations: DBP: diastolic blood 
pressure, eGFR: estimated glomerular filtration rate; HDL-C: high-density lipoprotein-cholesterol; hs-CRP: high sensitivity C-reactive protein; hs-
cTnI: high sensitivity cardiac troponin I; hs-TnT: high sensitivity cardiac troponin T; LDL-C: low-density lipoprotein-cholesterol; SBP: systolic 
blood pressure.
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Table 2.

Adjusted Hazard Ratio of Cardiovascular Events Across Systolic Blood Pressure and NT-Pro-BNP Categories, 

ARIC Study (1996–1998, Visit 4)

SBP, mmHg

NT-Pro-BNP

P-trend‡<100 pg/mL ≥100 to <300 pg/mL ≥300 pg/mL

n/N (event 
rate*)

HR (95% CI)† n/N (event 
rate*)

HR (95% CI)† n/N (event 
rate*)

HR (95% CI)†

Cardiovascular disease (CVD)

< 120 466/2602 
(11.95)

Ref 160/761 
(14.82)

1.47 (1.22–1.76) 44/106 
(37.27)

3.01 (2.19–4.14) <0.0001

120–129 332/1531 
(14.96)

1.08 (0.93–
1.24)

142/517 
(20.21)

1.56 (1.29–1.89) 33/84 (34.02) 2.59 (1.81–3.70) <0.0001

130–139 288/1073 
(19.06)

1.23 (1.06–
1.43)

138/430 
(24.30)

1.91 (1.57–2.32) 44/78 (59.84) 4.15 (3.03–5.69) <0.0001

140–149 170/611 (20.17) 1.22 (1.02–
1.46)

113/336 
(25.55)

1.91 (1.54–2.35) 38/70 (51.63) 3.35 (2.39–4.70) <0.0001

≥ 150 172/544 (23.13) 1.36 (1.13–
1.63)

186/426 
(35.73)

2.49 (2.09–2.97) 90/140 
(72.33)

4.59 (3.63–5.81) <0.0001

P trend 0.002 0.0001 0.01

Heart failure hospitalization

< 120 198/2602 (4.84) Ref 107/761 (9.59) 2.13 (1.68–2.71) 34/106 
(27.18)

4.89 (3.38–7.09) <0.0001

120–129 158/1531 (6.76) 1.12 (0.91–
1.39)

84/517 (11.24) 1.80 (1.38–2.33) 23/84 (22.91) 3.63 (2.34–5.62) <0.0001

130–139 137/1073 (8.49) 1.18 (0.94–
1.47)

90/430 (14.91) 2.38 (1.85–3.08) 34/78 (42.53) 6.42 (4.44–9.31) <0.0001

140–149 87/611 (9.66) 1.20 (0.93–
1.55)

75/336 (16.07) 2.40 (1.83–3.16) 33/70 (42.80) 5.53 (3.78–8.09) <0.0001

≥ 150 95/544 (12.11) 1.39 (1.08–
1.79)

109/426 
(19.10)

2.68 (2.10–3.42) 64/140 
(47.90)

5.80 (4.32–7.78) <0.0001

P trend 0.32 0.10 0.14

Coronary Heart Disease (CHD)

< 120 304/2602 (7.70) Ref 72/761 (6.49) 1.07 (0.82–1.39) 22/106 
(17.46)

2.08 (1.33–3.25) 0.03

120–129 199/1531 (8.80) 1.04 (0.87–
1.25)

81/517 (11.19) 1.53 (1.19–1.96) 13/84 (12.20) 1.65 (0.94–2.89) 0.01

130–139 172/1073 
(11.19)

1.22 (1.01–
1.48)

67/430 (11.28) 1.56 (1.19–2.04) 18/78 (21.78) 2.26 (1.39–3.66) 0.03

140–149 94/611 (10.93) 1.16 (0.91–
1.46)

58/336 (12.62) 1.74 (1.29–2.30) 20/70 (25.05) 2.67 (1.68–4.24) 0.01

≥ 150 95/544 (12.41) 1.34 (1.06–
1.71)

106/426 
(19.35)

2.44 (1.93–3.07) 38/140 
(26.84)

2.90 (2.04–4.12) <0.0001

P trend 0.05 0.0001 0.47

Ischemic stroke

< 120 68/2602 (1.64) Ref 24/761 (2.10) 1.42 (0.89–2.28) 9/106 (6.73) 3.90 (1.93–7.92) 0.004

120–129 67/1531 (2.84) 1.52 (1.08–
2.14)

37/517 (4.81) 2.58 (1.70–3.90) 6/84 (5.41) 2.84 (1.22–6.61) 0.06
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SBP, mmHg

NT-Pro-BNP

P-trend‡<100 pg/mL ≥100 to <300 pg/mL ≥300 pg/mL

n/N (event 
rate*)

HR (95% CI)† n/N (event 
rate*)

HR (95% CI)† n/N (event 
rate*)

HR (95% CI)†

130–139 58/1073 (3.55) 1.66 (1.16–
2.37)

26/430 (4.16) 2.25 (1.42–3.57) 10/78 (11.09) 5.22 (2.65–
10.27)

0.005

140–149 38/611 (4.17) 1.79 (1.19–
2.68)

27/336 (5.55) 2.88 (1.82–4.54) 8/70 (9.69) 4.55 (2.15–9.60) 0.04

≥ 150 44/544 (5.54) 2.28 (1.54–
3.38)

46/426 (7.76) 3.71 (2.52–5.46) 32/140 
(21.60)

8.76 (5.63–
13.64)

<0.0001

P trend 0.0004 0.02 0.008

CV mortality

< 120 160/2602 (3.84) Ref 85/761 (7.34) 2.01 (1.54–2.63) 34/106 
(24.89)

5.06 (3.45–7.42) <0.0001

120–129 137/1531 (5.70) 1.25 (0.99–
1.58)

74/517 (9.47) 1.88 (1.42–2.49) 23/84 (20.42) 4.01 (2.57–6.25) <0.0001

130–139 124/1073 (7.47) 1.37 (1.08–
1.73)

73/430 (11.43) 2.39 (1.80–3.18) 28/78 (29.75) 4.95 (3.28–7.46) <0.0001

140–149 76/611 (8.16) 1.35 (1.02–
1.78)

57/336 (11.41) 2.26 (1.66–3.08) 27/70 (30.61) 5.00 (3.28–7.61) <0.0001

≥ 150 87/544 (10.62) 1.61 (1.22–
2.11)

102/426 
(16.52)

2.95 (2.28–3.81) 67/140 
(41.68)

6.15 (4.56–8.29) <0.0001

P trend 0.02 0.06 0.13

All-cause mortality

< 120 494/2602 
(11.84)

Ref 211/761 
(18.22)

1.49 (1.26–1.76) 53/106 
(38.79)

2.67 (2.00–3.57) <0.0001

120–129 362/1531 
(15.07)

1.12 (0.98–
1.28)

164/517 
(20.99)

1.37 (1.14–1.64) 50/84 (44.39) 2.80 (2.09–3.77) <0.0001

130–139 283/1073 
(17.06)

1.13 (0.97–
1.31)

148/430 
(23.18)

1.59 (1.32–1.92) 46/78 (48.87) 2.75 (2.02–3.75) <0.0001

140–149 187/611 (20.08) 1.23 (1.04–
1.47)

121/336 
(24.22)

1.58 (1.29–1.94) 39/70 (44.22) 2.75 (1.97–3.83) 0.0006

≥ 150 199/544 (24.29) 1.40 (1.18–
1.66)

179/426 
(29.00)

1.75 (1.46–2.08) 94/140 
(58.48)

3.15 (2.50–3.95) <0.0001

P trend 0.007 0.36 0.43

Significant values in bold.

*
Event rates per 1000 person years

†
Cox Model adjusted for: age, race, gender, body mass index, smoking status, hypertension medication use, use of cholesterol-lowering medication 

diagnosed diabetes, glucose, total cholesterol/ HDL-cholesterol ratio, estimated glomerular filtration rate in mL/min/1.73m2.

‡
p trends for hazard ratios of proportional hazard regression models were calculated based on the results of Wald chi-square test on linearity 

hypothesis of ordered NT-proBNP or SBP categories.

Abbreviations: CI indicated confidence interval; CV=cardiovascular; HR: adjusted Hazard Ratio; SBP: systolic blood pressure; n: number of 
events, N: number of persons at risk.
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Table 3:

Adjusted Hazards Ratio of Cardiovascular Events Across Diastolic Blood Pressure and NT-proBNP 

Categories, ARIC Study (1996–1998, Visit 4)

DBP, mmHg NT-Pro-BNP P trend‡

<100 pg/mL ≥100 to <300 pg/mL ≥300 pg/mL

n/N (event 
rate*)

HR (95% CI)† n/N (event 
rate*)

HR (95% CI)† n/N (event 
rate*)

H (95% CI)†

Cardiovascular disease (CVD)

<60 173/654 (18.94) 1.24 (1.04–
1.47)

104/353 
(21.94)

1.60 (1.28–1.98) 36/72 (51.37) 3.13 (2.21–4.43) <0.0001

60–69 427/2061 
(14.30)

0.97 (0.85–
1.10)

216/816 
(19.88)

1.50 (1.27–1.77) 77/148 
(51.09)

3.51 (2.75–4.49) <0.0001

70–79 557/2441 
(15.63)

Ref 242/848 
(20.74)

1.54 (1.32–1.80) 71/137 
(47.23)

3.24 (2.52–4.17) <0.0001

80–89 221/1030 
(14.72)

0.93 (0.79–
1.09)

135/357 
(29.30)

2.02 (1.67–2.44) 48/92 (53.38) 3.16 (2.34–4.26) <0.0001

≥90 50/175 (20.08) 1.26 (0.94–
1.69)

42/96 (33.60) 2.19 (1.60–3.01) 17/29 (65.64) 2.49 (1.52–4.07) 0.009

P trend 0.02 0.06 0.95

Heart Failure hospitalization

<60 94/654 (9.74) 1.39 (1.10–
1.77)

72/353 (14.51) 2.04 (1.55–2.68) 28/72 (38.73) 4.83 (3.24–7.20) <0.0001

60–69 198/2061 (6.28) 0.96 (0.79–
1.15)

130/816 
(11.31)

1.80 (1.45–2.24) 62/148 
(38.43)

5.13 (3.84–6.84) <0.0001

70–79 270/2441 (7.18) Ref 154/848 
(12.53)

1.93 (1.57–2.37) 55/137 
(33.90)

5.23 (3.88–7.05) <0.0001

80–89 92/1030 (5.80) 0.83 (0.65–
1.06)

82/357 (16.50) 2.35 (1.83–3.01) 31/92 (33.09) 3.52 (2.41–5.13) <0.0001

≥90 21/175 (7.92) 1.01 (0.65–
1.58)

27/96 (20.34) 2.67 (1.79–3.98) 12/29 (45.13) 4.21 (2.33–7.61) <0.0001

P-trend 0.03 0.31 0.84

Coronary heart disease (CHD)

<60 103/654 (11.07) 1.25 (1.00–
1.57)

49/353 (10.02) 1.34 (0.98–1.83) 17/72 (22.27) 2.40 (1.44–4.00) 0.08

60–69 273/2061 (8.99) 1.03 (0.88–
1.21)

117/816 
(10.40)

1.42 (1.14–1.77) 34/148 
(20.21)

2.20 (1.53–3.16) <0.0001

70–79 328/2441 (9.05) Ref 126/848 
(10.45)

1.44 (1.17–1.78) 33/137 
(20.25)

2.30 (1.60–3.31) <0.0001

80–89 131/1030 (8.59) 0.93 (0.76–
1.14)

74/357 (15.33) 1.89 (1.46–2.43) 20/92 (19.90) 2.29 (1.45–3.61) <0.0001

≥90 29/175 (11.40) 1.31 (0.89–
1.92)

18/96 (13.60) 1.63 (1.01–2.63) 7/29 (24.54) 1.35 (0.63–2.88) 0.94

P-trend 0.15 0.57 0.80

Ischemic stroke

<60 31/654 (3.13) 1.08 (0.72–
1.62)

20/353 (3.93) 1.41 (0.86–2.31) 7/72 (8.77) 2.75 (1.26–5.99) 0.17

60–69 71/2061 (2.22) 0.83 (0.62–
1.13)

39/816 (3.27) 1.24 (0.85–1.81) 21/148 
(11.83)

3.95 (2.42–6.42) <0.0001
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DBP, mmHg NT-Pro-BNP P trend‡

<100 pg/mL ≥100 to <300 pg/mL ≥300 pg/mL

n/N (event 
rate*)

HR (95% CI)† n/N (event 
rate*)

HR (95% CI)† n/N (event 
rate*)

H (95% CI)†

70–79 107/2441 (2.81) Ref 57/848 (4.51) 1.75 (1.26–2.44) 13/137 (7.26) 2.52 (1.40–4.54) 0.0009

80–89 52/1030 (3.26) 1.20 (0.86–
1.67)

35/357 (6.80) 2.50 (1.70–3.67) 17/92 (17.00) 5.00 (2.97–8.44) <0.0001

≥90 14/175 (5.31) 1.86 (1.06–
3.26)

9/96 (6.47) 2.10 (1.06–4.16) 7/29 (24.13) 5.00 (2.27–
11.02)

0.02

P-trend 0.06 0.11 0.11

CV Mortality

<60 88/654 (8.80) 1.54 (1.20–
1.99)

62/353 (11.91) 2.00 (1.49–2.68) 28/72 (34.86) 5.44 (3.60–8.21) <0.0001

60–69 179/2061 (5.55) 1.07 (0.88–
1.31)

118/816 (9.80) 1.95 (1.54–2.45) 56/148 
(29.98)

4.52 (3.33–6.15) <0.0001

70–79 214/2441 (5.54) Ref 122/848 (9.43) 1.80 (1.43–2.26) 51/137 
(27.55)

4.69 (3.42–6.42) <0.0001

80–89 81/1030 (4.99) 0.92 (0.71–
1.19)

63/357 (11.81) 2.15 (1.62–2.86) 30/92 (27.58) 3.69 (2.50–5.45) <0.0001

≥90 22/175 (8.05) 1.38 (0.89–
2.15)

26/96 (18.30) 3.31 (2.20–5.00) 14/29 (44.67) 4.59 (2.64–7.96) 0.0012

P-trend 0.0064 0.1560 0.8733

All-cause Mortality

<60 209/654 (20.90) 1.37 (1.16–
1.61)

128/353 
(24.59)

1.49 (1.22–1.83) 50/72 (62.25) 3.63 (2.69–4.90) <0.0001

60–69 505/2061 
(15.65)

1.15 (1.02–
1.30)

282/816 
(23.41)

1.65 (1.42–1.92) 86/148 
(46.05)

2.81 (2.22–3.55) <0.0001

70–79 525/2441 
(13.60)

Ref 248/848 
(19.16)

1.35 (1.16–1.58) 78/137 
(42.14)

2.64 (2.07–3.37) <0.0001

80–89 234/1030 
(14.42)

1.11 (0.95–
1.30)

125/357 
(23.43)

1.68 (1.38–2.05) 49/92 (45.04) 2.60 (1.94–3.50) <0.0001

≥90 52/175 (19.03) 1.54 (1.15–
2.05)

40/96 (28.15) 2.11 (1.53–2.92) 19/29 (60.62) 3.15 (1.98–4.99) 0.0380

P-trend 0.0007 0.0623 0.5453

Significant values in bold.

*
Event rates per 1000 person-years

†
Cox Model adjusted for: age, race, gender, body mass index, smoking status, hypertension medication use, use of cholesterol-lowering medication 

diagnosed diabetes, glucose, total cholesterol/ HDL-cholesterol ratio, estimated glomerular filtration rate in mL/min/1.73m2.
p trends for hazard ratios of proportional hazard regression models were calculated based on the results of Wald chi-square test on linearity 
hypothesis of ordered NT-proBNP or DBP categories.

Abbreviations: CI indicated confidence interval; CV=cardiovascular; HR: adjusted Hazard Ratio; SBP: systolic blood pressure; n: number of 
events, N: number of persons at risk
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Table 4.

Adjusted Hazards Ratio of Cardiovascular Events Across Pulse Pressure and NT-Pro-BNP Categories, ARIC 

Study (1996–1998, Visit 4)

Pulse 
Pressure, 
mmHg

NT-Pro-BNP, pg/mL P trend†

<100 ≥100 to <300 ≥300

n/N (event 
rate)

HR (95% 
CI)*

n/N (event rate) HR (95% CI)* n/N (event 
rate)

HR (95% 
CI)*

Cardiovascular disease (CVD)

<40 144/909 
(10.30)

Ref 34/211 (10.87) 1.30 (0.89-1.89) 12/30 (33.56) 2.77 (1.53–
5.00)

0.03

40–49 336/1902 
(11.78)

1.00 (0.82–
1.21)

102/485 (14.74) 1.59 (1.23–2.05) 22/58 
(34.063)

2.74 (1.73–
4.34)

<0.0001

50–59 369/1688 
(15.13)

1.16 (0.95–
1.41)

184/610 (22.44) 1.98 (1.58–2.48) 49/107 
(41.96)

3.53 (2.53–
4.91)

<0.0001

60–69 300/1051 
(20.69)

1.41 (1.15–
1.73)

158/520 (22.94) 1.90 (1.51–2.41) 45/95 (44.74) 3.29 (2.33–
4.63)

<0.0001

≥70 279/811 
(35.90)

1.63 (1.32–
2.01)

261/644 (32.63) 2.58 (2.08–3.19) 121/188 
(71.64)

5.46 (4.23–
7.05)

<0.0001

P trend† <0.0001 0.0001 0.003

Heart Failure Hospitalization

<40 53/909 (3.62) Ref 22/211 (6.87) 2.22 (1.35–3.67) 10/30 (27.60) 6.01 (3.04–
11.85)

<0.0001

40–49 145/1902 
(4.84)

1.10 (0.81–
1.51)

62/485 (8.60) 2.24 (1.55–3.25) 14/58 (20.09) 4.13 (2.28–
7.47)

<0.0001

50–59 172/1688 
(6.67)

1.24 (0.91–
1.70)

124/610 (14.33) 2.87 (2.07–3.99) 39/107 
(31.30)

6.29 (4.12–
9.60)

<0.0001

60–69 137/1051 
(8.87)

1.37 (0.99–
1.90)

90/520 (12.26) 2.24 (1.58–3.18) 32/95 (30.05) 4.65 (2.96–
7.29)

<0.0001

≥70 168/811 
(14.65)

1.97 (1.43–
2.72)

167/644 (19.35) 3.24 (2.35–4.46) 93/188 
(51.90)

8.15 (5.73–
11.59)

<0.0001

P-trend† 0.0001 0.017 0.009

Coronary heart disease (CHD)

<40 93/909 (6.57) Ref 10/211 (3.12) 0.63 (0.33–1.20) 6/30 (15.17) 1.93 (0.84–
4.42)

0.13

40–49 217/1902 
(7.51)

1.05 (0.82–
1.34)

56/485 (7.91) 1.50 (1.07–2.10) 10/58 (14.99) 1.89 (0.95–
3.76)

0.03

50–59 230/1688 
(9.31)

1.25 (0.98–
1.60)

94/610 (11.01) 1.76 (1.31–2.36) 21/107 
(16.21)

2.20 (1.36–
3.56)

0.002

60–69 169/1051 
(11.39)

1.41 (1.09–
1.83)

83/520 (11.71) 1.86 (1.37–2.53) 22/95 (20.17) 2.52 (1.57–
4.06)

0.02

≥70 155/811 
(13.93)

1.65 (1.26–
2.16)

141/644 (16.70) 2.54 (1.93–3.35) 52/188 
(27.13)

3.79 (2.65–
5.42)

<0.0001

P-trend† <0.0001 0.0001 0.29

Ischemic Stroke

<40 18/909 (1.22) Ref 5/211(1.54) 1.53 (0.57–4.14) 3/30 (7.42) 5.50 (1.61–
18.76)

0.12
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Pulse 
Pressure, 
mmHg

NT-Pro-BNP, pg/mL P trend†

<100 ≥100 to <300 ≥300

n/N (event 
rate)

HR (95% 
CI)*

n/N (event rate) HR (95% CI)* n/N (event 
rate)

HR (95% 
CI)*

40–49 53/1902 (1.75) 1.29 (0.76–
2.20)

22/485 (2.97) 2.60 (1.39–4.88) 6/58 (8.36) 6.34 (2.50–
16.12)

0.0008

50–59 73/1688 (2.81) 1.83 (1.09–
3.08)

32/610 (3.56) 2.57 (1.43–4.63) 5/107 (3.62) 2.40 (0.88–
6.53)

0.34

60–69 70/1051 (4.48) 2.50 (1.48–
4.24)

41/520 (5.48) 3.67 (2.07–6.49) 12/95 (10.51) 6.14 (2.90–
12.97)

0.002

≥70 61/811 (5.16) 2.64 (1.54–
4.55)

60/644 (6.63) 4.11 (2.38–7.09) 39/188 
(19.40)

10.97 (6.13–
19.65)

<0.0001

P-trend† <0.0001 0.15 0.009

CV Mortality

<40 42/909 (2.83) Ref 14/211 (4.26) 1.70 (0.93–3.12) 10/30 (24.31) 6.62 (3.31–
13.26)

0.0002

40–49 101/1902 
(3.31)

0.95 (0.66–
1.36)

48/485 (6.40) 2.14 (1.41–3.26) 19/58 (25.64) 5.85 (3.34–
10.23)

<0.0001

50–59 158/1688 
(5.99)

1.51 (1.07–
2.12)

98/610 (10.74) 2.76 (1.91–3.99) 30/107 
(21.37)

5.07 (3.14–
8.18)

<0.0001

60–69 133/1051 
(8.34)

1.69 (1.19–
2.41)

83/520 (10.85) 2.61 (1.78–3.83) 30/95 (24.92) 4.53 (2.80–
7.32)

<0.0001

≥70 150/811 
(12.42)

2.21 (1.55–
3.15)

148/644 (15.77) 3.36 (2.36–4.79) 90/188 
(41.61)

8.19 (5.59–
12.01)

<0.0001

P-trend† <0.0001 0.0303 0.0101

All-cause Mortality

<40 137/909 (9.22) Ref 49/211 (14.91) 1.65 (1.19–2.30) 15/30 (36.46) 3.01 (1.76–
5.14)

0.0002

40–49 333/1902 
(10.90)

1.01 (0.83–
1.23)

122/485 (16.26) 1.57 (1.23–2.01) 29/58 (39.14) 3.09 (2.05–
4.66)

<0.0001

50–59 407/1688 
(15.42)

1.26 (1.03–
1.53)

190/610 (20.82) 1.61 (1.29–2.02) 51/107 
(36.32)

2.65 (1.91–
3.68)

<0.0001

60–69 340/1051 
(21.31)

1.43 (1.17–
1.76)

196/520 (25.62) 1.89 (1.51–2.37) 59/95 (49.00) 3.02 (2.20–
4.13)

<0.0001

≥70 308/811 
(25.51)

1.58 (1.28–
1.94)

266/644 (28.35) 1.86 (1.50–2.31) 128/188 
(59.18)

3.83 (2.97–
4.92)

<0.0001

P-trend† <0.0001 0.2656 0.0763

Significant values in bold.

*
Event rates per 1000 person-years

†
Cox Model adjusted for: age, race, gender, body mass index, smoking status, hypertension medication use, use of cholesterol-lowering medication 

diagnosed diabetes, glucose, total cholesterol/ HDL-cholesterol ratio, estimated glomerular filtration rate in mL/min/1.73m2.
p trends for hazard ratios of proportional hazard regression models were calculated based on the results of Wald chi-square test on linearity 
hypothesis of ordered NT-proBNP or pulse pressure categories.

Abbreviations: CI indicated confidence interval; CV=cardiovascular; HR: adjusted Hazard Ratio; n: number of events, N: number of persons at risk
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