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Abstract

Cardiovascular disease is a leading cause of death. Proneurotensin is a biomarker associated with 

the development of cardiovascular disease, cardiovascular mortality, and all-cause mortality. We 

assessed the association of fasting proneurotensin with mortal events by gender and race (black–

white) in a US population. Using a case-cohort subpopulation of the Reasons for Geographic and 

Racial Differences in Stroke study, fasting proneurotensin was measured on a 1,046-person 

subcohort and in 651 participants with incident coronary heart disease. Higher proneurotensin was 

associated with all-cause mortality (hazard ratio [HR] 1.6 per interquartile range, 95% confidence 

interval [CI] 1.3 to 1.9) and cardiovascular mortality (HR 1.8, 95% CI 1.2 to 2.6). For all-cause 

and cardiovascular mortality, association was stronger in women (HR 1.9, 95% CI 1.4 to 2.6 and 

HR 2.5, 95% CI 1.4 to 4.7, respectively) than men (HR 1.4, 95% CI 1.0 to 1.8 and HR 1.4, 95% CI 

0.9 to 2.3, respectively), although this difference was not significant. Proneurotensin predicted all-

cause mortality in both races and was not predictive of cardiovascular mortality in whites but was 
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in blacks. Proneurotensin was not associated with incident coronary heart disease events. Elevated 

proneurotensin levels predicted all-cause and cardiovascular mortality in both genders, with a 

trend toward stronger association in women. Associations were similar in blacks and whites. In 

conclusion, proneurotensin may be a useful biomarker for all-cause and cardiovascular mortality 

regardless of race, and it is potentially specific in women.

Cardiovascular disease (CVD) is the leading cause of death in the United States (US) in men 

and women.1,2 Women are underrepresented in CVD trials, and outcomes may not apply to 

them.3–5 Risk factors for CVD are similar between genders, but their prevalence differs 

between genders and current risk prediction models may not adequately reflect risk in 

women.2,6,7 Neurotensin is a 13-amino-acid regulatory peptide found in the central nervous, 

gastrointestinal, and cardiovascular systems.8–12 Proneurotensin is a stable precursor 

fragment released in equimolar amounts as neurotensin.13 Elevated fasting proneurotensin 

levels are associated with the development of CVD, coronary heart disease (CHD), 

cardiovascular mortality, and all-cause mortality and may be more predictive in women.14,15 

Previous studies were predominantly white participants, so further study is needed in other 

groups.16 We aimed to confirm the association between proneurotensin concentration with 

mortality and CVD in a US population of blacks and whites, and if proneurotensin 

specifically predicts CVD and mortality in women and in blacks.

Methods

Data for the analysis was from the Reasons for Geographic and Racial Differences in Stroke 

(REGARDS) study, a large national longitudinal cohort study. The details and design of the 

REGARDS study have been previously described.17,18 Briefly, REGARDS is a large 

prospective cohort study evaluating risk factors for racial and geographic disparities in 

stroke mortality in the United States. From 2003 to 2007, 30,239 black and white 

community-dwelling adults ≥45 years of age were enrolled by mail and telephone from all 

48 contiguous US states with oversampling of blacks and the Southeastern United States 

because of higher stroke mortality. Written consent was obtained from all participants during 

in-person evaluation.

The prognostic ability of proneurotensin for all-cause mortality and cardiovascular morality 

was tested in a subcohort. The prognostic ability for incident CHD was examined with a 

case-cohort sample. The case-cohort sample included all cases of CHD and a stratified 

cohort random sample, as previously described.19 If a suspected event was identified during 

follow-up, details of the event were collected including medical records and death 

certificates, and next of kin were interviewed to ascertain circumstances around the time of 

death. All events were centrally adjudicated as previously described.18,20,21 Cases of CHD 

included 651 individuals with incident events, and the stratified cohort random sample 

included 1,046 participants. Stratification of the cohort random sample was performed to 

assure balance for age, gender, and race.

The outcomes of all-cause mortality and cardiovascular mortality were assessed in the 

cohort random sample using a nested case-control design. Cardiovascular mortality was 

defined as death due to myocardial infarction (MI), stroke, heart failure, sudden cardiac 
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death, and other cardiovascular causes. Adjudication of cardiovascular mortality was 

completed through December 31, 2012. All-cause mortality was completed through 

December 31, 2015, and follow-up was truncated at 10 years from enrollment. Incident 

CHD in the case-cohort sample included fatal and nonfatal MI. Adjudication of CHD 

outcomes was complete through December 31, 2012.

Plasma collected at baseline was retrieved from storage for proneurotensin assessment in the 

case-cohort sample. Assays were performed blinded to clinical data at an independent 

laboratory (ICI Immunochemical Intelligence GmbH, Berlin, Germany) using a 1-step 

sandwich immunoassay based on a chemiluminescence-label and coated-tube technique 

(SphingoTec, Hennigsdorf, Germany). The assay has a functional sensitivity of 10 pmol/L 

determined as the lowest concentration measurable with an interassay precision of 

maximally 20% coefficient of variation. The limit of detection was 1.9 pmol/L. The 

interassay coefficient of variation in the proneurotensin concentration range observed in the 

present study was 5% to 9%.

To replicate the analysis in the Malmö Diet and Cancer (MDC) study of proneurotensin, a 

multivariable model was tested using the same covariates of age, gender, systolic blood 

pressure (SBP), body mass index (BMI), antihypertensive therapy, diabetes mellitus (DM), 

current cigarette smoking, low-density lipoprotein cholesterol, and high-density lipoprotein 

cholesterol.14 To take advantage of the unique features of REGARDS, the variables race, 

region, annual household income, and education were added. Assessment of variables is as 

previously described, with cigarette smoking defined as current use regardless of frequency.
18

Group comparisons of continuous variables were performed using the Kruskal–Wallis test, 

and categorical data were compared using the parametric chi-squared test. Proneurotensin 

was natural log-transformed. For all-cause and cardiovascular mortality, Cox proportional-

hazards regression was used to analyze the effect of risk factors on survival in univariable 

and multivariable analyses. The proportional hazards assumptions were tested for all 

variables. To test for added predictive value of proneurotensin, we used the likelihood ratio 

chi-squared test for nested models. For continuous variables, hazard ratios (HRs) were 

standardized to describe the HR for a biomarker difference of 1 interquartile range. Ninety-

five percent confidence intervals (CIs) for risk factors and significance levels based on the 

Wald chi-squared test. The predictive value of each model was assessed by the model 

likelihood ratio chi-squared statistic. The concordance index was calculated. Survival curves 

plotted by the Kaplan–Meier method were used for illustrative purposes. Time-dependent 

AUC values were determined from censored survival data using the Kaplan–Meier method.
22 Time-dependent AUCs were adjusted for age, but further analysis with other variables 

was limited by the small number of events. Analyses were repeated within each gender and 

race. Interaction testing was performed for proneurotensin with gender and race. For the 

outcome of CHD, participants with prevalent CHD were excluded. Statistical methods were 

the same as those described earlier. All statistical tests were assessed with a 2-sided p value 

< 0.05 for significance. The statistical analyses were performed using R version 2.5.1 (http://

www.r-project.org, library Design, Hmisc) and Statistical Package for the Social Sciences 

version 22.0 (SPSS Inc., Chicago, Illinois).
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Results

A total of 651 CHD events occurred during follow-up. Of these, 93 were excluded for not 

fasting and 1 was missing a blood sample, leaving 557 cases. Excluded cases were similar to 

those included except for a higher prevalence of DM (32.1% for included cases vs 44.1% in 

excluded cases, p = 0.03). The cohort random sample consisted of 1,046 participants, of 

which 164 lacked fasting samples and 1 was missing a blood sample, leaving 881 

participants. Excluded participants had a higher prevalence of DM (20.5% for included 

participants vs 27.9% in excluded participants, p = 0.04). Of the 881 included participants, 

17 (1.9%) had a CHD event.

The average age of the cohort random sample was 67.4 years (SD 12.2 years) with 49% men 

and 50% black (Table 1A). Men had higher SBP and tobacco use, whereas women had 

higher BMI, HDL cholesterol, and antihypertensive therapy use. The average age of the 

CHD cases was 68.2 years (SD 9.2 years) with 64% men and 41% black.

In the cohort random sample, multiple characteristics were associated with increasing 

proneurotensin quartile (Table 1B). BMI, antihypertensive therapy use, prevalence of DM, 

percentage of participants with education less than a high school diploma, and percentage of 

black participants all increased with increasing proneurotensin quartile, whereas low-density 

lipoprotein cholesterol decreased across quartiles. All-cause mortality significantly increased 

as proneurotensin quartile increased, whereas cardiovascular death did not.

In the cohort random sample, there were 201 deaths. The unadjusted standardized HR for 

proneurotensin was 1.5 per interquartile range higher concentration (Table 2). 

Proneurotensin remained significant in both genders with a numerically higher HR in 

women than men, whereas the HR for mortality was similar by race (Table 2). In the 

multivariable analysis, proneurotensin remained a significant predictor of all-cause mortality 

with an HR of 1.6 (Table 2). Similar to the unadjusted models, women had a higher HR than 

men and similar HRs by race. Interaction testing showed that the differences by gender (p = 

0.51) and race (p = 0.60) were not statistically significant. Findings were similar when 

analyzed with the covariates from the MDC study alone (data not shown).

In a multivariable model, significant variables included age, proneurotensin, and smoking. 

BMI was significant in women, whereas income was significant in men. Adding 

proneurotensin modestly improved prognostic power in the whole cohort (Table 3). When 

analyzed by gender, although proneurotensin significantly improved the model in men, the 

change in the concordance index was marginal, whereas the change for women was 

significant and sizeable (Table 3).

Figure 1 illustrates the predictive performance of proneurotensin quartiles by the Kaplan–

Meier plot. There was an increased mortality in women in the highest quartile with early 

separation from other quartiles. When proneurotensin was analyzed by time to all-cause 

mortality in women, there was a time-dependent change in the HR with proneurotensin 

having better prognostic ability for short-term than long-term all-cause mortality (Table 4A). 

Within the first 2 years, the HR for proneurotensin was 4.0 (p <0.01, concordance index 
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0.78). This time-dependent effect was not seen in men (Table 4). Findings were similar when 

adjusted for age.

In the cohort random sample, there were 55 (6.2%) adjudicated cardiovascular deaths. 

Variables significant for cardiovascular mortality in univariate analysis included male 

gender, age, SBP, antihypertensive therapy, race, and proneurotensin. The unadjusted 

standardized HR for proneurotensin was 1.7 per interquartile range (Table 2). When 

analyzed by gender, the HR was smaller in men than in women, whereas associations were 

similar by race. In multivariable analysis, proneurotensin remained a significant predictor of 

cardiovascular mortality, with an HR of 1.8 (Table 2). The HR was higher in women than in 

men. The association was similar in blacks and whites. Interaction testing for gender was not 

statistically significant (p = 0.86). Findings were similar when analyzed with the covariates 

from the MDC study.

In the multivariable model, variables predictive of cardiovascular mortality included age and 

proneurotensin. The addition of proneurotensin to age modestly improved the prognostic 

ability in the overall cohort (Table 3). Proneurotensin did not improve the model in men but 

largely increased the prognostic ability of the model for women (Table 3).

Figure 1 illustrates the Kaplan–Meier plot for cardiovascular mortality by proneurotensin 

quartiles. The HR for proneurotensin was stronger for short-term cardiovascular mortality 

than for long-term cardiovascular mortality in women (Table 4). This was not seen for men 

(Table 4). Results were similar when adjusted for age.

In the case-cohort sample, 223 participants with prevalent CHD were excluded, leaving 512 

incident CHD events and 698 without an event during follow-up. The HR for proneurotensin 

was not increased in unadjusted or multivariable analysis (Table 2). An exploratory analysis 

was done by gender and race. Proneurotensin predicted CHD in univariate analysis for 

women but not for men, but this significance was lost in multivariable analysis (Table 2). 

Proneurotensin did not predict CHD for either race in univariate or multivariate analysis 

(Table 2).

Discussion

In this national study of US blacks and whites, fasting proneurotensin was prognostic for all-

cause mortality and cardiovascular mortality. Proneurotensin remained a significant 

predictor of all-cause mortality in both genders with a numerically stronger association in 

women. Race did not affect prognostic ability. Proneurotensin was a significant predictor of 

cardiovascular mortality in women only. It was a significant predictor in blacks but not in 

whites, although a low event rate in white subjects may have contributed to this finding. 

Although there was a sizable numerical difference in the HR between genders for both 

mortality outcomes, they were not statistically significant. Proneurotensin was not associated 

with the development of CHD.

These findings add to previous studies of proneurotensin.14,15 In the MDC study, elevated 

proneurotensin was associated with an increased risk of all-cause mortality and 

cardiovascular death, mainly in women, from a cohort of over 4,600 individuals.14 Our study 
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showed that proneurotensin had a larger HR for all-cause mortality and cardiovascular death 

in women than in men. Our findings enhance previous studies by using a diverse population 

of blacks and whites from the 48 contiguous states of the United States.

Gender differences in the diagnostic and prognostic ability of biomarkers are known.16,23 

The findings of our study and the MDC study highlight this for proneurotensin. Less studied 

is the influence of race on a biomarker.24,25 Race did not influence proneurotensin’s 

prognostic ability for all-cause mortality. Proneurotensin was prognostic for cardiovascular 

mortality in blacks but not in whites, which may have been due to a low event rate in whites. 

Further study is needed to determine if race influences proneurotensin prognostic ability.

The pathophysiologic link between proneurotensin and CVD is unknown. Potentially an 

elevated proneurotensin reflects metabolic derangements that increase the risk of CVD.14 As 

neurotensin is involved in fat metabolism, elevated fasting levels of proneurotensin may be 

analogous to insulin resistance for fat metabolism.11 This may explain the association 

between proneurotensin and the development of DM.14 As DM is one of the strongest risk 

factors for CVD in women, proneurotensin could be a unique biomarker specific to women 

with the ability to predict the development of diabetes, CVD, and death.26,27

A novel finding was that proneurotensin strongly predicted earlier events of mortality and 

cardiovascular death compared with later events. This suggests serial measurements of 

proneurotensin could be helpful in risk stratification. The small number of events during the 

shorter follow-up times and only a single assessment of proneurotensin limit the confidence 

of this finding. A large cohort study with serial assessment of proneurotensin is needed.

Proneurotensin was not associated with the development of CHD in this study. Previous 

studies found proneurotensin to predict the development of CVD defined as MI or stroke.14 

Women have a higher lifetime risk of stroke, and this combined outcome may have had more 

events in women yielding enough power to reveal proneurotensin’s prognostic ability.28 Our 

outcome consisted of fatal CHD and nonfatal MI and may have missed CVD events in 

women. Further study is needed to determine which specific cardiovascular outcomes 

proneurotensin may predict.

A possible limitation to using proneurotensin is its association with other risk factors of 

CVD and mortality. Increasing quartiles of proneurotensin were associated with increasing 

SBP, BMI, DM, smoking, and lower income. Proneurotensin may be redundant for these risk 

factors; however, the ability of a single biomarker to integrate the biological influences of 

multiple risk factors could also be seen as a strength. Other limitations include the exclusion 

of almost 15% of participants because of nonfasting samples.As mentioned previously, the 

time-dependent AUC was based on a small number of events during the shorter follow-up 

times, making the analysis exploratory. Lastly, we had a relatively small number of 

cardiovascular deaths, so confirmation of our findings is needed.

In conclusion, fasting proneurotensin was predictive of all-cause mortality and 

cardiovascular mortality in both black and white women. We found a time-dependent change 

in the prognostic ability of proneurotensin that suggests a potential role for serial assessment 

of proneurotensin. Proneurotensin did not predict CHD, differing from previous studies of 

Wettersten et al. Page 6

Am J Cardiol. Author manuscript; available in PMC 2021 February 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



proneurotensin. Proneurotensin may be a useful biomarker for all-cause and cardiovascular 

mortality specifically in women regardless of race.
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Figure 1. 
Kaplan–Meier plots for all-cause mortality (A) and cardiovascular mortality (B) separated 

by proneurotensin quartiles in the entire cohort random sample as well as separated by 

genders.
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