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Background: N-terminal pro-brain natriuretic peptide (NT-proBNP) is associated with an
increased risk of cardiac insufficiency, which possibly leads to heart failure. However, the
relationship between resting heart rate and NT-proBNP is unclear.

Obijective: This study focuses on this relativity between resting heart rate and plasma NT-
proBNP levels in a surveyed community-based population.

Methods: We evaluated the relativity between resting heart rate and plasma levels of NT-
proBNP in 1,567 participants (mean age 61.0 years, range 21-96 years) from a community-based
population in Beijing, People’s Republic of China.

Results: In patients with high resting heart rate (=75 beats/min), NT-proBNP was higher
than in those having low resting heart rate (<75 beats/min). In multiple linear stepwise regres-
sion analysis, plasma NT-proBNP was associated with resting heart rate (partial correlation
coefficient, 0.82; 95% confidence interval, 0.18-1.51; P=0.011). A subsequent subgroup
analysis revealed that the association between resting heart rate and plasma NT-proBNP was
strengthened in subjects over 60 years old (partial correlation coefficient 1.28; 95% confidence
interval, 0.49-2.36; P=0.031); while the relativity between resting heart rate and plasma NT-
proBNP was not emerged in the younger subgroup (<60 years old).

Conclusions: Resting heart rate was associated with plasma NT-proBNP in the elderly, which
indicated a relationship between resting heart rate and cardiac function damage.

Keywords: resting heart rate, N-terminal pro-brain natriuretic peptide, epidemiology, cardiac
function, relationship

Introduction

Increased resting heart rate is associated with development of hypertension,
atherosclerosis, sudden death, and coronary heart diseases, which all increase
cardiovascular morbidity and mortality.'? In addition, increased resting heart rate
is associated with oxidative stress, subclinical inflammation, sympathetic tone, and
endothelial dysfunction. All of these may lead to the development of cardiac function
damage.’ Whether the resting heart rate is associated with cardiac function damage to
the cardiovascular system is still unclear.

B-type natriuretic peptide (BNP) is a member of a four natriuretic peptide family
that shares a common 17-peptide ring structure.* Circulating levels of the BNP system
can help in the diagnosis of cardiovascular disease (CVD) and provide prognostic
information not only in patients with heart failure but also the general population
and other patient groups.’ Changes over time also carry prognostic information, and
studies are assessing BNP-guided treatment strategies.® Is possible to exclude the
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diagnosis of heart failure with the use of natriuretic peptides,
but that they are not able to discriminate the two clinical and
echocardiographic types of heart failure, ie, heart failure
with preserved and the one with reduced ejection fraction,
which must be differentiated using ultrasound.” Values of
N-terminal pro-brain natriuretic peptide (NT-proBNP) are
affected by age or the presence of one or several comorbidi-
ties, such as chronic renal failure, type 2 diabetes, and acute
coronary syndrome.®

Whether resting heart rate is associated with plasma levels
of NT-proBNP in asymptomatic subjects has not been well
established yet. The present study investigated the association
between measures of resting heart rate and manifestations
of cardiac function damage (NT-proBNP) in a community-
dwelling population without overt CVD.

Materials and methods
Study population and design

This was a community-based cross-sectional study of people
living in the Pingguoyuan area of the Shijingshan district in
a metropolitan area of Beijing, People’s Republic of China.
After routine health checkups between September 1, 2007 to
January 31, 2009, 1,859 permanent residents were recruited
for the study as described previously.® Of these, 31 subjects
with bedridden status, mental illness, arrhythmia, and severe
systemic diseases were excluded from the analysis.

Resting heart rate assessment was attempted in 1,828
subjects. Adequate measurement was either not attempted or
not obtained in 86 excluded participants. A total of 141 par-
ticipants with overt CVD (defined as a composite of coronary
heart disease [recognized or unrecognized myocardial infarc-
tion, angina pectoris, or coronary insufficiency], cerebrovas-
cular disease [stroke or transient ischemic attack], congestive
heart failure, and intermittent claudication) were excluded.
Thus, testing of cardiac biomarkers was attempted in 1,680
subjects. Among these, a total of 1,567 subjects (mean age
61 years, range 21-96 years) with available NT-proBNP
results were eligible for analysis. The study was approved
by the ethics committee of the Chinese People’s Liberation
Army (PLA) General Hospital, and each participant provided
informed consent.

Clinical data collection

Information on medical history, family history of CVD,
and lifestyle was obtained through self-reporting standard-
ized questionnaires. Anthropometrics were deployed in the
clinic with participants wearing light clothing and no shoes.
Height was measured in centimeters by a wall-mounted
measuring tape, and weight was measured in kilograms by

a digital scale. Resting heart rate was measured by cardiac
auscultation for 1 minute. Tobacco smoking was defined
as having smoked at least one cigarette per day for 1 year
or more; one cigarette was considered to be equivalent to 1
gram of tobacco.

Systolic blood pressure (SBP) and diastolic blood pres-
sures (DBP) were measured by well-trained staff members
on the right arm of the seated participant, after at least
5 minutes of rest, with a mercury sphygmomanometer and an
appropriately sized cuff. Three sequential BP measurements
were obtained, and the average was used for analysis.

Biomarker variable determination
All subjects underwent full laboratory evaluation (lipid profile
and liver and kidney function indices). Blood samples were
obtained between 8 am and 10 am from fasting participants
after they had been in the supine position for 10 to 15 minutes.
Samples were centrifuged immediately, and stored at —80°C
until assays were performed. Concentrations of NT-proBNP
were determined with an electrochemiluminescence immu-
noassay (Roche Diagnostics GmbH, Mannheim, Germany)
using a Roche analyzer (Roche Diagnostics, Indianapolis,
IN, USA), which has a measuring range from 5 to 35,000
pg/mL. According to the manufacturer’s information, values
below the detection limit are reported as 4.99 pg/mL. Con-
centrations of fasting glucose, total cholesterol, triglyceride,
high-density lipoprotein cholesterol, low-density lipoprotein
cholesterol, homocysteine, and uric acid were determined
using the Roche enzymatic assays (Roche Diagnostics
GmbH) on a Roche AutoAnalyzer (Roche Diagnostics).
Concentrations of high-sensitivity C-reactive protein were
determined by an immunoturbidimetric assay (Siemens
Healthcare Diagnostics, USA) using a Dimension RxL Max
analyzer (Siemens Healthcare Diagnostics). Concentrations
of serum creatinine were measured by enzymatic assay
(Roche Diagnostics GmbH) on a Hitachi 7600 autoanalyser
(Hitachi, Tokyo, Japan).

All testing was performed by well-trained personnel
blinded to clinical data in the Department of Biochemistry
of Chinese PLA General Hospital.

Definition of variables
Resting heart rate measurements were conducted in a quiet
environment at stable temperature. Subjects were requested
to abstain from caffeine, smoking, and alcohol for at least
12 hours before assessment was performed. Participants were
studied in the supine position after resting 5 to 10 minutes.
Body mass index was calculated as weight in kilograms divided
by the height in square meters (kg/m?). Hypertension was defined
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asamean SBP =140 mmHg, amean DBP =90 mmHg, or use of
antihypertensive medication. Diabetes mellitus was defined as a
fasting glucose =7.0 mmol/L, nonfasting glucose =11.1 mmol/L,
or use of antihyperglycemic medication.'® The creatinine was
standardized using a calibration equation: Jaffe’s kinetic method
Scr (mg/dL)=0.795 X (enzymatic method Scr [mg/dL])+0.29.!!
The estimated glomerular filtration rate (eGFR) was cal-
culated with the Chinese-modified Modification of Diet in
Renal Disease equation as follows: eGFR (mL/min/1.73m?) =
175 x standardized creatinine (mg/dL)™"*3* X age (year)™!" x
0.79 (if female)."

Statistical analysis

Continuous variables are presented as mean + standard
deviation or median and with interquartile range. Dichoto-
mous variables are presented as numbers and percentages.
The distribution test of continuous variables was performed;
NT-proBNP levels were logarithmically transformed to nor-
malize their distributions. Resting heart rate was classified
into a high level group (=75 beats/min) or a low level group
(<75 beats/min). Differences in log NT-proBNP levels
between the high and low resting heart rate groups were
analyzed with Student’s ¢-tests.

We assessed the association of resting heart rate with
manifestations of cardiac function damage (NT-proBNP)
by means of multiple regression analysis models. NT-proBNP
was treated as the dependent variable. Forward stepwise
multiple regression analysis was performed to obtain the

Table | Characteristics of the study sample

partial correlation coefficient (PR) and 95% confidence
intervals (ClIs). Regression models were adjusted with age
and sex as independent variables (model 1) and additionally
adjusted for the factors hypertension, diabetes, SBP, DBP,
current smoking, body mass index, waist circumference,
resting heart rate, levels of plasma fasting glucose, total cho-
lesterol, triglyceride, and high-density lipoprotein cholesterol,
eGFR as the independent variable (model 2). Model 3 was
adjusted from model 2 plus use of medications.

Because age is an important determinant of NT-proBNP
levels, we repeated the regression analysis on participants
younger than 60 years old (n=688) and 60 years of age and
older (n=879) respectively.

All statistical analyses were performed using Stata software
(version 11.0, Stata Corporation, College Station, TX). A bilat-
eral value of P<<0.05 was considered significant.

Results

Characteristics

Altogether, 1,567 participants were included in the present
study. The mean * SD age of participants in the study was
61.0£11.2 years. The characteristics of the study population
are summarized in Table 1.

Distribution of NT-proBNP
concentrations

Among the 1,567 participants, 1,474 (94.1%) had detectable
values of NT-proBNP (=5 pg/mL). The range of detectable

Variables All subjects Resting heart rate =75 Resting heart rate <75 P-value
(n=1,567) beats/min (n=815) beats/min (n=752)
Age (years) 61.03x11.22 60.76x11.14 61.32+11.3 0.33
BMI (kg/m?) 25.19+4.67 25.39+4.38 24.98+4.95 0.082
Waist circumference (cm) 80.14+24.51 81.22+23.41 78.97+25.62 0.069
SBP (mmHg) 129.77+18.55 130.43+18.73 129.06+18.34 0.141
DBP (mmHg) 76.75+10.88 78.00%10.92 75.40+10.68 <0.001
Heart rate (beats/min) 75.39+9.97 82.83%7.15 67.3315.19 <0.001
TC (mmol/L) 5.04+0.93 5.09+0.94 4.99+0.92 0.025
TG (mmol/L) 1.81£1.29 1.91£1.31 1.70£1.25 0.001
HDL-C (mmol/L) 1.40+0.37 1.39+0.35 1.42+0.38 0.056
LDL-C (mmol/L) 2.96+0.72 2.99+0.74 2.93+0.69 0.076
Fasting glucose (mmol/L) 5.41+1.68 5.67+1.97 5.13+1.23 <0.001
eGFR (mL/min/1.73 m?) 93.86+14.57 94.56x14.46 93.09£14.66 0.047
Log NT-proBNP (pg/mL) 3.61+1.24 3.54+1.24 3.69£1.25 0.014
Current smoking, n (%) 384 (24.5) 215 (26.4) 169 (22.4) 0.072
Diabetes, n (%) 303 (19.34) 184 (22.6) 119 (15.8) 0.001
Hypertension, n (%) 790 (50.4) 423 (51.9) 367 (48.8) 0.220

Notes: The following continuous variable are presented as mean + SD deviation: BMI, height, weight, waist circumference, SBP, DBP, heart rate, TC, HDL-C, LDL-C, TG,
eGFR, and Log NT-proBNP. The following categorical variables are presented as counts and percentages: current smoking, diabetes, hypertension.

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; HDL-C, high-density lipoprotein cholesterol; LDL-C,
low-density lipoprotein cholesterol; NT-proBNP, N-terminal pro-brain natriuretic peptide; min, minute; SBP, systolic blood pressure; TC, total plasma cholesterol; TG,

triglycerides.
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Table 2 Relationship between resting heart rate and levels of
NT-proBNP

Log NT-proBNP

Resting heart rate

PR (95% CI) P-value
Unadjusted 0.82 (0.18-1.51) 0.011
Model | 1.12 (0.45—1.64) 0.001
Model 2 0.82 (0.12—1.68) 0.015
Model 3 0.91 (0.18-1.72) 0.018

Notes: Data are presented as partial correlation coefficient (PR) and corresponding
95% confidence interval (Cl) from linear regression analysis. Stepwise multiple linear
regression analysis models are as follows: model | is adjusted for age and sex. Model 2
is additionally adjusted for hypertension, diabetes, SBP, DBP, current smoking, BMI,
waist circumference, resting heart rate, levels of plasma fasting glucose, TC, TG,
HDL-C, and eGFR. Model 3 is adjusted for model 2 plus use of the following where
used =I and unused =0: aspirin, statins, B-blockers, calcium antagonists, ACE-Is,
ARBs, and diuretics.

Abbreviations: ACE-Is, angiotensin-converting enzyme inhibitors; ARBs,
angiotensin-receptor blockers; BMI, body mass index; DBP, diastolic blood pressure;
eGFR, estimated glomerular filtration rate; HDL-C, high-density lipoprotein
cholesterol; LDL-C, low-density lipoprotein cholesterol; NT-proBNP, N-terminal
pro-brain natriuretic peptide; min, minute; SBP, systolic blood pressure; TC, total
plasma cholesterol; TG, triglycerides.

NT-proBNP concentrations was 5.07-3,804 pg/mL with amedian
value of 42.95 pg/mL (interquarile range, 1.9-81.9 pg/mL).

Resting heart rate and the presence

of NT-proBNP concentrations

The levels of NT-proBNP in the high resting heart rate group
were higher than the levels in the low resting heart rate group
(P=0.002) (Figure 1). The levels of NT-proBNP increased
within females (Figure 2).

On univariate regression analysis, the NT-proBNP levels
were significantly related to resting heart rate (P<<0.01).
In patients with high resting heart rates (=75 beats/min),
NT-proBNP was higher than in those having low resting
heart rates (<75 beats/min). In multiple linear stepwise
regression analysis, plasma NT-proBNP was associated with
resting heart rate (PR, 0.82; 95% CI, 0.18-1.51; P=0.011)
(Table 2).

A subsequent subgroup analysis revealed that the associa-
tion between resting heart rate and plasma NT-proBNP was
strengthened in subjects over 60 years old (PR, 1.28; 95%
CI, 0.49-2.36; P=0.031), while the relativity between resting
heart rate and plasma NT-proBNP was not emerged in the
younger subgroup (<60 years old). However, in participants
younger than 60 years of age, the relationship between resting
heart rate (PR, —0.06; 95% CI, —0.58 to 0.60; P=0.729) and
NT-proBNP levels disappeared (Table 3).

Discussion
In this study, we demonstrated for the first time that in a
community-dwelling asymptomatic population, resting heart

rate was positively associated with plasma NT-proBNP
levels independent of age, sex, or other risk factors. These
results indicated an independent association between rest-
ing heart rate and cardiac function damage. Notably, in the
predefined subgroup analysis, the association between resting
heart rate and cardiac function damage was strengthened in
elderly participants but not present in those younger than
60 years old.

Higher resting heart rate has been reported to be associ-
ated with oxidative stress, subclinical inflammation, higher
sympathetic tone, and endothelial dysfunction. And these
pathologic changes are known to promote hypertension,
atherosclerosis, and coronary heart diseases.' In the present
study, we demonstrated an association between resting heart
rate and levels of NT-proBNP, which is a sensitive marker for
the assessment of cardiac function damage. The findings of
the present study suggest that higher resting heart rate might
be partly mediated by cardiac function damage.

There are several ways that resting heart rate may
predispose cardiac function damage. Firstly, an increased
resting heart rate may have direct detrimental effects on
cardiovascular function by increasing myocardial oxygen
consumption and reducing coronary blood flow.!® Secondly,
an increased resting heart rate can exert local haemodynamic
forces that can adversely impact on the arterial wall.'’ In
previous studies,* ' pressure or volume overload were
considered the major stimuli for BNP release. Thirdly, an
increased resting heart rate might be a trigger for the activa-
tion of the sympathetic nervous system.!” Fourthly, several
prospective studies have reported resting heart rate be a risk
predictor for certain specific causes of death, including CVD

Table 3 Relationship between resting heart rate and levels of
NT-proBNP for participants younger that 60 years of age and
60 years of age and older

Log NT-proBNP Resting heart rate

Beta (95% CI) P-value
All subjects (n=1,567) 0.82 (0.18-1.51) 0.011
Age, years
=60 (n=879) 1.28 (0.49-2.36) 0.031
<60 (n=688) —0.06 (-0.58 to 0.60) 0.729

Notes: Data are presented as partial correlation coefficient (PR) and corresponding
95% confidence interval (Cl). Regression models were adjusted for age, sex,
hypertension, diabetes, SBP, DBP, current smoking, BMI, waist circumference,
resting heart rate, levels of plasma fasting glucose, TC, TG, HDL-C, eGFR: estimated,
aspirin, statins, B-blockers, calcium antagonists, ACE-Is, ARBs, and diuretics.
Abbreviations: ACE-Is, angiotensin-converting enzyme inhibitors; ARBs, angiotensin-
receptor blockers; BMI, body mass index; DBP, diastolic blood pressure; eGFR,
estimated glomerular filtration rate; HDL-C, high-density lipoprotein cholesterol;
LDL-C, low-density lipoprotein cholesterol; NT-proBNP, N-terminal pro-brain
natriuretic peptide; SBP, systolic blood pressure; TC, total plasma cholesterol; TG,
triglycerides.
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Log NT-proBNP

Low resting heart
rate group

High resting heart
rate group

Figure | Plasma Levels of log NT-proBNP in the high resting heart rate group and
low resting heart rate group.
Abbreviation: NT-proBNP, N-terminal pro-brain natriuretic peptide.

and non-CVD deaths. These studies include the Framingham
Study, the NHANES I Epidemiologic Follow-up Study, the
NIPPONDATAS80 Study, and others.!*!* The mechanisms
by which increased resting heart rate increases the risk of
CVD are still largely unknown. Findings from the study of
Liu et al? suggest the resting heart rate—CVD association may
be related to the positive association between resting heart
rate and blood pressure. Increased blood pressure might be
an important trigger for BNP release.

As in previous studies,’’** we found that female sex
was an independent positive factor for NT-proBNP levels.
Because post-menopausal women are rarely treated with oral
estrogens in the People’s Republic of China,* an influence of
oral estrogens on NT-proBNP levels is likely negligible.

In this study, resting heart rate was associated with
cardiac function damage only in elderly participants. This
difference can be attributed to a number of factors. Firstly,
our study population was relatively old, with 53.1% of the
participants being older than or equal to 65 years of age
(range, 21-75 years; median, 60 years). Resting heart rate
increases with age, the steepest rise occurs after the age of 65,
resulting in strengthened cardiac function damage in older
subjects. Secondly, age itself is one of the most important

3 P<0.001

Male

Female

Figure 2 Plasma Levels of log NT-proBNP in male and female groups.
Abbreviation: NT-proBNP, N-terminal pro-brain natriuretic peptide.

cardiovascular risk factors, heavily modifying the strength
of the others. Thirdly, elderly subjects had a higher pres-
ence of other vascular risk factors than younger participants.
These factors can interact with resting heart rate, which may
increase susceptibility to cardiac function damage in this
group of subjects.

The present study also has some limitations. Firstly, the
present study was performed in Chinese residents from one
community in Beijing; the results may not represent Chinese
from other areas of the People’s Republic of China and might
not be applicable to other ethnic groups. Secondly, because
of the cross-sectional design and its inherent limitations, the
present study cannot determine causal relationships among
the factors. Therefore, our observations need confirmation in
longitudinal and interventional studies. Thirdly, a significant
proportion of residents were excluded because of missing or
inadequate clinical and biomarker data. This is a well-known
but unavoidable limitation of large epidemiological studies
that may bias toward the null hypothesis because of loss of
cases that presumably had more extreme values for the ana-
lyzed variables. Fourthly, the presence of sex, current smok-
ing and potential comorbidities (such as diastolic dysfunction,
left ventricular hypertrophy, hypertension, diabetes mellitus,
obesity) may influence the association of resting heart rate and
NT-proBNP. Although the results were adjusted for multiple
covariates that might be associated with NT-proBNP levels,
the possibility of residual confounding still remained.

There are several strengths to our study. Firstly, to the
best of our knowledge, the present investigation is the first
study evaluating the association between resting heart rate
and cardiac function damage in a large community-based
population. Secondly, the most sensitive detection method
of cardiac function damage (NT-proBNP) and several
manifestations of clinical data are included, which allows
us to explore the relationship between resting heart rate and
cardiac function damage.

Conclusion

In conclusion, we observed a robust, cross-sectional asso-
ciation between resting heart rate and NT-proBNP, which
indicated a consistent positive relationship between resting
heart rate and cardiac function damage, particularly in elderly
subjects. However, long-term follow-up studies are needed
to evaluate whether increased resting heart rate can cause
manifestations such as cardiac function damage. Whether
reducing the resting heart rate can have a favorable effect on
cardiac function needs to be investigated further in prospec-
tive intervention studies using heart rate-lowering drugs.
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