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Abstract

Aims High-sensitivity cardiac troponin T (hs-cTnT) and B-type natriuretic peptide (BNP) are associated with prognosis and
severity in patients with heart failure (HF); however, their association with physical function is unclear. This study aimed to
investigate whether hs-cTnT and BNP levels are associated with physical function in patients with HF.
Methods and results Hs-cTnT, BNP, and physical function (maximal quadriceps isometric strength [QIS], usual gait speed,
and 6-min walk distance [6MWD]) were evaluated in 363 consecutive patients with HF (median age, 70 [60–78] years). Pa-
tients were divided into four groups according to their median hs-cTnT and BNP levels. After adjusting for demographic char-
acteristics, laboratory levels, and HF severity, higher hs-cTnT and BNP levels were significantly associated with lower physical
function (log hs-cTnT, β = �0.162, P = 0.001, for maximal QIS; β = �0.175, P = 0.002, for usual gait speed, and β = �0.129,
P = 0.004, for 6MWD; log BNP, β = �0.090, P = 0.092, for maximal QIS, β = 0.038, P = 0.516, for usual gait speed, and
β = �0.108, P = 0.023, for 6MWD). In addition, the high hs-cTnT and high BNP group had significantly lower physical
function (all P < 0.05) than the low hs-cTnT and low BNP group.
Conclusions Higher hs-cTnT and BNP levels are both associated with lower physical function in patients with HF, but hs-cTnT
levels showed a more consistent association. The combination of hs-cTnT and BNP may be effective for the stratification of
physical function in patients with HF.
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Introduction

Heart failure (HF) is a major health problem, and numerous
useful indicators have been reported to determine the effec-
tiveness of treatment and disease management.1–3 With ad-
vances in HF treatment and management, the target
population is becoming progressively older; hence,
sarcopenia and frailty are becoming major issues.4,5 There-
fore, if it is possible to evaluate physical dysfunction using in-
dicators that are frequently used in clinical practice, the

identification of patients with sarcopenia and frailty may be-
come easier.

Recently, to understand the severity of HF and for appropri-
ate treatment and intervention, the measurement of B-type
natriuretic peptide (BNP) and cardiac troponin T (cTnT) has
been recommended by each country guidelines.1–3 BNP is se-
creted primarily by cardiac ventricular myocytes in response
to increased ventricular wall stress generated by volume or
pressure overload or ischaemia6,7 and has been established
as a biomarker to assist in the diagnosis of HF and to predict
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prognosis in patients with HF.7–9 On the other hand,
high-sensitivity cTnT (hs-cTnT), which is elevated by various
factors such as minor myocardial injury and skeletal muscle
myopathy, has recently attracted attention.10–12 In particular,
minor elevations in hs-cTnT levels have been identified as an
independent poor prognostic factor in patients with HF.13–16

Furthermore, the combination of hs-cTnT and BNP has been
reported to be highly effective for risk stratification in pa-
tients with HF.14–16

It is said that the heart and skeletal muscles are
bi-directionally related via the ergoreflex system.17 Recently,
hs-cTnT and BNP have been reported to be associated with
skeletal muscle mass.18,19 Skeletal muscle mass is an impor-
tant factor that regulates physical function, and these two
biomarkers may have additional value in screening for physi-
cal dysfunction; however, reports on this association in pa-
tients with HF are limited.

The present study sought to examine whether hs-cTnT and
BNP levels are associated with physical function in patients
with HF and whether the combination of hs-cTnT and BNP is
effective for stratifying physical function in patients with HF.

Methods

Study population

We conducted a single-centre cross-sectional study. Among
patients who were admitted in Kitasato University Hospital
between April 2011 and January 2019, we identified HF pa-
tients who presented with acute or worsening HF symptoms.
Acute decompensated HF (ADHF) diagnosis, based on the

Framingham criteria,20 was performed by experienced
cardiologists.

In this study population, we investigated the association
between hs-cTnT level and physical function and between
BNP level and physical function. We limited our study to HF
patients for whom hs-cTnT and BNP measurement was per-
formed and who underwent the evaluation of physical func-
tion at hospital discharge. Patients with skeletal muscle
disease (dystrophy) were excluded due to the high possibility
of cross-reactivity in looking at the relationship between skel-
etal muscle function and cardiac biomarkers. Furthermore,
patients who had missing data on patient characteristics, left
ventricular ejection fraction (LVEF), and New York Heart Asso-
ciation (NYHA) functional class were excluded. Consequently,
363 patients with HF were studied (Figure 1). The study was
performed in accordance with the tenets of the Declaration
of Helsinki and was approved by the ethics committee of
Kitasato University Hospital (B18-075).

Clinical data collection

Data on all variables, including age, sex, body mass index
(BMI), clinical details at presentation (co-morbidities and
medication use) as well as demographic, echocardiographic,
and biochemical data just before hospital discharge, were ob-
tained from electronic medical records. Hs-cTnT was mea-
sured using the high-sensitivity Roche Elecsys assay (Roche
Diagnostics, Tokyo, Japan), whereas BNP concentration was
measured using a commercially available immunoradiometric
assay (Shionogi, Osaka, Japan). The Simpson’s method was
used to estimate LVEF on two-dimensional echocardiograms.
The estimated glomerular filtration rate (eGFR) was defined

Figure 1 Flow chart of the study population.
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according to the formula recommended by the Japanese
Society of Nephrology as follows: 194 × (serum
creatinine)1.094 × (age)0.287 in men and 194 × (serum
creatinine)1.094 × (age)0.287 × 0.739 in women.21

Physical function

For the assessment of physical function, we used maximal
quadriceps isometric strength (QIS), usual gait speed, and
6-min walk distance (6MWD) measured at hospital discharge.

Maximal QIS wasmeasured using a handheld dynamometer
(μ-Tas, ANIMA, Tokyo, Japan). Patients sat in a chair with an
inextensible strap connecting the ankle of their leg to a strain
gauge. Five-second maximal isometric voluntary contractions
of the quadriceps were collected three successive times for
both legs at 90° flexion and for the hip joint at approximately
90° flexion. The right and left quadriceps were tested consec-
utively. The greatest strength values on the right and left sides
were averaged and expressed as absolute values (kg) and as
relative values to body mass (%body mass, %BM).22,23

To measure usual gait speed, the patients were asked to
walk at their usual gait speed; their movement over themiddle
10 m of a 16 m walkway (from 3 to 13 m) was timed. By mea-
suring the time it took the patients to walk the 10 m distance,
we calculated the usual gait speed (m/s) of each participant.

The 6MWD was measured according to the American Tho-
racic Society guidelines,24 and the measurement was super-
vised by technicians. The measurement location was the flat
in-hospital hallway, which was marked at 1 m intervals. The
patients were instructed to walk as far as possible along a
straight line, and the distance in meters was recorded at
the end of a 6 min period.

Statistical analysis

Continuous variables are presented as median (interquartile
range), whereas categorical variables are expressed as num-
ber and percentage. To examine whether the combinations
of hs-cTnT and BNP levels are associated with physical func-
tion in patients with HF, the patients were divided into four
groups according to their median hs-cTnT and BNP levels.
The groups were low hs-cTnT and low BNP group, low
hs-cTnT and high BNP group, high hs-cTnT and low BNP
group, and high hs-cTnT and high BNP group. Patient charac-
teristics were compared between the groups using one-way
analysis of variance or the Kruskal–Wallis test for continuous
variables, and χ2 test was used for categorical variables.
Spearman’s rank correlation coefficient was calculated to
evaluate the correlation between hs-cTnT, BNP, and physical
function. Multiple regression analyses were performed to
test the independent associations between hs-cTnT, BNP,
and physical function, with adjustments for age, sex, BMI,

ischaemic aetiology, LVEF, NYHA functional class, and eGFR.
Moreover, hierarchical multiple linear regression analyses
were performed to assess the contributions of hs-cTnT and
BNP in predicting physical function after adjusting for clinical
model. The clinical model consisted of the variables used in
multiple regression, excluding hs-cTnT and BNP. Comparisons
between the four groups were performed via analysis of co-
variance (ANCOVA), with adjustments for age, sex, BMI, isch-
aemic aetiology, LVEF, NYHA functional class, and eGFR.
Furthermore, we modelled nonlinear associations between
hs-cTnT level and physical function and between BNP level
and physical function, using restricted cubic splines with
three knots in sensitivity analyses. Natural logarithmic (log)
transformations were performed for hs-cTnT and BNP levels
with skewed distributions before the levels were inserted
into Spearman’s rank correlation coefficient, multiple regres-
sion analyses, hierarchical multiple linear regression analyses,
and restricted cubic splines with three knots. Analyses were
performed using R version 3.6.3 (R Project for Statistical
Computing, Vienna, Austria), Stata version 16.0 (StataCorp,
College Station, TX, USA), and JMP® Pro version 14.1 (SAS
Institute Inc., Cary, NC, USA). In all analyses, a two-tailed
P-value <0.05 was considered to indicate statistical
significance.

Results

Patients characteristics

The baseline characteristics of all patients and the results of
comparisons between the four groups are shown in Table 1.
The median age of the study population was 70 years,
62.2% of the patients were male, and HF in 44.6% of the pa-
tients was of an ischaemic aetiology. High hs-cTnT and BNP
levels were associated with older age, an ischaemic aetiology
more than a non-ischaemic aetiology, lower eGFR, and all
physical functions. The median hs-cTnT and BNP levels were
0.037 ng/mL and 286.0 pg/mL, respectively.

Associations between hs-cTnT, BNP, and physical
function

Figure 2 shows the scatter plot of hs-cTnT (A) and BNP (B)
with physical function. The scatter diagram shows negative
correlations between hs-cTnT levels and all physical functions
and between BNP and all physical functions. Spearman’s rank
correlation coefficient shows that both hs-cTnT and BNP
were significantly associated with all physical functions (log
hs-cTnT, rho = �0.265 for maximal QIS, rho = �0.290 for
usual gait speed, and rho = �0.318 for 6MWD, all
P < 0.001; log BNP, rho = �0.208 for maximal QIS,
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rho = �0.203 for usual gait speed, and rho = �0.310 for
6MWD, all P < 0.001).

Table 2 shows the results of multiple regression analyses
for identifying the independent associations between hs-
cTnT, BNP, and physical function. After adjusting for age,
sex, BMI, ischaemic aetiology, LVEF, NYHA functional class,
and eGFR, a higher hs-cTnT level was significantly associated
with lower levels of all physical functions (log, β = �0.162,
P = 0.001, for maximal QIS; β = �0.175, P = 0.002, for usual
gait speed; and β = �0.129, P = 0.004, for 6MWD). Con-
versely, higher BNP was significantly associated with shorter
6MWD (log, β = �0.108, P = 0.023), but not with maximal
QIS (log, β = �0.090, P = 0.092) and usual gait speed (log,
β = 0.038, P = 0.516). Moreover, hierarchical multivariate lin-
ear regression analysis revealed that adding hs-cTnT or BNP
explained the greater amount of variance in the physical
function measures. The clinical model with hs-cTnT changed
the amount of variance obtained in all physical function mea-
sures (maximal QIS, change in R2: 0.030, change in F: 16.092,
P < 0.001; usual gait speed, change in R2: 0.022, change in F:
9.343, P = 0.002; and 6MWD, change in R2: 0.021, change in
F: 13.791, P < 0.001). Adding BNP levels to the clinical model
changed the amount of variance in the physical function

measures (maximal QIS, change in R2: 0.016, change in F:
8.499, P = 0.003; and 6MWD, change in R2: 0.017, change
in F: 10.792, P = 0.001) but not in usual gait speed (change
in R2: <0.001, change in F: 0.069, P = 0.791).

Figure 3 shows the results of ANCOVA for a comparison of
physical function between the four groups, after adjustments
for age, sex, BMI, ischaemic aetiology, LVEF, NYHA functional
class, and eGFR. The high hs-cTnT and high BNP group had
significantly lower levels in all physical functions than the
low hs-cTnT

and low BNP group. The high hs-cTnT and high BNP group
had significantly slower usual gait speed and shorter 6MWD
than the low hs-cTnT and high BNP group. In addition, the
high hs-cTnT and high BNP group had a significantly shorter
6MWD compared with the high hs-cTnT and low BNP group.

Figure 4 shows nonlinear associations between hs-cTnT
(A), BNP (B), and physical function using restricted cubic
splines in sensitivity analyses. All physical functions declined
with elevating hs-cTnT levels. Similarly, all physical functions
declined with elevating BNP levels. Further, compared with
the tendency of physical function decline with BNP level ele-
vation, minor elevation in hs-cTnT levels tended to lead to a
decline in physical function.

Figure 2 Correlations between hs-cTnT and physical function (A) and between BNP and physical function (B). The regression lines for each plot are
shown in blue. %BM, percentage body mass; 6MWD, 6-min walk distance; BNP, B-type natriuretic peptide; hs-cTnT, high-sensitivity cardiac troponin
T; maximal QIS, maximal quadriceps isometric strength; Spearman’s rho, Spearman’s rank correlation coefficient.
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Discussions

The primary findings of our study were as follows: First,
higher hs-cTnT and BNP levels were associated with lower
physical function in patients with HF; however, hs-cTnT levels
were more consistently associated with all physical function
measures independent of clinical characteristics and HF se-
verity. Second, the high hs-cTnT and high BNP group had sig-
nificantly lower levels in all physical functions than the low
hs-cTnT and low BNP group. These findings suggest that
hs-cTnT and BNP have additional value in screening for phys-
ical dysfunction in patients with HF. In addition, the combina-
tion of hs-cTnT and BNP may be an effective stratification for
low physical function in patients with HF.

The usefulness of some alternative indices to predict exer-
cise capacity in patients with HF has been reported. The
NYHA classification is frequently used in clinical practice to
predict exercise tolerance in patients with HF.25 However,
the NYHA classification, while easy and rapid to perform,
has been noted to have a low discriminatory power.26 More-
over, there are large differences in terms of exercise toler-
ance within the same NYHA class. On the other hand, BNP
is a well-established biomarker in patients with HF and has
been reported to be associated with peak exercise oxygen
consumption (VO2) and self-assessed physical function.27–29

In previous studies, hs-cTnT and BNP have been reported
to be associated with skeletal muscle mass.18,19 Moreover,
it has been reported that the elevated hs-cTnT and BNP

Table 2 Multiple regression analysis for association of physical function, hs-cTnT, and BNP

Variables

Maximal QIS Usual gait speed 6MWD

Standardized β P-value Standardized β P-value Standardized β P-value

Log hs-cTnT �0.162 0.001 �0.175 0.002 �0.129 0.004
Log BNP �0.090 0.092 0.038 0.516 �0.108 0.023
Age �0.159 0.004 �0.167 0.011 �0.279 <0.001
Male 0.319 <0.001 0.157 0.002 0.140 <0.001
BMI �0.059 0.219 0.131 0.015 0.046 0.288
Ischaemic aetiology �0.066 0.162 �0.038 0.478 �0.020 0.630
LVEF �0.004 0.929 �0.012 0.811 0.060 0.161
NYHA functional class �0.318 <0.001 �0.358 <0.001 �0.477 <0.001
eGFR 0.0002 0.995 0.080 0.194 �0.024 0.621

6MWD, 6-min walk distance; BMI, body mass index; BNP, B-type natriuretic peptide; eGFR, estimated glomerular filtration rate; hs-cTnT,
high-sensitivity cardiac troponin T; LVEF, left ventricular ejection fraction; Maximal QIS, maximal quadriceps isometric strength; NYHA
functional class, New York Heart Association functional class.

Figure 3 Associations of hs-cTnT and BNP with physical function determined by analysis of covariance. Adjusted for age, sex, BMI, ischaemic aetiology,
LVEF, NYHA functional class, and eGFR. Bar graphs represent adjusted mean levels, with error bars representing 95% confidence intervals. %BM, per-
centage body mass; 6MWD, 6-min walk distance; BMI, body mass index; BNP, B-type natriuretic peptide; eGFR, estimated glomerular filtration rate;
hs-cTnT, high-sensitivity cardiac troponin T; LVEF, left ventricular ejection fraction; maximal QIS, maximal quadriceps isometric strength; NYHA func-
tional class, New York Heart Association functional class; low hs-cTnT, hs-cTnT < median; low BNP, BNP < median; high hs-cTnT, hs-cTnT ≥ median;
high BNP, BNP ≥ median. *and ** represent a significant difference between the two groups (P < 0.05 and P < 0.001, respectively).
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are strongly and independently associated with a higher fall
risk in older adults.30 Therefore, these biomarkers may be
related to physical function. To our knowledge, this is
the first study to show that hs-cTnT and BNP have additional
value in screening for physical dysfunction in patients
with HF.

Many factors may influence the relationship between car-
diac biomarkers for detecting myocardial injury and left ven-
tricular overload and skeletal muscle dysfunction. The
hemodynamic disorders observed in ADHF may have elicited
skeletal muscle circulatory insufficiency, the activation of
neurohumoral factors, and an inflammatory response, lead-
ing to skeletal muscle atrophy and dysfunction.31 Moreover,
cardiac biomarkers are primarily secreted by cardiomyocytes
upon excessive stretch, increased transmural pressure, or di-
rect injury. These homodynamic changes stimulate cardiac
biomarker secretion and were associated with the low skele-
tal muscle.18,19 Furthermore, elevated circulatory BNP levels
may contribute to increased energy dissipation and oxidative
capacity by skeletal muscle.32 It has been reported that skel-
etal muscle growth attenuated cardiac remodelling and dys-
function in a mouse myocardial infarction model.33

Ponikowski et al.17 reported that patients with HF with a
more severe clinical condition (defined by the NYHA class, re-
duced peak VO2, or increased minute ventilation/carbon di-
oxide production slope) were characterized by a more

marked ergoreflex component in the ventilatory and hemo-
dynamic responses to exercise. Thus, these factors may also
affect the association of cardiac biomarkers with physical
function.

When BNP and hs-cTnT were used in a combined bio-
marker strategy, these markers were more effective for iden-
tifying patients with lower physical function than when each
marker was used alone. A previous study reported that the
combination of increased troponin and increased BNP levels
identified patients with HF and patients with a markedly in-
creased mortality risk.14–16 Our study further demonstrated
the value of a multi-biomarker strategy to differentiate a
higher risk of physical dysfunction in HF. These findings sup-
port the utility of a multiple-biomarker strategy involving
hs-cTnT and BNP in patients with HF.

In the present study, the association between both
hs-cTnT and BNP and physical function showed different
dose–response associations. BNP did not affect physical
function up to a certain level, but further increases tended
to decrease physical function. Similarly, with respect to the
relationship between BNP and prognosis, an increase in
BNP above a certain level has been reported to be associ-
ated with poor prognosis.8,9 On the other hand, even a mi-
nor elevation in hs-cTnT levels tended to decrease physical
function. Minor myocardial injury detected by hs-cTnT has
been shown to be an independent predictor of prognosis

Figure 4 Nonlinear associations between hs-cTnT and physical function (A) and between BNP and physical function (B). Dotted line represents 95%
confidence intervals. %BM, percentage body mass; 6MWD, 6-min walk distance; BNP, B-type natriuretic peptide; hs-cTnT, high-sensitivity cardiac tro-
ponin T; maximal QIS, maximal quadriceps isometric strength.
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in patients with HF.13–16 Accordingly, we suggest that the
relationship between hs-cTnT, BNP, and prognosis reported
by previous studies bears a similar relevance to physical
function.

With the recent aging of the population, the number of
HF patients with low physical function such as frailty is in-
creasing, and the importance of continued follow-up after
hospital discharge is becoming increasingly important.
Kamiya et al.34 reported that cardiac rehabilitation signifi-
cantly reduced mortality and rehospitalization rates in pa-
tients with HF, even after adjusting for HF medications
and other factors in addition to clinical characteristics and
HF severity, and that these results were similar in HF pa-
tients with frailty. Further, it has been reported that
cardiac rehabilitation, which continues until discharge from
the hospital, improves physical function in CVD patients
with frailty, physical function disability, and many co-
morbidities,35 suggesting that it improves mortality and re-
admission rates. Therefore, participation in cardiac rehabil-
itation and its continuation from the hospital discharge
are important. However, participation and referral rates
for patients after hospitalization for HF to cardiac rehabili-
tation are low, with lack of physician referrals cited as the
primary reason.36,37 In this study, hs-cTnT and BNP levels
were useful in stratifying patients with low physical func-
tion. This may be beneficial in identifying patients who
need more intensive rehabilitation, which in turn may help
improve the referral rate to cardiac rehabilitation.

Study limitations

This study had several limitations. First, because this was a
single-centre observational study and external validity could
not be guaranteed, we were unable to determine the optimal
cut-off values of biomarkers for predicting the decline in phys-
ical function. Further prospective multicentre studies are
needed to inform clinical management. Second, factors such
as age, sex, and renal function were adjusted as covariates be-
cause they are known to increase serum hs-cTnT and BNP. It
has been reported that cTnT is often elevated in patients with
skeletal muscle disease without evidence of cardiac disease.12

Therefore, patients with skeletal muscle disease were ex-
cluded due to the high possibility of cross-reactivity in looking
at the relationship between skeletal muscle function and car-
diac biomarkers. However, we did not adjust for the influence
of medications on hs-cTnT and BNP levels. It was suggested
that the risk of myocardial injury was likely to increase with
the use of inotropic drugs.38 Previous studies have demon-
strated that BNP levels were reduced after treatment with
beta-blockers,39 whereas BNP levels were increased after

treatment with angiotensin-converting enzyme inhibitors40

or digitalis.41 Third, our study used the patients’ hs-cTnT and
BNP levels at hospital discharge, but the relationship between
biomarkers and physical function would have been more reli-
able in patients with chronic HF and a more stable clinical sta-
tus. Finally, our study aimed to determine whether cardiac
biomarkers used to manage HF and determine the effective-
ness of treatment have new aspects related to physical func-
tion. Further research is needed to determine (i) whether
biomarkers, such as creatinine, creatine phosphokinase, and
lactate dehydrogenase42,43 reportedly associatedwith skeletal
muscle atrophy or damage are useful in predicting physical
function in patients with HF, (ii) which of them is more useful,
and (iii) whether they can be used in conjunction with cardiac
biomarkers.

Conclusions

Higher hs-cTnT and BNP levels are associated with lower
physical function in patients with HF, and hs-cTnT levels are
more consistently associated with physical function. Further-
more, the combination of hs-cTnT and BNP seems highly ef-
fective for the stratification of physical function in patients
with HF. These findings suggest that hs-cTnT and BNP have
additional value in screening for physical dysfunction in pa-
tients with HF.
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