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Abstract

Background High-sensitivity cardiac troponin T (hs-cTnT) and N-terminal pro-brain natriuretic peptide (NT-proBNP)
are biomarkers of myocardial infarction and heart failure, respectively, and indicate cardiovascular risk. Since low
physical activity (PA) and sedentary behavior (SB) are also associated with higher cardiovascular risk, and this associa-
tion could be a consequence of higher levels of cardiac biomarkers, we examined the association of device-meas-
ured movement behaviors with hs-cTnT and NT-proBNP in older men and women without major cardiovascular
disease (CVD).

Methods We used data from 1939 older adults from the Seniors-ENRICA-2 study. Accelerometers were used to assess
time spent in sleep, SB, light PA (LPA), and moderate-to-vigorous PA (MVPA). Linear regression models were fitted
separately in eight strata defined by sex, by median total PA time, and by the presence of subclinical cardiac damage
according to cardiac biomarkers levels.

Results In the less active men with subclinical cardiac damage, spending 30 min/day more of MVPA was associated
with a mean percentage difference (MPD) (95% confidence interval) in hs-cTnT of — 13.1 (— 18.3, —7.5); MPDs in NT-
proBNP per 30 min/day increment were 5.8 (2.7, 8.9) for SB, — 19.3 (— 254, —12.7) for LPA and — 23.1 (— 30.7, — 14.6)
for MVPA. In women with subclinical cardiac damage who were less physically active, 30 min/day more of SB, LPA and
MVPA were associated with MPDs in hs-cTnT of 2.1 (0.7, 3.6), — 5.1 (—8.3, — 1.7) and — 17.5 (= 22.9, — 11.7), respec-
tively, whereas in those more active, LPA and MVPA were associated with MPDs of 4.1 (1.2, 7.2) and — 5.4 (— 8.7, — 2.0),
respectively. No associations were found with NT-proBNP in women.

Conclusions The relationship between movement behaviors and cardiac biomarkers in older adults without major
CVD depends on sex, subclinical cardiac damage and PA level. More PA and less SB were generally related to lower
cardiac biomarkers levels among less active individuals with subclinical cardiac damage, with greater benefits for hs-
cTnT in women than men and no benefits for NT-proBNP in women.
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Introduction

Cardiovascular diseases (CVD) are the leading cause of
death worldwide, especially among individuals > 65 years,
where they accounted for 42% of all deaths in 2019 [1].
While serum cardiac troponins and natriuretic peptides
are useful for the clinical management of acute myo-
cardial infarction and heart failure, respectively, in the
general population, these two biomarkers are related to
subclinical cardiac damage and indicate CVD risk [2—4].

Cardiac troponin (cTn) is a heterotrimeric complex
(troponin T, troponin C and troponin I) that regulates
the interaction between actin and myosin filaments in
cardiac muscle. As cInT and cTnl are highly specific for
cardiac myocytes, both have become the standard bio-
markers for risk stratification in patients with suspected
acute coronary syndrome and for the diagnosis of myo-
cardial infarction [5, 6]. An important step forward has
been the development of high-sensitivity assays, which
detect concentrations 10—100 times lower than those of
conventional assays. The clinical decision value for acute
myocardial infarction is the 99th percentile (p99) of the
reference population, preferably stratified by sex, which
facilitates earlier treatment or exclusion resulting in bet-
ter outcomes [5-7].

The most commonly used biomarkers for the diagno-
sis of heart failure and cardiac dysfunction are the B-type
natriuretic peptides, mostly synthesized and secreted by
left ventricle myocytes: N-terminal pro-B-type natriu-
retic peptide (NT-proBNP) and biologically active B-type
natriuretic peptide. The recommended cut-off values to
exclude heart failure in a non-acute setting are 35 and
125pg/mL for BNP and NT-proBNP, respectively. In
addition, an age-dependent cutoff value of NT-proBNP
may be more useful in this setting [8, 9].

Physical inactivity has been consistently associated
with a significant increase in CVD risk and a decrease
in life expectancy [10—12]. In older adults, total physical
activity (PA) has been shown to have a favorable impact
on metabolic disease [13], hypertension [14], premature
mortality [15] and leukocyte telomere length [16], a hall-
mark of aging. Moderate-to-vigorous PA (MVPA) has
also been associated with significant protection from
coronary heart disease (CHD) [17, 18]. Conversely, sed-
entary behavior (SB) has been inversely associated with
all-cause mortality, CVD mortality and cancer mortal-
ity, and also with a lower incidence of CVD, cancer and
type-2 diabetes in older adults, independently of PA [19].
Additionally, sleep duration has been related to CVD risk
[20, 21]. Therefore, a balance between different move-
ment behaviors (sleep, SB and different intensities of PA)
is strongly encouraged [22].

Most previous research on the relationship between
movement behaviors and cardiac biomarkers has only
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focused on PA in younger active individuals, reporting
exercise-induced troponin elevations above the p99 [23,
24]. However, few studies have investigated the associa-
tion between movement behaviors and cardiac biomark-
ers in older adults [25-27]. This is important because
such association could explain the effect of movement
behaviors on CVD risk in old age. To our knowledge,
only one study has analyzed cardiac biomarkers concen-
trations in older adults with different levels of movement
behaviors, finding that MVPA may be more important
in protecting against cardiac health deterioration in less
active individuals [27]. However, the mentioned study
only included men and did not consider 24-hour move-
ment behaviors, including sleep, or other accelerometry
variables of interest, such as bouted time or mean move-
ment intensity. Also, as with many preventive interven-
tions, the effect of PA may depend on the level of cardiac
damage or CVD risk [28]. Therefore, we aimed to investi-
gate the association between device-measured movement
behaviors and serum high-sensitivity cardiac troponin
T (hs-cTnT) and NT-proBNP in older men and women
without major CVD. We hypothesized that this associa-
tion depends on baseline levels of cardiac biomarkers as
well as the level of PA.

Materials and methods

Study design and participants

Data came from the Seniors-ENRICA-2 cohort [29].
Participants were recruited between 2015 and 2017 by
stratified random sampling of all community-dwelling
individuals aged 65years and older holding a national
healthcare card and living in two districts of the city of
Madrid (Spain) and four large surrounding towns. Ini-
tially, a computer-assisted telephone interview was
conducted to collect socio-demographic, lifestyle and
morbidity data. Next, two home visits by study staff were
done to perform a physical examination, obtain a diet
history, place a wrist accelerometer, and obtain serum
samples.

Study variables

Device-measured movement behaviors

Each participant in the study received an ActiGraph
GT9X accelerometer (ActiGraph Inc., Pensacola, FL,
USA), and was asked to wear it on their non-dominant
wrist (to minimize misclassification of arm movements
during sedentary activities as physical activity) for seven
consecutive days without removing it unless it was for
bathing or swimming. Details on the processing of the
accelerometer data have been published elsewhere [30].
The raw accelerometer data were processed using the
GGIR package (v.1.7-0, https://cran.r-project.orgweb/
packages/GGIR/) in R [31].
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SB and PA intensities were identified using previously
proposed thresholds for the Euclidean Norm of the
raw accelerations Minus One (ENMO), in milligravita-
tional units (mg): <45mg for SB, 45-99mg for light PA
(LPA), and > 100 mg for MVPA [32]. Sleep periods were
detected with an automatized algorithm [33]. Total PA
time was the result of the sum of time in LPA and MVPA.
Time in sedentary bouts >30min, and in MVPA bouts
>10min were also registered, considering bouts in each
behavior when 80% of the minimum required time met
the threshold criteria. The number of sedentary breaks
was estimated by subtracting 1 to the number of sed-
entary blocks, regardless of duration. Mean movement
intensity was estimated with the daily mean of accelera-
tion in mg. To avoid SB and PA underestimation [34],
participants were included if they had at least 4 valid days
(>3 weekdays and > 1 weekend-day), in which they wore
the accelerometer >16h/day. Non-wear time and time
with abnormally high accelerations (i.e., >5.5g) were
imputed using the mean of the acceleration recorded for
each participant during the corresponding time intervals.

Cardiac biomarkers

Fasting venous blood samples were collected from the
arm of each participant in RST tubes with thrombin-
based clot activator and polymer gel (Becton Dickinson).
The tubes were centrifuged at 3.000rpm for 10 minutes
within 3 h of collection and serum was aliquoted, frozen
at —80°C and stored up to 3.6years at the Department
of Preventive Medicine and Public Health, Universidad
Auténoma de Madrid. Serum hs-cTnT and NT-proBNP
were measured between July 2019 and June 2020 on a
cobas®6000 analyzer (Roche Diagnostics) using an elec-
trochemiluminescence Elecsys® immunoassay, at the
Department of Laboratory Medicine, ‘La Paz’ University
Hospital (Madrid). The hs-cInT and the NT-proBNP
assays have a limit of detection of 3pg/mL and 10pg/
mL, respectively. The assays were performed using the
manufacturer’s calibrators and quality controls. For hs-
cTnT, the inter-assay coefficient of variation was 5.10%
for a mean concentration of 26.86 pg/mL and 3.60% for a
mean concentration of 2000.96 pg/mL. For NT-proBNP,
the inter-assay coefficient of variation was 7.28% for a
mean concentration of 134.92pg/mL and 8.33% for a
mean concentration of 4609.34pg/mL. The Roche hs-
cTnT assay has a sex-specific 99th percentile upper refer-
ence limit (URL) of 9.0ng/L for females and 16.8 ng/L for
males.

Potential confounders

We also collected information on sociodemographic
and lifestyle characteristics, including sex, age, educa-
tional level, tobacco smoking and alcohol consumption.
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Food consumption and energy intake (kcal/day) were
obtained from a validated diet history [35]; the diet qual-
ity was estimated with the Mediterranean Diet Adher-
ence Screener (MEDAS), which ranges from 0 to 14, with
higher scores indicating higher quality [36]. Height and
weight were measured by trained staff under standard-
ized conditions using electronic scales (model Seca 841,
precision to 0.1kg) and portable extendable stadiometers
(model Ka We 44444Seca), with the participants bare-
foot and lightly clothed, and body mass index (BMI) was
calculated as weight (kg) divided by height (m) squared.
Systolic blood pressure (SBP) in mmHg was measured
three times separated by 1-2-minute intervals, by trained
study staff under standardized conditions with validated
automatic devices (Omron model M6), using the mean of
the second and third measurements for analyses. Fasting
serum glucose, total cholesterol, triglycerides and creati-
nine were measured on Atellica® Solution-CH chemistry
analyzer (Siemens Healthineers) using colorimetric enzy-
matic methods. LDL-cholesterol measurement depended
on triglycerides levels: if triglycerides <250mg/dL, LDL-
cholesterol was calculated with the Friedewald formula
(LDL=total cholesterol - triglycerides/5 - HDL), and if
triglycerides >250mg/dL, LDL-cholesterol was deter-
mined on Atellica® Solution-CH chemistry analyzer (Sie-
mens Healthineers) by a colorimetric enzymatic method
[37]. The estimated glomerular filtration rate (eGFR) was
calculated with the Chronic Kidney Disease - Epidemiol-
ogy Collaboration (CKD-EPI) eq. [38], and CKD defined
as an eGFR <60mL/min/1.73m? Lastly, the presence
of major CVD was determined by medical diagnosis of
acute myocardial infarction, stroke, chronic heart failure
or atrial fibrillation recorded in the Primary Care data-
base from the Community of Madrid (Spain).

Statistical analysis

Analyses were performed separately in men and women,
and by PA and subclinical cardiac damage, as these two
variables also modified the study associations. Partici-
pants were classified as less or more active according to
median total PA time (3.53h/day) and the presence or
absence of subclinical cardiac damage, determined by
high baseline levels of hs-cTnT and/or NT-proBNP. The
cutoff values used for hs-cTnT were based on the Fourth
Universal Definition of Myocardial Infarction, which
considers that the term myocardial injury should be
used when there is evidence of elevated cTn values with
at least one value above the sex-specific p99 URL (for
the Roche hs-cTnT assay, in men: 16.8 pg/dL, in women:
9.0pg/mL) [7]; those for NT-proBNP were based on the
European Society of Cardiology guidelines, which con-
sider levels <75pg/mL if aged 65-75years, and <250 pg/
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mL if > 75 years, to exclude heart failure in non-acute set-
tings [8, 9].

Cardiac biomarker levels according to study partici-
pant characteristics were summarized with geomet-
ric means and geometric standard deviation factors, as
their distributions were positively skewed. Associations
between time in each movement behavior and hs-cTnT
or NT-proBNP were analyzed by linear regression with
log-transformed cardiac biomarker levels to achieve
parametric distributions. Results were summarized with
mean percentage differences (MPD), and their 95% con-
fidence interval (CI), in cardiac biomarkers per 30 min/
day increments in sleep, SB, LPA or MVPA, which were
obtained by subtracting 1 from the exponentiated [
coefficients in the regression models, and multiplying
the result by 100. Three models were built with incre-
mental adjustment for potential confounders: Model 1
adjusted for sex, age, and educational level; Model 2 fur-
ther adjusted for tobacco smoking, alcohol consumption,
MEDAS score, and energy intake; and Model 3 further
adjusted for BMI, SBP, serum glucose and LDL-choles-
terol levels, and eGFR. Since the results from the three
models were very similar, only the fully adjusted ones
are presented. Also, dose-response associations were
evaluated by modeling time in each movement behav-
ior as restricted cubic splines, with models for sleep and
SB adjusted for MVPA time, and models for LPA and
MVPA adjusted for SB time. P values for non-linearity
were calculated by testing the null hypothesis that the
coefficient of the second spline equals 0 using Wald tests.
Associations of the other accelerometry variables with
hs-cTnT or NT-proBNP levels were examined by mod-
eling 30 min/day increments (for time in bouts) or 1-SD
(standard deviation) increments (for number of seden-
tary breaks and mean movement intensity), using the
same statistical procedures.

To account for potential false-positive results due to
multiple testing, we calculated the 5% false discovery rate
for all the comparisons using the Benjamini-Hochberg
procedure [39], and adjusted the statistical significance
accordingly.

Analyses were performed with Stata®, version 16
(StataCorp. 2019. Stata Statistical Software: Release 16.
College Station, TX:StataCorp LLC).

Results

From the 3.273 study participants in the Seniors-
ENRICA-2 study, we excluded 643 with a previous diag-
nosis of major CVD and 8 without information about it,
586 without valid accelerometry records (478 without
accelerometry measurements and 108 not meeting the
wearing time requirements), 46 without hs-cInT and/
or NT-proBNP determinations, and 51 who lacked data
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on potential confounders. Thus, the analytical sample
included 1.939 individuals.

Study participants had a mean age of 71.5years and
55.65% were women. Supplemental Table 1 and Table 1
show the characteristics of study participants and cardiac
biomarker concentrations in each stratum, respectively.
Cardiac marker levels were higher in the less active par-
ticipants than in the more active ones (Table 1). hs-cTnT
levels were higher in men, older participants, and those
with higher energy intake, higher SBP, higher glycaemia,
lower LDL-cholesterol, and CKD, whereas N'T-proBNP
levels were higher in older participants and those with
normal weight, higher glycaemia and CKD.

Participants wore the accelerometer for a mean (SD)
time of 22.83 (2.17) hours per day during 6.67 (0.64) valid
days. Supplemental Table 2 shows time spent in each
movement behavior among men and women in each
stratum. Men spent more time in SB and MVPA and less
time sleeping and in LPA than women. Less active par-
ticipants (those with a total PA time <3.53h/day) spent
more time sleeping (men, 33%; women, 34%) and in SB
(men, 57%; women, 56%), and less time in LPA (men, 7%;
women, 9%) and MVPA (men, 3%; women, 2%) than the
more active participants (31, 32, 50, 49, 12, 14, 7 and 6%,
respectively). Compared with participants without sub-
clinical cardiac damage, those with it spent more time in
LPA (men only) and less time in MVPA (women only).

Associations of time in each movement behavior with
cardiac biomarkers in men and women with and with-
out subclinical cardiac damage are shown with restricted
cubic splines in Figs. 1 and 2 and Supplemental Figs. 1-2.
Among participants with subclinical cardiac damage,
there was evidence of departure from linearity in the
associations with hs-cTnT of MVPA in men (p<0.001)
and of LPA in women (p <0.001) (Fig. 1), and in the asso-
ciations with NT-proBNP, of SB, LPA and MVPA in men
(p=0.010, p=0.005 and p<0.001, respectively) (Fig. 2).
Such evidence was not found in participants without
subclinical cardiac damage, except between LPA and N'T-
proBNP in men (p=0.031) (Supplemental Figs. 1-2). The
fact that study associations varied between males and
females, between those with and without subclinical car-
diac damage, and that it was not linear across PA level,
further supported our decision to stratify the main analy-
ses by sex, subclinical cardiac damage and PA level.

Table 2 and Supplemental Table 3 summarize the asso-
ciation of increments in each movement behavior with
cardiac biomarkers in men and women, stratified by
subclinical cardiac damage and PA time. Among men,
no associations were found between movement behav-
iors and cardiac biomarker levels, except in the group of
less active men with subclinical cardiac damage, where
all movement behaviors except sleep were related with
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Fig. 1 Association of each movement behavior with hs-cTnT in men and women with subclinical cardiac damage. Restricted cubic splines

whose values are geometric means (95% confidence interval) of hs-cTnT

hs-cTnT: high-sensitivity cardiac troponin T; LPA: light physical activity; MVPA: moderate-to-vigorous physical activity; PA: physical activity; SB:

sedentary behavior

Subclinical cardiac damage: hs-cTnT >p99 (16.8 pg/mL in men and 9.0 pg/mL in women) and/or NT-proBNP >cutoff (75 pg/mL if age <75 years,
250pg/mL if age > 75 years). Linear regression models adjusted for sex, age, educational level (primary or less, secondary, or university), smoking
status (never, former, or current), alcohol consumption (never, moderate, heavy, or former), energy intake (kcal/day), Mediterranean Diet Adherence
Screener (MEDAS) score, body mass index (kg/mz), serum glucose (mg/dL), serum LDL-cholesterol (mg/dL), systolic blood pressure (mmHg) and
glomerular filtration rate. Models for sleep and SB further adjusted for MVPA time, and models for LPA and MVPA further adjusted for SB time

cardiac biomarkers levels. Thus, in this group, spending
30min/day more in SB was related to higher NT-proBNP
levels, with a MPD (95% CI) of 5.8 (2.7, 8.9) (Table 2), and
accumulating SB time in bouts >30min did not modify
much the association (Supplemental Table 3). There was
also an inverse association of the number of sedentary
breaks with NT-proBNP (MPD per 1-SD increment of
—25.4 [—33.1, —16.8]), but not with hs-cTnT (Supple-
mental Table 3). Also in this group of less active men
with subclinical cardiac damage, more LPA was linked
to lower NT-proBNP levels (—19.3 [—25.4, —12.7] per
30min/day increment in LPA) and more time in MVPA
was associated with lower levels of both cardiac biomark-
ers (—13.1 [—18.3, —7.5] per 30min/day increment for
hs-cTnT and—23.1 [—30.7, —14.6] for NT-proBNP)
(Table 2). Accumulating MVPA time in bouts >10min
did not modify much the association with NT-proBNP
levels (—23.6 [—37.2. -7.0]), but the association with
hs-cTnT was greatly reduced and became non-signif-
icant (Supplemental Table 3). Lastly, a strong inverse
association was found between mean movement inten-
sity and NT-proBNP levels (—27.8 [—35.9, —18.6] per
1-SD increment), but not with hs-cTnT (Supplemental
Table 3).

Among women, no associations were found between
movement behaviors and NT-proBNP levels, or between
movement behaviors and hs-cTnT levels in those with-
out subclinical cardiac damage. However, in women
with subclinical cardiac damage, all movement behav-
iors except sleep were related with hs-cTnT levels, with
differences according to the level of PA. Thus, spend-
ing more time in SB was linked to higher hs-cTnT levels
only among the less active women with subclinical car-
diac damage, with a MPD of 2.1 (0.7, 3.6) per 30min/
day increment (Table 2), and accumulating SB time in
bouts >30min did not modify much the association
(Supplemental Table 3). Spending more time in LPA was
related to lower hs-cTnT levels in the less active women
with subclinical cardiac damage (—5.1 [—8.3, —1.7]
per 30 min/day increment in LPA), whereas in the more
active ones, hs-cTnT levels were higher for more time
in LPA (4.1 [1.2, 7.2] per 30min/day increment) and for
more sedentary breaks (9.4 [4.5, 14.6] per 1-SD incre-
ment) (Table 2, Supplemental Table 3). Spending more
time in MVPA was associated with lower hs-cTnT levels
among less active women with subclinical cardiac dam-
age (MDP of —17.5 [-22.9, —11.7] per 30 min/day), and
also, although to a lesser extent, in the more active ones
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Fig. 2 Association of each movement behavior with NT-proBNP in men and women with subclinical cardiac damage. Restricted cubic
splines whose values are geometric means (95% confidence interval) of NT-proBNP
LPA: light physical activity; MVPA: moderate-to-vigorous physical activity; NT-proBNP: N-terminal pro-B-type natriuretic peptide; PA: physical activity;

SB: sedentary behavior

Subclinical cardiac damage: hs-cTnT >p99 (16.8 pg/mL in men and 9.0 pg/mL in women) and/or NT-proBNP >cutoff (75 pg/mL if age <75 years,
250pg/mL if age > 75 years). Linear regression models adjusted for sex, age, educational level (primary or less, secondary, or university), smoking
status (never, former, or current), alcohol consumption (never, moderate, heavy, or former), energy intake (kcal/day), Mediterranean Diet Adherence
Screener (MEDAS) score, body mass index (kg/mz), serum glucose (mg/dL), serum LDL-cholesterol (mg/dL), systolic blood pressure (mmHg) and
glomerular filtration rate. Models for sleep and SB further adjusted for MVPA time, and models for LPA and MVPA further adjusted for SB time

(—5.4 [—8.7, —2.0]) (Table 2). When considering accu-
mulated time in MVPA bouts >10min, the association
strengthened in the less active group (—28.4 [—41.1,
—13.0] per 30min/day increment), but weakened in
the more active one, becoming non-significant (Supple-
mental Table 3). Lastly, an inverse association was found
between mean movement intensity and hs-cInT levels
only in less active women with subclinical cardiac dam-
age (MDP per 1-SD increment of —16.0 [—22.2, —9.4])
(Supplemental Table 3).

Discussion
In our study of Spanish older adults without major CVD,
the relationship between movement behaviors and car-
diac biomarkers levels depends on sex, subclinical car-
diac damage and PA level. The strongest associations
were observed in less active individuals with subclinical
cardiac damage, in whom more PA and less SB were gen-
erally related to lower levels of hs-cTnT and NT-proBNP.
Regular PA is one of the cornerstones of prevention
and treatment of many chronic diseases, such as CHD
[17], diabetes mellitus [40], hypertension [41] or obesity.
However, in previous investigations, the dose-response
relationship of more PA and less sedentariness with

lower incidence of CVD [42] and lower all-cause mortal-
ity [15] in older adults was not linear. A meta-analysis on
the effect of adherence to moderate-intensity PA (MPA)
recommendations on the risk of CHD [18] showed that,
compared with inactive participants, those performing
the minimum recommended amount (150 min/week
MPA) or the amount recommended for additional bene-
fits (300 min/week MPA) had a 14% and a 20% lower risk
of CHD, respectively. However, in those with higher PA,
the risk reduction was only slightly higher than in those
with 300 min/week MPA. Lastly, less active participants
also had a significantly lower risk of CHD than the inac-
tive ones, suggesting that doing some PA is better than
doing nothing [43]. The non-linear associations of PA
with cardiac biomarkers observed in our study in par-
ticipants with subclinical cardiac damage are in line with
this meta-analysis, as well as the lower levels of hs-cTnT
found for more PA in less active women with subclinical
cardiac damage and of both biomarkers in men. How-
ever, in contrast to previous studies that also reported
a non-linear relationship between sleep and all-cause
mortality and CVD, with the lowest risk for 6-8h/day
compared to short (<6h/day) [20] or long sleep duration
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(>8-9h/day) [20, 21], no evidence of a relationship with
cardiac biomarker levels was found in our study.

Our results in men are also in line with those reported
by Parsons et al. [27]. Like us, they observed a non-linear
relationship of PA with cardiac biomarker levels in older
men, and suggested that MVPA may be more important
in protecting against cardiac health deterioration in less
active men, consistent with the widely known health
benefits of MVPA [17, 18]. However, while their results
suggested that LPA could also play a role for hs-cTnT in
less active men, ours support a more important role for
NT-proBNP levels. SB also seemed to be more impor-
tant in our study than in theirs for NT-proBNP levels at
low levels of PA. Interestingly, in a post hoc analysis of
the aforementioned study, movement behaviors were not
associated with NT-proBNP among less active men with
normal blood pressure, but only in those with hyperten-
sion, a group with higher NT-proBNP levels possibly
consisting of individuals with subclinical cardiac damage,
similar to our finding associations only among less active
men with subclinical cardiac damage. The stronger asso-
ciations of movement behaviors with NT-proBNP levels
than with hs-cTnT levels in men with subclinical cardiac
damage found in our study, and also reported by Par-
sons et al. [27], may be due to the different pathophysi-
ological mechanisms involved in the production of each
biomarker: cardiomyocyte injury for hs-cTnT and myo-
cardial stretch for NT-proBNP [44].

The main difference between men and women in our
study was the absence of associations for NT-proBNP
observed in women. This may be explained by the stronger
reported association of NT-proBNP with incident heart
failure in men, and the stronger and earlier activation of the
natriuretic peptide system in men [45, 46]. However, the
associations with hs-cITnT observed in women and men in
our study were consistent, although somewhat stronger in
women, possibly due to the sex differences in PA intensity.
Thus, although our findings among older women with sub-
clinical cardiac damage who were more physically active, in
whom more LPA and more sedentary breaks were linked to
higher hs-cTnT, were unexpected, it is possible that when PA
is already high, doing more LPA, which can mean also doing
more sedentary breaks, does not add any benefit, possibly
because it could even replace MVPA. In fact, using isotem-
poral substitution models, 30 min/day more of MVPA at the
expense of LPA was associated with an 11.7% lower hs-cTnT
level, suggesting that to obtain more benefits within the same
PA time, the intensity of PA should be increased. However,
given that men spend more time in MVPA and less in LPA
than women (Supplementary Table 2), more active men with
subclinical cardiac damage would not obtain any benefit
from doing more PA, and less active men would obtain fewer
benefits than less active women.

(2023) 20:5
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Regarding bouts, the most recent WHO PA guidelines
[43] do not require PA to be performed in bouts of suffi-
cient duration because new evidence shows that PA of any
duration is associated with better health outcomes, includ-
ing all-cause mortality [15] and multimorbidity [47]. In
fact, we found that, among less active men with subclinical
cardiac damage, the association with NT-proBNP did not
vary much when MVPA time was accumulated in bouts
>10min, and the association with hs-cTnT was even lost.
However, the fact that among less active women with sub-
clinical cardiac damage (who perform very little MVPA, as
shown in Supplemental Table 2) the association with hs-
cTnT strengthened when MVPA time was accumulated in
bouts >10min suggests that the less active an individual is,
the more important it is to increase the intensity of PA.

Cardiac biomarkers are also good indicators of CVD risk. A
study in older men without CVD followed for 9years has shown
that a higher NT-proBNP was associated with an increased
CVD risk [48]. Another investigation in a middle-aged European
population over a 20-year follow-up reported that hs-cTnl is
an independent predictor of CVD events, so those participants
with hs-cTnl levels >12.7pg/mL had 2.5 times the risk than
those with non-detectable hs-cTnl levels. Interestingly, when
cTInl was also measured by a high-sensitivity assay, the associa-
tion remained significant even for those individuals with unde-
tectable levels in the conventional assay [49]. Our results support
that the association between movement behaviors and cardiac
biomarkers depends on their baseline levels as well as the PA
level and suggest that less active individuals with subclinical car-
diac damage would obtain more benefits from moving more and
sitting less. However, identifying the mechanisms involved in the
benefits of movement behaviors on CVD through the improve-
ment of cardiac biomarkers requires further research.

Our study has several strengths. In addition to the large
sample size, the main strength is the use of accelerometry,
which allowed objective assessment of different movement
behaviors, including bouts, number of sedentary breaks or
mean movement intensity. Another strength is that cInT
was determined by hs assays. Furthermore, although the
analysis plan was not pre-registered, standard statistical
procedures were used, specifically adjusting for poten-
tial confounders and stratifying by modifiers of the study
associations, such as sex, level of PA and subclinical car-
diac damage, to reduce the risk of bias. However, some
limitations should be acknowledged. The main weakness is
its cross-sectional design, which precludes making causal
inferences. Wrist accelerometers have good wear-time
compliance, but lower accuracy than those placed on the
hip or the thigh, as they may not be able to distinguish
between sitting and standing and may misclassify arm
movements during sedentary activities as PA (particu-
larly when used on the dominant wrist). Moreover, we
did not check whether study participants wore the device
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on the non-dominant wrist all the time. Additionally, as
the cardiac biomarkers were measured in frozen stored
samples, the possibility of a variable decrease in concen-
tration during long-term storage cannot be excluded, so
some measurement error may have occurred. Also, as in
any observational study, residual confounding may per-
sist despite models were adjusted for many potential
confounders. Furthermore, the large number of stratified
analyses performed precluded additional stratification by
age (e.g., below and above 75years), because the resulting
analyses would have insufficient statistical power to assess
if age influenced the study results. Lastly, our results may
not be generalizable to younger age groups, non-European
populations, or even non-Mediterranean populations.

Conclusions

In older men and women without major CVD, the link
between movement behaviors and cardiac biomarkers
depends on sex, subclinical cardiac damage and level of
PA. Engaging in more activity and reducing sedentari-
ness is generally more beneficial for participants who are
initially less active and suffer subclinical cardiac damage,
with greater benefits for hs-cTnT in women than in men
and no benefit for NT-proBNP in women. These results
support that changes in movement behaviors may con-
tribute to lower CVD risk by reducing cardiac biomark-
ers levels, but they should be confirmed by prospective
studies, or even randomized controlled trials aimed at
investigating whether physical exercise interventions can
reduce cardiac biomarker levels or prevent or delay fur-
ther increases, given the scarcity of these studies [50, 51].

Abbreviations

hs-cTnT  high-sensitivity cardiac troponin T
NT-proBNP N-terminal pro-B-type natriuretic peptide
PA physical activity

SB sedentary behavior

CVD cardiovascular disease

LPA light physical activity

MVPA moderate-to-vigorous physical activity
p99 99thpercentile

CHD coronary heart disease

ENMO Euclidean Norm of the raw accelerations Minus One
mg milligravitational units

URL Upper Reference Limit

MEDAS Mediterranean Diet Adherence Screener

BMI body mass index

SBP systolic blood pressure

eGFR estimated Glomerular Filtration Rate

CKD-EPI' Chronic Kidney Disease - Epidemiology Collaboration
MPD mean percentage differences

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/511556-023-00313-8.

[ Additional file 1. Supplemental tables 1-3 and Figs. 1-2. }

(2023) 20:5

Page 11 of 13

Acknowledgements
We thank Beatriz Martin-Moreno for handling the biological samples and for
the laboratory determination.

Authors’ contributions

BFE: formal analysis, conceptualization and writing (original draft). ABS: con-
ceptualization and writing (review and editing). EGE: data curation and writing
(review and editing). VCS: data curation and writing (review and editing).
DMG: data curation and writing (review and editing). FRA: conceptualization,
funding acquisition, and writing (original draft). RA: formal analysis, concep-
tualization, data curation and writing (original draft). The author(s) read and
approved the final manuscript.

Funding

This work was supported by Instituto de Salud Carlos Ill, State Secretary of

R+ D+ and Fondo Europeo de Desarrollo Regional / Fondo Social Europeo
(Fondo de Investigaciones Sanitarias grants 18/287, 19/319). DMG is sup-
ported by a Ramon y Cajal contract from the Ministry of Science, Innovation
and Universities and Fondo Europeo de Desarrollo Regional / Fondo Social
Europeo (RYC-2016-20546) and VCS by a Juan de la Cierva contract from the
Ministry of Science, Innovation and Universities (1JC2018-038008-). Reagents
for measuring hs-cTnT and NT-proBNP have been provided by Roche Diagnos-
tics International through a Research Agreement with the FUAM (Fundacion
de la Universidad Auténoma de Madrid). The funding agencies had no role in
study design, data collection and analysis, interpretation of results, manuscript
preparation or the decision to submit this manuscript for publication.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The study was approved by the Clinical Research Ethics Committee of “La Paz"Uni-
versity Hospital in Madrid (Spain), and all study participants gave informed consent.

Consent for publication
All authors have read the manuscript, agree the work is ready for submission
to ajournal and accept responsibility for the manuscript’s contents.

Competing interests
The authors have no conflicts of interest to declare.

Author details

'Department of Preventive Medicine and Public Health, Universidad
Auténoma de Madrid, Calle del Arzobispo Morcillo 4, 28029 Madrid, Spain.
Department of Laboratory Medicine, La Paz University Hospital-ldiPaz, Paseo
de la Castellana 261, 28046 Madrid, Spain. *National Centre for Epidemiol-
ogy, Instituto de Salud Carlos Ill, Avenida Monforte de Lemos 3-5, 28029,
Madrid, Spain. “CIBER of Epidemiology and Public Health (CIBERESP), Avenida
Monforte de Lemos 3-5, 28029, Madrid, Spain. °IMDEA Food Institute. CEl
UAM+CSIC, Carretera de Canto Blanco 8, 28049, Madrid, Spain.

Received: 23 July 2022 Accepted: 13 February 2023
Published online: 09 March 2023

References

1. Institute for Health Metrics and Evaluation. IHME. GBD Compare (Viz
Hub). 2020. Available at: http://vizhub.healthdata.org/gbd-compare.

2. McKie PM, AbouEzzeddine OF, Scott CG, Mehta R, Rodeheffer RJ, Redfield
MM, et al. High-sensitivity troponin | and amino-terminal pro-B-type
natriuretic peptide predict heart failure and mortality in the general
population. Clin Chem 2014;60:1225-1233.

3. TakahashiY, Satoh M, Ohmomo H, Tanaka F, Osaki T, Tanno K, et al.
Association between high-sensitivity cardiac troponin T and future
cardiovascular incidence in a general Japanese population: results from
the Tohoku medical megabank project. J Biomark. 2019;24:566-73.


https://doi.org/10.1186/s11556-023-00313-8
https://doi.org/10.1186/s11556-023-00313-8
http://vizhub.healthdata.org/gbd-compare

Fabre-Estremera et al. European Review of Aging and Physical Activity

20.

21

22.

23.

24.

25.

26.

de Lemos JA, Drazner MH, Omland T, Ayers CR, Khera A, Rohatgi A, et al.
Association of Troponin T Detected with a highly sensitive assay and cardiac
structure and mortality risk in the general population. JAMA. 2010;304:2503.
Garg P, Morris P, Fazlanie AL, Vijayan S, Dancso B, Dastidar AG, et al.
Cardiac biomarkers of acute coronary syndrome: from history to high-
sensitivity cardiac troponin. Intern Emerg Med. 2017;12:147-55.

Jarolim P. High sensitivity cardiac troponin assays in the clinical laborato-
ries. Clin Chem Lab Med. 2015;53:635-52.

Thygesen K, Alpert JS, Jaffe AS, Chaitman BR, Bax JJ, Morrow DA, et al.
Fourth universal definition of myocardial infarction. J Am Coll Cardiol.
2018;72:2231-64.

Mueller C, McDonald K, Boer RA de, Maisel A, Cleland JGF, Kozhuharov

N, et al. Heart failure Association of the European Society of cardiology
practical guidance on the use of natriuretic peptide concentrations. Eur J
Heart Fail 2019;21:715-731.

Hildebrandt P, Collinson PO, Doughty RN, Fuat A, Gaze DC, Gustafsson F,
et al. Age-dependent values of N-terminal pro-B-type natriuretic peptide
are superior to a single cut-point for ruling out suspected systolic dys-
function in primary care. Eur Heart J. 2010;31:1881-9.

. Katzmarzyk PT, Lee I-M. Sedentary behaviour and life expectancy in the

USA: a cause-deleted life table analysis. BMJ Open. 2012;2:e000828.

. Cunningham C, Sullivan RO, Caserotti P, Tully MA. Consequences of

physical inactivity in older adults: a systematic review of reviews and
meta-analyses. Scand J Med Sci Sports. 2020;30:816-27.

. Bellettiere J, LaMonte MJ, Evenson KR, Rillamas-Sun E, Kerr J, Lee I-M,

et al. Sedentary behavior and cardiovascular disease in older women: the
OPACH study. Circulation. 2019;139:1036-46.

. Myers J, Kokkinos P, Nyelin E. Physical activity, cardiorespiratory fitness,

and the metabolic syndrome. Nutrients. 2019;11:1652.

. ArijaV, Villalobos F, Pedret R, Vinuesa A, Jovani D, Pascual G, et al. Physical

activity, cardiovascular health, quality of life and blood pressure control
in hypertensive subjects: randomized clinical trial. Health Qual Life Out-
comes. 2018;16:184.

. Ekelund U, Tarp J, Steene-Johannessen J, Hansen BH, Jefferis B, Fagerland

MW, et al. Dose-response associations between accelerometry measured
physical activity and sedentary time and all cause mortality: systematic
review and harmonised meta-analysis. BMJ. 2019;366:14570.

Loprinzi PD, Loenneke JP, Blackburn EH. Movement-based behaviors
and leukocyte telomere length among US adults. Med Sci Sports Exerc.
2015;47:2347-52.

Sofi F, Capalbo A, Cesari F, Abbate R, Gensini GF. Physical activity during leisure
time and primary prevention of coronary heart disease: an updated meta-
analysis of cohort studies. Eur J Cardiovasc Prev Rehabil. 2008;15:247-57.
Gersh BJ. Dose response between physical activity and risk of coronary
heart disease: a Meta-analysis. Year Bk Cardiol. 2012;2012:271-3.

. Owen N, Healy GN, Dempsey PC, Salmon J, Timperio A, Clark BK,

et al. Sedentary behavior and public health: integrating the evi-

dence and identifying potential solutions. Annu Rev Public Health.
2020;41:265-87.

Wang C, Bangdiwala SI, Rangarajan S, Lear SA, AlHabib KF, Mohan V, et al.
Association of estimated sleep duration and naps with mortality and
cardiovascular events: a study of 116 632 people from 21 countries. Eur
Heart. 2019;40:1620-9.

Jikr M, Itani O, Watanabe N, Buysse DJ, Kaneita Y. Long sleep duration and
health outcomes: a systematic review, meta-analysis and meta-regres-
sion. Sleep Med Rev. 2018;39:25-36.

Ross R, Chaput J-P, Giangregorio LM, Janssen |, Saunders TJ, Kho ME, et al.
Canadian 24-hour movement guidelines for adults aged 18-64 years and
adults aged 65 years or older: an integration of physical activity, seden-
tary behaviour, and sleep. Appl Physiol Nutr Metab. 2020;45:557-102.
Aengevaeren VL, Hopman MTL, Thompson PD, Bakker EA, George KP, Thi-
jssen DHJ, et al. Exercise-induced cardiac troponin | increase and incident
mortality and cardiovascular events. Circulation. 2019;140:804-14.
Mousavi N, Czarnecki A, Kumar K, Fallah-Rad N, Lytwyn M, Han S-Y, et al.
Relation of biomarkers and cardiac magnetic resonance imaging after
Marathon running. Am J Cardiol. 2009;103:1467-72.

Parsons TJ, Sartini C, Ellins EA, Halcox JPJ, Smith KE, Ash S, et al. Objectively
measured physical activity, sedentary time and subclinical vascular dis-
ease: cross-sectional study in older British men. Prev Med. 2016;89:194-9.
Klenk J, Denkinger M, Nikolaus T, Peter R, Rothenbacher D, Koenig W.
Association of objectively measured physical activity with established

(2023) 20:5

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Page 12 of 13

and novel cardiovascular biomarkers in elderly subjects: every step
counts. J Epidemiol Community Health. 2013;67:194-7.

Parsons TJ, Sartini C, Welsh P, Sattar N, Ash S, Lennon LT, et al. Objectively
measured physical activity and cardiac biomarkers: a cross sectional
population based study in older men. Int J Cardiol. 2018;254:322-7.
Visseren FLJ, Mach F, Smulders YM, Carballo D, Koskinas KC, Back M, et al.
2021 ESC guidelines on cardiovascular disease prevention in clinical
practice. Eur Heart. 2021,42:3227-337.

Ortold R, Garcia-Esquinas E, Cabanas-Sanchez V, Migueles JH, Martinez-
Goémez D, Rodriguez-Artalejo F. Association of Physical Activity, sedentary
behavior, and sleep with unhealthy aging: consistent results for device-
measured and self-reported behaviors using Isotemporal substitution
models. J Gerontol A Biol Sci Med Sci. 2021,76:85-94.

Cabanas-Sénchez V, Esteban-Cornejo |, Migueles JH, Banegas JR, Graciani
A, Rodriguez-Artalejo F, et al. Twenty four-hour activity cycle in older
adults using wrist-worn accelerometers: the seniors-ENRICA-2 study.
Scand J Med Sci Sports. 2020;30:700-8.

van Hees VT, Gorzelniak L, Dean Ledn EC, Eder M, Pias M, Taherian S, et al.
Separating Movement and Gravity Components in an Acceleration Signal
and Implications for the Assessment of Human Daily Physical Activity.
Mdller M, editor. PLoS ONE. 2013;8:e61691.

Hildebrand M, Hansen BH, van Hees VT, Ekelund U. Evaluation of raw
acceleration sedentary thresholds in children and adults. Scand J Med Sci
Sports. 2017;27:1814-23.

van Hees VT, Sabia S, Anderson KN, Denton SJ, Oliver J, Catt M, et al. A
novel, open access method to assess sleep duration using a wrist-worn
accelerometer. PLoS One. 2015;10:e0142533.

McGrath R, Vella CA, Scruggs PW, Peterson MD, Williams CJ, Paul DR. The
impact of low accelerometer Wear time on the estimates and applica-
tion of sedentary behavior and physical activity data in adults. J Phys Act
Health. 2017;14:919-24.

Guallar-Castillén P, Sagardui-Villamor J, Balboa-Castillo T, Sala-Vila A, Ariza
Astolfi MJ, Sarrién Pelous MD, et al. Validity and Reproducibility of a Span-
ish Dietary History. Tomé D, editor. PLoS ONE. 2014;9:86074.

Schroder H, Fitd M, Estruch R, Martinez-Gonzalez MA, Corella D,
Salas-Salvado J, et al. A short screener is valid for assessing Mediter-
ranean diet adherence among older Spanish men and women. Nutr.
2011;141:1140-5.

Grundy S, Stone M, Bailey A, Beam C, Birtcher K, Blumenthal R, et al. 2018
AHA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA
guideline on the Management of Blood Cholesterol: a report of the
American College of Cardiology/American Heart Association task force
on clinical practice guidelines. Circulation. 2018;139:e1082-143.

Xie P, Huang J-M, Lin H, Wu W-J, Pan L-P. CDK-EPI equation may be the
most proper formula based on creatinine in determining glomerular
filtration rate in Chinese patients with chronic kidney disease. Int Urol
Nephrol. 2013;45:1057-64.

Benjamini Y, Hochberg Y. Controlling the false discovery rate: a practical
and powerful approach to multiple testing. J R Stat Soc. 1995;57:289-300.
Carbone S, Del Buono MG, Ozemek C, Lavie CJ. Obesity, risk of diabetes
and role of physical activity, exercise training and cardiorespiratory fit-
ness. ProgCardiovasc Dis. 2019;62:327-33.

Cornelissen VA, Smart NA. Exercise training for blood pressure: a system-
atic review and Meta-analysis. J Am Heart Assoc. 2013;2:e004473.
Yerramalla MS, McGregor DE, van Hees VT, Fayosse A, Dugravot A, Tabak
AG, et al. Association of daily composition of physical activity and seden-
tary behaviour with incidence of cardiovascular disease in older adults.
Int J Behav Nutr Phys Act. 2021;18:83.

World Health Organization. Guidelines on physical activity and sedentary
behaviour. Geneva: World Health Asociation; 2020.

Clerico A, Masotti S, Musetti V, Passino C. Pathophysiological mechanisms
determining sex differences in circulating levels of cardiac natriuretic
peptides and cardiac troponins. J Lab Precis Med. 2019;4:8-8.

Cediel G, Codina P, Spitaleri G, Domingo M, Santiago-Vacas E, Lupon J,

et al. Gender-related differences in heart failure biomarkers. Front Cardio-
vasc Med. 2021:7.

Emdin M, Passino C, Ry SD, Prontera C, Galetta F, Clerico A. Influence of
gender on circulating cardiac natriuretic hormones in patients with heart
failure. De Gruyter. 2003;41:686-92.

Loprinzi PD. Associations between bouted and non-bouted physical
activity on multimorbidity. Clin Physiol Funct Imaging. 2017;37:782-4.



Fabre-Estremera et al. European Review of Aging and Physical Activity (2023) 20:5

48.

49.

50.

51

Wannamethee SG, Welsh P, Lowe GD, Gudnason V, Di Angelantonio E,
Lennon L, et al. N-terminal pro-brain natriuretic peptide is a more useful
predictor of cardiovascular disease risk than C-reactive protein in older
men with and without pre-existing cardiovascular disease. J Am Coll
Cardiol. 2011;58:56-64.

Zeller T, Tunstall-Pedoe H, Saarela O, Ojeda F, Schnabel RB, Tuovinen T,

et al. High population prevalence of cardiac troponin | measured by a
high-sensitivity assay and cardiovascular risk estimation: the MORGAM
biomarker project Scottish cohort. Eur Heart J. 2014,35:271-81.

Giallauria F, Lucci R, De Lorenzo A, D'’Agostino M, Del Forno D, Vigorito C.
Favourable effects of exercise training on N-terminal pro-brain natriuretic
peptide plasma levels in elderly patients after acute myocardial infarction.
Age Ageing. 2006;35:601-7.

deFilippi CR, de Lemos JA, Newman AB, Guralnik JM, Christenson RH,
Pahor M, et al. Impact of moderate physical activity on the longitudinal
trajectory of a cardiac specific biomarker of injury: results from a rand-
omized pilot study of exercise intervention. Am Heart J. 2016;179:151-6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 13 of 13

fast, convenient online submission

rapid publication on acceptance

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your research? Choose BMC and benefit from:

thorough peer review by experienced researchers in your field
support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC




	Device-measured movement behaviors and cardiac biomarkers in older adults without major cardiovascular disease: the Seniors-ENRICA-2 study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Study design and participants
	Study variables
	Device-measured movement behaviors
	Cardiac biomarkers
	Potential confounders

	Statistical analysis

	Results
	Discussion
	Conclusions
	Anchor 18
	Acknowledgements
	References


