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ORIGINAL ARTICLE

Comparison of questionnaire and accelerometer-based assessments of physical
activity in patients with heart failure with preserved ejection fraction: clinical
and prognostic implications

Cristine Schmidta,b, M�ario Santosa,c, Lucimere Bohnb, Bruno Miguel Delgadod, Daniel Moreira-Gonçalvesb,
Adelino Leite-Moreiraa and Jos�e Oliveirab

aUniC, Faculdade de Medicina da Universidade do Porto, Porto, Portugal; bCIAFEL, Faculdade de Desporto da, Universidade do Porto, Porto,
Portugal; cDepartamento de Cardiologia, Centro Hospitalar do Porto, Porto, Portugal; dCentro Hospitalar do Porto, Porto, Portugal

ABSTRACT
Objective. (i) To compare daily physical activity (PA) levels evaluated by the International Physical
Activity Questionnaire (IPAQ) and by triaxial accelerometry in heart failure with preserved ejection frac-
tion (HFpEF) patients; (ii) to describe daily PA patterns based in objective measurements; and (iii) to
observe the association between prognostic indicators and PA measurements. Design. This is a cross-
sectional study with 24 stable HFpEF patients. PA was assessed through the IPAQ short version and tri-
axial accelerometer. Time spent in moderate-to-vigorous PA (MVPA) from IPAQ was computed as self-
reported walking and MVPA. Prognostic indicators were: distance on the 6-minute-walking test
(6MWT), oxygen consumption (VO2) during the test, quality of life (QoL), BNP plasma level, and E/e0
ratio. Results. Compared to accelerometry, IPAQ underestimated sedentary time (253± 156 vs.
392± 104min/day, p¼ .001) and overestimated MVPA (44±56 vs. 19.3 ± 26min/day, p< .001).
Accelerometer-derived data showed that HFpEF patients spent 50% of their waking time in sedentary
behaviours and 2.5% in MVPA. Of measured surrogate prognostic markers, functional capacity (6MWT,
r¼ 0.652, p¼ .04; VO2, r¼ 0.512, p¼ .02) and QoL (r¼�0.490, p¼ .04) were correlated with MVPA.
Conclusions. The IPAQ underestimated sedentary time and over-estimated MVPA in HFpEF patients.
Using accelerometer-derived data, HFpEF patients spent only a minority of their time involved in
MVPA, which was the only PA pattern positively associated with prognostic indicators.
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Introduction

Epidemiologic evidence indicates that heart failure (HF)
prevalence has been increasing in the last decade, with heart
failure with preserved ejection fraction (HFpEF) accounting
up to half of HF population [1]. It is expected that HFpEF
will become the most common cause of hospitalization in
older adults over the coming years [2]. Since HFpEF contin-
ues to be resistant to current therapies, primary prevention
strategies might be useful to control its growing burden at
the population level [3]. Therefore, in addition to under-
standing the natural history and pathophysiology of HFpEF,
it will be important to identify modifiable risk factors that
can be targeted.

Lifestyle risk factors such as low physical activity (PA)
and high sedentary time are recognized as primary factors
for most chronic diseases, including HF [4]. While it
remains to be clarified which HF phenotypes is most
affected, recent observations have more strongly implicated
low PA in the development of HFpEF [5]. It was recently
demonstrated that lower levels of PA were associated with
higher risk of HFpEF, but not HF with reduced ejection
fraction [5]. In addition, evidence shows that a sedentary

lifestyle is associated with many underlying cardiac and
skeletal muscle abnormalities often present in HFpEF [6,7].
For those with established HFpEF, lower PA levels have
been associated with poor quality of life (QoL) and worse
clinical outcomes such as functional class [8], hospitalisation
rate, and mortality [9]. Overall, these observational studies
suggest that PA and/or sedentary time are important treat-
ment targets to improve clinical outcomes in HFpEF.

Regardless the population, daily PA assessment is a chal-
lenging task. There are different methods (e.g. question-
naires and accelerometry), and each one has its own
limitations and strengths. Accelerometry seems to be super-
ior than questionnaires in terms of accuracy, reliability, rep-
resentatively of daily activities [10]. Additionally, in clinical
settings accelerometry might represent a challenge compared
to questionnaires, which are better in terms of costs and
practicality. However, correlation between questionnaires
and accelerometer measurements in the large majority of
studies is poor [11]. Additionally, there are no data compar-
ing questionnaire and accelerometer-derived data in HFpEF
patients. Therefore, this study aimed: (i) to determine the
validity of the International Physical Activity Questionnaire
(IPAQ) against accelerometer-measured PA in HFpEF
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patients; (ii) to describe daily PA patterns and sedentary
time based in objective measurements; (iii) to observe the
association between prognostic indicators and PA and sed-
entary time measurements.

Materials and methods

Study design

This is a cross-sectional study conducted in a Portuguese
public hospital. Inclusion criteria were diagnosis of HFpEF
according to ESC guidelines [12]. Patients were excluded if
they presented medical or orthopaedic conditions that pre-
cluded independent ambulation and exercise testing.

Twenty-four stable and well-medicated HFpEF patients
(17 female and seven male) were evaluated, but only 22 had
valid accelerometer data. The study was approved by the
Ethics Committee of CHP-Hospital de Santo Antonio (N/S:
2015.125). All procedures were conducted according to the
Declaration of Helsinki, and participants signed informed
consent to participate.

Data collection

Blood pressure: A trained researcher performed blood pres-
sure measurements after 10min resting in seated position.
Blood pressure was assessed (Colin, BP 8800; Critikon, Inc.,
Tampa, FL) in both arms, and the arm with the highest BP
was used. SBP and DBP were computed as the average of
three readings, with 2min apart between. Additional read-
ings were performed when differences between readings
exceeded 5mmHg [13].

Blood collection and biochemical determinations: Blood
samples were collected early in the morning by venepunc-
ture of antecubital vein after 10min resting in seated pos-
ition. Samples were collected into EDTA-coated tubes and
immediately placed on ice before centrifugation (15min at
1000�g). The plasma was stored at �80 �C. Brain natriuretic
peptide (BNP) was quantified using an Architect i2000 auto-
mated analyser (Abbott, Lisbon, Portugal).

Anthropometric measures: Body height was measured
standing upright against a stadiometer (Holtain Ltd.,
Crymych, UK) [14]. Weight, body mass index, fat mass and
free fat mass were measured using an electronic segmental
body composition analyser (Tanita, BC-418, Tokyo, Japan).
Waist circumference was measured as previews described
[15]. Obesity was determined as BMI � 30 kg/m2 [16].

Self-reported physical activity: Self-reported PA was
assessed with the short form of IPAQ (IPAQ-SF) [17],
through personal interview. The IPAQ-SF estimates PA fre-
quency and duration during the previous seven days. It
focusses on moderate, vigorous and walking physical activ-
ities lasting at least 10min, and time spend sitting. Total
weekly PA in METs was estimated using the instrument’s
scoring protocol (3.3 METs to walking, 4.0 METs to moder-
ate, and 8.0 METs vigorous activity) [18]. Meeting inter-
national PA guidelines was defined as �150min/week of
moderate-to-vigorous PA (MVPA) data [19]. Thus, to

estimate MVPA we merged the reported activities �3 METs
(walkingþmoderateþ vigorous PA).

Accelerometer-assessed physical activity: Daily PA was
measured using a triaxial accelerometer (Actigraph GT3X,
Pensacola, FL). Participants were instructed to wear the
accelerometer over the right hip for eight consecutive days,
except while sleeping, bathing and water-based activities.
The accelerometer was programmed to record data at a fre-
quency of 30Hz and 1 s length epochs. ActiLife software
(Actigraph, Pensacola, FL, version 6.9) was used to process
the accelerometer data. Data were downloaded and inte-
grated into 60-second epochs. Non-wear time was defined
as 90 consecutive minutes of zero counts, with an allowance
of two-minutes of nonzero counts provided there were 30-
minute consecutive zero count windows up and downstream
[20]. Non-wear time was excluded from the analysis.
Patients with valid data were those having a minimum of
four days with at least 10 h/day of wear-time. The average
min/day spent at different categories of PA intensity was
defined as: sedentary time (<200 counts/min) [21], light PA
(LPA) (200–2751 counts/min) and MVPA (>2752 counts/
min) [22]. Meeting international PA guidelines was defined
as �150min/week of MVPA. This definition was applied
considering: (i) only MVPA that occurred in bouts of
�10min’ long (episodes of continuous MVPA lasting for at
least 10min) as specified by the guidelines [19] and (ii)
without bout length restriction.

Functional classification: Patients were classified by the
physician into subgroups based on their symptoms using
the New York Heart Association (NYHA) functional class.
Patients’ symptoms are based on how much they are limited
during PA (class I to IV) [23].

Echocardiography evaluation: Supine transthoracic echo-
cardiography was performed using a cardiovascular ultra-
sound Vivid E95VR (GE Healthcare, Chicago, IL). All
quantitative echocardiographic measurements were per-
formed by a single reader blinded to the results of the other
evaluations, using a computerized off-line analysis station.
Peak early diastolic tissue velocity was measured at the sep-
tal and lateral mitral annulus. Mitral inflow velocity was
assessed by pulsed wave Doppler from the apical four-cham-
ber view, positioning the sample volume at the tip of the
mitral leaflets. E/e0 ratio was calculated as E wave divided by
e0 velocities. LV mass was estimated from LV linear dimen-
sions and indexed to body surface area as recommended by
ESC guidelines [24]. LV volumes were estimated by the
modified Simpson method using the apical four- and two-
chamber views, and LVEF was derived from volumes in the
standard manner. LA volume was estimated by the method
of disks using apical four- and two-chamber views at an
end-systolic frame preceding mitral valve opening and was
indexed to body surface area (calculated according to
Mosteller’s formula) to derive LA volume index.

Cardiorespiratory fitness with pulmonary gas exchange
analysis: Cardiorespiratory fitness was assessed by the 6-
minute walk test (6MWT) in a 25-m-long unobstructed cor-
ridor. The 6MWT was performed wearing a portable gas
analyser (K4b2, Cosmed, Rome, Italy). Oxygen uptake
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(VO2; mL.min�1.kg�1) was measured directly and continu-
ously. Respiratory samplings were collected in a breath-by-
breath, and then, data were averaged over 5-s intervals.
Data were calculated as the average of measures taken in
test total duration.

Health-related quality of life: Health-related QoL was per-
formed by interview through the Minnesota Living With
Heart Failure Questionnaire (MLHFQ). The MLHFQ
encompasses 21 questions and answers; options ranges from
0 (none) to 5 (very much), where 0 represented no limita-
tion and 105 represented maximal limitation [25]. The
MLHFQ total score ranges from 0 to 105 (no impairment to
maximum impairment).

Statistical analyses

Statistical analysis was performed using the IBM SPSS 24
software (SPSS, Chicago, IL). Normal data distribution was
examined by the Shapiro–Wilk test. Non-normal data were
transformed with the square root or its natural logarithm
for subsequent analysis. Categorical data are reported as
absolute values and percentages. Between gender and age
comparisons were performed by Student’s independent t-
test and Chi-square test, as appropriated. Cut point to age
analyses was defined by median, and it was set as 76 years
old. Siting time and walkþmoderateþ vigorous PA
(MVPA) from IPAQ-SF were compared with sedentary
time, total MVPA and 10min-bouts of MVPA derived from
GT3X accelerometer, using paired t-test. Partial correlation
was used to analyse the relationship between the variables
derived from the two methods adjusted by gender and age.
The strength and limits of agreement between the two
methods were assessed using the Bland–Altman technique
[26]. Statistical significance was established for p< .05.

Results

Patients’ characteristics

Demographic and clinical characteristics of the participants
are depicted in Table 1. On average, participants were
76 ± 4 years old (range 59–85 years), 73% (n¼ 16) were
female and mean ejection fraction was 59.4 ± 6.3%.
Hypertension was the most prevalent risk factor (n¼ 20,
91%), followed by dyslipidaemia (n¼ 15, 68%) and obesity
(n¼ 12, 55%). The majority of participants (n¼ 17, 77%)
were classified as NYHA class II. The BNP average was
272 ± 191.56 pg/mL. Mean distance walked in the 6MWT
was 312 ± 90 m. The average of VO2 during the test was
11.2 ± 2.3mL.min.kg�1. The total score of MLHFQ was
25.2 ± 24.1 points.

Self-reported vs. objective measures of PA

The results of self-reported and objective measures of PA
are described in Table 2. Accelerometer was used as an
average of 6.4 ± 0.9 days, with a mean daily wear time of
790min (13.2 ± 1 h/day). Mean total activity volume from

IPAQ-SF was 152 ± 183 MET/min/day, and 550 ± 239 CPM
from accelerometry.

Mean sedentary time was significantly lower in self-
reported measurement (253 ± 156min.day�1) compared to
accelerometry (392 ± 104min.day�1, p¼ .001). No significant
differences were found regarding to gender and age.
Considering MVPA, self-reported daily time compared to
accelerometer was higher (44 ± 56 vs. 19.3 ± 26min/day,
respectively; p< .001). Applying the �10min-bouts at
MVPA criterion, the discrepancy between measurements
was even higher (IPAQ ¼ 44 ± 56min/day; accelerometry ¼
1.1 ± 2.4min/day, p< .001). From accelerometry data, it was
possible to verify that only five patients accomplished with
at least one bout of MVPA per week.

Table 1. Patients characteristics.

All (n¼ 22) Women (n¼ 16) Men (n¼ 6)

Body composition
Weight 71 ± 16 65 ± 10 86 ± 21�
BMI (kg/m2) 31 ± 5.2 30 ± 5.4 32 ± 5.3
Fat mass (%) 36 ± 6.6 37 ± 5 32 ± 8
Free fat mass (kg) 45 ± 10 41 ± 5 58 ± 10�
Waist circumference (cm) 100 ± 13 97 ± 11 108 ± 16

Risk factors, n (%)
Obesity 12 (55%) 8 (50%) 4 (67%)
Former smoker 3 (14%) 0 (0%) 3 (50%)�
Hypertension 20 (91%) 14 (88%) 6 (100%)
Dyslipidemia 15 (68%) 10 (63%) 5 (83%)
Type 2 diabetes 2 (9%) 1 (6%) 1 (17%)
Pre-diabetic 8 (36%) 5 (31%) 3 (50%)
AF 11 (50%) 8 (50%) 3 (50%)
AF (paroxysmal) 4 (18%) 3 (19%) 1 (17%)
COPD 2 (9%) 0 (0%) 2 (33%)�

Clinical signs
Resting heart rate (bpm) 73 ± 17 72 ± 16 74 ± 20
SBP (mmHg) 135 ± 18 134 ± 18 138 ± 21
DBP (mmHg) 70 ± 14 69 ± 16 72 ± 7
BNP (pg/mL) 272 ± 180 273 ± 176 273 ± 206
NYHA class II (%) 17 (77%) 12 (75%) 5 (83%)
NYHA class III (%) 4 (18%) 4 (25%) 0 (0%)

Medication, n (%)
ACE-i/ARB 16 (73%) 11 (69%) 5 (83%)
b-Blockers 18 (82%) 13 (81%) 5 (84%)
Loop diuretics 16 (73%) 10 (63%) 6 (100%)
Statins 14 (64%) 10 (63%) 4 (67%)
Digoxin 3 (14%) 3 (19%) 0 (0%)
MRAs 2 (9%) 1 (6%) 1 (17%)

Cardiac function
LVEF (%) 59 ± 6 60 ± 6 57 ± 6
E/e0 12 ± 3 12.9 ± 3.1 11 ± 2.6
E/A 1 ± 0.5 1.02 ± 0.5 0.97 ± 0.5
LVMI (g/m2) 222 ± 96 193 ± 51 277 ± 138
LAVI (mL/m2) 43 ± 12 44 ± 13 38.7 ± 7

Physical fitness
6MWT (m) 313 ± 91 312 ± 92 315 ± 95
VO2 (mL/min/kg) 11.2 ± 2.3 11 ± 2.3 11.7 ± 2.4

Quality of life questioner
MLHFQ total (points) 24 ± 24 29 ± 26 11 ± 10

BMI: body mass index; AF: atrial fibrillation; COPD: chronic obstructive pul-
monary disease; SPB: systolic blood pressure; DBP: diastolic blood pressure;
BNP: brain natriuretic peptide; NYHA: New York Heart Association; ACEi/ARB:
angiotensin-converting enzyme inhibitor and an angiotensin receptor blocker;
MRAs: mineralocorticoid receptor antagonists; LVEF: left ventricle ejection frac-
tion; E/e0 : ratio of early mitral transmitral flow velocity with early diastolic vel-
ocity of the mitral valve annulus; E/A: mitral ratio of peak early to late
diastolic filling velocity; LVMI: left ventricle mass index; LAVI: left atrium vol-
ume index; 6MWT: six-minute walk distance test; VO2: relative oxygen uptake;
MLHFQ: Minnesota Living With Heart Failure Questionnaire.�p<.05.
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Regarding to LPA, comparisons are not possible because
it is measured only via accelerometry. Mean time in LPA
was 379 ± 128min/day.

Correlation and agreement between self-reported and
objective measures of PA

Comparison between self-report and accelerometer measure-
ments are shown in Table 3. Validation coefficients (correl-
ation between self-report and accelerometer measured) were
not significant in all PA levels. A significant mean difference
(systematic error; p< .05) between self-reported and acceler-
ometer-derived PA levels was detected in sedentary time
and in 10-min-bouts-MVPA. By analysing the 95% limits of
agreement, both PA levels presented a higher variation,
ranging from –427.8 to 150min/day for sedentary time, and
from –65.2 to 150.5min/day in 10-min-bouts-MVPA. The
SEE was 96.7min/day for sedentary time, 26.7min/day for
MVPA and 2.4min/day for 10-mim-bouts-MVPA.

Separate Bland–Altman’s plots were build-up for seden-
tary time, total MVPA and 10min-bouts-MVPA (Figure 1).
Both MVPA plots show a linear tendency, which is not
acceptable for the agreement between the two methods.
Analysis of 10min-bouts of MVPA revealed that at higher
levels of PA, the difference between self-reported data and
accelerometers data becomes greater. In these cases, the self-
reported levels were greater than what was observed by
accelerometry.

Associations between objective measures of PA with
prognostic indicators

The association between objective measures of PA and prog-
nostic indicators is shown in Table 4. Total activity (CPM)

was significantly associated with VO2 (r¼ 0.498, p¼ .04).
Furthermore, MVPA was positively correlated with VO2

(r¼ 0.512; p¼ .02) and 6MWT (r¼ 0.652; p¼ .008), and
inversely correlated with QoL (r¼–0.490; p¼ .04). In add-
ition, 10min-bouts of MVPA was positively correlated with
VO2 (r¼ 0.559; p¼ .04) and inversely correlated with QoL
(r¼–0.465; p¼ .03). No significant correlations were found
between sedentary time or LPA with any prognos-
tic indicators.

Discussion

The main findings of this study suggest that: (i) in compari-
son to accelerometer, self-reported PA from IPAQ-SF
underestimates sedentary time and overestimates time spent
in MVPA in HFpEF patients, (ii) HFpEF patients spent only
a minority of their daily activity in MVPA, and (iii) only
MVPA measured from accelerometer was correlated with
functional capacity and QoL.

Despite the evidence showing that questionnaires are
valid and reliable in measuring PA, their correlation with
objective measures (e.g. accelerometers) is far from satisfac-
tory [10,11,27], which limits PA-based decisions. In agree-
ment with these observations, our data highlight the
disparity of PA measurements obtained with IPAQ-SF in
comparison to accelerometer-derived data in HFpEF
patients, with the former overestimating MVPA and under-
estimating sedentary/sitting time. We also verified the
absence of agreement between self-reported and accelerom-
eter-derived sedentary time and MVPA. This means that
measuring PA levels in the same person with these instru-
ments leads to important variations in magnitude and agree-
ment of the measured outcome.

Table 2. Descriptive PA levels from IPAQ and accelerometer variables.

All Women Men �76 y >76 y
(n¼ 22) (n¼ 16) (n¼ 6) (n¼ 11) (n¼ 11)

IPAQ-S Questionnaire
IPAQ total activity (MET.min�d1) 152 ± 183 149 ± 204 159 ± 123 232 ± 71 72 ± 114�
IPAQ sitting (min�d�1) 253 ± 156 226 ± 141 323 ± 184 280 ± 138 224 ± 173
IPAQ MVPA (min�d�1) 44 ± 56 43 ± 62 46 ± 35 66 ± 64 21 ± 34

Accelerometer
Total wear (min.d�1) 790 ± 65 808 ± 46 741 ± 86� 803 ± 60 775 ± 68
Total activity (counts.min�1) 550 ± 239 574 ± 214 489 ± 313 641 ± 271 459 ± 170
Sedentary time (min.d�1) 392 ± 104 370 ± 98 450 ± 103 386 ± 123 396 ± 85
Light activity (min.d�1) 379 ± 128 423 ± 111 260 ± 91� 383 ± 134 374 ± 127
MVPA (min.d�1) 19.3 ± 26 15 ± 21 31 ± 37 34 ± 31 5 ± 3�
MVPA 10min-bouts (n) 0.07 ± 0.14 0.02 ± 0.07 0.1 ± 0.2 0.13 ± 0.18 0 ± 0�
MVPA 10min-bouts (min.d�1) 1.1 ± 2.4 0.2 ± 0.8 3.4 ± 7� 2.2 ± 3 0 ± 0�

IPAQ: international PA questionnaire; MVPA: moderate to vigorous PA.
Data are mean ± SD.�p<.05.

Table 3. Self-report physical activity and differences to objective.

Self-reported (mean ± SD) Mean difference (95% LOA) r (p) SEE

Sedentary time 253 ± 156 –138.9 (–427.8; 150)� 0.368 (0.111) 96.7
MVPA 44 ± 56 24.4 (–88.9; 137.8) 0.261 (0.266) 26.7
MVPA 10-min-bouts 44 ± 56 42.6 (–65.2; 150.5)� 0.236 (0.317) 2.4

MVPA: moderate-to-vigorous physical activity; mean difference: self-reported – objective measured parameter (min.d–1); LOA: limits of
agreement (mean difference ± 1.96SD); r: Pearson’s correlations between self-reported and measured parameters (validation coeffi-
cient); SEE: standard error of the estimate expressed in min.d–1.�p<.05 for comparison between self-reported and measured parameters.
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According to self-reported PA, 59% of our patients would
meet the international recommendations for MPVA
(>150min/week of MVPA). However, when we confronted
with accelerometer-assessed data, this percentage dropped to

27% (without the 10min bout criteria) but decreased to
zero when the 10min-bouts criteria were considered. A
similar finding was found in the Women’s Health Study,
where 67% of women meet PA recommendations when con-
sidering results from self-reported methods, but when con-
sidering accelerometry (using 10min-bouts criteria), this
percentage was 19% [28]. The lack of correlation and agree-
ment between methods may be related with different con-
structs measured by the two instruments. While the
accelerometer measures the motion through acceleration of
body mass, the questionnaires measure the time spent in
specific behaviours [29]. Therefore, the use of objective
measures of PA seems to have a particular importance to
avoid bias in populations with limited physical function and
limited past knowledge and experience on regular PA [30].

Given the growing recognition of the impact of PA levels
in the prognosis of HFpEF patients, a rigorous characteriza-
tion of their patterns is crucial for prescribing tailored life-
style changes. In our study, descriptive accelerometer data
show that HFpEF patients spent 50% of recorded time in
sedentary behaviours, 47.5% at LPA and only 2.5% at
MVPA (0.1% with 10min-bout criteria). Similar patterns
were recently observed by Yavari et al., where HFpEF
patients reported to spent most of their waking time in sed-
entary behaviours while their daily activity was mainly com-
prised of LPA, and just a few minutes in MVPA [31].
Overall, these patterns of PA are similar to those described
for adults older than 60 years, where sedentary time
accounted for approximately for 60% of their waking time,
LPA for 40% and 4% for MVPA [32]. Although the patterns
of time spent in each category are similar, our results show
that the proportion of time spent in LPA was almost 10%
higher, while sedentary time was 10% lower. While the fact
that our patients were in optimal medical control may have
accounted for that, differences in the type of accelerometers
and cut-points also may have influenced the results. In fact,
we used the GT3X triaxial accelerometer with the low fre-
quency extension filter, which was shown to be more sensi-
tive to capture slower movements, translating into decreased
sedentary time and increase time in all PA intensities [33].
In addition, although specific cut-points for GT3X triaxial
accelerometer have not been validated in HFpEF patients,
we used cut-points for older adults validated with the
GT3X, which we believe are more representative for
our population.
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Figure 1. The Bland–Altman plot of the mean bias and 95% limits of agree-
ment for time spent in (A) sedentary time, (B) MVPA and (C) 10-min-bouts-
MVPA. Full line indicates mean difference (systematic error); dashed lines
indicate the 95% limits of agreement (mean ± 1.96 SD). SD: standard deviation.
MVPA: moderate-to-vigorous physical activity.

Table 4. Partial correlations between accelerometer-derived data and progno-
sis values.

VO2 6MWT QoL BNP E/e0

Total activity (CPM) 0.509� 0.271 �0.371 �0.097 �0.068
Sedentary time �0.323 �0.012 �0.128 �0.025 0.203
Light activity 0.367 0.225 �0.211 0.318 0.183
MVPA 0.512� 0.652� 20.490� �0.068 �0.133
MVPA 10min-bouts 0.459� 0.427 20.559� 0.022 �0.016

CPM: counts per minute; MVPA: moderate-to-vigorous-PA; VO2: oxygen uptake;
6MWT: six-minute walk distance test; QoL: quality of life; BNP: brain natriuretic
peptide; E/e0: ratio of early mitral transmitral flow velocity with early diastolic
velocity of the mitral valve annulus.�p<.05.
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With respect to prognosis, it was recently shown in the
NEAT-HFpEF trial that accelerometer-derived total daily
PA in HFpEF patients was associated with better 6MWT,
NYHA functional class, QoL, and NT-proBNP levels [8].
Our study adds the novelty that only time spent in MVPA
was significantly associated with important clinical outcomes
as VO2, 6MWT and QoL, but not with E/e0 or BNP levels.
Thus, it seems that intensity is a requirement for signifi-
cantly impacting the patient’s prognosis. Corroborating this
hypothesis, it was recently shown a dose-response relation-
ship between MVPA and risk of hospitalization or mortality
in HFpEF patients [9]. In addition, it should be noted that
only a minority of patients achieved the weekly recommen-
dations of MVPA (without the 10min-bouts criteria). While
any increase in the amount of PA may translate into some
health benefits [34], our data suggest that patients should be
educated about the importance of reducing their sedentary
time and engage in more MVPA for greater benefits.

Study limitations

The small sample size limits inferences regarding the agree-
ment between PA measurements from IPAQ-SF question-
naire and PA measures derived from triaxial accelerometer.
This report has a cross-sectional design, which limits the
establishment of causal inferences, and the sample size pre-
clude the determination of predictive models. In addition,
for a more precise estimation of sedentary time, longer
period of 7–10 days would be necessary. However, once that
mostly of our patients are retired (mean age 76 ± 4 years
old), the mean time used of 6.4 ± 0.9 days may be represen-
tative of sedentary patterns in our sample.

Conclusions

Our results suggest that IPAQ-SF, compared to objectively
measured PA, underestimates sedentary time and over-
estimates time spent in MVPA in patients with HFpEF,
limiting its use to support accurate recommendations.
Accelerometer-derived data show that HFpEF patients spent
only a minority of their time involved in MVPA, which was
the only PA pattern positively associated with prognostic
indicators, highlighting the importance of reducing seden-
tary time and performing MVPA throughout the day.
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