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ORIGINAL RESEARCH

Rapid Improvements in Physical Activity and
Sedentary Behavior in Patients With Acute
Myocardial Infarction Immediately Following
Hospital Discharge

Bram M. A. van Bakel (2, MD; Iris A. de Koning 2, MSc; Esmée A. Bakker (2, PhD; Gheorghe A. M. Pop @, MD, PhD;
Etienne Cramer @@, MD, PhD; Robert-Jan M. van Geuns 2, MD, PhD; Dick H. J. Thijssen 2, PhD;
Thijs M. H. Eijsvogels @, PhD

BACKGROUND: Little is known about changes in physical activity (PA) and sedentary behavior (SB) patterns in the acute phase
of a myocardial infarction (MIl). We objectively assessed PA and SB during hospitalization and the first week after discharge.

METHODS AND RESULTS: Consecutively admitted patients hospitalized with an Ml were approached to participate in this pro-
spective cohort study. SB, light-intensity PA, and moderate-vigorous intensity PA were objectively assessed for 24 h/d during
hospitalization and up to 7 days after discharge in 165 patients. Changes in PA and SB from the hospital to home phase were
evaluated using mixed-model analyses, and outcomes were stratified for predefined subgroups based on patient character-
istics. Patients (78% men) were aged 65+10years and diagnosed with ST-segment—elevation MI (50%) or non-ST-segment-
elevation Ml (50%). Sedentary time was high during hospitalization (12.6 [95% CI, 11.8-13.7] h/d) but substantially decreased
following transition to the home environment (-1.8 [95% CI, -2.4 to —1.3] h/d). Furthermore, the number of prolonged sed-
entary bouts (260 minutes) decreased between hospital and home (1.6 [95% ClI, —2.0 to —1.2] bouts/day). Light-intensity PA
(1.1 [95% ClI, 0.8-1.6] h/d) and moderate-vigorous intensity PA (0.2 [95% ClI, 0.1-0.3] h/d) were low during hospitalization but
significantly increased following transition to the home environment (light-intensity PA: 1.8 [95% ClI, 1.4-2.3] h/d; moderate-
vigorous intensity PA: 0.4 [95% CI, 0.3-0.5] h/d; both P<0.001). Improvements in PA and SB were similar across groups,
except for patients who underwent coronary artery bypass grafting and who did not improve their PA patterns after discharge.

CONCLUSIONS: Patients with MI demonstrate high levels of SB and low PA volumes during hospitalization, which immediately
improved following discharge at the patient’s home environment.

REGISTRATION: URL: trialsearch.who.int/; Unique identifier: NTR7646.

Key Words: cardiac rehabilitation m coronary artery disease m hospitalization m myocardial infarction ®m physical activity ® recovery B
sedentary lifestyle

significantly improved over the past decades be-
cause of developments in diagnostic tools, phar-
macological improvements, and increasing use of early
percutaneous coronary intervention strategies,’ with a

8urvival rates following myocardial infarction (MI)

27% reduction in deaths expected by 2030.2 Another
important factor contributing to improvements in post-Mi
survival relates to the (early) enroliment in exercise-based
cardiac rehabilitation (CR).®> Nowadays, patients gener-
ally have to wait ~40days for CR initiation,* which may
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CLINICAL PERSPECTIVE
What Is New?

Patients hospitalized with myocardial infarction
primarily spent their time sedentary, with lit-
tle engagement in physical activity (PA) during
hospitalization.

e |mmediately on discharge, sedentary behavior
substantially decreased in favor of a 2- to 3-fold
increase in habitual PA levels.

e The home environment is associated with more
engagement in PA and limiting time spent sed-
entary after myocardial infarction, except for pa-
tients who underwent coronary artery bypass
grafting.

What Are the Clinical Implications?

e High levels of physical inactivity among patients
with cardiovascular disease underline the need
for novel strategies to target sedentary behavior
during hospitalization.

e The abrupt decrease in sedentary behavior im-
mediately after discharge suggests that living
environment plays a crucial role in PA patterns,
which may influence PA counseling in the early
phase after myocardial infarction.

Nonstandard Abbreviations and Acronyms

CR cardiac rehabilitation
LIPA light-intensity physical activity

MVPA  moderate-vigorous intensity physical
activity

PA physical activity

SB sedentary behavior

negatively impact post-MI prognosis and quality of life.®
It is shown that time from index event to CR enrollment
can be reduced by home-based CR, because it may be
more practical and feasible.® Furthermore, early CR initi-
ation might improve overall CR participation.” Currently,
little is known about physical activity (PA) patterns during
the gap between Ml hospitalization and start of CR.
Emerging evidence indicates that PA and sedentary
behavior (SB; defined as any low-intensity [energy ex-
penditure of <1.5 metabolic equivalent task] behavior
while awake in a seated or reclined posture®) play a
pivotal role in recovery after MI.9"" Low levels of PA in
combination with high levels of SB are associated with
an increased risk for (recurrent) cardiovascular disease
events and mortality,'>® underlining the need for re-
activation of patients after MIl. A daily sedentary time
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>9.5h/d is associated with increased risk of cardio-
vascular morbidity and mortality,>'>'® independent of
traditional risk factors. Despite this strong link with car-
diovascular health,'® changes in PA patterns during the
acute phase after Ml are largely unknown. Evidence
exists that some patients experience fear of exercis-
ing after an Ml and, if unable to cope with their fear,
potentially develop kinesiophobia.!” A recent study re-
vealed that SB is highly prevalent among Ml survivors
during the first month after discharge, with only minor
changes over time.”® It is, however, unknown how PA
and SB patterns change between hospitalization and
the first week after discharge, whereas this information
may be helpful for PA counseling during hospitalization
and facilitates PA prescriptions for a timely return to
activities of daily living directly after discharge.

We evaluated changes in objectively assessed PA
and SB from hospitalization to the first week after dis-
charge and performed stratified analyses to identify
whether potential changes in PA patterns were different
across subgroups. We hypothesized that PA patterns
improve following the transition from the hospital to
the home environment, with a decrease in time spent
sedentary and increases in (light-intensity) PA. To the
best of our knowledge, this is the first study objectively
assessing SB and PA in patients with Ml during both
hospitalization and the acute phase after discharge.
Insight into factors associated with changes in physical
(injactivity could contribute to the development of per-
sonalized secondary prevention strategies in the home
environment, to bridge the gap until the start of CR.

METHODS

Study Design and Population

We invited hospitalized patients diagnosed with an Ml
to participate in this prospective cohort study to ob-
jectively assess their PA patterns (ie, SB, light-intensity
PA [LIPA], and moderate-vigorous intensity PA [MVPA))
during hospitalization and the first week after dis-
charge (=4 weeks before the start of CR). Acute MI
diagnosis was defined according to the fourth univer-
sal definition of MI.'® Consecutively admitted patients
hospitalized at the Cardiology Ward of the Radboud
University Medical Center (Nijmegen, the Netherlands),
aged >18years and not wheelchair bound, were ap-
proached to participate within 7 days after admission.
Patients were included between January 30, 2019,
and September 16, 2021. Because of the COVID-19
pandemic, inclusion was temporarily suspended from
March 17, 2020, to July 14, 2020. The study conforms
to the ethical guidelines of the 1975 Declaration of
Helsinki and was approved by the local medical ethics
committee of the Radboud University Medical Center
(reference 2018-4537). All participants provided written
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informed consent. This study was registered in the
Netherlands Trial Register (number NTR7646). Original
individual data are available upon reasonable request
and can be obtained from the corresponding author.

Measurements
PA and SB patterns were objectively assessed using
a validated accelerometer (ActivPAL3 micro; PAL
Technologies Ltd, Glasgow, UK).?° The ActivPAL is a
small device (25x45x75mm), attached to the patient’s
thigh using hypoallergenic tape. The ActivPAL was
sealed with a nitrile sleeve and transparent tape for wa-
terproof protection to allow for continuous monitoring.
Patients were instructed to wear the ActivPAL 24h/d
during hospitalization up to 7days after discharge.
Participants completed a sleep diary during the meas-
urement period. After this measurement, the ActivPAL
was returned to our research institute by mail. The
ActivPAL combines a triaxial accelerometer with an
inclinometer, which accurately distinguishes between
sitting, standing, and walking.?°

Raw data were analyzed by a modified version of
the script of Winkler et al.?" In case the sleep diary was
missing or incomplete, wake and sleep times were
interrogated by the ActivPAL analysis software. Valid
wear days were defined as minimum 10hours awake
and at least 1hour of sleep. Total sedentary time was
expressed in hours per day (continuous variable), and
accumulation of sedentary time was examined by cal-
culating the number of sedentary bouts, categorized
in bouts of (1) <15minutes; (2) >15 and <30 minutes;
(8) =30 and <60minutes; and (4) >60minutes. In addi-
tion, the daily sedentary time was dichotomized, indi-
cating whether each participant was above or below
the upper limit of normal (ie, 9.5n/d"®). This cutoff
value is based on findings from the general population
(middle-aged and older adults), in which a sedentary
time >9.5h/d was associated with a higher all-cause
mortality risk.’® Activities were categorized as LIPA
(metabolic equivalent task score <3) or MVPA (meta-
bolic equivalent task score >3) and expressed in hours
per day. We reported sedentary time, LIPA, and MVPA
for each day separately during hospitalization and after
discharge. Only days with observation in >5% of the
total cohort were included for analysis. We calculated
the average sedentary time, LIPA, MVPA, and sleep
duration during hospitalization phase and during the
postdischarge phase, based on available valid days.

Patient characteristics (eg, age, sex, medical history,
and index diagnosis), laboratory results, and treatment
information were derived from the electronic patient file
on hospital admission. All participants received an online
questionnaire at 7 days after discharge. The question-
naire inquired about cardiac anxiety, using a validated
18-item questionnaire focusing on heart-related anxiety,
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which is the fear of cardiac-related stimuli and sensations
attributable to perceived negative consequences.???3
Each item is rated on a 5-point Likert scale, ranging
from never to always. The previously validated total test
score is calculated by summing all responses to indi-
vidual items and dividing the sum by 18, resulting in a
score that ranges from O to 4, in which a higher score
indicates greater cardiac anxiety.?>23

Statistical Analysis
Data were reported as number (percentage) for cat-
egorical variables, mean+SD for normally distributed
continuous variables, and median (interquartile range)
for nonnormally distributed continuous variables.
Normality of distribution was checked visually and
using the Shapiro-Wilk test. The number of missing
values was specified, and percentages were calcu-
lated on the number of nonmissing observations.
Linear mixed-model analyses were performed to
assess day-to-day changes in SB and PA patterns
using random intercepts with the dependent variable
(sedentary time, sleep duration, LIPA, and MVPA) and
a continuous time variable ranging from —4 (days be-
fore discharge) to 7 (days after discharge). Because
missing data were more often present at days during
the hospitalization phase and at the end of the home
phase, we incorporated missing data patterns as fixed
effects into our mixed model analysis to control for
the effects of missingness on outcomes.?* We used
backward selection, removing all terms with P>0.1
from our model. The P values in the final linear mixed-
model analysis are from the Wald tests. Separately,
we assessed day-to-day changes within hospitaliza-
tion (ranging from day 4 to day 1 before discharge)
and after discharge (ranging from day 1 to 7 after dis-
charge), in 2 additional linear mixed models. To assess
changes in SB and PA from hospitalization to the home
environment, we performed linear mixed-model analy-
ses using random intercepts with time as categorical
variable (hospitalization versus home), with sedentary
time, sleep duration, LIPA, or MVPA as the dependent
variable. In addition, we performed stratified analyses
and interaction tests to assess whether changes in SB
and PA following the hospital to home transition were
different for women versus men; older (aged >75years)
versus younger (aged <75 years) patients; patients who
underwent coronary artery bypass grafting (CABG)
Versus percutaneous coronary intervention or conser-
vative treatment; patients with ST-segment—elevation
MI versus non-ST-segment—elevation MI; and pa-
tients with high levels of cardiac anxiety (cardiac anx-
iety score >2 versus <2). Subgroups were based on
findings of previous research indicating potential as-
sociation of these patient characteristics on SB and/or
PA.2526 |n sensitivity analyses, we reanalyzed the data
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after excluding patients who only had valid days avail-
able in the home environment, and we performed ad-
ditional stratified analyses to assess whether changes
in SB and PA were impacted by the timing of inclusion
(pre—CQOVID-19 versus post—-COVID-19 pandemic). Al
statistical tests were 2 sided, and significance was set
at P<0.05. All statistical analyses were performed with
IBM SPSS Statistics 25 (IBM Corp, Armonk, NY).

RESULTS

Study Population

In total, 200 patients were included in this study (partici-
pation rate, 79%), of which 165 (83%) patients were avail-
able for data analysis (Figure 1). Participants were aged
65+10years, mostly men (78%), and diagnosed with either
ST-segment—elevation Ml (50%) or non-ST-segment—
elevation MI (50%). Patients primarily underwent percuta-
neous coronary intervention (78%) during hospitalization.
Post-MI peak cardiac biomarker concentrations were
968 (837-3454) ng/L for high-sensitivity cardiac tropo-
nin T and 525 (192-1318) U/L for creatine kinase. Median
duration of hospitalization was 4 (3—-5) days (Table).

Activity Patterns After Myocardial Infarction

Sedentary Time

Patients spent 12.6 (95% ClI, 11.8-13.7) h/d seden-
tary during hospitalization for MI, which decreased to
111 (95% CI, 10.0-12.2) h/d during the first week at
home. The change in sedentary time from the hospital
to home environment was —1.8 (95% Cl, -2.4 to -1.3;
P<0.001) h/d. More important, sedentary time did not
change across days within hospitalization (0.3 [95%
Cl, =0.1 to 0.8] h/d; P=0.14) but gradually decreased
within the home environment (-0.1 [95% CI, -0.2 to
—0.03] h/d; P=0.01) (Figure 2A). The prevalence of a
sedentary time >9.5h/d was 100% during hospitaliza-
tion and attenuated to 84% in the home environment
(Figure $1). Changes in sedentary time between hos-
pitalization and home were comparable across sub-
groups, although sedentary time did not decrease
among patients who underwent CABG (-0.3 [95% CI,
—1.2t0 0.5] h/d; P=0.43) (Figure 3). Sedentary time was
accumulated in sedentary bouts of different duration.
Following the transition from hospital to home, patients
demonstrated an increase in the number of daily short
bouts (<15 minutes; 13.3 [95% Cl, 8.8-17.7] bouts/day;
P<0.001) and medium bouts (15-30 minutes; 2.1 [95%
Cl, 1.4-2.9] bouts/day; P<0.001). The number of bouts

Approached patients
n =252

Declined study participation (n=52)

Y

Eligible patients
n =200

Y

Reasons for non-participation:

- Study protocol too time-consuming (n=16)

- Participation in another clinical study (n=12)
- Study protocol too burdensome (n=10)

- Mental/cognitive health problems (n=4)

- Language barrier (n=3)

- Isolation or transfer to another hospital (n=3)
- Unspecified (n=3)

- Negative previous experience in research
participation (n=1)

Y

Study cohort
n=165

Excluded patients (n=35)
Reasons for exclusion:
- Lost accelerometer (n=17)
- Incomplete measurement: <4 days (n=15)
- Technical measurement error (n=3)

Figure 1. Study flowchart.

J Am Heart Assoc. 2023;12:e028700. DOI: 10.1161/JAHA.122.028700
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Table. Patient Characteristics
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Table. Continued

Missing Missing
Baseline characteristics Value (n=165) values, n (%) Baseline characteristics Value (n=165) values, n (%)
Age, y 65+10 0 (0) Treatment 0 (0)
Sex (male) 29 (78) 0(0) PCI 128 (78)
Body mass index, kg/m? 26.8 (24.2-29.8) 1(0.6) CABG 15 (9)
Education level 00 Conservative 22 (13)
Low 51 (31) (medication only)
Middle 57 (35) Duration of hospitalization, d 4 (3-5) 0 (0)
High 57 (35) In-hospital complications 0 (0)
Marital status (married) 122 (74) 00) In-hospital cardiac arrest | 1 (0.6)
Current working status 72 (44) 0(0) Major bleeding 2109
(employed) Reinfarction 2(1.2)
Living environment 0 (0) Target vessel 3(1.8)
Rural 79 (48) revascularization
Urban 57 (35) Cardiogenic shock 4 (2.4)
Transition 29 (18) Follow-up-discharge
) Cardiac anxiety score 1.3£0.6 5@
Alcohol consumption 93 (56) 0(0) (range, 0—4)
Units/wik 401 00 Medical advice to avoid 27 (17) 1(0.6)
Smoking (current) 39 (24) 0(0) physical activity
Pack-years 27 (13-34) 0(0) Self-reported 23 (85) 0(0)
Smoking (stopped) 78 (47) 0(0) compllance to this
device
Pack-years 10 (4-27) 0(0)
— Data are presented as number (percentage), mean+SD, or median
Comorbidities (interquartile range). CABG indicates coronary artery bypass grafting; CK,
Hypertension 81 (49) 0(0) creatine kinase; COPD, chronic obstructive pulmonary disease; eGFR,
; estimated glomerular filtration rate; hs-cInT, high-sensitivity cardiac
Diabetes 22(19) 00 troponin-T; and PCI, percutaneous coronary intervention.
Dyslipidemia 50 (30) 1(0.6)
Rheumatoid arthritis 5(3) 00 between 30 and 60minutes did not change (P=0.27),
Atrial fibrillation 10 (6) 0(0) but the occurrence of prolonged sedentary bouts
Prior myocardial infarction 34 (21) 0(0) (260 minutes) was significantly reduced (—1.6 [95% Cl,
Prior CABG 6 (4) 0(0) -2.0to —1.2] bouts/day; P<0.001; Figure 4).
Prior PCI 26 (16) 0 (0)
Heart failure 5(0) 1(0.6) Physical Activity
Cerebrovascular disease 12 (7) 0(0) Patients spent 1.1 (95% CI, 0.8-1.6) h/d LIPA and 0.2
Peripheral artery disease 8(5) 0(0) (95% ClI, 0.1-0.3) h/d MVPA during hospitalization,
Chronic renal failure €GFR | 0 (0) 00 which increased to 2.9 (95% Cl, 2.0-3.8) h/d (LIPA) and
<B0mL/min per 1.73m? or 0.6 (95% Cl, 0.3-0.9) h/d (MVPA) during the first week
dialysis) at home. Changes in PA time were 1.8 (95% ClI, 1.4—
CoPD 8 00 2.3; P<0.001) h/d for LIPA and 0.4 (95% ClI, 0.3-0.5;
Cancer (diagnosed in the 1509 00 P<0.001) h/d for MVPA from the hospital to home envi-
past o) ronment. No day-to-day changes in LIPA time were ob-
Depression 20012 2012 served within the hospitalization and home phase, but
Flogpiailzzin MVPA time gradually increased across days at home
Index diagnosis 00 (0.04 [95% CI, 0.02-0.05] h/d; P<0.001) (Figure 2).
ST-segment-elevation 82 (50) Patients who underwent CABG did not increase LIPA
myocardil infarction or MVPA time after discharge (Figure 3).
Non-ST-segment— 83 (50)
elevation myocardial ) .
infarction Sleep Duration and Sensitivity Analyses
Cardiac biomarker release Median sleep duration was 9.7 (95% ClI, 8.9-10.5) h/d
Peak hs-cTnT, ng/L 968 (337-3454) 8(4.8) during hospitalization and 9.1 (95% CI, 8.4-9.9) h/d
Peak CK, U/L 525 (192-1318) 1(0.6) after discharge. Sleep duration did not change be-

(Continued)

J Am Heart Assoc. 2023;12:e028700. DOI: 10.1161/JAHA.122.028700

tween hospitalization and home (-0.4 [95% ClI, -0.8
to 0.0] h/d; P=0.054). Subgroup analysis showed that
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c 1 1 1 1 Ll 1 1 1

1
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Hospital Home
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144 1
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Sleep (h)
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Je=e J3300¢
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Figure 2. Day-to-day sedentary time (A), sleep duration (B), LIPA time (C), and MVPA time (D) during hospitalization and the

first week after discharge.

Data are presented as median with interquartile range. P values are derived from linear mixed-model analyses and are reported for
overall day-to-day changes during the total measurement period, and day-to-day changes within the hospitalization and postdischarge
phase. LIPA indicates light-intensity physical activity; and MVPA, moderate-vigorous intensity physical activity.

sleep duration decreased from hospitalization to post-
discharge among women, older patients, and patients
with ST-segment—elevation MI (Figure 3). Sensitivity
analyses excluding patients who only had valid days
available in the home environment did not change our
findings (Figure S2). In addition, the timing of inclusion
(pre—CQOVID-19 versus post—-COVID-19 pandemic) did
not impact changes in SB and PA (Figure S3).

J Am Heart Assoc. 2023;12:e028700. DOI: 10.1161/JAHA.122.028700

DISCUSSION

The purpose of this study was to assess changes in
PA and SB patterns following the transition from hospi-
talization to the home environment among patients with
MI. In line with our hypothesis, and not demonstrated
before in previous work using objective accelerometry,
we found that hospitalized patients are highly sedentary,
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A Hospitalization Postdischarge e
(n) (n) decrease H increase decrease | qmmmm  increase
-— —_ < | —p

Female 12 57 — . -

Male 33 108 —— I—l—|

Age =75 years 11 35 i ——

Age < 75 years 34 130 - HEH

CABG 10 15 '_._' '_-—'

PCl/other 35 150 - HiH

STEMI 22 82 —— i

NSTEMI 23 83 - =

High anxiety 5 23 P I—I——|

Low anxiety 37 137 - l_."|

Total 45 165 - HiH
L T L] T L] T T T T T T T 1
-4 -3 -2 -1 0 1 -4 -3 2 -1 0 1 2

Change in sedentary time (h/day)

Change in sleep time (h/day)

C Hospitalization Postdischarge ] D (]
(n) (n) decrease increase decrease increase
- —_— - —_—
Female 12 57 —— = -
Male 33 108 - .
Age =75 years 11 35 —— -
Age < 75 years 34 130 - P
CABG 10 15 - i
PCl/other 35 150 = = -
STEMI 22 82 —— = =l
NSTEMI 23 83 i HEH
High anxiety 5 23 —— ——
Low anxiety 37 137 i L
Total 45 165 HiH HH
I L] L] ] L] T T I ] ] T
2 A 0 1 2 3 05 00 05 10 15

Change in LIPA time (h/day)

Change in MVPA time (h/day)

Figure 3. Forest plot with stratified mixed-model analysis on the change in sedentary time (A), sleep time (B), LIPA time

(C), and MVPA time (D) between hospitalization and postdischarge.

The black squares indicate the estimates, and the lines represent the 95% Cls of the estimate. CABG indicates coronary artery bypass
grafting; LIPA, light-intensity physical activity; MVPA, moderate-vigorous intensity physical activity; NSTEMI, non-ST-segment-
elevation myocardial infarction; PCI, percutaneous coronary intervention; and STEMI, ST-segment-elevation myocardial infarction.
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Figure 4. Day-to-day number of sedentary bouts, categorized in bouts of <15minutes (A); 215 and <30 minutes (B); >30 and

<60 minutes (C); and >60 minutes (D).

Data are presented as median with interquartile range. P values are derived from linear mixed-model analyses and are reported for overall
day-to-day changes during the total measurement period and day-to-day changes within the hospitalization and postdischarge phase.

evidenced by a sedentary time >12.5h/d in combination
with low levels of PA (MVPA: =0.2 h/d). Intriguingly, hospi-
tal discharge resulted in an immediate 1.8-h/d decrease
in the time spent sedentary and an increase in LIPA
(1.8h/d) and MVPA (0.4h/d) in the home environment.
Similar observations were made for SB characteristics,
with increases in low- to medium-duration sedentary
bouts and reductions in prolonged sedentary bouts.
Furthermore, progressive improvements in SB and PA

J Am Heart Assoc. 2023;12:e028700. DOI: 10.1161/JAHA.122.028700

were observed across the number of days spent in the
home environment. Observed changes were largely
similar across predefined subgroups, although patients
who underwent CABG did not reduce sedentary time
or increase their LIPA and MVPA levels. Findings from
this study provide novel insight into physical (in)activity
patterns in the acute phase of an MI, which can impor-
tantly contribute to optimization of the prescription of PA
between hospital admission and the start of CR.
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SB was highly prevalent, whereas only little time
was spent in PA during hospitalization. Epidemiological
evidence based on objectively measured SB indicates
that a daily sedentary time of >9.5hours is associated
with a significantly higher risk of death, whereas risk re-
ductions occur from at least 3hours of LIPA, being op-
timal at 24 min/d of MVPA."® In the hospital, all patients
exceeded the sedentary time threshold, and PA lev-
els were too low to gain health benefits. Furthermore,
regardless of total sedentary time, prolonged uninter-
rupted sedentary bouts cause additional detrimental
health effects.?”?® Therefore, also the high number of
prolonged sedentary bouts >1hour is worrisome. SB
and PA levels after Ml are a potential target to optimize
secondary prevention and to improve recovery.

The immediate and substantial improvements in
SB and PA characteristics following transition from the
hospital to home environment are striking. It has been
suggested that patients experience fear of exercising
directly after MI,'" potentially impeding patients to at-
tenuate SB and increase PA during hospitalization. On
the other hand, the immediate nature and magnitude
of the improvements observed on the first day after
discharge imply that it is not a sole matter of mental
or physical limitations. The changes in PA and SB
patterns may rather be attributable to change of en-
vironment and its associated (expected) behavior. For
example, contrary to the patient’s home environment,
daily life during hospitalization is concentrated around
the hospital bed.?® As a consequence, patients stay
in their hospital bed during daytime, promoting high
levels of SB.2% However, there are still some challenges
to safely facilitate PA during hospitalization. Many pa-
tients are prone to falls and are under continuous heart
rhythm monitoring, and there is a perceived risk of a
recurrent cardiac event. Patients may also experience
kinesiophobia and first need to regain confidence to
resume PA engagement after experiencing an acute
MI. Possibly, technical solutions might enable (intra-
mural) early mobilization during admission. These solu-
tions may include mobile telemetry monitoring, global
positioning system trackers to quickly locate patients
within the hospital, and wearable cardioverter defibril-
lators.®" Future studies are warranted to understand
the specific barriers and facilitators related to PA and
SB in the acute phase after MI. Taken together, the
home environment facilitates patients with Ml to en-
gage in more PA, limiting time spent sedentary and the
number of prolonged sedentary bouts.

Patients demonstrated a further decline in SB and
an increase in MVPA across the first 7 days within the
home environment. Isotemporal substitution analyses
show that replacing every 30minutes of sedentary
time is associated with a 2% lower risk of mortality
and major adverse cardiovascular events® and a 2%
to 4% improvement in cardiovascular risk factors.3? In

J Am Heart Assoc. 2023;12:e028700. DOI: 10.1161/JAHA.122.028700

Activity Patterns After Myocardial Infarction

addition, PA has shown beneficial effects on recovery
after Ml and heart surgery.®*3 According to current
guidelines, exercise prescription in patients with Ml is
based on an individualized approach after careful clini-
cal evaluation and, especially if exercise is performed at
higher intensity, supervised exercise training programs
are recommended in the initial phases.®® However, this
should not prevent patients from incorporating more
PA at light intensities and thereby reduce their daily
time spent sedentary. Ideally, this process already
begins during hospitalization to take full advantage of
PA-related health benefits in the acute phase of recov-
ery after MI. The gradual improvements in PA and SB
patterns in the home environment are promising and
demonstrate that patients are physically and mentally
capable of achieving this, even before CR enroliment.

Stratified analyses indicated that improvements in
PA and SB in the acute phase after Ml did not apply
to patients who underwent CABG compared with
percutaneous coronary intervention or conservative
treatment. This could be attributable to the fact that
postoperative symptoms, such as pain, fatigue, pal-
pitations, and swelling of the lower limbs, last longer
and are not fully recovered at discharge.3’” Alternatively,
sternal precautions/wound healing may limit PA en-
gagement.®” Long-term postoperative SB negatively
impacts recovery after CABG and increases risk of
muscle loss and falls.®*28 A recent randomized clinical
trial indicates that by adopting an individualized ap-
proach, post-CABG patients can safely start CR up to
4 weeks earlier than current guidance, with beneficial
effects on their recovery.®® The next step could be to
target SB directly after discharge (eg, by introducing
regular short PA breaks at light intensity to further im-
prove post-CABG recovery).

Clinical Relevance

Findings from our study indicate high levels of physi-
cal inactivity in the acute phase after M, underlining
the need for strategies targeting SB as early as pos-
sible to bridge the gap between hospital admission
and the start of CR. Preliminary results of a multicom-
ponent intervention including eHealth, aiming to de-
crease sedentary time in patients admitted for organ
transplantation or vascular surgery, were promising,
by means it appeared effective to reduce sedentary
time during hospitalization.*® Another study indicated
that a multifaceted intervention to reduce SB in hos-
pitalized patients with cardiovascular disease might
reduce SB and increase PA during the hospital stay,
but results should be interpreted with caution because
this was an explorative study wherein causality could
not be confirmed.*' Targeting SB during hospitalization
seems, therefore, feasible and effective and may also
yield improvement in PA patterns after discharge, but
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randomized controlled trials are needed to evaluate
strategies to reduce SB and promote PA in the early
phase after Ml and to assess the impact of early (re-)
activation on longer-term PA levels.

Strengths and Limitations

To the best of our knowledge, this is the first study ob-
jectively assessing SB and PA patterns in patients with
acute MI during both hospitalization and the first week
at home. Our study provides a unique insight into daily
changes during the early phase after Ml, which would
not have been detected if assessed only in the home
environment. A limitation of this study is the relatively
low number of patients with available valid days dur-
ing hospitalization. By incorporating missing data pat-
terns as fixed effects in our mixed-model analyses, we
controlled for the effects of missingness on outcomes.
We found that patients with missing data during hospi-
talization were less sedentary at home compared with
patients with a full set of data, but sensitivity analyses
without these patients did not change the results, high-
lighting the robustness of our findings. In addition, when
vein grafts were harvested from the leg during CABG,
patients might be impeded in moving their leg in the
acute postoperative phase. A wrist-worn wearable de-
vice that determines arm movement and heart rate may
allow more accurate assessment of high-intensity (upper
body) exercise, although it is questionable whether this
kind of PA can be expected immediately after cardiac
surgery. Another limitation of this study is the unfortu-
nate male/female distribution in our study. This unde-
sirable imbalance may ultimately lead to suboptimal
cardiovascular care in women, as the underrepresen-
tation of women in CR was recently highlighted.*? This
underlines the need for better referral rates in women
but also for individualized CR programming that incor-
porates sex-specific factors to improve participation
rates.*® Future studies are needed to identify optimal
strategies and alternative approaches for the modality,
intensity, and frequency of exercise training.*® In addi-
tion, because of a limited number of participants in this
study, we were not able to determine whether the lack
of improvement in SB and PA patterns after discharge
was independent of other patient characteristics, such
as age or sex. Given the findings of our study, targeting
SB after experiencing an Ml would be a promising alter-
native approach, obviously requiring a larger trial with a
representative proportion of female participants.

CONCLUSIONS

Patients hospitalized with acute Ml primarily spent time
sedentary with little engagement in PA. Immediately on
discharge, post-MI patients demonstrate a substan-
tial decrease in SB (1.8h/d), in favor of a 2- to 3-fold
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increase in PA levels. Moreover, across the first 7 days
within the home environment, patients demonstrate
a further decline in SB and an increase in MVPA, al-
though SB levels remain high. The abrupt decrease in
SB after discharge suggests that living environment
plays a pivotal role in SB, which may have important
implications for health care organization and PA coun-
seling in the early phase after Ml.
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hospitalization and the first week after discharge.
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Figure S2. Sensitivity analysis after excluding patients who only had valid days available in the

home environment.
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Day-to-day sedentary time (panel A), sleep duration (panel B), light-intensity physical
activity (LIPA) time (panel C) and moderate-to-vigorous intensity physical activity (MVPA)
time (panel D) during hospitalization and the first week after discharge. Data are presented as
median with interquartile range. P-values are reported for overall day-to-day changes during
the measurement period, and day-to-day changes within the hospitalization and post-discharge
phase.
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Figure S3. Forest plot with mixed model analysis on the change in sedentary time (panel

A), sleep time (panel B), light-intensity physical activity (LIPA) time (panel C), and

moderate-to-vigorous intensity physical activity (MVPA) time (panel D) between

hospitalization and post-discharge, stratified by the timing of inclusion (pre- versus post-

COVID-19 pandemic.
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The black squares indicate the estimates and the lines represent the 95% confidence intervals

(CI) of the estimate.
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