Received: 1 February 2024

Accepted: 13 February 2024

https://doi.org/10.1016/j.rpth.2024.102366

ORIGINAL ARTICLE

I r:esearch & practice
in thrombosis & haemostasis

Physical activity following pulmonary embolism and clinical
correlates in selected patients: a cross-sectional study

Stacey Haukeland-Parker"?

| @yvind Jervan®® | Waleed Ghanima®*> |

Martijn A. Spruit®”® | René Holst*? | Mazdak Tavoly*'® | Jostein Gleditsch®!? |

Hege Hglmo Johannessen

Department of Physical Medicine and
Rehabilitation, @stfold Hospital Trust,
Gralum, Norway

?|nstitute of Clinical Medicine, University of
Oslo, Oslo, Norway

3Department of Cardiology, @stfold
Hospital Trust, Gralum, Norway

“Department of Research, Emergency
Medicine and Hematooncology, @stfold
Hospital Trust, Gralum, Norway

SDepartment of Hematology, Oslo
University Hospital and Institute of Clinical
Medicine, University of Oslo, Oslo, Norway

®Department of Research and Development,
CIRO+, Horn, the Netherlands

“Department of Respiratory Medicine,
Maastricht University Medical Center,
Maastricht, the Netherlands

8School of Nutrition and Translational
Research in Metabolism, Faculty of Health,
Medicine and Life Sciences, Maastricht
University, Maastricht, the Netherlands

“Department of Biostatistics, Institute of
Basic Medical Sciences, University of Oslo,
Oslo, Norway

0pepartment of Medicine, Sahlgrenska
University Hospital, Gothenburg, Sweden

Department of Radiology, @stfold
Hospital Trust, Gralum, Norway

2Department of Health, Welfare and
Organization, @stfold University College,
Fredrikstad, Norway

Correspondence

Stacey Haukeland-Parker, Department of
Physical Medicine and Rehabilitation,
@stfold Hospital Trust, PB 300, 1714
Gralum, Norway.

Email: stacey.haukeland.parker@so-hf.no

Handling Editor: Dr V Morelli

Abstract

Background: There is limited knowledge regarding physical activity and clinical cor-
relates among people who have suffered a pulmonary embolism (PE).

Obijectives: To assess physical activity levels after PE and potential clinical correlates.
Methods: One hundred forty-five individuals free of major comorbidities were
recruited at a mean of 23 months (range, 6-72) after PE diagnosis. Physical activity was
assessed by steps/day on the Sensewear monitor for 7 consecutive days, exercise ca-
pacity with the incremental shuttle walk test, and cardiac function with left ventricular
ejection fraction (LVEF). The association between physical activity and other variables
was analyzed by a mixed-effects model.

Results: Participants achieved a mean of 6494 (SD, 3294; range, 1147-18.486) steps/
day. The mixed-effects model showed that physical activity was significantly associated
with exercise capacity (p-coefficient, 0.04; 95% CI, 0.03-0.05) and LVEF
(B-coefficient, —0.81; 95% Cl, —1.42 to —0.21). The analysis further showed that men
became less physically active with increasing age (p-coefficient, —0.14; 95% Cl, —0.24
to —0.04), whereas no change with age could be detected for women.

Conclusion: In selected post-PE patients, physical activity seems to be associated with
exercise capacity and LVEF but not with quality of life, dyspnea, or characteristics of

the initial PE. Men appear to become less physically active with increasing age.

KEYWORDS
activity, cardiac function, exercise capacity, pulmonary embolism, quality of life, venous
thromboembolism
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Essentials

e There is limited knowledge regarding physical activity after pulmonary embolism.

« This study measured daily physical activity after pulmonary embolism.

« Higher physical activity levels were associated with better exercise capacity.

* Men were less physically active with increased age.

1 | INTRODUCTION

Pulmonary embolism (PE) is a major cause of hospitalization and
morbidity [1]. Moreover, it is well documented that many PE survivors
suffer with bothersome symptoms in the aftermath [2,3]. Various
grades of persistent, unexplained dyspnea have been observed in up
to 50% of patients more than 6 months after the PE diagnosis [2,3]. In
addition, reduced exercise capacity and impaired health-related
quality of life (HRQoL) have been observed among people with
post-PE dyspnea compared with the general population norms and
people without post-PE dyspnea [3-5].

Although some patients display persistent physiological changes,
such as chronic thromboembolic pulmonary hypertension (CTEPH)
after PE, it is likely that inactivity-induced physical deconditioning
following venous thromboembolism (VTE) may contribute to the
breathlessness some post-PE patients experience [6,7]. The sensation
of dyspnea may lead to fear of physical activity, further aggravating
the situation and resulting in subsequent muscle weakness and
reduced physical capacity [8,9]. Therefore, patients who suffer from
persistent symptoms after PE may benefit from daily physical activity
and/or rehabilitation [5,10,11].

In general, a large proportion of healthy people fail to achieve the
recommended levels of physical activity [12,13]. Therefore, it is fair to
assume that those who experience persistent symptoms in the
aftermath of PE may be even more likely to have lower physical ac-
tivity levels than recommended. Self-reported physical inactivity is
associated with increased mortality following VTE [9]. A recent lon-
gitudinal observational study exploring self-reported changes in
physical activity levels following an acute PE showed that 51% of
patients had reduced physical activity levels within the first 3 months
compared with their self-reported physical activity level prior to the
PE event. Reported explanations for this decrease in physical activity
were dyspnea on exertion, fatigue, fear of pain, and fear of PE reoc-
currence [11]. This reduction in physical activity continued in 24% of
the participants at 6 months post-PE and in 15% at 12 months post-
PE, suggesting that physical inactivity may become a long-term
behavioral change for some patients. Self-reported physical activity,
however, may be prone to recall bias and over- or underreporting
[14,15]. Therefore, the validity of these findings is uncertain. Objec-
tively measured physical activity may be a more accurate method for
measuring physical activity compared with subjective measures in
adult populations [16,17]. To date, objectively measured physical ac-
tivity levels remain unknown in post-PE patients and there is limited

knowledge on the clinical correlates of physical activity levels in this
patient group. Nevertheless, it may be reasonable to hypothesize that
people with persistent symptoms following PE, such as reduced ex-
ercise capacity and dyspnea, are less physically active than PE-
patients who make a full recovery.

An increased awareness regarding the clinical correlates for
physical activity after PE may lead to improved routines for the
assessment, treatment, and prevention of physical inactivity in this
population. Therefore, the primary aim of this study was to explore
objectively measured physical activity levels in post-PE patients. The
secondary aim was to identify clinical correlates for physical activity
levels in this patient group.

2 | METHODS

2.1 | Study design

This cross-sectional study assessed baseline data from the PE-Rehab
study, a 2-center, randomized controlled trial performed at @stfold
Hospital and Akershus University Hospital in Norway [18]. Written
informed consent was obtained from all participants. The study was
approved by the Regional Committee for Medical and Health
Research Ethics (2017/1940/REK South-East D) and registered at

ClinicalTrials.gov  (NCT03405480) and followed the Helsinki
declaration.
2.2 | Study population

A sample of post-PE patients both with and without persistent
symptoms was identified from the Thrombosis registry at @stfold
Hospital [19] or via International Classification of Diseases, 10th
Revision, discharge codes (ICD 126.x) (Akershus University Hospital).
Patients were invited to participate by postal mail. Based on equip-
ment availability, a selection of the study participants were assigned
an activity monitor for the registering of physical activity (Figure 1).
Participants were recruited continuously from January 2018 to
May 2021.

Inclusion criteria were age 18 to 75 years, objectively diagnosed
symptomatic PE (greater than isolated subsegmental PE) by comput-
erized tomography pulmonary angiogram 6 to 72 months prior to
inclusion in the study, and the ability to provide written informed
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FIGURE 1 Flow chart of the recruitment process. PE, pulmonary embolism.

consent. Exclusion criteria were pulmonary diseases (such as chronic
obstructive pulmonary disease [COPD] GOLD stage >2 or restrictive
pulmonary diseases), heart failure and significant valvular heart dis-
ease, CTEPH, other conditions that would interfere with the ability to
comply or give informed consent, active malignancy, life expectancy

less than 3 months, and/or pregnancy.

2.3 | Physical tests and patient-reported outcome
measures on inclusion to the study

231 |
activity

Sensewear activity monitor—daily physical

Steps per day, as measured by the Sensewear activity monitor model
7.0 (BodyMedia Inc), were used as proxy of daily physical activity.
Sensewear is a lightweight device worn on the upper arm that uses
accelometery techniques to estimate energy expenditure [20].
Sensewear is a reliable and valid tool for measuring physical activity in
various populations, including people with respiratory disease [21,22].
The participants wore the monitor for 7 consecutive days to measure
daily number of steps (daily physical activity).

2.3.2 | Incremental shuttle walk test and Borg scale—
exercise capacity

Exercise capacity was assessed using the incremental shuttle walk test
(ISWT), which is valid, reliable, and responsive in patients with cardiac
and respiratory diseases [23]. ISWT was performed according to
standardized guidelines as described in the study protocol [18]. Pe-
ripheral oxygen saturation was measured using pulse oximetry. Sub-
jectively perceived dyspnea on exertion was registered using the Borg
scale, with participants indicating a score between 6 and 20 before
and immediately after the test [24].

2.4 | Patient-reported outcome measures
2.4.1 | Modified Medical Research Council dyspnea
scale

The modified Medical Research Council (nMRC) scale is a widely used
tool for evaluating the limitation of activities due to dyspnea [25].
Scores range from grade O to grade 4, with a higher score indicating
worse symptoms of breathlessness.
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2.4.2 | Shortness of Breath Questionnaire

The Shortness of Breath Questionnaire (SOBQ) is used for a more
in-depth assessment of subjective symptoms of dyspnea associated
with activities of daily living [26]. Total scores range from O to
120 points, with a higher score indicating a higher degree of
dyspnea.

24.3 | EQ-5D-5L

The 5-level EQ-5D (EQ-5D-5L) is a questionnaire used to assess
generic HRQoL in 5 different dimensions: mobility, self-care, usual
activities, pain/discomfort, and anxiety/depression, as well as a visual
analog scale of general health (EQ-VAS). Each dimension ranges from
1 to 5, with a higher score indicating more problems or symptoms [27].
The EQ-VAS ranges from O (“worst imaginable state of health”) to 100
(“best imaginable state of health”). A transformation of individual
dimension scores to EQ-5D index values was performed using cross-
walk to the UK 3-level EQ-5D (EQ-5D-3L) Dolan value set [28].

24.4 | PE Quality of Life Questionnaire

The PE Quality of Life Questionnaire (PEMB-Qol) is a disease-specific
patient-reported outcome measure used to assess HRQoL following
PE [29]. PEMB-QoL has 40 items over 6 domains: frequency of
complaints, intensity of complaints, social limitations, activities of daily
living limitations, work-related problems, and emotional complaints.
Scores for each domain were standardized to a O to 1 scale. Higher
scores indicate poorer HRQoL.

2.5 | Cardiopulmonary tests and data from medical
records
2.5.1 | Cardiopulmonary tests at study inclusion

Resting pulmonary function tests (spirometry, whole-body plethys-
mography, and diffusing capacity of the lung for carbon monoxide
[DLCO%]) and resting transthoracic echocardiography (left ventric-
ular ejection fraction [LVEF]) were performed on inclusion in the

study.

2.5.2 | PE Severity Index from medical records
Data regarding the severity of the PE at diagnosis was attained
retrospectively from medical records. The PE Severity Index (PESI) is a

well-validated risk stratification tool that predicts mortality and

morbidity [30]. PESI includes 11 variables with higher scores repre-

senting higher severity/risk.

2.5.3 | Charlson Comorbidity Index at study inclusion
Charlson Comorbidity Index is a reliable and valid tool used to predict
risk of mortality within 1 year of hospitalization in patients with
multiple comorbidities. Grading based on total score ranges from 1-2
(mild), 3-4 (moderate), and >5 /severe). A higher score indicates
higher risk of death [31,32].

2.6 | Statistical analysis

Categorical variables are presented as frequencies with percentages.
Continuous variables are reported as mean, SD, and range or median
and 25th to 75th percentiles, as appropriate. Tertiles were used to
categorize the participants as there is no common consensus
regarding cutoffs for physical activity levels based on the mean
objectively measured steps per day. The tertiles merely serve a
descriptive purpose.

The outcome variable for the analysis was the number of steps per
day as a measure of daily physical activity. This was measured on a daily
basis over a course of 7 consecutive days for each individual. Data are
therefore clustered by individuals, with correlations between mea-
surements taken on the same individual and independence between
individuals. The proper analysis for such data is a mixed-effects
regression analysis, with individuals as random effects. As the mixed
model assumes normally distributed data, a Box-Cox analysis was per-
formed, and the optimal power transformation to achieve this was
identified as a square root transformation. Estimations were conse-
quently done on the transformed scale. The initial model included
SOBQ, EQ-VAS, PEMB-Qol, body mass index, ISWT, DLCO%, LVEF,
PESI score, comorbidities, and employment status as explanatory vari-
ables. Furthermore, the model was adjusted for age and sex (sex
assigned at birth). An interaction term between sex and age allowed for
a sex-specific age association with the outcome. The full model was
reduced by a number of backward elimination steps, where each step
removed the term with the highest P value above .05, followed by a re-
estimation of the reduced model. This was continued until all terms
showed significance.

Unfortunately, the estimates on the transformed scale do not back-
transform individually and hence do not allow for interpretation of how
changes in individual terms affect the number of steps per day, inde-
pendently of the value of the other terms. Plots of back-transformed
scenarios, where 1 variable varied and the remaining were fixed at
their observed mean, were used for communicating the results on the
original scale of steps per day. Issues of multicollinearity were assessed
by inspection of the variance inflation factors. Quantile-quantile plots
and residuals plots were used for checking normality. All analyses were

performed using Stata version 17.0 (StataCorp).
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3 | RESULTS

3.1 | Study population

In total, 145 participants were recruited at a mean of 23 months (SD,
17.1; range, 6-72 months) post-PE. Mean age was 60 years (SD, 10.7;
range, 26-75 years), and 66% were men. The mean number of steps
per day was 6494 (median, 6064; SD, 3294), and only 52% of the
participants achieved more than 6000 steps per day (Table 1). Men
were, on average, slightly more active than women, with a mean
number of steps per day of 6516 and 6449, respectively. Compliance
was considered acceptable with participants wearing the Sensewear
armband for a mean time of 23.5 hours per day for 6 consecutive days,
including weekdays and weekends. The level of comorbidities was low,
with 25% having 1 to 2 comorbidities and 3% having 3 or more
comorbidities (Table 1). Only 31 participants (21%) scored >2 points,
and no participants scored 4 points on the mMRC, suggesting a low
general dyspnea burden (Table 2). There were no significant differ-
ences in the proportion of physical activity assessments per season
between the physical activity groups (P = .9) (Supplementary
Table S1). Participants in the low physical activity tertile had less
than 4848 steps per day (mean, 3268; SD, 1142), and those with more
than 7390 steps per day (mean, 10,236; SD, 2562) were categorized
as having high physical activity level.

3.2 | Mixed-effect regression analysis
The Box Cox analysis suggested a square root transformation of the
outcome to be appropriate for normalizing the data. Ten variables
were included in the mixed-effect model based on clinical relevance
and univariable regression analyses (SOBQ, EQ-VAS, PEMB-Qol,
body mass index, ISWT, DLCO%, LVEF, PESI score, comorbidities, and
employment status). An exploratory analysis indicated opposite ef-
fects of age for men and women, and consequently, the model was
adjusted for age and sex, allowing for a potential interaction. Esti-
mated effect is on the scale of the square root transformed number of
steps per day. Only ISWT (B-coefficient, 0.04; 95% Cl, 0.03-0.05; P <
.001) and LVEF (p-coefficient, —0.81; 95% Cl, —1.42 to —0.21; P =
.008) remained significant in addition to the interaction between age
and sex (Table 3). With no main effect of sex, this implies no age effect
for women but declining effects for men (B-coefficient, —0.14; 95%
Cl, —0.24 to —0.04; P = .007). Prediction curves with 95% confidence
bands were created for the variables with significant effects and
transformed back to the original scale for interpretation (Figure 2).
The allocation of the Sensewear monitor was affected by logistical
issues and equipment availability in the present study. When
comparing participants who did and did not (n = 172) wear a Sense-
wear activity monitor (Supplementary Table S2), we found that pa-
tients who were assigned a Sensewear had a significantly longer time
since diagnosis (mean, 23 months; SD, 17.2 months) compared with

those not assigned a Sensewear (mean, 16 months; SD, 12.2 months).
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A descriptive analysis comparing patients based on time since PE
diagnosis (under and over 12 months) showed that patients diagnosed
more than 12 months prior to inclusion were more likely to have 1 or
more comorbidities, were less likely to currently use anticoagulants,
and had lower dyspnea scores and better HRQoL (Supplementary
Table S3).

4 | DISCUSSION

To the best of our knowledge, this study is the first to objectively
measure physical activity levels in post-PE patients using an acceler-
ometer. Our findings suggest that following PE, physical activity levels
were low and associated with exercise capacity and cardiac function.
In addition, we observed that, on average, men became less physically
active with increasing age, whereas women stayed at a constant
physical activity level.

Although there was large heterogeneity in the number of steps
per day, our findings suggest that the physical activity levels were
generally low compared with those in other populations [33,34]. A
recent meta-analysis recommended 8000 to 10,000 steps per day as
sufficient for reducing the risk of all-cause mortality [35]. In the pre-
sent study, only 15% achieved more than 10,000 steps per day,
whereas half achieved 6000 steps or more. According to a recent
national report, the normative Norwegian population has a mean of
8712 steps per day in an age group similar to that in the present study
[36]. This level of physical activity was only achieved by 1in 5 (n = 30)
of the participants in the present study. In addition, it is possible that
participants made adaptions to their behavior in terms of physical
activity in the monitoring period due to awareness of being observed
(the Hawthorne effect), such as the observed number of steps per day
may overestimate the true physical activity level in the population.

The relatively low physical activity level we observed in post-PE
patients may be due to some patients reducing physical activity
levels in the aftermath of PE, resulting in deconditioning [37] and a
number of steps per day in some participants similar to that reported
in patients with COPD and severe asthma [38-40]. Therefore, despite
PE being an acute event and the generally low symptom burden and
good exercise capacity reported by our participants, long-term con-
sequences in terms of physical inactivity among some post-PE patients
may be comparable to those among patients with chronic disease.
However, as low physical activity is associated with PE in some studies
[9,41,42], it may also have been preexisting and potentially contrib-
uted to the initial event. As the physical activity levels prior to PE are
unknown in the present study, neither explanation can be conclusively
ruled out.

The exclusion criteria in the main randomized controlled trial
were CTEPH and other comorbidities, such as cardiac disease and
pulmonary disease [18]. Furthermore, participants in the present
study had few comorbidities, a low symptom burden, and relatively
good HRQoL. As multimorbid patients may struggle to be physically

active, our findings may underestimate the true magnitude of physical
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TABLE 1 Characteristics for all participants and low, moderate, and high physical activity groups based on steps per day (N = 145).

Background variables

Steps per day

Age (y)
18-44
45-54
55-66
>67

Sex, men

Body mass index (kg/m?)

Smoking status
Never smoked
Former smoker
Current smoker
Missing

Employment status
Employed/student
Unemployed
Retired
Sick leave

Missing

Charlson Comorbidity Index

Incremental shuttle walk test (m)

Missing
Lung function tests
FEV1%
Missing
DLCO%
Missing

Echocardiography

Left ventricular ejection fraction (%)

All participants
N = 145

6494, 6064 (3294)
[1147-18,486]

60, 60 (10.7) [26-75]
12 (8)

33 (23)

52 (36)

48 (33)

95 (66)

29.8, 28.7 (5.7)
[19.6-51.4]

739, 750 (236)
[140-1020]

1(1)

77 (72.5-80.7)
28 (19)

90 (78-99)

29 (20)

61.5 (58.7-65.0)

Low PA group n = 49
<4848 steps/d

3268, 3363 (1142)
[1147-4848]

62, 68 (11.4) [318-75]
4(8)

9 (18)

11 (22)

25 (51)

31 (63)

30.2, 29.1 (6.5)
[19.6-51.4]

23 (47)
22 (45)
3(6)
1(2)

14 (29)
6 (12)
24 (49)

29 (59)
17 (35)
3(6)

612, 590 (245)
[140-1020]

0 (0)

78 (72.6-82.5)
10 (20)

87 (76-98)

11 (22)

62.4 (59.8-65.1)

Moderate PA group n = 49
4849-7331 steps/d

6130, 61,410 (700)

[4915-7331]

60, 61 (8.9) [36-75]

2(4)

11 (22)
23 (47)
13 (27)
34 (69)

30.8, 29.0 (6.4)
[20.2-46.3]

19 (39)
28 (57)
2(4)
0(0)

24 (49)
7 (14)
13 (27)
5 (10)
0 (0)

39 (80)
10 (20)
0 (0)

755, 750 (220)
[290-1020]

1(2)

76.2 (71.7-79.1)
10 (20)

90 (78-96)

10 (20)

61.5 (58.8-64.8)

High PA group n = 47
>7332 steps/d

10,236, 9768 (2561)
[7390-18,486]

57,57 (11.4) [27-75]
6 (13)

13 (28)

18 (38)

10 (21)

30 (64)

28.4, 27.2 (3.6)
[22.6-38.2]

30 (64)
3(6)
11 (23)
3(6)
0 (0)

37(79)
8 (17)
2(4)

855, 880 (174)
[450-1020]

0 (0)

77.9 (74.3-79.7)
8 (17)

95 (81-102)

8 (17)

61.2 (56.9-64.1)

Continuous variables are reported as mean, median (SD) [range] or median (25th to 75th percentile) as appropriate. Categorical variables are reported as

number (percentage).

DLCO%, diffusing capacity of the lungs for carbon monoxide percent predicted; FEV1%, forced expiratory volume in 1 second percent predicted; PA,

physical activity.

inactivity following PE, and physical inactivity may be more common
than the current paper shows. Farmakis et al. [37] recently demon-

strated that cardiopulmonary exercise limitation is highly prevalent in

manifestations such as dyspnea.

post-PE patients with and without pre-existing cardiac and respiratory

disease. This was particularly prevalent in those with persistent
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TABLE 2 Variables related to pulmonary embolism events and patient-reported outcomes measures for all participants and low, moderate,

and high physical activity groups based on steps per day (N = 145).

Background variables
Time since PE (mo)
PESI score
Missing
Previous venous thromboembolism
Current anticoagulant use
Time anticoagulant used (mo)
Missing
Time from symptom onset to diagnosis (d)
Missing
Provoked PE
mMRC, (range, O to 4)
0
1
2
>3
Shortness of Breath Questionnaire
Total score (range, O to 120)
EQ-5D-5L
EQ-5D index (range, —0.594 to 1.000)
EQ-VAS (range, O to 100)
Missing
PEMB-QoL
Total score (range, O to 1)

Missing

All participants
N = 145

23,19 (17.2) [6 to 72]
69 (58 to 77)

12 (8)

29 (20)

92 (63)

6(6to9)

1(1)

17, 3 (67) [0 to 700]
25 (17)

45 (31)

34 (23)
80 (55)
27 (19)
4(3)

18, 14 (17) [0 to 96]

0.83 (0.72 to 1)

70 (52.5 to 80.0)

1(1)

0.29 (0.26 to 0.35)
1(1)

Low PA group n = 49
23,20 (16.1) [6 to 67]
73 (63 to 78)

4(8)

8 (16)

31 (63)

6 (6 to 10)

0(0)

10, 3 (17) [0 to 75]

7 (14)

14 (29)

13 (27)
23 (47)
11 (22)
2 (4)

20, 15 (21) [2 to 96]

0.86 (0.74 to 1)

68 (60.0 to 80.0)

0 (0)

0.30 (0.26 to 0.36)
0 (0)

Moderate PA group n = 49

22, 14 (18.7) [6 to 72]
68 (61 to 76)

4(8)

11 (22)

33 (67)

7 (6to 9)

1(2)

11, 2 (23) [0 to 120]
12 (24)

16 (33)

7 (14)
30 (61)
12 (25)
0 (0)

20, 16 (17) [O to 64]

0.80 (0.68 to 0.84)

60 (50.0 to 77.5)

1(2)

0.30 (0.26 to 0.36)
1(2)

High PA group n = 47
25,21 (17.0) [6 to 62]
63 (54 to 79)

4(9)

10 (21)

28 (60)

6 (6 to 8)

0 (0)

29, 3 (112) [0 to 700]
6 (13)

15 (32)

14 (30)
27 (57)
4(9)
2(4)

15, 13 (13) [0 to 49]

0.84 (0.74 to 1)

75 (60.0 to 85.0)

0 (0)

0.28 (0.25 to 0.33)
0 (0)

Continuous variables are reported as mean, median (SD) [range] or median (25th to 75th percentile) as appropriate. Categorical variables are reported as

number (percent).

EQ-5D-5L, 5-level EQ-5D; EQ-VAS, visual analog scale of general health; mMMRC, modified Medical Research Council dyspnea scale; PA, physical activity;
PE, pulmonary embolism; PEMB-QolL, Pulmonary Embolism Quality of Life Questionnaire; PESI, Pulmonary Embolism Severity Index.

We observed an inverse relationship between steps per day and
LVEF. However, we excluded all participants with known heart failure
at inclusion, including heart failure with reduced LVEF and preserved
LVEF [43]. A mildly reduced or borderline resting LVEF can sometimes
be seen in athletes due to increased cardiac volumes but is unlikely to
be the explanation in our study [44]. Furthermore, due to our exclu-
sion criteria, all participants had an LVEF within the normal range.
Thus, the small association between LVEF and steps per day in the
present study was considered to be of limited clinical relevance. Focus
in future studies could be variables other than LVEF that may better
explain the effect of cardiac function on daily physical activity.

Our findings showed that higher levels of physical activity were
associated with better exercise capacity. Although other clinical cor-

relates, such as symptoms of dyspnea, did not have statistically

significant associations with physical activity, they may still be clini-
cally significant. Due to our response rate and inclusion and exclusion
criteria, we may have been unable to explore the potential associa-
tions between physical activity and clinical correlates in less healthy
patients with PE. In post-PE patients observed from acute hospitali-
zation, Danielsbacka et al. [11] showed that patients with more severe
dyspnea scores were less physically active than those with lower
dyspnea scores. In contrast, we recruited patients from 6 months after
the acute PE event and found no significant association between self-
reported dyspnea and physical activity. Furthermore, participants
tended to have low levels of dyspnea as measured on mMRC and
SOBQ. Our findings may suggest that even post-PE patients with less
dyspnea are more physically inactive compared with normative

populations.
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TABLE 3

Background variables Estimate/p-coefficient

Incremental shuttle walk test 0.04
Left ventricular ejection fraction -0.81
Age effect males -0.14

Estimated coefficients of significant effects from the mixed model analysis of the transformed number of steps per day.

SE 95% CI P value
0.006 0.03 to 0.05 <.001
0.309 —1.42 to -0.21 .008
0.051 —0.24 to —0.04 .007

Note that the estimated coefficients apply linearly on the transformed scale (the square root of the daily number of steps). They do not have individual
interpretations on the original scale but act as a compound in the back transformation.

The relationship between daily physical activity levels and exercise
capacity in other patient groups, such as COPD, is somewhat unclear.
Some studies show a positive correlation between physical activity and
walking tests [45,46]. However, Zwerink et al. [47] demonstrated a
moderate to weak correlation between steps per day and exercise ca-
pacity on the ISWT. Several studies have explored the association be-
tween exercise capacity and the effect of pulmonary rehabilitation on
physical activity levels [45,48,49], with higher exercise tolerance being
associated with an increase in daily physical activities following reha-
bilitation [48]. Furthermore, it has been suggested that people with
better exercise tolerance may have greater potential to improve
physical activity levels due to higher functional reserve than those with
poorer exercise capacity and lower reserves [50].

In concurrence with previous studies, our findings support the hy-
pothesis that exercise capacity may be related to physical activity,
suggesting that rehabilitation, including structured exercise training,
may be beneficial in improving exercise capacity and reducing dyspnea
in patients who suffer persistent symptoms following PE [5,10,11].
Similarly, a study investigating the safety of exercise in patients who
have experienced VTE showed an increase in time spent performing
physical activity in favor of the intervention group [51]. However, an
increase in physical capacity following pulmonary rehabilitation did
generally not translate into improved physical activity levels in people
with COPD [45,49]. Specific behavioral interventions and physical ac-
tivity coaching in combination with exercise training may be required to
achieve long-term changes in lifestyle and physical activity habits [47].
Previous findings regarding sex differences and physical activity are
somewhat inconclusive [52-55], and in the current study, low levels of
physical activity were seen in both sexes. Interestingly, our analyses also
showed that men became less physically active with increasing age,
whereas women had no change in physical activity. This may suggest
that interventions for behavioral change and physical activity following
PE should particularly be targeted toward aging men.

Chronic thromboembolic disease (CTED) and residual perfusion
defects may potentially be important contributors to functional limi-
tations. However, due to the lack of a clear diagnostic definition, we
did not collect data regarding patients who may have had CTED. A
prospective study into impairment in patients with CTEPH after PE
found that 94% reported lower HRQoL and presented a combination
of echocardiographic and clinical signs of cardiopulmonary limitation.
In addition, patients with CTEPH had a higher risk of hospitalization
and death [56]. All participants in the current study were assessed for
CTEPH and CTED by echocardiography and ventilation/perfusion

scintigraphy and were referred for right heart catheterization if
CTEPH was suspected. Patients with CTEPH were excluded; thus, it is
likely that our findings may underestimate the true presentation of
this subgroup of patients with more severe complications after PE.

Factors related to the initial PE event, such as time from symptom
onset to diagnosis, unprovoked PE, and the radiological extent of the
initial PE, have in other studies been linked to residual perfusion de-
fects [57,58]. We initially hypothesized an association between factors
related to the initial PE event and physical activity, as this association
could have been mediated by residual perfusion defects, but no as-
sociation was observed. However, the lack of association could be
explained by recall bias due to long length of time since diagnosis or
poor quality of or lack of compliance to anticoagulation [59,60], but
data on this were not collected.

This is, to our best knowledge, the first study to explore objective
physical activity following PE, where all participants underwent a
comprehensive clinical assessment. Use of the Sensewear acceler-
ometer has previously been shown to be reliable and valid when
measuring physical activity levels [17,61]. However, objective
measuring of physical activity has some limitations, such as high cost,
difficulties with administration, and the risk that the monitor does not
register all forms and intensities of movement [17].

Previous findings show that participants in research studies may
have fewer symptoms and better physical function and health literacy
compared with those in nonresponders [62-64]. The main limitations of
the current study include the lack of a control group and baseline
characteristics of nonresponders. We had no reports on physical activity
levels prior to the PE event, and we were unable to evaluate changes in
physical activity levels in the post-PE phase. Moreover, we did not collect
data on participants’ race and ethnicity and are unable to consider so-
ciocultural determinants of health. Due to the wide time frame since PE
diagnosis (6-72 months) and the lack of a fixed time point for the follow-
up assessment, our findings must be interpreted with caution. Our
descriptive analysis comparing patients based on time since PE diagnosis
showed that these patients differed in terms of baseline characteristics,
which may be explained by the natural development of the condition.

Additionally, although the cross-sectional nature of the study may
identify potential associations between physical activity and other
variables, it cannot define direct causation due to the nonrandomized
nature. Although participants were recruited from 2 centers, national
and international generalizability may be limited by cultural and
geographical differences potentially affecting health and physical ac-
tivity profiles [65]. In order to explore the true magnitude of physical
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activity behaviors in this patient group, future studies should have
larger sample sizes and include patients with multiple comorbidities.
The current statistical analysis aimed to address the clinical questions
by use of a backward elimination approach on the mixed-effects model.
It is well known that obtaining a final model this way is not unambiguous
and may be subject to various pitfalls. We have strived at avoiding these
by checking model assumptions, independence of covariates, inspecting
potential and relevant interaction effects, and refraining from auto-
matic variable selection. The model was built to capture all major vari-
ationin physical activity by means of a minimal set of variables related to
the clinical question.

5 | CONCLUSION

Our findings suggest that physical inactivity is prevalent after PE in
selected patients with various grades of persistent complaints. We
found no associations between physical activity and PE characteristics
or pulmonary function. However, physical activity levels appear to be
related to exercise capacity, and a sex effect was observed, with men
becoming less physically active with increasing age. Interventions aimed
at increasing exercise capacity and reducing dyspnea may be beneficial

in maintaining and improving physical activity levels in these patients.
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