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Abstract: Introduction: Kawasaki disease (KD) is a childhood illness causing blood vessel
inflammation. Children with KD have similar cardiopulmonary function to healthy children, but lower
moderate-to-vigorous activity and exercise self-efficacy—possibly harming their cardiopulmonary
function in adolescence. The purpose of this study is to investigate the cardiopulmonary function,
exercise behaviors, exercise motivations, and self-efficacy of adolescents who once had KD.
Methods: adolescents who once had KD and adolescents matched to the KD group in age and
sex were enrolled. The cardiopulmonary exercise test was used to assess cardiopulmonary function.
Weekly exercise behavior, exercise motivation, and self-efficacy were assessed with questionnaires.
Results: this study recruited 50 and 30 participants, respectively, to the KD and control groups.
The KD group had a lower ratio of VO2/kg at the anaerobic threshold and peak to the predicted
VO2/kg at the peak (p = 0.021 and 0.043, respectively). No significant differences were found in
questionnaire scores. The correlations of weekly exercise behavior scores with exercise motivation
and self-efficacy scores were stronger in the KD group. Conclusions: adolescents with KD history
had significantly lower aerobic metabolism capacity and peak exercise load capacity than controls.
The correlations of amount of weekly exercise with exercise motivation and self-efficacy were stronger
in the KD group.

Keywords: Kawasaki disease; adolescent; cardiopulmonary functions; exercise testing; anaerobic
threshold; motivation; self-efficacy

1. Introduction

Kawasaki disease (KD) is an illness in children that causes inflammation of blood vessels
throughout the body and primarily affects children younger than 5 years old. Approximately 1000
new cases of KD occur every year in Taiwan, placing Taiwan third worldwide, behind South Korea,
for the number of individual cases. Japan has the highest incidence of 10,000–20,000 new cases each
year. KD can cause inflammation of the coronary arteries, leading to coronary artery aneurysm (CAA),
and is, therefore, the most common cause of acquired heart disease in children. Patients with coronary
artery disease may need to take aspirin, a blood thinner, for the rest of their lives, as such disease may
lead to heart failure and can thus be fatal. Furthermore, failure to treat child patients during the golden
treatment period may result in severe heart disease sequelae.

Int. J. Environ. Res. Public Health 2020, 17, 8352; doi:10.3390/ijerph17228352 www.mdpi.com/journal/ijerph

http://www.mdpi.com/journal/ijerph
http://www.mdpi.com
https://orcid.org/0000-0002-3295-2984
http://dx.doi.org/10.3390/ijerph17228352
http://www.mdpi.com/journal/ijerph
https://www.mdpi.com/1660-4601/17/22/8352?type=check_update&version=2


Int. J. Environ. Res. Public Health 2020, 17, 8352 2 of 11

Scholars have discovered that although children with KD have lower rates of myocardial
perfusion while they are exercising, their cardiopulmonary function and exercise load capacities do
not significantly differ from those of healthy children [1,2]. However, some studies have reported that
children with KD have lower weekly moderate-to-vigorous activity (MVPA) than healthy children and
lower exercise self-efficacy evaluations [3]. Adequate and regular exercise is critical to maintaining
health; if children with KD have less MVPA in the long term than healthy children and are less
willing to engage in athletic exercises, this may result in negative effects on their cardiopulmonary
functions in adolescence. Furthermore, studies investigating KD have focused on children around
the age of 10 years; no studies have yet been conducted regarding the cardiopulmonary functions
of adolescents who had KD in childhood, nor have any studies analyzed the exercise behaviors,
exercise motivations, and self-efficacy of this group. Therefore, the purpose of this study was to
investigate the cardiopulmonary functions of adolescents with KD and to analyze their exercise
behaviors, exercise motivations, and self-efficacy.

2. Methods

2.1. Experimental Design

The experiment was conducted through a cross-sectional, observational study.

2.2. Recruiting Participants

This study was conducted at a medical center in Southern Taiwan. The research team contacted
patients listed in the medical center’s KD case management database, which had been established by
the children’s rheumatology and immunology department. Contact was achieved through clinical
recruitment, posters, and cold calling. The patients who agreed to participate in the study were
assigned to the KD group. Age- and sex-matched healthy volunteers were recruited through posters
advertising the study and assigned to the control group (hereafter referred to as the C group).

The inclusion criterion for the study was age 13–19 years. The exclusion criteria were (1) having had
KD but the onset date could not be confirmed; (2) having a heart disease that can affect cardiopulmonary
functions (such as moderate to severe valvular heart disease, heart failure, coronary artery diseases not
caused by KD, severe arrhythmia, and ventricular hypertrophy); (3) having a pulmonary disease that
can affect pulmonary functions (such as asthma or chronic obstructive pulmonary disease); and (4) other
factors that would affect their results or that prevented the patient from accepting cardiopulmonary
exercise tests or surveys.

2.3. Experimental Methods

First, the following information about the participants who met the inclusion and exclusion
criteria and were willing to participate was recorded:

• Demographics: sex, age, height, weight, and body mass index (BMI).
• The recorded KD onset date for the KD group participants and number of years since the onset.
• In accordance with the KD group participants’ most recent echocardiography test results, Z score

was calculated using the Taiwan Society of Pediatric Cardiology’s online calculator and the widest
diameters of the left coronary artery (LCA) and right coronary artery (RCA) [4,5]. CAA was
defined as Z score ≥2.5. The LCA or RCA Z score of the participants with CAA was recorded
and ranked: Z score ≥2.5 and <5.0 indicates small aneurysms; ≥5.0 and <10.0 indicates large
aneurysms; and ≥10.0 indicates giant aneurysms.

• Whether the KD group participants took aspirin as a blood thinner.
• After recording the participants’ personal information, the two groups underwent the

cardiopulmonary exercise test (CPET) and survey assessments:



Int. J. Environ. Res. Public Health 2020, 17, 8352 3 of 11

• Cardiopulmonary exercise test: the CPET was used to assess the participants’ cardiopulmonary
functions and exercise load capacity performance. This test was conducted using the MasterScreen
CPX (CareFusion Germany 234 GmbH, Hochberg, Germany). First, pulmonary function was
evaluated in a resting state. Forced vital capacity (FVC), forced expiratory volume in 1 s (FEV1),
and the FEV1/FVC ratio were recorded. Next, the participants were asked to put on masks
connected to a gas analyzer and were connected to an electrocardiogram monitor and underwent
treadmill exercise tests, according to the Bruce protocol [6]. The conditions for test termination were
established based on the guidelines of the American College of Sports Medicine [7], which include
the following: (1) the participants must subjectively feel that they have made the greatest effort and
want the test to end so they can rest; (2) the participants felt any discomfort (including tightness
in the chest, chest pain, shortness of breath, dizziness, or sore feet) and, therefore, unable or
unwilling to continue the test; (3) the maximal oxygen consumption (VO2) plateaued within 2 min;
(4) any myocardial ischemia should be observed (such as electrocardiogram showing the S-T band
rising or falling) or arrhythmia occurred; and (5) other circumstances that may affect the safety of
the CPET. Throughout the test, the participants’ blood pressure and heart rate were measured, and
the gas analyzer measured the participants’ VO2, VCO2, and minute ventilation (VE) throughout
the test. The participants’ respiratory exchange ratio (RER) was derived from the VCO2/VO2 ratio;
RER ≥ 1.10 indicates that a patient has reached sufficient exercise intensity [7,8]. The VE/VO2 and
VE/VCO2 values were employed to calculate the participants’ anaerobic threshold (AT)9. The AT
is a significant increase in anaerobic glycolysis to provide energy when the oxygen supply in the
circulatory system is insufficient to fulfill the current oxygen consumption levels at the exercise
intensity [8]. The ratio of VO2/kg at the AT and the predicted VO2/kg at peak (hereafter referred
to as AT%) were used to assess the aerobic metabolism capacity; a higher ratio indicates that
a person’s aerobic metabolism and circulatory system oxygen supply capacity during exercise
can withstand a high exercise load. VO2/kg at peak exercise intensity was used to reflect the
participants’ peak exercise capacity [8]. Clinically, the ratio of this value to the predicted VO2/kg at
peak (this ratio is hereafter referred to as Peak%) being 85% or higher is taken as the benchmark for
“normal” test results [9]. The peak rate–pressure product (PRPP) can be used to reflect myocardial
perfusion [7]. O2 pulse indicates oxygen intake and heart rate ratio and can be used to assess
stroke volume [10]. The participants’ sex, age, height, and weight were input to the MasterScreen
CPX, and the device then calculated their predicted FVC, FEV1, VO2/kg at peak, and O2 pulse,
which were compared with the participants’ test data.

• The participants’ exercise behaviors were assessed using a Chinese version of the Godin
Leisure-Time Exercise Questionnaire. This questionnaire was designed by G. Godin and
R.J. Shephard [11,12] and assesses a person’s exercise behaviors using three simple questions.
The observer asks the person to recollect how many times they had performed vigorous, moderate,
and low-intensity exercise for more than 15 min on average each week in the preceding year.
The score for weekly exercise behavior is calculated as follows: (9 × number of sessions of
vigorous exercises) + (5 × number of sessions of moderate exercise) + (3 × number of sessions of
low-intensity exercise).

• The participants’ exercise motivation and behavioral regulation were assessed using the Behavioral
Regulation in Exercise Questionnaire 2nd edition (BREQ-2) in Chinese [13,14]. The BREQ-2
comprises 19 questions that determine a person’s reasons for exercising or not exercising as
well as how they feel about exercise. These 19 questions have five dimensions related to
exercise behavioral regulation: amotivation (e.g., “I don’t see why I should have to exercise”),
external regulation (e.g., “I take part in exercise because my friends/family/partner say I should”),
introjected regulation (e.g., “I feel guilty when I don’t exercise”), identified regulation (e.g., “I value
the benefits of exercise”), and intrinsic regulation (e.g., “I find exercise a pleasurable activity”).
Each question is scored between 0 and 4, with a higher score indicating stronger agreement with
the statement. The questionnaire was graded and analyzed using two approaches. The first
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involved directly summing the individual scores for each dimension to determine the mental state
in each dimension. The second involved multiplying the score for each dimension by the weight
calculated from that dimension’s positive or negative effect on exercise motivation and degree
of self-determination (the weights were −3 for amotivation, −2 for external regulation, −1 for
introjected regulation, +2 for identified regulation, and +3 for intrinsic regulation); the weighted
scores of all dimensions were summed to obtain the participants’ relative autonomy index (RAI),
which reflected the participants’ autonomic exercise motivation.

• Self-efficacy for exercise was assessed using the Multidimensional Self-Efficacy for Exercise Scale
in Chinese. This scale comprises nine statements that begin “How confident are you that you
can . . . ” and can be sorted into three efficacies relating to exercise: task efficacy (e.g., “ . . .
complete your exercise using proper technique”), coping efficacy (e.g., “ . . . exercise when you
lack energy”), and scheduling efficacy (e.g., “ . . . consistently exercise three times per week”) [15].
The participants are asked to self-evaluate their degree of confidence regarding the circumstance
described in the item on a scale of 0–10 (0 for not confident at all and 10 for very confident).
This revealed the participants’ assessment of their own confidence in all dimensions.

2.4. Data Analysis

Statistical analysis of the data was conducted using MedCalc version 18 (MedCalc Software, Ostend,
Belgium). The Kolmogorov–Smirnov test was employed to test the normality of the data distribution.
The chi-squared test was used to compare the KD and C groups in terms of sex, distributions in
age ranges, reasons for terminating the CPET, RER ≥ 1.10, and predicted number of participants
with Peak% ≥ 85%. The CPET and survey results were verified using the independent-samples
t-test. One way analysis of variance (ANOVA) was used to compare the CPET results of the
KD group—participants with and without CAA—and C group, the CPET results between the KD
group—taking and not taking aspirin—and C group, and CPET results within the KD group among
participants with different degrees of CAA. Post hoc verification was conducted using the Scheffé
test. Pearson’s correlation coefficients were calculated to determine the correlations between the Z
score and CPET results, between the survey scores and CPET results, between the survey scores and
body weight/BMI, and between several survey results. Correlation coefficients (CCs) were calculated,
and the results were divided into four ranges: strong correlation (0.70–0.99), moderate correlation
(0.40–0.69), weak correlation (0.10–0.39), and almost no correlation (0.01–0.09). The survey results of
the five groups—group of participants with KD and CAA, group of participants with KD but without
CAA, group of participants with KD who were taking aspirin, group of participants with KD who were
not taking aspirin, and the C group—were compared using the Kruskal–Wallis test, and the post hoc
test was conducted according to the method of Dunn [16,17]. In tests, p < 0.05 indicated a statistically
significant difference.

2.5. Ethics

The study was conducted in accordance with the Declaration of Helsinki. The proposal for this
study was reviewed and approved by the Chang Gung Medical Foundation Institutional Review
Board (case no. 201601136B0C502). All participants were informed of the research process by the chief
investigation prior to signing a consent form.

3. Results

3.1. Demographics

From January 2017 to December 2018, 88 people who met the inclusion criteria (56 and 32 in the
KD and C groups, respectively) were recruited. Eight subjects refused to participate in the study (6 and
2 in the KD and C groups, respectively). Finally, 80 participants were enrolled in the study (50 and 30
in the KD and C groups, respectively).



Int. J. Environ. Res. Public Health 2020, 17, 8352 5 of 11

Table 1 Details the sex, age, height, weight, and BMI of the participants as well as the age they
received a diagnosis of KD and the number of years since the onset. The data for the two groups
exhibited no significant differences.

Table 1. General characteristics of the participants in each group.

KD Group
(n = 50)

Control Group
(n = 30) p

Sex (male/female) 33/17 15/15 0.160
Age (year) 15.98 ± 1.85 15.90 ± 1.83 0.971
Height (cm) 165.01 ± 8.67 164.88 ± 9.30 0.651
Weight (kg) 61.99 ± 15.58 57.87 ± 13.04 0.308
BMI (kg/m2) 22.60 ± 4.46 21.16 ± 3.53 0.136
Age of KD diagnosis (year) 2.58 ± 1.99
Years since KD diagnosis (year) 14.08 ± 2.85

Values are expressed as mean ± standard deviation. The chi-square and Student’s t-test tests were used to compare
differences between the two groups, KD: Kawasaki disease; BMI: Body mass index.

Because physical development is rapid during adolescence, we classified all participants into
three age ranges (13–15 years, 16–18 years, and 19 years) and analyzed the age distributions in both
groups. In the KD group, 16 participants were aged 13–15 years (32%), 32 participants were aged
16–18 years (64%), and 2 participants were aged 19 years (4%); in the C group, 11 participants were aged
13–15 years (37%), 18 participants were aged 16–18 years (60%), and 1 participant was aged 19 years
(3%). No significant difference existed between the age distributions in the two groups (p = 0.909).

3.2. Echocardiography of Coronary Arteries

Among the 50 participants in the KD group, 24 participants were revealed to have CAA in their
echocardiography. The average peak Z score was 4.86 ± 1.53, and the average LCA Z score was
4.12 ± 1.12; the average RCA Z score was 4.20 ± 1.71. Among the 24 participants with CAA, 14 had
small aneurysms, and 10 had large aneurysms; no participants had giant aneurysms.

3.3. Aspirin Use

Within the KD group, 18 participants regularly used aspirin as a blood thinner.

3.4. CPET Results

CPETs were successfully conducted for all the participants, and the electrocardiograms obtained in
the testing process did not exhibit any abnormalities. Regarding the reasons the KD-group participants
terminated their CPET, 27 participants ended their test due to soreness in their legs (54%) and 17 due
to shortness of breath (34%). In four cases, the test was terminated because the participant’s VO2

plateaued (8%). In the remaining two cases, one participant’s chief complaint was foot pain, and the
other participant asked to stop the test because of sweat in the eyes. In the C group, 14 participants
stopped due to soreness in their legs (46.7%) and 10 from shortness of breath (33.3%). In six cases,
the test was terminated because the participant’s VO2 plateaued (20%). Comparison of the reasons
for test termination in the two groups yielded no significant difference (p = 0.534). Whether the
participants achieved sufficient exercise intensity (RER ≥ 1.10) was analyzed; 42 participants in the KD
group achieved sufficient exercise intensity (84%), and 8 participants did not; 7 of those 8 participants
stopped the test due to soreness in their legs, and the 8th stopped the test due to foot pain. In the
C group, 27 participants achieved sufficient exercise intensity (90%), and 3 did not; 2 of the 3 stopped
the test due to soreness in their legs and the other due to shortness of breath. No significant intergroup
difference was determined regarding whether sufficient exercise intensity was achieved (p = 0.453).

Table 2 compares the CPET results of the two groups. The KD group had lower AT% and Peak%
than the C group. Furthermore, although the result was nonsignificant, the ratio of KD participants
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whose Peak% exceeded 85% was lower than in the C group (16/50 vs. 16/30, p = 0.061). The other data
did not exhibit any significant intergroup differences.

Table 2. Results of CPET in each group.

KD Group
(n = 50)

Control Group
(n = 30) p

FVC (L) 3.56 ± 0.82 3.34 ± 0.74 0.234
FVC% (%) 90.84 ± 11.68 88.22 ± 11.95 0.338
FEV1 (L) 3.21 ± 0.71 3.00 ± 0.66 0.187

FEV1% (%) 97.51 ± 11.96 93.96 ± 14.19 0.235
FEV1/FVC (%) 90.53 ± 5.56 89.96 ± 8.42 0.743

VO2/kg at AT (mL/min/kg) 24.56 ± 5.29 26.27 ± 7.53 0.279
AT% (%) 57.19 ± 11.38 65.36 ± 16.45 0.021 *

VO2/kg at peak (mL/min/kg) 33.63 ± 6.43 35.20 ± 9.32 0.419
Peak% (%) 78.90 ± 16.38 86.83 ± 17.15 0.043 *

Peak% exceeded 85% (Yes/No) 16/34 16/14 0.061
Peak O2 pulse (mL/beat) 11.17 ± 2.87 11.05 ± 3.46 0.862

O2 pulse% (%) 90.06 ± 15.47 92.27 ± 22.28 0.635
RER at peak 1.18 ± 0.09 1.20 ± 0.12 0.426

PRPP 31,187.42 ± 4114.64 31,261.03 ± 4279.49 0.940

Values are expressed as mean ± standard deviation. The Independent samples t-test was used to compare differences
between the two groups. CPET: Cardiopulmonary exercise test; KD: Kawasaki disease; FVC: forced vital capacity;
FVC%: percentage of FVC compared with predicted FVC; FEV1: forced expiratory volume in one second; FEV1%:
percentage of FEV1 compared with predicted FEV1; VO2: oxygen uptake; AT: anaerobic threshold; AT%: percentage
of VO2/kg at AT compared with predicted peak VO2/kg; Peak%: percentage of VO2/kg at peak compared with
predicted peak VO2/kg; O2 pulse%: percentage of peak O2 pulse compared with predicted peak O2 pulse; RER:
Respiratory exchange ratio; PRPP: peak rate-pressure product, * p < 0.05.

Comparison of the CPET results between the KD + CAA group, KD + no CAA group, and C group
was performed. One-way ANOVA of AT% determined significant differences between the three
groups (p = 0.036), and using the Scheffé test in post hoc pairwise comparisons indicated no significant
differences between the three groups. No significant intergroup differences were observed in other
data (Table S1 in the Supplementary Materials).

The participants without CAA (Z score < 2.5), with small aneurysms (Z score ≥2.5 to <5.0),
and with large aneurysms (Z score ≥5.0 to <10.0) within the KD group were compared, and no
significant differences were discovered between these groups for VO2/kg at AT, AT%, VO2/kg at
peak, Peak%, peak RER, and PRPP (p = 0.527, 0.930, 0.686, 0.892, 0.482, and 0.874, respectively).
Correlation analysis of Z scores and CPET results for the participants with CAA revealed that although
the RCA Z score and CPET results were not significantly correlated, there was a trend showing their
negative correlation with VO2/kg at peak (CC = −0.377, p = 0.070). Peak Z score was not significantly
correlated with LCA Z score or CPET results.

Comparison of the CPET results between the KD group participants who regularly took aspirin,
KD group participants who did not take aspirin, and C group participants was also performed.
One-way ANOVA of AT% revealed significant intergroup differences (p = 0.038), and using the Scheffé
test in post hoc pairwise comparisons revealed no significant differences between the three groups.
No significant differences were observed in other data between the three groups (Table S2 in the
Supplementary Materials).

3.5. Survey Results

Table 3 details the two groups’ survey scores. No significant differences were discovered in item
scores or total scores for the Godin Leisure-Time Exercise Questionnaire, RAI for individual items and
weighted calculations in the BREQ-2, or Multidimensional Self-Efficacy for Exercise Scale. One study
found that patients with KD have lower MVPA than healthy people3. The Godin Leisure-Time Exercise
Questionnaire responses of the KD and C groups were compared, especially the number of times the
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participants engaged in moderate and vigorous exercise and the total score; however, no significant
differences were discovered between the two groups in the number of times they engaged in MVPA
(KD group 3.60 ± 4.62 vs. C group 4.33 ± 4.20, p = 0.479) or total score (KD group 28.22 ± 28.75 vs.
C group 31.53 ± 33.15, p = 0.639).

Table 3. Results of Godin leisure-time exercise questionnaire, BREQ-2, and multidimensional
self-efficacy for exercise scale in each group.

KD Group
(n = 50)

Control Group
(n = 30) p

Godin leisure-time exercise questionnaire (score) 33.32 ± 32.22 38.63 ± 31.72 0.475
BREQ-2

Amotivation (score) 2.36 ± 2.96 2.87 ± 3.63 0.498
External regulation (score) 4.14 ± 3.55 4.23 ± 3.57 0.910

Introjected regulation (score) 3.44 ± 3.16 4.03 ± 3.02 0.411
Identified regulation (score) 8.42 ± 4.12 9.10 ± 2.93 0.431
Intrinsic regulation (score) 11.82 ± 3.85 11.77 ± 3.22 0.949

RAI (score) 33.74 ± 28.74 32.80 ± 23.99 0.881
Multidimensional self-efficacy for exercise scale

Task efficacy (score) 19.60 ± 7.04 20.67 ± 5.26 0.475
Coping efficacy (score) 11.18 ± 8.06 10.47 ± 5.53 0.641

Scheduling efficacy (score) 18.16 ± 8.40 19.40 ± 6.57 0.492
Total score (score) 48.94 ± 20.34 50.53 ± 14.22 0.682

Values are expressed as mean ± standard deviation, the Independent samples t-test was used to compare differences
between the two groups. BREQ-2: The Behavioral Regulation in Exercise Questionnaire, 2nd edition; KD: Kawasaki
disease; RAI: relative autonomy index.

The KD group was divided into four groups based on whether the participant had CAA and
whether they regularly took aspirin; they formed the without CAA and not taking aspirin (n = 19),
with CAA and not taking aspirin (n = 13), without CAA and taking aspirin (n = 8), and with CAA and
taking aspirin (n = 10) groups. These four groups were then compared with the C group; however,
these comparisons revealed no significant differences.

Table 4 presents the correlation analysis results for the Godin Leisure-Time Exercise Questionnaire,
BREQ-2, and Multidimensional Self-Efficacy for Exercise Scale scores. For the KD group, their Godin
Leisure-Time Exercise Questionnaire score was weakly negatively correlated with amotivation score
(CC = −0.317, p = 0.025) and external regulation (CC = −0.353, p = 0.012), weakly positively correlated
with identified regulation (CC = 0.387, p = 0.006) and intrinsic regulation (CC = 0.335, p = 0.018),
and moderately positively correlated with RAI score (CC = 0.436, p = 0.002), weakly positively
correlated with corresponding efficacies (CC = 0.376, p = 0.007) and moderately positively correlated
with planning efficacy (CC = 0.486, p < 0.001) and total score in the Multidimensional Self-Efficacy
for Exercise Scale (CC = 0.442, p = 0.001). For the C group, a moderately positive correlation was
discovered between the Godin Leisure-Time Exercise Questionnaire score and intrinsic regulation
in BREQ-2 (CC = 0.477, p = 0.008), but no significant correlations between other BREQ-2 items and
multidimensional self-efficacy for exercise items were found.
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Table 4. Correlation coefficients between Godin leisure-time exercise questionnaire, and BREQ-2,
multidimensional self-efficacy for exercise scale in each group.

KD Group
(n = 50)

Control Group
(n = 30)

Godin Leisure-Time
Exercise Questionnaire

(Score)
p

Godin Leisure-Time
Exercise Questionnaire

(Score)
p

BREQ-2
Amotivation (score) −0.317 0.025 * −0.149 0.433
External regulation (score) −0.353 0.012 * −0.204 0.281
Introjected regulation (score) 0.225 0.116 0.103 0.588
Identified regulation (score) 0.387 0.006 * −0.007 0.971
Intrinsic regulation (score) 0.335 0.018 * 0.477 0.008 *
RAI (score) 0.436 0.002 * 0.276 0.140
Multidimensional self-efficacy for exercise scale
Task efficacy (score) 0.265 0.062 0.053 0.783
Coping efficacy (score) 0.376 0.007 * 0.218 0.247
Scheduling efficacy (score) 0.486 <0.001 * 0.147 0.438
Total score (score) 0.442 0.001 * 0.172 0.363

The Pearson’s correlation coefficient was used to assess the correlation coefficients. BREQ-2: the Behavioral
Regulation in Exercise Questionnaire, 2nd edition; KD: Kawasaki disease; RAI: relative autonomy index, * p < 0.05.

Correlation analysis of the survey and CPET results revealed a weak negative correlation
between Peak% and BREQ-2 external regulation score in the KD group (CC = −0.354, p = 0.012)
and a moderate positive correlation between Peak% and BREQ-2 external regulation score in the
C group (CC = 0.510, p = 0.004). Neither the Godin Leisure-Time Exercise Questionnaire scores
nor Multidimensional Self-Efficacy for Exercise Scale scores were significantly correlated with the
CPET results. Correlations between body weight, BMI, and the survey results were analyzed, but no
significant correlation was found.

4. Discussion

This is the first study to investigate the cardiopulmonary functions and exercise load capacity
of adolescents who once had KD. Compared with typical adolescents, adolescents who had once
had KD were discovered to have lower aerobic metabolism capacity and peak exercise load capacity.
This result supports our hypothesis that children with KD have less MVPA than do their healthy peers,
which may negatively affect their cardiopulmonary function in adolescence in the long term. In a study
conducting treadmill-based CPETs of individuals who had once had KD, Tuan et al. discovered that
their aerobic metabolism capacity and peak exercise load capacity were non-significantly different
from those of the control group [2]. The age range in that study was 5–18 years, and the average
participant age was 12.27 ± 3.76 years; only 12 of the 63 participants had received a diagnosis of KD
within the 5 years prior to the study (the study did not report the average number of years since KD
onset). The age range for the KD group in the present study was 13–19 years, and the average age was
15.98 ± 1.85 years; the average time since onset of KD was 14.08 ± 2.85 years. Compared with the study
of Tuan et al., which included children who had not yet begun adolescence, the participants in the
present study were all teenagers, and the KD diagnosis had been made longer ago. This discrepancy
between the two studies indicates that the difference in daily MVPA [3] may not have a strong effect in
childhood, but may lead to lower aerobic capacity and peak exercise capacity in adolescents with KD
compared with their peers. Although significant differences were not discovered in the weekly exercise
load of the two groups in this study, the data were obtained through the participants’ self-evaluation
by using the Godin questionnaire, and their responses may not have reflected their actual exercise
load; additionally, their responses may not have reflected their activity that was not exercise behaviors.
With the continuing advancement of sports-related wearable technology, future studies may consider
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testing participants’ daily activity levels by using wearable technology to determine whether the
daily activity levels of adolescents who had once had KD and typical adolescents are different and
to investigate the effects of previous KD on cardiopulmonary functions. Furthermore, vasculitis and
CAA caused by KD may lessen as KD condition improves, but Iemura et al. discovered that 10 years
after KD treatment, patients’ coronary arteries still had thickened inner walls, significant contractions,
and poor diastolic function [18]; consequently, the effects of KD on the circulatory system years later
cannot be discounted, and whether this factor affects the cardiopulmonary functions of patients with
KD who are entering adolescence should be investigated.

The one-way ANOVA of the CPET results of KD patients with or without CAA revealed significant
differences among the KD + CAA group, KD + no CAA group, and C group. However, post-hoc pairwise
comparisons revealed no significant differences among the three groups. Similar findings were obtained
from the analysis of CPET results of KD patients with or without aspirin use. This indicated that CAA
or aspirin was not an indicator of CPET results, and the differences in AT% were mainly between the
KD group and C group.

Although the results of this study indicate that adolescents who had once had KD had lower
aerobic metabolism capacity and peak exercise load capacity, this does not mean they are unable to
engage in exercise normally. The World Health Organization (WHO), recommends 75 min of vigorous
aerobic exercise and 150 min of moderate aerobic exercise per week [19]. The American College of
Sports Medicine defines vigorous exercise as 21.0–30.5 mL/min of VO2/kg8. In this study, the average
peak exercise load in the KD group in the CPET was 33.63 ± 6.43 mL/min/kg, which exceeds the
requirements for most vigorous exercises, indicating that the KD group may engage in normal daily
exercise safely. Notably, the percentage of participants whose Peak% exceeded 85% was low in both
the KD group (32%) and the C group (53%), suggesting that adolescents in both groups engage in
insufficient physical activity. According to the latest survey by the WHO, the global prevalence of
insufficient physical activity in adolescents is 81.0%. In Taiwan, where this study was conducted,
84.4% of adolescents engage in insufficient physical activity, a worse rate than the global average [20].
Thus, it is crucial to emphasize the importance of a physically active lifestyle and encourage people to
engage in regular exercise.

In addition to investigating cardiopulmonary functions, this was the first study to evaluate
the exercise behaviors, exercise motivations, and self-efficacy of adolescents who had once had KD.
This study discovered that compared with peers in the same age group, adolescents who had once had
KD did not have a significantly different self-assessed amount of weekly exercise, exercise motivation of
any type, or task efficacy, coping efficacy, or scheduling efficacy. Moreover, division of the KD group on
the basis of whether the participants had CAA or regularly used blood thinners and subsequent analysis
revealed no significant differences in self-assessed amount of weekly exercise, exercise motivation,
and self-efficacy, indicating that CAA and use of blood thinners do not appear to affect the amount
of exercise performed by adolescents who had once had KD or their motivations and confidence
regarding exercise. Correlation analysis demonstrated that in the KD group, the participants’ amount
of weekly exercise was moderately positively correlated with RAI—which reflects overall exercise
motivation—and overall self-efficacy score; conversely, in the control group, the amount of weekly
exercise was moderately positively correlated with only intrinsic regulation among all the types of
exercise motivation; no significant correlations were discovered with other exercise motivations or
self-efficacies. This indicates that the exercise behaviors of adolescents who had once had KD were more
likely to be affected by exercise motivation and self-efficacy, compared with the behaviors of typical
adolescents. Therefore, how the exercise motivation and confidence of this group, and consequently
also their health and cardiopulmonary fitness, can be improved through approaches such as health
education campaigns and an upgrade to exercise environments to improve is worthy of research.
The positive effects of improving the exercise motivation and confidence of this population may be
even more significant than for typical adolescents.
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This study had several limitations. First, the sample was relatively small, and second,
the participants were recruited from one medical center and thus their circumstances may not reflect
the circumstances of all adolescents who had once had KD. Third, in this study, Z scores were calculated
using the online calculator provided by the Taiwan Society of Pediatric Cardiology, because this
is the only algorithm constructed to be applicable to Taiwanese people. However, the algorithm
was developed using data only from subjects aged 6 years and under [5]; therefore, there may be
errors in the calculations of Z scores for adolescents. Fourth, exercise behaviors were collected
using the self-evaluative Godin Leisure-Time Exercise Questionnaire; self-evaluations may be subject
to memory errors and cannot reflect all activities in daily life. Future studies should use a larger
sample and recruit participants from multiple locations, even from overseas; additionally, a Z score
calculation formula that is appropriate to the participants of interest should be employed or developed.
Moreover, wearable technology could be employed to accurately calculate participants’ daily activity
levels. These additional measures would clarify whether the cardiopulmonary functions and exercise
loads of adolescents who had once had KD are impaired and the exercise behavior and activity level
differences between this population and typical adolescents.

5. Conclusions

Compared with control adolescents, adolescents who had KD history had lower aerobic metabolism
capacity and peak exercise load capacity, which should not affect their ability to engage in daily leisure
exercise. CAA and regular use of blood-thinning medication did not significantly affect aerobic
metabolism capacity and peak exercise load capacity, nor did it have significant effects on daily
exercise, exercise motivation, and self-efficacy. Furthermore, for the adolescents who once had KD,
significant positive correlations were discovered between amount of weekly exercise and exercise
motivation and between amount of weekly exercise and self-efficacy; these correlations were stronger
than in peers of the same age.
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Table S1: Results of CPET for participants with or without CAA, Table S2: Results of CPET for participants with or
without aspirin use.

Author Contributions: T.-H.Y., H.-C.K., and L.-Y.W. participated in the research design. T.-H.Y. and H.-C.K.
contributed to funding acquisition. T.-H.Y., Y.-Y.L., and T.-C.C. contributed to the acquisition of data.
T.-H.Y. analyzed the data and wrote the original draft. H.-C.K. and L.-S.C. supervised this work and reviewed the
manuscript. All authors have read and agreed to the published version of the manuscript.

Funding: This study received funding from the following grants: MOST 108-2314-B-182-037-MY3 from the
Ministry of Science and Technology of Taiwan and CMRPG8J0611, CMRPG8J1151, CMRPG8F1411, CMRPG8F1412
from Chang Gung Memorial Hospital in Taiwan. Although these institutes provided financial support, they had
no influence on the way in which we collected, analyzed, or interpreted the data, or wrote this manuscript.

Acknowledgments: The authors would like to thank the participants in the study for their consent and cooperation.
Many thanks to I-Hua Chu of Kaohsiung Medical University’s Department of Sports Medicine for her guidance
and recommendations about exercise behaviors and sports psychology assessments.

Conflicts of Interest: The authors have no conflict of interest to disclose in relation to this article.

References

1. Gravel, H.; Curnier, D.; Dallaire, F.; Fournier, A.; Portman, M.; Dahdah, N. Cardiovascular response to
exercise testing in children and adolescents late after kawasaki disease according to coronary condition upon
onset. Pediatr. Cardiol. 2015, 36, 1458–1464. [CrossRef] [PubMed]

2. Tuan, S.H.; Li, M.H.; Hsu, M.J.; Tsai, Y.J.; Chen, Y.H.; Liao, T.Y.; Lin, K.L. Cardiopulmonary function,
exercise capacity, and echocardiography finding of pediatric patients with kawasaki disease: An observational
study. Medicine 2016, 95, e2444. [CrossRef] [PubMed]

3. Banks, L.; Lin, Y.T.; Chahal, N.; Manlhiot, C.; Yeung, R.S.; McCrindle, B.W. Factors associated with low
moderate-to-vigorous physical activity levels in pediatric patients with kawasaki disease. Clin. Pediatr. (Phila.)
2012, 51, 828–834. [CrossRef] [PubMed]

http://www.mdpi.com/1660-4601/17/22/8352/s1
http://dx.doi.org/10.1007/s00246-015-1186-5
http://www.ncbi.nlm.nih.gov/pubmed/25951815
http://dx.doi.org/10.1097/MD.0000000000002444
http://www.ncbi.nlm.nih.gov/pubmed/26765431
http://dx.doi.org/10.1177/0009922812441664
http://www.ncbi.nlm.nih.gov/pubmed/22523278


Int. J. Environ. Res. Public Health 2020, 17, 8352 11 of 11

4. Z Score Calculator by Taiwan Society of Pediatric Cardiology. Available online: http://www.tspc.org.tw/

service/z_score.asp (accessed on 23 May 2020).
5. Lin, M.T.; Chang, C.H.; Hsieh, W.C.; Chang, C.E.; Chang, Y.M.; Chen, Y.C.; Hsu, J.Y.; Huang, Y.L.; Ma, J.Y.;

Sun, L.C.; et al. Coronary diameters in taiwanese children younger than 6 years old: Z-score regression
equations derived from body surface area. Acta Cardiol. Sin. 2014, 30, 266–273. [PubMed]

6. Fletcher, G.F.; Ades, P.A.; Kligfield, P.; Arena, R.; Balady, G.J.; Bittner, V.A.; Coke, L.A.; Fleg, J.L.; Forman, D.E.;
Gerber, T.C.; et al. Exercise standards for testing and training. Circulation 2013, 128, 873–934. [CrossRef]
[PubMed]

7. American College of Sports Medicine; Riebe, D.; Ehrman, J.K.; Liguori, G.; Magal, M. ACSM’s Guidelines for
Exercise Testing and Prescription; Wolters Kluwer: Philadelphia, PA, USA, 2018.

8. Balady, G.J.; Arena, R.; Sietsema, K.; Myers, J.; Coke, L.; Fletcher, G.F.; Forman, D.; Franklin, B.; Guazzi, M.;
Gulati, M.; et al. Clinician’s guide to cardiopulmonary exercise testing in adults: A scientific statement from
the american heart association. Circulation 2010, 122, 191–225. [CrossRef] [PubMed]

9. Wasserman, K.; Whipp, B.J. Excercise physiology in health and disease. Am. Rev. Respir. Dis. 1975, 112,
219–249. [PubMed]

10. Kinnear, W.; Blakey, J. A practical guide to the interpretation of cardio-pulmonary exercise tests
(oxford respiratory medicine library). In Oxygen Pulse; Oxford University Press: Oxford, UK, 2014.

11. Godin, G.; Shephard, R.J. Godin leisure-time exercise questionnaire. Med. Sci. Sports Exerc. 1997, 29 (Suppl. 6),
S36–S38.

12. Godin, G.; Shephard, R.J. A simple method to assess exercise behavior in the community. Can. J. Appl.
Sport Sci. 1985, 10, 141–146. [PubMed]

13. Kao Shiao, G.F.; Chen, J.J.; Fang, Y.T.; Lee, H.C. Reliability and validity of the chinese version of the “behavior
regulation in exercise questionnaire-2” (breq-2). Formos J. Phys. Ther. 2012, 37, 167–178.

14. Markland, D.; Tobin, V. A modification to the behavioural regulation in exercise questionnaire to include
an assessment of amotivation. J. Sport Exerc. Psychol. 2004, 26, 191–196. [CrossRef]

15. Rodgers, W.M.; Wilson, P.M.; Hall, C.R.; Fraser, S.N.; Murray, T.C. Evidence for a multidimensional
self-efficacy for exercise scale. Res. Q. Exerc. Sport 2008, 79, 222–234. [CrossRef] [PubMed]

16. Dunn, O.J. Multiple comparisons using rank sums. Technometrics 1964, 6, 241–252. [CrossRef]
17. Rosner, B. Fundamentals of Biostatistics; Nelson Education: Toronto, ON, Canada, 2015.
18. Iemura, M.; Ishii, M.; Sugimura, T.; Akagi, T.; Kato, H. Long term consequences of regressed coronary

aneurysms after kawasaki disease: Vascular wall morphology and function. Heart Br. Card. Soc. 2000, 83,
307–311. [CrossRef] [PubMed]

19. Physical Activity and Adults. World Health Organization. Available online: http://www.who.int/
dietphysicalactivity/factsheet_adults/en/ (accessed on 6 September 2020).

20. Guthold, R.; Stevens, G.A.; Riley, L.M.; Bull, F.C. Global trends in insufficient physical activity among
adolescents: A pooled analysis of 298 population-based surveys with 1·6 million participants. Lancet Child
Adolesc. Health 2020, 4, 23–35. [CrossRef]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://www.tspc.org.tw/service/z_score.asp
http://www.tspc.org.tw/service/z_score.asp
http://www.ncbi.nlm.nih.gov/pubmed/27122799
http://dx.doi.org/10.1161/CIR.0b013e31829b5b44
http://www.ncbi.nlm.nih.gov/pubmed/23877260
http://dx.doi.org/10.1161/CIR.0b013e3181e52e69
http://www.ncbi.nlm.nih.gov/pubmed/20585013
http://www.ncbi.nlm.nih.gov/pubmed/239617
http://www.ncbi.nlm.nih.gov/pubmed/4053261
http://dx.doi.org/10.1123/jsep.26.2.191
http://dx.doi.org/10.1080/02701367.2008.10599485
http://www.ncbi.nlm.nih.gov/pubmed/18664046
http://dx.doi.org/10.1080/00401706.1964.10490181
http://dx.doi.org/10.1136/heart.83.3.307
http://www.ncbi.nlm.nih.gov/pubmed/10677411
http://www.who.int/dietphysicalactivity/factsheet_adults/en/
http://www.who.int/dietphysicalactivity/factsheet_adults/en/
http://dx.doi.org/10.1016/S2352-4642(19)30323-2
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Methods 
	Experimental Design 
	Recruiting Participants 
	Experimental Methods 
	Data Analysis 
	Ethics 

	Results 
	Demographics 
	Echocardiography of Coronary Arteries 
	Aspirin Use 
	CPET Results 
	Survey Results 

	Discussion 
	Conclusions 
	References

