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Fundamental movement skill proficiency 
and objectively measured physical activity 
in children with bronchiectasis: a cross-sectional 
study
Barbara Joschtel1, Sjaan R. Gomersall2, Sean Tweedy1, Helen Petsky3, Anne B. Chang4,5 and Stewart G. Trost6,7* 

Abstract 

Background: Bronchiectasis is a major contributor to respiratory morbidity and healthcare utilization in children. 
Children with bronchiectasis exhibit low levels of physical activity (PA) and poor fundamental movement skills (FMS) 
may be a contributing factor. However, there are no data on FMS’s in this population. The current study assessed FMS 
proficiency in children with bronchiectasis and examined associations with objectively measured PA.

Methods: Forty-six children with bronchiectasis (mean age 7.5 ± 2.6 year, 63% Male) were recruited from the 
Queensland Children’s Hospital, Brisbane. PA was measured using the ActiGraph GT3X + accelerometer. Raw acceler-
ometer data were processed into daily time spent in sedentary activities, light-intensity activities and games, walk-
ing, running, and moderate-to-vigorous activities and games using a random forest (RF) PA classification algorithm 
specifically developed for children. Daily MVPA was calculated by summing time spent in walking, running, and 
moderate-to-vigorous activities and games. FMS were assessed using the Test of Gross Motor Development 2nd Edi-
tion (TGMD-2).

Results: Fewer than 5% of children demonstrated mastery in the run, gallop, hop, and leap; while fewer than 10% 
demonstrated mastery for the two-handed strike, overarm throw, and underarm throw. Only eight of the 46 children 
(17.4%) achieved their age equivalency for locomotor skills, while just four (8.7%) achieved their age equivalency for 
object control skills. One-way ANCOVA revealed that children achieving their age equivalency for FMS had signifi-
cantly higher levels of MVPA than children not achieving their age equivalency (51.7 vs 36.7 min/day). When exam-
ined by the five activity classes predicted by the RF algorithm, children achieving their age equivalency exhibited 
significantly greater participation moderate-to-vigorous intensity activities and games (22.1 vs 10.7 min/day). No sig-
nificant differences were observed for sedentary activities, light-intensity activities and games, walking, and running.

Conclusion: Children with bronchiectasis exhibit significant delays in their FMS development. However, those who 
meet their age equivalency for FMS proficiency participate in significantly more daily MVPA than children who do not 
meet their age-equivalency. Therapeutic exercise programs designed to improve FMS proficiency are thus likely to be 
beneficial in this population.
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Introduction
Bronchiectasis is a major contributor to respiratory mor-
bidity in children and was recently identified as one of 
the most neglected lung diseases [1]. It is the end point 
of the chronic suppurative lung disease continuum and 
is described as abnormal irreversible dilatation of bron-
chi and bronchioles, caused by recurring airway infection 
and inflammation [1, 2]. The occurrence of exacerba-
tions, defined as increased wetness and severity of cough, 
breathlessness, chest pain, and wheeze lead to frequent 
hospitalization and further decline in lung function [3]. 
Prevalence data in children are scarce; however, it is 
estimated that the prevalence of bronchiectasis ranges 
from 0.2 cases to 15 cases per 100,000 [4]. Of note, the 
prevalence of bronchiectasis is higher among socially dis-
advantaged populations, such as the Indigenous commu-
nities of Australia, New Zealand, Alaska and Canada [2, 
5].

Current recommendations for the treatment and man-
agement of bronchiectasis in children and adults empha-
size the importance of regular physical activity (PA) to 
improve cardiovascular fitness and quality of life (QoL) 
[6]. However, most children with bronchiectasis do not 
meet public health recommendations for PA which call 
for 60 min or more of moderate-to-vigorous PA (MVPA) 
daily [7]. Using an accelerometer to quantify habitual PA, 
we observed consistently low levels of daily MVPA in 36 
children with bronchiectasis. Only two children (5.6%) 
achieved the recommended 60  min of daily MVPA. In 
contrast, 42% of healthy children in the normative com-
parison group achieved the guideline. Expressed as a per-
centage of the waking hours, children with bronchiectasis 
were sedentary for 57.5% of the time, in light-intensity PA 
35.8% of the time, and in MVPA just 6.7% of the time [7].

Fundamental movement skill proficiency is an impor-
tant determinant of children’s current and future PA 
status, and a significant contributor to individual health 
and well-being [8, 9]. The development of fundamental 
movement skills (FMS) early in life is critical to establish-
ing the more complex movement patterns required for 
participation in all types of games, physical activities, and 
sports [8]. Children who are proficient in FMS are more 
likely to participate in and enjoy PA [10], achieve higher 
levels of cardiovascular fitness [11], exhibit higher levels 
of perceived competence [12, 13] and self-esteem [9, 14], 
and are less likely to be overweight or obese [15]. Nota-
bly, a 6-year longitudinal study found FMS proficiency 
during early childhood to be a significant positive predic-
tor of PA participation and cardiovascular fitness during 
late adolescence [16].

In light of the evidence linking FMS proficiency to cur-
rent and future PA participation, it seems reasonable to 
hypothesize that the low levels of PA observed in children 

with bronchiectasis may be attributable, at least in part, 
to developmental delays in FMS proficiency. If it can be 
shown that delays in FMS contribute to the low PA levels 
of children with bronchiectasis, then therapeutic exercise 
programs designed to improve FMS proficiency and fit-
ness are likely to be highly beneficial in this population. 
Current practice standards for pediatric therapy of chil-
dren with bronchiectasis focus on airway clearance tech-
niques and do not address issues related to movement 
competence. To our knowledge, the relationship between 
FMS proficiency and habitual PA in children with bron-
chiectasis has not been systematically investigated. 
Therefore, the aims of the current study were to: 1) assess 
the level of FMS proficiency in children with bronchiec-
tasis; and 2) determine if FMS proficiency is associated 
with objectively measured PA.

Methods
Participant recruitment
Children with bronchiectasis between the ages of 
4–13 years were recruited between March 2015 and Feb-
ruary 2017 through the Respiratory and Sleep Depart-
ment at the Queensland Children’s Hospital, Australia. 
Bronchiectasis was diagnosed according to guidelines 
published by the Thoracic Society of Australia and New 
Zealand [5]. Children with unstable medical conditions, 
unstable emotional or behavioral status, or recent mus-
culoskeletal injuries (e.g., sprain, fracture, muscle strain) 
were excluded. Clinicians within the department were 
provided with a detailed description of the study, along 
with inclusion and exclusion criteria. Parents of potential 
participants were contacted by the primary investigator 
who formally assessed eligibility and provided detailed 
information about the study. After discussing the study, 
parents with children who were eligible and interested 
in participating provided written informed consent. In 
addition to parental consent, children aged between 7 
and 13  years provided written informed assent. Ethical 
approval for this study was received from the Human 
Research Ethics committee at the Children’s Health 
Queensland Hospital and Health Service (HREC/14/
QRCH/136) and the Human Research Ethics commit-
tee at The University of Queensland (2014001176). All 
research was conducted in accordance with relevant 
guidelines and regulations.

Measures
Parent questionnaire
Parents provided information about the following: dura-
tion of the cough, if the cough was wet or dry, current 
medications, frequency of doctor visits during the last 
12 months, frequency and length of exacerbations, family 
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structure, parental age, parental smoking status and aver-
age household income.

Fundamental movement skills
FMS were assessed using the Test of Gross Motor Devel-
opment  2nd Edition (TGMD-2) which measures 12 move-
ment skills in two dimensions: locomotor skills and 
object control [17]. Scores were based on the achieve-
ment of performance criteria for six locomotor (run, 
gallop, hop, leap, horizontal jump, and slide) and six 
object control skills (striking a stationary ball, station-
ary dribble, catch, kick, throw, and roll). All assessments 
were performed following the standardized protocols in 
the TGMD-2 examiners manual [17]. For each skill, the 
performance criteria were rated as “1” (present) or “0” 
(absent). Ratings were then summed to derive a raw score 
for the locomotor skills and object control skills, respec-
tively. Mastery status was assigned if all of the observed 
performance criteria for a given skill were present. If 
all but one of the criteria were deemed present, perfor-
mance was defined as near-mastery. The gross motor 
quotient (GMQ) was derived by summing the locomotor 
and object control raw scores and converting into a GMQ 
using the TGMD-2 normative database. The GMQ was 
then categorized as follows: > 130 very superior, 121–130 
superior, 111–120 above average, 90–110 average, 80–89 
below average, 70–79 poor and < 70 very poor.

Age equivalents represent the average raw score for 
individuals between the ages of 3 and 11 years in incre-
ments of 3 months. If the child’s raw score was equal to 
or greater than the published norm (average) for their 
chronological age interval, they were classified as achiev-
ing their age equivalency. If the child’s raw score was 
less than the published norm for their chronological age 
interval, they were classified as failing to achieve their age 
equivalency (development delay). Participants aged 12 or 
13  years of age were compared to the published norms 
for 11-year-olds. The TGMD-2 is a reliable measure of 
FMS proficiency in children with test–retest reliability 
ranging from 0.86 to 0.96 [17].

Physical activity
PA was measured using the ActiGraph GT3X + acceler-
ometer (ActiGraph Corporation, Pensacola, FL, USA). 
The accelerometer was worn on the right hip for seven 
consecutive days during waking hours, except for bathing 
or water-based activities. Participants were provided with 
a monitoring log and asked to record sleep, wake, and 
non-wear times. Monitors were initialized and down-
loaded using the ActiLife software (Version 6.13.4). Raw 
accelerometer data (sampling frequency = 30  Hz) were 
downloaded and processed into physical activity variables 
using a random forest (RF) physical activity classification 

algorithm specifically developed for children [18]. The 
validated RF algorithm uses features extracted from the 
raw tri-axial acceleration signal (15 s windows or epochs) 
to quantify daily time spent in sedentary activities (sitting 
or lying down) (SED), light-intensity activities and games 
(slow walking/pottering about, standing, standing arts 
and crafts) (L_ACT_G), walking, running, and moderate-
to-vigorous intensity activities and games (active games 
with balls, riding bikes/scooters) (MV_ACT_G). When 
applied to new data, recognition accuracy was 98.1% 
for SED, 95.2% for L_ACT_G, 92.7% for (MV_ACT_G_, 
94.5% for walking, and 99.5% for running. Overall clas-
sification accuracy was 95.7% [18]. Daily MVPA was 
calculated by summing daily time spent in walking, run-
ning, and MV_ACT_G. Non-wear periods were identi-
fied by summing the 15 s windows in which the standard 
deviation of the acceleration signal vector magnitude 
was < 13  mg for >  = 30 consecutive minutes [19]. The 
child’s accelerometer data was included in the analyses if 
they had ≥ 3 days in which wear time was 8 h or longer.

Statistical analysis
Descriptive statistics, including means, standard devia-
tions and frequencies were calculated for participant 
characteristics and the study variables. Differences in 
average daily MVPA, SED, L_ACT_G, walking, running, 
and MV_ACT_G between children achieving and not 
achieving their age equivalency for FMS were evaluated 
for statistical significance using a one-way ANCOVA, 
with child sex and accelerometer wear time serving as 
covariates. Significance was set at an alpha level of 0.05. 
All statistical analyses were completed using SAS soft-
ware version 9.4 (SAS Institute Inc., Cary, NC, USA.).

Results
Of the 55 children with bronchiectasis referred to the 
study, 46 (83.6%) agreed to participate and were enrolled 
in the study. Descriptive statistics for the participants are 
presented in Table 1.

Children were aged (mean ± SD) 7.5 ± 2.6  years, and 
the majority reported current medication use (60.9%) 
and > 5 doctor visits during the previous 12  months 
(73.9%). Overall, 17.4% of the families were single-parent 
households. Approximately 30% of participating families 
reported a household income below the Australian pov-
erty line (single adult income of < $426.30/week) [20].

The percentage of children demonstrating mastery, 
near-mastery and non-mastery for each FMS is reported 
in Table  2. For the six locomotor skills, mastery ranged 
from 0.0% to 67.4%, with less than 5% of children achiev-
ing mastery in the run (4.3%), gallop (2.2%), hop (0%), and 
leap (4.3%). For object control, mastery ranged from 4.3% 
to 30.4%, with less than 10% of the children achieving 
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mastery for striking a ball (8.7%), overarm throwing 
(4.3%) and underarm rolling (8.7%). The percentage of 
children accomplishing near-mastery for locomotor and 
object control skills ranged from 13.0% to 52.2% and 

10.9% to 32.6%, respectively. More than two-thirds of the 
participants exhibited non-mastery status for the hop, 
strike a ball, dribble, overarm throw, and underarm throw 
skills. The mean GMQ of 82.7 ± 12.8 indicated that, as a 
group, FMS performance was well below average.

Overall, 37 of the 46 children (80.4%) failed to achieve 
their age equivalency for either locomotor or object con-
trol skills. Only eight of the 46 children (17.4%) achieved 
their age equivalency for locomotor skills, while just four 
(8.7%) achieved their age equivalency for object control 
skills.

Table  3 displays means and 95% confidence inter-
vals for the PA outcomes for children achieving and not 
achieving their age equivalency for either locomotor 
or object control skills. Of the 46 children participating 
in the study, 41 provided ≥ 3 valid monitoring days and 
were included in the ANCOVA analyses (mean num-
ber of valid monitoring days = 5.5 ± 1.7  days; 3 children 
with 3 valid days (7.3%), 27 children with 4 to 6 valid days 
(65.9%) and 11 children with 7 or more valid days (26.8%). 
Of 41 children, 9 met their age equivalency for either 
locomotor or object controls skills, with the remaining 
32 children exhibiting locomotor or object control scores 
below their age equivalency. Children achieving their age 
equivalency for FMS exhibited significantly higher levels 
of MVPA than children not achieving their age equiva-
lency (51.7 vs 36.7 min/day). When examined by the five 
activity classes predicted by the RF PA classification algo-
rithm, children achieving their age equivalency for FMS 
exhibited significantly greater participation MV_ACT_G 
(22.1 vs 10.7  min/day). No significant differences were 
observed for sedentary activities, L_ACT_G, walking, 
and running.

Discussion
The current study assessed FMS proficiency in chil-
dren with bronchiectasis and examined the relationship 
between FMS proficiency and habitual PA. The results 
show that children with bronchiectasis experience sig-
nificant developmental delays in FMS proficiency. Just 
eight of the 46 children achieved their age equivalency 
for locomotor skills, while just four children achieved 
their age equivalency for object control skills. Fewer than 
5% of the sample demonstrated mastery in the run, gal-
lop, hop, and leap; while fewer than 10% demonstrated 
mastery for the two-handed strike, overarm throw, and 
underarm throw.

A major finding of the current study was that FMS 
proficiency emerged as a significant influence on PA 
performance in children with bronchiectasis. Children 
achieving their age equivalency for either locomotor or 
object control skills exhibited significantly higher levels 
of daily MVPA than those with developmental delays in 

Table 1 Descriptive statistics of children with bronchiectasis 
(n = 46)a

a Data are expressed as mean ± SD or n (%) of participants

n = 46

Age (years) 7.5 ± 2.6

Male 29 (63.0)

Currently on medication 28 (60.9)

 Inhaled steroids 6 (13.0)

 Bronchodilators 7 (15.2)

 Oral steroids 1 (2.2)

 Antibiotics 12 (26.1)

 Other 2 (4.3)

Number of doctor visits in the last 12 months

 < 5 times 12 (26.1)

5–9 times 18 (39.1)

10–20 times 11 (23.9)

 > 20 times 5 (10.9)

Children with a single parent 8 (17.4)

Average household income

 < $25,000 AUD 9 (18.2)

$26,000–$50,000 AUD 5 (10.9)

$51,000–$75,000 AUD 1 (2.2)

 > $76,000 AUD 31 (67.4)

Families with a smoker 10 (21.7)

Table 2 Proportion of children with bronchiectasis (n = 46) 
mastering, nearly mastering or not-mastering fundamental 
movement  skillsa

a Data are expressed as n (%) of participants

Mastery Near-Mastery Non-Mastery

Locomotion

Run 2 (4.3) 22 (47.8) 22 (47.8)

Gallop 1 (2.2) 22 (47.8) 23 (50)

Hop 0 (0.0) 6 (13.0) 40 (87.0)

Leap 2 (4.3) 24 (52.2) 20 (43.5)

Jump 8 (17.4) 17 (37.0) 21 (45.7)

Side slide 31 (67.4) 11 (23.9) 4 (8.7)

Object control

Strike a ball 4 (8.7) 11 (23.9) 31 (67.4)

Dribble 7 (15.2) 17 (17.4) 31 (67.4)

Catch 8 (17.4) 14 (30.4) 24 (52.2)

Kick 14 (30.4) 15 (32.6) 17 (37.0)

Overarm throw 2 (4.3) 5 (10.9) 39 (84.8)

Underarm Roll 4 (8.7) 6 (13.0) 36 (78.3)
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FMS. Notably, the differential in daily MVPA was attrib-
utable, in large part, to a twofold difference in daily par-
ticipation in moderate-to-vigorous intensity activities 
and games. This was an important finding which added 
an element of ecological validity to the results, given 
that participation in in this type of activity (e.g., games 
and sports) would generally require a prerequisite level 
of FMS proficiency. Notably, there were no significant 
differences for time in sedentary activities or PA classes 
known to be less dependent on FMS proficiency (e.g., L_
ACT_G, walking and running).

To date, only two previous studies have evaluated 
FMS proficiency in children with chronic respiratory 
conditions [21, 22]. In contrast with the results of the 
current study, both found no evidence of developmen-
tal delays in FMS. Gruber et  al. [22] assessed motor 
performance in preschool-aged children with cystic 
fibrosis (CF) and found motor quotient scores, based 
on the average of seven motor tasks, to be within the 
normal range. Similarly, Bender et  al. [21] observed 
no evidence of motor delays in a sample of 67 children 
with severe chronic asthma. The discrepancy in find-
ings may be explained, in part, by differences in the 
operational definition and assessment of motor com-
petence. Notably, both studies used assessment batter-
ies that measured both fine and gross motor skills and 
evaluated skills more closely related to athletic ability 
(i.e., strength, speed, agility) than FMS proficiency. The 
results, however, are consistent with previous investi-
gations evaluating FMS proficiency in other pediatric 

patient groups such as cancer survivors and children 
with congenital heart disease. Hartmann et al. [23] eval-
uated movement competency in 120 pediatric cancer 
survivors. Twelve months post treatment, two-thirds of 
children scored below the  50th percentile on the move-
ment ABC. Neuman et al. [24] compared the FMS pro-
ficiency of pediatric cancer survivors with a reference 
group of 300 healthy children. Cancer survivors were 
significantly less likely to exhibit mastery on seven key 
FMS (sprint run, vertical jump, side gallop, leap, catch, 
kick, overarm throw) than healthy children. Box and 
colleagues [25] evaluated the motor performance of 18 
children with congenital heart disease. Compared to 
healthy controls, gross motor performance was signifi-
cantly delayed. Finally, Holm et  al. [26] observed that 
nearly half of children with complex heart disease had 
significant motor delays. Of note, none of these studies 
concurrently measured PA or examined if differences in 
PA are explained by delays in FMS. Collectively, these 
findings suggest that children with chronic health con-
ditions are at increased risk for developmental delays in 
motor proficiency, suggesting that clinicians may need 
to assess PA levels and evaluate movement competency 
as part of routine practice; and when indicated, refer 
patients to developmentally appropriate therapeutic 
exercise programs to increase movement competency. 
Clinicians should also counsel children and their par-
ents about the importance of PA and provide them with 
information to enable them to engage in regular, safe, 
and enjoyable PA in settings outside therapy.

Table 3 Mean (95% Confidence Interval) of physical activity in children meeting their age equivalency and not meeting their age 
equivalency

MVPA = moderate-to-vigorous physical activity; SED = sedentary activities; L_ACT_G = light intensity activities and games; M_ACT_G = moderate-to-vigorous 
intensity activities and games. WALK = walking; RUN = running
a Based on the daily average for valid monitoring days. Mean number of valid monitoring days = 5.5 ± 1.7 days
b Means adjusted for gender and accelerometer wear time
c MVPA calculated by summing daily time in M_ACT_G, WALK, and RUN as classified by a Random Forest PA Classifier [18]

PA  variablea Age equivalency for FMS proficiency
(mean and 95% CI)b

Difference (mean and 95% CI) P value

Meeting (N = 9) Not meeting (N = 32)

MVPAc

(min/d)
51.7
(45.9–57.5)

36.6
(24.2–49.1)

15.1
(0.3–29.8)

0.04

SED
(min/d)

357.9
(312.0–403.8)

356.9
(335.6–378.1)

– 1.0
(− 55.4–53.3)

0.96

L_ACT_G
(min/d)

301.2
(260.4–341.9)

287.2
(268.3–306.0)

14.0
(− 62.3–34.2)

0.56

M_ACT_G
(min/d)

22.1
(18.1–26.2)

10.7
(2.0–19.5)

11.4
(1.1–21.7)

0.03

WALK
(min/d)

23.1
(14.3–32.0)

24.3
(20.2–28.4)

 − 1.2
(− 9.3–11.7)

0.82

RUN
(min/d)

2.8
(0.2–5.4)

5.3
(4.1–6.5)

 − 2.5
(− 0.6–5.6)

0.11
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The observed age delays in FMS proficiency in chil-
dren with bronchiectasis may be attributable to a num-
ber of factors. FMS are not naturally acquired but need 
to be taught and practiced (31). Therefore, it is possible 
that periods of inactivity, precipitated by exacerbations 
and/or the time constraints imposed by frequent medi-
cal appointments and therapy sessions may limit oppor-
tunities to practice and refine movement skills. Lack of 
parental support for PA may be another reason, as over-
protective parents may discourage participation in sport 
and PA programs believing that exercise will provoke 
coughing and cause physical discomfort [7]. Importantly, 
the relationship between FMS proficiency and physical 
activity is bi-directional in nature, particularly among 
young children. While FMS proficiency is essential for 
participation in many organized and non-organized 
games and sports, children also require opportunities to 
learn and practice FMS through regular engagement in 
developmentally appropriate physical activity.

The current study has several strengths. To our knowl-
edge, it is the first study to systemically evaluate the 
relationship between FMS proficiency and PA in chil-
dren with bronchiectasis. FMS proficiency was meas-
ured using the TGMD-2, a widely-used and validated 
process-oriented assessment tool with published norms 
for both object control and locomotor movement skills. 
In addition, PA was measured objectively using a wear-
able sensor and the PA outcomes were derived from 
raw acceleration signal using state-of-the-art machine 
learning data processing methods [27]. The application 
machine learning methods allows researchers to moni-
tor not only the intensity of physical activity, but also the 
quality of movement behaviors. In contrast to traditional 
cut-point methods, which simply estimate time spent 
in moderate-to-vigorous PA, the RF classifier deployed 
in the current study allowed monitoring of active game 
play and sports as a component of overall participation 
in MVPA. This was key given that participation in active 
games and sports requires greater FMS proficiency than 
walking and running.

Opposing these strengths were a number of limita-
tions. First, due to the relatively small sample size, we 
were not able to conduct multivariate analysis control-
ling for the effects of disease severity, medication use, 
and socioeconomic status. Second, the cross-sectional 
study design means it is not possible to infer causal rela-
tionships between FMS proficiency and PA participation. 
Third, the RF PA classification model used to measure 
daily MVPA was trained on laboratory-based activity tri-
als which may not fully replicate PA performance under 
true free living conditions [28]. Fourth, age equivalency 
was based on normative data from North America rather 
than Australia. In the absence of  norms based on a 

large and representative sample of Australian children, 
the TGMD normative database was the best available 
method for determining age equivalents. Lastly, partici-
pants were recruited from a single public hospital in Bris-
bane, Australia and cannot be considered representative 
of all children with bronchiectasis. In addition, because 
9 of the children referred to the study by their physi-
cian opted not to participate, and because children with 
less than 3 valid monitoring days were excluded from 
the analysis (n = 5), we cannot rule out the possibility of 
selection bias (i.e., physically active children more likely 
to be included in the analytic sample than low-active 
children). However, given the small number excluded, 
and the generally low levels of FMS proficiency and PA 
levels in our sample, this is unlikely. Future studies should 
evaluate the relationship between FMS proficiency and 
PA levels in larger, more representative samples of chil-
dren with bronchiectasis. Samples should be sufficiently 
large and diverse to determine if the relationship between 
FMS proficiency and PA is moderated by demographic, 
socioeconomic status, and health characteristics. Future 
studies should also consider other important potential 
physiological determinants of habitual PA, including 
cardiorespiratory fitness, body composition, functional 
muscle strength, and fatigue. Considering the challenges 
associated with recruiting large samples of clinical popu-
lations, multi-site trials involving multiple hospitals and 
health systems may be required.

Conclusion
Children with bronchiectasis exhibit significant delays in 
their FMS development. However, the small proportion 
of children who met their age equivalency for FMS exhib-
ited significantly more daily MVPA than children who 
did not meet their age-equivalency. These findings are 
consistent with studies conducted in other patient groups 
and underscore the need for developmentally appropriate 
therapeutic exercise programs targeting FMS proficiency 
and other determinants of physical activity behavior 
among children with chronic health conditions.

Abbreviations
PA: Physical activity; FMS: Fundamental movement skills; GMQ: Gross motor 
quotient; MVPA: Moderate- to vigorous-intensity physical activity; SED: 
Sedentary activities; L_ACT_G: Light intensity activities and games; M_ACT_G: 
Moderate-to-vigorous intensity activities and games.; WALK: Walking; RUN: 
Running.

Authors’ contributions
BJ designed the study, collected, and analyzed the data and wrote the paper. 
SGT was a major contributor in designing the study, analyzing data and writ-
ing the paper. SG and ST helped designing the study and writing the paper. 
HP and AC helped with recruiting the participants and writing the paper. All 
authors read and approved the final manuscript.



Page 7 of 7Joschtel et al. BMC Pulm Med          (2021) 21:269  

Funding
Not applicable.

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

Declarations

Ethics approval and consent to participants
Human Research Ethics committee at the Children’s Health Queensland 
Hospital and Health Service (HREC/14/QRCH/136). Human Research Ethics 
committee at the University of Queensland (2014001176).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 School of Human Movement and Nutrition Sciences, The University 
of Queensland, Brisbane, Australia. 2 School of Health and Rehabilitation Sci-
ences, The University of Queensland, Brisbane, Australia. 3 School of Nursing 
and Midwifery, Griffith University, Brisbane, Australia. 4 Child Health Division, 
Menzies School of Health Research, Charles Darwin University, Darwin, Aus-
tralia. 5 Department of Respiratory and Sleep Medicine, Queensland Children’s 
Hospital, Brisbane, Australia. 6 School of Exercise and Nutrition Sciences, 
Queensland University of Technology, Brisbane, Australia. 7 QLD Centre for Chil-
dren’s Health Research (CCHR), Level 6, 62 Graham Street, South Brisbane, QLD 
4101, Australia. 

Received: 22 December 2020   Accepted: 6 August 2021

References
 1. Wurzel DF, Chang AB. An update on pediatric bronchiectasis. Expert Rev 

Respir Med. 2017;11(7):517–32.
 2. McCallum GB, Binks MJ. The epidemiology of chronic suppurative lung 

disease and bronchiectasis in children and adolescents. Front Pediatr. 
2017;5:27.

 3. Kapur N, Masters IB, Morris PS, Galligan J, Ware R, Chang AB. Defining pul-
monary exacerbation in children with non-cystic fibrosis bronchiectasis. 
Pediatr Pulmonol. 2012;47(1):68–75.

 4. Hall KK, Chang AB, Anderson J, Dunbar M, Arnold D, O’Grady KF. Char-
acteristics and respiratory risk profile of children aged less than 5 years 
presenting to an urban, Aboriginal-friendly, comprehensive primary 
health practice in Australia. J Paediatr Child Health. 2017;53(7):636–43.

 5. Chang AB, Bell SC, Torzillo PJ, King PT, Maguire GP, Byrnes CA, Holland AE, 
O’Mara P, Grimwood K. Chronic suppurative lung disease and bronchiec-
tasis in children and adults in Australia and New Zealand Thoracic Society 
of Australia and New Zealand guidelines. Med J Aust. 2015;202(1):21–3.

 6. Chang AB, Bell SC, Byrnes CA, Grimwood K, Holmes PW, King PT, Kolbe 
J, Landau LI, Maguire GP, McDonald MI, et al. Chronic suppurative lung 
disease and bronchiectasis in children and adults in Australia and New 
Zealand. Med J Aust. 2010;193(6):356–65.

 7. Joschtel B, Gomersall SR, Tweedy S, Petsky H, Chang AB, Trost SG. Objec-
tively measured physical activity and sedentary behaviour in children 
with bronchiectasis: a cross-sectional study. BMC Pulm Med. 2019;19(1):7.

 8. Clark JE, Metcalfe JS. The mountain of motor development: a metaphor. 
Motor Dev Res Rev. 2002;2:163–90.

 9. Lubans DR, Morgan PJ, Cliff DP, Barnett LM, Okely AD. Fundamental 
movement skills in children and adolescents: review of associated health 
benefits. Sports Med. 2010;40(12):1019–35.

 10. Okely AD, Booth ML, Patterson JW. Relationship of physical activity to 
fundamental movement skills among adolescents. Med Sci Sports Exerc. 
2001;33(11):1899–904.

 11. Okely AD, Booth ML, Patterson JW. Relationship of cardiorespiratory 
endurance to fundamental movement skill proficiency among adoles-
cents. Pediatr Exerc Sci. 2001;13(4):380–91.

 12. Barnett LM, Morgan PJ, van Beurden E, Beard JR. Perceived sports 
competence mediates the relationship between childhood motor skill 
proficiency and adolescent physical activity and fitness: a longitudinal 
assessment. Int J Behav Nutr Phys Activity. 2008;5:40.

 13. Rudisill ME, Mahar MT, Meaney KS. The relationship between children’s 
perceived and actual motor competence. Percept Mot Skills. 1993;76(3 Pt 
1):895–906.

 14. Robinson LN, Rollo ME, Watson J, Burrows TL, Collins CE. Relationships 
between dietary intakes of children and their parents: a cross-sectional, 
secondary analysis of families participating in the Family Diet Quality 
Study. J Hum Nutr Diet. 2015;28(5):443–51.

 15. Okely AD, Booth ML, Chey T. Relationships between body composition 
and fundamental movement skills among children and adolescents. Res 
Q Exerc Sport. 2004;75(3):238–47.

 16. Barnett LM, van Beurden E, Morgan PJ, Brooks LO, Beard JR. Childhood 
motor skill proficiency as a predictor of adolescent physical activity. J 
Adolesc Health. 2009;44(3):252–9.

 17. Ulrich DA. Test of Gross Motor Development. 2nd ed. Austin, Texas: Pro-
Ed; 2000.

 18. Ahmadi MN, Pfeiffer KA, Trost SG. Physical activity classification in youth 
using raw accelerometer data from the hip. Meas Phys Educ Exerc Sci. 
2020;24(2):129–36.

 19. Ahmadi MN, Nathan N, Sutherland R, Wolfenden L, Trost SG. Non-wear or 
sleep? Evaluation of five non-wear detection algorithms for raw acceler-
ometer data. J Sports Sci. 2020;38(4):399–404.

 20. Australian Council of Social Service. Poverty in Australia 2016, 5th edition. 
Social Policy Research Centre. Strawberry Hills, NSW, Australia.

 21. Bender BG, Belleau L, Fukuhara JT, Mrazek DA, Strunk RC. Psychomo-
tor adaptation in children with severe chronic asthma. Pediatrics. 
1987;79(5):723–7.

 22. Gruber W, Orenstein DM, Paul K, Huls G, Braumann KM. Motor perfor-
mance is better than normal in preschool children with cystic fibrosis. 
Pediatr Pulmonol. 2010;45(6):527–35.

 23. Hartman A, van den Bos C, Stijnen T, Pieters R. Decrease in motor perfor-
mance in children with cancer is independent of the cumulative dose of 
vincristine. Cancer. 2006;106(6):1395–401.

 24. Naumann FL, Hunt M, Ali D, Wakefield CE, Moultrie K, Cohn RJ. Assess-
ment of fundamental movement skills in childhood cancer patients. 
Pediatr Blood Cancer. 2015;62(12):2211–5.

 25. Box RC, Burns YR. The motor performance of preschool-aged chil-
dren after surgery for congenital heart disease. Aust J Physiother. 
1990;36(4):235–42.

 26. Holm I, Fredriksen PM, Fosdahl MA, Olstad M, Vollestad N. Impaired motor 
competence in school-aged children with complex congenital heart 
disease. Arch Pediatr Adolesc Med. 2007;161(10):945–50.

 27. Trost SG. Population-level physical activity surveillance in young people: 
are accelerometer-based measures ready for prime time? Int J Behav Nutr 
Phys Act. 2020;17(1):28.

 28. Ahmadi MN, Brookes D, Chowdhury A, Pavey T, Trost SG. Free-living 
evaluation of laboratory-based activity classifiers in preschoolers. Med Sci 
Sports Exerc. 2020;52(5):1227–34.

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


	Fundamental movement skill proficiency and€objectively measured physical activity in€children with€bronchiectasis: a€cross-sectional study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	Participant recruitment
	Measures
	Parent questionnaire
	Fundamental movement skills
	Physical activity

	Statistical analysis

	Results
	Discussion
	Conclusion
	References


