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Asthma remains the most common chronic disease in childhood, reportedlyAbstract
affecting up to 25% of children in Western urban environmental settings. There
seems to be a common perception that asthmatic children have a reduced capacity
for exercise. Surprisingly, there is conflicting evidence in the literature in relation
to this position. In this review, we present an overview of the literature in which
habitual physical activity and fitness levels, including aerobic fitness, of asthmatic
and non-asthmatic children are compared.

There is contradictory evidence regarding the aerobic fitness levels of asthmat-
ic children and adolescents, and it remains unclear whether significant differences
exist between asthmatic children and their non-asthmatic counterparts. There is
limited information concerning the relative anaerobic fitness of asthmatic children
and adolescents; however, this is also conflicting. During childhood and adoles-
cence, asthmatic individuals seem to have physical activity levels comparable
with those of the normal paediatric population. However, differences in physical
activity levels may develop during the time of maturation from adolescence into
adulthood. Accordingly, it is not possible to establish a definitive conclusion
about the issue in either children or adults. Further research with well designed
methodologies is needed in order to determine whether asthmatic children and
adolescents have different aerobic fitness, anaerobic fitness and physical activity
levels when compared with the normal paediatric population.

1. Background necessarily prevent participation in sporting activi-
ties. It is well documented that asthmatic individuals

Asthma remains the most common chronic dis-
have participated successfully at the elite level ofease in childhood,[1] reportedly affecting up to 25%
sport, competing in a range of events at both theof children in Western urban environmental set-
Winter and Summer Olympics.[7-9] The prevalencetings.[2] This is despite the recent suggestions that
of EIA among members of the 1984 and 1996 USasthma prevalence among children has either
Summer Olympic teams was 11% and 20%, respec-reached a plateau or is undergoing a downturn.[3,4] A
tively, and 23% in the 1998 Winter Olympic ath-considerable proportion of asthmatic children is af-
letes.[8] Sixty-seven Olympic athletes with a historyfected by exercise-induced asthma (EIA), with the
of asthma or exercise-induced bronchial symptomsprevalence believed to be between 70% and 90%.[5,6]

Having a diagnosis of asthma or EIA does not won 41 medals at the 1984 Los Angeles Games.[9]
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However, the fear of breathlessness associated with Twelve potential studies were located for the
EIA might be expected to deter many asthmatic physical activity section. However, following the
people, particularly children, from participating in application of the established inclusion criteria, only
regular physical activity. This has given rise to the four of these studies were found to be suitable.
common perception that asthmatic people have a Consequently, two adult investigations were also
reduced capacity for exercise. Surprisingly, there is included to provide further evidence and to highlight
conflicting evidence in the literature in relation to a possible maturation factor. All articles were in-
this position. In this review, we present an overview cluded regardless of publication length. Specifical-
of the literature in which habitual physical activity ly, articles published as abstracts, short reports or
and fitness levels, including aerobic fitness, of asth- otherwise were not excluded.
matic and non-asthmatic children are compared.

1.2 Benefits of Improved Fitness

1.1 Methodology Many health benefits exist for children and ado-
lescents who partake in regular physical activity.In preparing the data used in this paper, literature
Increased aerobic fitness,[10] improved ventilatorysearches were performed using Medline – National
capacity and performance,[11] and a lowered bodyLibrary of Medicine (1966 to August 2003). Using
composition[12] are some of these benefits. On theEndnote 6.0, 1 searches were carried out using
other hand, physical inactivity among young peoplePubMed Medline (c1960 to August 2003), the libra-
has been associated with lower levels of aerobicry catalogue at the University of California (c1960
fitness[13] and increased prevalence of overweightto August 2003) and the library catalogue at the
and obesity.[14] It would, therefore, be expected thatUniversity of Sydney (c1960 to August 2003). The
reduced levels of physical activity amongst asthmat-terms that were searched for included ‘maximal/
ic children would lead to reduced aerobic fitness andpeak oxygen consumption’, ‘aerobic fitness’, ‘an-
increase the likelihood of reaching a ventilatoryaerobic fitness/threshold’, ‘physical activity’, ‘asth-
limitation at modest levels of exercise intensity. Thema’ and ‘children’. The reference sections of all
sensations associated with reaching such a limita-articles were scanned for further potential inclu-
tion, usually perceived as being unpleasant, may actsions.
as a deterrent to exercise in the asthmatic child[15]

Forty-seven potential studies were located that
and may well manufacture a self-limiting cycle offocused on fitness in asthmatic children. Fourteen of
inactivity. Consequently, an asthmatic child may notthese reported baseline (untrained) aerobic fitness in
be physically equipped to cope with a bout of EIA asasthmatic children. These investigations either had a
well as they may if they possessed an aerobic fitnesscomparison of aerobic fitness with a control group
comparable with that of a physically active non-of non-asthmatic children, or a comparison with
asthmatic child. Furthermore, children affected inestablished percentile scales. Studies were included
this way would be doubly disadvantaged in that theirregardless of the method used to estimate aerobic
asthma is likely to be poorly controlled[16] and theirfitness.
prospects for a healthy adult life reduced.[13,14]

Only six studies were located on anaerobic fit-
ness in asthmatic children and, in accordance with 1.3 Relationship Between Aerobic Fitness
the aerobic fitness inclusion criteria, studies were and Physical Activity
only incorporated if comparisons were made with a
non-asthmatic control group. Four studies satisfied Despite considerable evidence linking normal
this criterion. Again, the method of estimation was aerobic fitness and physical activity with a number
not a factor. of health benefits, studies investigating the interac-

1 The use of trade names is for product identification purposes only and does not imply endorsement.
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tion between aerobic fitness and physical activity was an initial deficit in aerobic fitness, increasing
the level of physical activity would likely result inhave reported contradictory results. There is evi-
improvements in aerobic fitness, thereby creating adence for a strong association between aerobic fit-
direct relationship. This rationale may have been theness and physical activity in adults.[17-20] In children
catalyst for a number of studies that have investigat-and adolescents, however, there appears to be con-
ed the association between asthma and aerobic fit-flicting evidence concerning this relationship.
ness as well as between asthma and physical activi-Whilst Mirwald and Bailey[21] have shown a high
ty, and the interaction between all three of theselevel of physical activity to be related to high peak
factors. The effects of aerobic conditioning (trainingoxygen consumption (V̇O2peak) values in boys aged
programmes) on aerobic fitness, EIA and asthma7–17 years, Andersen et al.[22] reported that young
symptoms have also been the subject of severalpeople with different levels of V̇O2peak did not differ
investigations.significantly in their daily physical activity levels.

Furthermore, Al-Hazzaa and Sulaimen[23] and Wong
2. Asthma and Fitnesset al.[24] found physical activity and aerobic fitness

to be significantly related in 7- to 12-year-old boys
and 8- to 12-year-old children, respectively, whilst

2.1 Asthma and Aerobic Fitness
Janz et al.[25] found no relationship in boys aged
6–17 years. These studies are representative of the As described in section 1.2, a superior level of
available literature. fitness would likely be protective against an asth-

matic episode. Despite this, there is anecdotal infor-There may be a number of reasons for these
mation suggesting that asthmatic children are not asreported discrepancies, ranging from the method-
aerobically fit as non-asthmatic children. However,ological to the physiological. For example, in larger
several studies also report little or no difference inepidemiological surveys, physical activity is usually
the fitness levels between asthmatic and non-asth-assessed by questionnaire, a technique that has in-
matic children and adolescents (see table I for par-herent inaccuracy, especially in children.[26] When
ticipant characteristics in this section).physical activity is measured directly, e.g. acceler-

ometry, it is often difficult to demonstrate that the 2.1.1 Comparable Aerobic Fitness
recording period adequately represents the actual Bevegård et al.[31] assessed the maximal oxygen
pattern of activity.[27] Although considered to be the consumption (V̇O2max) of 20 mild to severely asth-
‘gold standard’ for measuring energy expenditure, matic boys on a cycle ergometer and concluded that
the doubly labelled water technique is unable to “even children with severe asthma have a normal
detect levels of intensity or type. Also, it has been maximal oxygen uptake capacity”. Likewise, Hedlin
suggested that the poor association between aerobic et al.[35] evaluated the working capacity of 16 chil-
fitness and physical activity is due to young people dren with a history of EIA on an electrically braked
not participating in physical activity of sufficient cycle ergometer and found them to have comparable
intensity to alter V̇O2peak.[28] Furthermore, a number V̇O2peak values to normal healthy boys of the same
of authors have hypothesised that the high initial age. Moreover, Fink et al.[16] reported no differences
level of aerobic fitness in children makes it more in V̇O2max between groups of stable asthmatic and
difficult to demonstrate trainability.[29,30]

non-asthmatic children stratified into active and
Despite the lack of association between aerobic inactive groups. They concluded that a sedentary

fitness and physical activity in the normal paediatric lifestyle was the probable cause for any asthmatic
population, the concept of asthmatic children having child to have poor aerobic fitness and that their
a ventilatory limitation to exercise suggests that a aerobic fitness had the potential to be normalised by
relationship between aerobic fitness and physical training. Also, Thio et al.[41] found 22 from a cohort
activity in this group may be more probable. If there of 28 mild to moderately severe asthmatic children
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Table I. Studies investigating asthma, aerobic and anaerobic fitness in children and adolescents

Study Participants Age (y) Sex Results

Bevegård et al.[31] 20 AS 8–13 20 M Normal V̇O2max

Boas et al.[32] 22 AS 7–18 22 M No difference in V̇O2max between the AS and NAS.
22 NAS 22 M No difference in anaerobic fitness

Buttifant et al.[33] 10 AS 15.04 10 M No difference in mean or peak anaerobic power;
11 NAS 14.53 (mean) 11 M however, lower plasma adrenaline and lactate levels

in AS

Counil et al.[34] 19 AS 11.5–15.7 19 M AS had 10% lower V̇O2max and lower maximal
14 NAS 14 M anaerobic power

Fink et al.[16] 49 AS, 31 NAS 9–16 27 M, 22 F All active AS had comparable aerobic fitness to NAS

Hedlin et al.[35] 16 AS 10.1–14.3 10 M, 6 F No difference in V̇O2max between AS and NAS
9 NAS 9 M

Counil et al.[36] 8 AS 12–14 8 M Lower mean and peak anaerobic power values in AS
7 NAS 7 M

Kukafka et al.[37] 19 AS 14–18 214 M AS took 10% longer to complete mile run
195 NAS

Riedler et al.[38] 152 AS 13–15 NR NAS ran 10% further than AS in 6 min run
70 NAS

Santuz et al.[39] 80 AS 7–15 60 M, 20 F No difference in aerobic fitness
80 NAS

Strunk et al.[40] 76 AS 9–17 42 M, 34 F 91% of AS performed below the 50th percentile in a 9
min run

Thio et al.[41] 28 AS 6–13 17 M, 11 F 22 children had normal V̇O2max

6 children performed below the 5th percentile

Varray et al.[42] 11 AS 11–13 9 M, 2 F AS recorded lower V̇O2max values compared with the
11 NAS 9 M, 2 F NAS

Welsh et al.[43] 28 AS 10.3–14.6 18 M, 10 F No difference in 6 min run distance
200 NAS 87 M, 113 F

Wong et al.[24] 57 AS, 1207 NAS 8–12 43 M, 14 F Reduced V̇O2max in children with asthma and/or
bronchitis

AS = asthmatic children; F = females; M = males; NAS = non-asthmatic children; NR = not reported; V̇O2max = maximal oxygen
consumption.

to possess comparable V̇O2max values with the pre- ed a similar finding when assessing the aerobic
dicted values of healthy Dutch children of the same fitness of 28 stable mild to moderately severe asth-
age. Santuz et al.[39] reported no significant differ- matic children and 200 non-asthmatic children, with
ence in aerobic fitness between 80 mild to moderate- no differences found between the groups in the
ly severe asthmatic and 80 non-asthmatic children, distance covered in a 6-minute run.
as measured by a maximal treadmill exercise test.

2.1.2 Differences in Aerobic FitnessThe study participants were matched for physical
activity by their score on the Habitual Level of Contrary to the findings in section 2.1.1, there
Physical Activity Questionnaire (HLPA).[44] Match- have been a number of investigations demonstrating
es were also made for age, height and weight. The reduced aerobic fitness in asthmatic children when
authors concluded that, as long as physical activity compared with non-asthmatic children. Strunk et
levels are comparable with that of normal children, al.[40] examined the exercise performance of 76 asth-
asthmatic children are capable of achieving a similar matic children via a 9-minute run and reported that
level of aerobic fitness. Boas et al.[32] found 22 91% of asthmatic children performed below the 50th
asthmatic children and adolescents to produce simi- percentile, indicating an extreme deficit in aerobic
lar values of V̇O2max to 22 age-matched non-asth- fitness. Varray et al.[42] found 11 asthmatic children
matic controls. Furthermore, Welsh et al.[43] record- had significantly lower V̇O2max values when com-
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pared with 11 non-asthmatic children. The children mains unclear whether significant differences exist
completed a maximal incremental exercise test on a between asthmatic individuals and their non-asth-
cycle ergometer and were matched for age (11–13 matic counterparts. There are three main areas that
years), sex, height and weight. In a study measuring have contributed to this problem, namely sample
fitness by a 1.6km (1-mile) run in 16-year-old high- selection, methodological variations and statistical
school football players, a statistically significant analysis. Most studies where fitness is measured
difference of approximately 10% was reported be- directly have used relatively small sample
tween those with EIA and unaffected students.[37] sizes,[31,32,34,35,41,42,45] and the larger numbers gener-
These 19 asthmatic adolescents recorded an average ally cited in field studies do not always compensate
time of 513 seconds compared with 466 seconds for the increased variability of the data.[16,39] Often,
achieved by 214 non-asthmatic students. Unfortu- the non-asthmatic control groups have not been ran-
nately, 24 previously diagnosed asthmatic adoles- domly selected and the sex and age distribution in
cents in this study did not complete the run. Riedler these groups are not reflected in the asthmatic test
et al.[38] was also able to demonstrate a difference of group.[16,31,32,34,35,37,39-41,43,45] Furthermore, there
approximately 10%, when randomly selected non- have been few attempts to look at the full range of
asthmatic children ran an average distance of 1131m asthma severity in a single study.[31] Particularly
in 6 minutes compared with 1035m by 70 asthmatic important is the need to assess fitness in the more
children who demonstrated EIA. In these two field severe patients compared with those at the trivial to
studies,[37,38] participants were not premedicated mild end of the severity spectrum.[31] Methodologi-
with any preventative drugs. Another difference of cal difficulties arise from estimating fitness from
around 10% in aerobic fitness was demonstrated by field studies[37,38,40,43] compared with direct mea-
Counil et al.[34] when comparing the cycle ergometer surements of V̇O2peak and peak anaerobic power.
V̇O2max values of 19 asthmatic boys to that of 14 Anecdotal information suggests that testing asth-
non-asthmatic boys of the same age. In the recent matic children with and without premedication af-
training study of van Veldhoven et al.,[45] most asth- fects V̇O2peak; however, to our knowledge, no such
matic individuals from a cohort of 47 performed study exists. Finally, a number of studies have not
around or below the 10th percentile for V̇O2max at utilised an appropriate statistical analysis, thereby
baseline measurement as measured on a cycle er- limiting the validity of conclusions.[24,35] These defi-
gometer. In a large epidemiological study of aerobic ciencies in the literature highlight the fact that more
fitness in Hong Kong Chinese children, Wong et research controlling for these variables is needed.
al.[24] estimated V̇O2max to be significantly reduced
in children with either asthma or bronchitis com- 2.2 Asthma and Anaerobic Fitness
pared with those without disease. The Multistage

There are several measures by which anaerobicFitness Test[46] was employed to estimate aerobic
performance can be assessed. These fall into threefitness while parents completed the ATS-DLD-78
main categories: (i) tests of anaerobic alactacid orquestionnaire[47] to assess disease status and respira-
phosphagen power using Margaria’s single stairstory symptoms. It is important to note, though, that
run;[48] (ii) the Wingate Anaerobic Test (WanT)the children with asthma only were not separated
developed by Ayalon and colleagues;[49] and (iii) thefrom those with bronchitis in the analysis.
force-velocity (FV) test.[50] The single stairs run

2.1.3 Summary appears not to have been used in tests of fitness of
asthmatic children; however, there are a few pub-We have identified seven studies in which aero-
lished studies where the other tests have been used.bic performance is significantly lower in asthmatic

children compared with non-asthmatic children; an- Mean and peak anaerobic power of ten healthy
other seven have also been described in which no and active asthmatic adolescents were found to be
difference could be established. Therefore, it re- comparable with the values recorded by 11 healthy
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and active non-asthmatic adolescents after perform- provide more data on this topic. Added to this, the
ing three modifications of the WanT.[33] However, suggestion that reduced aerobic abilities in asthmat-
despite the similarities in performance, asthmatic ic children may influence their relative anaerobic
adolescents produced significantly lower plasma metabolism during exercise also needs to be ad-
adrenaline and lactate levels after completing two of dressed in greater detail.[36]

the three WanTs.
3. Asthma and Physical ActivityWhen performing the 30-second all-out WanT,

Counil et al.[36] reported reduced performance in Anecdotal information suggests that children
eight asthmatic boys compared with seven non- with asthma, particularly those with EIA, are not as
asthmatic boys matched for age, anthropometric physically active as non-asthmatic children. Wheth-
characteristics and physical activity. Significantly er it is because asthma is likely to be precipitated by
lower peak and mean power values were produced exercise or that the asthmatic child has chronic
by the asthmatic participants who also demonstrated airway obstruction, the suggestion is that the experi-
lower venous blood lactate values following the test. ence of exercise is not as rewarding as it is for non-
The authors suggested that a reduced anaerobic ca- asthmatic children. Despite the amount of specula-
pacity existed in children with asthma. tion, only a limited number of studies have assessed

By comparison, Boas et al.[32] found no differ- the physical activity levels of asthmatic children,
ences in any of the measures derived from perform- and those that have report differing results. The
ance of the WanT in a group of 22 clinically diag- inherent difficulties associated with accurately re-
nosed asthmatic males aged 7–18 years compared calling habitual levels of physical activity by ques-
with an age- and maturation-matched non-asthmatic tionnaire, particularly in children,[51] may substan-
group. tially affect the quality of the measurement (see

In a more recent study, Counil et al.[34] examined table II for participant characteristics from this sec-
anaerobic fitness in 19 asthmatic boys using the FV tion).
test. These patients were compared with a control
group of 14 non-asthmatic boys who were matched 3.1 Comparable Physical Activity Levels
for age, anthropometric characteristics, pubertal

Nystad[56] assessed the physical activity levels instage and weekly physical activity. The asthmatic
a paediatric cohort of asthmatic and non-asthmaticboys had significantly lower maximal anaerobic
children by administering the ISAAC (Internationalpower than the control group. When divided into
Study of Asthma and Allergies in Childhood)[57]

subgroups on the basis of asthma severity, boys with
questionnaire to 4021 school children in three differ-moderate levels of asthma had lower levels of anaer-
ent areas of Norway. No differences were foundobic power than those with mild asthma.
between the exercise frequency in children who

2.2.1 Summary reported ever having asthma or those with current
There is limited information concerning the ana- asthma when compared with non-asthmatic con-

erobic fitness of asthmatic children and adolescents, trols. Also, there were no differences in the number
thereby making it difficult to forward any definitive of hours spent exercising per week between the
conclusion as to whether asthmatic children and groups. Using the ATS-DLD-78 questionnaire[47] to
adolescents have reduced anaerobic fitness com- estimate physical activity, Wong et al.[24] were una-
pared with their unaffected peers. In particular, with ble to establish any significant association between
a small number of published studies conflicting in physical inactivity and respiratory disease or symp-
relation to the WanT and with sample size limita- toms, including asthma. However, the authors sug-
tions including control group selection, range of gest that Hong Kong Chinese children participate in
asthma severity and single sex, there is a clear need low levels of physical activity, which may contrib-
for further well designed, comprehensive studies to ute to the lack of measured difference. Likewise,
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Table II. Studies investigating asthma and physical activity

Study Participants Age (y) Sex Results

Weston et al.[52] 65 AS, 343 NAS 11–13 NR AS more frequently active than NAS

Crocker et al.[53] 4021 7–16 2030 M, 1991 F Suggest AS have comparable PA levels to NAS

Ford et al.[54] 12 489 AS 18–70+ 82 727 M AS had lower PA levels than former AS and NAS
4892 former AS 82 396 F
147 742 NAS

Mälkiä and 7193 30–89 3251 M, 3942 F AS M and F recorded significantly lower PA questionnaire
Impivaara[55] scores

Welsh et al.[43] 28 AS 10.3–14.6 18 M, 10 F No difference in PAQ-C scores

200 NAS 87 M, 113 F

Wong et al.[24] 57 AS, 1207 NAS 8–12 43 M, 14 F No differences found between children with AS and/or
bronchitis and NAS

AS = asthmatic; F = females; M = males; NAS = non-asthmatic; NR = not reported; PA = physical activity; PAQ-C = Physical Activity
Questionnaire for Children.

Welsh et al.[43] found no differences in the physical than non-asthmatic respondents. Only 27% of the
activity levels of 28 stable mild to moderately asth- current asthmatic individuals were meeting the rec-
matic children and 200 non-asthmatic children. ommended physical activity requirements.[60]

Physical activity in this study was estimated from
3.3 Summaryresponses to the 7-day recall Physical Activity

Questionnaire for Children (PAQ-C).[53]
These data suggest that during childhood and

adolescence, asthmatic individuals have physical ac-
3.2 Differences in Physical Activity Levels tivity levels comparable with those of the normal

paediatric population. The findings of Mälkiä andConversely, Weston et al.[52] found 65 asthmatic
Impivaara[55] and Ford et al.[54] suggest that differ-children to be more frequently active than 343 non-
ences in asthmatic and non-asthmatic physical activ-asthmatic children as measured by a self-adminis-
ity levels may develop during the time of maturationtered questionnaire. Although asthmatic children
from adolescence into adulthood. However, therewere found to experience higher degrees of anxiety
are no published studies that have: (i) utilised simi-prior to exercise, they reported higher school and all
lar methodology; (ii) included an asthmatic group;day physical activity levels. To our knowledge,
and (iii) investigated physical activity over the rangethere appear to be no paediatric studies that have
of early childhood into adulthood. In order to makefound asthmatic children to have lower physical
definitive conclusions about the situation in eitheractivity levels than non-asthmatic children.
children or adults, studies such as these need to beAn adult study conducted by Mälkiä and Im-
carried out.pivaara[55] investigated the level of intensity of phys-

ical activity in 8000 Finnish adults with and without 4. Interaction Between Aerobic Fitness,
bronchial asthma. Physical activity levels at work, Physical Activity and Asthma
during leisure time and whilst commuting were re-
corded using a questionnaire.[58,59] Asthmatic men Although there are several studies focusing on
and women both recorded significantly lower levels physical activity levels and aerobic fitness of indi-
of physical activity in each of the three time periods viduals with asthma, there is little information in the
studied when compared with their non-asthmatic literature assessing the interaction between physical
counterparts. In a study of US adults,[54] participants activity, aerobic fitness and paediatric asthma. A
with current asthma had significantly lower energy number of studies that have measured aerobic fit-
expenditure than former asthmatic individuals who, ness in asthmatic children and non-asthmatic control
in turn, had significantly lower energy expenditure groups have taken into account physical activity;
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however, the participants recruited have been and new-onset asthma. The relative risk of a new
diagnosis of asthma increased in the upper bodymatched for physical activity, thereby preventing
mass index (weight [kg]/height2 [m]) percentiles forany an evaluation of whether a relationship between
both boys and girls. The authors concluded thatasthma, physical activity and aerobic fitness exists.
being overweight significantly increased the relativeThe results of these studies have been equivocal,
risk of developing new-onset asthma in boys andwith some showing reduced fitness[34] and others no
nonallergic children.difference in aerobic performance.[39]

The study by Fink et al.[16] is one of only three to
5. Conclusionhave assessed physical activity and aerobic fitness in

asthmatic and non-asthmatic children without The literature regarding the aerobic fitness of
matching either variable. After being recruited, asth- asthmatic children and adolescents is inconclusive.
matic children were divided into three categories: Whether asthmatic children have different levels of
sedentary, inactive and active. The control group aerobic fitness compared with their non-asthmatic
consisted of only inactive and active participants. counterparts remains unclear. Methodological dif-
No significant differences were found between the ferences have most probably contributed to the con-
exercise performances of asthmatic and non-asth- tradictory nature of the evidence, highlighting the
matic participants. However, the sedentary asthmat- need for further research, particularly concerning
ic participants had significantly lower aerobic fit- the full spectrum of asthma severity.
ness compared with the inactive asthmatic and con- The limited published data suggest that physical
trol groups suggesting a possible dose-related effect. activity levels of asthmatic children and adolescents
Similarly, Welsh et al.[43] found no difference in are equivalent with non-asthmatic children and ado-
physical activity or aerobic fitness between asthmat- lescents. Whilst differences reported in adults sug-
ic children and their counterparts; however, the asth- gest a decrease in physical activity with maturity,
matic children displaying the lowest physical activi- the methodological limitations of questionnaires and
ty levels also recorded the lowest aerobic fitness the need to account for asthma severity makes it
levels, indicative of a possible relationship. Interest- impossible to assess whether there is any difference
ingly, Wong et al.[24] reported children with either in physical activity levels between asthmatic and
asthma or bronchitis to have lower V̇O2max values non-asthmatic children. Again, there is a need for
compared with non-asthmatic children. They report- further work in this area using the more accurate
ed a significant relationship between V̇O2max and techniques of activity monitoring (e.g. accelerome-
physical activity, but could not confirm an associa- try) rather than questionnaires in larger study
tion between physical activity and respiratory dis- groups.
ease or symptoms.
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