
UC Irvine
UC Irvine Previously Published Works

Title
Cardiopulmonary Exercise Testing in Children and Adolescents with High Body Mass Index.

Permalink
https://escholarship.org/uc/item/9v3139bw

Journal
Pediatric exercise science, 28(1)

ISSN
0899-8493

Authors
Cooper, Dan M
Leu, Szu-Yun
Taylor-Lucas, Candice
et al.

Publication Date
2016-02-01

DOI
10.1123/pes.2015-0107
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/9v3139bw
https://escholarship.org/uc/item/9v3139bw#author
https://escholarship.org
http://www.cdlib.org/


Cardiopulmonary Exercise Testing in Children and
Adolescents with High Body Mass Index

Dan M. Cooper, Szu-Yun Leu, Candice Taylor-Lucas, Kim Lu, Pietro Galassetti,
and Shlomit Radom-Aizik
University of California-Irvine

Consensus has yet to be achieved on whether obesity is inexorably tied to poor fitness. We tested the hypoth-
esis that appropriate reference of cardiopulmonary exercise testing (CPET) variables to lean body mass
(LBM) would eliminate differences in fitness between high-BMI ( 95th percentile, n = 72, 50% female) and
normal-BMI (< 85th percentile, n = 142, 49% female), otherwise-healthy children and adolescents typically
seen when referencing body weight. We measured body composition with dual x-ray absorptiometry (DXA)
and CPET variables from cycle ergometry using both peak values and submaximal exercise slopes (peak
VO2, VO2/ HR, WR/ HR, VO2/ WR, and VE/ VCO2). In contrast to our hypothesis, referencing to
LBM tended to lessen, but did not eliminate, the differences (peak VO2 [p < .004] and VO2/ HR [p < .02])
in males and females; WR/ HR differed between the two groups in females (p = .041) but not males (p
= .1). The mean percent predicted values for all CPET variables were below 100% in the high-BMI group.
The pattern of CPET abnormalities suggested a pervasive impairment of O2 delivery in the high-BMI group
( VO2/ WR was in fact highest in normal-BMI males). Tailoring lifestyle interventions to the specific fitness
capabilities of each child (personalized exercise medicine) may be one of the ways to stem what has been an
intractable epidemic.
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Physical fitness and physical activity are essential
components in both the diagnosis and treatment of the 
overweight and obese child and adolescent (8,15,23).
Despite this, evidence-based guidelines do not yet
exist on how best to assess and track physical fitness in
this population. Recently, Hansen and coworkers (21)
reviewed a number of studies focused on assessing fitness
from cardiopulmonary exercise testing (CPET) in obese
adolescents. They were unable to find consensus among
these studies, and reached the following conclusion:
“Whether cardiopulmonary anomalies during maximal 
exercise testing would occur in obese adolescents remains
uncertain. Studies are therefore warranted to examine
the cardiopulmonary response during maximal exercise
testing in obese adolescents” (p. 894).

The purpose of this research was to begin to examine
the relationship between elements of body composition 
(obtained by dual x-ray absorptiometry [DXA]) and
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key physiologic variables obtained from gas exchange
and heart rate (HR) monitoring during CPET in obese 
children and adolescents. CPET primarily measures
cardiovascular and respiratory fitness, which we sum-
marize as the ability of the heart, lungs, and blood vessels
to support gas exchange, nutrients, and the removal of
byproducts of energy metabolism (largely through ATP
turnover) in the working muscles. In typical CPET, gas
exchange measured at the mouth (i.e., oxygen uptake
[VO2], carbon dioxide production [VCO2], and ventilation
[VE]) increases as the workload progresses and reflects
gas exchange in the skeletal muscle (44). Not surprisingly,
muscle mass is a major determinant of peak exercise gas
exchange (9).

Measuring fitness in children (whether normal
weight, overweight, or obese) is complicated because
muscle and fat mass and hormonal regulation of
metabolism and growth change rapidly in children and
adolescents (11,19,40). Consequently, any physiological
variable derived from CPET must be scaled to some index
of body size and maturational status. In the obese child, 
useful scaling of CPET variables is further confounded
because body fat (virtually metabolically inactive during
exercise) may obscure the effect of the metabolically
active muscle tissue when CPET is normalized to body
mass.



Traditional CPET in both children and adults relies
on some assessment of peak or maximal oxygen uptake
using protocols in which the effort performed increases
progressively. Maximal exercise tests are, by definition,
highly dependent on the willingness of each child to
continue exercise at relatively high work rates (WR)
when dyspnea, muscle fatigue, and other stress sensations
are commonly experienced. In some cases, investiga-
tors purposefully do not exhort obese children during
progressive exercise testing. For example, Salvadego
and coworkers (34) studied exercise in a group of obese,
otherwise healthy adolescents and stopped exercise when
the participant achieved a HR of 180 bpm. The authors
noted, “A true maximal test was not performed to avoid
the cardiovascular risks associated with maximal exercise
in obese subjects” (p. R1299). Further, several studies
suggest that obese children and adolescents perceive high-
intensity exercise differently than normal-weight controls
(3,37). It is not surprising that the plateau in oxygen
uptake, the classical physiologic proof that VO2max had
been reached, is found in relatively small proportions of
normal-weight or obese children and adolescents (6).

Consequently, in the current study, in addition to the
VO2max or peak VO2, we used variables obtained from
the submaximal portions of CPET (Figure 1; such as 
dynamic slopes of gas exchange and HR during progres-
sive exercise) which we recently demonstrated might
prove useful when peak VO2 or VO2max values were
questionable (9). Unlike peakVO2, which is derived from

no more than a few data points at the end of a progres-
sive exercise test, the CPET slopes were calculated from
a response continuum of gas exchange, WR, and HR
variables throughout a large portion of the progressive
exercise test. We found that information derived from the
analysis of the submaximal CPET slopes may augment 
peak VO2 data by identifying specific determinants of the
exercise response that relate uniquely to ventilatory and/
or cardiovascular clinical status of the child or adolescent
undergoing testing.

The data from our earlier study of CPET slopes in 
children and adolescents with a body mass index (BMI)
below the 95th percentile showed that many of these
variables, like peak or maximal VO2, were highly corre-
lated with muscle mass. A number of studies have shown
that when lean body mass is appropriately considered, 
CPET measures in children and adolescents with obesity
disorders are largely within normal ranges (12,18). In
contrast, other studies of exercise gas exchange responses
in obese children suggest that obesity impairs fitness,
even when the data are normalized to some estimate of
muscle mass (34) and, as Hansen and coworkers noted
(21), much additional work is needed to develop useful
approaches to assessing cardiorespiratory fitness in the 
child or adolescent with obesity. We reasoned that using
all of the data obtained during CPET (i.e., peak, maximal,
and submaximal), along with DXA estimates of muscle 
mass, would help more accurately assess fitness in the
obese child or adolescent.

Figure 1 — Cardiopulmonary exercise testing (CPET) slopes and peak values. This is a schematic generalization of the determi-
nation of slopes of key CPET variables from a ramp-type cycle ergometry, progressive exercise protocol. Unlike the peak VO2 or
VO2max, which rely on a relatively small set of data obtained during very heavy exercise, the slopes are derived from a much larger
set of data obtained throughout the exercise protocol. See Cooper et al. (9). HR = heart rate; WR = work rate.



Methods

High Body Mass Index Volunteers

We identified 72 children and adolescents aged 8–18
with no serious health conditions whose BMI was 95th
percentile. These participants had a DXA measurement 
within 30 days of the exercise protocol. The high-BMI
participants had participated in 3 UC Irvine Institutional 
Review Board (IRB) approved pediatric exercise research
studies (focused on physical fitness and childhood obe-
sity) where a CPET was performed in our laboratory.

Normal Body Mass Index Volunteers

We used the CPET and body composition data from
142 children and adolescents whose BMI was 85th
percentile as described previously (9). The normal-BMI
group participants had participated in 5 UC Irvine IRB 
approved pediatric exercise research studies, 3 of which
were the same as the high-BMI participants, in the same 
laboratory using identical protocols.

Anthropometric Measurement and Body
Composition
Standard, calibrated scales and stadiometers were used 
to determine weight and height (Table 1). Body com-
position, including lean body mass (LBM), fat mass,
and percent body fat (% fat), were determined by DXA
using a Hologic QDR 4500 densitometer (Hologic Inc., 
Bedford, MA). Participants were scanned in light cloth-
ing while lying supine. On the day of each test, the DXA 
instrument was calibrated using the procedures provided
by the manufacturer and DXA scans were performed and
analyzed using pediatric software.

Measurement of Peak VO2 and Slopes
Each participant performed a ramp-type progressive cycle
ergometry using the SensorMedics metabolic system
(Ergoline 800S,Yorba Linda, CA) and gas exchange was
measured breath-by-breath. Weused peakVO2 which was
calculated as the maximum of 30-second averages (calcu-
lated in 6-s intervals) over the last 2 minutes of exercise.
There is currently no validated, universally-accepted
respiratory exchange ratio (RER) cutoff in children for
the determination of peak VO2. We used RER 1.0, a
criterion recently used in a large study by Rowland and
coworkers (33). For subjects who participated in more
than one study, one test was randomly selected. Appro-
priate assents and consents were obtained from each
participant and his or her parent or guardian by each study.

From the WR, HR, and gas exchange measurements
obtained during CPET, the slopes were calculated using
standard linear regression. We used simple linear approxi-
mations (y = + · x, in which is the slope and is 
the y-intercept).

Statistical Analysis
The linear regression model was applied to evaluate how
body mass (weight and LBM) affects CPET variables
(peak VO2, VO2/ HR, WR/ HR, and VE/ VCO2)
and the 2-sample t test was used to compare the difference
in slope between high-BMI and normal-BMI participants
for males and females separately. The analysis of vari-
ance (ANOVA) was applied to compare difference in

VO2/ WR, peak HR, peak RER, and O2-pulse between
the 4 gender by BMI groups. The post hoc comparisons 
were adjusted using Bonferroni’s method. Descriptive
statistics are presented with mean and standard deviation
(SD). All analyses were performed using SAS 9.4 (Cary,
NC) and the significance level was set at .05.

Table 1 Anthropometric Data in the Study Participants

 Female    Male  

Variable Normal-BMI  High-BMI  Normal-BMI  High-BMI

# of subjects 70  36  72  36

Height (cm) 153.0 ± 14.4  156.6 ± 11.2  157.5 ± 17.7  159.9 ± 17.1

Weight (kg) 44.6 ± 13.0  78.3 ± 21.8  48.4 ± 16.9  74.9 ± 23.3

BMI (kg/m2)

BMI percentile

18.6 ± 2.9

45.5 ± 26.4

 31.2 ± 5.1

98.1 ± 1.1

 18.8 ± 2.8

47.0 ± 23.9

 28.5 ± 4.1

97.7 ± 1.4

Lean body mass (kg) 33.8 ± 9.7  46.7 ± 12.4  40.3 ± 15.3  49.9 ± 17.7

Fat mass (kg) 10.9 ± 4.4  32.0 ± 10.8  8.0 ± 3.1  25.5 ± 8.8

% body fat 24.1 ± 5.3  40.3 ± 5.3  17.3 ± 5.7  34.4 ± 7.2

Note. Data are presented as mean ± SD. BMI = body mass index.



Results
Subject Characteristics
Of the 72 high-BMI participants, 50% were males, 46% 
were Caucasian, 28% were Hispanic, 19% were Asian, 
and 7% were African-American. Of the 142 normal-BMI
participants, 51% were males, 61% were Caucasian, 18%
were Hispanic, 19% were Asian, and 2% were African-
American.

Body Composition
The LBM and body fat averages were, respectively, 33.8
± 9.7 kg and 10.9 ± 4.4 kg for normal-BMI girls, 40.3 ±
15.3 kg and 8 ± 3.1 kg for normal-BMI boys, 46.7 ± 12.4
kg and 32 ± 10.8 kg for high-BMI girls, and 49.9 ± 17.7 
kg and 25.5 ± 8.8 kg for high-BMI boys, The high-BMI
participants had much higher percent body fat compared
with the normal-BMI participants and, as seen in Figure 
2, this pattern was observed across the age span of our
participants.

Cardiopulmonary Exercise Testing
Variables
As shown in Figures 3–5, the CPET variables were highly
correlated with both weight and LBM in the normal- and 
high-BMI participants. Differences between males and
females were also noted in these variables. When using
body weight, the differences between the normal- and
high-BMI groups were most salient. The CPET variables
were all signifi different between normal- and
high-BMI groups (peak VO2: p < .0001; VO2/ HR:
p < .002; and WR/ HR: p < .01). Referencing these 
CPET variables to LBM tended to lessen the differences.
The slopes were still signifi different between
normal- and high-BMI groups for peakVO2 (p < .004) and

VO2/ HR (p < .02). The WR/ HR differed between
the 2 groups in females (p = .041) but not males (p = .1).

The regression line from the normal-BMI subjects 
was then applied to the high-BMI subjects to calculate
the percent predicted CPET value. Figure 6 shows that
the percent predicted of CPET for the majority of high-
BMI subjects were below 100% predicted in all cases

Figure 2 — Scatter plot of fat mass and lean body mass (LBM) vs age. Open circles represent individual with a normal body mass
index (BMI); closed circles represent individual with a high BMI. The high-BMI groups had substantially greater fat mass than
normal-BMI. Lean body mass tended to be greater in the high-BMI, but to a lesser degree than fat mass.



Figure 3 — Peak VO2 and weight and lean body mass (LBM) in normal- and high-BMI male and female children and adolescents.
Open circles represent individual with normal body mass index (BMI); closed circles represent individual with high BMI; dashed
line represents linear regression line for normal-BMI group with equation labeled as NB; solid line represents linear regression line
for high-BMI group with equation labeled as HB. When referenced to body weight, peak VO2 values tended to be much lower in
high-BMI participants. Referencing to LBM reduced values, but did not eliminate the differences.

Figure 4 — VO2/ R and weight and lean body mass (LBM) in normal- and high-BMI male and female children and adolescents.
Open circles represent individual with normal body mass index (BMI); closed circles represent individual with high BMI; dashed
line represents linear regression line for normal-BMI group with equation labeled as NB; solid line represents linear regression line
for high-BMI group with equation labeled as HB. When referenced to body weight, peak O2 values tended to be much
lower in high-BMI participants. Referencing to LBM reduced values, but did not eliminate the differences.



Figure 5 — WR/ HR and weight and lean body mass (LBM) in normal- and high-BMI male and female children and adolescents.
Open circles represent individual with normal body mass index (BMI); closed circles represent individual with high BMI; dashed
line represents linear regression line for normal-BMI group with equation labeled as NB; solid line represents linear regression
for high-BMI group with equation labeled as HB. When referenced to body weight, values tended to be much lower in
high-BMI participants. Referencing to LBM eliminated the differences.

and ranged between 39% and 125% when referenced to 
body weight and between 57% and 143% when refer-
enced to LBM.

VE/ VCO2 decreased with weight and LBM and
the slope difference was significant (p < .03) between
the high- and normal-BMI girls but not between boys
(p > .45).

There was a significant difference (p = .0003) in
VO2/ WR among the 4 gender by BMI groups. The post

hoc comparisons showed that normal-BMI boys (10.8
± 1.6 mL/min/W) had a small but significantly higher

VO2/ WR than high-BMI boys (10.0 ± 1.5; adjusted p
= .047), normal-BMI girls (9.8 ± 1.2; adjusted p < .001), 
and high-BMI girls (9.9 ± 1.4; adjusted p = .017).

There were also significant differences in peak HR (p
= .019), peak RER (p < .0001), and O2 pulse (p < .0001) 
among the groups. The high-BMI girls had significantly
lower HR (183.3 ± 10.7 beat/min; adjusted p < .05) than 
normal-BMI girls (189.3 ± 10.1), high-BMI boys (189.1
± 10.0), and normal-BMI boys (189.9 ± 10.2). The peak
RER was significantly lower for high-BMI girls (1.10 ±
0.05) and high-BMI boys (1.10 ± 0.06) compared with
normal-BMI girls (1.15 ± 0.07; adjusted p < .005) and 
normal-BMI boys (1.14 ± 0.08; adjusted p < .03). The
normal-BMI girls had significantly lower O2 pulse (8.9 ±

3.2 mL/beat; adjusted p < .01) than boys (normal-BMI:
12.1 ± 5.1; high-BMI: 11.6 ± 4.6), while the high-BMI 
girls (10.2 ± 2.7; adjusted p > .25) had no difference
with any group.

Discussion
This exploratory research provides new insights into
the relationship between physical fitness and body com-
position in children and adolescents with normal- and 
high-BMI and likely to suffer from lifespan health dis-
orders related to obesity. Strengths of the study included
the simultaneous measurement of body composition
and CPET using both maximal and submaximal gas
exchange and HR variables in a sizeable cohort of chil-
dren and adolescents. The lack of consensus regarding
fitness levels in obese children and adolescents as well
as earlier observations from this and other laboratories
led us to hypothesize that apparent reductions in fitness
in high-BMI children and adolescents compared with 
normal-BMI participants would be largely eliminated
if the CPET values were referenced to LBM rather than
weight. Although referencing these values to LBM less-
ened the discrepancies in fitness between the 2 groups, 
the data suggested that the child or adolescent with a BMI



Figure 6 — Percent predicted values of peak VO2, and O2 in high body mass index (BMI) males and females.
We used linear regressions from the normal-BMI participants to determine expected values of peak VO2, and O2
using either weight (W) or lean body mass (LBM). Consistent with the data shown in Figures 3–5, referencing to LBM reduced 
differences but values were still lower in the high-BMI participants despite the improvement.

95th percentile has a substantial risk of reduced fitness
as well. The reduced fitness in high-BMI participants was
detected by submaximal variables derived from CPET,
namely, the the O2 The differ-
ences between high- and normal-BMI groups were also 
seen when using peak VO2 to an even greater degree than
for the submaximal values.

A number of recent studies have pointed out that
while a high-BMI is suggestive of obesity (defined in
terms of percent body fat), high-BMI is not interchange-
able with obesity disorders as in some cases the high BMI
results from muscle mass rather than fat mass (31,32,43).
Our data showed that the high-BMI group had inordi-
nately high body fat mass compared with normal-BMI
children and adolescents (Figure 2). In parallel, muscle 
mass was higher in the high-BMI children and, as Ervin
and coworkers recently noted, heavier body weight in
children and adolescents was associated with increased
muscular strength but only in those tests of strength that
did not involve moving all of body weight (14). The
observation of systematic increases in lean body mass
in high-BMI subjects (with and without elevated body
fat) highlights the importance of referencing muscle
mass per se when attempting to compare fitness levels
in overweight children and adolescents.

The observation that both CPET submaximal values
and peak VO2 were lower in the high-BMI group despite
referencing to LBM is particularly salient.VO2max or peak

VO2, considered to be the “gold standard” of fitness (42),
may by itself be difficult to interpret in any child with
a chronic disease or condition. For example, in a recent
large study of children and adolescents (mean age 12.3 y)
who had undergone the Fontan correction for congenital
heart disease during childhood, only 166 of 411 patients 
(40%) achieved an acceptable VO2max using current cri-
teria (30). As noted earlier, some researchers are hesitant
to cajole and push these children as hard as they would
normal-weight children (34). Further, obese children may
not push themselves as hard as normal-weight children in
the high-intensity range of exercise that typifies peak or
maximal VO2. Shim and coworkers (37), in obese children
with asthma, and Marinov and coworkers (28), in other-
wise healthy obese children, for example, noted greater
sense of breathlessness at high WRs than in normal-BMI
children. Salvadego et al. (35), in a recent elegant study,
showed that by reducing the work of breathing using
heliox, obese adolescents improved their rate of perceived
exertion during high-intensity exercise.

In our study, the high-BMI boys and girls tended
to have slightly lower peak HR and RER than did the
normal-BMI participants. This might reflect the reluc-
tance of the high-BMI participants to push themselves
at high WRs when exercise becomes stressful. Alter-
natively, there may be physiological obesity-related
mechanisms as well. For example, lower peak HR could
result from autonomic impairment in heart rate control



associated with obesity (13). Lower RER could be caused
by increased work of breathing at high WRs leading to
relatively reduced CO2 output near peak exercise.

The and 2 slopes refl a
useful physiological response supplying the clinician
with insights (albeit, indirect) into cardiac function and 
muscle perfusion (9). Resting VO2 and VO2 at unloaded
(0-W) pedaling are elevated in obese subjects because
of their greater body mass and the work associated with
it (5). Once pedaling on the ergometer has commenced
and remains at a constant rate as work increases, this
particular effect of body mass will have less of an influ-
ence on the slopes of CPET parameters because the work
of moving the legs themselves (in contrast to the work
imposed by the ergometer) does not change as exercise
progresses.

Submaximal CPET slopes, and the
VO2 were less than expected even when refer-

enced to LBM. There is increasing evidence that the
matching of tissue perfusion with local metabolic demand
during exercise is impaired in obesity even before frank
atherosclerotic vascular disease develops (1). Recent
studies have shown that even at rest, subclinical abnor-
malities in vascular and cardiac function are detectable
using sophisticated imaging techniques in obese youth 
(10,36). Moreover, Sunagawa and coworkers (39) sug-
gested in 1984 that an abnormal VO2-HR slope could
indicate cardiac impairment during exercise in children.
Data from both human and animal models indicate that 
this impairment results from interrelated mechanisms of 
chronic inflammation, neuroadrenergic dysregulation,
altered fiber-type distribution in skeletal muscle, and
endothelial damage (17,20,26). Brun and coworkers (7)
demonstrated interactions between abdominal obesity,
circulating lipids, and increased blood viscosity. The
latter phenomenon could potentially inhibit oxygen
delivery, even in the range of submaximal exercise. Other
factors, such as impaired peripheral nervous system func-
tion associated with obesity (24), could also contribute
to the lower than expected exercise responses in many
high-BMI children and adolescents.

Muscle hypertrophy occurs in many children and
adolescents with obesity disorders, possibly in response 
to the abnormalities in matching perfusion to muscle
demand. The increased muscle mass, which we observed
in our high-BMI participants, can obscure abnormalities 
in exercise responses measured by traditional CPET when
normalized to muscle mass; but there is evidence that
the hypertrophic muscle in obese patients is abnormal
with respect to voluntary fatigue and relative strength
(27). Substantiating the hypothesis that inordinately high
levels of body fat could impair oxygen delivery was an
observation we made in a recent study of children and
adolescents with BMI < 95th percentile (12). Even in this
group, we found that percent body fat was significantly,
albeit to a very small degree, inversely correlated with
VO2peak, and 2 suggesting that
exercise testing might prove to be an early indicator of
vascular dysfunction in the overweight or obese child.

One key assumption in interpreting CPET variables
is that the change in WR measured on the cycle ergom-
eter accounts for virtually all of the increase in external
work performed as exercise progresses. In obesity, this
assumption may not hold (2). For example, the work of
breathing may substantially increase nonlinearly (even as
WR increases linearly) because respiratory rate and tidal 
volumes increase as exercise progresses and the work of
breathing in the obese individual is substantially greater
because of chest wall mass and the resistive effects on
the diaphragm of increased visceral abdominal fat. The
study of Salvadego et al. (35) supports the notion that
work of breathing is inordinately high and increases
nonlinearly in obese subjects. We did not observe sub-
stantial abnormalities in the 2, suggesting that
despite an increase in work of breathing, abnormalities
in dead space or respiratory control that do influence
the 2 in lung diseases such as cystic fibrosis
(29), respiratory physiology remained largely intact in
the high-BMI group.

In this context, our data may actually have under-
estimated the impairment in fi in the high-BMI
group. We found that the O2 was actually higher
in the normal-BMI boys than in the high-BMI groups.

VO2 is the inverse of the thermodynamic work
efficiency, which had been assumed to be independent
of body size as it was proposed to represent the stoichi-
ometry of ATP rephosphorylation during exercise (45).
However, it has become clear that the O2 can be
influenced by cardiac output and muscle blood flow and
perfusion (41), and not solely by the oxygen required to 
rephosphorylate ADP. In the case of the high-BMI group
in our study, if the work of breathing increased nonlin-
early as ergometer work increased (again, as hinted in
the Salvadego study [35]), then the lower O2 in
the high-BMI individuals could indicate impaired oxygen
delivery since the actual work performed would be greater
than the gauged solely from the cycle ergometer.

As recently noted by Hansen and coworkers (21),
consensus regarding CPET in obese adolescents has yet
to be reached. There may be differences in the effect of
obesity on CPET as children age. For example, earlier
work Goran et al. (18) and Salvadego et al. (34) found
that when normalized to fat free mass, peak VO2 in high-
BMI prepubertal children did not differ from controls.
Neither of these earlier studies included adolescents.
Interestingly, in our data of the high-BMI subjects, we
observed a mild inverse correlation (r = –.36) between
percent predicted peak VO2 (referenced to LBM) and age,
suggesting the hypothesis that peak exercise values are
more affected in adolescents than in younger children.
The correlation between age and VO2/HR and WR/HR
slopes (referencing to LBM) were –.3 and –.19, respec-
tively. When referencing to weight, the correlations were
between –.05 and –.15.

Despite this improvement in the specificity of CPET
to identify poor fitness using slopes and LBM reference 
approaches, our data suggest that a significantly high pro-
portion of children and adolescents with high BMI have



less than predicted fitness. The pervasiveness of impaired
physiological fitness in obese children has been observed
by others using approaches to measure cardiorespiratory 
fitness that do not involve maximal testing. For example,
Salvadego and coworkers (34) recently quantified the
response time of VO2 at the onset of exercise in a group
of obese adolescents and found the response times to be 
prolonged compared with normal-weight controls. They
further observed that VO2 continued to increase in some
obese adolescents during constant (unchanging) WR
exercise testing at levels of exercise where VO2 did not
increase in nonobese subjects. The authors speculated 
that the gas exchange data suggested impairment of skel-
etal muscle oxidative metabolism. Qualitatively similar
prolongation of exercise recovery times were also found
recently in obese prepubertal children by a number of 
investigators (25,38).

Our data highlight the need to accurately reference 
CPET data to some estimate of muscle mass, the key driv-
ing tissue in exercise testing. In children and adolescents
with obesity disorders, many subjects have apparently
normal fitness, and one must wonder whether impos-
ing additional physical interventions on these children
would be productive. However, our data do suggest that
in otherwise healthy, high-BMI children and adolescents,
there seems to be a deleterious effect of increased body
fat on CPET. Moreover, access to sophisticated CPET
and DXA measures of fitness and body composition are 
not typically available to primary care providers. Simpler
and less expensive approaches will be necessary if we are
to provide clinicians with useful biomarkers to diagnose
and treat obesity disorders. Given the complexities of
obesity disorders in children and adolescents, tailoring 
lifestyle interventions to the specific fitness capabilities
of each child (personalized exercise medicine [4,16,22])
may be one of the ways to stem what has been an intrac-
table epidemic.
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