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Impaired Cardiac Function Among
Obese Adolescents
Effect of Aerobic Interval Training
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Asbjorn Stoylen, MD, PhD; Ulrik Wisloff, PhD

Objectives: To measure cardiac function before and af-
ter 3 months of aerobic interval training in obese ado-
lescents and to compare the findings with those in lean
counterparts.

Design: Exercise intervention study. Cardiac function
was assessed by echocardiography and maximal oxygen
uptake by ergospirometry.

Setting: The obese adolescents were referred from gen-
eral practice to the St Olav University Hospital, Trond-
heim, Norway, and the control group was recruited from
2 schools.

Participants: Ten obese adolescents (mean [SD] age, 14.8
[1.2] years; mean [SD] body mass index {BMI; calculated
as weight in kilograms divided by height in meters squared},
33.5 [4.3]) and 10 lean counterparts (mean [SD] age, 14.9
[1.3] years; mean [SD] BMI, 20.4 [3.0]) participated.

Intervention: Aerobic interval training (4�4 minutes
at 90% of maximal heart rate, 40 minutes of training in
total) was performed twice per week for 13 weeks among
the obese adolescents, whereas the lean counterparts only
performed the tests.

Main Outcome Measures: Left ventricular end-dia-
stolicvolume, strokevolume,andmaximaloxygenuptake.

Results: Maximal oxygen uptake was 41.4% lower
among the obese adolescents compared with the lean
counterparts, but the maximal oxygen uptake increased
by 8.6% (P=.008) after intervention. Obese adolescents
initially had 7.8% and 14.5% lower left ventricular end-
diastolic and stroke volumes, 21.3% reduced global strain
rate and 16.3% global strain, reduced mitral annulus ex-
cursion and systolic/diastolic tissue velocity, longer iso-
volumic relaxation time, and longer deceleration time
compared with the lean counterparts. No group differ-
ence was observed after the intervention. Aerobic inter-
val training increased the ejection fraction but was lower
compared with the lean counterparts. Aerobic interval
training reduced fat content by 2.0% (P=.005) among the
obese adolescents.

Conclusions: Aerobic interval training almost restored
an impaired systolic and diastolic cardiac function among
obese adolescents when compared with lean counter-
parts. These results may have implications for future treat-
ment programs for obese adolescents.

Trial Registration: clinicaltrials.gov Identifier:
NCT00184236
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O BESITY IN ADOLESCENCE IS

a major threat to public
health and is associated
with reduced longev-
ity.1,2 The prevalence of

overweight and obesity in adolescents has
nearly tripled in the past 2 decades in the

United States,3 and overweight adoles-
cents often become obese as adults.4 Pa-
rentalobesity increases the riskofadultobe-
sity by 2- to 3-fold among both obese and
nonobese children younger than 10 years.5

Obesity in adolescence increases the risk
for premature death and disease, indepen-
dent of obesity during adulthood.6 The as-
sociations are stronger in boys than in girls

and increasewith theageof thechild inboth
sexes.7

Obesity in adolescence is associated
with an increased risk of type 2 diabetes
mellitus, hypertension, stroke, certain can-
cers, disability, sleep apnea, metabolic syn-
drome, liver disease, and cardiovascular
disease.8 Cardiovascular risk factors are el-
evated in overweight youth with body mass
index (BMI; calculated as weight in kilo-
grams divided by height in meters squared)
in the 85th to 95th percentile, with fur-
ther abnormalities in those with obesity
(BMI �95th percentile), suggesting that
even modest degrees of excess adiposity
contribute to cardiovascular risk.9

New echocardiographic techniques such
as tissue Doppler imaging can quantify
myocardial function and have been shown
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to detect subclinical heart disease.10 Strain and strain rate
quantify regional myocardial deformation.11 An Italian
study showed a significant impairment of longitudinal myo-
cardial deformation (strain and strain rate) in obese chil-
dren involving both the left ventricle (LV) and the right
ventricle compared with healthy, lean children.12 Other
myocardial deformation imaging studies in obese adults
have shown the same.13

Obese adolescents have a reduced maximal oxygen up-
take (V̇O2max) compared with normal-weight controls.14

Physical activity protects against disease independent of
body shape and size, and an increase of physical fitness
in children and adolescents could reduce the risk of obesity-
related comorbidities.15 Although promotion of physical
activity is recommended in obesity treatment and preven-
tive interventions in adolescence, limited data are avail-
able for the quantity and quality of physical activity to pre-
vent or treat obesity.16,17 Aerobic interval training is an
effective type of exercise for improved cardiac function in
healthy individuals18 and in individuals with postinfarc-
tion heart failure,19 but to our knowledge this has never
been studied in obese adolescents.

The purposes of this study were to evaluate the effect
of aerobic interval training on LV performance among
obese adolescents and to compare the findings with those
in lean counterparts.

METHODS

STUDY POPULATION

We investigated 10 obese adolescents (mean [SD] age, 14.8 [1.2]
years; age range, 13-16 years; 4 girls) and compared them with
10 lean, healthy subjects of comparable age and sex (mean [SD]
age, 14.9 [1.3] years; age range, 13-16 years; 4 girls). The obese
adolescents were referred to St Olav University Hospital, Trond-
heim, Norway, from general practice for management of over-
weight and obesity, and the inclusion criterion was BMI for age
greater than �2 SDs.20 The control group was recruited from
2 randomly chosen schools. All adolescents who underwent the

test for study purposes gave written informed consent to-
gether with their parents, and the protocol was approved by
the Regional Committees for Research Ethics in Norway. The
clinical details of the study population are given in Table 1.

ANTHROPOMETRIC MEASUREMENTS
AND BLOOD PRESSURE

The BMI was calculated as weight in kilograms divided by height
in meters squared. Dual-energy x-ray absorptiometry (Discov-
ery A; Hologic, Inc, Bedford, Massachusetts) was used to mea-
sure total body composition and fat content. Waist circumfer-
ence was measured in expiration, midway between the lower
lateral costal margin and the iliac crest, with the subject stand-
ing. Blood pressure was measured 3 times after 5 minutes of rest
in a sitting position and the last 2 measurements were averaged.

TESTING OF MAXIMAL OXYGEN UPTAKE
AND MAXIMAL HEART RATE

Before measurements of maximal oxygen uptake (V̇O2max) were
taken, the subjects were informed about the test and instructed
to exercise to their maximal limit. The test started on a flat tread-
mill and the speed and inclination were individually adjusted (3-6
km/h and 0%-5%, respectively) for a 10-minute warm-up. After
the warm-up period, a mask was placed on the subject’s face for
metabolic measurements using MetaMax II (Cortex, Leipzig, Ger-
many). The V̇O2max test was performed using a ramp protocol
where the speed was constant and the incline increased 2% ev-
ery second minute until the V̇O2max was reached. The test has
been previously described in detail.21 Heart rate was continu-
ously recorded using a Polar Sport Tester (Polar Electro OY, Kem-
pele, Finland) to obtain the maximal attainable heart rate. The
criteria for V̇O2max were a leveling off in oxygen uptake despite
increased workload, plus a respiratory exchange ratio of 1.05 or
higher, which was achieved in all individuals.

AEROBIC INTERVAL TRAINING

Aerobic interval training was performed only among the obese
adolescents as walking or running with elevation on a tread-
mill twice a week for 13 weeks. The exercise started with a

Table 1. Baseline Characteristics Among Obese and Lean Adolescents

Supine Value

Mean (SD) P Value

Lean
(n=10)

Obese Before
Intervention

(n=10)

Obese
After 3-mo

Intervention

Lean vs
Obese Before
Intervention

Lean vs Obese
After 3-mo

Intervention

Obese Before
Intervention vs Obese

After 3-mo Intervention

Heart rate, beats/min 62.0 (7.5) 79.1 (7.8) 67.3 (8.2) �.001 .27 .04
Blood pressure, mm Hg

Systolic 115.0 (10.3) 125.1 (13.8) 117.9 (13.5) .05 .50 .008
Diastolic 62.4 (7.2) 71.8 (7.1) 62.6 (7.3) .005 .79 .004

V̇O2max
L/min 3.06 (0.74) 3.00 (0.78) 3.21 (0.96) .86 .70 .03
mL/kg/min 51.5 (7.8) 30.2 (4.5) 32.8 (6.6) �.001 �.001 .02
mL/kg0.75/min 142.6 (21.7) 96.7 (20.0) 102.8 (21.8) �.001 .002 .03
mL/LBM0.75/min 166.5 (17.9) 140.0 (14.5) 149.8 (16.8) �.001 .003 .02

BMI 20.4 (3.0) 33.5 (4.3) 33.2 (4.1) �.001 �.001 .45
Waist circumference, cm 75.6 (6.5) 106.6 (10.0) 103.2 (10.6) �.001 �.001 .001
Weight, kg 60.4 (11.2) 99.2 (20.3) 99.2 (20.9) �.001 �.001 .98
Height, cm 171.6 (9.6) 171.4 (11.6) 172.3 (11.6) .99 .99 .98

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); LBM, lean body mass in kilograms; V̇O2max,
maximal oxygen uptake.
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warm-up period of 10 minutes at 70% of the maximal heart rate
followed by an interval of 4 minutes at 90% to 95% of the maxi-
mal heart rate and then 3 minutes of active recovery at 70% of
the maximal heart rate, for a total of 4 intervals. The training
session ended with a 5-minute cool-down period, giving a total
of 40 minutes of training. Every training session was super-
vised by an instructor. The criterion for a completed exercise
program was 80% compliance with the training program.

ECHOCARDIOGRAPHY

Image Acquisition

Full resting echocardiography was performed with a Vivid 7 scan-
ner (GE Vingmed Ultrasound, Horten, Norway) using a phased-
array matrix transducer. Three cine loops from the 3 standard
apical planes (4-chamber, 2-chamber, and long-axis planes) were
recorded in tissue Doppler mode with simultaneous grayscale
harmonic images. The pulse repetition frequency was between
1.0 and 1.5 kHz. At rest, the grayscale mean frame rate was 36.1/s
(range, 31-51/s) and the mean tissue Doppler frame rate was
131.2/s (range, 100-160/s). At peak exercise echo grayscale, the
mean frame rate was 27.8/second (range, 25-39/s) and the mean
tissue Doppler frame rate was 110.4/s (range, 100-154/s). The
LV standard Doppler echocardiographic indices were mea-
sured, and body surface area (in meters squared) by the Dubois
formula was used to normalize cardiac dimensions for differ-
ences in body size. Ejection fraction and LV volumes were de-
termined using a biplane (apical 4- and 2-chamber) modified Sim-
psons method. Stroke volume was determined by pulsed-wave
Doppler imaging of the aortic outlet in the 4-chamber view. Peak
early (E) and late (A) mitral inflow velocities and deceleration
time of early filling velocity were measured using pulsed-wave
Doppler imaging at the leaflet tips. Isovolumic relaxation time
(IVRT) was also measured by pulsed-wave velocity. Peak mitral
annular systolic (S�) and diastolic early (e�) and late (a�) tissue
velocities were obtained in the pulsed-wave Doppler mode at rest
and by color tissue Doppler imaging at exercise. The ratio E/e�
was calculated for a measurement of LV filling pressure. Mitral
annulus excursion by color tissue Doppler and pulsed-wave tis-
sueDopplervelocitiesweremeasuredat theatrioventricularplane
in 4- and 2-chamber views and a mean of the 4 points was used.

Analysis of Myocardial Deformation

For automated identification of myocardial segments, we used
a customized postprocessing system (GcMat; GE Vingmed Ul-
trasound) that runs under Matlab (MathWorks, Inc, Natick,
Massachusetts).22 In each apical view, the apex and mitral ring
points were identified and the endocardial border was drawn
automatically. The myocardium was divided into 6 equal seg-
ments, subject to manual adjustment. Tracking was done axi-
ally (along the ultrasound beam) by tissue Doppler data and
laterally by speckle tracking.23 The timing of aortic valve op-
ening and closure was automatically defined using tissue Dop-
pler imaging.24 Strain rate was calculated from the velocity gra-
dient along the ultrasound beam, and strain was calculated as
the temporal integral of strain rate, corrected from Eulerian strain
rate to Lagrangian strain. The strain length was 10 to 15 mm.

Tissue Doppler imaging measurements included peak sys-
tolic strain rate, determined as the maximal negative strain rate
value during ejection time, and end-systolic strain, deter-
mined as the magnitude of strain at aortic valve closure. Mea-
surements were made in 16 segments from 3 apical views for
all 20 subjects. The apical septal segments and the apical lat-
eral segments of the 4-chamber and long-axis views were av-
eraged to achieve 16 segments. Global strain rate and global
strain were calculated as the mean value of all 16 segments or
the number of segments available per individual.

Intraobserver and interobserver variabilities have been tested
in earlier studies.22,25,26

In all, 1620 myocardial segments were analyzed. Strain rate
could be analyzed in 88% of the segments, and strain could be
analyzed in 86% of the segments.

EXERCISE STRESS ECHOCARDIOGRAPHY

Exercise echocardiography was performed on a cycle ergom-
eter to submaximal level. After the resting images had been ob-
tained, the individuals exercised on a cycle ergometer in an up-
right position starting at 50 W and increasing every 3 minutes
to 75 W and 100 W. Recordings were done at baseline and at
100 W assessing apical 4-chamber, 2-chamber, and long-axis
views in B-mode and tissue Doppler imaging. Electrocardiog-
raphy was monitored during the test. All study subjects achieved
the workload of 100 W.

Table 2. Systolic Echocardiographic Variables and Left Ventricular Volumes

Supine Value

Mean (SD) P Value

Lean
Obese Before
Intervention

Obese
After 3-mo

Intervention

Lean vs
Obese Before
Intervention

Lean vs Obese
After 3-mo

Intervention

Obese Before
Intervention vs Obese

After 3-mo Intervention

MAE, mm 14.6 (1.0) 12.8 (1.2) 15.1 (1.5) .02 .16 �.001
S�, cm/s 10.8 (0.9) 9.5 (0.9) 10.4 (1.0) .02 .43 .002
Global strain rate, s-1 −1.69 (0.23) −1.33 (0.11) −1.68 (0.17) �.001 .99 �.001
Global strain, % −23.3 (1.6) −19.5 (2.8) −22.1 (7.2) .003 .88 .02
Stroke volume, mL 74.1 (13.6) 78.2 (13.6) 91.4 (15.7) .82 .02 .007
SVI, mL/m2 43.5 (6.2) 37.2 (4.5) 43.3 (5.1) �.001 .62 .05
Cardiac output, L/min 4.6 (0.7) 6.4 (0.8) 6.4 (1.2) �.001 �.001 .78
Cardiac index, L/min/m2 2.7 (0.4) 3.0 (0.5) 3.0 (0.4) .09 .17 .62
V̇maxLVOT, m/s 1.15 (0.12) 1.03 (0.06) 1.19 (0.15) .048 .48 .04
Fractional shortening, % 40.1 (2.9) 36.0 (4.9) 40.9 (4.9) .04 .51 .004
Ejection fraction, % 63.9 (3.1) 56.9 (3.6) 60.8 (4.5) �.001 .01 .04
LVEDV, mL 100.0 (22.6) 114.4 (17.8) 120.1 (17.9) .04 .03 .002
LVEDVI, mL/m2 58.8 (11.5) 54.2 (3.4) 56.7 (3.2) .02 .65 .004
LVESV, mL 36.4 (8.7) 49.0 (6.4) 49.2 (9.1) .001 .004 .93

Abbreviations: LVEDV, left ventricular end-diastolic volume; LVEDVI, left ventricular end-diastolic volume index; LVESV, left ventricular end-systolic volume;
MAE, mitral annulus excursion; S�, peak systolic tissue velocity; SVI, stroke volume index; V̇maxLVOT, maximal velocity in left ventricular outflow tract.
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STATISTICAL ANALYSIS

Analyses were carried out using a standard statistical software
program (SPSS version 15.0 statistical software; SPSS Inc, Chi-
cago, Illinois). Measurements are presented as mean (stan-
dard deviation). Analysis of variance was used to compare con-
tinuous variables between groups, with the Scheffe method to
correct for multiple comparisons. Pearson �2 test was used for
categorical data. Multiple regression analysis was used to es-
tablish which parameters were independent correlates of peak
systolic strain rate. The method of Bland and Altman was used
for variability analysis. A value of P� .05 was considered sta-
tistically significant.

RESULTS

BASELINE CHARACTERISTICS

The clinical characteristics of the obese and lean adoles-
cents are summarized in Table 1. Among the obese sub-
jects, 6 had a BMI for age greater than �3 SDs (4 boys)
and 4 had a BMI for age greater than �2 SDs (2 boys).
The mean (SD) BMIs were 33.5 (4.3) for the obese ado-
lescents and 20.4 (3.0) for their lean counterparts
(P� .001). Aerobic interval training reduced waist cir-
cumference by 3.2% (P=.001) and fat content from 41.5%
to 39.5% (P=.005), whereas BMI remained unchanged
among the obese subjects (P=.45) (Table 1).

All of the obese adolescents completed the training,
and the compliance was 85.0%.

At both pretest and posttest, the oxygen uptake lev-
eled off despite an increased work load and the respira-
tory exchange ratio was greater than 1.10 for all sub-
jects, indicating that the true V̇O2max was reached. In
the obese subjects, aerobic interval training increased
V̇O2max by 8.6% (P=.008), but the V̇O2max was still
lower than that observed in lean counterparts (32.8 vs
51.5 mL/kg/min, respectively; P� .001). Systolic and
diastolic blood pressures as well as resting heart rate
were lower for the lean subjects (Table 1). There was
no significant difference in maximal heart rate between
the obese adolescents and the lean counterparts (mean
[SD], 200.6 [10.0] vs 202.0 [6.2] beats/min, respec-
tively; P=.71).

LV VOLUMES AND SYSTOLIC FUNCTION

Compared with lean control subjects, obese adolescents
had larger absolute LV end-diastolic volumes (EDVs)
(114.4 mL vs 100.0 mL, respectively; P = .04) but
smaller relative LVEDVs when normalized to body sur-
face area (54.2 vs 58.8 mL/m2, respectively; P=.02). The
LV end-systolic volume expressed absolutely (in milli-
liters) was 34.6% larger in obese adolescents but simi-
lar to that observed in lean counterparts when normal-
ized to body surface area (Table 2). The LVEDV
index, but not the LV end-systolic volume, was nor-
malized after the exercise training period (Table 2 and
Figure 1).

All indices of systolic function were impaired in obese
adolescents compared with lean counterparts: 14.5% re-
duction in stroke volume (in milliliters per meters

squared), 11.1% reduction in ejection fraction, 10.2% re-
duction in fractional shortening, 12.3% lower mitral an-
nulus excursion, 12.0% lower peak systolic tissue veloc-
ity, 21.3% reduction in global strain rate, and 16.3%
reduction in global strain.

After 13 weeks of aerobic interval training in obese
adolescents, all markers of systolic function were im-
proved to levels comparable to those of their lean coun-
terparts (Table 2 and Figure 2).
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Figure 1. Effect of exercise on diastole. Changes after exercise intervention for
diastolic echocardiographic variables stroke volume index (SVI) (A), left
ventricular end-diastolic volume index (LVEDVI) (B), and peak early diastolic
tissue velocity (e�) (C), with SVI an end-diastolic volume between obese
adolescents (n=10) and lean counterparts, with supine values. Mean values for
obese adolescents are shown before and after intervention and mean values are
shown for the lean counterparts. Error bars indicate standard deviation.
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DIASTOLIC FUNCTION

The IVRT and deceleration time were significantly pro-
longed by 12.8% and 30.5%, respectively, and e� was
12.9% lower in the obese adolescents compared with the
lean counterparts at baseline (Table 3). The E/A value
was equal among the groups (Table 3). After training,
there were no differences between the groups in e�, IVRT,
and deceleration time (Figure 1). The E/e� value was

higher at baseline among the obese adolescents but within
normal limits, with no effect of the exercise interven-
tion (P=.76) (Table 3).

EXERCISE STRESS ECHOCARDIOGRAPHY

Table 4 summarizes the hemodynamic response to ex-
ercise stress echocardiography. The target workload of
100 W was achieved in all study subjects. All subjects
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Figure 2. Effect of exercise on systole. Changes after exercise intervention for the systolic echocardiographic variables global strain rate (A), global strain (B),
mitral annulus excursion (MAE) (C), and peak systolic tissue velocity (S�) (D) are shown between obese adolescents (n=10) and lean counterparts, with supine
values. Mean values for obese adolescents are shown before and after intervention and mean values are shown for the lean counterparts. The P values are
between the lean counterparts and the obese adolescents after intervention. Error bars indicate standard deviation.

Table 3. Diastolic Doppler and Tissue Doppler Imaging Variables

Supine Value

Mean (SD) P Value

Lean
Obese Before
Intervention

Obese
After 3-mo

Intervention

Lean vs
Obese Before
Intervention

Lean vs Obese
After 3-mo

Intervention

Obese Before
Intervention vs Obese

After 3-mo Intervention

E, cm/s 92.8 (13.4) 101.1 (16.3) 102.6 (16.8) .22 .97 .80
e�, cm/s 17.8 (1.3) 15.5 (1.4) 16.5 (1.3) .004 .07 .046
E/e� 5.2 (0.8) 6.6 (1.0) 6.4 (1.1) .02 .04 .76
E/A 1.9 (0.5) 2.0 (0.4) 2.1 (0.5) .92 .45 .45
A, cm/s 49.5 (11.1) 53.9 (15.6) 50.8 (8.4) .47 .97 .51
DT, ms 109.7 (15.1) 143.1 (17.9) 121.0 (20.8) �.001 .13 .02
IVRT, ms 46.8 (8.8) 52.8 (3.9) 47.3 (6.9) .04 .76 .002

Abbreviations: A, peak late diastolic mitral flow; DT, deceleration time; E, peak early diastolic mitral flow; e�, peak early diastolic tissue velocity; IVRT, isovolumic
relaxation time.

(REPRINTED) ARCH PEDIATR ADOLESC MED/ VOL 164 (NO. 9), SEP 2010 WWW.ARCHPEDIATRICS.COM
856

©2010 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023



had a fusion of the E and A waves at peak exercise and
were therefore comparable at peak, but not with resting
values with separate E and A waves. The impaired car-
diac function among the obese subjects was even more
pronounced during exercise, with a lower mitral annu-
lus excursion of 24.1%, a maximal velocity of the LV out-
flow tract (V̇maxLVOT) of 32.1%, a flow velocity time in-
tegral of the LV outflow tract (V̇TILVOT) of 16.4%, an S�
of 19.3%, a global strain rate of 31.8%, and a global strain
of 21.8% compared with lean counterparts.

Furthermore, e� was reduced by 18.1% and E/e� in-
creased by 19.8%. At peak exercise, mitral annulus ex-
cursion, V̇TILVOT, S�, global strain, global strain rate, and
e� increased after intervention and there were no differ-
ences after 3 months between the obese and lean ado-
lescents except for V̇maxLVOT. After the intervention, the
E/e� value in obese adolescents decreased to the same level
as that of the lean counterparts at peak exercise.

COMMENT

The main findings in this study were that obese adoles-
cents had substantially reduced LV size and function both
at rest and during exercise when compared with lean
counterparts. Additionally, 26 exercise sessions of aero-
bic interval training improved maximal oxygen uptake
and LV function with increased peak velocities and a more
efficient ejection and relaxation.

CARDIAC FUNCTION

To our knowledge, this is the first study to assess the effect
of aerobic interval training on LV function in obese ado-
lescents using tissue Doppler imaging, strain, and strain
rate. Our data of impaired myocardial function in obese
adolescents are in line with data from Di Salvo et al12 that
also show reduced myocardial function by strain rate
imaging in 300 obese children. However, aerobic inter-
val training seems to be able to reverse this.

The obese adolescents had a small LVEDV for their body
size, probably because of a sedentary lifestyle, compen-
sated for by a higher resting heart rate. However, the op-
posite cause and effect relationship could be that their rest-
ing heart rate was higher owing to their lifestyle, decreasing
diastolic duration and thus reducing their LVEDV. The
obese adolescents had a high fat content, and this excess
adipose tissue generates an increase in oxygen consump-
tion (both directly and indirectly) and subsequently re-
quires an increase in cardiac output.27 The elevated car-
diac output at baseline in the obese adolescents can be a
consequence of either increased stroke volume or higher
heart rate.28 In our study, both the resting heart rate and
stroke volume were higher among the obese adolescents,
but the stroke volume index was lower. Aerobic interval
training normalized the LVEDV and stroke volume in-
dexed to body surface area to similar volumes as in the
lean counterparts. The exercise-induced increase in stroke

Table 4. Exercise Stress Echo With Tissue Doppler and Doppler Flow Velocities for Lean and Obese Adolescents

Heart Rate
or Echocardiographic
Variable

Resting Upright Values

Mean (SD) P Value

Lean

Obese
Before

Intervention

Obese
After 3-mo

Intervention

Lean vs
Obese Before
Intervention

Lean vs Obese
After 3-mo

Intervention

Obese Before
Intervention vs

Obese After 3-mo
Intervention

Resting Upright Values
Heart rate, beats/min 75.3 (12.4) 98.2 (11.0) 85.8 (13.8) .001 .17 .04
MAE, mm 11.6 (1.3) 10.6 (1.4) 12.6 (2.1) .001 .79 .003
V̇TILVOT, cm 21.6 (3.3) 19.4 (3.2) 21.6 (4.3) .048 .99 .009
V̇maxLVOT, m/s 1.15 (0.13) 1.03 (0.70) 1.14 (0.19) .02 .96 .02
S�, cm/s 9.5 (0.8) 6.7 (0.6) 7.6 (0.7) �.001 �.001 .005
E, cm/s 80.8 (9.4) 85.0 (14.5) 86.7 (15.1) .77 .60 .27
e�, cm/s 9.6 (1.9) 7.6 (1.8) 9.4 (1.8) .04 .96 .08
E/e� 9.2 (1.8) 11.3 (2.1) 9.4 (1.9) .004 .12 .02
Global strain rate, s-1 −1.75 (0.37) −1.42 (0.23) −1.65 (0.50) .01 .21 .002
Global strain, % −18.4 (1.6) −13.7 (2.4) −17.6 (2.4) �.001 .08 .10

Upright Exercise Values
Heart rate, beats/min 133.1 (18.5) 133.4 (20.6) 143.2 (19.4) .56 .99 .32
MAE, mm 14.3 (1.0) 12.1 (1.5) 13.8 (2.2) .001 .79 .006
V̇TILVOT, cm 25.6 (3.2) 21.4 (1.7) 24.6 (3.4) .01 .47 .05
V̇maxLVOT, m/s 1.90 (0.29) 1.29 (0.19) 1.51 (0.19) .001 .002 .04
S�, cm/s 14.0 (1.5) 11.3 (1.8) 12.5 (1.7) .004 .13 .003
E, cm/s 135.5 (16.6) 131.3 (13.9) 130.0 (14.3) .81 .70 .98
e�, cm/s 12.2 (1.3) 10.0 (1.8) 11.4 (1.4) .01 .48 .02
E/e� 11.1 (1.3) 13.3 (1.7) 11.5 (1.5) .02 .91 .02
Global strain rate, s-1 −3.11 (0.32) −2.12 (0.56) −2.96 (0.37) �.001 .67 .001
Global strain, % −21.1 (2.0) −16.5 (2.9) −19.3 (2.2) �.001 .25 .03

Abbreviations: E, peak early diastolic mitral flow velocity; e�, peak early tissue Doppler velocity; MAE, mitral annulus excursion; S�, peak systolic tissue Doppler
velocity; V̇maxLVOT, maximal velocity in left ventricular outflow tract; V̇TILVOT, velocity time integral in left ventricular outflow tract.
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volume was a consequence of increased LVEDV and in-
creased ejection fraction. On the other hand, training de-
creases the basal heart rate and thus increases the EDV and
stroke volume, with the larger diastolic filling inducing
an increase in mitral annulus excursion.

Despite increased stroke volume, resting cardiac out-
put did not increase because the resting heart rate de-
creased after interval training. Although the ejection
fraction increased after intervention, there was still a sig-
nificant difference compared with the lean counter-
parts. This indicates that ejection fraction is less sensi-
tive than mitral annulus excursion, S�, global strain rate,
and strain, which were all normalized after the exercise
intervention. Submaximal exercise showed that the obese
adolescents had not fully normalized the systolic re-
serve by an improved but significantly lower V̇maxLVOT

compared with the lean counterparts.
The obese adolescents also showed a reduced diastolic

function, which is consistent with the study by Di Salvo et
al12 showingprolongedIVRTanddecelerationtime,ahigher
E/e�, and a reduced e� at baseline. After the intervention
period, E/e� was normalized not at rest but during sub-
maximal exercise. Both deceleration time and IVRT de-
creased after intervention as a sign of a quicker relaxation.
Systolic blood pressure decreased after intervention, re-
sulting in a shorter IVRT. There was no significant differ-
ence in mitral early or late diastolic flow between the obese
and lean adolescents. Diastolic function by tissue Doppler
imaging has been shown to be a more sensitive marker of
diastolic function insubclinicalheartdisease,10,29 ande� was
initially reduced but increased and was comparable to that
of the lean adolescents after the intervention.

AEROBIC CAPACITY, RESTING HEART RATE,
AND BODY COMPOSITION

The initial cardiorespiratory fitness level measured as
V̇O2max of 30.2 mL/kg/min, being equivalent to nearly a
70-year-old person,30 was not fully normalized after in-
tervention.However, V̇O2max isheavily influencedbybody
weight, and by expressing V̇O2max relative to body mass
(in milliliters per kilogram per minute), one overesti-
mates the effect of body mass differences between indi-
viduals or changes due to an intervention. In a study in-
cluding 546 healthy teenagers (aged 13-19 years),
investigators found no increase in V̇O2max with age.31

However, even after using appropriate scaling proce-
dures to correctly adjust for differences in body mass
(V̇O2max expressed as milliliters per kilograms to the
0.75th per minute) in the obese adolescents, the maxi-
mal oxygen uptake increased after a training period
(Table 1). When treating adolescents for obesity, the in-
tervention goal should not be weight reduction but weight
stagnation. Muscles are heavier than fat and the initial
effect of training is a decrease in fat content, not in weight,
explaining why we observed no reduction in BMI. The
increased waist circumference, as observed among the
obese adolescents in our study, is associated with a greater
risk of metabolic and cardiovascular disorders,32,33 but the
waist circumference decreased after training. We have pre-
viously shown that overweight adolescents who in-
crease physical activity can decrease fat content, reduce

cardiovascular risk factors, and increase cardiorespira-
tory fitness and thereby decrease the risk of developing
obesity-related comorbid conditions despite minimal
weight loss.34 Other studies in adults have shown the same
using exercise as a single treatment with a reduction of
total body fat, abdominal fat, visceral fat, and insulin re-
sistance.35,36 Aerobic interval training among the obese
adolescents was well accepted with a high compliance.
Initially, approximately a third of the group had an aver-
sion toward the training, but that disappeared with in-
creased fitness. We consider the aerobic interval train-
ing to be highly feasible among obese adolescents, and it
can be performed on a treadmill or in other activities using
dynamical work with large muscle groups.

LIMITATIONS AND STRENGTHS

This is a small single-center study and needs to be tested
in a multicenter study. This study was not an intent-to-
treat study but rather an effect-of-treatment study. Ow-
ing to the small size of the study, linear regression could
not be performed and correlations with blood pressure,
heart rate, age, sex, BMI, etc could not be determined.
The usual limitations to strain rate and strain apply, such
as angle dependency and influence of noise, especially
at exercise.

A strength of the study is the well-controlled and highly
defined exercise intensity intervention regimen. The
power of the physiological determinants is strong and re-
sults are significant with few subjects.

CONCLUSIONS

Impaired cardiac function in obese adolescents can be
improved by 3 months of aerobic interval training, al-
most to the same level as lean counterparts. These re-
sults should be considered in future studies and treat-
ment programs.
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Call for Papers

Archives of Pediatrics & Adolescent Medicine will devote the May
2011 issue to the topic of quality of care. We are interested in the
broad range of issues related to quality, both in the inpatient and
ambulatory settings, that are tested using rigorous experimental
designs. We welcome original research, review articles, and com-
mentaries. Manuscripts submitted before September 15, 2010, will
have the best chance of being included in the theme issue. Please
consult www.archpediatrics.com for more information on manu-
script preparation and submission.
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