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ABSTRACT
Fitness and energy expenditure after stre ngth training in obese prepubertal girls. Med. Sci. Spat s Exerc., Vol. 30, No. 7, pp. 1 130-1136, 1998.

Purpose: The purpose of this study was to determine the effects of a school-based, | ow-volume stre ngth training program on energy expenditure , stre ngth, and
physical fitne ssin obese prepubertal girls.

Methods: Alongitudinal , 5-month stre ngth training exercise program was undertake n by healthy, obese (>95th percentil e weight-f or-height, N =11) girlsage 7-10

yr. The following were measured: stre ngth by the one-repetitio n maximum test; f itneas(V!Ozpeak) by a tre admil| exercise te st; re sting metabolic rate (RMR), 24-h

sedentary e nergy expenditure (SEE), and $eeping metabolic rate (SMR) by room respiratio n calorimetry; and total energy expenditure (TEE) by the doubly labeled
water method. Physical activity e nergy expenditure (AEE) wascalculated as TEE - (RMR +0.1*TEE) and fhysical activity | evel (PAL) as TEE/RMR. An age-matched,
nonoverweight control group was measured for V!O2pe and RMR over the same tim e period.

ak
Results: Strength inc reased by 19.6 and 20.0% in the upper and |ower body (P < 0.01), re spective ly. V!Ozpeak (mL!min'l) increased in both groupsover time (P<

0.05), but no t whe n covaried for fat-f ree mass (FFM or weight. Af ter adjusting for FFMor weight, RMR did not change, but SMR and 24-h SEE dereased significantly in
the exercise group. There were no changesin nonprotein re spirato ry quotie nt or substrate oxidation. No changesin TEE, AEE, and RLoccurred, either unadjusted or
adjusted for FFMor weight.

Conclusion: This long-te rm, school-based, | ow-volume stre ngth training program favorably increases str ength in o bese prepubertal girl s but does not inc rease their
daily energy expenditure .

The recently released figures from the Natio nal Health Examinatio n Survey (18) indic ate that o verweight pre valence (based on the 85th percentil e weight f or
height) in ¢ hildren and adolescents is 22% in the U.S. The recommendations included focusing on preventio n of overweight by inc reasing physical activity in ¢ hildren
and adolescents (18). Early inte rventionsin childhood and adolescence may decrease the risk of the obesity-associate d complicatio ns apparent in adul ts.

One potential contributing factor in the development of obesity is reduced energy expenditure (EE). If reduced EE isindeed a factor, increasing EE $ould protect
against the development of obesity. Only a few inte rventio n studie s have been conducted in children that have atte mpted to increase EE usng exercise. In one study
(1) using doubly labeled water to measure total EE (TEE), tese adolescent boysincreased TEE by 12% ater an aerobic exercise training program; half of this increase
was attribute d to the exercise, and the remainder was the result of spontaneous physical activity . In children, no studie s have examined the impact of stre ngth training
on EE, whereas stre ngth training inte rventio n studie sin older men and women have been shown to increase resting metabolic rate (10,15). However, util izing a 24-h
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calorimeter, we reporte d no changesin 24-h sedentary e nergy expenditure or sleeping metabolic rate in healthy older women after stre ngth training (15). No studie s of
which we are aware have specifically examined 24-h EE and TEE and thé& components, using two state -of-the art te chniques (24-h calorimetry and do ubly labeled
water) after a stre ngth training exercise inte rvention in children.

Physical fitne ss or aerobic capacity, measured by a V!OZpeak test, has been shown to be similar betwe en overweight and normal weight children after adjustment
for dif ferencesin weight or fat-f ree mass (FFM (16). Aerobic exercise training studie sin children have been shown to increase physical fitne ss or V!OZpeak (6). Whether

stre ngth training can alter V!O2peak in children is unclear.

Thus limite d data are available about this type of exercise inte rvention on the se metabolic parametersin pre pubertal girls, partic ularly obese girl s. The purpose
of this study was to determine the effects of a school-based, | ow-volume stre ngth training program on stre ngth, physical fitne ss, and energy expenditure in obese
prepubertal girls.

METHODS
Sibjects

Twelve healthy, obese girl s were recruite d from one elementary school in the Birmingham, Alabama area to partic ipate in the exercise training program. One girl
dropped out of the study, so data are presented on 11 children. All girl swere in the age range 7-10 yr, Tanner stage |, and were >95th percentil e weight-f or-height,
according to the National Center for Health Statistics (7). Two girl swere in Tanner stage Il by the end of the study. Tanner stage | is defined as no breast de velopment
and no pubic hair, with T anner stage Il defined as breast budding and some pubic hair. Tanner stage was evaluated by a pediatric ian. Eleven girl s 7-10 yr of age and
<95th percentil e weight-f or-height (m ean = 65th percentil e) served as controls. Each group included 1 African-American and 10 Caucasian girl s. Individual s with
cardiovascular disease, anemia, diabe tes, significant re nal or hepatic disease, hypothyroidism, musculoskeletal problems, tho se who to ok medications on a regular
basis, or tho se on special diets were excluded from the study. All partic ipants and their pare nts provided writte n informed consent to partic ipate in this study, whic h
was approved by the Institutio nal Review Board of the University of Alabama at Birmingham (UAB).

Study Protocol

Children were admitte d to the General Clinical Research Center (GCRQ at the UABHospital at 7 a.m., after a 12-h overnight f ast. Af ter resting quietly, re sting
metabolic rate was measured for 30 min on day 1. The children were transported to the Energy Metabolism Laboratory for body compositio n measures by dual-energy
x-ray absorptio metry (D XA) later that day . The children spent 24 h in the GCQRCbefore the 24-h calorimetry m easurements and consumed all mealsthere. The evening
before the calorimeter te st at appro ximately 6 p.m., a baseline urine sample was collected, and a doubly labeled water (DLW) dose was given. On day 2, subjects
underwent a 24-h calorimeter te st. Two urine samples were collected during the morning following dosing (in the calorimeter) for TEE detlerminatio n. Food was
transporte d to the laboratory from the GORC Subjects were fed meals at approximately 8 a.m., 12 p.m., and 5 p.m., with s nacksat 10 a.m. and 2 p.m. The children
exite d the calorimeter the following morning (day 3). Approximately 14 d later, the children returned in the morning for the tre admill te st after an overnight f ast. The
final urine samples for the DLW measurements were then collected (14 d after dosing). After initial metabolic testing, the children underwent thre e training sessions at
school to familiarize the mselves with the exercise equipment. Af ter the baseline stre ngth te sting, the training group exercised thre e tim es each week for 5 months.
During the year, the children also partic ipated in the ir re gular physical education classes at school. At the end of the program, the children returned to the GARC(at
least 24 h after the last exercise session) to repeat the above procedures. For the control children, the girl sreturned for final testing after an overnight f ast and
completed the RMVR test f ollowed by the tre admill test. The children were initial |y tested in October and November, and posttraining testing was completed in May.

Body Composition

Total body compositio n was assessed by DXA(DPX-L, Lunar Radiation Corp., Madison, WI). For the exercise group, the scan was analyzed using the Adult Software
(version 3.6z) and for the control group using the Pediatric Sdtware (version 1.5e). The DXAallows for determinatio n of lean tissue mass, f at tis sue mass, and bone
mineral content. FFM is defined here asthe sum of lean tissue mass and bone mineral content. Each subje ct was asked to lie motio nless on a tabl e for approximately
20 min. Data from the DXAscans have previously been reported (17).

1
VIO,

Fitness capacity was measured by a V!O2peak test. The tre admill protocol involved a constant speed of 2.5 mph at an initial 0% gade for the first 4 min. The
average of min 3 and 4 constitute d the steady state . The grade was then increased to 10%. Evey 2 min thereafter, the grade wasincreased by 2.5% toa maximum of
22.5%, when speed was increased by 0.6 mph. Exercise measures(V!Oz, ventil ation, re spiratio n rate, and heart rate ) and respirato ry quotie nt (RQ) were examined

during the steady-state period and at peak exercise. V!O2ID was determined by an RQ >1.0, heart rate > 195 bpm, and volitio nal fatigue. A Sensormedics 2900

eak
metabolic cart (Yorba Linda, CA) wasused to collect the respiratory gases.

Dietary Analysis

On the day preceding and during the calorimetry te sts, the exercise group was fed a balanced diet. Thi s diet was derived from the American Diabete s Associatio n
exchange lists for meal planning, designed to approximate 50% arbohydrate, 30% fat, and 20% prdein. The children'senergy intake was based on the individual weight
(188 kJ!kg’1 body weight). Intake was adjusted posttraining for the increasesin weight over tim e. The main variables of inte rest were total caloric intake and percent
of calories from carbohydrate, protein, and f at. Food records were analyzed using the Minnesota Database Syse m (Minneapolis, MN) by one individual .

Energy Expenditure

Resting metabolic rate (RMR). RVMR wasdetermined in the morning after a 12-h overnight f ast. The subjects reported to the General Clinical Research Center
(GARQ at 7 a.m. After resting quietly for 30 min, RMR wasdetermined using a Deltratrac system (Sensormedics, Yorba Linda, CA) for 30 min. RMR wascalculated using
the equation of de Weir (3). With a sample size of 12 subje cts per group, we could detect a dif ference of 502 kJ betwe en each group for the RMR measurements with a
power of 0.81.

Calorimeter measurements of EE and substrate o xidati on. Measurements of 24-h EE and sibstrate oxidatio n were taken in a whole room respiratio n calorimeter.

The calorimeter design characteristic s and calibratio n have been previously described in detail (15). Briefly, the room was equipped with a f old-out bed, de sk, chair,
lamp, re frigerator, toilet, sink, te levision/ VCR, and telephone. Oxygen consumption (V!Oz) and carbon dioxide production (V!COZ) were continuously measured by the
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magnetopneumatic dif ferential O2 analyzer (Magnos 4G) and the NDIR industrial photometer dif ferential OO2 analyzer (Uras 3G, both Hartm ann & Braun, Frankfurt,

Germany). The calorimeter was calibrate d before each subject entered the chamber. Based on duplicate studie sin 19 children, the average coefficient of variatio n for
24-h EE wasb.6% and br 24-h RQ was2.0% (R. Figieroa-Colon, unpublished observatio ns).

The subjects were transporte d from the GCRCto the Energy Metabolism Laboratory in the Nutritio n Sdences Building at 7 a.m. The subjects entered the
calorimeter at 8 a.m. During the stay in the calorimeter, each subje ct was not allowed to exercise, although freedom of movement was permitte d at al | tim es during
the day. The subje ct was awakened the following morning (6:30 a.m.). The subject exited the room after 23 h in the chamber, allowing tim e for calibratio n before the
next subje ct entered. Sleeping metabolic rate (SMR) and 24-h sedentary e nergy expenditure (SEE) wee calculated by the de Weir equation (3). All measures of EE wae
extrapolated over 24 h and expressed as kJid L. For the purposes of this study, SMR wasdetermined by averaging EE for the tim e from when the child went to sleep
until she was awakened. Protein oxidatio n was determined from 24-h urinary ure a nitro gen excretio n. Carbohydrate and fat oxidatio ns were calculated from the 24-h
nonprotein re spirato ry quotie nt (npRQ) and expressed as percentages of nonprotein EE a NPEE(4). For the post-training assessments, the children entered the
calorimeter at | east 48 h after the last e xercise session.

Free-living ener gy expenditure. DLW was used to measure TEE over a 14-d free-living period in the exercise group. A baseline urine sample was collected in the
evening at the GCORCbefore the 24-h calorimetry and was followed by oral administratio n of doubly labeled water at appro ximate doses of 0.15 g of szo and 012 g of

2 HZO per kg of body mass. A total of four tim ed urine samples were collected postdose. Two were collected in the morning following dosing (in the calorimeter), with

the overnight period assuring isotope equilibratio n. Two urine samples were collected in the morning 14 d later. This protocol minimizes error owing to diurnal variatio n
in isotope turno ver (13) whil e reducing the effects of analytical error. Samples were analyzed in tripl icate for HZlSO and 2HZO usng a Fisons-VG Optima Isotope ratio

mass spectrometer (VG Ltd., M anchester, England). The average standard deviatio n for tripl icate analysis in a study using the sample preparatio n procedures was
approximately 4 dels/ mille for deuterium and 0.2 dels/ mille for 180 at the Energy Metabolism Research Unit in Birmingham.

Turnover rate s and zero-tim e dil utio n spaces of H2180 and 2HZO were calculated from the slope and inte rcept of the regression line betwe en the natural logarithm

of isotope enrichment in urine and tim e after dosing, as previously described (5). The dil ution space ratio swere 1.0466 + 0.007 and 1.0654 + 0.013 in the obese girls
before and after training , re spective ly. These dil ution space ratio s were significantly dif ferent f rom each other. The mean of each was used for all calculations. Several
other laboratories report dil ution space ratio s above 1.045 as previously reviewed by Speakman et al . (14). CO2 production rate was calculated according to the

equation R2of Speakman et al. (14), whic h is a modification of equation A6 of Schoeller et al. (12), based on post hoc evaluation of the group mean deuterium:
oxygen-18 dil ution space ratio . The equation that was used to perform the DLW calculatio ns (Speakman R2) take sinto account potential group differencesin the
dilution space ratio and has been shown to improve the accuracy and precision of the DLW te chnique. CO2 production rate s were converted to EE usng the de Weir

equation (3) using the food quotie nt of the diet based on the child's diet compositio n. Accurate measurement of the food quotie nt is not critic al for inte rpretatio n of
DLW data, as TEE estim ates wil | be in error by only 1% fr 0.01 unit e rror in f ood quotie nt. Total EEwas calculated with the de Weir e quation (3). Assuming that 1 0% d
TEE wasbecause of the thermic effect of food, physical activity EE was calculated as TEE - (RMR +0.1*TEE). Fhysical activity | evel (PAL) was calculated as TEE/RMR.

Strength Assessmen

Before the stre ngth te sts, the exercise group was allowed to become familiar with the equipment and exercise te chniques. This included instruction on each of the
machines followed by watc hing each child complete the exercise. Strength was assessed only on the bench press and leg press by the one-repetitio n maximum (1-RM
test, de fined asthe maximum amount of weight that ¢ ould be lifted successfully one tim e. Starting wit h a weight used in the preliminary sessions, the subjects
atte mpted lifts with g radually increased weights (~10% at first, de creasing to 5% and 25% asdif ficulty be came evident). Successive atte mpts were made with a 9 0-s
rest period betwe en atte mpts until failure occurred. Test-re test re liabil ity in o ur laboratory of 1-RMtesting and isometric testing varies from 0.95 to 0.99 depending on
the type of 1-RMtest (<5% variation in all te sts). Approximately thre e to five trial swere needed to reach the 1-RMboth before and after training . Isometric stre ngth of
the knee extensors was also te sted at a knee positio n of 110; flexion whil e each subje ct was seated. Movement of the hips was prevented by strapping the subject to
the chair at the thighs and torso. Force was measured using a Universal Shear Beam Load Cell (model LCC 500, Omega, Stamford, CT). A Digital Transducer (Omega,
Stamford, CT) gave instantane ous force feedback to the subjects. Two maximal isometric contractions were recorded after four practic e trial s. The average of the
values was used for statis tic al analyses.

Strength Training

Strength training took place in 20-min sessions, thre e tim es each wk for 5 months at the elementary school. Each session included a whole-body stre ngth training
program, with the subjects completing six upper-body exercises and one lower-body exercise using a Paramount circuit training apparatus (Paramount Fitne ss
Equipment Corp., L os Angeles, CA). The order of exercises was leg press, bench press, military pre ss, bicep curl, | atissimus pull down, tric ep extension, and sit-ups. All
subje cts completed two sets of 12 repetitio ns for the upper-body exercises and two sets of 15 repetiti onsfor the leg press. Each exercise took approximately 45 s to
complete with a 4 5-srest period betwe en exercises. Subjects starte d the training program at 50% d 1-RMfor the bench press and leg press with the other four
exercises at the lowest we ight on the machine. After thre e sessions, the weight was gradually increased in the smallest inc rements until the subjects could complete in
stric t f orm two sets of 12 or 15 repetitio nsfor a given exercise. To maintain the appropriate inte nsity (70% d 1-RM for the prescribed repetitio ns, adjustments in
weights were made approximately every 2 wk initial ly and then as necessary to continue to promote increases in stre ngth. Atte ndance was taken at each exercise
session (total number of sessions = 61) to monitor compliance with the program. There were breaksin t he training program during the winte r holidays and 1 wk during
the spring. Subjects were monitored by an exercise physiologist and at | east one graduate student.

Statistical Analysis

All variables were compared from baseline valuesto final values using paired t-te st. For tho se variables where appropriate , FFMor weight was used as a covariate
(ANCO\A procedure) to normalize the data. Repeated measures ANO\A was used for variabl es that we re assessed in both the exercise and control groups. All data were
analyzed by SAS br Windows (Cary, NC) with significance set at P< 0.05.

RESULTS
Subject Characteristics

Eleven children in the exercise group completed the posttraining testing for stre ngth and V!O and 10 completed the 24-h calorimetry and TEE gudie s (Table

2peak’
1). Compliance with the training in the exercise group was 83%, athough compliance during the last month was 70% because they took school state achievement te sts.
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Eleven children in the control group returned for body compositio n, RMR, and fitne ss assessments.

Exercise Group Control Group
Baseline Final Baseline Final
(N=11)

Age (yr) 8.7 0.7 9.2 = 0.8° 84+09 9.0 + 0.8
Height (cm)¢ 136.0 = 65 1383 +6.7° 1303+54 1343 +55"°
Weight (kg)° 466 +94 506+103* 291+28 320+ 3.0°
Percent fat (%)° 389+66 392+59 28.1+48 287 +48
FFM (kg)>“ 27132 292 +3.6° 202 = 2.1 22:1:%:2.2°
Values are expressed as mean = SD.
“ Significantly different from baseline value (P < 0.001).
Y Significantly different from baseline value (P <= 0.05).
“ Significantly different between groups (P < 0.05).
“FFM, fat-free mass (the sum of lean mass and bone mineral content).

TABLE 1 Subject characteristic sin pre pubertal girls.

http://ovidsp.k.ovid.comispbbvidweb.cgi

There were no significant inte ractio nsfor age, weight, he ight, f at mass or FFMbetwe en groups (Table 1). Age and weight (P < 0.001) and height (P< 0.05)

significantly increased over the 5-month period in both groups. The DXAscan revealed significant increasesin FFMover tim e in both groups (P< 0.001). There were

significant dif ferences betwe en the two groups for weight, he ight, % body fat, and FFM (P < 0.05).

Strength

There was a 19.6% inaease in 1-RMbench press, and a 20.0% inaease in 1-RMleg press (P< 0.01) in the exercise group (Fig. 1). Isometric stre ngth of the knee

extensors increased by 35.2% @< 0.001).
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Figure 1-Strength val ues (mean+SD in obese, pre pubertal girl s pretraining/ baseline (open bars) and posttraining / final (hatched bars). Significantly dif ferent from

baseline: *P<0.01, **P< 0.001.

1
V'OZpeak

There were no significant changes over tim e or betwe en groups for steady-state ventil ation, re spiratio n rate, or V!O2 (Table 2). However, steady-state HR

decreased significantly in each group (P< 0.05). Steady-state RQ sgnificantly decreased in the control group but inc reased slightly (nonsignificant) in the exercise
group over tim e. The ratio of steady-state V!O2 to V!Ozpeak significantly decreased from before to after training in the exercise group (P< 0.05). There were no

significant changes for peak heart rate , ventil ation, re spiratio n rate, or RQ betwe en groups or over time. V!O2peak (mL!min'l) significantly increased over tim e in both

the exercise and control groups (P < 0.05) but not whe n using ANCO\Awith FFM or weight as covariate s. There were no changesin tim e to exhaustion on the tre admill.
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Exercise Group Control Group
Baseline Final Baseline Final

122 = 9 119 = 8¢
347 40+14
16.1 = 29 14341
664 = 123 S8
0.85 = 0.06 083+ 00

Vaiyes are expressed as mean = SD.
Significantly different from baselne value (P < 0.05)

TABLE 2 Steady-state and peak exercise in pre pubertal girls.

Energy Intake in the Calorimeter

There were no significant dif ferences in the percent of caloriesfrom protein (13 + 3 vs 12 + 2%), carbohydrate (63 + 4 vs 63 + 3%), or fat (26 + 3 vs 27 + 2%) beore
versus after training in the se children, re spectively, for the day in the calorimeter. Thus, the food quotie nts of the diets were identical (0.92 + 0.01). Energy intake for
the calorimeter before training (8966 + 2180 kJ!d'l) was significantly less than after training (10,088 + 2059 kJ!d'l) (P<0.01, Table 3). The children increased their
weight over the 5 months, and the calorimeter energy intake requirement was based on body weight. Therefore, the posttraining intake was calculated with this
increased weight and was consequently higher. Although the compositio n of the diet was held constant f rom before to after training as mentioned above, the increased
intake was significantly higher for protein and carbohydrate (expressed in grams) after training . The difference in fat intake in grams from before to after training
approached significance (P=0.07).

Baseline Final
(N =10)
24-h respiration calorimetry
SMR (kJ-d ") 5494 + 736 5460 + 766
SEE (kJd ") 8540 + 1146 8113 = 1105*
npRQ 0.90 + 0.03 0.90 = 0.03
Carbohydrate oxidation (%NPEE) 65.7 + 11.6 65.8 + 10.1
Fat oxidation (%NPEE) 343+ 116 34.2 = 10.1
Energy intake (kJ-d™ ") 8966 + 2180 10,088 = 2059°
Energy balance (kJ-d ') 427 + 1795 1971 = 15067
Doubly labeled water
TEE (kJ/d) 8573 + 1268 8330 = 1297
Physical activity EE (kJ-d ') 2301 = 770 1720 + 854
Physical activity level 16 = 0.1 15+ 0.2
Values are expressed as mean = SD.
*Significantly different from baseline (P < 0.05).
Y Significantly different from baseline (P < 0.01).

TABLE 3. Energy expenditure and substrate oxidatio n in obese, pre pubertal girl s at baseline before training and final values after training .

Energy intake was not significantly dif ferent f rom 24-h EE in the calorimeter before training ; however, energy intake was greater than 24-h EE ater training (P<
0.05), indic ating a positive energy balance in the calorimeter (Table 3).

Energy Expenditure

Resting metabolic rate. There was no significant dif ferences for RMR betwe en the exercise and control groups. RMR values for the exercise group increased from
5356 + 586 kJ before training to 5736 + 787 kJ after training (P< 0.05). In the control group, RVR also significantly increased over tim e from baseline values of 4435 +
473 kJ to final values of 4845 + 297 kJ (P< 0.01). However, when RMR wasadjusted for the changesin FFMor weight, the changeswere no longer significant.

Calorimeter measures of EE. Sleeping metabolic rate remained unchanged from before to after training (Table 3). However, sleeping metabolic rate decreased
significantly when adjusted for FFM(6176 to 4778 kJ) or weight (5853 to 5100 kJ). 24-h sedentary EE measured in the calorimeter significantly decreased (P< 0.05,
Table 3). These dif ferences remained significant after adjusting for FFM(9163 to 7489 kJ) or weight (8908 to 7745 kJ). The npRQ did na change from before to after
training , and consequently neither did c arbohydrate or fat oxidatio n expressed as a percentage of nonprotein EE (Table 3).

Free-living measures of EE. Total EE did na significantly change from before to after training (Table 3). There were also no changes with training when covaried
for FFM (7845 to 9372 kJ) or weight (7878 to 9343 kJ). Activity EE re mained unchanged with training (Table 3) and also when covaried for FFMor weight. PALdid not

significantly change with training (Table 3).

DISCUSSION

Owing to the increasing prevalence of overweight in ¢ hildren and adolescents (18), increased physical activity has been recommended. Inte rvention studie s
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designed to increase EE in dbese prepubertal children have been few in number. Therefore, we designed a stre ngth training inte rvention study in a school-based setting
to measure the se parameters in obese children. This study indic ates that a school-based, | ow-volume strength training program in obese prepubertal girl s can increase
stre ngth but do es not significantly improve energy expenditure . Over tim e, the increasesin fitne ssand RMR are the result of changesin body compositio n or growth, as
evident from the data from each group. It should be noted that the purpose of our study was to determine for practic al purposes whether training conducted in a
school and of relatively low volume would promote positive changes in energy metabolism; this is not t o say that a hig her volume, more inte nse stre ngth training
program might not alter energy expenditure .

Asillustrate d in Fig. 1, obese girl s gain stre ngth consequent to this type of training . Strength gains in this study were on the order of 20% fr the 1-RMbench press
and leg press, with a 3 5% indease in the isometric stre ngth te st. Othe r studie s have reporte d significant increases in stre ngth of similar magnitude in normal weight,
prepubertal boys and girl s after isotonic stre ngth training (2,9,11). Our study has one advantage of util izing the 1-RMte chnique to assess stre ngth changes. Kraemer et
al. (8) pointed out that in ¢ hildren, muscle stre ngth is rarely evaluated using the classic 1-RMte sting methods on the equipment used in the training . Our training
program began at 50% d 1-RMand progressed to 70% d 1-RM whic h is within the guidelines recommended (8). The effective ness of stre ngth training in children seems
to be dependent on the inte nsity of the loading and to maintain the se stre ngth gains; more than one high-inte nsity stre ngth training session per week is required (8).
Proposed mechanisms for the improvement in stre ngth inc lude improved motor skill coordinatio n, increased motor unit ac tivatio n, and other undetermined
neurological adaptatio ns (11).

Submaximal exercise measures of heart rate , ventil ation, re spiratio n rate, and V!O2 were not af fected by the exercise training . In the control group of prepubertal

girl s, the re were also no changesin the submaximal measures. Over tim e, cardiorespirato ry fitne ss (V!O ), expressed in mL!min'l, increased in both groups. No

2peak

other variabl es measured at pe ak exercise changed. The V!0, increases over tim e were 14.4% in the exercise group and 17.4% in the control group. However, when

2peak

covaried for FFMor weight, the re were no significant dif ferencesin V!O from before to after training or from initial to final values. Both groups reached peak

2peak
capacity during the test, as indicated by the peak RQ and heart rate . Improvements in V!OZmax (19.4% epressed in L!min'l, 13.8% expressed in mL!kg’l!min) have been

observed previously in pre pubertal boys after 14 wk of resistance training (19).

There was an increase in RMR over tim e in both the exercise and control groups. When the data were adjusted for the increasesin weight and FFMthat o ccurred,
no significant effects were observed. Therefore, the increase seemsto be the result of the changesin FFMand weight, whic h occur with advanc ing age and growth.

Sleeping metabolic rate also did not change in the training group but de creased when covaried for FFMor weight. The decreasesin 24-h sedentary EE and deeping
metabolic rate are difficult to explain. The protocolswere identical in te rms of tim e spent sleeping, eating, etc. from before to after the training . Because the
children increased their body weight and FFM, one would expect a slight inc rease in the unadjusted 24-h sedentary EE. For the calorimeter studiess, it s eems likely that
the children were less enthusiastic about re maining 24 h in a calorimeter, and boredom occurred, contributing to greater te levision watching and less movement in the
calorimeter. Unfortunate ly, we did not have motion sensors in the calorimeter to detect whether the children were more sedentary. However, our observatio n of the
children would suggest that this occurred. As for the free-living measurements, the TEE abo decreased, but no t significantly. These results are also surprising because
anecdotal evidence from the familiesindicated that the children were more active . When TEE wasadjusted for FFMor weight, it al so did not significantly change, but
the adjusted values were higher after training . This might indic ate that the children were indeed more active . In agreement, al though AEE and RLremained
unchanged, the adjusted AEE ako tended to increase after training . No studie s of which we are aware have measured energy expenditure after a stre ngth training
program in children, so the se findings are noteworthy.

It should be noted that the posttraining measurements for TEE were taken whil e the children were stil | enrolled in the exercise program, as we felt it was
necessary to continue the training for the DLW measures. However, this is unlikely to have altered the values considerably because the children were only able to
atte nd four sessions during the TEE neasurement period. This might account f or some of the increase in TEE when the data were covaried for FFMand weight. We also
did not re stric t the children from partic ipating in other physical activitie sduring the school year, and several of the girl swere involved in outside activity pro grams at
the start o f the study and not the end of the study. This may have influenced our findings. Compliance in our study was good; however, we did have reduced
compliance the last month of the training program owing to the children taking school achievement te sts. This may have contribute d to the lack of significant
improvement in 24-h SEE and TEE. Heever, the possibil ity re mains that the se children may adopt a healthier, more active lifestyl e in the future.

One possible explanation for the se findings may be that the caloric expenditure of the training session in this program was small. The study by Blaak et al. (1),
which assessed TEE in dbese boys who underwent a 4-wk aerobic exercise inte rventio n, re porte d significant increasesin TEE and ontaneous EE, and nochangesin
BMR or SMR. This study (1) util ized a training program with a hig h caloric expenditure (greater than 1255 k.]!session'l). In f uture studies, it m ight be beneficial to
incorporate both aerobic and stre ngth training in the exercise program to produce a greater caloric expenditure . An important que stion stil | to be answered is what
type of training program in obese children increases daily energy expenditure .

In conclusion, obese prepubertal girlsdemonstrate gains in stre ngth but do not significantly increase their e nergy expenditure after undergoing a long-term,
school-based, | ow volume stre ngth training program. Future research should focus on inte rventio ns combining aerobic and stre ngth training exercisesto increase both
energy expenditure and stre ngth, and c onsequently improve overall metabolism in obese children.
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