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Introduction 

Childhood obesity and its related metabolic complications are associated with insufficient physical 

activity, excessive sedentary time, unhealthy eating behaviors, these factors all constituting an 

unhealthy lifestyle
1, 2

. Primary prevention programs, often based on interventions in schools, 

promote the positive effects of physical activity and healthy eating behaviors
3, 4

. These interventions 

targeting the general population are effective for the prevention of excessive body fat accumulation, 

and better physical fitness in children and adolescents
3, 4

. However, youth with obesity often 

requires more structured programs. Most studies so far have suggested that increased physical 

activity level combined with reduced energy intake can improve body composition and health in 

general in overweight or obese children and adolescents
5
. Until recently, physical activity 

interventions were mostly based on endurance exercise combined or not with dietary interventions, 

and it is only recently that resistance training has gained interest. Endurance exercise, also termed 

aerobic exercise, refers to exercise performed for extended period of time, at low to moderate 

intensities and that relies primarily on the aerobic metabolism
6
. Resistance exercise also called 

strength or weight training or weight lifting, involves muscular strength and mainly consists in 

isometric, isotonic, or isokinetic exercises. Resistance training is designed to develop greater 

resistance in order to develop muscle strength and anaerobic endurance. Resistance exercise has 

been long proscribed in children and adolescents and was thought to be at high risk of 

musculoskeletal injuries or negative effects on the maturation process given the mechanical 

constraints. In the case of obesity, resistance training was not advised considering that the resulting 

energy expenditure is low, and would thus have little effect on adiposity
 7
. Only recently, number of 

studies have shown that resistance training can be performed safely and be beneficial to obese youth 

when cautiously supervised by professional and following established guidelines
8-10

. Since it is 

particularly difficult for obese youth to engage in physical activity
11

, it is necessary to find exercise 

prescriptions favoring their adherence, and resistance training may be efficient in this way. Our 

purpose in this chapter is to provide an overview of the current knowledge on the effectiveness of 

endurance and/or resistance exercises in weight loss interventions in overweight and obese children 

and adolescents. 

 

Endurance or resistance interventions? 

The Word Health Organization currently recommends at least 60 minutes of moderate to vigorous 

physical activity, with exercise that strengthen muscles and bones at least 3 days/week, and many 

studies implement programs with similar amount of exercise. Structured aerobic exercise programs 

with sessions 3 to 5 times a week, of moderate intensity up to 60 minutes are the more commonly 

implemented weight-loss interventions in children and adolescents 
12, 13

, and have been shown to be 

effective in inducing short-term Body Mass Index, Fat Mass, Blood Pressure and Triglycerides 

improvements
14

. Aerobic exercise training is usually proposed to obese youth but an important 

limitation is their poor compliance to this type of exercise
15

. The less aerobically taxing nature of 

resistance training may offer a more accepted form of physical activity in these children and 

adolescents16. Indeed, endurance exercises are often not well tolerated by obese youth because of 

the additional body mass they have to carry on compared with their normal weight peers
17

. As 

described by McGuigan et al., aerobic exercise programs may not be well tolerated by 

obese/overweight youth as their important body weight increases the intensity of weight bearing 
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activities which will increase their rate of perceived exertion and favor their drop-out
18

. Moreover, 

the low aerobic fitness level of obese youth
19

 limits the intensity at which endurance exercise can be 

performed, contrarily to resistance exercises during which the high muscle mass of obese youth is 

an advantage rather than a disadvantage 
20

. Resistance exercise training may thus represent a good 

option to improve the adherence to physical activity intervention in obese youth
16

. Resistance 

exercise training has long been discouraged in children and adolescents because of the fear of 

musculoskeletal injury
 21

. It is now clear that resistance training can safely be done by children and 

adolescents
22-24

, and there is a growing interest for this type of exercise in obese youth 
16, 25-28

. 

Obese youth are frequently shown to have higher muscle mass comparatively to normal weight 

youth, and consequently have better performances during exercise involving strength and power. 

Obese youth may thus adhere more to resistance exercise programs, with favorable effects on their 

self-confidence and esteem
16

. Regarding the benefits of this type of exercise, a moderate intensity 

and progressive resistance exercise 10-week program (with a 1-year follow-up) in 7 -12 years old 

obese children was shown to have similar health benefits compared with adults
26

. Although 

resistance training may offer a great alternative to increase the rate of adherence to exercise 

programs, its exact impacts on obese children and adolescents’ body composition, physical fitness 

and metabolic health remain to be clarified and compare to what is found using endurance training. 

 

Effects on body composition 

It is well documented that endurance training decreases body weight, BMI, waist circumference and 

body fat in obese children and adolescents
29-34

. Exercise in the low to moderate intensity domain 

(below the 2
nd 

ventilatory threshold) will maximize fat oxidation, and are thought to decrease lipid 

storage and increase fat mass loss. The amount of fat used as a substrate also increases with the 

duration of exercise. Based on the fatmax or Lipox max model (see box 2) proposed by Brooks and 

Mercier
35

, the efficacy of training at the Lipox max intensity has been tested in obese youth
29

. 

Beneficial results were observed for body weight and body composition, and a 2-month aerobic 

training (45 minutes per day) set at the participants’ individual lipox max combined with a -300 

kcal hypocaloric diet improved the lipox max intensity by 12.5% and their cross-over point by 17% 

(see box 2) 29. These results highlight the capacity of such interventions to improve the ability for 

fat oxidation during exercise in obese youth. Ben Ounis et al. also reported an increased capacity to 

oxidize fat during exercise in obese children, after a 2-month intervention set at the Lipox max with 

90 minutes of exercises per day, 4 days a week
34

. Lately, Lee et al. compared the effect of a 3-

month physical activity program of either 180min/week aerobic or resistance exercises in 12-18 

years old girls on adiposity, and showed that despite the lack of body mass loss in both groups, the 

endurance programs induced significant decrease in visceral adipose tissue (-15.68 ± 7.64 cm²) and 

intrahepatic lipid (-1.70 ± 0.74 %)
36

. In contrast, fat mass, intramuscular and visceral adipose tissue 

and intrahepatic lipids decreased but not significantly with resistance training
36

. After a 12-week 

resistance program (2 sessions/week, session length: 1 hour) overweight obese adolescents), Van 

der Heijden et al. reported an increased body weight in 15 years old girls, but 80% of this increase 

was caused by an increase in lean mass (from 55.7 to 57.9 kg mean)
37

, which confirms previous 

results that showed an increase in lean body mass after a 6-week resistance training in obese 

children
28

. However, Van der Heijden et al. did not observe any decrease of visceral, hepatic nor 

intramyocellular fat content
38

. In contrast, with the same amount of physical activity but with only 

aerobic exercise, total, visceral and hepatic fat content decreased significantly and were 
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accompanied by increased peripheral and hepatic insulin sensitivity
37, 39

. Based on a similar 

program duration, Van der Heijden and colleagues showed that an aerobic exercise only 

intervention did not affect IMCL-fat content whereas hepatic fat content declined from 8.9±3.2 to 

5.6±1.8% and visceral fat from 54.7±6.0 to 49.6±5.5 cm² 
37

. 

Sgro et al. explored the effect of resistance training duration on body composition in 7-12 

years old children training 3 times a week for either 8, 16 or 24 weeks. The results indicated an 

improvement of the children body composition after 8 weeks of training with particularly a 5 to 7% 

reduction of body fat while it was decreased by about 8.1% after 16 week of intervention
 17

. This 

confirms previous results showing that by 8 weeks of resistance program (3 sessions per week) 

significant body composition improvement occurs 
18

. Similarly, 8 weeks of resistance training (3 

days a week) have been shown to reduce body fat in both overweight and obese children 
18, 25

. 

Others found slightly different results with prepubertal children following a 12-week high 

repetition, moderate intensity resistance training (2 sessions of 75 min /week) where body weight, 

lean body mass and lean body mass index (kg/height²) increased, without any changes in terms of 

fat mass percentage
40

. 

Based on a systematic analysis, Dietz et al. underlined that resistance training in obese youth 

is associated with increased BMI and body weight but no modification of total fat mass 
20

. Treuth et 

al. even observed an increased fat mass after a resistance-based intervention but this is to our 

knowledge the only study to report this type of result
27

. Looking at the available evidence, 

resistance training has the potential to favor decreased fat mass only when associated with energy 

intake restriction 
7, 16, 28

. Moreover, while dietary restrictions are usually prescribed as weight loss 

strategies in overweight and obese children and adolescents, resistance-based programs offer a great 

opportunity to counteract the reduction of the basal metabolic rate and decreased fat-free mass 

associated with diet-only induced-weight loss 
5
. In addition to its effects on fat mass and lean mass, 

resistance exercise also has beneficial effects on bone 
41, 42

. Increased bone mineral content was 

observed after a 6-week resistance training with exercises performed at 70 to 85% of individuals’ 1 

maximal repetition while fat mass percentage was unchanged 
43

. 

Lately, several studies compared the effect of aerobic training alone with programs combining 

both endurance and resistance exercises. Campos et al. studied 42 post-pubertal obese adolescents 

who followed a weight loss program with psychological cares, dietary restriction and endurance 

exercise or a combination of resistance and endurance exercise. Although both programs resulted in 

decreased Body Mass Index, central visceral and subcutaneous fat, fasting insulin concentration and 

insulin resistance index (HOMA index), only the combination of aerobic and resistance exercises 

induced improvements of the Bone Mineral Content, adiponectin concentration and lean mass 
44

. 

According to the authors, combining endurance and resistance training modalities has a protective 

role for the bone altogether with improvement of adipokines productions, reducing the 

inflammatory state induced by excess adiposity 
44

. 

 

Although resistance training contributes to the increase in muscle mass, evidences of the 

effects on body fat are more limited 
25, 45

, despite the importance of decreasing fat mass and 

especially central fat mass to improve physical and metabolic fitness of the obese youth (Table 1). It 

is also important to note that aerobic exercise combined with moderate energy restriction in obese 

adolescents is sufficient to preserve the muscle mass of the legs, but not in the arms 
46, 47

. This is 

most likely because carrying a high body weight represent a constraint similar to that of resistance 
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exercise for the lower limbs, but not the upper body in obese youth. Thus, the physical activity 

practitioner may choose to recommend different types of exercise for the upper and lower body 

(resistance or aerobic), depending whether the obese patient is in a state of energy deficit or not. 

 

 

Table 1. Sum up of the effects of Endurance vs. Resistance training programs on obese youth’s 

body composition. 

 

 

Effects on cardiorespiratory and musculoskeletal fitness 

Cardiorespiratory fitness, also called aerobic fitness or aerobic capacity describes the ability of the 

respiratory and circulatory systems to function together to supply adequate amount of oxygen to 

supply the body with the required energy to sustain dynamic exercise
48

. Endurance exercise training 

is thought to be the most beneficial for cardiorespiratory fitness. Musculoskeletal fitness describes 

the ability of the muscular and skeletal systems to sustain physical work without undue fatigue
48

. 

Resistance exercise training is the most efficient form of exercise to improve musculoskeletal 

fitness through improved muscle strength and power in obese youth
 49

. Briefly, resistance training 

improves muscle strength and hypertrophy in adolescents 
50, 51

, including those with obesity 
17, 18, 52

. 

Mc Guigan et al. observed increased muscle power and muscle strength after an 8-week 

resistance training composed of 3 sessions per week in obese youth 
18

. In their previously cited 

study, Alberga et al. showed that a 12-week resistance program, with a high number of repetitions 

performed at a moderate intensity, twice a week during 75 min resulted in improved arm and leg 

strength 
40

. Although Sgro et al. did not observed any improvement in physical fitness after 8 weeks 

of resistance training (3 times a week), their results showed that 16 or 24 weeks of intervention was 

able to induce a significant improvement of the children’s anaerobic capacities (+10,5% minimum 

using static jump test)
17

. According to Van der Heijden et al., a 12-week resistance training 

(2*1h/week in 15 years old obese adolescents) led to a significant strength gain in both lower and 

upper muscle groups
 37

. This research team also reported in another study that a 12-week aerobic 

exercise training (4x30min/week at least at 70% VO2peak) was able to increase by 13±2% the 

aerobic fitness of prepubertal obese children
 37

. 

While Sung et al. described resistance training as a safe and effective alternative for weight 

loss programs among youth in order to reduce the severity of obesity-associated cardiorespiratory 

risk factors
7
, there is little evidence indicating that resistance training interventions improves CRF 

5, 

43, 53, 54
. In their review, Alberga et al. concluded that in order to improve cardiorespiratory fitness in 

obese youth, exercises programs need to include aerobic exercise training 
52

. 

 

What about the metabolic profile? 
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Although the loss of fat mass is the main target when implementing dietary and/or physical activity 

programs among overweight and obese youth, it is necessary to first target the metabolic 

complications associated with excess weight that could be clustered as a pediatric metabolic 

syndrome
1, 2

. The actual literature mainly presents results regarding the impact of endurance 

training on overweight and obese children’s metabolic profile. 

In a recent systematic-review looking at the effect of exercise training on lipid profile in 

overweight and obese youth
55

 programs based on aerobic training alone were effective on lipid 

profile, with moderate effects on Low Density Lipoprotein Cholesterol (LDL-C) and large effects 

on triglycerides (TG) levels, with a typical exercise dose of 3 sessions/week of 60 min and a 

maximal intensity of 75% of maximal heart rate. In a series of studies and based on the prescription 

of exercise at the Fatmax (or Lipoxmax) intensity, Ben Ounis et al. showed the positive effect of 2-

month aerobic interventions on HOMA-IR, TG, LDL-C and total cholesterol, on the adiponectin 

concentration, inflammatory markers, and the growth factor IGF-1 and its binding protein IGFBP-3 

30-32. Aerobic exercise training also has beneficial effects on glucose metabolism as Nassis et al. 

showed that 12 weeks of aerobic exercise training with 3 sessions/ week resulted in improved 

insulin sensitivity of 13.1 ± 1.8 years old overweight/obese girls 
56

, despite no significant change in 

body weight, body fat, adipokines concentrations or inflammatory factors 
56

. 

A recent meta-analysis points out that aerobic exercise (for at least 60min 3 times a week) is 

able to reduce LDL-C and TG concentrations, and that the combination of aerobic and resistance 

training provides additional benefits, such as increased HDL-C
55

. When resistance and aerobic 

exercises are combined, programs can have a positive effect on HDL-C if the session last at least 60 

minutes for a minimal intensity of 75% of the maximal aerobic capacities
 55

. When compared to the 

effect of dietary restriction alone, Suh et al. showed that endurance or resistance training similarly 

improve insulin sensitivity index in overweight Asian adolescents 
55, 57

. In adults however, aerobic 

exercise training only has been shown to induce greater improvements of the insulin sensibility 

compared with resistance exercise training
58, 59

. Looking at the effect of endurance combined with 

resistance exercise training, versus endurance exercise training alone, De Piano et al. reported that 

in obese adolescents with non-alcoholic fatty liver disease a 1-year program combining resistance 

and aerobic sessions favored a better improvement of insulin and alanine transaminase 

concentrations, HOMA index, adiponectin and leptin concentrations as well as lower melanin-

concentrating hormones (MCH) compared to endurance alone 
60

. 

Resistance training alone has been shown to reduce insulin resistance and to improve their 

glycemic control in obese youth
61

 independently of body weight changes in overweight 

adolescents
61

. Other authors have reported beneficial effects of resistance training, such as 

decreased resting heart rate, systolic blood pressure, TG and insulin concentrations and increased 

HDL-C levels after a 6-week resistance program in obese children (3 times a week set at 70 to 85% 

of the children’s maximal capacities)
43

. As previously mentioned with aerobic exercise training, the 

improvement in insulin sensitivity, hepatic insulin sensitivity (+24±9%) and metabolic control of 

glycogenolysis are not related to change in adiposity or visceral, hepatic and IMCL fat content after 

a 12-week resistance program in obese youth
38

. By comparison, in prepubertal children the same 

research team showed that a 12-week aerobic program (4 sessions of 30 minutes each at least) in 

prepubertal obese children resulted in decreased insulin resistance and reduced fasting insulin 

concentration
37

. The following table (Table 2) sums up the impact of both endurance and resistance 

training programs on obese youth’s metabolic profile. 
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Table 2. Impact of endurance vs. resistance programs on the metabolic profile in obese youth. 

 

Discussion and recommendations 

There are now good evidences that resistance exercise can be included in programs for the 

treatment of obesity in children and adolescents. The World Health Organization and many national 

and international organizations focusing on physical fitness, such as the National Strength and 

Conditioning Association
62

 or the United States Physical Activity Guidelines for Youth
63

 

recommend the use of resistance training in children and adolescents. The type of exercise should 

involve an activity of whole body and be performed at moderate to submaximal intensities with 2-3 

sets of 8 to 20 repetitions over a period of a least 8 weeks 
10, 20, 21, 64

. With this type of exercise, the 

level of compliance is high (about 84%) and a low rate of injuries in children and adolescents 
20

. It 

should however be noticed that similar compliance rate between 80 to 100% can also be reached for 

aerobic exercise interventions
13

. 

Both endurance and resistance trainings offer beneficial effects to the health of overweight 

and obese children and adolescents. Looking at their respective benefits, we recommend a 

combination of resistance and aerobic exercise, more likely to bring the most benefits, rather than 

resistance or aerobic exercise alone 
65

. Practitioners are encouraged to follow the classical general 

recommendations for exercises prescriptions in children and adolescents based on 60 minutes or 

more of Physical activity every day suggesting that the main core of the 60 minutes should be 

moderate to vigorous activities with muscle and bone strengthening about 3 times a week. 

  

BOX 1 

Endurance training 

Endurance training (also termed aerobic or cardio training) refers to exercise programs at low-to-moderate 

intensities that relies primarily on the aerobic metabolism. Since the term aerobic literally means “living in 

the air”, it is easy to understand that aerobic exercises rely on the use of oxygen to furnish the energy needed 

during the completion of the exercise thanks to the aerobic metabolism process 
66

. 

 

Resistance training 

Also called strength or weight training, resistance training involves the use of muscular strength to work 

against a resistive force or move a weight. It mainly consists in isometric, isotonic, or isokinetic exercises 

designed to gradually develop greater resistance in order to induce muscular contractions which develop 

strength, anaerobic endurance, and size of skeletal muscles. 

BOX 2 

 

Fat max (or Lipox max) 
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The Fatmax or lipoxmax represents the exercise intensity that elicits the higher lipid oxidation rate. In obese 

youth, fatmax typically occurs at 53.3 ± 12.2% of VO2max67. 

 

The Crossover point 

During incremental intensity exercise, carbohydrate oxidation progressively increases while lipid oxidation 

decreases to reach a point where the carbohydrate oxidation represents 70% of energy expenditure and fat 

oxidation represent 30%. This point is called the cross-over point. Studies in obese adults showed that the 

cross over point occurs at lower intensity than in normal weight subjects, reflecting a decreased ability of 

muscle to use fat as a substrate 68. A number of studies have shown that the cross over point can be shifted to 

higher intensity (indicating improvement of the muscle’s ability to oxidize fat) with exercise training 

performed at submaximal intensity in obese youth 29. 
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