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Background: The purpose of the present study was to compare the impact of semi-intensive and intensive in-
terdisciplinary weight-loss therapies on the treatment of metabolic syndrome (MS) and selected inflammatory 
markers in adolescents with obesity. 
Methods: The study included 166 adolescents enrolled in two groups for 22 weeks: the intensive group (in-
person aerobic and resistance exercise three times a week, and psychological and nutritional counselling once a 
week), or the semi-intensive group (six in-person exercise orientation meetings and six in-person psychological 
support sessions with an online nutritional and exercise program). Anthropometric parameters, blood pressure, 
fasting glucose, insulin, lipid profile, triglycerides (TG), leptin and adiponectin were assessed before and after the 
interventions. 
Results: Body weight and waist circumference decreased in both groups (P<0.001) and large effect sizes (η2=  
0.586 and η2=0.465, respectively) were noted. Significant time and group interactions were found (P=0.001) 
with medium effect sizes (η2=0.095 and η2=0.105, respectively). The prevalence of MS decreased from 27.9% 
to 13.1% (P=0.012) and 29.4% to 5.9% (P=0.004) in the semi-intensive and intensive groups, respectively. All 
MS risk factors decreased significantly over time (P<0.001) and a significant time*group interaction was ob-
served (P<0.05), except for fasting TG (P=0.832) and glucose (P=0.128, η2=0.021). 
Conclusion: The results suggested that both approaches promoted significant clinical improvement in the 
condition of adolescents with MS and reduced associated risk factors. Studies that consider the cost effective-
ness of both treatments are still needed to determine whether semi-intensive care, with its lower financial costs, 
may be a suitable option to treat obesity and MS in adolescents with obesity.
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INTRODUCTION

The increasing worldwide prevalence of obesity and its negative 
consequences have been exhaustively reported in the literature. Im-

portantly, recent data indicates an alarming global increase of about 
76% in the prevalence of obesity among adolescents over the last 
four decades.1 In Brazil, the prevalence of obesity in children and 
adolescents is approximately 14%.2 Obesity is associated with in-
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creased blood pressure (BP), type 2 diabetes, non-alcoholic liver 
steatosis, osteoarthritis, inflammatory states or metabolic syndrome 
(MS), and cardiometabolic diseases, among other conditions.3,4

The MS is commonly defined as the co-occurrence of three or 
more cardiometabolic risk factors, such as increased waist circum-
ference (WC), BP, fasting blood glucose, and/or serum triglyceride 
(TG) concentrations, and decreased high-density lipoprotein cho-
lesterol (HDL-C).5 Studies conducted in Brazil have shown that 
approximately 30% of adolescents with obesity present with MS.6,7 
which has particular importance given MS has been shown to be 
associated with lower responses to weight-loss treatments and re-
duced improvement in lipid and inflammatory profiles.7 Individu-
als with obesity tend to present with elevated serum leptin concen-
trations (hyperleptinemic state) and reduced serum adiponectin, 
which negatively impact the regulation of energy balance.8,9 

Therefore, MS interventions should not only focus on weight 
loss, but also on strategies targeting the risk factors associated with 
MS.10 Interdisciplinary treatment involving professionals such as 
kinesiologists, psychologists, dietitians, physicians and physiothera-
pists has been shown to provide good results in reducing cardio-
metabolic risks in adults and adolescents with obesity.4,7 However, 
implementing large-scale interventions involving multiple profes-
sionals is costly for public health systems. There has, therefore, 
been an ongoing search for alternative low-cost and effective strate-
gies to treat obesity and its health-related consequences: proposed 
approached have included the use of electronic technologies, in-
cluding the internet and web-based programs, as adjuvants in 
health education.11 Previous studies have indicated that these types 
of interventions can help to reduce body weight and improve sev-
eral health-related issues associated with obesity, such as type II di-
abetes,12,13 hypertension, increased TG, and reduced HDL-C.14,15 

Although these results appear very promising, further studies are 
required to confirm the earlier findings. It has previously been ob-
served that more intensive therapies produce greater impact on 
body-weight variables; however, the extent of the impact of inten-
sive therapies on MS prevalence and inflammatory markers com-
pared to semi-intensive therapies remains uncertain in adolescents. 
Accordingly, the objective of the present study was to compare the 
effects of intensive and semi-intensive interdisciplinary approaches 
on anthropometric parameters, body composition, MS and inflam-

matory markers. We hypothesized that the intensive therapy would 
have greater impact on anthropometric and body composition 
variables, but that both approaches would produce clinically signifi-
cant reductions in MS risk factors and inflammatory markers. 

METHODS

Research design
The present study involved a total of 166 adolescents with obesi-

ty, aged between 14 and 19 years (average, 17.1 ± 1.7 years). The 
main inclusion criteria were as follows: ≥ stage 5 on the Tanner 
scale; and a body mass index (BMI) ≥ 95th percentile. Participants 
who reported the use of birth-control pills, cortisone, anti-epileptic 
drugs, and a history of renal disease, alcohol intake, smoking, and 
secondary obesity due endocrine disorders were not included in 
the study. Adolescents who reported orthopedic limitations and/
or other alterations indicated in the electrocardiogram that did not 
allow the participants to join in the physical exercise sessions were 
also not included. The study was conducted according to the prin-
ciples of the Declaration of Helsinki and was approved by the Eth-
ics Committee on Research at the Sao Paulo Federal University–
UNIFESP (#0135/04 and #0052/16). Adolescents and their legal 
guardians received comprehensive information about the trials be-
fore signing assent or consent forms.

The present study compared two different and independent clin-
ical interventions (intensive and semi-intensive) that were imple-
mented in our health department over different time periods. Par-
ticipants were assigned to the groups (intensive weight-loss therapy 
or semi-intensive weight-loss therapy) by convenience sampling 
(Fig. 1).

Interdisciplinary therapy weight-loss models 
After a screening session, the adolescents either followed a 22-week 

intensive or semi-intensive interdisciplinary weight-loss interven-
tion. All face-to-face interventions and assessments took place at 
the Federal University of Sao Paulo. In-person nutritional and psy-
chological support meetings took place every week (60 minutes) in 
the intensive group, and in-person exercise sessions, which includ-
ed aerobic and resistance training, took place three times per week. 
In the semi-intensive group, there were six in-person exercise orien-
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tation sessions, with the participants following on-line classes in the 
other sessions. The semi-intensive group received health education 
once per week and was remotely monitored online. Only six in-
person psychological support meetings were offered to this group. 
An in-person clinical examination of participants from both groups 
took place at baseline and information on family history was col-
lected. In-person interventions to address any health problems that 
adolescents from either group developed over the course of the in-
tervention. 

Nutritional therapy

The nutritional intervention was conducted by a registered dieti-
cian. For both groups daily energy intake was individually planned 
according to the recommendations for adolescents with low levels 
of physical activity, considering age and sex. The distribution of 
macronutrients was as follows: fat (25%–35%), carbohydrate (45%– 
65%), and protein (10%–30%). Participants in the intensive group 
had weekly face-to-face group lessons regarding healthy eating be-
haviors, whereas the participants from the semi-intensive group 
had online access to weekly recorded lessons (access was available 
only during the duration of the program). The lesson topics were 
similar for both groups.16

Exercise protocols 

In the intensive group, the in-person physical exercise program 
was performed three times weekly and included 30 minutes of aer-
obic training plus 30 minutes of resistance training per session.17 
The aerobic training consisted of walking/running on a motor-driven 
treadmill (Life Fitness, Franklin Park, IL, USA) or using an exercise 
bike at a cardiac frequency intensity between ventilatory thresholds 
1 and 2 ( ± 4 bpm) according to the results of an initial oxygen up-
take test for aerobic exercises. Resistance training was prescribed 
individually as described previously.3 In this group, a certified physi-
cal therapist conducted weekly sessions that were focused on sub-
jects such as global postural re-education and other topics related 
to better exercise performance and safety. 

In the semi-intensive group, the adolescents used a self-guided 
program to select the physical activities that they wanted to under-
take.11 In the in-person orientation sessions that members of this 
group received, they were advised to undertake their chosen exer-
cise for 60 minutes three times a week as part of the weight-loss 
program. In the various online program health themes, the volun-
teers had access to videos about the correct way to exercise, includ-
ing the frequency, intensity and volume, to help them in their 
choices. 

Figure 1. Study design. BMI, body mass index. 

Ethical Committee

Post-pubertal tanner stage ≥ V

Anthropometric 

Clinical evaluation 
with an 

endocrinologist

Nutritional 
intervention
1× /week

Physical 
exercise

3× /week

Psychological 
intervention
1× /week

Physiotherapy
intervention
1× /week

Nutritional 
intervention
1× /week

Self-guided
physical 
exercise

25 Dropout29 Dropout

51 Intensive 61 Semi-intensive

Web-based 
health 

education

Psychological 
intervention 

6×group meetings

Clinical Evaluation 
with an 

endocrinologist

AnthropometricSerum analysis Serum analysisBlood pressure Blood pressure

Intensive 22 wk

BMI > 95th percentile

155 Participants

112 Participants

14 to 19 yr

Semi-intensive 22 wk



Hintze LJ, et al. Semi-intensive and Intensive Obesity Treatments 

J Obes Metab Syndr 2021;30:386-395 https://www.jomes.org | 389

Psychological therapy

Collective psychological sessions were organized once a week in 
the intensive therapy group and there were six in-person group 
meetings for the semi-intensive group over the course of the pro-
gram. The topics discussed by the psychologist in both therapy 
models were as follows: depression, eating disorders, anxiety, low 
self-esteem, and body-image disorders. 

Anthropometric, body composition and BP 
measurements

Body weight, height, and WC were measured using standard 
procedures. Systolic blood pressure (SBP) and diastolic blood pres-
sure (DBP) were measured in the right arm using a mercury-gravity 
manometer with appropriate cuff size. Body composition in the in-
tensive group was measured using air-displacement plethysmogra-
phy as performed in a BOD POD body composition system (ver-
sion 1.69; Life Measurement Instruments, Concord, CA, USA), 
while a Bioimpedance 310E meter (Biodynamics Corp., Shoreline, 
WA, USA) was used for the semi-intensive group. Previous research 
has demonstrated good agreement between both techniques.18

Serum analyses
Blood samples were collected after a 12-hour overnight fast at 

baseline and at the end of each intervention. The serum was sepa-
rated into serum and plasma and concentrations of glucose, TG 
and HDL-C determined by enzymatic colorimetric methods (Celm, 
Barueri, Brazil). The adipokines leptin and adiponectin were mea-
sured with enzyme-linked immunosorbent assay kits (R&D Systems, 
Minneapolis, MN, USA). Hyperleptinemia was diagnosed using 
20 and 24 µg/mL as the cut-off points for boys and girls, respectively. 
In all cases, MS was diagnosed according to the International Dia-
betes Federation criteria.19 

Statistical analyses
All data were analyzed using SPSS version 15.0 (SPSS Inc., Chi-

cago, IL, USA). The results were presented as the mean ± standard 
deviation, and as counts and percentages if the data were categori-
cal. Differences in the prevalence of MS, MS risk factors and hyper-
leptinemia were calculated using McNemar’s test. Two-way repeat-
ed measures analysis of variances were performed to assess changes 

in body weight, body composition, MS risk factors, and inflamma-
tory indicators at baseline and post weight loss within each group 
and between groups (time × group interaction). Effects were con-
sidered significant at P< 0.05. Moreover, in order to assess the mag-
nitude of potential observed differences, the effect size was com-
puted (eta squared, η2). The values of 0.010, 0.059, and 0.138 were 
considered cut-off values for small, medium, and large effect sizes. 

RESULTS

During the intervention period, 29 participants (36.2%) from 
the intensive group and 25 participants (29%) from the semi-in-
tensive group dropped out of the study. The main reasons given for 
dropping out were job opportunities and school schedules, followed 
by financial and family problems. No significant differences were 
noted (P= 0.516) between the groups with respect to dropout per-
centages. In the intensive group, we only included participants who 
attended at least 75% of the face-to-face sessions. A total of 112 ad-
olescents from both groups completed the intervention and were 
included in the analyses (intensive: n = 51; semi-intensive: n = 61). 
Table 1 shows the demographic information for both groups at 
baseline. Neither age nor BMI differed between the groups at base-
line (P= 0.723 and P= 0.921, respectively), showing that both groups 
were similar at the onset of the study. 

Changes in anthropometric and body composition measurement 
results in those who completed the intensive and semi-intensive in-
terventions are shown in Table 2. Weight loss after the interventions 
was −5.05% (4.24, P< 0.001) and −9.43% (7.14, P< 0.001) in the 
semi-intensive and intensive groups, respectively. We found signifi-
cant time × group effects (P< 0.001) for all anthropometric and 
body composition measurements (except for height), with the in-

Table 1. Baseline demographic characteristics of the study population  

Variable Semi-intensive Intensive P

Age (yr) 17.15 (1.75) 17.03 (1.67) 0.723
Baseline BMI 38.2 (4.54) 38.3 (5.34) 0.921
Drop-out 25 (29) 29 (36.2) 0.516
No. of completers 61 51 0.064
   Female 31 (51) 34 (67)
   Male 30 (49) 17 (33)

Values are presented as number (%).
BMI, body mass index.
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tensive intervention having a greater impact with respect to all these 
variables. Large effect sizes for time × group effects were evident for 
all body composition variables except for body weight (η2 = 0.095). 
Comparisons of the %∆ also indicated significant differences (P<  
0.001) in all body composition and anthropometric variables ex-
cept for height (P= 0.863). 

The risk factors for MS and associated inflammatory parameters 
are described in Table 3. We found the participants’ WC, glucose, 
TG and leptin decreased significantly in both groups (P< 0.001), 
whereas SBP and DBP decreased only in the intensive group (P<  
0.001). In addition, DBP, TG and glucose presented medium effect 
sizes (η2 =  0.070, η2 = 0.083, and η2 = 0.072, respectively), whereas 
SBP, WC and leptin presented large effect sizes (η2 = 0.622, η2 =  
0.465, and η2 = 0.236, respectively). Adiponectin and HDL-C sig-

nificantly increased (P< 0.001 and P= 0.003, respectively), with a 
large effect size for adiponectin (η2 = 0.215) and a medium effect 
size for HDL-C (η2 = 0.078). Significant time × group effects were 
found for SBP, DBP, WC, HDL-C and adiponectin. However, me-
dium effect sizes were found for DBP and adiponectin (η2 = 0.083 
and η2 = 0.061, respectively) and a small effect size was noted for 
HDL-C (η2 = 0.038). Glucose, leptin and TG did not have signifi-
cant time × group effects, and also had small effect sizes, suggesting 
that both interventions promoted similar impact in these variables. 
The number of MS risk factors decreased over time (P< 0.001, 

η2 = 0.317) and there was a time × group effect in these variables 
(P= 0.005); however, a medium effect size (η2 = 0.069) was ob-
served. The %∆ analysis also indicated significant differences be-
tween groups in SBP and DBP (P< 0.001 and P= 0.003, respec-

Table 2. Anthropometric measurement results and body composition at baseline and post intervention in the semi-intensive and intensive groups 

Variable
Semi-intensive (n= 61) Intensive (n= 51) Change within 

groups (P )
Effect size 

η2
Change between 

groups (P ) 
Effect size 

η2Baseline Postintervention % Change Baseline Postintervention % Change

BW (kg) 110.99± 15.22 105.28± 14.41 –5.15 107.09± 16.31 97.11± 17.65 –9.30 < 0.001* 0.586 0.001* 0.095
BW z score  0.11± 0.96  0.23± 0.87 –0.13± 1.03 –0.27± 1.07  0.821* 0.000 0.002* 0.085
Height (m)  1.71± 0.09  1.71± 0.09 0.32  1.67± 0.08   1.68± 0.08 0.28 < 0.001* 0.016 0.863 0.000
Height z score  0.17± 1.02  0.17± 1.01 –0.19± 0.94  –0.20± 0.96  0.992* 0.000 0.885 0.000
BMI (kg/m2)  38.21± 4.54 36.05± 4.56 –5.70 38.30± 5.34 34.54± 5.80 –9.80 < 0.001* 0.622 < 0.001* 0.107
BMI z-score –0.01± 0.92 0.13± 0.87 0.01± 1.09 –0.15± 1.11  0.802* 0.001  0.001* 0.103
Fat mass (kg) 41.99± 8.44 37.89± 7.40 –9.03 51.33± 12.61   37.96± 14.06 –27.16 < 0.001* 0.691 < 0.001* 0.387
Lean body mass (kg)  68.65± 10.71  67.04± 10.38 –2.26 55.55± 7.41 59.42± 9.33 6.48 0.002* 0.083 < 0.001* 0.348

Values are presented as mean± standard deviation.
*Significant differences; effect sizes η2 = 0.010, 0.059, and 0.138 were cut-off points for small, medium, and large effect sizes, respectively.
BW, body weight; BMI, body mass index. 

Table 3. MS risk factors and inflammatory biomarkers at baseline and post intervention in the semi-intensive and intensive groups

Variable 
Semi-intensive (n= 61) Intensive (n= 51) Change within 

group (P )
Effect 
size η2

Change between 
group (P )

Effect 
size η2Baseline Post-intervention % Change Baseline Post-intervention % Change

SBP (mmHg) 118.11± 9.75 119.11± 8.50 1.31 125.85± 18.39 114.79± 7.87 –6.59 < 0.001* 0.622 < 0.001* 0.107
DBP (mmHg)  76.64± 6.37 76.88± 6.71 0.70 79.15± 8.75  74.15± 5.75 –6.31  0.006* 0.070  0.002* 0.083
WC (cm)  109.86± 10.09 104.97± 10.80 –4.41 105.72± 11.26 95.13± 12.06 –11.00 < 0.001* 0.465  0.001* 0.105
Glucose (mg/dL)  89.62± 7.47 88.44± 7.28 –0.78 90.57± 7.77  86.76± 7.55 –5.30 0.004* 0.072 0.128 0.021
HDL-C (mg/dL)  40.51± 8.33 43.23± 8.28  8.08 43.55± 8.45  44.06± 9.15  3.90 0.003* 0.078  0.039* 0.038
TG (mg/dL) 127.25± 58.41 111.25± 57.87 –7.84 106.67± 75.70 88.35± 45.70 –9.76  0.002* 0.083  0.832* 0.000
Adiponectin (mg/dL) 2.58± 1.91 3.34± 2.93  29.45 7.20± 3.33   9.39± 4.76  30.42 < 0.001* 0.215 0.010* 0.061
Leptin (mg/dL) 64.68± 42.40 48.35± 39.04 –23.52 44.20± 30.34   29.83± 24.70 –25.27 < 0.001* 0.236 0.709 0.001
Number of MS risk factors   2.07± 0.87 1.70± 0.76 –17.90 2.12± 0.95    1.28± 0.78 –39.60 <  0.001* 0.317  0.005* 0.069
Adiponectin/leptin 0.04 (0.07) 0.08 (0.01) 66.00 0.27 (0.36) 0.38 (0.54) 40.00 0.714

Values are presented as mean± standard deviation or median (interquartile range).
*Significant differences; effect sizes η2 = 0.010, 0.059, and 0.138 were cut-off points for small, medium, and large effect sizes, respectively.
MS, metabolic syndrome; SPB, systolic blood pressure; DBP, diastolic blood pressure; WC, waist circumference; HDL-C, high-density lipoprotein cholesterol; TG, triacylglycerol. 
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tively) and HDL-C (P= 0.023). No significant differences in the 
%∆ were found in the analysis of glucose (P= 0.097), TG (P= 0.900), 
adiponectin (P= 0.951) or leptin (P= 0.312). 

Fig. 2 shows the prevalence of each MS risk factor (a), and the 
prevalence of MS and prevalence of hyperleptinemia (b) in both 
groups. The SBP, DBP, and WC decreased significantly only in the 
intensive group (P= 0.001, P= 0.002 and P= 0.004, respectively). 
Overall, MS prevalence significantly decreased from 28.6% (n = 32) 
to 9.8% (n = 11, P= 0.001). In the semi-intensive group, the preva-
lence decreased from 27.9% (n = 17) to 13.1% (n = 8, P= 0.012); 
whereas in the intensive group it decreased from 29.4% (n = 15) to 
5.9% (n = 3, P= 0.004). Hyperleptinemia also decreased from 90% 
(n = 55) to 73% (n = 45, P= 0.007) in the semi-intensive group, 
and from 76% (n = 56) to 57% (n = 30, P= 0.002) in the intensive 
group.

DISCUSSION

Only a handful of studies have evaluated the impact of web-
based interdisciplinary approaches on cardiometabolic risk12,14,15,18 
and we are unaware of any study that compared the impact of semi-
intensive and intensive clinical interdisciplinary therapies on both 
MS risk factors and pro-anti-inflammatory biomarkers (leptin and 
adiponectin) in adolescents with obesity. The findings of this study 
only partially supported our hypothesis that both therapies would 
produce clinically significant reductions in MS factors and inflam-
matory markers, as BP and WC were only reduced in the intensive 
intervention group. To the best of our knowledge, the present study 
is the first to indicate that both intensive and semi-intensive inter-
disciplinary therapies have similar effects on some inflammatory 
markers and MS risk factors in adolescents with obesity.

Our results also demonstrated that both interventions promoted 

Figure 2. Metabolic syndrome (MS) factors (A) and prevalence of MS-associated 
hyperleptinemia (B) in adolescents with obesity. *Significance P< 0.05. TG, triacyl-
glycerol; HDL-C, high-density lipoprotein cholesterol; SPB, systolic blood pressure; 
DBP, diastolic blood pressure; WC, waist circumference.
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significant weight loss in our participants. Although the impact was 
greater in the intensive program, there was also significant weight 
loss in the semi-intensive group. Interestingly, the average weight 
loss of approximately 5% in our semi-intensive group was similar to 
that reported by some web-based interventions studies,15,19 but 
higher than in other studies.20,21 Even though percent weight lost 
was smaller in the semi-intensive group compared with the inten-
sive group, it is likely that it was sufficient to promote health-related 
benefits. A relatively modest weight loss of 5% has previously been 
reported to reduce or even eliminate cardiometabolic risks and 
chronic degenerative diseases such as hypertension and hyperlipid-
emia, as well as being beneficial for control of hyperglycemia.15,22

Consistent with our results, previous studies involving adoles-
cents with obesity also showed significant improvements in fat 
mass (FM). Changes in FM in our semi-intensive group (–9% FM 
reduction) were smaller than the results reported for other inten-
sive therapies,23,24 but greater than those of other web-based inter-
vention studies.12,14 Reducing FM has been found to be associated 
with improvements in cardiometabolic risk,7 and there is evidence 
indicating that this improvement can occur independently from 
weight and fat losses as long as participants change lifestyle behav-
iors.24 Web-based therapies may, therefore, be helpful tools to pro-
mote and improve cardiometabolic risk. Indeed, previous studies 
have indicated the positive impact of web-based therapies, which 
resulted in reduced fat intake, increased physical activity,25 and re-
duced weekly screen time.21

The analysis of inflammatory markers indicated significant chang-
es in serum adiponectin and leptin concentrations and in the adi-
ponectin/leptin ratio, with adiponectin significantly increasing and 
leptin significantly decreasing over time. The prevalence of hyper-
leptinemia also decreased significantly in both groups. These changes 
favor improved energy metabolism and are associated with a better 
weight loss response.4,8 The results of previous research conducted 
in our laboratory indicated that control of hyperleptinemia and in-
creased adiponectin concentrations are associated with better vas-
cular protection4 and reductions in eating disorder symptoms.26 
Given the role of both peptides in energy metabolism, better con-
trol of their concentrations in serum might favor long-term weight 
loss maintenance.

Previous studies have suggested that the adiponectin/leptin ratio 

is an important clinical marker of adipose tissue dysfunction.27 A 
reduction of this ratio is an expected a consequence of weight loss. 
Interestingly, we noted the adiponectin/leptin ratio decreased in 
the semi-intensive group. In fact, previous studies from our group 
indicated significant increases in the adiponectin/leptin ratio after 
intensive treatment.4,7,27 To the best of our knowledge, no other 
studies have investigated adiponectin/leptin ratio after semi-inten-
sive weight loss programs and our results need to be confirmed in 
future studies. 

Another interesting finding from the present study is the signifi-
cant reduction in the prevalence of MS in both intervention groups. 
The number of MS risk factors also decreased. Previous studies 
demonstrated the positive impact of an interdisciplinary weight-loss 
treatment on MS,7 even after only a three-week weight reduction 
program;28 however, few studies have investigated the impact of 
web-based approaches on this variable. Block et al.12 demonstrated 
a significant reduction in MS prevalence in their study with adults. 
Among the participants who had MS at baseline, 46.5% of those in 
a web-based group no longer had MS after a six-month interven-
tion. Another study28 reported significant reductions in BMI, FM, 
and body weight among other improvements in boys and girls with 
obesity, with and without MS, after a three-week multidisciplinary 
body-weight reduction program. These results indicate that even 
though the treatments or interventions might not produce com-
plete remission of MS, they may still provide many other clinical 
benefits. 

Unlike previous studies, in our study there were improvements 
in BP only in the intensive group. Significant impacts of web-based 
and mobile-phone-based therapies on BP have been reported.14 
However, most of these studies compared results between a non-
treatment control group and a web-based intervention group.14,18 
Other studies included only personalized phone messages as com-
plement to the participants’ regular care,29,30 which might explain 
the differences between our findings and those reported in other 
studies. The differences in weight loss between the groups might 
also explain the significant BP reduction only in the intensive 
group, given the association between high BP and body weight.

Conversely, our study demonstrated significant effects on TG 
and HDL-C. The effects of intensive therapies on these variables is 
well recognized.3,4,7 Web-based interventions have also been found 
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to promote significant changes in these variables. A reduction of 
HDL-C in the first 12 weeks of intervention was reported in 
adults;14,15,18 whereas other authors showed decreases in TG after 12 
weeks of web-based weight-loss treatment.12,15 Interestingly, in our 
study we did not find a significant time × group effect for TG and 
only a small effect size was found for HDL-C, which indicated that 
both interventions may influence these two MS risk factors to a 
similar degree. 

The efficacy of web-based programs to control hyperglycemia 
and other glycemic markers in adults has been previously report-
ed.12,13 Similar to previous studies, we found a significant improve-
ment in fasting glucose concentrations in our participants and no 
time × group interactions were noted. Indeed, previous studies have 
reported that diabetes risk might be reduced by even modest weight 
loss.12 Kim and Kim13 observed that patients with type II diabetes 
that received personalized and continuous recommendations ad-
dressing diet, exercise, and medication adjustment, as well as fre-
quent self-monitoring of blood glucose concentrations, had better 
glycemic control after a 12-month intervention. 

The present study had some limitations. Firstly, we compared two 
different clinical interventions that were implemented in our health 
department and no randomization was applied. However, our sta-
tistical analyses demonstrated no differences in age and BMI be-
tween the two groups at baseline, which allowed the analyses. Sec-
ondly, we included no measures of adherence in the study. Howev-
er, we observed similar drop-out rates in the two groups and we in-
cluded only participants from the intensive group who attended at 
least 75% of the face-to-face sessions. Finally, we did not use the 
same instruments to measure body composition in our partici-
pants. However, previous studies indicated good agreement be-
tween the two methods included in the study.18 Our study is also 
strengthened by its novelty, and by the use of gold-standard tech-
niques in the outcome measures. Other aspects of our methods, 
such as the well-structured intensive intervention and the experi-
ence of our team in dealing with individuals with obesity, may also 
strengthen the internal validity of our results. 

In conclusion, our results suggest that both interventions might 
be suitable options for adolescents seeking treatment for health-re-
lated issues associated with obesity, including increased inflamma-
tory biomarkers and the presence of one or more MS risk factors. 

The intensive intervention seemed to promote a greater impact in 
terms of anthropometric and body composition variables, inflam-
matory markers and MS. The results of the semi-intensive treat-
ment were nonetheless significant, except with respect to BP and 
WC, and given web-based interventions are less costly, should be 
considered a valid treatment option. Further studies comparing the 
cost effectiveness of the two interventions are warranted before im-
plementing web-based/semi-intensive programs on a population 
basis. 
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