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Abstract
Introduction and Objectives: This study aimed to assess the 
impact of a structured medical intervention in adolescents 
with overweight or obesity at medical discharge and after 5 
years and identify the factors responsible for the reappear-
ance of anthropometric alterations. Methods: A total of 42 
adolescents with overweight, obesity, and/or increased 
waist circumference (WC) participated in a survey on eating 
habits, physical exercise, and sedentary habits. Body mass 
index (BMI), fat mass (FM), and WC were evaluated quarterly 
during a structured medical intervention, with a maximum 
duration of 3 years (2007–2010) and 5 years after its conclu-
sion (2015–2016). SPSS 19.0® was used for statistical analy-
sis. Results: Initially, 23.8% adolescents were overweight, 
28.6% were obese, 83.3% had increased FM, and 95.2% had 
high WC. A significant improvement was noted until medical 
discharge with respect to BMI, FM, and WC (p < 0.001) owing 
to an increased number of meals; reduction in the consump-
tion of hypercaloric foods/drinks (p < 0.001); increase in the 

consumption of fruits, vegetables, and soup (p < 0.001); in-
crease in physical exercise and daily walks (p < 0.001); and 
reduction in sedentary habits (p < 0.001). At reassessment, 
after 5 years, the majority had normal BMI, FM, and WC (p < 
0.001), although 45.2% had abandoned sports (p < 0.001). 
Conclusions: A relation exists between the improvement or 
normalization of BMI, FM, and WC and the number of meals, 
healthy eating habits, physical exercise, and less sedentary 
habits. The intervention was associated with an improve-
ment in the parameters during the short and medium terms.

© 2021 The Author(s).
Published by S. Karger AG, Basel

Introduction

Obesity occurs owing to the complex interaction be-
tween environmental and genetic factors [1] and was de-
clared the 21st-century pandemic by the World Health 
Organization (WHO) [2]. Pediatric obesity has reached 
epidemic levels in developed countries and is currently 
the most prevalent nutritional pediatric disease [3]. An 
international study showed that Portugal has some of the 
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most overweight adolescents [4]. Excessive fat mass (FM) 
results mainly from hypercaloric diets, sedentary habits, 
and reduced physical exercise [5].

The risks associated with obesity are related to body 
mass index (BMI), FM, and metabolic alterations [6]. 
Obese or overweight children or adolescents have higher 
cardiovascular and metabolic risks [7]. Furthermore, 
when a child becomes an obese adolescent, he/she has a 
high probability of becoming an obese adult [8].

The Western lifestyle encourages reduced energy ex-
penditure by promoting a hypercaloric diet at the expense 
of vegetables, salads, and fruits. Excessive television view-
ing is related to an increased consumption of highly en-
ergetic foods and physical inactivity [9]. Exercise is essen-
tial for the prevention/treatment of obesity [10], which 
can counteract the effect of some genetic polymorphisms 
associated with juvenile obesity [11], and is considered 
the best nonpharmacological treatment [12] along with 
spending less time on sedentary habits (such as watching 
television and playing video games) [13].

Hypercaloric/unbalanced diet is another factor con-
tributing to childhood overweight/obesity [14]. Chang-
ing eating habits (increasing soup, vegetable, and fruit 
consumption) is important in the treatment and/or pre-
venting obesity [15].

There is an urgent need for preventive/treatment mea-
sures against obesity/overweight, particularly among ad-
olescents. We believe that by promoting exercise, con-
suming healthy diet, and continuous monitoring, the cur-
rent situation can be improved. These measures should 
be implemented from an early age as a cooperative project 
among schools, government, family, and specialists [16, 
17], whose intervention is fundamental, particularly the 
family [18–21]. We aimed to assess the impact of a struc-
tured medical intervention lasting up to 3 years in over-
weight/obese adolescents in 2 stages (at the time of their 
discharge and after 5 years) and to identify the factors 
responsible for the aggravation of anthropometric pa-
rameters during this period.

Patients and Methods

A total of 42 participants were included in a structured med-
ical intervention program from a group of ninety 10- to 12-year-
old adolescents of both sexes from 2 different areas in Portugal 
(rural and urban). All participants were studying in a local pub-
lic school (rural area) or a private school (urban area), and all 
had overweight/obesity and/or increased waist circumference 
(WC) [22]. Moreover, 48 adolescents were excluded because 
they were subjected to chronic pharmacological therapy, which 
could interfere with the risk of obesity/overweight and second-

ary obesity, or because they were not authorized by their guard-
ians.

All adolescents completed 2 surveys at the initial consultation, 
during quarterly assessments (up to 3 years), and in reassessment 
(after 5 years). Both surveys composed of closed option questions. 
One survey evaluated the number of meals and their menu (ana-
lyzing their eating habits), and another survey assessed out-of-
school physical activity(ies). The first survey inquired about the 
number of meals per day, their menu, frequency of intake of cer-
tain foods (fruits, salads/vegetables, soup, water, soft drinks, 
sweets, fast food, and chocolate milk) per day and per week, allow-
ing the adolescents to choose between “never” (per day or per 
week) and “>4 times” (per day or week). The second survey as-
sessed the level of sedentary activities (such as watching television 
or playing video games) (how many hours per day and per week) 
and the level, duration, and type of exercise practiced by the ado-
lescents (football, swimming, and daily walks) (allowing the ado-
lescents to choose between “none” and “>4 h per week”).

The number of hours was categorized into 3 groups (h = hours): 
<3 h/week, 3–4 h/week, and >4 h/week. The <3 h/week group was 
associated with lower energy expenditure and >4 h/week group 
with higher energy expenditure. The presence/absence of daily 
walks (>30 min) was assessed, and the number of hours spent on 
sedentary activities (television, computer, and video games) was 
determined. At every consultation, weight, WC, and BMI were re-
corded.

The adolescents’ nutritional statuses were evaluated by consid-
ering BMI as the determinant of overweight (weight > P85) and 
obesity (weight > P97), adopting the percentile curves for BMI of 
the WHO and using internationally recommended techniques and 
methodologies [23]. According to the WHO, for reassessment, 
BMI ≥25 kg/m2 indicated overweight and BMI ≥30 kg/m2 indi-
cated obesity. WC was evaluated considering the midpoint be-
tween the last costal arch and iliac crest, and the values found were 
interpreted in the respective percentile curves [24], with body fat 
being determined based on bioimpedance (Tanita TB 300).

The adolescents were followed up in consultations at 3-month 
intervals until normalization of the altered parameters; next, they 
were discharged (after a maximum of 3 years). Furthermore, fam-
ilies and adolescents were made aware of the necessity to change 
their habits to normalize their weight and FM. In the rural area, 
the local government was involved to facilitate out-of-school 
sports activities for all adolescents. Exercise was encouraged dur-
ing the follow-up to increase energy expenditure. The adolescents 
were encouraged to practice out-of-school exercise for at least 4 h. 
Daily walks (<30 min) were instituted. Healthy eating and aboli-
tion/reduction of caloric foods (sweets, sugary drinks, and fast 
food) were promoted. Daily consumption of soup, vegetables, and 
salads was encouraged, and a minimum consumption of 3 pieces 
of fruits a day was recommended. An increase in the number of 
meals while sharing with the family was promoted. At 5 years after 
discharge, the participants (presently aged 17–21 years) were reas-
sessed and completed the same surveys again. Next, they were sub-
jected to nutritional status assessment with clinical assessment of 
the initially evaluated parameters.

For statistical analysis, the categorical variables were character-
ized using absolute and relative frequencies. The comparison 
among the initial consultation, consultation at discharge, and reas-
sessment was concluded in relation to the variables of the food and 
occupational surveys and BMI, FM, and WC. The nonparametric 
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Table 1. Assessment of habits in the initial consultation, at discharge, and at reassessment

Parameter Initial consultation, 
n (%)

Discharge, 
n (%)

Reassessment, 
n (%)

p value

Frequency of eating breakfast
Does not eat it 0 (0.0) 0 (0.0) 2 (4.8)

0.174<4×/week 1 (2.4) 0 (0.0) 1 (2.4)
Daily 41 (97.6) 42 (100.0) 39 (92.9)

Breakfast menu
Caloric 20 (47.6) 1 (2.4) 2 (5.0) <0.001
Healthy 22 (52.4) 41 (97.6) 38 (95.0) p1 = 0.013; p2 = 0.022; p3 = 1.000

Soup consumption (lunch/dinner)
Never 0 (0.0) 0 (0.0) 1 (2.4) <0.001
<4×/week 9 (21.4) 4 (9.5) 24 (57.1)

p1 = 1.000; p2 = 0.019; p3 = 0.001
Daily 33 (78.6) 38 (90.5) 17 (40.5)

Vegetable/salad consumption
Never 3 (7.1) 0 (0.0) 3 (7.1) <0.001
<4×/week 19 (45.2) 0 (0.0) 16 (38.1)

p1 = 0.002; p2 = 1.000; p3 = 0.003
Daily 20 (47.6) 42 (100.0) 23 (54.8)

Meat/fish consumption
Never 0 (0.0) 0 (0.0) 0 (0.0)

0.577
<4×/week 3 (7.1) 1 (2.4) 2 (4.8)
>4×/week 8 (19.0) 6 (14.3) 8 (19.0)
Daily 31 (73.8) 35 (83.3) 32 (76.2)

Fruit consumption (not tinned)
Never 1 (2.4) 0 (0.0) 1 (2.4) <0.001
<4 pieces/week 5 (11.9) 0 (0.0) 4 (9.5)

p1 = 0.014; p2 = 0.341; p3 = 0.6291 piece/day 27 (64.3) 21 (50.0) 19 (45.2)
≥3 pieces/day 9 (21.4) 21 (50.0) 18 (42.9)

Hypercaloric food consumption (sweets, chocolates, pizzas, and hamburgers)
Daily 7 (16.7) 0 (0.0) 3 (7.1) <0.001
>4×/week 7 (16.7) 0 (0.0) 3 (7.1)

p1 <0.001; p2 = 0.100; p3 = 0.066<4×/week 13 (31.0) 3 (7.1) 11 (26.2)
Never 15 (35.7) 39 (92.9) 25 (59.5)

Drinking carbonated or still soft drinks
Daily 8 (19.0) 0 (0.0) 4 (9.5) <0.001
>4×/week 5 (11.9) 1 (2.4) 4 (9.5)

p1 <0.001; p2 = 0.215; p3 = 0.100<4×/week 12 (28.6) 1 (2.4) 8 (19.0)
Never 17 (40.5) 40 (95.2) 26 (61.9)

Daily meals, n
3 4 (9.5) 0 (0.0) 1 (2.4) <0.001
4 18 (42.9) 6 (14.3) 14 (33.3)

p1 <0.001; p2 = 0.422; p3 = 0.422
>4 20 (47.6) 36 (85.7) 27 (64.3)

Out-of-school sports
None 13 (32.5) 0 (0.0) 19 (45.2) <0.001
Yes, <3 h/week 6 (15.0) 0 (0.0) 0 (0.0)

p1 <0.001; p2 = 1.000; p3 = 0.002Yes, 3–4 h/week 8 (20.0) 5 (11.9) 3 (7.1)
Yes, >4 h/week 13 (32.5) 37 (88.1) 20 (47.6)

Daily walks
<30 min/day 29 (72.5) 10 (23.8) 38 (90.5) <0.001
>30 min/day 11 (27.5) 32 (76.2) 4 (9.5) p1 <0.001; p2 = 0.721; p3<0.001

Sedentary habits (TV and video games)
>2 h/day 32 (78.0) 3 (7.1) 3 (7.1) <0.001
<2 h/day 9 (22.0) 39 (92.9) 39 (92.9) p1 <0.001; p2 <0.001; p3 = 1.000

Comparison between the 3 interval measurements carried out by using Cochran’s Q nonparametric (binary variables) or Friedman’s 
(categorical variables) tests for both paired samples. Multiple comparisons: p1, initial consultation versus discharge; p2, initial consultation 
versus reassessment; p3, discharge versus reassessment.
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tests for paired samples by Friedman and Cochran’s Q were used 
for comparison in relation to categorical variables and binary vari-
ables, respectively.

For each end point (worsening of BMI, FM, and WC) between 
discharge and reassessment, the associations were tested with the 
following variables using univariable logistic regression models: 
gender, environment, education, age, and changes in eating and 
occupational behavior. Multivariate logistic regression models 
were subsequently adjusted to identify independent predictors. 
The Wald test was used to assert whether the impact of the vari-
able on the occurrence of the end point is significant. The vari-
ables in the multivariable models were selected using the stepwise 
forward method with a likelihood ratio test. Moreover, the ad-
justed odds ratio and respective 95% confidence intervals were 
estimated.

A significance level was considered at 5%. Statistical analysis 
was performed using SPSS 19.0®.

Results

Of the 42 adolescents who participated in the study, 
52.4% were from a rural area and 47.6% from an urban 
area. The sex distribution was as follows: 59.5% was fe-
male and 40.5% male. Furthermore, 45.2% were aged 12 
years, 38.1% were aged 10 years, and 16.7% were aged 11 
years. At the time of reassessment, the sample stratifica-
tions by age were 33.3% at 19 years, 31.0% at 20 years, 
26.2% at 18 years, 4.8% at 21 years, and 4.8% at 17 years.

The dietary errors found at the initial consultation 
were normalized until discharge by increased consump-
tion of vegetables and salads (initially, 47.6% consumed 

them daily, and at discharge all participants consumed 
them daily; p < 0.001) and increased fruit consumption 
(initially, 21.4% ate 3 or more pieces, and at discharge 
50% ate 3 or more pieces daily; p < 0.001). The consump-
tion of soft drinks (sugary drinks and chocolate milk) also 
decreased: 40.5% did not usually consume them at the 
initial consultation and 92.9% usually did not consume 
them at discharge. The same was noted for hypercaloric 
foods, and the habit of a healthy breakfast was acquired 
(p < 0.001). The number of daily meals increased, with 
85.7% eating at least 4 meals/day at discharge (p < 0.001) 
(Table 1).

Comparison of discharge and reassessment showed 
that consumption of healthy breakfast (p = 1.00), fruits  
(p = 0.066), and soft drinks (p = 0.1), as well as the number 
of daily meals (p = 0.422) was maintained. There is a ten-
dency to increase the consumption of sweets and fast food 
between discharge and reassessment (p = 0.066), return-
ing to the level of the initial consultation (p = 0.100) (Ta-
ble 1).

Regarding physical activity/inactivity, 32.5% did not 
practice any sports (apart from those organized at school). 
Of those who practiced out-of-school sports, 15% did so 
at <3 h/week, 20% at 3–4 h/week, and 32.5% over >4 h/
week. At discharge, all adolescents played sports and 
88.1% did so for >4 h/week (p < 0.001). This habit was lost 
between discharge and reassessment (p = 0.002), with a 
return to the level of the initial consultation (p = 1.00) 
(Table 1).

Table 2. BMI, FM, and WC at the initial consultation, discharge, and reassessment

Parameter Initial consultation, 
n (%)

Discharge,
n (%)

Reassessment, 
n (%)

p value

BMI
Normal 20 (47.6) 42 (100.0) 35 (83.3) <0.001 
Overweight 10 (23.8) 0 (0.0) 6 (14.3)

p1 = 0.001; p2 = 0.023; p3 = 0.900
Obesity 12 (28.6) 0 (0.0) 1 (2.4)

FM
Normal 7 (16.7) 42 (100.0) 31 (73.8) <0.001
High 16 (38.1) 0 (0.0) 9 (21.4)

p1 <0.001; p2 <0.001; p3 = 0.305
Very high 19 (45.2) 0 (0.0) 2 (4.8)

WC
Normal 2 (4.8) 40 (95.2) 35 (83.3) <0.001
Increased 14 (33.3) 2 (4.8) 5 (11.9)

p1 <0.001; p2 <0.001; p3 = 1.000
Obesity 26 (61.9) 0 (0.0) 2 (4.8)

Comparison between the interval measurements carried out by using the nonparametric Friedman’s test for 
paired samples. Multiple comparisons: p1, initial consultation versus discharge; p2, initial consultation versus 
reassessment; p3, discharge versus reassessment. BMI, body mass index; FM, fat mass; WC, waist circumference.
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Table 3. Univariate logistic regressions for the worsening of BMI between discharge and reassessment

BMI p* OR 95% CI for OR

not worse, n (%) worsened, n (%) LL UL

Breakfast frequency
Did not worsen 32 (82.1) 7 (17.9)

0.999
Reference class

Worsened 3 (100.0) 0 (0.0) n.a. n.a. n.a.
Breakfast menu

Did not worsen 33 (86.8) 5 (13.2)
0.089

Reference class
Worsened 2 (50.0) 2 (50.0) 6.600 0.751 58.035

Soup consumption
Did not worsen 17 (81.0) 4 (19.0)

0.680
Reference class

Worsened 18 (85.7) 3 (14.3) 0.708 0.138 3.641
Vegetable/salad consumption

Did not worsen 19 (82.6) 4 (17.4)
0.890

Reference class
Worsened 16 (84.2) 3 (15.8) 0.891 0.173 4.582

Meat/fish consumption
Did not worsen 25 (78.1) 7 (21.9)

0.999
Reference class

Worsened 10 (100.0) 0 (0.0) n.a. n.a. n.a.
Fruit consumption

Did not worsen 29 (93.5) 2 (6.5)
0.009

Reference class
Worsened 6 (54.5) 5 (45.5) 12.083 1.880 77.665

Hypercaloric food consumption
Did not worsen 22 (88.0) 3 (12.0)

0.333
Reference class

Worsened 13 (76.5) 4 (23.5) 2.256 0.435 11.708
Soft drink consumption

Did not worsen 24 (92.3) 2 (7.7)
0.063

Reference class
Worsened 11 (68.8) 5 (31.3) 5.455 0.912 32.617

Daily meals, n
Did not worsen 26 (92.9) 2 (7.1)

0.032
Reference class

Worsened 9 (64.3) 5 (35.7) 7.222 1.186 43.979
Out-of-school sports

Did not worsen 20 (95.2) 1 (4.8)
0.066

Reference class
Worsened 15 (71.4) 6 (28.6) 8.000 0.869 73.683

Energy expenditure
Gave up 14 (73.7) 5 (26.3)

0.144
Reference class

Maintained 21 (91.3) 2 (8.7) 0.267 0.045 1.572
Daily walks >30 min

Did not worsen 12 (92.3) 1 (7.7)
0.316

Reference class
Worsened 23 (79.3) 6 (20.7) 3.130 0.337 29.086

Sedentary daily habits >2 h
Did not worsen 32 (82.1) 7 (17.9)

0.999
Reference class

Worsened 3 (100.0) 0 (0.0) n.a. n.a. n.a.
Age, years

17–18 12 (92.3) 1 (7.7) 0.128 0.167 0.017 1.671
19 13 (92.9) 1 (7.1) 0.111 0.154 0.015 1.534
20–21 10 (66.7) 5 (33.3) Reference class

Gender
Male 14 (82.4) 3 (17.6)

0.888
Reference class

Female 21 (84.0) 4 (16.0) 0.889 0.172 4.594
Area

Rural 15 (75.0) 5 (25.0)
0.183

Reference class
Urban 20 (90.9) 2 (9.1) 0.300 0.051 1.763

Level of education
Worker 2 (66.7) 1 (33.3) Reference class
Last year high school 11 (91.7) 1 (8.3) 0.290 0.182 0.008 4.263
Higher education 22 (81.5) 5 (18.5) 0.551 0.455 0.034 6.055

n.a., not applicable; CI, confidence interval; OR, odds ratio; LL, lower limit; UL, upper limit; BMI, body mass index. 
* Wald’s test p value.
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Table 4. Univariate logistic regressions for the worsening of FM between discharge and reassessment

FM p* OR 95% CI for OR

not worse, n (%) worsened, n (%) LL UL

Breakfast frequency
Did not worsen 29 (74.4) 10 (25.6)

0.771
Reference class

Worsened 2 (66.7) 1 (33.3) 1.450 0.118 17.767
Breakfast menu

Did not worsen 29 (76.3) 9 (23.7)
0.274

Reference class
Worsened 2 (50.0) 2 (50.0) 3.222 0.395 26.255

Soup consumption
Did not worsen 15 (71.4) 6 (28.6)

0.726
Reference class

Worsened 16 (76.2) 5 (23.8) 0.781 0.197 3.106
Vegetable/salad consumption

Did not worsen 17 (73.9) 6 (26.1)
0.987

Reference class
Worsened 14 (73.7) 5 (26.3) 1.012 0.254 4.029

Meat/fish consumption
Did not worsen 22 (68.8) 10 (31.3)

0.209
Reference class

Worsened 9 (90.0) 1 (10.0) 0.244 0.027 2.200
Fruit consumption

Did not worsen 28 (90.3) 3 (9.7)
<0.001

Reference class
Worsened 3 (27.3) 8 (72.7) 24.889 4.186 148.00

Hypercaloric food consumption
Did not worsen 21 (84.0) 4 (16.0)

0.077
Reference class

Worsened 10 (58.8) 7 (41.2) 3.675 0.870 15.525
Soft drink consumption

Did not worsen 23 (88.5) 3 (11.5)
0.010

Reference class
Worsened 8 (50.0) 8 (50.0) 7.667 1.624 36.184

Daily meals, n
Did not worsen 25 (89.3) 3 (10.7)

0.003
Reference class

Worsened 6 (42.9) 8 (57.1) 11.111 2.247 54.940
Out-of-school sports

Did not worsen 18 (85.7) 3 (14.3)
0.089

Reference class
Worsened 13 (61.9) 8 (38.1) 3.692 0.819 16.656

Energy expenditure
Gave up 12 (63.2) 7 (36.8)

0.161
Reference class

Maintained 19 (82.6) 4 (17.4) 0.361 0.087 1.501
Daily walks >30 min

Did not worsen 12 (92.3) 1 (7.7)
0.097

Reference class
Worsened 19 (65.5) 10 (34.5) 6.316 0.715 55.814

Daily sedentary habits >2 h
Did not worsen 28 (71.8) 11 (28.2)

0.999
Reference class

Worsened 3 (100.0) 0 (0.0) n.a. n.a. n.a.
Age, years

17–18 11 (84.6) 2 (15.4) 0.163 0.273 0.044 1.695
19 11 (78.6) 3 (21.4) 0.286 0.409 0.079 2.114
20–21 9 (60.0) 6 (40.0) Reference class

Gender
Male 13 (76.5) 4 (23.5)

0.747
Reference class

Female 18 (72.0) 7 (28.0) 1.264 0.305 5.232
Area

Rural 11 (55.0) 9 (45.0)
0.015

Reference class
Urban 20 (90.9) 2 (9.1) 0.122 0.022 0.669

Level of education
Worker 0 (0.0) 3 (100.0) Reference class
Last year high school 11 (91.7) 1 (8.3) 0.999 n.a. n.a. n.a.
Higher education 20 (74.1) 7 (25.9) 0.999 n.a. n.a. n.a.

n.a., not applicable; CI, confidence interval; OR, odds ratio; LL, lower limit; UL, upper limit; FM, fat mass. * Wald’s 
test p value.
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Table 5. Univariate logistic regressions for the worsening of WC between discharge and reassessment

WC p* OR 95% CI for OR

not worse, n (%) worsened, n (%) LL UL

Breakfast frequency
Did not worsen 32 (82.1) 7 (17.9)

0.999
Reference class

Worsened 3 (100.0) 0 (0.0) n.a. n.a. n.a.
Breakfast menu

Did not worsen 31 (81.6) 7 (18.4)
0.999

Reference class
Worsened 4 (100.0) 0 (0.0) n.a. n.a. n.a.

Soup consumption
Did not worsen 17 (81.0) 4 (19.0)

0.680
Reference class

Worsened 18 (85.7) 3 (14.3) 0.708 0.138 3.641
Vegetable/salad consumption

Did not worsen 18 (78.3) 5 (21.7)
0.341

Reference class
Worsened 17 (89.5) 2 (10.5) 0.424 0.072 2.483

Meat/fish consumption
Did not worsen 25 (78.1) 7 (21.9)

0.999
Reference class

Worsened 10 (100.0) 0 (0.0) n.a. n.a. n.a.
Fruit consumption

Did not worsen 28 (90.3) 3 (9.7)
0.055

Reference class
Worsened 7 (63.6) 4 (36.4) 5.333 0.964 29.511

Hypercaloric food consumption
Did not worsen 22 (88.0) 3 (12.0)

0.333
Reference class

Worsened 13 (76.5) 4 (23.5) 2.256 0.435 11.708
Soft drink consumption

Did not worsen 22 (84.6) 4 (15.4)
0.777

Reference class
Worsened 13 (81.3) 3 (18.8) 1.269 0.245 6.586

Daily meals, n
Did not worsen 24 (85.7) 4 (14.3)

0.561
Reference class

Worsened 11 (78.6) 3 (21.4) 1.636 0.312 8.592
Out-of-school sports

Did not worsen 17 (81.0) 4 (19.0)
0.680

Reference class
Worsened 18 (85.7) 3 (14.3) 0.708 0.138 3.641

Energy expenditure
Gave up 17 (89.5) 2 (10.5)

0.341
Reference class

Maintained 18 (78.3) 5 (21.7) 2.361 0.403 13.844
Daily walks >30 min

Did not worsen 12 (92.3) 1 (7.7)
0.316

Reference class
Worsened 23 (79.3) 6 (20.7) 3.130 0.337 29.086

Daily sedentary habits >2 h
Did not worsen 32 (82.1) 7 (17.9)

0.999
Reference class

Worsened 3 (100.0) 0 (0.0) n.a. n.a. n.a.
Age, years

17–18 10 (76.9) 3 (23.1) 0.506 1.950 0.272 13.983
19 12 (85.7) 2 (14.3) 0.941 1.083 0.131 8.946
20–21 13 (86.7) 2 (13.3) Reference class

Gender
Male 15 (88.2) 2 (11.8)

0.487
Reference class

Female 20 (80.0) 5 (20.0) 1.875 0.319 11.021
Area

Rural 16 (80.0) 4 (20.0)
0.582

Reference class
Urban 19 (86.4) 3 (13.6) 0.632 0.123 3.249

Level of education
Worker 2 (66.7) 1 (33.3) Reference class
Last year high school 10 (83.3) 2 (16.7) 0.527 0.400 0.023 6.848
Higher education 23 (85.2) 4 (14.8) 0.430 0.348 0.025 4.801

n.a., not applicable; CI, confidence interval; OR, odds ratio; LL, lower limit; UL, upper limit; WC, waist 
circumference. * Wald’s test p value.
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A similar event occurred with the habit of daily walks 
(p < 0.001), which returned to the level of the initial con-
sultation (p = 0.72). Regarding sedentary habits, 78.0% of 
the adolescents spent >2 h/day on sedentary habits at dis-
charge and only 7.1% maintained this habit (p < 0.001). 
At reassessment, the same values and healthy habits were 
maintained, with no differences between discharge and 
reassessment (p = 1.00) (Table 1).

In the anthropometric assessment, 47.6% of adoles-
cents had a normal BMI, 23.8% were overweight, and 
28.6% were obese. Moreover, 83.3% had increased FM 
and 4.8% had increased WC (Table 2). At discharge, all 
had a normal BMI (p < 0.001), and at reassessment, most 
maintained an adequate BMI. The comparison between 
initial consultation and reassessment showed statistically 
significant differences in improved BMI (p = 0.023). The 
patients maintained good BMI results between discharge 
and reassessment (p = 0.900). There was a significant im-
provement in WC and FM between the initial consulta-
tion and discharge (p < 0.001), which was maintained un-
til reassessment (p = 0.305 and p = 1.00, respectively) (Ta-
ble 2).

We performed univariable logistic regressions for 
worsening BMI, FM, and WC between discharge and re-
assessment to identify possible causes for the association 
between changes in eating habits and physical activity/
inactivity or between gender, environment, and age (Ta-
bles 3–5). There appears to be an association between de-
creased fruit consumption and increased BMI because 
45.5% of adolescents with increased BMI had decreased 
fruit consumption. The decrease in the number of daily 
meals, increase in the consumption of soft drinks, and 
increase in FM were all associated with a decrease in fruit 
consumption, whereby 72.7% of adolescents with in-
creased FM between discharge and reassessment had a 
decrease in both daily fruit consumption (p < 0.001) and 
number of meals (p = 0.003). Furthermore, there was a 
slight association between increased consumption of soft 
drinks and a decrease in sports activities. The increase in 
WC was also associated with decreased fruit consump-
tion (p = 0.055) (Table 5).

Discussion

Initially, all adolescents in the sample had altered BMI 
values: 23.8% were overweight and 28.6% were obese. 
Moreover, 83.3% had increased FM, and 95.2% had in-
creased WC. This is related to the increased risk of devel-
oping various diseases [25, 26]. Unhealthy eating habits 

were identified, including excess consumption of hyper-
caloric foods/drinks, especially at breakfast (47.6%), and 
excess consumption of soft/sugary drinks (33.4% con-
sumed daily/or >4× week), with the daily consumption of 
vegetables/salads being low at 47.6% and most adoles-
cents consuming only 1 piece of fruit daily.

Studies show that hypercaloric drinks/foods should be 
consumed in moderation because they lead to obesity and 
increased FM [27]. For example, in the UK, >70% of ado-
lescents regularly consume sugary/carbonated drinks 
[28].

In our study, 78% of adolescents had sedentary habits 
for >2 h/day, which is consistent with the Bray et al. [25] 
study. A sedentary lifestyle is associated with a higher 
prevalence of overweight/obesity and increased con-
sumption of hypercaloric foods/drinks [29, 30]. The Na-
tional Heart, Lung, and Blood Institute Growth and 
Health Study recorded a decrease in physical exercise 
throughout adolescence, showing an association with in-
creased BMI [31]. At the initiation of the study, approxi-
mately 32.5% of the adolescents practiced sports for >4 h/
week and 27.5% took daily walks (>30 min). During quar-
terly consultations, exercise, decreased sedentarism, and 
a healthier diet were promoted because we required all 
adolescents to practice out-of-school sports for a mini-
mum of 4 h/week to decrease their sedentary activities to 
<2 h/day.

After 3 years of follow-up, practically all adolescents 
had healthier habits, and their BMI, FM, and WC were 
normalized. Similar to previous studies, our study high-
lights the importance of exercise during adolescence, es-
pecially for weight control and BMI [32–36].

Moreover, we believe that the decrease in sedentary 
lifestyle helped normalize the altered parameters, simi-
lar to the finding of Kaur et al. [36] who concluded that 
adolescents who watch television for >2 h/day have a 
higher risk of increased BMI than adolescents who 
watch television for <2 h/day. In our study, the healthy 
habits observed at discharge regarding sedentary life-
style remained high until reassessment, as did most val-
ues of BMI, WC, and FM. The success achieved was also 
owing to the implementation of healthier habits, espe-
cially consumption of healthy breakfast daily, >4 meals/
day, minimum 3 pieces of fruit daily, and vegetables/
salads daily; lower consumption of hypercaloric foods/
drinks; and reduction in meal portions. Family involve-
ment was a decisive factor. Other studies have showed 
similar results [37, 38].

When comparing discharge and reassessment, there 
was a slight increase in FM in some adolescents and BMI 
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and WC in others, but this was not statistically signifi-
cant. We identified a direct relationship between in-
creased FM and decreased fruit consumption. The tran-
sition to adulthood mandated these young individuals 
to leave their homes, making them responsible for their 
own meals [38]. The lack of time and lack of sports fa-
cilities led them to neglect exercise, diet, and number of 
meals, as analyzed in our study [39]. Steinbeck et al. [40] 
demonstrated that strategies to combat obesity depend 
more on patients’ participation in adolescence than that 
in childhood and must recognize the patients’ progres-
sive autonomy. Promoting the association between a 
healthy diet, exercise, and low sedentary lifestyle from 
an early age and motivating the adolescent to maintain 
these habits during adulthood would be ideal yielding 
the best results [40–42]. The involvement of schools, the 
government, and family is essential for this success [17, 
19–21].

As stated previously, we found results similar to ours 
in other studies. Some of them demonstrated similar con-
clusions regarding a specific topic approached by us (like 
the relation between the number of hours watching tele-
vision and obesity, or between the consumption of fruits 
and vegetables or salads and overweight or even the effect 
that the family has in preventing overweight and obesity 
during adolescence), but we could not find a study that 
incorporated all these aspects (diet, exercise, level of sed-
entarism, and family’s participation) in 1 single struc-
tured medical intervention like ours, in that regard, our 
study is innovative.

The limitations of our study are the small sample size 
and limited number of locations in which the study was 
performed. Forty-two participants is not a high num-
ber; perhaps, better results could have been achieved if 
the sample size was 100 adolescents or more. Equally, 
the higher the number of locations in which the study 
is performed, the more randomized and scientifically 
credible it is. New studies are warranted with a higher 
number of participants and at more locations of the 
country, including in both rural and urban areas, to ob-
tain a more diverse data group to confirm the findings 
of this study.

Conclusions

This study demonstrated the effectiveness of a struc-
tured medical intervention in adolescents with obesity/
overweight or increased WC. It is proven that when pri-
mary prevention fails, it is possible to not only correct 

obesity/overweight and increased FM and WC but also 
prolong the results of this intervention over time, at least 
up to 5 years, with predictable significant gains in adoles-
cents’ future health.

The success of our intervention is owing to the fact that 
it was aimed at adolescents and families and was based on 
the implementation of healthier eating habits, increased 
physical exercise (>4 h/week), daily walks (>30 min), and 
decreased sedentary habits. Maintaining the healthy life-
style habits learned during the medical intervention con-
tributed to the maintenance of normal BMI and adipos-
ity.

Implementing healthy eating habits as well as exercise 
and decreasing physical inactivity are fundamental for 
improving BMI, FM, and WC in adolescents. Our study 
is innovative in the field, demonstrating that motivation 
and involvement of family and government are essential 
to ensure the success of these measures. Over the years, a 
tendency to abandon some initial healthy habits achieved, 
particularly with respect to food, develops. However, oth-
er habits remain, for example, most adolescents still spend 
<2 h/day in sedentary habits, maintain a healthy break-
fast, eat >4 meals/day, and not consume hypercaloric 
food/drinks daily. Simultaneously, the parameters of 
BMI, FM, and WC remain mostly normal. Therefore, the 
need, feasibility, and effectiveness of the short- and me-
dium-term structured medical intervention with family 
involvement in obese/overweight adolescents are there-
fore proved.
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