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Abbreviations: RMR, resting metabolic rate; PA, physical 
activity; BMI, body mass index; WHTR, waist-to-height ratio; REI, 
Reported Energy Intake; EER, estimated energy required

Introduction
Obesity, which has shown significant growth over the past half 

century, is now correctly considered to be one of the world’s largest 
pandemics of the 21st century.3 In fact, in the past 40 years, the world 
population has increased by about 80%, having quintupled the number 
of obese adult women (465%) from 69 million to 390 million, with an 
even greater increase in men (800%), from 31 million to 281 million.

This trend has also been reported in children and adolescents and 
it is currently estimated that 170 million young people under 18 are 
obese, covering territories once relatively immune to high rates of 
overweight or obesity.4

As a result, over the last three decades, overweight and obesity 
have grown from 900 million to 2100 million.

Such diagnosis is inexorably reflected in the quality of life of 
contemporary society, being a risk factor for the development of 

several comorbidities, which, in the physical dimension, go beyond 
cardiovascular, osteoarticular or metabolic diseases because the 
inflammatory process resulting from obesity affects all organs and 
systems.5–7

Nor can we overlook the serious effects of obesity 
on mental health and social relationship of the subjects. 
On top of this is the continued increase in direct annual health care costs, 
paid by the individual or society in general, with spending on medicines 
growing by 77% and the number of medical consultations 35%. 
Last but not least, the indirect costs, explained by the drop in 
productivity at work and the increase in absenteeism.8

Such considerations justify the attention that this problem has 
attracted to international organizations and particularly to the 
scientific, educational and health professional’s community, in diverse 
areas of specialized knowledge.9

Our main research last years has explored two fundamental pillars 
in the study of obesity in adolescence - nutrition education, which 
plays a preventive role in seeking innovative solutions for youth 
awareness of healthy eating and the phenomenon of human variability, 
namely in the biological and behavioral dimension.
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Abstract

Introduction: Our paper concern two fundamental pillars to face obesity in adolescence- 
nutrition education and the phenomenon of human variability, namely in the biological and 
behavior dimension.

Objectives: Assessment of the impact of an innovate school-based nutrition education 
program (OBESIDATA); the multivariate study of the anthropometric profile and physical 
activity pattern of adolescents in Portugal; comparison between energy consumption and 
their energy needs; Evaluation of the accuracy of four commonly used basal metabolic rate 
prediction equations.

Results: After a two weeks period of open interactive digital platform, 85.8% of students 
increased their nutritional knowledge; the overall prevalence of overweight and obesity in 
adolescents was 16.5% and 5.9%, respectively; just 38% of participants reported a level 
of physical activity in line with WHO recommendations; the RMR mean differences of 
six identified anthropometrics clusters vary from 1349 Kcalories to 1955 Kcalories; the 
mean reported energy intake was lower than the estimated energy requirements; from all 
predictive equations estimating energy requirements the relative accuracy, using indirect 
calorimetric evaluations, is just about 17%.

Conclusions: School-based nutrition using technology may provide a practical, attractive 
and cost- effective strategy to improve nutrition knowledge and eating behaviors; the 
adolescent’s prevalence of overweight/obesity remains relatively high and physical activity 
was clear below the WHO recommendations; at average level adolescents REI seems to be 
lower than their EER, but REI reveals a great individual variability; the accuracy of RMR 
using predictive equations may have limited applicability; a new paradigma to prevent 
obesity is coming where genetic will have soon a practical central role.1,2
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The objectives of our investigation have fundamentally covered 
four areas of research:

i. evaluate the impact of using an interactive digital platform 
(Obesidata) to teach basic nutritional content to adolescents;10,11

ii. describe the anthropometric profile and physical activity pattern 
of adolescents, namely in Portugal;12 

iii. compare the energy consumption of Portuguese adolescents/
young adults with their energy needs13 and 

iv. determine the accuracy of four commonly used basal metabolic 
rate prediction equations.14

Methods
Study sample and procedures

In the context of first research area, an interactive digital platform 
with nutritional content (“Obesidata”) was developed, which was 
made available to 1291 (Table 1) adolescents along 2 weeks for an 
autonomous study.

Table 1 Description of the sample: number of participants and percentages 
by gender, grade and school

  N (%)

Gender
Male 584 (45.2)

Female 707 (54.8)

Grade

9th 255 (19.8)

10th 415 (32.1)

11th 337 (26.1)

12th 284 (22.0)

School

A 297 (23.0)

B 326 (25.3)

C 108 (8.4)

D 35 (2.7)

E 281 (21.8)

F 244 (18.9)

The adolescents completed a knowledge questionnaire before and 
immediately after the intervention ended.

This platform, normally used in a Smartphone environment, allow 
us to record the responses to the first questionnaire and therefore 
the self-assessment of the initial knowledge in terms of nutrition, 
comparing it with classmates or from other classes at the School. It 
also allows access to the correct answers, as well as a synthetic and 
explanatory text of the inherent knowledge.

In the context of second research area a subsample of 946 
adolescents (from 6 Portuguese schools) underwent a complete 

anthropometric assessment (age, sex, weight, height and waist 
circumference, body mass index (BMI), waist -height index, caloric 
basal needs and their level of physical activity (self-reported) through 
the help of the Physical Education Tutor.15,16

All this information was recorded on the OBESIDATA platform. 
The anthropometry measures details are available in Tallon JM.12 
In the context of third research area, 286 adolescents of both sexes 
were recorded their food intake for at least 3 complete days. Food 
composition data was derived from the Portuguese Food Composition 
Table developed by the National Health Institute Doctor Ricardo 
Jorge. A complete anthropometric assessment and their energy 
requirements were calculated for comparison purposes17 using the 
Harris-Benedict equation.18 Finally, in the context of fourth research 
area a Basal metabolic rate19 was measured by indirect calorimetry 
in a sample of 156 women (age: 40.3±10.2 years) recruited in the 
clinical setting.

The resulting values were compared20 with the predictive values 
of the Harris-Benedict, FAO/WHO/UNU,17 Schofield21 and Mifflin-St 
Jeor22,23 equations in all BMI categories.

Statistical analysis

In the context of first research area data were analyzed using 
XLSTAT 2018. Summary statistics were obtained to characterize 
the statistical distribution of the nutrition knowledge scores at the 
baseline and post-intervention. T-tests were conducted to investigate 
the statistical significance of the evolution of knowledge along the 
learning process. Additionally a paired samples t-test was applied to 
compare the nutrition knowledge mean obtained at baseline and at 
post-intervention. In the context of second research area a univariate, 
bivariate and multivariate statistical analysis were developed.8

In the context of third research area, we used parametric tests 
when the sample size was higher than 30 assuming that the sampling 
distribution of the mean was normal based on the Central Limit 
Theorem. To test the statistical differences between REI and EER 
means across age and gender categories an independent t-test was 
used. The one-way analysis of variance (ANOVA) was performed to 
determine whether there were statistical differences between REI and 
EER means across BMI categories and school grades. Effect size was 
estimated using Cohens’d indicator.

In the context of fourth research area a paired t-test or a Wilcoxon 
ranked test was developed to compare the differences between 
measured and estimated RMR. Prediction accuracy was defined as the 
percentage of individuals whose predicted RMR was between 90 and 
110% of the measured RMR.

Last three areas data were analyzed using SPSS, version 24.0  
(IBM Corp., Armonk,NY,USA).

Results
The results of our investigation have highlighted that after 2 weeks of 

open access to an interactive digital platform (“OBESIDATA”),85.8% 
of students increased their nutritional knowledge, the global average 
increased, being of 32.3%, (Table 2) more accentuated for younger 
students (P <0.001) and with a lower background level. The level of 
nutritional knowledge differed only between genders at the beginning 
of the intervention (p <0.001) (Table 3).
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Table 2 Results of the pre-test and post-test ventilated by school

Baseline Post-intervention Mean Evolution

M SD M SD %

School A 38.2 11.2 50.4 18.4 32.0

School B 35.2 9.6 46.7 15.6 32.7

School C 30.6 8.1 46.0 18.4 50.3

School D 42.3 14.9 53.7 15.3 27.0

School E 38.6 12.0 51.1 16.9 32.2

School F 38.5 10.4 50.8 14.5 31.9

TOTAL 37.1 11.0 49.4 15.9 33.2

M, mean; SD, standard deviation

Table 3 Initial and post-intervention nutrition knowledge scores regarding gender

Gender
Nutrition knowledge (0 - 96 points) Score-evolution

CI (99%) P value
Baseline Post-intervation

Female (n=707) 38.0 50.1 12.1±1.2 <0.001(a)

Male (n=584) 36.0 48.6 12.6±1.7 <0.001(a)

Total (n=1291) 37.1 49.4 12.3±1.4 <0.001(a)

(a) Paired test

 The overall prevalence of overweight and obesity in the sample 
was 16.5% and 5.9%, respectively (Table 4). The difference in basal 
caloric needs (RMR) of the different groups identified by a cluster 
analysis12 was from 1349 kcal. to 1955 kcal (Table 5).

Only 38.3% of participants reported a level of physical activity in 
line with the recommendations of World Health Organization (WHO) 
and that in our study we categorize it as “moderate”, “intense” or 
“very intense”, manifestly lower among females (29.2% versus 50.1% 
in males), with no significant effect of age (Table 6).

Table 4 Prevalence of overweight and obesity segregated by gender

Overweight Obese Overweight/obese

Girls (n=535) 62 (11.6%) 34 (6.4%) 96 (18.0%)

Boys
(n=411) 38 (9.3%) 22 (5.4%) 60 (14.6%)

Total (n=946) 100 (10.6%) 56 (5.9%) 156 (16.5%)

Results are expressed as number of individuals and (percentage)

Table 5 Gravity centers for the clusters

Class Weight Height BMI WHtR RMR

Class 1 48.691 161.209 18.727 0.402 1349.777

Class 2 59.655 173.333 19.882 0.418 1591.447

Class 3 89.712 173.571 29.845 0.550 1955.088

Class 4 54.839 159.080 21.668 0.455 1396.334

Class 5 67.621 162.314 25.694 0.504 1547.036

Class 6 72.802 178.318 22.914 0.449 1827.550
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Table 6 Gravity centers for the clusters

Weight Height BMI WHtR RMR

Girls 30.0% 40.8% 21.2% 7.1% 1.0%

Boys 23.3% 26.6% 26.8% 20.8% 2.5%

Total sample 27.1% 34.6% 23.6% 13.1% 1.6%

The energy intake of adolescents/young adults (REI), measured 
by direct and instant registration on the OBESIDATA platform, 
was significantly lower than their estimated requirements (EER)
for both genders, adolescents, normal weight, overweight 

and obese individuals and in all school grades (P < 0.05). 
We found that this average difference was greater as the BMI 
increased, recording 117 kcal in individuals with normal weight and 
385 kcal in the subgroup of obese individuals (Table 7).

Table 7 Mean and SD of EER and REI by BMI category

REI (kcal) EER (kcal) REI-EER (kcal) P-value Cohen’s d†

BMI category

Underweight (n=7) 1777.2±190.9 1859.1±241.4 -81.9±258.0 0.433 -0.32*

Normal weight (n=237) 1896.8±428.2 2014.3±318.9 -117.5±361.3 <0.001 -0.33*

Overweight (n=30) 1912.5±385.2 2214.1±320.5 -301.6±294.1 <0.001 -1.03***

Obese (n=13) 1964.1±290.2 2362.2±233.8 -398.1±185.7 <0.001 -2.14****

P-value 0.811 <0.001 0.002 --- ---

Individually, we found that adolescents who consumed more 
calories than their theoretical needs were of normal weight, 
overweight or underweight as well as teenagers who intake less than 
their theoretical needs were also distributed among the three weight 
classes.

The statistical evidence of these results challenges us to further 
reflection on the individual variability of caloric needs and questions 
us about how we use predictive equations.

The last considerations gave rise to a comparative study between the 
real caloric needs measured by indirect calorimetry and the theoretical 
needs obtained through four commonly used predictive equations. 
The results confirmed what we already suspected: at an individual 
level, the equations with the highest percentage of accurate predictions 
were the Mifflin-St. Jeor equation in normal weight women (41.9%) 
and the Harris-Benedict equation in overweight (55.4%) and obese 
(50.9%) women (Table 8). And the Resting Metabolic Rate (RMR) 
took very different values in comparison with the theoretical needs, 
from 40% of these needs until 150%.

Table 8 Comparison of RMR values from IC and the selected prediction equations for overweight women (n=56).

RMR
(Mean±SD,
kcal/day)

P-value Accurate
prediction*
[n (%)]

Under
prediction†
[n (%)]

Over
prediction‡
[n, (%)]

Absolute
error
(Mean,
kcal/day)

Relative
error
(Mean,
%)

Indirect
Calorimetry

1 391.4 ±
268.9 ---- ---- ---- ---- ---- ----

Harris-Benedict 1 448. 1± 98.4 0.112 31(55.4) 8(14.3) 17(30.4) 191.7 17.0

Schofield [weight] 1 443.5±87.2 0.140 29(51.8) 8(14.3) 19(33.9) 192.7 17.0

FAO/WHO/UNU 1 463.4±80.8 0.043 29(51.8) 8(14.3) 19(33.9) 192.7 17.2

Mifflin-St. Jeor
1 364.2 ±
128.0 0.138 23(41.1) 19(33.9) 14(25.0) 208.6 17.4

RMR, resting metabolic rate; * Number and percentage of individuals whose predicted RMR was between 90 and 110% of the measured RMR; † Number and 
percentage of individuals whose predicted RMR was 90% of the measured RMR; ‡ Number and percentage of individuals whose predicted RMR was >110% of 
the measured RMR
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Conclusions and future developments
School-based interventions, particularly with technology support, 

appear to be a valid tool for nutrition education and healthy lifestyles 
for adolescents.

Gender and background knowledge seem to influence the 
learning process, which should be considered when designing 
future interventions. Our results also showed that the prevalence of 
overweight / obesity in the evaluated adolescents is relevant (16.5%), 
with only a little over one third (38%) being physically active.

We also conclude that, in general, the energy intake of 
adolescents / young adults seems to be lower than their theoretical 
energy requirements, but that there is a great individual variability. 
Finally, we concluded that the accuracy of the resting metabolic rate 
prediction equations studied varied by weight status and might have 
limited applicability for Portuguese women at an individual level. 
Human beings are much more complex than simple mathematical 
equations- we are chemically and biologically different and we 
have different needs, which explain the enormous difficulty for the 
treatment and control of obesity.

In our perspective, we will have to give priority to two basic pillars 
of action:

I. Behavior pillar

a. Increase knowledge of nutrients and of real needs of our body 
so that we can make the right choices in terms of food.

b. Encourage the practice of physical activity.

II. Biochemical/Genetic pillar

Advances in the Biochemical and Biological study of organism 
in order to better understand the mechanisms of appetite, satiety, 
absorption, metabolization and elimination of nutrients and how to 
control them.

The field of Genetics will be, without any doubt, the one that 
will allow a great advance in the knowledge and control of problems 
related to overweight and obesity.
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