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To the Editor,
Non-communicable diseases, such as diabetes 

and cardiovascular diseases, are highly related 
to modifiable risk factors such as improper diet 
and a sedentary lifestyle. Although these diseases 
often occur only in adulthood, they are usually 
initiated during adolescence. For this reason, the 
dietary habits of young people, their frequency of 
physical activity and other factors are crucial for an 
appropriate lifestyle. Moreover, an unhealthy diet is 
often associated with sedentary activities that lower 
energy consumption; for these reasons, there is a close 
correlation between the development of disorders in 
adulthood and an improper diet during adolescence 
(1). Several studies have already assessed the 
effects of physical exercise on metabolic variables; 
therefore, the quality and intensity of exercise are a 
fundamental target for pursuing proper results (2). 
This paper aims to combine aerobic training-based 
physical activity aimed to restore proprioception, 

rebalance posture and body homeostasis with food 
advice (in this study, the Mediterranean diet was 
selected) and demonstrate how this combination 
can improve posture, body composition parameters 
and salivary pH in a population of young people. 
At the Physical and Rehabilitation Medicine Centre 
and in collaboration with the Department of Oral 
Medical and Biotechnological Sciences of the “G. 
d’Annunzio” University of Chieti-Pescara, a three-
month protocol was planned. For this purpose, 14 
healthy subjects were enrolled. All participants 
gave written informed consent to the experimental 
procedure, which was in accordance with the latest 
revision of the Declaration of Helsinki and the 
procedures defined by the ISO 9OO1 standards for 
“Research and Experimentation”; the procedure 
also protects the privacy of subjects participating in 
biomedical research.

The inclusion criteria were healthy subjects 
aged between 18 and 26 years, who had never 

Many researchers have revealed that diet and physical activity influence metabolic function and 
posture in various stages of life. This paper aims to combine them and demonstrate how they could 
promote a healthy lifestyle. For this purpose, 14 healthy subjects followed a three-month protocol 
combining physical activity with dietary advice. At the end of the protocol, the results of the study 
underlined a significant reduction in fat mass, an improvement in salivary pH, and a realignment and 
rebalancing of body segments.
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Outcome variables and statistical analysis
Fat mass (FM) was measured as a percentage of the 

body weight (Kg). Ph of saliva was assessed through 
the variable PH; a normal value of pH is 7±0.25. 
Position of shoulders, is represented by SH variable, 
which expresses the grade distance from the ideal 
value of a correct posture of shoulders: 0°. Position 
of the hip bone is assessed in grade by SB variable; 
it expresses the values distance from the ideal angle: 
0°. Descriptive statistics were used to describe the 
sample. To determine how the sample  changed over 
time: from T0 to T1 and T2, an ANOVA (within) on 
the variables was performed to evaluate how physical 
activity modified FM in patients and to understand 
how diet suggestions influenced the stimulated pH of 
the oral-pharyngeal cavity. The level for significance 
was set at p<0.05. All tests were performed using the R 
statistical software. Before carrying out the parametric 
analysis, normality was tested. The distribution of data 
for each variable at T0 was assessed for normality 
using the Shapiro-Wilks test. Because variables were 
normally distributed (tested at 95%), all data were 
analysed with parametric statistical tests. 

RESULTS

The first evidence regarding FM, SB and 
PH is that the mean of sample decreased in the 
passage from T0 to T1 (Fig. 1) and this change was 
statistically significant only for FM and SB (Table I). 
Instead, FM did not vary in a statistical significantly 
way over time, while PH and SB changed in a 
statistically significant way in the passage from T0 
to T1 and from T0 to T2 (Table I). The descriptive 
statistics (Table II) shows how PH decreased from a 
T0 value of 7.61 to a value of 7.51 and after 1 month 
without diet suggestions, it increased up to a value 
of 7.83. The mean of FM at T0 was 21.19% of the 
body weight; after 3 months of diet suggestions it 
decreased to 1.79% and at T2 it increased but less 
than the baseline value. The mean of SB at T0 was 
1.39°, after 3 months it decreased to 1.04° and at T2 
it decreased to 0.95°. Regarding SH (in mean) at the 
baseline the value was 2, after 3 months the position 
of shoulders was 2.22° in mean, but at T2 shoulders 
were far from the ideal value of 1.52°. 

practised sports at a competitive level, no trauma in 
the previous 12 months and eligibility for physical 
activity. The exclusion criteria were current use 
of pharmacological therapy, chronic or acute 
pathologies, and surgical intervention in the previous 
12 months. 

The sample was evaluated at baseline (T0), at 
the end of the three-month period, immediately after 
the last training session (T1), and at follow-up (T2) 
one month after T1. The final evaluation aimed to 
assess the possible long-term effects of the protocol. 
At the three evaluation points, saliva was collected 
with Salivette® (Sarstedt AG & Co., Germany) (3). 
Specifically, the patients chewed the Salivette® cotton 
roll for 1 min which was then placed in a test tube 
and centrifuged. Saliva was also placed at the bottom 
of a second test tube, and the pH was measured using 
a pH meter (Elettrofor XS Instruments, Borsea, 
Italy). Saliva is a useful diagnostic tool to evaluate 
the state of health of the oropharyngeal cavity and 
contains many analytes linked with physiological 
and pathological conditions due to stress (4). 

Posture was assessed by the Rarog system 
(software created and developed to improve the 
capability and precision of the Kinect®, which 
allows a static postural evaluation of subjects in a 
few seconds) (5), taking into account the variation in 
the position of the shoulders and pelvis in the frontal 
plane. The body composition was studied through 
the percentage variation in fat mass (FM), using the 
BIA system. The participants performed physical 
activity combining resistance and aerobic exercise: 
10 min of warm-up phase on a cyclette; 20 min of 
an aerobic phase performed on a treadmill; 15 min 
of proprioceptive rehabilitation and balance training 
using a multi-sensory protocol of the I-Moove® 

system, a motor platform with elliptic oscillatory 
movements and visual feedback for the requested 
task (6); 10 min of lower limb muscle functional 
stretching and 5 min of cool down. 

The study participants did not receive dietary 
supervision or personalized food advice and ate 
according to the Mediterranean diet pyramid by 
consuming cereals, fruits and vegetables, legumes, 
olive oil, low-fat cheese and yogurt every day; fish 
and eggs weekly; and meat once per month.

R.G. BELLOMO ET AL.
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Table I. ANOVA for repeated measures (within) and Post-hoc test.

Variables

ANOVA Post-hoc test

P-value 
P-value

TIME 1 – TIME 0 TIME 2 – TIME 0 TIME 2 – TIME 1

FM 0.00574 **      0.00114 ** 0.21023 0.14718

PH 0.000327 *** 0.28483      0.00521 ** < 1e-04 ***

SH  0.000792 ***  0.00386 ** < 0.001 *** 0.66579 

SB 0.000972 ***  0.00396 **  0.00396 ** 0.66581

For each variable: Fat mass (FM), Ph of stimulated saliva (PH), Position of shoulders (SH) and Position of hip bone 
(SB) the significance level of p-value is :  0 ‘***’ 0.001 ‘**’

Table II. Descriptive analysis of the sample.

Variable Mean ± SD Range

AGE 20.43±0.94 19-22

FM0 21.19±7.69 9.64-41.25

FM1 17.59±5.24 7.94-28.11

FM2 19.48±6.39 8.38-28.77

SH0 2±0.49 1.23-3.2

SH1 2.22±0.74 1.6-3.6

SH2 1.52±0.66 0.81-3.4

SB0 1.39±0.67 0.69-2.6

SB1 1.04±0.6 0.3-2.6

SB2 0.95±0.66 0-2.5

PH0 7.61±0.22 7.16-7.88

PH1 7.51±0.32 7.03-7.98

PH2 7.83±0.17 7.55-8.21

Descriptive analysis were performed for age; fat mass (FM0, FM1, FM2); Ph of stimulated saliva (PH0,PH1,PH2); 
position of shoulders (SH0, SH1, SH2); position of the hip bone (SB0, SB1, SB2) at T0 , at the end of treatment and after 
1 month from the end of the treatment, respectively.
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adaptations to physical activity require an adequate 
level of muscular strength to act against external 
forces and restore a given point of balance between 
various bone segments, such as the shoulders and 
pelvis (13). The I-Moove® instrumentation has 
contributed to improvement in posture, in particular 
the pelvic alignment (SB), confirming the benefits 
of proprioceptive training to rehabilitate posture and 
improve balance (14). A particularly notable change 
is the reduction in the difference from the ideal value 
(0°), with the difference changing from the T0 value 
of 1.39° to a value of 1.04° and then decreasing even 
further at the follow-up to 0.95°. Furthermore, this 
study shows how, by consuming a Mediterranean 
diet combined with correct aerobic exercise, the 
pH of saliva can be affected. Saliva is a specific 
parameter that, as demonstrated by Dodds (2005), 
suggests the general health of patient (15), and after 
treatment it changed from 7.61 at T0 to 7.51 at T1, so 
approaching to the normal value. In future, the sample 
size should be increased to confirm results shown in 
this pilot study and to verify general suggestions for 
proper nutrition and physical activity combination 

DISCUSSION

Many studies suggested beneficial effects 
of combined programmes for the promotion of 
healthy eating habits and physical activity (7). 
Others have shown different techniques of somatic 
peripheral neuro-sensorial stimulation for posture 
modification and the consequent variation in body 
mass index; however, few studies have combined 
motor activity techniques on unstable platforms 
with proper nutrition in a young population (8, 9). 
Furthermore, the literature reports that a combination 
of interventions including nutrition, physical 
activity, knowledge, attitudes or behaviours related 
to health has the potential to reduce the risk factors 
associated with obesity (10). In fact, the efficacy of 
the aerobic training at reducing fat mass (FM) was 
clear in our results, which showed a statistically 
significant decrease (11). It is known that for health, 
background light physical activity and diet play 
a fundamental role and are key components for a 
high quality of life and contribute to weight loss 
and to a healthier oral cavity (12). The posture 

Fig. 1. Change in average over time for each variable.
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in young people. In conclusion, we can state that a 
proper balanced diet and regular physical activity 
should be the baseline to try to maintain a proper 
level of biological and postural homeostasis. These 
parameters could be studied through variations in 
body composition, alteration of oral parameters and 
postural implications.
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