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Abstract: Childhood obesity represents a public concern worldwide. Evidence indicates
that fruits and vegetables (FV) consumed as part of the daily diet reduce the global burden
of obesity. Indeed, FV are rich in bioactive compounds, including carotenoids, which exert
health benefits as very potent natural antioxidants. Here, we compared the anthropomet-
ric characteristics and the skin carotenoid content between two schoolchildren popula-
tions from Southern and Central Italy to evaluate their dietary habits. A sample of 121 and
124 schoolchildren from primary schools in Central and Southern Italy, respectively, was
recruited. All participants underwent anthropometric measurements and assessment of
the adherence to the Mediterranean Diet (MD) by the KIDMED questionnaire and the skin
carotenoid score by Veggie Meter®. The mean body mass index (BMI) was significantly
lower in participants from Central Italy than in those from Southern Italy. A significantly
higher percentage of overweight and obesity was found in the overall sample from South-
ern than in Central Italy. The adherence to the MD was in the average range for both
populations, with no gender-related differences. The carotenoid score was higher and
negatively correlated with BMI in the schoolchildren from Central Italy. In multiple re-
gression analyses, skin carotenoids were positively associated with the consumption of
fruit in the entire sample. This study suggests the importance of increasing FV intake,
particularly in Southern Italy, as a strategy for preventingof obesity during the whole
lifespan. Further studies are essential to better understand the influence of skin carote-
noids on different variables and their potential role as indicators of health status in chil-
dren.

Keywords: childhood obesity; Mediterranean Diet; skin carotenoid levels; Veggie Meter®;
natural antioxidants

1. Introduction

Since 2007, the World Health Organization’s (WHO) Childhood Obesity Surveillance
Initiative (COSI) has been monitoring overweight and obesity among European school-
age children with the cut-offs of the International Obesity Task Force (IOTF) as standard-
ized measurements of weight and height. In 2018-2020, COSI data collection involved 33
countries, among which Italy had the highest percentages of overweight children together
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with other countries in the Mediterranean area [1]. As an integral part of the COSI, the
Italian Surveillance System called “OKKIO alla SALUTE” has reported that the percent-
age of overweight (not including obesity) children was 19.0%, while obese children were
9.8%, including 2.6% with severe obesity, in 2023 [2]. Collectively, obesity prevalence was
higher in Southern than in Centre-North Italy in both genders. Accordingly, skipping
breakfasts, drinking sugar-sweetened beverages, and reducing the daily intake of fruits
and vegetables (FV) displayed a similar geographical trend in Italy [2].

A large body of evidence indicates that unhealthy eating behaviors, usually formed
in early childhood, are crucial factors for the development of obesity among children [3-
5]. More specifically, FV intake is a key modifiable factor for the prevention of obesity and
a plethora of metabolic and chronic diseases, also known as non-communicable diseases
(NCDs) [6-10]. As such, to reduce the global burden of NCDs, the WHO recommended
consuming more than 400 g of FV per day [11] because of their high concentrations of
vitamins and minerals, dietary fibers, and a wide range of beneficial non-nutrient sub-
stances including plant sterols, flavonoids, and antioxidants. Thus, consuming a variety
of FV helps to ensure an adequate intake of many of these essential nutrients with antiox-
idant properties, including carotenoids [12].

The most common forms of carotenoids found in the diet, representing over 95% of
the total blood carotenoids in human serum, include [3-carotene, a-carotene, p-cryptoxan-
thin, lutein, zeaxanthin, and lycopene, of which the first three are provitamin A carote-
noids. [3-carotene is mainly present in orange, yellow, and green leafy vegetables, such as
carrots, spinach, and lettuce. Lycopene is abundant in red FV, including tomato and wa-
termelon. Lutein has been found in green leafy vegetables, such as broccoli and parsley.
Consumption of carotenoids has been linked to a reduced risk of several chronic diseases,
including cardiovascular diseases, type 2 diabetes mellitus, and different types of cancer
[13,14]. One of the most important properties of carotenoids is their scavenging activity
against singlet oxygen ('Oz) and other reactive oxygen species (ROS), including peroxyl
radicals. Carotenoids quench 'Oz mainly through a physical mechanism in which the en-
ergy is transferred between the molecules. This ability depends on the number of conju-
gated double bonds present in the carotenoid chemical structure. Lycopene is considered
the most efficient quencher of 'Oz in humans, accounting for up to 30% of total carotenoids
[15]. Peroxyl radicals are produced during lipid peroxidation and induce cell membrane
damage and death. Carotenoids, as scavenging molecules, limit the propagation reaction,
deactivating the peroxyl radicals [16]. Several factors, from the food matrix and cooking
methods to polymorphisms in the genes coding for the proteins that regulate intestinal
absorption, result in individual variability in the metabolism and transport of carotenoids
and vitamin A [17]. Generally, carotenoids are absorbed by enterocytes either by passive
diffusion or receptor-assisted transport and are incorporated into chylomicrons for secre-
tion in the lymphatic system. The distribution of carotenoids in the human body varies
depending on the specific carotenoids, with a common tendency for accumulation in the
liver, skin, adrenal glands, and, particularly, adipose tissue. Carotenoids are detectable in
human fluids, commonly in serum, and in different tissues where they create a network
strengthening the effectiveness of antioxidant defense [18,19]. Of note, serum carotenoid
measurements are indicative of short-term dietary intakes of antioxidants, while the ac-
cumulations in body tissues, such as in the skin, reaching a steady state indicate a long-
term strength of the antioxidant system. Indeed, skin carotenoids offer an alternative
measurement for the consumption of FV, allowing the validation of the most traditional
dietary assessment methods.

An effective method is the spectroscopy-based measurement using the Veggie Me-
ter®, which represents a simple, non-invasive objective tool for determining skin carote-
noid concentrations. The aforementioned advantages of the Veggie Meter® support the
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use of this device in the research setting to assess public health and nutrition education
interventions [20]. In this context, we have recently published results from the “Dammi il
5” project conducted in the schoolchildren population of Southern Italy, highlighting the
positive influence of daily FV intake and school lunch attendance on skin carotenoids
measured by Veggie Meter® [21]. Here, we compared anthropometric characteristics and
skin carotenoid scores between two schoolchildren populations from Calabria and Lazio
regions, located in Southern and Central Italy, respectively, to evaluate their dietary hab-
its. Moreover, by creating multiple regression models, we evaluated variables that affect
skin carotenoids in schoolchildren, shedding light on the beneficial effects of natural anti-
oxidants on human health.

2. Materials and Methods
2.1. Study Design

As part of the scientific project “Dammi il 57, 121 (55 boys and 66 girls) and 124 sub-
jects (58 boys and 66 girls) aged between 8 and 10 years old were recruited at the primary
school “Crispi” of Rome, Lazio Region, and “L. Plastina Pizzuti” of Cosenza, Calabria
Region, Italy. Exclusion criteria from the study were metabolic and chronic diseases, liver
diseases, any kind of cognitive or physical/motor limitation, and any kind of restrictive
diet (i.e., hypocaloric, low carbohydrate, and low fat). The study’s objectives were pre-
sented to all participants’ parents. Written informed consent was obtained from parent’s
participants before the enrollment of children in this study. Participants underwent an-
thropometric and skin carotenoid measurements. Moreover, schoolchildren participated
with the help of their parents in scientific research activities to complete the KIDMED
questionnaires to assess Mediterranean Diet adherence, as described previously [21]. The
data were collected from March 2024 to April 2024. The rationale of the research project
and the adequacy of the protocol, according to the guidelines laid down in the Declaration
of Helsinki, were approved by the Ethics Committee of the University of Calabria, Italy
(#53519/2022).

2.2. Anthropometric Parameters

Nutritionists gathered anthropometric data, including weight and height, using es-
tablished and standardized procedures [22]. Particularly, weights were determined using
the TANITA BC-545 N, whereas height was determined using a Seca stadiometer (Model
206, Seca Deutschland, Hamburg, Germany), as previously described [21]. The BMI was
calculated by dividing the body weight expressed in kilograms by the square of the height
in meters [BMI = weight (kg)/height? (m)]. The standard cut points were used to categorize
the population into three BMI categories based on gender and age. In particular, children
from Lazio were stratified based on the cut-off for 7.5 years old children: underweight-
normal weight: <18.16 for boys, 18.03 for girls; overweight: 21.09 for boys, 21.01 for girls;
obese: >21.10 for boys and >21.02 for girls. Children from Calabria were stratified based
on the cut-off for 8.5 years old children: underweight-normal weight: <18.76 for boys,
18.69 for girls; overweight: 22.17 for boys, 22.18 for girls; obese: >22.18 for boys and >22.19
for girls. The BMI Z-score was obtained using the following formula: [BMI Z-score =
[(BMI/M(t))L(t) — 1]/L(t)S(t)].

2.3. Adherence to the Mediterranean Diet Using the KIDMED Questionnaire

Using the validated Mediterranean Diet Quality Index (KIDMED) test, we assessed
adherence to the Mediterranean Diet. The KIDMED questionnaire consists of 16 items: 4
questions indicating unhealthy dietary habits, each assigned a score of -1, and 12 ques-
tions reflecting positive eating behaviors, each given a score of +1. The total KIDMED
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score ranges from <0 to <12, with higher values signifying greater adherence to the Medi-
terranean Diet. Based on the KIDMED score, we categorized our study population into
three groups: high adherence (=8 points), moderate adherence (4 to 7 points), and low
adherence (<3 points) [23].

2.4. Measurement of Skin Carotenoid Content

Skin carotenoid levels were measured using the Veggie Meter® (Longevity Link Cor-
poration, Salt Lake City, UT, USA), a spectroscopy-based method, according to the man-
ufacturer’s instructions [20]. Briefly, the device’s calibration was performed with the pro-
vided dark and white reference materials before the data collection. Then, the skin carot-
enoid measurement was executed on the index finger of the non-dominant hand of each
subject, after hand washing, in a single measurement mode. The subjects inserted their
finger into the device applying a modest pressure to decrease the blood perfusion of the
measured tissue volume, which might interfere with the measurement of skin carotenoid
content. A computer analyzed the light that was reflected from the finger and provided a
score on a spectral range from 0 to 800, with higher scores indicating higher skin carote-
noid scores. Values under 100 were excluded, while values around 400 were considered
optimal.

2.5. Statistical Analysis

Data were reported as mean and standard deviation (SD) for quantitative variables,
while categorical variables were reported with absolute frequency and percentage. The
carotenoid score was also reported as the median with 25% and 75% percentile values.
Statistical differences and correlations with BMI were evaluated using parametric tests
(Student’s t-test and Chi-square test) and Pearson’s linear correlation index in the
GraphPad-Prism 7.00 software program, respectively. Multivariate linear regression mod-
els were used to test the association between carotenoid score, as an independent variable,
and different parameters, including gender, BMI, diet, and place of living as dependent
variables, in IBM SPSS v. 25. Sample size was calculated using a 95% confidence interval
(CI) and a 5% error. A minimum number of 120 participants from primary schools was
requested. Statistical significance was set at p < 0.05.

3. Results

3.1. Sample Characteristics

The main characteristics of the total sample population and categorized by gender
are reported in Table 1. A total of 121 and 124 schoolchildren were enrolled in the primary
schools in the Lazio and Calabria regions, respectively. The mean BMI and BMI-Z scores
were significantly higher in children from Calabria than in those from Lazio both in the
total population (BMI, p < 0.0001, BMI-Z score, p < 0.0001) and categorized by gender (p <
0.0001) (Table 1).

Table 1. Characteristics of the study population.

Characteristics Lazio Calabria p-Value
Subjects (n) 121 124
Girls (n, %) 66, 54.54 66, 53.66
Boys (n, %) 55, 45.45 58, 46.34
Weight (kg)
Total (Mean + SD) 26.2+5.92 36.24 +9.49 <0.0001
Girls (Mean + SD) 26.06+ 6.24 36.01 +£9.05 <0.0001
Boys (Mean + SD) 26.37 +5.55 36.5+10.03 <0.0001




Antioxidants 2025, 14, 448

5 of 14

Height (cm)

Total (Mean + SD) 128.3 £9.06 136.9 £9.14 <0.0001
Girls (Mean * SD) 1279 +£9.46 136.9£9.13 <0.0001
Boys (Mean * SD) 128.8 + 8.62 136.9 +9.14 0.0004
BMI (kg/m?)

Total (Mean + SD) 15.77 £2.02 19.14 + 3.61 <0.0001
Girls (Mean + SD) 15.75+2.03 19.13+3.73 <0.0001
Boys (Mean * SD) 15.79 £ 2.04 19.17 £ 3.51 <0.0001
BMI Z-score

Total (Mean + SD) -0.23 £ 1.06 0.98+1.26 <0.0001
Girls (Mean + SD) -0.21 +1.09 0.89+1.37 <0.0001
Boys (Mean * SD) -0.24 +1.02 1.05+1.16 <0.0001

BMLI: body mass index; SD: standard deviation.

As expected, a significantly higher percentage of overweight and obese participants
were found in the population from Calabria than in Lazio (BMI: p < 0.0001; BMI-z score p
< 0.0001). Similar results were obtained by stratifying the two sample populations based
on gender according to BMI and BMI-Z scores (Table 2).

Table 2. Distribution of participants categorized by gender based on their BMI and BMI-Z score.

Lazio Calabria p-Value

BMI

Total <0.0001
Underweight-normal weight (%) 88 48
Overweight (%) 9 31
Obese (%) 3 21

Girls <0.0001
Underweight-normal weight (%) 85 50
Overweight (%) 12 31
Obese (%) 3 19

Boys <0.0001
Underweight-normal weight (%) 91 46
Overweight (%) 7 32
Obese (%) 2 22
BMI Z-score

Total <0.0001
Underweight-normal weight (%) 88 40
Overweight (%) 11 30
Obese (%) 1 30

Girls <0.0001
Underweight-normal weight (%) 86 42
Overweight (%) 14 29
Obese (%) 0 29

Boys <0.0001
Underweight-normal weight (%) 90 38
Overweight (%) 8 31
Obese (%) 2 31

BMI: body mass index.
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3.2. Adherence to the Mediterranean Diet in the Sample Population

As shown in Table 3, an average adherence to the Mediterranean Diet was found in
both schoolchildren from Lazio and Calabria, with no differences between the two sample
populations. Moreover, no gender-related differences were observed in the mean of the
KIDMED score (Table 3).

Table 3. Mean value of the adherence to the Mediterranean diet based on the KIDMED test.

Total Girls Boys p-Value
(Mean = SD, n) (Mean+SD,n) (Mean =SD, n)
Lazio 5.07 £2.25, 59 4.724 +2.186, 29 5.4 +2.298, 30 0.25
Calabria 547 +2.46,121 5.515 +2.445, 65 5+2.784, 56 0.27
p-Value 0.22 0.14 0.50

SD: standard deviation.

By stratifying the population based on the KIDMED score, we observed that 41%,
44%, and 15% of participants had low, medium, and high adherence to the Mediterranean
Diet, respectively, in the schoolchildren from Lazio. Similarly, among children from Ca-
labria, 35% had low adherence, 44% had medium adherence, and 21% had high adher-
ence. A similar trend was recorded when categorizing the population by gender in both
regions (Figure 1).

Total
Rome Cosenza
Il Low Bl Low
Hl Medium Hl Medium
Em High B High
Girls
Rome Cosenza
B Low
B Low Hl Medium
Hl Medium B High
B High 9
Boys
Rome Cosenza
B Low B Low
Bl Medium Hl Medium
B High B High

Figure 1. Stratification of the total sample divided by gender with respect to the Mediterranean Diet
adherence evaluated by the KIDMED test. Based on the KIDMED score, we categorized our study
population into three groups: high adherence (=8 points), moderate adherence (4 to 7 points), and

low adherence (<3 points).



Antioxidants 2025, 14, 448

7 of 14

However, several differences were found by estimating the compliance rates for each
Mediterranean Diet recommendation reported in the KIDMED questionnaire in the total
children population for either unhealthy dietary habits or positive eating behaviors (Table
4). For unhealthy dietary habits, a significantly lower percentage of participants from La-
zio declared to “go to a fast-food more than once per week” (p <0.0001) and “take sweets
and candy several times every day” (p < 0.0006). On the contrary, for positive eating be-
haviors, a higher percentage of schoolchildren from Lazio have “whole cereals or whole-
grains for breakfast” (p < 0.0001), and “consumes whole-grain pasta or whole-grain rice
almost every day” (p <0.0001). Regarding the items on the FV intake, a significantly higher
percentage of schoolchildren reported to “take a fruit every day” in the population from
Lazio (p = 0.047).

Table 4. Compliance with items from the KIDMED test in the total sample. Frequency (%) of popu-
lation distribution with respect to the cut-off points within or outside recommendations according
to the KIDMED score.

Items Lazio Calabria p-Value
% Inside % Outside % Inside % Outside

Takes a fruit every day 90 10 80 20 0.047

Has a second fruit every day 53 47 58 42

Has fresh or cooked vegetables regularly once per 80 20 76 o4

day

Has fresh or cooked vegetables more than once per 49 51 A4 56

day

Consumes fish regularly (at least 2-3 times per 58 0 49 51

week)

Likes pulses and eats them more than once per 64 36 79 1 0.02

week

Consumes whole-grain pasta .or whole-grain rice 95 5 63 37 <0.0001

almost every day (5 or more times per week)

Has whole cereals or whole-grains (whole-meal 86 14 47 53 <0.0001

bread, etc.) for breakfast

Consumes nuts regularly (at least 2-3 times per 7 73 48 5 0.003

week)

Uses olive oil at home 98 2 89 11 0.003

(I;:s) a dairy product for breakfast (yoghurt, milk, 59 41 79 71 0.002

Takes two yogurts and/or some cheese (40 g) daily 22 78 64 36 <0.0001

Has commercially baked goods or pastries for 58 o 35 65 0.001

breakfast

Goes to a fast-food (hamburger) restaurant more 20 80 67 13 <0.0001

than once per week

Has breakfast 20 80 17 83

Takes sweets and candy several times every day 29 71 53 47 <0.0006

3.3. Carotenoid Score in the Sample Population

The distribution of carotenoid scores, measured by Veggie Meter®, was reported in a
histogram that represents both the total populations and categorized by gender (Figure
2). The skin carotenoid scores ranged from 256 to 384 (median, 310) in the total schoolchil-
dren population from Lazio, while ranging from 218 to 322 (median, 263) in Calabria. In
girls, the skin carotenoid scores ranged from 240.8 to 349.5 (median, 309) for Lazio and
ranged from 213.5 to 314.5 (median, 257.5) for Calabria. In boys, it ranged from 269 to 403
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(median, 316) for Lazio and ranged from 221 to 323.5 (median, 275) for Calabria. It is note-
worthy that the mean carotenoid score was significantly higher in the entire sample of
schoolchildren from Lazio than in Calabria (p = 0.0005) (Figure 2 and Table 5).

Total

Frequency
3
N
N
o
N
\‘JI

0 200 400 600 800
Carotenoid Score

Girls Boys
60+
EA Lazio

[ calabria

Frequency
Frequency

400 600

Carotenoid Score Carotenoid Score

Figure 2. Distribution of the carotenoid scores with Veggie Meter® in the total population and cate-
gorized by gender. The skin carotenoid scores ranged from 256 to 384 (median, 310) in the total
schoolchildren population from Lazio, while ranging from 218 to 322 (median, 263) in Calabria. In
girls, the skin carotenoid scores ranged from 240.8 to 349.5 (median, 309) for Lazio and ranged from
213.5 to 314.5 (median, 257.5) for Calabria. In boys, it ranged from 269 to 403 (median, 316) for Lazio
and ranged from 221 to 323.5 (median, 275) for Calabria.

Table 5. Mean carotenoid score measured by Veggie Meter® in the total population and categorized

by gender.
Lazio Calabria
(Mean = SD) (Mean = SD) p-Value
Total 315.3 +101.5 273.6 + 83.03 0.0005
Girls 297.5+94.2 269.3 +90.72 0.08
Boys 336.6 + 106.6 278 +74.44 0.001
p-Value 0.03 0.56

Categorizing the population by gender, a significantly higher carotenoid score was
found in boys from Lazio than in Calabria (p = 0.001), whereas no differences were found
between Calabria and Lazio girls. Moreover, a gender-related difference was found in the
schoolchildren from Lazio, with boys showing significantly higher carotenoid scores than
girls (p = 0.03) (Table 5). Moreover, when considering the items from the KIDMED ques-
tionnaire “do you consume more than 2 fruits/day” (item #1) and “do you consume more
than 2 servings of vegetables/day” (item #2), we found a significantly higher carotenoid
score in children consuming more than two fruits/day in both regions, whereas no signif-
icant differences were found in the carotenoid score according to vegetable intake fre-
quency (Table 6).
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Table 6. Carotenoid score in the sample population based on the FV frequency intake.
Lazio Calabria
(Mean + SD, n) (Mean + SD, n) p-Value
Item #1
<2 servings/day 266.1 +110.3, 28 252.7 +62.48, 51 0.49
>2 servings/day 323.8+75.14, 31 289.2 +93.39, 69 0.07
p-Value 0.02 0.02
Item #2
<2 servings/day 297 £116.5, 31 268.8 + 84.3, 69 0.17
>2 servings/day 299.6 +£73.53, 29 280.4 +82.47,51 0.30
p-Value 0.92 0.45

3.4. Correlation Between Carotenoid Score and Different Parameters

To test whether the skin carotenoid score might have an association with different
parameters, we first estimated the correlations between the carotenoid score and BMI by
Pearson’s correlation in both populations. We observed that skin carotenoids were nega-
tively correlated with the BMI in the schoolchildren from Lazio (r = -0.22, p = 0.02),
whereas no significant correlation was observed between these two parameters in the par-
ticipants from Calabria (Figure 3).

Lazio Calabria
30+ =—0.22 40+ =-0.07
p=0.02 p=0.41
¢ 30
20+ K i
B LPL P . 3 .
= [ > 204 S .00 o
m L) A ) m
104
101
0 " " ! 0 T T T 1
0 200 400 600 800 0 200 400 600 800

Carotenoid score -
Carotenoid score

Figure 3. Correlation between BMI and carotenoid score in the schoolchildren from Lazio and Ca-
labria. The correlation between skin carotenoid content and BMI was analyzed using Pearson’s cor-
relation test. For each linear regression graph, the correlation coefficient (r) and the statistical signif-

icance (p) are reported.

Moreover, we performed multiple linear regression analysis using the carotenoid
score as the independent variable, and gender, BMI, the consumption of FV, and the re-
gion of residence as dependent variables. We found that the carotenoid score was posi-
tively associated with the consumption of fruit (p = 0.003) (Table 7).

Table 7. Multiple regression models between carotenoid score and different parameters in the entire

sample population.

B (95% CI) SE p-Value
Gender [F] -23.15 (-48.56; -2.27) 12.88 0.07
BMI -0.73 (-4.78; 3.33) 2.05 0.72
>2 servings of fruit/day (>2 =1) 41.25 (14.56; 67.94) 13.52 0.003
>2 servings of vegetable/day(>2=1) -1.62 (-27.55; 24.32) 13.14 0.90
Italian Region (Lazio = 1) 23.19 (-6.66; 53.04) 15.12 0.13

Adj.R? 0.07
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4. Discussion

In this study, we compared anthropometric characteristics and skin carotenoid scores
between two primary schoolchildren populations from Calabria and Lazio regions, lo-
cated in Southern and Central Italy, respectively. We found a significantly higher percent-
age of overweight and obesity in the overall sample from Southern Italy than in Central
Italy, while the carotenoid score was significantly higher and negatively correlated with
BMI in the schoolchildren from Central Italy. In multiple regression analyses, skin carot-
enoids were positively associated with the consumption of fruit, as a natural source of
dietary antioxidants, in the entire population sample.

Mounting evidence supports the beneficial effects of a healthy diet to prevent child-
hood obesity and the development of obesity-related diseases in adulthood [24,25]. A
healthy diet, such as the Mediterranean Diet, includes an adequate intake of whole grains,
milk and dairy products, fish and poultry, and an abundant amount of FV, whereas a
dietary pattern rich in saturated fats, sugars, and processed meats is recognized as being
unhealthy and obesogenic [26,27]. In both population samples, we found an average ad-
herence to the Mediterranean Diet, regardless of gender, as previously reported in chil-
dren and adolescents [22,28,29] as well as in adults [30-32] in the same geographical area.
However, the anthropometric characteristics of the two populations were significantly
different. In particular, agreeing with the data recently reported by the National Surveil-
lance System called “OKKIO alla Salute” [2,33], we found a significantly higher percent-
age of overweight and obesity in participants from Calabria than in Lazio. This conflicting
result might be explained by considering that even if the adherence to the Mediterranean
Diet is the same in the two regions, the portion size of food in Calabria might exceed the
recommended amounts, resulting in a higher rate of overweight/obesity. Other factors,
such as the cooking methods might also influence the healthy properties of food. Analyz-
ing in detail the dietary habits of our population sample, we found that the percentage of
the schoolchildren population from Calabria declaring to go to a fast-food restaurant and
consuming sweets and candy was statistically higher than the one from Lazio, which
might explain the higher percentage of overweight/obese participants in Calabria. Indeed,
a recent systematic review and meta-analysis of observational studies identified a higher
intake of fast food and sugar-sweetened beverages as the primary dietary risk factors for
overweight/obesity in children and adolescents [34]. In contrast, a higher consumption of
FV in childhood is related to healthier outcomes in adulthood. In our study, a lower per-
centage of schoolchildren from Calabria declared to consume one fruit/day compared to
the Lazio sample. This consumption is far from the WHO’s recommended intake, which
should be 200 g of fruits and 300 g of vegetables distributed in about five portions per day,
or at least 400 g/day of both FV [35]. It has been recently reported that 25.9% of Italian
children consume FV less than once a day, and particularly 35.8% and 27.4% of children
from Calabria and Lazio, respectively, had this unhealthy eating habit [36].

Moreover, the mean skin carotenoid score, which reflects FV intakes [37,38], meas-
ured by the Veggie Meter®, was below the optimal range, confirming data recently pub-
lished in the same age range [21]. Similarly, we found no gender-related differences in the
population sample from Calabria, while carotenoid levels were higher in boys than in girls
from Lazio. Although the measurement of the skin carotenoid is a rapid and non-invasive
procedure useful in screening studies, it measures the sum of carotenoids. Thus, it is not
possible to assess the level of every single carotenoid, which requires the evaluation of
carotenoid levels in the plasma sample, representing a limitation of this innovative device.
It is important to note that we found significantly higher levels of skin carotenoids in
schoolchildren from Lazio than in Calabria, with no differences when considering the fre-
quency of FV intake, suggesting that geographical differences, such as the type and qual-
ity of FV consumed, might influence the carotenoid score. Moreover, the increased
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adipose tissue in the population from Calabria might affect the distribution and deposit
of carotenoids in the skin. Indeed, it is considered one of the major storage organs for
dietary carotenoids [39,40], thus influencing skin carotenoid levels. Data on the correlation
between skin carotenoids and BMI in children are conflicting depending on the influence
of different factors, including ethnicity, gender, and age range [41,42]. In our study, the
carotenoid score was negatively associated with the BMI only in the schoolchildren from
Lazio. Although further studies are needed to fully understand the relationship between
skin carotenoids and anthropometric parameters, maintaining high carotenoid levels
through FV consumption should be encouraged. Indeed, carotenoids, as potent natural
antioxidants derived from diet, have beneficial effects on human health, exerting a pro-
tective role against a wide range of metabolic and chronic diseases, including diabetes
mellitus, obesity, cardiovascular diseases, neurological disorders, and different types of
cancer [43]. In particular, carotenoids can reduce oxidative stress and inflammatory reac-
tions, enhancing the activity of antioxidant and cytoprotective phase II enzymes via the
nuclear factor erythroid 2-related factor 2 (Nrf2) and the peroxisome proliferator-acti-
vated receptor (PPAR) [43]. Moreover, carotenoids have been shown to block adipocyte
formation and decrease fat accumulation, preventing obesity. Thus, consumption of FV,
enriched with natural antioxidant carotenoids, should be recommended to prevent the
onset of several non-communicable diseases.

A limitation of this study is that children were recruited from primary schools and
the results are not necessarily generalizable to other age groups or populations. Some of
the variables were self-reported or reported by teachers or parents and may not have been
completely objective. The use of BMI as the sole indicator of overweight and obesity may
be a limitation because it does not distinguish between body fat and muscle mass. How-
ever, this is not crucial in epidemiological studies. Moreover, the body fat content of par-
ticipants was not assessed. Finally, the type and portion size of FV consumed by the
schoolchildren were not evaluated, making it difficult to make conclusions about the dif-
ferences observed in the carotenoid scores of children from Calabria and Lazio.

5. Conclusions

This study confirms the anthropometric and eating habits differences between two
schoolchildren populations from Central and Southern Italy, suggesting the need to pro-
mote a healthy lifestyle, including the consumption of FV as a dietary source of potent
natural antioxidants to reduce obesity, especially in Southern Italy, as a strategy for the
prevention of chronic NCDs over the entire lifespan. Further studies are essential to better
understand the influence of anthropometric parameters on skin carotenoids and their po-
tential role as indicators of health status in children.
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