Augimeri et al. Journal Of
Journal of Translational Medicine (2024) 22:424

https://doi.org/10.1186/512967-024-05224-5 Translational Medicine

: . . ®
Differences of skin carotenoids e

and adherence to the Mediterranean
Diet pattern in adults from Southern Italy
and Dominican Republic

Giuseppina Augimeri'", Manuel Soto?, Fabrizio Ceraudo', Giovanna Caparello’, Melisa Villegas Figueroa®*,
Mirko Cesario', Lorenzo S. Caputi*®, Berniza Calderon?*®" and Daniela Bonofiglio"*”"f

Abstract

Background The measurement of the skin carotenoids using the Veggie Meter® has emerged as a rapid objec-
tive method for assessing fruit and vegetable intake, highly recommended by the Mediterranean Diet (MD), which
represents one of the healthiest dietary patterns, worldwide. This study aimed to examine differences in skin carot-
enoid content and degree of adherence to the MD pattern between two adult populations from Southern Italy
and the Dominican Republic.

Methods This cross-sectional study enrolled a total of 995 adults, 601 subjects from Italy and 394 from the Domini-
can Republic. All participants underwent anthropometric measurements and skin carotenoid assessment by Veg-
gie Meter®. Adherence to the MD and lifestyle were evaluated using the Mediterranean Diet Adherence Screener
(MEDAS) and the Mediterranean Lifestyle Index (MEDLIFE) questionnaires. Correlations between the skin carotenoid
and MEDAS score were estimated using Pearson’s correlation coefficient. Multiple linear regression models were cre-
ated to determine variables that affect skin carotenoid score for both populations.

Results Mean total skin carotenoids were higher in the Italian compared to the Dominican Republic population
(342.4+92.4 vs 282.9+90.3; p < 0.005) regardless of sex (women: 318.5+88.9 vs 277.3+91.9, p<0.005 and men:
371.7+88.3 vs 289.5+88.1, p <0.005), and remaining statistically significant after age-adjustment of the Dominican
Republic sample. Using the MEDAS questionnaire, we found a higher MD adherence score in the Italian than in the
Dominican Republic population also after age-adjusting data (7.8 +2.1 vs 6.2+3.7; p <0.005) and even when cat-
egorized by sex (Italian vs age-adjusted Dominican Republic women: 7.9+2.1 vs 6.3 + 2.6; Italian vs age-adjusted
Dominican Republic men: 7.7 £2.2 vs 6.0£4.7; p <0.005). Using the MEDLIFE test, total Italians presented a lower score
with respect to the age-adjusted Dominican Republic population (3.2+1.2 vs 3.4+ 1.4; p<0.05). In multiple regression
analysis, skin carotenoids were associated with sex and negatively associated with BMI in the Italian population (sex:
f3:54.95;95% Cl: 40.11, 69.78; p <0.0001; BMI: 3: — 1.60; 95% ClI: — 2.98,0.86; p=0.03), while they resulted associated
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with age and sex in the Dominican Republic population (age: 3: 2.76; 95% Cl: 1.92, 3.56; p <0.001; sex: 3: 23.29; 95% Cl:
5.93, 40.64; p=0.009). Interestingly, skin carotenoids were positively correlated with MEDAS score in both populations
(Italy: r=0.03, p<0.0001, Dominican Republic: r=0.16, p=0.002).

Conclusions This study provides the assessment of the adherence to the MD and skin carotenoid content in adults
living in Southern Italy and the Dominican Republic, showing a higher MD adherence score and a skin carotenoid
content in inhabitants from the Mediterranean region. Our findings highlight the need to globally encourage fruit
and vegetable intake, particularly in non-Mediterranean area.

Keywords Veggie Meter®, Mediterranean Diet, Carotenoid score, Fruit and vegetable intake

Introduction

Health and well-being are influenced by several factors,
including lifestyle choices such as the consumption of a
healthy diet and regular physical activity. These lifestyle
choices are essential for the prevention and treatment
of metabolic and chronic diseases throughout a person’s
lifetime [1, 2]. Based on these concepts, many studies
have reported that the Mediterranean Diet (MD) pattern
is one of the most effective models promoting overall
health [3, 4].

The MD pattern originated in the civilizations sur-
rounding the Mediterranean Sea, consists of a high
intake of plant-based foods, especially fruits and veg-
etables, olive oil, legumes, cereals, nuts, minimally pro-
cessed local foods, moderate consumption of wine,
poultry, fish and dairy products, and low consumption of
red meat and sweets [4, 5]. Other Mediterranean lifestyle
recommendations include physical activity and spending
leisure time with friends and family [4]. Reduced risks for
cardiovascular disease, overweight and obesity, diabetes,
metabolic syndrome, cancer, cognitive decline, and total
mortality are recognized as the main health benefits [4,
6, 7]. Interestingly, the beneficial effects of the MD are,
at least in part, associated with the fruit and vegeta-
ble intake [8], highlighting the importance of ensuring
an adequate intake of these foods to reduce the risk of
chronic diseases in the population.

Even though it has been proven as one of the health-
ier dietary patterns, adherence to the MD varies greatly
according to geographical location, even within the same
country. Food choice availability, climate, affordability,
personal nutritional preferences, and awareness are all
factors that influence adherence to the MD, especially
in non-Mediterranean countries [9, 10]. Furthermore,
recent rapid changes in societies around the world due
to globalization and urbanization have affected lifestyle
choices, causing an increase in the consumption of pro-
cessed foods and sedentarism [11-13]. Consequently,
a reduction in the adherence to the MD and a shift
toward a Westernized diet characterized by high intakes
of fat and sodium, occurred even in the Mediterranean

countries over the last decades. In this context, the global
promotion of a healthy and sustainable dietary model
based on nutritional properties and key concepts of MD
represents a challenge set by the United Nations in the
Agenda 2030 to decrease the burden of non-commu-
nicable diseases and their risk factors [9]. Among the
tools to assess the adherence to the MD, the adminis-
tration of food or lifestyle questionnaires, including the
Mediterranean Diet Adherence Screener (MEDAS) and
Mediterranean Lifestyle Index (MEDLIFE) question-
naires [14, 15], is one of the most used validated method
to establish the degree of the adherence to the MD pat-
tern. Recently, it has also been reported that the skin
carotenoid content measured by the Veggie Meter®, a
pressure-mediated reflection spectroscopy-based device
which allows an easy and rapid estimation of the fruit
and vegetable intake, is associated with the MD adher-
ence score, representing an objective method to assess
the compliance to the MD avoiding bias due to the utili-
zation of self-reported questionnaires [16]. This study, in
the context of the UNICARIBE project, aims to measure
the skin carotenoid score by Veggie Meter® and to assess
the adherence to the MD pattern, using MEDAS and the
MEDLIFE questionnaires, in two populations living in a
Mediterranean and non-Mediterranean country repre-
sented by Southern Italy and Dominican Republic.

Material and methods

Study design

In this cross-sectional study, a total of 995 adults were
enrolled, 601 subjects from the Italian and 394 from the
Dominican population, as part of UNICARIBE project
which aims to develop joint research programs between
the University of Calabria Italy and Caribbean research
institutions. Data were collected from September 2023
to October 2023. In Italy, subjects were recruited at the
University of Calabria, while Dominican subjects were
recruited at the Instituto Tecnolégico de Santo Domingo
(INTEC) and at the Centro Médico de Diabetes, Obesi-
dad y Especialidades (CEMDOE). Considered inclusion
criteria were being older than 18 years of age living in
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Southern Italy or having Dominican Republic nationality.
Subjects who had liver diseases were excluded from the
study. Written informed consent was obtained from all
participants, and they were then asked to complete ques-
tionnaires to assess their adherence to the MD and life-
style. After completing the questionnaires, participants
were subjected to anthropometric and skin carotenoid
measurements.

Assessment of adherence to MD and lifestyle

The adherence to the MD and lifestyle was assessed with
the Mediterranean Diet Adherence Screener (MEDAS)
(Table 6) and the Mediterranean Lifestyle Index
(MEDLIFE) (Table 7) questionnaires respectively. The
Italian and Spanish versions of each of these question-
naires were used for each respective population.

The MEDAS is a validated questionnaire that com-
prises 14 items that evaluate the intake of main group
foods consumed in the MD. Responses that are inside
the MD recommendations are given a score of 1, while
responses outside the recommendations are given a score
of 0. Scores for each item are added together and a total
score that ranges from 0 to 14 is obtained. Total scores
ranged 0-5 are considered low adherence, scores ranged
6-9 are medium adherence and scores>10 are good
adherence to the MD [14, 17].

The MEDLIFE is a validated questionnaire that com-
prises 28 items, divided into 3 blocks, that evaluates the
adherence to both Mediterranean food consumption
and lifestyle habits. Block 3 consists of 6 items that spe-
cifically evaluate lifestyle habits, this was the part of the
questionnaire that was used to assess the adherence of
participants to the Mediterranean lifestyle. Responses
that are consistent with the Mediterranean lifestyle are
given a score of 1, while others are given a score of 0.
Items’ scores are added together for a range of total score
from O to 6, with higher scores representing a higher
adherence to the Mediterranean lifestyle [15].

Anthropometric measurements

Weight, height, and waist circumference were measured
by trained personnel using standardized procedures.
Weight and height were measured using a previously cal-
ibrated analogue scale. Waist circumference was meas-
ured using an anthropometric measuring tape. Body
Mass Index (BMI) was calculated using the standard BMI
formula [18].

Skin carotenoid measurement

Levels of carotenoid in the skin were measured using the
Veggie Meter®, which uses light spectroscopy for meas-
urements. Measurements were performed according to
the manufacturer’s instructions. Before performing any
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measurements, the device was properly calibrated. Skin
carotenoid level measurements were performed by apply-
ing light pressure on the participant’s index finger. The
device’s scores range from 0 to 800, with higher scores
indicating higher skin carotenoid concentrations [19, 20].

Sample size and power calculation

Sample size calculation was performed using a 95% con-
fidence interval (CI) and a margin of error (d) of 5% for
both the Italian and Dominican populations. An expected
adherence to the Mediterranean diet (P) of 50% was used
to obtain the maximum possible sample size using the
following formula:

Z2P(1 — P)
7

A minimum sample size of 385 participants per coun-
try was obtained. Due to a high participation rate, a total
of 601 participants were recruited in Italy and 394 were
recruited in the Dominican Republic. Post-hoc power
calculations for statistical differences between means
of the two populations (with two-tailed Student’s t-test)
for small effect size (Cohen’s D=0.2) yielded a statistical
power (B) of 86%.

Statistical analysis

Quantitative variables were reported as mean and stand-
ard deviation (SD), while categorical variables were
reported with absolute frequency and percentage. The
Dominican Republic sample results were sex and age-
adjusted to the Italian sample by calculating weighted
averages. Weights for the Dominican population were
calculated by dividing the proportion of individuals for
each age group for both sexes of the Italian sample by the
proportions in the Dominican sample. The age groups
used for the analysis were: from 18 to 30 years, 31 to
40 years, 41 to 50 years, 51 to 60 years, and older than
60 years.

Statistically significant differences between the Ital-
ian and Dominican Republic populations were evaluated
using the Student’s T-test with Welch’s correction, where
applicable. Correlations between the skin carotenoid and
MEDAS score were evaluated using Pearson’s correla-
tion coefficient. Multiple linear regression models using
the Ordinal Least Squares (OLS) method were created
for both the Italian and Dominican populations to deter-
mine variables that affect skin carotenoid score and the
variance inflation factor (VIF) was evaluated to assess
multicollinearity among the predictor variables. Statisti-
cal analyses were performed using JASP and GraphPad-
Prism 9 software programs. Statistical significance was
established as a p-value < 0.05.
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Results

General characteristics and carotenoid score

of the population sample

Table 1 shows the general characteristics and the
carotenoid score of our population sample. A total of
995 subjects from Southern Italy and the Domini-
can Republic were enrolled in this study. The mean
age was significantly higher in the total Italian respect
to the Dominican Republic population (27.4+11.7
vs 25.7+11.23, p<0.05) and in men (28.4+12.7 vs
23.5+9.4, p<0.001), but not in women. The mean BMI
was higher in the total Dominican Republic than in the
Italian population (25.1+4.7 vs 22.7+3.8, p<0.001),
regardless of the sex (women: 25.2+5.2 vs 21.8+3.3,
p<0.005, and men: 24.9+4.1 vs 23.9+3.9, p<0.05).
Similarly, waist circumference was significantly higher
in the total Dominican Republic than in the Italian
population sample (81.2+11.7 vs 78.3+11.2, p<0.005).
Categorizing the population by sex, Dominican Repub-
lic women showed significantly higher waist circum-
ference than Italian women (79.2+12.1 vs 73.1+8.6,
p <0.005), whereas no differences were found between
the male population. Anthropometric parameters (BMI
and waist circumference) were significant higher in the
men than woman Italian (BMI: 23.9+3.9 vs 21.8+3.3,
p <0.0001; waist circumference: 84.8 £ 10.2 vs 73.1 £ 8.6,
p<0.0001), whereas no gender-related differences were
found in the Dominican Republic population. Interest-
ingly, the carotenoid score in the total Italian popula-
tion was significantly higher than in the Dominican
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Republic sample (342.4+92.4, vs 282.9%90.3,
p<0.005) regardless of the sex (women: 318.5+88.9
vs 277.3+91.9, p<0.005 and men 371.7+88.3, vs
289.5+88.1, p<0.005). In addition, we found a higher
carotenoid content in the Italian men than in women
(371.7 £ 88.3 vs 318.5+88.9, p<0.0001), while no gen-
der-related differences were found in the Dominican
Republic population.

Importantly, BMI, waist circumference and carot-
enoid score remained statistically significant after the
age-adjustment of the Dominican Republic population
sample.

Associations between carotenoid score and different
variables in both Italian and Dominican Republic
participants

Multiple regression analysis was performed using carot-
enoid score as independent variable and age, sex and BMI
as dependent variables in both Italian and Dominican
Republic populations. The results showed that carotenoid
score was positively associated with sex in the Italian pop-
ulation (p<0.0001) and negatively associated with BMI
(p=0.03), while a significant positive relationship with sex
(p=0.009) and age (p<0.001) was found in the Domini-
can Republic sample (Table 2). Our regression analysis
revealed low explained variances for Italy and the Domin-
ican Republic (Italy: Adj. R>=0.080, Dominical Republic:
Adj. R>=0.098), while the VIF didn’t evidence multicollin-
earity among age, BMI and sex (data not shown).

Table 1 General characteristics and carotenoid score of the Italian and the Dominican Republic population

Characteristics Italy Dominican Republic (unadjusted) Dominican Republic
(age-adjusted)

Subjects (n) 601 394

Women (n) 331 213

Men (n) 270 181

Age (yrs) 274+11.7 257+11.23% 262+24.6

Women 266+10.7 277+146% 258+76

Men 2844127 235494 *** 266+354

BMI (Kg/m?) 227438 25.1+£4.7 *** 25+10.7 ***

Women 21.8+33° 252452 *** 24.8+5.7 ***

Men 239+39 249+4.1* 252+14.6

Waist circumference (cm) 783+11.2 81.24+11.7 *** 81.3+384

Women 73.1+86° 7924121 ¥ 78.1+14.5 %%

Men 848+10.2 836108 85.2+54.2

Carotenoid Score 34244924 282.9490.3 *** 283.0+1584 ***

Women 3185+889° 2773+91.9 *** 273.0495.1 *xx#

Men 371.7+883 289.5+88.1 ¥** 294.9+2009.5 ***

Values are mean * standard deviation. p-values were obtained using Student T-test. *p < 0.05; ***p < 0.0005; §: women vs men p value: <0.0001; # women vs men,
p:0.001; -waist circumference for women vs men p:0.0002; n: number; yrs: years; BMI: Body Mass Index
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Table 2 Multiple regression analysis among Carotenoid score
and different variables in the Italian and Dominican Republic
population sample
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Table 3 Mediterranean Diet Adherence Screener (MEDAS)
and Mediterranean Lifestyle index (MEDLIFE) score in the total
population sample or categorized by sex

Italy Dominican Republic
B p-values B p-values
(95% ClI) (95% ClI)

Age 0.26 0.41 2.74 <0.001
(—-0.36,0.88) (1.92,3.56)

BMI -1.60 0.03 -1.74 0.077
(-2.98,0.86) (—3.68,0.19)

Sex (M) 54.95 <0.0001 23.29 0.009
(40.11,69,78) (5.93,40.64)

Adj. R? 0.080 0.098

BMI Body Mass Index, Adj Adjusted, C/ Confidence Interval

Italy Dominican Dominican Republic
Republic (age-adjusted)
(unadjusted)
MEDAS score
Total 78+21 6.1+£2.3%% 6.2£3.7%%*
Women 79421  64+£2.3%* 6.3£2.6%**
Men 77+£22 58+£23%% 6.0£4.7%%*
MEDLIFE score
Total 32+£12  34£12% 344+18%
Women 30£12° 3701, 3114
Men 35+£12 38£12* 3.7+2.1

Adherence to the Mediterranean diet in both Italian
and Dominican Republic participants
The MD recommends high intakes of fruits and veg-
etables, which are enriched with carotenoids. To date,
adherence to the MD pattern is assessed through the
administration of diet questionnaires, including the
Mediterranean Diet Adherence Screener (MEDAS). In
addition, the Mediterranean Lifestyle Index (MEDLIFE)
questionnaire allows a rapid and comprehensive esti-
mation of adherence to the MD lifestyle [14, 21]. Using
the MEDAS test, we observed an average degree of
adherence to the MD in both populations. However,
the Italian population showed significantly higher MD
scores compared to the unadjusted or age-adjusted
Dominican Republic population (7.8+2.1 vs 6.1+2.3
and 7.8+2.1 vs 6.2+3.7, p<0.001, respectively), even
when categorized by sex (women: 7.9+2.1 vs 6.4+2.3
and 7.9+2.1 vs 6.3+2.6, p<0.001, respectively; men:
7.7+22 vs 5.8+2.3 and 7.7+2.2 vs 6.0+4.7, p<0.001,
respectively). In contrast, using the MEDLIFE test,
adherence to the MD pattern was lower in the Ital-
ian than in the unadjusted or age-adjusted Dominican
Republic population (3.2+1.2 vs 3.4+1.2 and 3.2+1.2
vs 3.4+ 1.8, p<0.05, respectively), whereas no differ-
ences were observed when categorizing population
by sex after adjusting for age (Table 3). In contrast,
we observed higher MEDLIFE score in the men than
women Italian population (3.5+1.2 vs 3.0+ 1.2), while
significant differences were found between sexes for
the MEDAS score and MEDLIFE score in the Domini-
can population (women vs men: 6.4+2.3 vs 5.8+2.3,
p=0.01; women vs men: 3.1+1.1 vs 3.8+1.2, p=0.01,
respectively).

The compliance rates for each MD recommendation
using the MEDAS and MEDLIFE questionnaires in the
total populations were calculated and shown in Fig. 1.

Values are mean +standard deviation. p-values were obtained using Student
T-test. *p < 0.05; ***p < 0.0005, "\Women vs Men p=0.0001

Impact of the Mediterranean Diet food choices

on the carotenoid score in Italian and Dominican Republic

population

To evaluate the impact of the Mediterranean Diet
food choices on the skin carotenoid score in the two
populations, we selected specific items with highest
carotenoid content from the MEDAS questionnaire,
as follows: item 1: “How many vegetable servings do
you consume per day?”; item 2: “How many fruit units
do you consume per day?”; item 3:"How many times
per week do you eat dishes with a sauce of tomato, gar-
lic, onion/leeks sautéed in olive 0il?”. Intriguingly, the
carotenoid score of each item was significantly higher
in the Italian than in the Dominican Republic sample
(Table 4).

Correlation between the Mediterranean Diet score

and the skin carotenoid score

The MEDAS questionnaire represents a validated tool
to evaluate adherence to the MD. However, bias due to
the self-reported intakes can occur impacting the accu-
racy of the results. To test whether the skin carotenoid
score might be used as a potential parameter to evaluate
the MD adherence in adults from different countries, we
estimated the correlations between the MEDAS score
and the carotenoid score by Pearson’s correlation in
both the Italian and Dominican Republic populations.
We observed that skin carotenoids are positively associ-
ated with MEDAS score in the total Italian population
(p<0.0001), in women (p=0.0006) and men (p=0.002)
(Fig. 2, upper panel). Similarly, we found a positive asso-
ciation between skin carotenoids and MEDAS score in
the total Dominican population (p=0.002) and in women
(p=0.002) but not in men (Fig. 2, lower panel).
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[ Inside MD recommendation Italian population

[l Outside MD recommendation Italian population

[ Inside MD recommendation Dominican Republic population
[ Outside MD recommendation Dominican Republic population

How many times per week do you consume vegetables,
pasta, rice, or other dishes seasoned with tomato sauce?

Fig. 1 Compliance with items from Mediterranean Diet Adherence Screener (MEDAS) and the Mediterranean Lifestyle Index (MEDLIFE)
questionnaires in the total sample of each population. Percentage distribution of each population with respect to the cut-off points
within or outside recommendations according to MEDAS and MEDLIFE score. MD: Mediterranean Diet

Table 4 Carotenoid score in the population categorized in
different items from MEDAS

Italy Dominican Republic  p-values
TEM 1
Subjects (n) 264 105
Carotenoid score  356.08+94.52  293.36+97.35 <0.0001
ITEM 2
Subjects (n) 106 83
Carotenoid score  378.8+99.62 278.17+98.79 <0.0001
ITEM 3
Subjects (n) 487 217
Carotenoid score  344.87+93.10  285.83+89.05 <0.0001

Values are mean + standard deviation. n: number. p-values between the Italian
and Dominican Republic population were obtained using Student T-test with
Welch'’s correction

Finally, multiple linear regression analysis was per-
formed using the carotenoid score as the dependent
variable and the MEDAS score along with age, sex,
BMI as independent variables, in both populations. We
found that in both the Italian and Dominican Repub-
lic samples, carotenoid score was significantly asso-
ciated with MEDAS score (p<0.0001 and p=0.03,

respectively) and sex (p <0.0001 and p=0.005, respec-
tively), while it was also correlated with age (p <0.001)
in the Dominican Republic population (Table 5). When
other predictors were adjusted for, the MEDAS score
led to significant increases in skin carotenoids lev-
els of 8.34 in Italians and 4.23 in Dominicans, respec-
tively. although our regression model yields with least
explained variance (Italy: Adj. R*=0.112, Dominican
Republic: Adj. R*=0.107).

Discussion

The primary objective of our study was to measure the
skin carotenoid content by Veggie Meter® and to com-
pare the degree of adherence to the MD pattern in an
adult population enrolled from two countries of the Med-
iterranean and non-Mediterranean area, represented by
Italy and Dominican Republic, respectively.

Our results showed higher levels of skin carotenoids
in the total Italian compared to the Dominican Republic
population sample as well as in women and men, which
remained statistically significant after the age-adjust-
ment of the Dominican Republic population. Moreover,
we observed a significantly higher carotenoid score in
men than women in both Italian and Dominican popula-
tion. The differences between the Italian and Dominican
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Fig. 2 Correlations between carotenoid score and MEDAS score in the total population, in women and in men from Italy (upper panel)
and Dominican Republic (lower panel). The association between skin carotenoid content and MEDAS score was analyzed using Pearson’s correlation
test. For each linear regression graph, the correlation coefficient—r and the statistical significance—p are reported

Table 5 Multiple regression analysis among Carotenoid score,
MEDAS and different variables in Italian and Dominican Republic
population

Italy Dominican Republic
B p-value B p-value
(95% CI) (95% CI)

MEDAS score  8.34 <0.0001 423 0.03
(4.91,11,76) (0.43-8.04)

Age —0.084 0.79 2.55 <0.001
(—0.71,0541) (1.72,339)

BMI —1.43 0.14 -1.76 0.07
(—3.33,047) (—3.69,0.16)

Sex (M) 5747 <0.0001 2491 0.005
(42.86,72.07) (7.57,42.24)

Adj. R? 0.112 0.107

population suggest that carotenoids intake could be
improved in the inhabitants of the Caribbean, as also
reported in a previous study investigating the carotenoid
levels in adults from the same geographic area [22]. Addi-
tionally, the National Demographic and Health Survey
(ENDESA) reported that most adults have a low intake of
fruit and vegetables, with only 85% reporting eating them
regularly at least 1 to 2 times a week on average [23].

As expected, we also found that BMI and waist cir-
cumference were lower in total Italian sample than in

inhabitants of Dominican Republic. Particularly, gen-
der-related differences were found in Italian, but not in
the Dominican Republic population. Our findings are
in agreement with data of age-standardized estimate of
mean BMI, overweight and obesity in Italy and Domini-
can Republic adults of both sexes in 2017 [24, 25]. A
study conducted by Casperson et al. demonstrated that
non-obese adults have a good level of skin carotenoids if
their dietary consumption of fruits and vegetables intake
is adequate [26]. Similarly, Caparello et al. have recently
published that the skin carotenoid content was within
the normal range and inversely related to the BMI in a
cohort of healthy adolescents from a Mediterranean area
[16]. However, conflicting data are reported on the cor-
relation between BMI and carotenoid levels in the popu-
lation depending on different factors including sex, age
or age groups but also on total or individual carotenoids
[27-29]. Particularly, it has been reported that BMI was
inversely related to serum concentrations of total carot-
enoids in women, regardless of age categories. This cor-
relation remained significant for individual carotenoids,
such as lutein, zeaxanthin, f-cryptoxanthin, a-carotene,
B-carotene, whereas it was statistically not significant for
lycopene, suggesting that not all carotenoids exhibited
the same properties [28]. Conversely, total blood carot-
enoid concentrations were negatively associated with
BMI only in men aged 40-59 years, while individual
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carotenoids did not display any significant correlation
with this anthropometric measurement [28]. Suzuki
et al. also reported lower serum carotenoid levels and
higher waist circumference values in adults, indicating an
inverse relationship between visceral obesity and serum
carotenoid content in a healthy Japanese population [29].
In a cross-sectional study carried out in a middle-aged
healthy population, higher skin carotenoid content was
associated with lower BMI in women and in men [27]. In
addition, skin carotenoids were positively correlated with
both total and individual serum carotenoid concentra-
tions [27] confirming that skin carotenoids represent a
valuable biomarker for the estimation of fruit and vegeta-
ble intakes.

In multiple regression analysis, we found an inverse
correlation between carotenoids and BMI in the Italian,
but not in the Dominican Republic populations high-
lighting the influence of this parameter on the carot-
enoid levels. Notably, we showed that skin carotenoid
content directly correlated with men in both populations
and with age in the Dominican Republic sample. These
findings are suggestive that men were more likely to be
well-compliant and that older participants who perceived
themselves to be overweight or obese were more likely
to adopt healthier eating habits. Indeed, a large body of
evidence has reported that carotenoid levels are inversely
associated with markers of metabolic and cardiovascu-
lar disease in healthy individuals, suggesting that fruit
and vegetable intake may exert preventive effects against
several chronic pathological conditions [27, 28, 30]. The
MD, enriched with fruit and vegetables, is considered to
be a model of gold-standard eating habits for its contri-
bution to a healthy status and a better quality of life, and
has been encouraged as part of healthy nutrition pro-
grams [31-33]. It has been largely reported that the geo-
graphical location and the economic, cultural and social
features are crucial factors that may affect MD adher-
ence [10]. Although the MD is traditionally followed by
the populations of the Mediterranean basin, over the last
decades, Mediterranean populations have been showing
moderate adherence to the Mediterranean diet [17, 34—
37], suggesting the need for improving MD adherence
even in the countries of its origin.

Several food questionnaires are available to assess
adherence to the MD, including the Medi-Lite developed
in Italy [38]. In this study, we administered to our sample
population the MEDAS questionnaire since it has been
widely used and validated in various populations and has
demonstrated good reliability in evaluating adherence to
the MD [14, 17]. We found an average adherence to the
food recommendations of the MD in both population
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samples, which was significantly higher in Southern Italy
compared to the Dominican Republic. Regarding life-
style habits, our research highlighted that the Italians
presented a lower score with respect to the Dominican
Republic population. Our results are in line with the sur-
vey that examined the lifestyle and the levels of physical
activity in the Italian population, underlining the impor-
tance of suggesting an improvement in the active lifestyle,
especially in Southern Italy [39-41].

Another important contribution of our study is that the
carotenoid score was directly associated with adherence
to the MD pattern in both populations, supporting the
same results recently published in healthy adolescents
from Southern Italy [16]. To evaluate the impact of MD
food choices on the skin carotenoid content between
the two population sample, we selected items from the
MEDAS questionnaire accounting for fruits, vegeta-
bles and dishes with tomato sauce which are enriched in
carotenoids. Interestingly, we observed that for each item
carotenoid content was significantly higher in the Italian
than Dominican Republic population. Therefore, we can
hypothesize that even though the food choices mostly
fall on plant-based foods they differently influenced the
qualitative composition of carotenoids in local products
of our populations from Mediterranean and non-Medi-
terranean countries.

A primary strength of this study is that we used an
objective method to assess the skin carotenoid content in
population samples living in different geographical areas.
This method is well suited for adolescents and adults
and makes it useful to perform wide scale screening and
promotion campaigns for increasing fruit and vegetable
intakes. Furthermore, this tool makes it possible to inves-
tigate food quality related to specific eating habits at the
individual level. Moreover, our study provides a compari-
son of the general characteristics and MD behavioural
nutrition and physical activity between the Italian and
the Dominican Republic population sample, showing
many differences among variables tested that deserve to
be further investigated. Despite these strengths, there are
some limitations to consider. First, all participants were
volunteers and enrolled without specific exclusion cri-
teria regarding health problems, any type of restrictive
diet or digestive problems, or the use of drugs that could
interfere with the absorption of carotenoids because this
was not part of the ethical approval. Second, it’s cru-
cial to acknowledge that this study did not incorporate
actual consumption data of participants, as adherence
to the MD was evaluated by self-reported MD question-
naires. Although this method of data collection is a vali-
dated tool, it is inherently susceptible to measurement
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error. Moreover, some fruits or vegetables do not contain
carotenoids and, therefore, the Veggie Meter® was una-
ble to detect them. Lastly, most of the participants were
enrolled from the university communities of both coun-
tries and some older Dominican subjects were recruited
at a Health Center during a control visit, therefore gen-
eralizability of these findings may be limited, and data
should be validated in a larger sample representative of
all populations.

Conclusions

In this study, we compared, for the first time to our
knowledge, the measurements of skin carotenoids by
Veggie Meter® and the adherence to the MD pattern in an
adult population sample living in Italy and the Dominic
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Republic and we found healthier dietary habits in the
Mediterranean than in non-Mediterranean area. In line
with the goals of the Agenda 2030 and the ‘Planeterra-
nean’ diet, our findings offer an objective basis for assess-
ing the diet quality and for investigating the nutritional
component in the plant foods typically recommended in
MD for their health benefits and provide valuable input
for national nutrition policies of both Mediterranean and
non-Mediterranean countries.

Annexes
See Tables 6 and 7

Table 6 Mediterranean Diet Adherence Screener (MEDAS) questionnaire

1. Do you use olive oil as the principal source of fat for
cooking?

1 point given: yes

2. How much olive oil do you consume per day (including
that used in frying, salads, meals eaten away from home,
etc.)?

1 point given if >4 Tbsp !

3. How many servings of vegetables do you consume per
day? Count garnish and side servings as 1/2 point; a full
serving is 200 g.

1 point given if >2

4. How many pieces of fruit (including fresh-squeezed
juice) do you consume per day?

1 point given if >3

5. How many servings of red meat, hamburgers, or
sausages do you consume per day? A full serving is
100-150 g.

1 point given if <1

6. How many servings (12 g) of butter, margarine, or cream
do you consume per day?

1 point given if <1

7. How many carbonated and / or sugar-sweetened
beverages do you consume per day?

1 point given if <1 2

8. Do you drink wine? How much do you consume per
week?

1 point given if >7 cups

9. How many servings (150 g) of pulses do you consume
per week?

1 point given if >3

10. How many servings of fish/seafood do you consume
per week? (100-150 g of fish, 4-5 pieces or 200 g of seafood)

1 point given if >3

11. How many times do you consume commercial (not
homemade) pastry such as cookies or cake per week?

1 point given if <2

12. How many times do you consume nuts per week? (1
serving =30 g)

1 point given if >3

13. Do you prefer to eat chicken, turkey or rabbit instead of
beef, pork, hamburgers, or sausages?

1 point given: yes

14. How many times per week do you consume boiled
vegetables, pasta, rice, or other dishes with a sauce of
tomato, garlic, onion, or leeks sautéed in olive o0il?

1 point given if >2
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Table 7 Mediterranean Lifestyle index (MEDLIFE) questionnaire. Block 3

Block 3: Physical activity, rest, social habits and conviviality

Do you engage in physical activity (> 150min/week or 30 min/day)? (jogging, walk at a fast pace,

dance,

aerobics, gardening)
Do you sleep siesta/nap?

How many hours do you sleep a day? (During weekdays)

How many hours do you spend watching TV per day? (During weekdays)

How many hours do you spend going out with friends during the free time (e.g. weekends)?

How many hours do you practice team sports per week?

Yes

Yes
6-8 hour/day
< lhour/day
> 2hour/weekend

> 2hour/week

* . . . . .
0 points if these criteria were not met. s = serving

Abbreviations

BMI Body mass index

@] Confidence interval

MD Mediterranean Diet

MEDAS Mediterranean Diet Adherence Screener
MEDLIFE ~ Mediterranean Lifestyle Index

ENDESA  National Demographic and Health survey

Acknowledgements

We sincerely thank all participants from the University of Calabria, Italy and
the Instituto Tecnoldgico de Santo Domingo (INTEC) and the Centro Médico
de Diabetes, Obesidad y Especialidades (CEMDOE) de Santo Domingo,
Dominican Republic. We also thank Dr. MariaRita Caputo for her valuable com-
munication skills during the recruitment process and Dr. Giovanni Dongionny
Groccia, Dr. Mattia Saporito and Dr. Martina Vitelli who were part of the panel

of nutritionists that supported anthropometric and carotenoid measurements.

Author contributions

Data collection, study design, and writing the manuscript, G.A., M.S.V,; Data
collection, F.C, G.C, M\V.F, M.C; analyses and interpretation of data, G.A, MS.V,
F.C,; conception of the idea, study design, interpretation of data, editing and
reviewing of the manuscript, G.A, M.S.V, B.C,, D.B,; conception of the idea and
funding acquisition, L.C. All authors have read and agreed to the published
version of the manuscript.

Funding

This research was funded by Calabria Region, Italy, "UNICARIBE project” (PAC
Calabria 2014-2020 "Potenziamento di interventi per l'internazionalizzazione e
i laboratori di ricerca del sistema universitario calabrese”) and by Department
of Excellence (Italian law 232/2016) Department of Pharmacy, Health and
Nutritional Sciences, University of Calabria, Italy.

Availability of data and materials
Please contact the corresponding author for data requests.

Declarations

Ethics approval and consent to participate

The research protocol was developed according to the international and local
ethical guidelines and the Declaration of Helsinki. The study’s objectives were
explained to every participant and written informed consent was obtained
from each participant. The research protocol was approved by Ethics Com-
mittee of the University of Calabria in Italy (#67342/2023) and by the Ethics

Committee of the Technological Institute of Santo Domingo in Dominican
Republic.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no conflict of interests.

Author details

'Department of Pharmacy, Health and Nutritional Sciences, University

of Calabria, 87036 Arcavacata di Rende (CS), Italy. 2Research Unit, Centro
Médico de Diabetes, Obesidad y Especialidades (CEMDOE), Clara Maria

Pardo Street, Santo Domingo, 10135 Distrito Nacional, Dominican Republic.
®Instituto Tecnoldgico de Santo Domingo (INTEC), Los Proceres Avenue, Santo
Domingo, 10602 Distrito Nacional, Dominican Republic. “UNICARIBE Research
Center, University of Calabria, 87036 Rende, Italy. *Surface Nanoscience Group,
Department of Physics, University of Calabria, 87036 Rende, Italy. *Sociedad
Dominicana de Endocrinologia y Nutricion (SODENN), 157 Independencia
Avenue, GS Professional Building, Santo Domingo, 10206 Distrito Nacional,
Dominican Republic. ’Centro Sanitario, University of Calabria, Via P. Bucdi,
Arcavacata Di Rende (CS), 87036 Rende, Cosenza, Italy.

Received: 9 February 2024 Accepted: 20 April 2024
Published online: 04 May 2024

References

1. Katz DL, Frates EP, Bonnet JP, Gupta SK, Vartiainen E, Carmona RH. Lifestyle
as medicine: the case for a true health initiative. Am J Health Promot.
2018;32:1452-8.

2. Rippe JM. Lifestyle medicine: the health promoting power of daily habits
and practices. Am J Lifestyle Med. 2018;12:499-512.

3. Diolintzi A, Panagiotakos DB, Sidossis LS. From Mediterranean diet
to Mediterranean lifestyle: a narrative review. Public Health Nutr.
2019;22:2703-13.

4. Guasch-Ferré M, Willett WC. The Mediterranean diet and health: a com-
prehensive overview. J Intern Med. 2021,290:549-66.

5. Rishor-Olney CR, Hinson MR: Mediterranean Diet. In StatPearls. Treasure
Island (FL) ineligible companies. Disclosure: Melissa Hinson declares no
relevant financial relationships with ineligible companies.: StatPearls
PublishingCopyright © 2023, StatPearls Publishing LLC,; 2023



Augimeri et al. Journal of Translational Medicine

20.

21

22.

23.

24.

25.

(2024) 22:424

Widmer RJ, Flammer AJ, Lerman LO, Lerman A. The Mediterranean diet, its
components, and cardiovascular disease. Am J Med. 2015;128:229-38.
Tosti V, Bertozzi B, Fontana L. Health benefits of the mediterranean diet:
metabolic and molecular mechanisms. J Gerontol A Biol Sci Med Sci.
2018;73:318-26.

Augimeri G, Montalto Fl, Giordano C, Barone |, Lanzino M, Catalano

S, Ando S, De Amicis F, Bonofiglio D. Nutraceuticals in the Mediter-
ranean Diet: potential avenues for breast cancer treatment. Nutrients.
2021;13:2557.

Vetrani C, Piscitelli P, Muscogiuri G, Barrea L, Laudisio D, Graziadio C,
Marino F, Colao A.“Planeterranea”: an attempt to broaden the beneficial
effects of the Mediterranean diet worldwide. Front Nutr. 2022;9: 973757.
Mattavelli E, Olmastroni E, Bonofiglio D, Catapano AL, Baragetti A, Magni
P. Adherence to the Mediterranean Diet: impact of geographical location
of the observations. Nutrients. 2022;14:2040.

. Cuevas Garcia-Dorado S, Cornselsen L, Smith R, Walls H. Economic glo-

balization, nutrition and health: a review of quantitative evidence. Glob
Health. 2019;15:15.

Al-Hazzaa HM. Physical inactivity in Saudi Arabia revisited: a systematic
review of inactivity prevalence and perceived barriers to active living. Int
J Health Sci (Qassim). 2018;12:50-64.

Casari S, Di Paola M, Banci E, Diallo S, Scarallo L, Renzo S, Gori A, Renzi S,
Paci M, de Mast Q, et al. Changing dietary habits: the impact of urbaniza-
tion and rising socio-economic status in families from Burkina Faso in
Sub-Saharan Africa. Nutrients. 2022;14:1782.

Garcia-Conesa MT, Philippou E, Pafilas C, Massaro M, Quarta S, Andrade V,
Jorge R, Chervenkov M, Ivanova T, Dimitrova D, et al. Exploring the validity
of the 14-item Mediterranean Diet Adherence Screener (MEDAS): a cross-
national study in seven European countries around the Mediterranean
Region. Nutrients. 2020;12:2960.

Sotos-Prieto M, Santos-Beneit G, Bodega P, Pocock S, Mattei J, Pefialvo

JL. validation of a questionnaire to measure overall Mediterranean
lifestyle habits for research application: the Mediterranean Lifestyle Index
(MEDLIFE). Nutr Hosp. 2015,32:1153-63.

Caparello G, Groccia GD, Ceraudo F, Cesario M, Bonofiglio R, Augimeri G,
Bonofiglio D. Association between skin carotenoid score measured with
veggie meter&reg; and adherence to the Mediterranean Diet among
adolescents from Southern Italy. Nutrients. 2023;15:4920.

Caparello G, Galluccio A, Giordano C, Lofaro D, Barone |, Morelli C, Sisci D,
Catalano S, Ando S, Bonofiglio D. Adherence to the Mediterranean diet
pattern among university staff: a cross-sectional web-based epidemio-
logical study in Southern Italy. Int J Food Sci Nutr. 2020;71:581-92.

Weir CB, Jan A: BMI classification percentile and cut off points. In
StatPearls. Treasure Island (FL) ineligible companies. Disclosure: Arif Jan
declares no relevant financial relationships with ineligible companies.:
StatPearls PublishingCopyright © 2023, StatPearls Publishing LLC,; 2023
Ermakov IV, Ermakova M, Sharifzadeh M, Gorusupudi A, Farnsworth K,
Bernstein PS, Stookey J, Evans J, Arana T, Tao-Lew L, et al. Optical assess-
ment of skin carotenoid status as a biomarker of vegetable and fruit
intake. Arch Biochem Biophys. 2018,646:46-54.

Fultz AK, Rex SM, Mazelin A, McGarry C, Brewer B, Patterson F, Robson S.
Examining fruit and vegetable intake in low-income older adults using
the Veggie Meter®. Nutr Health. 2022;28:13-7.

Sotos-Prieto M, Moreno-Franco B, Ordovas JM, Ledn M, Casasnovas JA,
Pefalvo JL. Design and development of an instrument to measure overall
lifestyle habits for epidemiological research: the Mediterranean Lifestyle
(MEDLIFE) index. Public Health Nutr. 2015;18:959-67.

Duran-Cabral M, Ferndndez-Jalao |, Estévez-Santiago R, Olmedilla Alonso
B. Assessment of individual carotenoid and vitamin A dietary intake in
overweight and obese Dominican subjects. Nutr Hosp. 2017,34:407-15.
Encuesta Demogréfica y de Salud (ENDESA). Santo Domingo, Republica
Dominicana.: Centro de Estudios Sociales y Demograficos (CESDEM).
Prevalence of overweight among adults, BMI >= 25 (age-standardized
estimate) (%) https://www.who.int/data/gho/data/indicators/indicator-
details/GHO/prevalence-of-overweight-among-adults-bmi-=-25-(age-
standardized-estimate)-(-)

Prevalence of obesity among adults, BMI >= 30 (age-standardized esti-
mate) (%) https://www.who.int/data/gho/data/indicators/indicator-detai
Is/GHO/prevalence-of-obesity-among-adults-bmi-=-30-(age-standardiz
ed-estimate)-(-)

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Page 11 of 11

Casperson SL, Roemmich JN, Larson KJ, Hess JM, Palmer DG, Jahns L. Sen-
sitivity of pressure-mediated reflection spectroscopy to detect changes
in skin carotenoids in adults without obesity in response to increased
carotenoid intake: a randomized controlled trial. J Nutr. 2023;153:588-97.
Matsumoto M, Suganuma H, Shimizu S, Hayashi H, Sawada K, Tokuda |,
Ihara K, Nakaji S. Skin carotenoid level as an alternative marker of serum
total carotenoid concentration and vegetable intake correlates with
biomarkers of circulatory diseases and metabolic syndrome. Nutrients.
1825;2020:12.

Matsumoto M, Waki N, Suganuma H, Takahashi |, Kurauchi S, Sawada K,
Tokuda I, Misawa M, Ando M, Itoh K, et al. Association between biomark-
ers of cardiovascular diseases and the blood concentration of carote-
noids among the general population without apparent iliness. Nutrients.
2020;12:2310.

Suzuki K, Inoue T, Hioki R, Ochiai J, Kusuhara Y, Ichino N, Osakabe K,
Hamajima N, Ito Y. Association of abdominal obesity with decreased
serum levels of carotenoids in a healthy Japanese population. Clin Nutr.
2006;25:780-9.

Matsumoto M, Suganuma H, Ozato N, Shimizu S, Katashima M, Katsuragi
Y, Mikami T, Itoh K, Nakaji S. Association between serum concentration of
carotenoid and visceral fat. Nutrients. 2021;13:912.

Dernini S, Berry EM, Serra-Majem L, La Vecchia C, Capone R, Medina FX,
Aranceta-Bartrina J, Belahsen R, Burlingame B, Calabrese G, et al. Med Diet
40.: the Mediterranean diet with four sustainable benefits. Public Health
Nutr. 2017;20:1322-30.

Godos J, Castellano S, Marranzano M. Adherence to a Mediterranean
dietary pattern is associated with higher quality of life in a cohort of ital-
ian adults. Nutrients. 2019;11:981.

Zaragoza-Marti A, Ferrer-Cascales R, Hurtado-Sanchez JA, Laguna-Pérez A,
Cabarero-Martinez MJ. Relationship between adherence to the Mediter-
ranean Diet and health-related quality of life and life satisfaction among
older adults. J Nutr Health Aging. 2018;22:89-96.

Aureli V, Rossi L. Nutrition knowledge as a driver of adherence to the
Mediterranean Diet in Italy. Front Nutr. 2022,9: 804865.

Dinu M, Pagliai G, Giangrandi |, Colombini B, Toniolo L, Gensini G, Sofi

F. Adherence to the Mediterranean diet among ltalian adults: results
from the web-based Medi-Lite questionnaire. Int J Food Sci Nutr.
2021;72:271-9.

Obeid CA, Gubbels JS, Jaalouk D, Kremers SPJ, Oenema A. Adherence

to the Mediterranean diet among adults in Mediterranean countries: a
systematic literature review. Eur J Nutr. 2022;61:3327-44.

Veronese N, Notarnicola M, Cisternino AM, Inguaggiato R, Guerra V, Red-
davide R, Donghia R, Rotolo O, Zinzi |, Leandro G, et al. Trends in adher-
ence to the Mediterranean diet in South Italy: a cross sectional study.
Nutr Metab Cardiovasc Dis. 2020;30:410-7.

Dinu M, Pagliai G, Lotti S, Giangrandi |, Colombini B, Sofi F. Adherence to
Mediterranean Diet measured through medi-lite score and obesity: a
retrospective study. Nutrients. 2007;2021:13.

Galle F, Sabella EA, Da Molin G, Parisi EA, Liguori G, Montagna MT, De
Giglio O, Tondini L, Orsi GB, Napoli C. Physical activity in older adults: an
investigation in a metropolitan area of Southern Italy. Int J Environ Res
Public Health. 2020;17:1034.

Pippi RMA, Fruttini D, Pasqualini L, Gatti A, Vandoni M, Mascherini G,
Musumeci G, Fanelli CG. Physical activity, sedentary time and motivation
to change: an Italian survey. Phys Act Rev. 2024;12:161-75.

Pearson N, Biddle SJ. Sedentary behavior and dietary intake in chil-

dren, adolescents, and adults. A systematic review. Am J Prev Med.
2011;41:178-88.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://www.who.int/data/gho/data/indicators/indicator-details/GHO/prevalence-of-overweight-among-adults-bmi-=-25-(age-standardized-estimate)-(-)
https://www.who.int/data/gho/data/indicators/indicator-details/GHO/prevalence-of-overweight-among-adults-bmi-=-25-(age-standardized-estimate)-(-)
https://www.who.int/data/gho/data/indicators/indicator-details/GHO/prevalence-of-overweight-among-adults-bmi-=-25-(age-standardized-estimate)-(-)
https://www.who.int/data/gho/data/indicators/indicator-details/GHO/prevalence-of-obesity-among-adults-bmi-=-30-(age-standardized-estimate)-(-)
https://www.who.int/data/gho/data/indicators/indicator-details/GHO/prevalence-of-obesity-among-adults-bmi-=-30-(age-standardized-estimate)-(-)
https://www.who.int/data/gho/data/indicators/indicator-details/GHO/prevalence-of-obesity-among-adults-bmi-=-30-(age-standardized-estimate)-(-)

	Differences of skin carotenoids and adherence to the Mediterranean Diet pattern in adults from Southern Italy and Dominican Republic
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Material and methods
	Study design
	Assessment of adherence to MD and lifestyle
	Anthropometric measurements
	Skin carotenoid measurement
	Sample size and power calculation
	Statistical analysis

	Results
	General characteristics and carotenoid score of the population sample
	Associations between carotenoid score and different variables in both Italian and Dominican Republic participants
	Adherence to the Mediterranean diet in both Italian and Dominican Republic participants
	Impact of the Mediterranean Diet food choices on the carotenoid score in Italian and Dominican Republic population
	Correlation between the Mediterranean Diet score and the skin carotenoid score

	Discussion
	Conclusions
	Annexes
	Acknowledgements
	References


