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Abstract

Purpose To derive dietary patterns (DPs) of Lebanese adolescents (10-18 years) and evaluate associations between identi-
fied DPs and household food insecurity (HFI).

Methods Data on adolescents (n=693) were drawn from a national survey conducted in 2015 on a representative sample of
Lebanese households with children. In addition to a sociodemographic questionnaire, data collection included the validated
Arabic-version of the Household Food Insecurity Access Scale, used to evaluate HFI. Dietary intake was assessed using a
187-item validated food frequency questionnaire. Associations between HFI scores and DPs were examined using multiple
linear regressions.

Results HFI was observed in 55.2% of the study sample. Two DPs were derived among adolescents: Western and Lebanese-
Mediterranean (LM). The Western DP was characterized by higher consumption of sweetened beverages, fast foods, sweets,
and refined grains, whereas the LM DP was characterized by higher intakes of fruits, vegetables, dairy products, and whole
grains. Scores of the Western DP were negatively associated with fiber, calcium, iron, and vitamins A and D, while the LM
DP scores were positively correlated with fiber, proteins, iron, calcium, and vitamins A and D (p <0.01). LM DP scores
were also negatively correlated with total fat, saturated and polyunsaturated fats, p <0.05. After adjustment for sociodemo-
graphics, multiple linear regression showed that higher HFI scores were associated with lower adherence to LM DP among
adolescents (f=—0.026, 95% CI —0.046, — 0.006).

Conclusions HFI was associated with lower adherence to the Mediterranean pattern among Lebanese adolescents. Preventive
strategies are needed to promote better diet quality among food-insecure youth.
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Introduction

Adolescence is the transitional phase between childhood and
adulthood during which nutritional needs of individuals are
increased due to the rapid growth and changes in body com-
position associated with puberty [1, 2]. Nutritional intake
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during adolescence is also critical for the development of
lifelong eating behaviors and prevention of diseases [3].
Dietary behaviors that adolescents adopt during this stage
can modify their risk of obesity and non-communicable dis-
eases across the life course [4].

Unhealthy eating habits are common in adolescents
worldwide and have been reported in both high-income and
low- to middle-income countries [5—7]. The most commonly
reported unfavorable dietary behaviors among adolescents
include (1) high intake of fast foods and other foods high
in fat; (2) low intake of fruits, vegetables, and dairy foods;
(3) erratic eating behaviors, such as meal skipping [8, 9].
Several individual, social, and environmental factors (such
as eating out and food related advertisements) may affect
adolescents’ food choices and nutrient intake during this
critical phase, including their preoccupation with self-image
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[1, 3], peer pressure [3, 10], parental influence [2, 3], fam-
ily dynamics and socioeconomic status [1, 11], including
household food insecurity (HFI).

HFI, defined as the inability of the household to secure,
either from its own production or through purchases, nutri-
tious, adequate and safe food for meeting the dietary needs
of all members of the household [12], can further complicate
the nutritional problems associated with adolescence. HFI
has been associated with lower consumption of healthy food
groups and poor diet quality [13], including protein-rich
foods, fruits and vegetables [14, 15], and it can contribute to
insufficient intake of essential vitamins and minerals among
adolescents [16, 17]. Studies show that exposure to HFI dur-
ing this particularly vulnerable period could adversely affect
adolescents’ dietary habits, as postulated by others, by act-
ing as a psychological stressor for the adolescent leading
to less than optimal nutrition [10, 18]. A recent review by
Eicher-Miller and Zhao [19] showed that the relationship of
food insecurity with key dietary outcomes among US ado-
lescents aged 12—19 years has received minimal attention
compared to younger children. Nevertheless, authors empha-
sized the importance of examining this relationship during
adolescence, as this pediatric stage has the most potential for
negative impacts on the youth’s dietary intakes [19]. In addi-
tion, HFI can have serious implications on the overall health
of adolescents, including poorer mental [20] and physical
health [21], as well as lower academic and psychosocial
development [22].

Although several studies, to date, examined the relation-
ship between HFI with dietary intake and quality of ado-
lescents [19, 23, 24], none of these studies investigated the
relationship between HFI with dietary patterns (DPs) among
this age group. The latter represents a dietary assessment
approach that aims at identifying patterns of food consump-
tion by individuals rather than individual food groups or
nutrients [25]. In fact, the DP approach is considered to
be more comprehensive than the traditional approaches in
nutritional epidemiology, as it looks beyond the single nutri-
ents or foods consumed and attempts to capture the broader
picture of diet that is hypothesized to discriminate between
health and disease [26]. Among studies exploring the DPs
adopted by children and adolescents; a “Western’ DP, char-
acterized by the high intake of fast foods, processed foods,
sweets, and salty snacks, has consistently been reported
[27-29]. This pattern was associated with higher risk of
obesity and non-communicable diseases (NCDs), including
cardio-metabolic risk factors (such as lipid profile and blood
glucose), cardio-vascular disease (CVD) and hypertension
[30, 31].

Lebanon is a middle-income Eastern Mediterranean
country that represents a unique setting to explore the rela-
tionship between HFI with DPs among adolescents. The
country is currently undergoing a rapid nutrition transition
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[32] reflected through the adoption of Western-like DPs and
lower adherence to the traditional Lebanese-Mediterranean
(LM) diet among both adults and adolescents [33, 34]. In
addition, evidence indicates a worrisome increase in obe-
sity prevalence (7.3% in 1997 vs. 10.9% in 2009) among
Lebanese children and adolescents (aged 618 years) [35].
Concomitantly, the country is witnessing alarming HFI
rates reaching 49.3% of Lebanese households with children
4-18 years old [36]. The present study aims to derive DPs
of Lebanese adolescents (10-18 years) and evaluate asso-
ciations between identified DPs and HFI using data from a
national cross-sectional survey conducted on a representa-
tive sample of Lebanese households with children.

Methods
Study design and population

Data for the present study were drawn from a national
cross-sectional survey of Lebanese households with chil-
dren aged 4-18 years, entitled the Lebanese Food and
Nutrition Security Survey (L-FANUS). The survey was
conducted in years 2014 and 2015. Households were the
primary sampling unit and were selected using a two-
stage stratified cluster sampling approach. Within this
framework, the six Lebanese governorates constituted the
various strata. These governorates consisted of 26 districts
(Caza); and neighborhoods within districts were made up
the various clusters. Clusters within districts were chosen
based on probability proportional to size sampling. Within
each cluster, households were selected using systematic
sampling approach. Further details about the sampling
framework are presented in Jomaa et al. [36]. For a house-
hold to be eligible to be part of the survey, the following
inclusion criteria were considered: (1) the household had
to include a mother and child aged 4-18 years; (2) both
mother and child had to be Lebanese; (3) both mother
and child had to be healthy, i.e., not suffering from any
chronic illness that may affect their dietary intake or tak-
ing medications that could affect their nutritional status.
In the original national survey, a total of 4076 households
were approached and 3147 agreed to participate (response
rate 77%), of which 1209 were eligible and completed the
study. For the purpose of the present study, data for chil-
dren aged 10-18 years with complete dietary intake data
were included for analysis (n=693). The availability of
693 participants allowed for the detection of an effect size
of r=0.11 (r, correlation coefficient) at a power of 80%
and an alpha error of 0.05 [37]. In addition, the distribu-
tion of this sample across the six administrative gover-
norates of Lebanon was similar to that reported for that
age group by the Central Administration of Statistics
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(CAS) [38]. The protocol of the survey received ethical
approval from the Social and Behavioral committee of the
Institutional Review Board at the American University of
Beirut (Protocol number NUT.LJ.03). Written informed
consent and written assents were obtained from mothers
and children above 6 years of age, respectively, prior to
their participation.

Data collection

Data were collected using face-to-face interviews with study
participants. The interviews took place in the household and
lasted for approximately 45 min. A team of trained nutrition-
ists carried out data collection and completed a multi-com-
ponent survey with questions on the (1) sociodemographic
and lifestyle characteristics, (2) household food insecurity
(HFI) and (3) dietary intake of children. A detailed descrip-
tion of the survey questions is presented below.

Sociodemographic and lifestyle characteristics

Sociodemographic characteristics of study participants
included close-ended questions related to age and sex of the
child, crowding index (CI), education level and employment
status of the mother and father, whether the mother studied
a health-related major in university, area of residence (rural,
urban), and physical activity. The crowding index (CI) was
used as a proxy measure of socioeconomic status and calcu-
lated as the total number of household members divided by
the total number of rooms in a household (excluding kitch-
ens, bathrooms and balconies) [39]. This index has been
previously used in Lebanon and other Arab settings, provid-
ing consistently reliable results [36, 39]. Households with
less than two persons per room were considered to have a
lower crowding index as compared to those with two or more
persons per room. For the assessment of physical activity, a
modified version of the Children and Youth Physical activity
questionnaire was used [40]. Using this questionnaire, infor-
mation regarding the types and duration of activities dur-
ing the past week (weekdays and weekends) was collected,
including activities at school and extra-curricular activities.
In this study, children were classified as meeting or not meet-
ing physical activity requirements if they engaged or did
not engage in 420 min per week of moderate to vigorous
activities, respectively, as per World Health Organization
recommendations of physical activity in young individuals
[41]. Moderate physical activities are the ones having meta-
bolic equivalents (METs values) between 4 and 6, such as
walking and volleyball, while vigorous physical activities,
such as running, football and basketball have METs values
greater than 6 [42].

Household food insecurity

HFT status was examined using the valid and reliable Ara-
bic version of the Household Food Insecurity Access Scale
(HFIAS) [43]. The latter is a nine-item measurement tool of
food access (quantity and quality) originally developed by
the US Agency for International Development-funded Food
and Nutrition Technical Assistance project [44]. It reflects
the experience of FI among the participant and their house-
hold members within the previous 4 weeks. The respondent
is first asked an occurrence question [whether the condition
in the question happened at all in the past 4 weeks (yes or
no)]. In the case of an affirmative answer to the occurrence
question, a frequency-of-occurrence question followed to
indicate whether the condition happened rarely (once or
twice), sometimes (three to ten times) or often (more than
ten times). A standard scoring procedure was used whereby
0, 1, 2, or 3 points were allocated for “non-occurrence”,
“rare”, “sometimes”, and “often”, respectively. The total
HFIAS score ranged between 0 and 27, with higher scores
indicating higher levels of HFI. Scores were used to catego-
rize households into four levels of HFI (food secure, mildly,
moderately or severely food insecure) depending on the
number of positive responses to questions related to severe
conditions, and as per the HFIAS measurement and indica-
tor guide [44].

Dietary intake

Dietary intake of children was assessed using the Arabic-
translated 187-item Food Frequency Questionnaire (FFQ),
referring to intake over the past year. The validity and relia-
bility of this questionnaire were previously examined among
Lebanese children [45]. The FFQ included three sections:
the food list, the portion size and the frequency response.
The food list encompassed the 187 items, representing foods
usually consumed by Lebanese children. In addition, the list
included an open-ended question where participants could
report additional foods consumed on a regular basis and
which do not appear on the questionnaire’s food list. For
the estimation of the portion size, children were given the
option to report intake using a reference portion size (cups,
spoon and plates) or in grams. The frequency of the child’s
food intake was indicated by how many times per day, week
or month the child has consumed the food. The Nutritionist
Pro software (Nutritionist Pro, Axxya Systems, San Bruno,
CA, version 5.1.0, 2014) was used for the analysis of the
dietary intake data and to estimate energy, macro- and
micro-nutrients’ intakes. For the age group considered in
this study (10-18 years old), participants were the primary
respondents, in the presence of the mothers who answered
clarifying questions when asked.
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Derivation of dietary patterns

Principal component factor analysis (PCFA) was used for the
examination of DPs in the study population. The 187 food
items were grouped into 24 food groups, depending on simi-
larities in ingredients, nutrient profile and/or culinary usage
(TS1, supplementary table). Daily consumption of each of
the 24 food groups was calculated by adding the daily por-
tion intake of each item in this group. These 24 food groups
were entered in the PCFA and DPs were derived using a
Varimax rotation of factors; where the axes are maintained at
90 degrees. The following diagnostic measures were under-
taken before conducting the PCFA: examination of the cor-
relation matrix of all variables, the Kaiser-Meyer—Olkin
test (>0.7) and the chi square for Bartlett test of spheric-
ity (p <0.05). The decision as to how many factors to be
retained was taken based on (1) the Kaiser criterion (eigen-
value greater than 1), (2) the scree plot (inflection point)
and (3) relevance and interpretability of the factors. For all
participants and for each factor, scores were calculated using
the least squares regression method, where for each factor
the mean was equal to zero. Each participant had a score on
each identified pattern. The higher the factor score of a DP
indicated higher adherence to this particular pattern. Factor
loadings indicated the strength and direction of the associa-
tion between the food groups and the identified patterns. For
the naming of the patterns, food groups with a factor score
greater than 0.3 were considered [46]. In case a variable
had factor loadings > 0.3 on more than one of the identified
patterns, the pattern with the highest loading was considered
for labeling.

Statistical analyses

Various sociodemographic and lifestyle characteristics were
described using means + standard deviations and proportions
representing continuous and categorical variables, respec-
tively. These characteristics were compared across catego-
ries of HFI using chi-square and independent ¢ tests. The
associations of the identified DPs with energy and macro-
and micro-nutrient intakes (energy-adjusted) were exam-
ined using Pearson’s correlation coefficients. These coef-
ficients were compared between the identified patterns using
Steiger’s test for dependent correlations. Partial correlations
were used to investigate the association between the HFI
score (as derived from the HFIAS questionnaire) and that
of each identified DP, adjusting for adolescent’s age, gender
and significant correlates of HFI. Associations between HFI
scores and DPs were also conducted using multiple linear
regressions. Age, child’s gender and variables found to be
significantly associated with HFI (CI, father’s and moth-
er’s education, mother’s major in health, and mother and
father’s employment) were entered in the multiple linear
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regression model. Results from the multiple linear regres-
sion model were expressed as beta coefficient () with 95%
confidence intervals (CI). All analyses were two tailed and
a p value < 0.05 was considered statistically significant. The
Statistical Package for the Social Sciences was used for all
computations (SPSS) (version 19.0, SPSS Inc., Chicago,
Illinois, USA).

Results

Characteristics of the study population are presented in
Table 1. The mean age of participants was 13.81+2.38 years
with a higher percentage of girls as compared to boys (53.2%
vs. 46.8%). Seventy percent of households (70.3%) had a
crowding index below 2. Over 50% of mothers and fathers
had an intermediate education or less (59.9% of fathers and
55.1% of mothers). Five percent of mothers studied a health-
related major at the university level. While the majority of
fathers were employed (91.4%), only 22.5% of mothers were
employed. Three of four participants were residing in urban
areas (77.5%) and almost one in two participants failed to
meet the physical activity recommendations (Tablel). Over-
all, out of 693 participants, 308 were food secure (44.44%),
218 belonged to the mild/moderate HFI category (31.45%)
and 164 were food insecure (23.67%). Chi-square test results
showed that a higher crowding index, a better father’s and
mother’s education, as well as mother and father’s employ-
ment are significantly associated with lower proportions of
participants belonging to food-insecure categories (mild/
moderate food insecure and severe food insecure) (Table 1).

The PCFA revealed two main DPs in the study popula-
tion: ‘Western’ and ‘Lebanese-Mediterranean (LM)’ pat-
terns. Together these DPs explained 19.71% of the total
variance (10.16% and 9.55% for the Western and LM pat-
terns respectively, Table 2). The main food items/groups
that constituted the Western pattern were sugar-sweetened
beverages, fast foods, sweets, salty snacks, condiments and
refined grains. All the aforementioned groups had positive
factor loading greater than 0.4. Other food groups which
also loaded positively on this pattern were meat (0.38), alco-
hol (0.37), eggs (0.28), fats and oils (0.27) in addition to
roasted and salted nuts and seeds (0.27). The LM DP, on
the other hand, was characterized by higher loads of food
groups such as fruits and vegetables (0.64), dairy products
(0.53), mixed dishes (0.44), whole grains (0.43), in addition
to olive oil (0.37), olives (0.26) as well as roasted unsalted
and raw nuts and seeds (0.20). It is important to note that
while meat, refined grained and eggs loaded higher on the
Western DP, these food groups also loaded positively on
the LM (factor loading on the LM DP: 0.32, 0.33 and 0.22
for refined grains, meat and eggs, respectively) (Table 2).
Similarly, olives had positive loadings on both the Western
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Table 1 Socioeconomic and lifestyle characteristics of the study population (n=693)

Food security status

Total Food secure Mild/moderate food  Severe food Significance
(n=693) (n=308) insecurity insecurity
(n=218) (n=164)
Age 13.8+2.4 13.8+24 13.7+2.3 14.0+2.4 p=0.335
Sex X>=0.036, p=0.98
Males 323 (46.8) 143 (46.4) 103 (47.2) 77 (47.0)
Females 367 (53.2) 165 (53.6) 115 (52.8) 87 (53.0)
Crowding index X2=60.92, p<0.001
<2 person per room 485 (70.3) 261 (84.7) 138 (63.3) 86 (52.4)
>?2 person per room 205 (29.7) 47 (15.3) 80 (36.7) 78 (47.6)
Father’s education X?=62.30, p<0.001
Intermediate or less 406 (59.9) 135 (44.1) 154 (72.0) 117 (74.1)
High school/technical diploma 180 (26.5) 105 (34.3) 44 (20.6) 31 (19.6)
University 92 (13.6) 66 (21.6) 16 (7.5) 10 (6.3)
Mother’s education X%=91.20, p<0.001
Intermediate or less 380 (55.1) 110 (35.7) 148 (67.9) 122 (74.4)
High school/technical diploma 196 (28.4) 117 (38.0) 45 (20.6) 34 (20.7)
University 114 (16.5) 81 (26.3) 25 (11.5) 8 (4.9)
Mother studied a health major X*=521,p=0.07
No 344 (94.8) 169 (92.3) 90 (95.7) 85 (98.8)
Yes 19 (5.2) 14 (7.7) 4(4.3) 1(1.2)
Father’s employment status X*=17.51, p<0.001
Not employed 59 (8.6) 14 (4.5) 19 (8.7) 26 (15.9)
Employed 631 (91.4) 294 (95.5) 199 (91.3) 138 (84.1)
Mother’s employment status X%=29.79, p<0.001
Not employed 535 (77.5) 210 (68.2) 180 (82.6) 145 (88.4)
Employed 155 (22.5) 98 (31.8) 38 (17.4) 19 (11.6)
Residence X*=2381, p=0.245
Rural 155 (22.5) 77 (25.0) 41 (18.8) 37 (22.6)
Urban 535 (77.5) 231 (75.0) 177 (81.2) 127 (77.4)
Physical activity: X*=1.071, p=0.59
Not meeting recommendations 333 (48.3) 149 (48.4) 110 (50.5) 74 (45.1)
Meeting recommendations 357 (51.7) 159 (51.6) 108 (49.5) 90 (54.9)

Continuous variables are presented as means with their SE, whereas categorical variables are reported as n and %

*Children were classified as meeting or not meeting physical activity requirements if they engaged or did not engage in 420 min per week of
moderate to vigorous activities, respectively, as per World Health Organization recommendations of physical activity in young individuals [42]

and the LM patterns, though higher loadings were noted for
the LM DP (0.22 and 0.26 for the Western and LM patterns,
respectively) (Table 2).

The results of the Pearson’s correlation analysis used to
examine the associations of the derived DPs with energy
and energy-adjusted macro- and micro-nutrient intakes
are presented in Table 3. The scores of both patterns
were significantly associated with energy, with the West-
ern DP having higher correlation coefficient as compared
to the LM DP (0.74 vs 0.46, respectively). The scores of
the Western DPs were positively associated with alcohol
(r=0.30), cholesterol (r=0.11) and caffeine (r=0.19),

and negatively associated with carbohydrates (r=—0.12),
proteins (r=—0.13), calcium (r=-0.31), vitamin A (reti-
nol equivalents) (r=—0.31), vitamin D (r=-0.15), iron
(r=-=0.17) and fiber (—0.35). On the other hand, the LM
DP was positively and highly correlated (r>0.30) with
fiber (r=0.36), proteins (r=0.36), iron (r=0.30), vitamin
A (r=0.36); moderately correlated (r <0.3) with carbohy-
drates (r=0.12), calcium (»=0.10) and vitamin D (r=0.22);
and negatively weakly correlated (r<—0.3) with total
fat, saturated, polyunsaturated fats, alcohol and caffeine
(r=-0.18, - 0.09, —0.26, — 0.10 and — 0.16, respectively),
p <0.05 (Table 3).
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Table 2 Factor loading matrix of the main dietary patterns prevalent
among study participants (n=693)

Table 3 Correlations between dietary patterns scores and energy-
adjusted macro- and micro-nutrient intakes of study participants

Dietary patterns

Energy-adjusted nutrients} Dietary patterns

Western  Lebanese- Western Lebanese-
Mediterra- Mediterra-
nean nean
Sugar-sweetened beverages 0.71 - Energy (Kcal) 0.742 0.46°, %%
Fast foods 0.60 - Carbohydrates —0.122 ** 0.125,
Sweets 0.54 - Total fat 0.07 —0.18%*
Salty snacks 0.52 - Saturated fat 0.03 —0.09%
Refined grains 0.42 0.32 Monounsaturated fat 0.04 -0.07
Condiments 0.42 - Polyunsaturated fat 0.07 —0.26%*
Meat 0.38 0.33 Proteins —0.13% % 0.36,%*
Alcohol 0.37 - Alcohol 0.30"" —0.10P,*
Eggs 0.28 0.22 Calcium (mg) —0.31% % 0.10P,**
Fats and oils 0.27 - Vitamin A (retinol equivalents) (mg) —0.31% ** 0.36P %
Nuts and seeds (roasted salted) 0.27 - Vitamin D (ug) —0.15% ** 0.22b
Fruits and vegetables - 0.64 Iron (mg) —0.172%* 0.30b
Dairy products - 0.53 Fiber (mg) —0.35% 0.36°, %%
Mixed dishes - 0.44 Cholesterol (mg) 0.112 %= 0.14
Whole grains - 0.43 Caffeine (mg) 0.19° ** —0.16° **
Legumes - 0.40 ] . .
H 0.40 *Pearson’s correlations between dietary pattern scores with energy,
am - : macro- and micro-nutrients were statistically significant at p<0.05
Starchy vegetables - 0.37 (%) p<0.01 (¥%)
Olive ol - 0.37 *Correlations significantly different at p<0.05 (Steiger’s test for
Olives 0.22 0.26 dependent  correlations)  https://www.psychometrica.de/correlatio
Hot drinks - 0.22 n.html
Nuts and seeds (raw and roasted unsalted) — 0.20 "Macronutrients adjusted as percentage from total Kcal; micro-
. nutrients, fiber, sodium, sugar, cholesterol and caffeine adjusted per
Lebanese dressing - 0.20
1000 kcal
Kaak - 0.19
Total variance explained 10.16 9.55

Loadings less 0.1 were removed for simplicity

Partial correlations were conducted between HFI score with
LM and Western DPs. Results showed that the higher the HFI
score, the lower adherence to the LM DP (partial r=—0.14,
p=0.013). No significant association was observed between
HFI and the scores of the Western DP (Fig. 1a, b). After
adjustment for variables found to be significantly associated
with HFI, multiple linear regression analysis showed that the
higher HFI score was associated with lower adherence to the
LM DP among adolescents (f=—0.026, p=0.012, 95% CI
—0.046, —0.006). The association between HFI and the West-
ern DP remained non-statistically significant.

Discussion
The present study examined the association between HFI

with derived DPs among adolescents (10-18 years) using
a nationally representative sample of Lebanese households
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with children. Two DPs were identified in the present study:
the Western and LM patterns. The Western DP was charac-
terized by high intake of sugar-sweetened beverages, fast
foods, sweets, salty snacks, refined grains, meats and alco-
hol, whereas the LM pattern reflected high intake of fruits
and vegetables, dairy products, whole grains, olives and
olive oil. In addition, the percentage of variance of dietary
intake explained by these two DPs was found to be 19.7%,
which was in the range of what has been reported previously
among adolescents [27, 33, 47].

The Western and LM patterns derived in the present
study were in line with the Western and the traditional LM
patterns previously reported among Lebanese adolescents
(13-19 years old) and with similar food groupings [48].
Comparable DPs have also been observed among adoles-
cents in other middle-income countries, including Iran [47],
Brazil [27], and Ghana [49] with the most consistent pattern
reported in all studies being the “Western” or what is also
called the “junk food”, “fast food”, or “the sweet tooth” pat-
tern. Regardless of the nomenclature, this pattern is com-
monly characterized by the excessive intake of energy-dense
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foods that are high in sugars, saturated fats, and trans-fats
[33, 47]. In addition, it has been consistently associated with
the adoption of more Westernized and modern lifestyles that
are popular among children and youth, and perceived to be
convenient and reflective of greater independence [50]. Nev-
ertheless, the Western pattern has been significantly asso-
ciated with increased risk of obesity and cardio-metabolic
risk factors across all age groups, including children and
adolescents [30, 51].

The LM DP reported in the present study, on the other
hand, included nutrient-dense foods, such as whole grains,
fruits, vegetables and olive oil that were categorized in other
studies as either “healthy”, “prudent” or “traditional Medi-
terranean” patterns [52-56]. In addition, the positive and sig-
nificant associations reported in the present study between
the derived LM DP with fiber, proteins, iron, calcium, vita-
mins A and D together with its negative correlation with
total fat, saturated, polyunsaturated fats, alcohol and caffeine
further validate it as a healthy pattern. It is worth noting
that the characteristics of a healthy Mediterranean diet (MD)
may differ between studies due to geographic and cultural
variations in cuisines across settings [57, 58], or to methodo-
logical variations in dietary assessment and factorial analysis
adopted within individual studies [33]. Despite these differ-
ences, substantial evidence supports the MD, classically rich
in fruits, vegetables and olive oil, for its protective effects
against obesity and non-communicable diseases, including
type II diabetes, metabolic syndrome, and cardiovascular
diseases [30, 59].

Findings from the present study highlight an inverse
association between HFI with adherence to the LM pattern
among adolescents in the multiple linear regression model.
However, the association between HFI with Western DP was
not found to be statistically significant. This is the first study
to examine the association between HFI with DPs among
adolescents showing similar results to two of three stud-
ies published to date among adults. One of these studies
was conducted on 4657 adults living in New Zealand and it
showed a significant inverse association between HFI with a
derived ‘healthy’ DP (B=—0.35, p <0.001) [60]; the latter
being characterized with high consumption of fruits, low-fat
milk and low intake of refined grains. Similarly, Rezazadeh
et al. showed that low socioeconomic status and HFI were
associated with detrimental DPs among two Iranian ethnic
groups living in Urmia, Iran, and the adverse effect of HFI
on diet quality was found to be stronger than their cultural
and ethnic backgrounds [50]. The third study conducted on
immigrant Latino mothers (n=105) in rural communities in
a Midwestern state in the US showed, contrary to our find-
ings, that HFI was negatively associated with the adoption
of a harmful DP (i.e., food secure mothers were more likely
to adopt unhealthy eating behaviors, characterized by the
consumption of fast foods, refined grains, salty snacks and

sugar-sweetened beverages) [61]. Nevertheless, this associa-
tion lost its predictive power after adjusting for the duration
of stay in the US. Researchers argued that these results could
have been reflective of immigration and acculturation fac-
tors that may trigger certain compensatory eating behaviors
promoting the adoption of Western-like diets among food-
secure women.

Among children and adolescents, previous research has
shown strong links between HFI, poor diet quality and low
dietary diversity scores reflected through lower intake of ani-
mal source food, including dairy products, as well as lower
consumption of fruits and vegetables [13, 15]. HFI has also
been associated with insufficient nutrient intakes of protein,
calcium, phosphorous, and potassium among food insecure
children (5-18 years) [16], yet increased intake of fat and
sugar [62]. It is worth noting that only one study was iden-
tified to date exploring the association between HFI with
adherence to the Mediterranean diet (MD) among univer-
sity students in Greece [63]. Researchers reported an inverse
relationship between severe HFI and adherence to the MD,
thus indicating a higher selection of cheaper, energy-dense
foods that are of lower quality diet instead of fruits, veg-
etables and other foods that constitute the traditional MD.
These results support our findings and highlight that HFI
can compromise not only the dietary quantity of adolescents,
but also their dietary quality, which in turn can have serious
adverse effects on their physical, cognitive, and psychologi-
cal development and well-being [15, 22].

Several mechanisms can be considered to explain the low
adherence of food insecure adolescents to the healthy LM
DP observed in the present study. One explanation could be
attributed to the ‘substitution’ effect linking HFI with diet,
whereby higher quality or less calorically dense foods, such
as fresh produce and lean sources of protein, are usually
replaced among food insecure individuals with more energy-
dense foods that are often high in simple carbohydrates and
fat, yet the latter are cheaper on a per-calorie basis [13, 64].
Another explanation for our findings could be attributed to
the overall decreased adherence to the MD reported among
populations of the Mediterranean basin [63, 65, 66] with
socioeconomic factors shown to be major determinants for
this dietary shift among both adults and children [67]. In
fact, a socioeconomic gradient in adhering to the MD has
been recently observed in Mediterranean countries, such as
Italy [68, 67] and Greece [63], whereby people with higher
income and more material resources were found to adhere
more to the traditional MD. The lower adherence to the MD
has been attributed to the increasing prices of some Mediter-
ranean food items and the economic crisis after the recession
that started in 2007-2008 [68]. In Lebanon, the most recent
poverty data from 2012 show that 27.4% of the Lebanese
population are living below the national poverty line [69].
With the protracted Syrian refugee crisis in its 9th year,
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«Fig. 1 Associations between the household food insecurity score
and that of the Lebanese-Mediterranean pattern (a) and Western pat-
tern (b), among study participants (n=693)*. *The correlation lines
presented in these figures are adjusted for age, sex, crowding index,
mother’s major in health, educational level and employment of fathers
and mothers

poverty rates may have been exacerbated by the country’s
volatile political and economic situation, further threatening
the food security of its population. In fact, previous research
has shown that the national prevalence of HFI has reached
49.3% among Lebanese households with children [37].
These conditions may have contributed to increased socio-
economic disparities within the country and lower adherence
to the healthy, yet more expensive, LM pattern, particularly
among the most vulnerable and food-insecure groups.

Besides socioeconomic factors, the overall low adherence
to the LM DP noted among our study sample could also
have been influenced by other individual, social and envi-
ronmental factors. A recent review by Idelson and Valerio
highlighted that MD adherence was in fact low in children
and adolescents, even in the Mediterranean countries, and
that adherence to the MD was directly associated with physi-
cal activity, yet inversely correlated with sedentary behav-
ior. Nevertheless, findings were inconsistent for gender, age,
socioeconomic status and weight status [66]. Other factors
that can influence the dietary choices of adolescents during
this critical phase include family dynamics, peer pressure,
and other environmental changes such as increased urbani-
zation and modernization, which have been associated with
lower adherence to the MD [66] and to dietary shifts that
promote unhealthy lifestyle and dietary behaviors among
adolescents [70]. Further studies are still needed to examine
the relationship between MD adherence with demographic,
lifestyle and anthropometric characteristics, as well as
behavioral and health outcomes.

The present study has a number of strengths. It is the
first to derive DPs and their associations with HFI among a
representative sample of adolescents. Another strength is the
collection of dietary and anthropometric measurements by
trained dietitians, increasing the accuracy of data and reduc-
ing the risk of a reporting bias. This study has a number of
limitations that are worth considering. The cross-sectional
design of the study allowed us only to examine associations
rather than potential causal relationships between HFI with
sociodemographic characteristics and dietary intake of ado-
lescents. HFI was assessed at the household level and, there-
fore, may not be sufficient to understand how adolescents
may perceive and report their experience of food insecurity.
Nevertheless, every attempt was made to ensure that moth-
ers, as proxy respondents, considered the food security of all
household members when responding to these questions. In

addition, this study relied on the use of the FFQ for dietary
assessment, which may be limited by measurement errors,
reliance on memory and the number of food items included
in the food list. Thus, a number of measures were adopted to
ensure the accuracy of data and reduce reporting bias. Field
workers were dietitians who were well trained to administer
the FFQ. The child/adolescent was the primary respond-
ent of the FFQ, while mothers were present to provide any
further clarifications or details and to reduce uncertainties
and errors. Furthermore, the portion size section in the FFQ
was designed to minimize burden on the participants and
provided visual assistance with real-size photos for accurate
estimation of intake. To lessen the restriction imposed by
the fixed food list of the FFQ, a question about ‘other foods
usually consumed’ was also asked at the end of the inter-
view. It is important to note that FFQ remains one of the
most suitable dietary assessment tools in epidemiological
studies, as it provides information on the subject’s habitual
diet over longer periods of time [71-73]. In fact, the FFQ
used to assess dietary intake in the present study was previ-
ously validated among children in Lebanon and has yielded
plausible findings [34, 35, 74]. Another limitation is that
factor analysis is a data-driven method, which tends to define
population-specific patterns. Further, the use of factor analy-
sis necessitates several arbitrary assumptions pertinent to the
selection of food groups, the number of retained factors, and
their labels [75]. In the present study, two- or three-factor
solutions were possible; however, the selection of two DPs
was made to maintain comparability with another national
study that examined DPs among a representative sample of
Lebanese adolescents and the association of these patterns
with obesity [48]. In addition, the food groupings that were
adopted in the present study were comparable with those
reported by previous investigations conducted in Lebanon
[33, 74] and other studies worldwide [47, 63].

Conclusion

The present study is the first to examine the association
between HFI with derived DPs among adolescents. HFI
was found to be associated with lower adherence to the
LM DP, the latter being associated with better nutrients’
intake compared to the Western pattern. These findings are
integral for developing preventive strategies emphasizing
the adoption of the healthy Mediterranean diet to promote
better dietary quality, and prevent risk of chronic diseases
among food insecure individuals, particularly youth.
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