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Abstract: Despite global efforts to promote healthy and sustainable diets, the nutrition transition
witnessed among adolescents worldwide poses serious threats to health and environmental
sustainability. The present study aimed to assess the change in environmental footprints (EFPs)
associated with dietary intakes of adolescents in Lebanon between 1997 and 2009. Data of Lebanese
adolescents (10–19 years old) were drawn from national food consumption surveys during two
time periods (1997, n = 451; 2009, n = 527). Dietary assessments were conducted using 24-h dietary
recalls. EFP metrics, including water, energy and greenhouse gas emissions (GHG), were derived
using review of existing life-cycle analyses. All EFPs increased significantly between 1997 and
2009; meat and sugar-sweetened beverages were the top contributors to the increase in these EFPs.
The changes in EFPs between the two years remained significant even after adjustment for energy
and other correlates: water (β = 267.7, CI: 123.5; 411.9); energy (β = 4.3, CI: 2.09; 6.52) and GHG
(β = 0.44, CI: 0.11; 0.76). Findings show significant dietary shifts among adolescents that can threaten
the environmental sustainability of Lebanese diets. Interventions across the food system are needed
to promote adherence to healthy and sustainable diets among adolescents.
Keywords: dietary intake; trend; environmental footprints; sustainable diets; Mediterranean diet;
adolescents; Lebanon

1. Introduction
Dietary choices and food consumption are considered key drivers of health and environmental
outcomes [1,2]. According to the United Nations (UN) sustainable development agenda, responsible
food consumption and production represent key opportunities to ensure proper and efficient use of
resources, reduce environmental and economic burdens, and improve quality of life for all people [3].
“Sustainable diets” were placed at the forefront of this agenda; referring to diets with low environmental
impacts that can contribute to food and nutrition security and to healthy life for present and future
generations. Sustainable diets have also been described as protective and respectful of biodiversity,
economic fairness and affordability, as well as cultural acceptability, and nutritional safety and
adequacy [4]. Although extensive evidence exists linking dietary intake to health and environmental
sustainability, there was no consensus until recently as to what can be considered as a low environmental
impact diet. The Eat-Lancet Commission proposed such a diet to consist largely of vegetables, fruits,
whole grains, legumes, nuts, and unsaturated oils; with low to moderate amounts of seafood and
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poultry. In addition, the diet proposed to have low environmental footprint included no or a low
quantity of red meat, processed meat, added sugar, refined grains, and starchy vegetables [5].
Despite the extensive global efforts to achieve more sustainable diets and to promote nutrition
and food security through a sustainable food system, achieving such goals remains a challenge amidst
the current trends and trajectories of diets [6]. The trend in the average global diet remains one in
which energy, in the form of refined carbohydrates, sugar and fats is increasing, while in parallel,
the availability and consumption of nutrient-rich foods, including fruits, vegetables, and whole gains
is suboptimal [7]. This global shift in food systems, characterized by a drift away from traditional,
diverse and balanced diets towards more processed and energy-dense diets, has been linked with
increased risk of obesity and non-communicable diseases across higher and lower-income countries
and as a driver of decreased environmental sustainability [8].
In addition to potential adverse health outcomes, the current food consumption patterns have
been shown to have detrimental effects on the environment. It is argued that the highly industrialized
and resource-intensive agricultural and food production systems that promote the consumption of
animal-based diets and highly processed foods are key contributors to environmental damage, including
land degradation, loss of freshwater and biodiversity, and climate change [9]. The industrialization
of the global food production system was also held responsible for almost 70% of water use, one of
the most significant causes for diminishing biological diversity through deforestation, and it was
estimated to contribute to 20–30% of all greenhouse gas emissions (GHGs) [10]. In this context, several
environmental footprint (EFP) indicators were developed to assess the environmental impact of human
diets, including GHG emissions (carbon footprint), water use (green water, blue water and grey water),
land use as well as other ecological and chemical footprints [11]. These EFPs provide a way to examine
diets through the water, energy, GHG and health nexus lens, which is considered as a fundamental
step towards achieving sustainable food consumption in various populations [12].
Amidst the global changes in food systems, the Eastern Mediterranean Region (EMR) is witnessing
the nutrition transition, with its characteristic shift in food consumption patterns, away from the
traditional patterns towards westernized eating habits and practices [13]. These changes in diets
may be particularly pronounced amongst adolescents in the region, who may be more exposed
to and influenced by food environmental factors related to the nutrition transition, such as food
advertising and promotion, the consumption of energy-dense, processed “fashionable” foods, and the
adoption of unhealthy eating behaviors such as increasingly eating out at fast food outlets and
consuming convenience foods away from home [14,15]. Adolescence is increasingly viewed as a key
developmental stage for ensuring health across the lifespan, and may provide significant opportunities
to improve population health in the EMR in the short as well as the long term [16,17]. In the EMR
region, adolescents represent more than a quarter of the population in the region, and ensuring proper
nutrition in this life stage is necessary for adequate physical and biological growth as well as optimal
cognitive development [17]. In addition, it is during this critical stage that adolescents establish their
lifelong health and dietary behaviors [18].
In Lebanon, a small country of the EMR, available evidence suggests that the dietary intake of
adolescents is shifting away from the traditional diet rich in fruits, vegetables, legumes, and olive oil
towards a more energy-dense westernized diet [19,20]. In parallel, and like many other countries in
the EMR, Lebanon is struggling with escalating diet-related diseases including diabetes, hypertension
and cardiovascular diseases [21,22] coupled with pressing environmental challenges including water
scarcity and poor management of natural resources that are threatening its population’s health and
food security [23–25]. Therefore, it is important to examine whether the ongoing shifts in dietary
intakes amongst adolescents are also associated with an adverse impact on environment sustainability.
The present study aims to assess the change in environmental footprints (EFPs) associated with shifts
in dietary intakes of adolescents over different time points in Lebanon.
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2. Materials and Methods
2.1. Study Design and Protocol
In order to examine the changes over time in the EFPs associated with food consumption
of Lebanese adolescents (aged 10–19 years), data derived from two national cross-sectional food
consumption surveys conducted in Lebanon during two time periods were used: 1997 and 2009.
2.1.1. Original Surveys
•

Design and Protocol

The sampling framework and data collection protocols used in these surveys are published
elsewhere [20]. Both surveys were conceptualized, designed, overseen, and conducted by the same
research group at the American University of Beirut. The surveys were population-based, and nationally
representative of Lebanese participants aged 6 years, and older. A stratified cluster sampling was used
as a sampling frame in both surveys, with the household being the primary sampling unit. From each
household, one adult and one child/adolescent were invited to participate. In case more than one
eligible subject was identified, only one was selected at random.
The 1997 survey was conducted on a subsample of the Lebanese Population Health Survey
(PHS) participants. In the PHS, the strata were the population conglomerations, which included
cities, town and groups of villages with small population size. The country was divided into 637
conglomerations. Within each population conglomeration, geographical enclaves were considered as
clusters. On average, each population conglomeration included 4284 geographical enclaves, of which
1422 were drawn at random. Fifty households were selected at random from each geographical
enclave. As such, the number of households participating in the PHS was 61,580 with a response
rate of 95.5%. For the 1997 survey, 1% of these households were selected at random and invited to
participate. The total number of participants in the 1997 survey was 2004, of who 451 were adolescents.
For the 2009 survey, the governorates of Lebanon constituted the various strata and the districts
within governorates were considered as clusters. Within each district, households were selected at
random. The number of households drawn from each cluster was proportional to the size of the
corresponding cluster. The response rate in this survey was 89.3%, the total number of participants
was 3636 subjects. The protocols of both surveys were approved by the Institutional Review Board
of the American University of Beirut. Before participation, informed consent/assent of participants
were documented.
•

Data Collection

For both surveys, through face-to-face interview, trained field workers, who underwent extensive
training, collected the data at the participants’ house. The training of the field workers aimed to
ensure the standardization of their interviewing techniques and minimizing any interviewer’s bias.
The duration of the interview ranged between 45 and 60 min. Data collection included the completion
of a multicomponent sociodemographic and lifestyle questionnaire, anthropometric measurements and
dietary intake assessment. Common to the questionnaires used in the two surveys were age (in years),
sex (males, females), governorate of residence, mother’s and father’s education levels (intermediate or
less, high school or technical diploma and university or higher), in addition to the crowding index,
used as a proxy for socioeconomic status [26,27]. The anthropometric measurements obtained were
weight (kg) and height (m). Each measurement was taken twice, and the average reading was used in
the analysis. Description of the protocols used for these measurements are described elsewhere [20,28].
The dietary assessment of study participants was carried out using 24-h dietary recall.
Each participant was asked to describe in detail the foods and beverages he/she has consumed
during the previous 24 h. These details included type of food, its method of preparation and the
amount consumed. Field workers were trained to probe participants about specific food items that are
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usually omitted or forgotten. These foods include various kinds of condiment (ketchup, mayonnaise,
mustard and added fats and oils). For the estimation of the amount of food consumed, the participants
were given the choice to indicate it in grams or standard portion size. Real size photos as well as food
models were used to describe the standard portion size of some foods. Dietary intakes, as collected
from the 24-h recall, were entered into and analyzed using The Nutritionist Pro software (Nutritionist
Pro, Axxya Systems, San Bruno, CA, version 5.1.0, 2014). Within this software, the USDA database
was selected to carry out the dietary analysis (SR 24, published September 2011). Local and mixed
dishes were added to the database using standardized recipes of single food items. Total energy intake
was estimated as the sum of energy provided by the various foods consumed. Dieticians who have
received extensive training on dietary intake data entry and analysis were responsible for the use of the
Nutritionist Pro software and the handling of the dietary intake data. Dietary intake assessment took
place on random days during the week. Days following national holidays and feasts were avoided.
2.1.2. Data Used in This Study
Sociodemographic, anthropometric and dietary data of adolescents aged 10 to 19 years were
drawn for the surveys of 1997 and 2009 (n = 451 and n = 527, respectively) and were used in the current
analysis. The geographical distributions of adolescents in both surveys were proportional to that of the
Lebanese population [29,30], as shown in Table 1.
Table 1. Comparison of the distributions (%) of the study samples in years 1997 and 2009 with those of
national estimates.
Governorates

National a, *
1997

Study Sample
(1997)

National b
(2009)

Study Sample
(2009)

Beirut and Mount Lebanon
North
Bekaa
South

44.11
22.11
14.78
19.00

53.21
12.42
16.41
17.96

46.74
21.56
13.08
18.61

46.03
24.18
13.73
16.05

a

Central Administration of Statistics. Household Living Conditions in 1997, a national survey. Beirut; 1998;
Central Administration of Statistics Bureau. Multiple Indicators Cluster Survey round 3 (MICS3), 2009. Beirut;
2010; * The national data that was available as reference for year 1997 belonged to adolescents aged 15–19.
b

In addition to the datasets derived from the original surveys, for this this study, a new data set
that corresponds to the EFPs associated with dietary intake of Lebanese adolescents participating in
both surveys was used. The water use, energy use as well as GHG emissions were estimated using a
review of existing life-cycle analyses (LCAs). These EFPs were calculated for each 1 kg of the food
items/groups consumed (see S1). The detailed methodology used in the estimation of these EFPs is
published elsewhere [31,32]. Briefly, the LCAs conducted in Mediterranean or neighboring countries
that possess a comparable climate to Lebanon were selected and used in the estimation of EFPs.
The water footprint in this study included blue and green water and was expressed in terms of
(L/kg). These calculations took into consideration the water stress index (WSI) as well as domestically
versus imported proportions of each of the food items [33,34]. For the latter, the two main countries by
amount from where a certain food is imported were included [35]. Accordingly, the formula used to
calculate water use was as follows:
Water use = (Water use × %produced × WSI Lebanon) + (Water Use × %imported Total ×
%importedCountry1 × WSICountry1) + (Water Use × %imported Total × %importedCountry2 ×
WSICountry2).
Energy use associated with food consumption was expressed in MJ/kg of food consumed while
kg CO2 eq/kg food consumed was the metric used to quantify GHG emissions. In the case of GHG
estimations, LCAs reporting CH4 and N2 O were included and their estimations were converted to
CO2 equivalent using the following conversions [36]:
CO2eq N2 O = XN2 O × GWPN2 O

(1)
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CO2eq CH4 = XCH4 × GWPCH4

(2)

XN2 O : N2 O released (kg); XCH4 : CH4 released (kg); GWPN2 O and GWPCH4 refer to the 100-year
global warming potential of N2 O and CH4 (N2 O: 265, CH4 : 28) [36].
2.2. Statistical Analyses
Data entry and analysis were conducted using IBM SPSS for Windows (version 25, IBM Corp.,
Armonk, NY, USA) and Stata/SE (version 13, StataCorp, College Station, TX). Descriptive statistics
were presented as mean ± standard error (SE) and proportions representing continuous and categorical
variables, respectively. Differences in sociodemographic and anthropometric characteristics by survey
year were examined using independent sample t-test and chi-square test. Differences among the two
survey years with regards to dietary intakes from various food groups (expressed as grams and %
contribution to energy intake) were examined using independent t-test. The EFPs (water, energy
and GHG footprint) were estimated by multiplying, for each participant, the intake (in kilograms) of
each food group by its corresponding EFPs impact (in S1). EFPs’ mean ± SE were then calculated,
adjusted for kilocalories intake (/1000 kcal) and compared between the two surveys using independent
sample t-test. Percent contribution of each food group to the total change in EFPs between the
two survey years were also calculated. In order to examine the correlates of EFPs, including
sociodemographic characteristics and year of survey, simple and multiple linear regression analyses
were conducted. For each EFP, a simple and a multiple regression models were carried out. For both
models, the EFP estimate was the dependent variable. In the simple regression model, the survey years
and sociodemographic characteristics were considered as independent variables. For the multiple
regression models, in addition to age and sex, only variables which were found to be significantly
associated with the dependent variable were entered as independent variables. Results from the
linear regression models were expressed as β coefficients with 95% confidence intervals. Statistical
significance was set at a p-value lower than 0.05.
3. Results
3.1. Sociodemographic and Anthropometric Characteristics of the Study Population
Table 2 describes the frequency distribution of sociodemographic and anthropometric
characteristics by survey years (1997 and 2009). The sample included 978 adolescents aged between
10–19 years (451 participants in year 1997 and 527 in year 2009). In the overall sample, the proportion
of female participants was slightly higher than males (54.3% vs. 45.7%, respectively) and the majority
(76.8%) had a crowding index of two or more persons per room. The sex and crowding index
distribution did not vary significantly between the two years. Adolescents belonging to the 2009 survey
were significantly older as compared to those belonging to the 1997 survey (mean age 14.61 ± 0.11 vs.
14 ± 0.12 years, p < 0.001). Body mass index (BMI), father’s education and governorate distributions
were significantly different between the two survey years (p < 0.0001). The proportions of participants
having a father with a university degree or higher and residing in Beirut were lower in 2009 compared
to 1997. The prevalence of obesity among study participants was higher in 2009 compared to 1997
(12.3% vs. 3.9%). Education level of the mother for almost half of the participants was intermediate or
less (57.2.%) with no significant difference between the two survey years.
3.2. Dietary Intake of the Study Population
Study participants’ daily intake of the various food groups expressed as grams and percent
contribution to total energy is presented in Table 3. Results showed that energy adjusted intake (%kcal)
of milk and fruits significantly decreased in 2009 as compared to 1997 (from 1.97 ± 0.19 to 1.34 ± 0.18
for milk and from 6.05 ± 0.36 to 3.65 ± 0.26 for fruits). On the other hand, the intakes (%kcal) of
salty snacks, meat, poultry and added fats/oils increased significantly in year 2009 compared to 1997
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(salty snacks: from 2.46 ± 0.27 to 4.56 ± 0.37; meat: from 5.95 ± 0.48 to 7.99 ± 0.65; poultry: from
1.44 ± 0.23 to 3.13 ± 0.35; added fats/oils: from 2.8 ± 0.22 to 5.75 ± 0.35), Table 3.
Table 2. Sociodemographic characteristics of Lebanese adolescents by survey year.
Subjects’ Characteristics
Age (years) (Mean ± SE)
Males
Females
Beirut and Mount Lebanon
Bekaa
North
South
<2 persons/room
≥2 persons/room
Intermediate or less
High school or Technical diploma
University or more
Intermediate or less
High school or Technical diploma
University or more
Underweight/Normal weight
Overweight
Obese

Total
(N = 978)

1997
(n = 451)

14.33 ± 0.08
14 ± 0.12
Sex
447 (45.71)
194 (43.02)
531 (54.29)
257 (56.98)
Governorate
478 (49.38)
240 (53.21)
145 (14.98)
74 (16.41)
181 (18.7)
56 (12.42)
164 (16.94)
81 (17.96)
Crowding Index
750 (76.77)
350 (77.61)
227 (23.23)
101 (22.39)
Mother’s education level
531 (57.16)
274 (60.75)
251 (27.02)
106 (23.5)
147 (15.82)
71 (15.74)
Father’s education level
502 (56.53)
204 (48)
193 (21.73)
102 (24)
193 (21.73)
119 (28)
BMI category
688 (70.34)
337 (74.73)
207 (21.17)
96 (21.29)
83 (8.49)
18 (3.99)

2009
(n = 527)

p-Value

14.61 ± 0.11

<0.001

253 (48.01)
274 (51.99)

0.118

238 (46.03)
71 (13.73)
125 (24.18)
83 (16.05)

<0.001

400 (76.05)
126 (23.95)

0.554

257 (53.77)
145 (30.33)
76 (15.9)

0.05

298 (64.36)
91 (19.65)
74 (15.98)

<0.001

351 (66.6)
111 (21.06)
65 (12.33)

<0.001

Abbreviations: BMI: body mass index; SE: standard error. Data are expressed as mean ± SE for age and as
absolute numbers and percentages for the remaining sociodemographic variables. Differences among group means
were tested by independent sample t-test (for continuous variables) and chi-square test (for categorical variables).
Numbers in bold are statistically significant (p-value ≤ 0.05). BMI was stratified according to the World Health
Organization (WHO) Growth Standards (WHO 2007).

3.3. Changes in Environmental Footprints (EFPs) Associated with Dietary Intake of the Study Population
between 1997 and 2009
Between 1997 and 2009, the overall EFPs associated with daily food consumption of Lebanese
adolescents increased significantly (water use: 1908.28 ± 52.43 to 2358 ± 62.49 L/day, energy use:
25.31 ± 0.7 to 31.32 ± 0.91 MJ/day and GHG: 3.01 ± 0.1 to 3.66 ± 0.13 kg CO2 eq/day) (S2). The EFPs
associated with daily food consumption of various foods and food groups are presented in Table S2.
Table 4 presents the energy adjusted EFPs (per 1000 Kcal) associated with daily dietary intake of
Lebanese adolescents. After adjustment for energy, all of the EFPs increased significantly from 1997
to 2009. Compared to estimates in 1997, water use, energy use and GHG increased significantly in
2009 for the following groups: Breads and cereals, poultry, fish, salty snacks, and sugar-sweetened
beverages (SSBs). On the other hand, the EFPs associated with milk and fruits consumptions decreased
significantly in 2009 as compared to 1997.
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Table 3. Average daily food intake (in grams and %kcal) of the sample contributed by various food groups by survey year among Lebanese adolescents.
Intake
Food Group
1997
Total energy (kcal/day)
Breads and Cereals
Meat
Poultry
Fish
Eggs
Milk
Milk Derivatives a
Sweetened Dairy Products
Legumes
Starchy Vegetables
Vegetables
Fruits
Fresh Fruit Juices
Nuts
Salty Snacks b
Sugar sweetened beverages (SSB) c
Hot Beverages
Sweets
Fast Food d
Added Fats / Oils
Soups/broth/ Condiments/Pickles

1861.05 ± 32.31
183.45 ± 6.9
47.35 ± 4.04
13.99 ± 2.2
3.26 ± 1.24
18.02 ± 1.95
54.98 ± 5.32
83.62 ± 5.65
5.87 ± 1.69
37.42 ± 7.61
48.34 ± 3.65
176.15 ± 8.32
184.17 ± 10.39
1.78 ± 1.3
9.11 ± 1.55
9.44 ± 1.03
241.42 ± 13.97
116.96 ± 8.72
72.16 ± 4.13
77.52 ± 5.58
9.06 ± 0.8
11.41 ± 2.18

Grams/Day
2009
2053.89 ± 34.974
224.87 ± 9.02
61.06 ± 4.73
30.19 ± 3.65
10.69 ± 2.38
15.43 ± 3.48
14.25 ± 2.38
82.66 ± 6.02
7.4 ± 2.25
50.05 ± 6.79
59.62 ± 4.55
191.5 ± 12.73
114.75 ± 7.8
3.55 ± 1.45
6.92 ± 1.28
17.91 ± 1.44
322.35 ± 13.9
83.92 ± 6.22
71.05 ± 4.28
95.51 ± 7.37
18.74 ± 1.48
16.21 ± 3.01

p-Value

Change (g/Day)

1997

<0.001
<0.001
0.029
<0.001
0.006
0.529
<0.001
0.893
0.600
0.191
0.056
0.302
<0.001
0.374
0.268
<0.001
<0.001
0.002
0.852
0.050
<0.001
0.213

192.84
41.42
13.71
16.2
7.43
−2.59
−40.73
−0.96
1.53
12.63
11.28
15.35
−69.42
1.77
−2.19
8.47
80.93
−33.04
−1.11
17.99
9.68
4.8

24.1 ± 0.74
5.95 ± 0.48
1.44 ± 0.23
0.3 ± 0.12
1.7 ± 0.18
1.97 ± 0.19
6.94 ± 0.4
0.46 ± 0.14
2.76 ± 0.39
5.86 ± 0.42
6.51 ± 0.37
6.05 ± 0.36
0.03 ± 0.02
2.27 ± 0.31
2.46 ± 0.27
5.83 ± 0.35
0.14 ± 0.03
11.3 ± 0.59
10.68 ± 0.77
2.8 ± 0.22
0.5 ± 0.11

%Kcal/Day
2009
25.26 ± 0.75
7.99 ± 0.65
3.13 ± 0.35
0.65 ± 0.13
1.37 ± 0.42
1.34 ± 0.18
6.27 ± 0.36
0.5 ± 0.16
3.3 ± 0.45
5.14 ± 0.33
6.17 ± 0.53
3.65 ± 0.26
0.07 ± 0.03
1.61 ± 0.29
4.56 ± 0.37
7.15 ± 0.31
0.1 ± 0.02
11.87 ± 0.61
12.75 ± 1.06
5.75 ± 0.35
0.5 ± 0.08

p-Value

Change (%Kcal/Day)

0.276
0.013
<0.001
0.051
0.494
0.015
0.208
0.861
0.373
0.165
0.586
<0.001
0.389
0.115
<0.001
0.005
0.191
0.525
0.117
<0.001
0.977

1.16
2.04
1.69
0.35
−0.33
−0.63
−0.67
0.04
0.54
−0.72
−0.34
−2.4
0.04
−0.66
2.1
1.32
−0.04
0.57
2.07
2.95
0.004

Data are expressed as mean ± SE. Differences among group means were tested by independent sample t-test. a Including dairy products and yoghurt based dishes.
crackers, popcorn. c Including sweetened fruit juices/beverages, fruit drinks and regular soft drinks. d Ready to eat sandwiches, burgers, pizzas and pies.

b

Including chips, salty
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Table 4. Daily environmental footprints [water, energy and greenhouse gas emissions adjusted for energy intake (/1000 kcal/day)] contributed by various food groups
intake by survey year (1997 and 2009) among Lebanese adolescents aged 10–19 years.
Water Use
Food Group

Breads and Cereals
Meat
Poultry
Fish
Eggs
Milk
Milk Derivatives a
Sweetened Dairy Products
Legumes
Starchy Vegetables
Vegetables
Fruits
Fresh Fruit Juices
Nuts
Salty Snacks b
Sugar sweetened beverages (SSB) c
Hot Beverages
Sweets
Fast Food d
Added Fats / Oils
Soups /broth/ Condiments/Pickles
TOTAL

Green House Gas (GHG)
Emissions

Energy Use
p-Value

(L/1000 Kcal/Day)
1997

2009

63.3646 ± 2.9840
216.3534 ± 17.5432
24.0406 ± 3.6715
2.1323 ± 0.7609
27.9644 ± 3.0075
16.8036 ± 1.6897
109.9376 ± 7.8460
2.3585 ± 0.6869
38.1793 ± 6.5607
6.8242 ± 0.5164
73.2175 ± 8.1964
72.9714 ± 4.3654
0.4683 ± 0.3110
21.1315 ± 3.2019
5.7922 ± 0.6255
141.0652 ± 9.3595
8.1273 ± 0.6215
97.6559 ± 7.7126
65.1313 ± 7.0384
18.9618 ± 1.7533
11.2816 ± 2.3619
1025.8179 ± 21.4565

83.4408 ± 4.4536
265.6403 ± 20.7087
48.5903 ± 5.5794
5.6007 ± 1.1349
23.0547 ± 7.3417
4.5008 ± 0.9889
88.3443 ± 6.2848
3.1827 ± 1.0004
50.0035 ± 7.1014
7.3676 ± 0.5452
72.4438 ± 8.9968
39.7326 ± 2.7912
1.0186 ± 0.4189
15.6172 ± 2.8004
10.7233 ± 0.8791
206.1825 ± 11.3422
5.4772 ± 0.4914
140.8855 ± 12.1203
64.1239 ± 9.8780
30.779 ± 2.1448
10.9092 ± 1.3538
1182.5070±29.30214

<0.001
0.075
<0.001
0.011
0.560
<0.001
0.032
0.511
0.222
0.474
0.950
<0.001
0.292
0.195
<0.001
<0.001
0.001
0.003
0.936
<0.001
0.887
<0.001

(MJ/1000 Kcal/Day)
1997

2009

1.6907 ± 0.0658
1.0408 ± 0.0844
0.1624 ± 0.0248
0.1366 ± 0.0488
0.1135 ± 0.0122
0.9734 ± 0.0979
0.2834 ± 0.0201
0.101 ± 0.0294
0.037 ± 0.0064
0.0137 ± 0.001
2.5102 ± 0.1334
0.6326 ± 0.0416
0.0097 ± 0.0065
0.0214 ± 0.0032
0.0279 ± 0.003
3.9263 ± 0.2878
0.0692 ± 0.0053
1.0186 ± 0.0601
0.6176 ± 0.0488
0.1445 ± 0.0126
0.2007 ± 0.0405
13.7841 ±0.3306

1.9072 ± 0.0746
1.2779 ± 0.0996
0.3283 ± 0.0377
0.3588 ± 0.0727
0.0936 ± 0.0298
0.2607 ± 0.0573
0.2393 ± 0.0172
0.1363 ± 0.0428
0.0485 ± 0.0069
0.0148 ± 0.0011
2.4825 ± 0.1987
0.3363 ± 0.0236
0.0212 ± 0.0087
0.0158 ± 0.0028
0.0517 ± 0.0042
5.9148 ± 0.3566
0.0466 ± 0.0042
1.0828 ± 0.0764
0.6502 ± 0.0653
0.3048 ± 0.0203
0.2335 ± 0.0406
15.9207 ± 0.4572

p-Value

0.030
0.075
<0.001
0.011
0.560
<0.001
0.093
0.511
0.222
0.474
0.908
<0.001
0.292
0.195
<0.001
<0.001
0.001
0.519
0.697
<0.001
0.570
<0.001

(kg CO2 eq/1000 Kcal/Day)
1997

2009

0.115 ± 0.0058
0.4938 ± 0.04
0.0269 ± 0.0041
0.006 ± 0.0021
0.0357 ± 0.0038
0.1135 ± 0.0114
0.0198 ± 0.0014
0.0121 ± 0.0035
0.0094 ± 0.0016
0.0033 ± 0.0002
0.2375 ± 0.0193
0.05 ± 0.0032
0.0006 ± 0.0004
0.0018 ± 0.0003
0.0025 ± 0.0003
0.1794 ± 0.0148
0.0242 ± 0.0019
0.0881 ± 0.0055
0.148 ± 0.0171
0.0182 ± 0.0017
0.0563 ± 0.019
1.6452 ± 0.0475

0.1546 ± 0.0086
0.6062 ± 0.0473
0.0545 ± 0.0063
0.0157 ± 0.0032
0.0294 ± 0.0094
0.0304 ± 0.0067
0.0167 ± 0.0012
0.0163 ± 0.0051
0.0123 ± 0.0017
0.0036 ± 0.0003
0.2303 ± 0.0221
0.0266 ± 0.0019
0.0013 ± 0.0005
0.0013 ± 0.0002
0.0047 ± 0.0004
0.2794 ± 0.0186
0.0163 ± 0.0015
0.0791 ± 0.0055
0.1436 ± 0.024
0.0293 ± 0.0021
0.0971 ± 0.0295
1.8549 ± 0.066

p-Value

<0.001
0.075
<0.001
0.011
0.560
<0.001
0.093
0.511
0.222
0.474
0.809
<0.001
0.292
0.195
<0.001
<0.001
0.001
0.254
0.886
<0.001
0.246
0.010

Abbreviations: GHG: greenhouse gases; SSB: Sugar Sweetened Beverages. Data are expressed as mean ± SE. Differences among group means were tested by independent sample t-test.
a Including dairy products and yoghurt-based dishes. b Including chips, salty crackers, popcorn. c Including sweetened fruit juices/beverages, fruit drinks and regular soft drinks. d Ready
to eat sandwiches, burgers, pizzas and pies.
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compared to intermediate or less, was shown to be significantly associated with higher water use and
Beirut, participants residing in the South of Lebanon, had lower estimates of water and GHG use;
GHG; for water: β = 328.85, 95%CI (96.57; 561.13); for GHG: β = 0.683, 95%CI (0.154; 1.213). Compared
for water: β = −242.64, 95%CI (−442.56; −42.73); for GHG: β = −0.63, 95%CI (−1.086; −0.174), and those
to Beirut, participants residing in the South of Lebanon, had lower estimates of water and GHG use;
residing in the Northern governorate had lower estimates of all EFPs; water use: β = −334.41, 95%CI
for water: β = –242.64, 95%CI (–442.56; –42.73); for GHG: β = –0.63, 95%CI (–1.086; –0.174), and those
(−521.52; −147.29); energy use: −3.39%CI (−6.27; −0.51); GHG use: β = −0.716%CI (−1.143; −0.29).
residing in the Northern governorate had lower estimates of all EFPs; water use: β = –334.41, 95%CI
(–521.52; –147.29); energy use: –3.39%CI (–6.27; –0.51); GHG use: β = –0.716%CI (–1.143; –0.29).
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Table 5. Linear regression for the association between environmental footprints (water, energy and GHG), survey year and sociodemographic characteristics among
Lebanese adolescents.
Water Use

Coef.
Survey year a 2009
Age (years)
Energy
Sex b Females
Governorate c
Bekaa
North
South
Mother’s education level d
High school or Technical diploma
University or more
Father’s education level d
High school or Technical diploma
University or more
Crowding Index e ≥2 persons/room
BMI category f
Overweight
Obese

Energy Use

(L/1000 Kcal/Day)

Subjects’ Characteristics

Model 1 (Crude)
95% CI

Coef.

Model 2
95% CI

(MJ/1000 Kcal/Day)
Model 1 (Crude)
Coef.
95% CI
Coef.

GHG Emission
Model 2
95% CI

(kg CO2 eq/1000 Kcal/Day)
Model 1 (Crude)
Model 2
Coef.
95% CI
Coef.
95% CI

452.5586
35.2969
1.0308
−629.5528

(289.4736;615.6436)
(3.571;67.0227)
(0.943;1.1186)
(−790.4191; −468.6866)

267.7042
16.8625
0.9491
−117.9413

(123.4995;411.9089)
(−10.0775; 43.8024)
(0.8503;1.048)
(−266.9604;31.0778)

6.0655
0.4654
0.0127
−8.0270

(3.7495;8.3815)
(0.0154;0.9153)
(0.0114;0.0140)
(−10.3209; −5.733)

4.3047
0.1450
0.0116
−1.4166

(2.0881;6.5213)
(−0.2691;0.5591)
(0.0101;0.0132)
(−3.7072; 0.874)

0.6500
0.0567
0.0015
−1.1646

(0.3238;0.9762)
(−0.0064;0.1197)
(0.0013;0.0017)
(−1.4852;−0.8439)

0.4399
0.0283
0.0013
−0.4509

(0.1111;0.7687)
(−0.0331;0.0897)
(0.0011;0.0015)
(−0.7907; −0.1111)

−190.0980
−245.1078
−470.7498

(−433.5726;53.3766)
(−469.2363;−20.9794)
(−703.1514;−238.3481)

−32.9512
−334.4058
−242.6439

(−237.4877;171.5853)
(−521.5187; −147.293)
(−442.5622; −42.7255)

−1.4825
−2.5436
−5.8772

(−4.9371;1.9722)
(−5.7238;0.6365)
(−9.1748;−2.5797)

0.5916
−3.3910
−3.0460

(−2.5523;3.7356)
(−6.2672; −0.5149)
(−6.1189;0.027)

−0.2408
−0.6022
−0.9615

(−0.7238;0.2422)
(−1.0468;−0.1576)
(−1.4226;−0.5005)

0.0561
−0.7163
−0.6303

(−0.4103;0.5225)
(−1.1429;−0.2896)
(−1.0862;−0.1745)

356.6636
504.7291

(166.3338;546.9935)
(273.1514;736.3067)

82.6197
328.8541

(−90.323;255.5625)
(96.5746;561.1335)

4.3673
4.9147

(1.6352;7.0994)
(1.5905;8.2389)

0.5082
0.9964

(−2.1502;3.1665)
(−2.574;4.5668)

0.5040
0.9769

(0.1188;0.8891)
(0.5083;1.4456)

0.1408
0.6832

(−0.2536;0.5351)
(0.1536;1.2129)

9.9165
216.7737
−89.8206

(−205.8062;225.6391)
(1.0510;432.4963)
(−285.3037;105.6626)

18.6362
−24.7909

(−161.5221;198.7946)
(−236.1086;186.5269)

0.5935
4.5210
−0.0043

(−2.5062;3.6933)
(1.4212;7.6207)
(−2.7776;2.7689)

1.3292
3.2796

(−1.44;4.0985)
(0.0314;6.5278)

0.0059
0.5324
−0.1206

(−0.4314;0.4432)
(0.0951;0.9697)
(−0.5063;0.265)

0.0010
0.0153

(−0.4098;0.4118)
(−0.4666;0.4971)

108.4952
188.1952

(−95.9569;312.9472)
(−111.4817;487.8722)

3.3688
2.1345

(0.475;6.2626)
(−2.1071;6.3761)

0.1397
0.1234

(−0.2666;0.546)
(−0.4721;0.719)

Abbreviations: GHG: greenhouse gases. Numbers in bold are statistically significant (p-value ≤ 0.05). a compared to 1997; b compared to males; c compared to Beirut and Mount Lebanon;
d compared to intermediate level or less; e compared to <2 persons/room; f compared to normal weight/underweight.
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4. Discussion
Findings from the present study document significant changes in the diet of Lebanese adolescents
over time and indicate that the overall EFPs associated with daily food consumption of Lebanese
adolescents increased significantly between 1997 and 2009. Significant changes were also noted in
terms of the contribution of various food groups to the EFPs investigated, including water use, energy
use and GHG emissions.
The total water use from the food consumption reported in the present study in both survey years
(1908.28 ± 52.43 and 2358 ± 62.49 L/day) were within the average global range for total water use
estimated from human diets per capita (688 to 8341 L/d) [37]. In addition, the total water use estimates
in Lebanon were only slightly lower than the total water use from the “average” diet of Asian countries
(2862 L/d per capita), including China, India, and other Middle Eastern countries [37]. Nevertheless,
the increase in water footprint of the diet over time, as estimated in the present study, raises concerns
for Lebanon and similar neighboring countries in the region that are water-stressed and are projected to
witness further deterioration in their natural resources due to climate change-associated droughts and
other environmental threats [38–40]. Similar to water use, an increase in energy use and GHG emissions
were noted between 1997 and 2009 based on the food consumption in the study sample. In fact, energy
use increased by 23.7% per day and 15.6% per 1000 kcal, while the GHG emissions increased by 21.6%
per day and 12.7% per 1000 kcal in the present study. These changes can be attributed in part to the
substantial population growth (by over 85%) witnessed in Lebanon from 1990–2011 in comparison to
the increase in global population (approximately 32%) over that time period [41].
The upward trend in the overall EFPs from food consumption observed between the two survey
years in the present study was also complemented with significant increases in water, energy, and carbon
footprints’ contributions of various food groups, such as breads and cereals, white meat (poultry, fish),
SSBs, salty snacks, added fats and oils, even after adjusting for energy intake. On the other hand,
all EFPs associated with milk and fruits consumption among the study sample decreased significantly
in 2009 compared to 1997. These findings can be explained by the remarkable shift in dietary intake of
Lebanese adolescents reflected through a significant decrease in milk and fruits consumption between
1997 and 2009. Concomitantly, the intakes of meat, poultry, salty snacks, added fats and oils increased
within the same time period. The dietary changes observed in the present study were found to be
consistent with previous studies indicating a rapid nutrition transition among Lebanese adolescents
that is manifested through the adoption of a more Westernized dietary pattern and a lower adherence
to the ‘traditional’ or ‘Lebanese-Mediterranean’ diet [19,42]. The Western pattern has been previously
characterized by the high consumption of red meat, poultry and eggs, pizzas, pies and fast-food
sandwiches, while the Lebanese-Mediterranean pattern reflected high intakes of fruits, vegetables,
legumes, whole grains, fish and olive oil [19]. More recently, Naja et al. (2018) explored the EFPs
for dietary patterns commonly adopted among Lebanese adults and their findings further point
to the higher carbon and water footprints of ‘Western and ‘High-Protein’ patterns, compared to
the Lebanese-Mediterranean diet [(water use (L/1000 kcal/day: 443.61 vs. 264.72 vs. 243.35), GHG
(kg CO2 eq/1000 kcal/day: 0.58 vs. 0.57 vs. 0.38)] [31].
In addition, the study findings show that the meats group, which includes red meat, organ meat,
and other meat-based dishes, was among the top contributors to the increase in overall EFPs
(approximately 20% contribution). More specifically, the meats group contributed the most to total
water use with approximately 8939 L used per kg consumed, and it had the highest contribution to GHG
emissions in the analysis (20.4kg CO2eq/kg) compared to all other food groups (S1). These estimates
were in line with other studies highlighting animal-based food products, particularly meat consumption,
as the lead contributors to total water use and GHG emissions [43–45]. According to Mekonnen and
Hoekstra (2012), animal products have a large water footprint relative to crop products with equivalent
nutritional value, for example the average water footprint per calorie for beef is 20 times larger than for
cereals and starchy roots [43]. Another study exploring the water footprint of meat-producing systems
in different countries (China, Brazil, the US and the Netherlands) concluded that overall beef has the
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largest total water footprint followed by pork and poultry [44]. In terms of GHG emissions, a study
conducted in the US to assess the environmental impact of individual self-selected diets of adults
using NHANES data, showed that the meats group contributed to 57% of dietary GHG emissions with
80.6% of these emissions coming from beef and the remainder coming from poultry (9.5%), pork (8.5%),
and other sources (1.5%) [45].
It is worth noting that SSBs as well as breads and cereals were also amongst the five largest
contributors to the changes in EFPs among adolescents in the present study. Although grains are
not known to have a particularly high environmental impact, the high consumption of bread and
grain-based dishes as staple foods in Lebanon [46] may explain their elevated contribution to EFPs.
As for SSB, the significant increase in average daily consumption between 1997 and 2009 years can
partly explain the contribution of these food groups to the increase in EFPs over the years. The high
consumption of soft drinks and sweetened fruit juices is, indeed, a worldwide phenomenon amongst
adolescents [47,48], and it has been associated with lower intakes of water, milk, and other nutrient-rich
foods, such as fruits and vegetables [49]. In Lebanon, limited studies have examined SSB consumption
over time, yet recent evidence has shown the high contribution of soft drinks and fruit juices to
water and energy intake among children (4–13 years old), with soft drinks being identified as the
lead contributor to total energy intake, particularly amongst the older age group (9- to 13-year-olds),
compared to all other caloric beverages including milk, fruit juices, and hot beverages [50]. Another
study conducted among Lebanese adolescents (aged 12–18 years) showed that soft drinks consumption
was a frequent drinking behavior with approximately 43% of girls and 56% of boys consuming these
beverages 4–7 times per week or more [51]. These consumption patterns are worrisome given the high
environmental footprints of these beverages. In fact, beverages, such as carbonated drinks, sweetened
juices, alcoholic beverages, were found to be the third highest contributors of GHG emissions (5.9%)
and non-renewable cumulative energy demand (16%) within US diets [45]. Other studies have also
estimated the high water footprint of sweetened fruit juices and sodas that can range between 200–230 L
of water per 200 mL glass of apple or orange juice [52] and between 150 to 300 L of water per 0.5 L of
sugar-containing sodas [53].
Results from the linear regression models further highlight the significant increase in all EFP
estimates between the two survey years (1997 and 2009), even after adjusting for total energy intake
of the study sample, as well as other sociodemographic characteristics. Overall, the study findings
indicate an alarming trend over time whereby the change in EFPs was accompanied with a shift in the
food consumption behavior of Lebanese adolescents reflected through an increase in meat, poultry,
SSB, and added fats/oils intake coupled with significant decreases in consumption of fruits and milk.
These findings suggest that Lebanese adolescents are shifting away from the traditional Lebanese dietary
pattern, which was described as a variant of the Mediterranean diet [19], towards a more animal-based
and highly processed Western-like diet that has been associated with increased risk of obesity and
diet-related diseases [54–56]. In fact, the observed trend in Lebanon is neither aligned with the national
dietary guidelines nor with the global sustainable development agenda that promote the plant-based
Mediterranean diets as vivid examples for “sustainable diets” known for their low environmental
impact, health and nutritional value, as well as economic fairness and cultural acceptability [57].
Several reviews were conducted to date highlighting the positive impact of shifting “average diets” or
current consumption behaviors to healthier and environmentally more sustainable dietary patterns,
including the Mediterranean and vegetarian diets. For example, Aleksandrowicz et al. (2016) showed
that reductions above 70% of GHG emissions and land use, and 50% of water use, could be achieved by
shifting typical Western diets consumed in high income countries to more environmentally sustainable
dietary patterns [58]. In addition, the reduction in environmental footprints were generally proportional
to the degree to which animal-source foods were being restricted in the recommended diets [37,58].
Another global systematic review focusing primarily on the water footprint of diets consumed in
different high- and low- to middle-income countries showed that changing from “average diet” to
healthier dietary patterns, can reduce total water use by 6% (95% CI: −7.9, −4.2).
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The regression models also showed that being a female adolescent was associated with lower
carbon footprint, whereas adolescents with higher maternal educational levels were associated with
higher water and carbon footprints. The higher adherence of female adolescents to the plant-based
traditional Lebanese pattern with low red meat, as previously reported by Naja et al. (2015), may explain
their lower carbon footprint compared to males. On the other hand, the positive associations between
maternal education with increased water and carbon footprints of adolescents’ dietary intakes did
not corroborate findings from other studies that show higher educational levels at the individual and
household level to increase adherence to the Mediterranean diet [19,59], the latter diet being known for
its overall low environmental impact [32,60]. Nevertheless, our findings need to be interpreted in light of
the growing literature illustrating the complex socioeconomic, environmental, and individual-lifestyle
factors that play a role in the transition away from the traditional Mediterranean diet [42,61], including
potentially higher costs of healthy food items such as fruits, vegetables, and nuts [5,62–65], the aggressive
marketing of cheaper yet energy-dense foods and beverages [66,67], as well as increased urbanization,
modernization and fast food culture [61]. In addition, and in light of the recent evidence highlighting
that healthy and sustainable diets, such as the EAT-Lancet reference diets, may be not affordable for
the world’s low-income populations (costing on average 60% more than least-cost options to achieve
adequate nutrient intakes), further research is required to explore what interventions or combinations
of interventions are needed to promote sustainable and affordable diets among youth in low- to
middle-income countries undergoing a rapid nutrition transition.
Strengths and Limitations
The present study examined the change in food consumption of adolescents over a span of
12 years using individual-level data and evaluated the impact of dietary shifts on several environmental
footprints. To date, most of the studies examining the environmental impact of human diets have
been focused primarily on population-level intake, particularly adults, yet trends in dietary intake
amongst sub-population groups including adolescents are extremely limited [58]. This age group is
equally challenging and unique, as it presents a window of opportunity that needs to be explored
given the implications of the adolescents’ food consumption behaviors on future efforts for promoting
more sustainable, healthy, and food-secure populations. Nevertheless, the present study has a few
limitations worth considering. The LCAs of the food items within the present study were over a
domain spanning from cradle to point-of-sale. The LCAs do not take into account factors such as retail
storage and waste, consumer transport to/from the retail store, home storage, preparation method,
consumer waste and recycling, and product end of life (for example, land fill, incineration, etc.).
All of these downstream factors can significantly alter a food item’s EFP as calculated by an LCA.
In addition, the EFPs considered in the present study do not address other environmental and ecological
footprints that may be worth exploring in the future, including soil erosion, land use, water quality,
and biodiversity. Also, it is important to not only calculate the EFPs of human diets, but to also assess
the various tradeoffs between EFPs that will inevitably occur as food policies meant to guide changes
in dietary patterns begin to alter crop mixes and agricultural management practices.
5. Conclusions
In conclusion, the significant dietary shifts observed amongst Lebanese adolescents between
1997 and 2009 combined with the associated increase in all EFPs indicate an alarming trend that
can threaten the environmental sustainability of Lebanese diets. Alongside the nutrition transition,
Lebanon, and similar countries in the EMR, are witnessing significant increases in the prevalence of
diet-related diseases; in addition, these countries continue to face major environmental and climate
change-induced threats together with prolonged conflicts and massive displacement. Together these
nutrition-health, environmental, and political factors are positioning the region to face a ‘perfect storm’
that threatens the food security of its populations.
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The study findings call for food policies and public health interventions to reduce the
increasing strains on the scarce environmental resources in Lebanon and other countries of the
EMR. Such interventions would require changes across the food system, including the food value
chain and the food environment, to ensure adherence to nutritional recommendations that are healthy,
environmentally sustainable, economically feasible and culturally sensitive. In addition, school-based
nutrition education programs and community-based interventions are needed to promote the traditional
Mediterranean diet as a sustainable diet that is known for its nutrition, health and ecological benefits.
Food-based dietary guidelines and nutrition recommendations provided to adolescents, and the larger
Lebanese population, can also be revised to take into consideration the trade-offs between nutrition,
health, and environmental outcomes. As adolescence represents a critical stage for the establishment
of lifelong dietary behaviors, interventions targeting adolescents provide a window of opportunity to
improve population health in the EMR in the short and longer terms.
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