',\' frontiers
in Nutrition

ORIGINAL RESEARCH
published: 01 July 2021
doi: 10.3389/fnut.2021.694775

OPEN ACCESS

Edited by:

Selena Ahmed,

Montana State University,
United States

Reviewed by:

Mesfin Mergia Mekonnen,

University of Alabama, United States
Davy Vanham,

European Commission, Joint
Research Centre, Belgium

*Correspondence:
Fatima Ezzahra Housni
fatima.housni@cusur.udg.mx

Specialty section:

This article was submitted to
Nutrition and Sustainable Diets,
a section of the journal
Frontiers in Nutrition

Received: 13 April 2021
Accepted: 04 June 2021
Published: 01 July 2021

Citation:

Lares-Michel M, Housni FE, Aguilera
Cervantes VG, Carrillo F, Michel

Nava RM and Llanes Cafiedo C
(2021) Eat Well to Fight Obesity... and
Save Water: The Water Footprint of
Different Diets and Caloric Intake and
Its Relationship With Adiposity.

Front. Nutr. 8:694775.

doi: 10.3389/fnut.2021.694775

Check for
updates

Eat Well to Fight Obesity... and Save
Water: The Water Footprint of
Different Diets and Caloric Intake and
Its Relationship With Adiposity

Mariana Lares-Michel', Fatima Ezzahra Housni ™, Virginia Gabriela Aguilera Cervantes’,
Presentacion Carrillo2, Rosa Maria Michel Nava® and Claudia Llanes Cariedo’

" Instituto de Investigaciones en Comportamiento Alimentario y Nutricion (ICAN), University Center of the South, University of
Guadalajara, Ciudad Guzman, Mexico, 2 Instituto Universitario de Investigacion del Agua, Universidad de Granada, Granada,
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Water scarcity and excess adiposity are two of the main problems worldwide and in
Mexico, which is the most obese country in the world and suffers from water scarcity.
Food production represents 90% of a person’s water footprint (WF), and healthy diets
can lead to less WF than do unhealthy diets related to obesity. We calculated the WF
of the diet and caloric intake of adults in Mexico and analyzed its relationship with
adiposity. Also, the risk of water expenditure due to adiposity and adherence to dietary
recommendations regarding WF of international healthy diets were examined. A Food
Consumption Frequency Questionnaire (FCFQ) was applied to 395 adults. Body mass
index (BMI), associated with adiposity indicators, was used as a reference for grouping
a sample into adiposity levels. The WF was calculated according to the WF Assessment
Method, considering correction factors and accounting for water involved in cooking and
food washing. Our results showed that the Mexican diet spends 6,056 liters per person
perday (Lp~'d~") and is 55% higher than international healthy diets WF. Consumption of
beef, milk, fruits, chicken, and fatty cereals represented 56% of total WF. Strong relations
appeared between hypercaloric diets and high WF. Diets of people with excess adiposity
generated statistically higher WF with extra expenses of 729 L p~'d~' compared with the
normal adiposity population. Following nutritional recommendations offers a protective
factor in water care, whereas not adhering to these represents a risk up to 93 times
greater of water expenditure regarding international healthy diets. Therefore, both for the
general population and to regulate obesity, adequate diets can help mitigate the problem
of water scarcity.

Keywords: water footprint, diet, dietary patterns, obesity, caloric intake, sustainable diets, healthy diets, Mexico

INTRODUCTION

The excess adiposity that characterizes overweight and obesity is considered a worldwide epidemic
(1, 2). This problem has consequences on social, economic, and political sectors; only, in 2014,
the global economic impact of obesity was estimated to be US$2.0 trillion or 2.8% of the global
gross domestic product, considering its health complications, such as diabetes, hypertension, and
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some types of cancer (1-5). Furthermore, in the last 15 years, it
has been recognized that dietary consumption leading to excess
adiposity has a higher environmental impact than healthy dietary
consumption (6-8). So obesity has been linked to problems
such as climate change (9, 10). Although obesity is a complex
alteration that includes psychological, neuronal, and hormonal
mechanisms, as well as genetic and epigenetic factors (6, 11) in
an understanding of its environmental impacts, it is necessary
to consider that its main cause is a positive energy balance,
generated by excessive high-caloric diets, with poor-quality
nutrients (4, 12). This consumption is made possible by food
production that requires high amounts of natural resources,
notably water. Water expenditure for agriculture and livestock
accounts for 90% of the use of an individual of this resource (13).

The amount of water used to produce each type of food
can be measured by the Water Footprint (WF). The WF is
defined as the volume of freshwater used in the production of
an item, such as the foods that make up the diets of individuals
(14). This index has three components (green, blue, and grey),
depending on the type of water use: green WF for rainwater used
in agriculture; blue WF for irrigation water for agriculture, as well
as for livestock drinking and service water; and grey WF for water
needed to assimilate pollutants, including agrochemicals dilution
and water needed to cook and wash food (15, 16).

The WF index has been used in different parts of the world to
evaluate the water needed to supply the diets of some countries.
It has been recognized that healthy and plant-based diets, such
as vegetarian and Mediterranean, have a lower total WF than
other diets that are considered unhealthy such as the western
diet, which is rich in fats, sugars, meats, and ultra-processed foods
(17-22). In addition, adherence to the dietary recommendations
of each country can provide savings of up to 52% of WF (23, 24).
However, until today, few studies have evaluated the WF of
human diets in a real-life context, and the use of official databases
of food consumption or hypothetical scenarios has been the most
common method for dietary WF assessments (18, 19, 25).

Despite the information that these studies have provided
for research on the WF of diets with different nutritional
compositions and in different regions of the world, the
relationship between the WF and the diet of people with different
degrees of adiposity has not yet been analyzed. That is, no studies
are available on the impact of obesity in real-life situations on
the WEF. In this context, Mexico is an ideal model country, being
considered the most obese country in the world (26, 27) while
suffering from water scarcity (28).

In 2006, it was reported that more than 12 million Mexicans
lacked daily access to water (29), but, in 2018, it was predicted
that water availability of 1990 (5,000 m® p~1d~!) would decrease
to <3,000 m* p~!d~! by 2050 (28), and, currently, the basins of
the country have an estimated deficit of more than 500 million
m? of water per year (30).

The diet of Mexicans has been classified as unhealthy and
densely caloric. In addition, it is known that the consumption of
food by Mexicans deviates far from the dietary recommendations
offered in the country (26, 31). This could be one of the main
causes of the obesity figures currently available. In 2016, Mexico
was reported to be the most obese country in the world, with a

combined prevalence of overweight and obesity of 49.4 million
people, ie., 72.5% in the adult population (27, 32). By 2018,
these figures raised to 75.2% (26). Food consumption leading
to these figures could be related to the high impact on water in
Mexico. In this context, we investigated whether a relationship
exists between two of the main problems in Mexico: obesity and
water scarcity. Although obesity is a sensitive topic that must
be aboard from a multidisciplinary perspective, its implications
for the environment must be highlighted to propose alternatives
to improve both nutritional and environmental issues without
stigmatization of this problem. Thus, the objective of this study
was to calculate the WF of the diet and caloric intake of adults
in Mexico and analyze its relationship with adiposity. Also, the
risk of water expenditure due to adiposity and adherence to
dietary recommendations regarding WF of international diets
were examined.

MATERIALS AND METHODS
Subjects

A quantitative cross-sectional study was performed in a
representative sample of Jalisco, Mexico. A total of 509 adult
volunteers between 18 and 74 years old of both genders [194
males (38%) and 315 females (62%)] were evaluated. However,
as will be explained later, we identified energy intake under-
reporters. After that analysis, the sample size was 395 [141
males (36%) and 254 females (64%)]. The sample after analysis
of the under-reporters was still representative of Jalisco (33)
(minimum of 384 according to the formula as shown in
Supplementary Material 1). Data collection was carried out in
four urban areas of Jalisco, Mexico (34). The subjects attended
nutritional consultation in Guadalajara, Zapopan, Tlajomulco de
Zuiga, and Zapotlan el Grande.

Body Composition and Anthropometry

As body-composition data on adiposity, body weight, percentage
of body fat, and visceral fat were measured with specialized
bioelectric impedance equipment (Omron® HBF-511T-E/HBE-
511B-E). Waist and hips circumferences were also measured with
a Lufkin®s brand metal tape measure. Waist circumference was
measured midway between the lower rib and the iliac crest,
at the end of normal expiration. The circumference of the hip
was measured at the most prominent part of hips. With a
base in waist and hips circumferences, the waist-hip ratio was
calculated. Height was measured with an ionized aluminum
stadiometer Smartmet®. All measurements were performed by
certified nutritionists, following the techniques of Suverza and
Haua (35).

Based on height and weight, the body mass index (BMI)
was calculated by dividing the body weight [in kilograms (kg)]
between the height squared (in centimeters [cm]). This indicator
was normalized by age in adults over 60 years. For the grouping
sample, adiposity was classified as normal or excessive with the
use of the WHO (36, 37) classification for BMI, since it has
been the most used indicator in epidemiological studies (11) and
in studies that evaluate the environmental impact of diets in
individuals (19, 38). Individuals with a BMI < 25 were considered
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as normal adiposity. People with a BMI > 25 were classified into
the excess adiposity group. In adults over 60 years of age, the
excess adiposity group was made up of those persons with a BMI
> 28. Adults with BMI < 18.5 and older adults with BMI <
23 were included in the normal adiposity group. Since BMI is
a relationship between weight and height and does not directly
identify adiposity levels, this index was associated with body-fat
percentage, waist circumference, visceral fat, and the waist-hip
ratio (11).

Dietary and Caloric Intake Assessment

A Food-Consumption Frequency Questionnaire (FCFQ)
validated for the Mexican population (39) was applied in
nutritional consultation by an interview in two residential areas
in Zapopan and Tlajomulco de Zuiiga. Data collection
by nutritional consultation was also carried out in the
Anthropometric Laboratory of the Instituto de Investigaciones
en Comportamiento Alimentario y Nutriciéon (IICAN) at
Zapotlan el Grande and in one government dependence of
Guadalajara where the nutritional assessment was provided
for the working personnel. FCFQ included 162 items, which
were subdivided into 184 foods for a more detailed analysis
(see Supplementary Material 2). The average grams of food
consumption were calculated from the frequency of consumption
of the rations established in the FCFQ. The amounts were divided
or multiplied as appropriate. The caloric intake was calculated
with the use of Mexican food-composition tables (40, 41). For
data collection, food replicas, food portions images, measuring
cups, and scoops were used. It is important to mention that,
since we evaluated the frequency of consumption of foods, and
not only the foods ingest in 1 day, the proper term to use is
“dietary pattern” (42, 43). However, for comparative purposes
with available publications, we are referring to “diet” in this study
(18-21, 24, 44, 45).

Identification of Energy Intake
Under-Reporters

Under-reporting has been pointed out as an important
problem when evaluating the diet of populations (46) and its
environmental impact (47), especially if evaluating people with
overweight or obesity (48). Due to this, the reported caloric intake
of the population was compared with their energy requirements,
as has been suggested by Huang et al. (49) and Howarth et al.
(50). Energy requirements were calculated with pre-established
formulas, widely used in Mexico, which consider sex, age, weight,
height, and physical activity. We specifically used Harris and
Benedict formula (51). Physical activity levels were measured
with the International Physical Activity Questionnaire (52). The
level of physical activity was classified as low (10% of basal energy
requirement), moderate (20% of basal energy requirement), and
high (30% of basal energy requirement).

We determined as under reporters those participants whose
energy intake was <70% than their energy requirements
(according to their specific and individualized needs in
accordance with their sex, age, weight, height, and physical
activity), as this has been reported by studies that identified
implausible under-reporters for the evaluation of the

environmental impact of diets (47). Over-reporters were
not excluded, since overconsumption has been referred to in the
Mexican population as a real problem, which, indeed, is the main
cause of overweight and obesity problems (26, 31).

Calculation of the Water Footprint

To assess the WEF of the diet, we followed the proposed
methodology by Lares-Michel et al. (16), which follows the WF
assessment methodology (15). Therefore, we adhered to the three
basic steps for dietary WF calculation: (1) we evaluated the diet
through a nationally validated questionnaire, which was applied
by nutrition experts; (2) the WF of each food was calculated
based on WF country/state-specific databases. Accordingly, we
used the tables for Jalisco (the area of study) for crops (53, 54)
and the national databases of Mexico for livestock (55, 56).
When data of Mexico were not available, we used international
tables (57, 58). In all calculations, the corresponding correction
factors were applied for converting cooked and processed (i.e.,
peeled, without seeds) foods to raw or/and unprocessed foods.
Also, we accounted for water involved in cooking and washing
food (16); (3) we calculated the WF of multi-ingredient dishes,
using reported tables for Mexico or calculating ingredients
through interviews during FCFQ application or reviewing
nutritional labels (16). The WF was specifically calculated per
person per day (L p~'d™!) as defined in the Global WF
Standard (15).

Foods were classified into 22 groups according to their
nutritional composition or WF. Foods of animal origin were
more accurately classified according to WF. These foods included
milk and yogurt, cheeses, eggs, chicken, beef, pork, processed
meats, lamb, fish, and seafood. Those of vegetable origin were
classified according to the Mexican-equivalent food system (41),
which is the basis of the food guides in Mexico for food
classification (59). This category included vegetables, fruits, and
legumes, as well as cereals, which, in turn, were classified as fat-
free cereals and cereals with fat. The former included cereals that
share a similar nutritional composition, such as corn tortillas,
rice, wheat bread, oatmeal, pasta, and tubers, such as potatoes.
The classification of cereals with fat included industrialized
cereals in which were added to fat or, in certain cases, sugars,
for example, pizza, cookies, and cakes. This classification of the
Mexican-equivalent food system also includes fat tubers, such as
French fries and chips (41).

Concerning to fats, they were classified into fats or oils with
and without protein according to Pérez Lizaur et al. (41). Protein
fats included nuts, almonds, and peanuts, among others. In
the case of oils without protein, oils of different types were
included, such as olive, corn, sunflower, and safflower oils.
This category also included vegetable fats, such as avocados.
Sugars were classified into sugars with and without fat. Those
without fat correspond to sugar, sweets, and honey, among
others. Within sugars with fat were foods that contain high
amounts of sugars and also fats, such as ice cream and
chocolates, which, in addition to sharing similar nutritional
composition, share similar WE since their ingredients tend
to be similar. Natural and industrialized fruit juices, as well
as coffee and tea, soft drinks, and alcoholic beverages, were
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FIGURE 1 | Average green and blue water footprint (WF) of the identified
healthy diets in liters per person per day (L p~'d~"). Average healthy diet WF
was 2,714 L p~'d~". Detailed information is available in

Supplementary Material 3.

considered as separate groups, according to their WF (16, 41,
53, 54, 57). The detailed classification of food groups is shown
in Supplementary Material 2.

Water Footprint Variations According to
Adherence to Dietary Recommendations

and Adiposity

Healthy Diets Water Footprint

For the risk analysis of water expenditure, the WF of healthy
diets reported in different countries/regions was reviewed for
setting an average WF as a comparison point. Through literature
search, we identified seven healthy diets to which their WF
has been calculated. This included healthy diets in general (20,
21, 45), healthy with meat included (24), healthy vegetarian
(21, 45), and healthy pesco-vegetarian (24); vegetarian (19-
21, 45) and pesco-vegetarian (45) were also included, as well
as the Mediterranean diet (18, 44). The selected diets had a
range from 1,976 L p~'d~! to 4,017L p~'d~! (Figure 1). The
average WF of these healthy diets was 2,714 L p~!d~!, which was
defined as a cutoff point to determine exposed and unexposed
populations in the odds ratio analysis. Since most available
studies have just reported green and blue WE grey WF was
excluded from this analysis. The details of this analysis are shown
in Supplementary Material 3, and the characteristics of each diet
are present in Supplementary Material 4.

Water Footprint According to Adiposity

For the generation of cases and controls in odds ratio analysis
regarding adiposity, we used BMI, body-fat percentage, waist
circumference, visceral fat, and waist-circumference ratio (36,
37, 60-62). Individuals with a BMI equal to or above 25 were
considered as cases, and people with a BMI below this figure as
controls. In adults over 60 years of age, cases were determined
in the population with a BMI >28. Adults with BMI < 18.5-
24.9 and older adults with a BMI < 23-27.9 were considered
into the control group (36, 37). Cases of excess body fat were
determined to be >22% in men and >32% in women. Values

under those specified were considered controls (60). A waist
circumference above 80 cm in women and 90 cm in men was used
to determine cases when these figures were equal or exceeded,
and controls when subjects had a waist circumference less than
those indicated above (62). Cases and controls regarding visceral
fat were determined with the manuals of the Omron® scale,
when the level was above or below 9, respectively. In the waist—
hips ratio, men with values under 0.90 and women with values
under 0.85 were considered controls (61). In these last four
indicators, no differences by age are established.

Water Footprint Variations Due to Adherence to
Dietary Recommendations

For the calculation of risk due to adherence to dietary
recommendations, those in force for Mexico were used.
Recommendations for the consumption of red meat, including
beef, pork, lamb, and processed meats, were considered (59).
The recommendations of Macedo-Ojeda et al. (63) for fruits,
vegetables, legumes, and fat-free cereals intake were also taken
into account. The amounts of consumption recommended by the
Ministry of Health of Mexico (64) were used to determine the
suggested intake rations of milk, yogurt, cheeses, chicken, eggs,
fish, and nuts.

The suggested maximum intake of cereals with fat and sugars
with and without fat was also considered (59). In addition,
recommendations for drinks, such as soft drinks, natural and
industrialized fruit juices, and alcoholic beverages (65), were
also included. The recommended daily rations in grams were
calculated according to the frequency and suggested amounts
of intake.

For the selection of cases and controls regarding adherence
to dietary recommendations, cases were considered for all those
subjects that exceeded the daily recommended rations of red
meat, milk, yogurt, cheese, chicken, eggs, fatty cereals, sugars
with and without fat, soft drinks, natural and industrialized fruit
juices, and alcoholic beverages. In the situation of fat-free cereals,
fruits, vegetables, legumes, fish, and nuts, the subjects whose
intake was below those recommended were considered cases. The
portions of each food group are detailed in Table 1.

Statistical Analysis

The distribution of the data was verified with the Kolmogorov
Smirnoff test. Also, the multicollinearity and heteroscedasticity
of the data were analyzed. Following, descriptive analyzes
were carried out, reporting means + standard deviations (SD),
medians, minimums (min), and maximums (max) values. The
differences between groups were analyzed with the U de Mann-
Whitney test or with the Chi-squared test for categorical
variables. Simple and multiple linear regression models were
performed to analyze the association between caloric intake and
adiposity indicators with individual dietary WF. Additionally,
Spearman correlations were performed between the WF and the
adiposity indices.

Likewise, bivariate logistic regressions reporting odds ratios
were performed to assess the risk of water expenditure regarding
adiposity and adherence to dietary recommendations concerning
WF of an international healthy diet. The aforementioned
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adiposity classifications were used to determine cases and
controls in regard to BMI, body-fat percentage, waist
circumference, visceral fat, and waist-circumference ratio
(36, 37, 60-62). For the selection of cases and controls regarding
adherence to dietary recommendations, we used the above-
mentioned minimum and maximum daily recommended rations
shown in Table 1. To determine the population exposed and

TABLE 1 | Compilation of Mexican daily dietary recommendations by food group.

Food group Recommended Unit of References
amount measurement

Red meat <71.42 gp'td’ (59)
Cereals without fat >200 gptd! 63)
Fruits and vegetables >400 gptd! (63)
Legumes >60 gp'td’ (63)
Milk and yogurt <240 mLp~' d~ (64)
Cheeses <40 gptd! (64)
Poultry and eggs <56.25 gp'td! (64)
Nuts >7.28 gp~'d’ (64)
Fish >25.71 gp~'d! (64)
CFS, FS, and NFS <10%2 kealp~" d™" (59)
Soft drinks <34.28 mLp~" d (65)
Natural and industrialized <125 mLp~"'d~! (65)
fruit juice

Alcoholic drinks <45 mLp~" d~’ (65)

CFS, Cereals with fat and/or sugars; FS, Fatty sugars, NFS, Not fatty sugars.
a0f daily caloric intake.

not exposed to excessive water expenditure, the average WF of
healthy diets was used (Figure 1). Overcoming that WF was
considered as being exposed. The analyses were carried out with
the STATA/SE 12.0® statistical software.

Ethics Considerations

This study was approved by the Ethics Committee of the
University of Guadalajara CEICUC (registration number
CEICUC-PGE-004). Likewise, the principles of the Helsinki
declaration were followed, and all the participants were adults
who signed informed consent before being included in the study.

RESULTS

Sample Characteristics

The demographic and body composition characteristics of the
sample are shown in Table 2. The average age was 33.55 +
15.57 years, and 64.30% were the female population. Average
BMI indicated the population is overweight. However, by mean
body-fat percentage, males and females were classified as obese.
Average waist circumference also indicates abdominal obesity
in both genders. Mean visceral fat was only excessive in males,
and the average waist-hips ratio was normal in both genders. All
adiposity variables were positive associated with BMI.

Water Footprint of the Diet and Caloric

Intake

Table 3 shows the average food consumed in the diet of the
sample as well as the reported caloric intake, which overpassed
2,415 calories per person per day (kcal p~!d~!), with a variation

TABLE 2 | Demographic and body composition characteristics and correlational analysis of total sample data in regard to adiposity indicators.

Characteristics Total sample rho p-value Male Female p-value
n (%) n (%) n (%)

Total sample 395 (100) - 141 (35.70) 254 (64.30) <0.001°

Sex -

Male 141 (35.70) - - - -
Female 254 (64.30) - - - -
Age 33.55 + 15.57 - 35.35 + 16.23 32.56 + 15.14 0.043°
Weight (kg) 70.44 +14.96 - 80.58 + 13.04 64.81 +12.85 <0.001¢
Height (cm) 164.55 + 8.87 - 172.5683 £ 6.75 160.12 + 6.48 <0.001°
BMI (kg m~2) 2591+ 4.58 - 26.97 £ 3.7 25.33 + 4.91 <0.001°
BF (%) 34.07 £ 8.76 0.5222 <0.0012 27.8 +6.89 37.55 +7.69 <0.001°
WC (cm) 85.34 + 12.63 0.859% <0.0012 92.32 + 11.59 81.47 £11.49 <0.001°
VF (k) 8.40 + 3.97 0.7362 <0.0012 9.69 £ 4.17 7.69 + 3.67 <0.001°
WHR 0.84 +0.08 0.5422 <0.0012 0.89 + 0.07 0.80 + 0.06 <0.001¢
HC (cm) 101.66 £+ 8.77 - 102.72 £ 6.86 101.08 £ 9.63 0.005°
MM (kg) 27.21 £6.30 - 33.22 + 4.56 23.87 £ 4.36 <0.001°

BMI, Body mass index; BF, body fat percentage; WC, waist circumference; VF, visceral fat; WHR, waist-hip ratio; HC, Hip’s circumference; MM, muscle mass.

Adiposity indicators: BF, WC, VF, WHR regarding BMI.

aSpearman correlation test between BMI and adiposity indicators.
bChi-squared test.

¢U de Mann-Whitney test.

Statistical significance was considered at p < 0.05 and is shown in bold.
A confidence interval at 95%.
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TABLE 3 | Dietary and caloric intake and its water footprint (WF).

Indicator Total sample
Mean = SD Median Min - max

Food intake (g p~'d~") 2,378.76 + 885.47 2,25717 920.87 - 7,299.18
Caloric intake (Kcal p~'d~") 2,415.44 + 897.62 2,225.00 1,208.62 - 8,8083.01
Total WF (Lp~'d™") 6,055.89 + 2,719.25 5,439.00 2,103.88 - 18,481.17
Green (Lp~'d™") 4,952.51 + 2,287.08 4,449.74 1,646.92 — 14,840.68
Blue (Lp~'d™") 534.88 £ 217.54 479.05 225.35 - 1,992.68
Grey (Lp~'d™") 463.2 + 192.01 410.29 212.52 - 1,873.75

of more than 897 kcal p~'d~!. This consumption generated an
average total WF of 6,056, which presented a considerable high
standard deviation (more than 2,719L p_ld_l) and maximum
values that overpassed 18,400 L p~'d~!, which is related to the
type and quantities of foods consumed, as will be explained
later. The identified median was 5,439L p~!d~!. The green
WEF represented 83.22% of the total WF of the diet, blue
WEF represented 8.98%, and grey WEF contributed the lowest
proportion with 7.78%.

As shown in Figure 2A, the most consumed food group was
fruits, representing 15.83% of total food intake, followed by
vegetables, which represented 14.49% of total food intake, and
milk and yogurt that accounted for 10.88% from total food intake.
However, non-fat cereals, such as corn tortillas, bread, and rice,
represented the highest caloric intake with 20.11% of total energy
intake, followed by cereals with fat, such as pizza, industrialized
bread with sugars, and French fries with 11.82% of total energy
intake, and fruits, which represented 8.76% of total energy intake
(Figure 2B). The first cereals represented only 4.64% of the total
WE while milk and yogurt accounted for 11.13%, fruits for 6.90%,
chicken for 6.85%, and cereals with fat accounted for 6.48%.
However, beef was the food with the highest WE contributing
to 24.67% of the total WF (Figure 2C).

In general, WF components were equally distributed in all
food groups, being the green WF the one with the highest
proportion regarding total WE reaching 97.32% in the lamb case,
93.88% in coffee and tea, 92.41% in sugars with fat, and 92.96% in
the beef case. The lowest green WF was found in vegetables with
57.20% and protein oils with 60.86%. Blue WF was the second-
highest contributor to total WE, except in the cases of chicken,
eggs, legumes, cereals without fat, vegetables, coffee and tea, and
fruit juice, where grey WF was higher than blue. The lowest
proportion of blue WF was found in beef with 4.12%. From all
blue WF of food groups, vegetables, fruits, fish and seafood, and
protein oils were the food groups with the highest proportion of
blue WF with 17.66, 18.64, 21.00, and 23.86%, respectively. In the
case of grey WE, vegetables, fruit juice, protein oils, and cereals
without fat were the food groups with the highest proportion
of grey WE with 25.15, 15.56, 15.28, and 14.70%, respectively
(Figure 2D).

As shown in the model of Table 4, dietary intake is highly
related to total WE (R? = 0.945, p < 0.001), especially beef, lamb,
pork, and processed meats. In all cases, statistical significance was
found, except in sugars without fat, sugars with fat, coffee and tea,
soft drinks, and alcoholic drinks.

In regard of caloric intake, a strong and significant association
between total caloric intake and WF was identified (rho = 0.760,
p < 0.001), which resulted in a moderate relationship (R?> =
0.539, p < 0.001) (Figure 3).

In all food groups, significant and positive relationships
were identified, in particular, R? values of 1 were found in the
cases of pork (Figure4F) (p < 0.001) and lamb (Figure 4H)
(p < 0.001). In addition, in the case of milk and yogurt
(Figure 4A), cheese (Figure4B), eggs (Figure 4C), chicken
(Figure 4D), beef (Figure 4E), processed meats (Figure 4G),
vegetables (Figure 4J), fruits (Figure 4K), legumes (Figure 4L),
fats with protein (Figure4P), sugars with fat (Figure 4R),
fruit juice (Figure4S), and alcoholic drinks (Figure 4V), R?
values between 0.81 and 0.99 (p < 0.001) were identified.
Despite being high-calorie foods, cereals with fat (Figure 4N)
were the food group with the lowest values (R* =0.203, p <
0.001). Also, coeflicients of determination of fish and seafood
(Figure 4I), cereals without fat (Figure 4M), fats without protein
(Figure 40), sugars without fat (Figure 4Q), coffee and tea
(Figure 4T), and soft drinks (Figure 4U) were between 0.35 and
0.75 (p < 0.001).

Water Footprint Variation as Function of
Adiposity

The excess adiposity group was made up of 51.90% of the sample.
Women predominated in both groups. The average age was
higher in the excess adiposity group. All body composition data
were statistically different in both groups, except for muscle mass
(Table 5).

As presented in Table 6, total food (p < 0.001) and caloric
intake (p = 0.008), as well as total WF (p = 0.011), green
(p=0.011), blue (p = 0.034), and grey (p = 0.023) components,
were higher in the excess adiposity group. There were found
differences of more than 233 kcal p~'d~! between groups.
Regarding total WE a difference of 728.86L p~'d~! was
identified between groups. Median was also higher in the excess
adiposity group. Green WF was the highest component in both
groups, followed by blue WF and grey WEF. It is important
to note that standard deviations found were considerably high,
representing almost 50% of total WE, which is principally related
to the type and the amount of foods consumed, being the animal
origin products the principal responsible for the variations found,
since persons consuming more meat reached total WFs over
14,014 L p~'d~! in the group with normal adiposity and more
than 18,481 L p~'d~! in the group with excess adiposity.
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FIGURE 2 | Dietary and caloric intake and green, blue, grey, and total water footprint (WF) of the Mexican diet. (A) Grams consumed. (B) Calories consumed. (C)
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As can be seen in Figure 5A, the dietary intake of the excess
adiposity group resulted higher in almost all the food groups,
especially in coffee and tea consumption (p < 0.005), soft drinks
intake (p < 0.001), and sugars without fat consumption (p <
0.01). The only food groups where a trend of higher intake in
the normal adiposity group was found are vegetables (p = 0.592),
alcoholic drinks (p = 0.286), eggs (p = 0.196), oils without
protein (p = 0.970), and sugars with fat (p = 0.189). However,
the differences were not statistically significant.

The caloric intake from soft drinks (p < 0.001) and calories
of cheese intake (p < 0.05) were higher in the excess adiposity
group. In almost all food groups, energy intake was higher in the
excess adiposity group, except for vegetables (p = 0.470), eggs (p

=0.111), sugar with fat (p = 0.242), and coffee and tea (p = 0.826)
(Figure 5B).

As mentioned before, the total WF of the diet of adiposity
groups was statistically different (p < 0.05). The normal adiposity
group presented a total WF 13% lower than the group with
excess adiposity (Figure 5C). WF components were similar
in both groups, only blue and grey WFs were slightly higher
in the normal adiposity group (9.12 and 7.91%, respectively) in
comparison with the excess adiposity group (8.88 and 7.67%,
respectively). Green WF was higher in the excess adiposity group
(83.44 vs. 82.97%) (Table 6).

Regarding total WF by food groups, in Figure 5D, it is
possible to observe that the total WF of cheeses (p < 0.05),
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TABLE 4 | Multiple linear regression model between water footprint (WF) and dietary intake by food groups.

R-squared = 0.945

Adj R-squared = 0.942

p < 0.001
B Std. Err. t p-value [95% CI]

Milk and yogurt 2.87 0.13 22.42 <0.000 2.62-3.13
Cheeses 5.76 0.78 7.42 <0.000 4.23-7.28
Egg 4.22 0.53 7.95 <0.000 3.17-5.26
Chicken 6.35 0.52 12.28 <0.000 5.33-7.37
Beef 29.40 0.83 35.35 <0.000 27.77 - 31.04
Pork 11.66 1.34 8.73 <0.000 9.03 -14.29
Processed meats 12.44 1.25 9.96 <0.000 9.98-14.9
Lamb 32.01 4.59 6.97 <0.000 22.98 -41.04
Fish and Seafood 2.83 0.76 3.71 <0.000 1.33-4.33
Vegetables 0.73 0.16 4.56 <0.000 0.42-1.04
Fruits 0.78 0.15 5.14 <0.000 0.48-1.08
Legumes 4.49 0.46 9.86 <0.000 3.59-5.38
Cereals without fat 0.64 0.28 2.29 0.023 0.09-1.18
Cereals with fat 6.68 0.60 11.07 <0.000 55-7.87
Qils without protein 3.88 1.19 3.27 <0.001 1.65-6.22
Protein oils 10.11 1.91 5.29 <0.000 6.35-13.87
Sugars without fat 0.00 1.09 0.00 0.997 —2.15-2.15
Sugars with fat 1.78 1.89 0.94 0.348 —1.94-55
Fruit juice 0.93 0.40 2.33 0.020 0.156-1.72
Coffee and tea 0.06 0.14 0.43 0.665 -0.21-0.33
Soft drinks 0.20 0.11 1.90 0.058 —0.01-0.41
Alcoholic drinks 0.20 0.17 1.17 0.242 —0.14-0.54

Statistical significance was considered at p < 0.05 and is in bold.
A confidence interval at 95%.
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FIGURE 3 | Simple linear regression model between caloric intake and dietary
total water footprint (WF). Statistical significance was considered at p < 0.05.
rho was obtained from spearman correlation.

soft drinks (p < 0.05), and lamb (p < 0.05) was higher in
the excess adiposity group. In almost all the food groups,
the WF of the excess adiposity group was higher, reaching
differences of more than 230L p~!d~! in the case of beef or

108 L p~'d~! in milk and yogurt cases. The only food groups
where the normal adiposity group presented a trend of higher
WF were eggs (p = 0.155), vegetables (p = 0.543), sugars with
fat (p = 0.075), oils with proteins (p = 0.394), and without
proteins (p = 0.972).

The logistic regression analysis reporting odds ratios showed
that having excess visceral fat produced 4.77 times (p <
0.001) greater risk of the Mexican diet, exceeding the WF of
average healthy diets (2,714 L p~'d~!). BMI, body fat percentage,
waist circumference, and waist-hip ratio were not statistically
significant (Table 7).

Water Footprint by Adherence to Dietary

Recommendations

Table 8 shows the identified risks of exceeding the dietary
WF of the healthy diet defined in this study (Figure1) for
surpassing the maximum recommended portion of consumption
presented in Table 1. A consumption that exceeds the maximum
recommended portion of red meats, including beef, pork, lamb,
and processed meats (<71.42 g p~'d~!), represented a significant
risk of 92.93 times (p < 0.001) greater of exceeding the healthy
diet WE. Likewise, exceeding the consumption of other foods
of animal origin, such as milk and yogurt and cheese, generates
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FIGURE 4 | Simple linear regressions model between caloric intake and dietary total water footprint (WF) by food groups. Statistical significance was considered at p
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TABLE 5 | Comparative analysis of demographic and body composition
characteristics by adiposity groups.

Characteristics Normal adiposity Excess adiposity p-value

n (%) n (%)

Total sample 190 (48.10) 205 (51.90) <0.0012
Sex

Male 51 (26.84) 90 (43.91) <0.001°
Female 139 (73.15) 115 (56.09) <0.001°
Age 29.50 + 14.72 37.22 + 15.48 <0.001°
Weight (kg) 59.98 + 8.90 80.13 + 12.74 <0.001°
Height (cm) 163.37 + 7.67 165.65 + 9.74 0.016°
BMI (kg m~2) 22.30 + 2.07 29.26 + 3.62 <0.001°
BF (%) 29.91+7.16 37.93 + 8.34 <0.001°
WC (cm) 76.62 + 8.36 93.42 + 10.35 <0.001°
VF (kg) 6.01 4+ 2.67 10.62 + 3.68 <0.001°
WHR 0.80 + 0.07 0.87 +0.08 <0.001°
HC (cm) 95.62 + 5.32 107.27 + 7.53 <0.001°
MM (kg) 26.77 + 6.78 27.61 4+ 5.81 0.254°

BMI, Body mass index; BF, body fat percentage; WC, waist circumference; VF, visceral
fat; WHR, waist-hip ratio; HC, Hip’s circumference; MM, muscle mass.

Adiposity indicators: BF, WC, VF, WHR regarding BMI.

aChi-squared test.

by de Mann-Whitney test.

Statistical significance was considered at p < 0.05 and is in bold.

A confidence interval at 95%.

risks up to 13.33 times (p < 0.001) greater of surpassing the
WE of the healthy diet. Also, it was found that exceeding
the recommended portion of consumption of natural and
industrialized fruit juices generated a risk up to 4.64 times greater
of exceeding the healthy diet WFs (p = 0.041). On the contrary,
complying with the recommended rations of fish (p < 0.001),
fruits and vegetables (p = 0.005), and non-fat cereals (p = 0.011)
generates a protective factor in the generation of WF equals
to or less than that of the healthy diet identified in this article
(Table 8).

DISCUSSION

The environmental impact generated by different types of diets
has shown that adherence to healthy diets can help reduce
damage to the environment (20, 23). In this study, it was found
that the Mexican diet generates a total water expenditure of
6,055.89 + 2,719.24L p~'d™! and a WF from green and blue
components of 5,487.38 + 2,483.70 L p~'d~!. This last WF is
comparable with the healthy diet identified in this study and
exceeds it up t0 2,773.38 L p~'d~!. The main differences between
the healthy diets included in this study and the Mexican diet
lie in the consumption of food of animal origin. In this study,
it was identified that 23.38% of the food eaten comes from
animal sources. While vegan diets do not include this kind of
food, and vegetarians do not exceed 6% of animal foods in
their diets (19). The Mediterranean diet, which is less drastic
compared with the Mexican one with respect to meat and dairy
consumption, reaches more than 10% of the food of animal
origin, according to what was indicated by Blas et al. (18). So far,

TABLE 6 | Dietary and caloric intake and its water footprint (WF) by adiposity groups.

p-value

Excess adiposity

Normal adiposity

Indicator

Median Min — max Mean + SD Median Min - max

Mean + SD

<0.0012
0.008°
0.0112

1,1561.2 - 6,844.66
1,292.31 - 8,803.01

2,376.57 - 18,481.17

2,369.63
2,304.34

2,5653.66 + 898.75
2,5627.94 + 968.94
6,406.48 + 2,994.58
5,243.14 + 2,479.86

920.87 - 7,299.18
1,208.62 - 7,647.41

2,067.23

2,190.06 + 832.86

Food intake (g p~'d~")
Caloric intake (Kcal p~'d~")

Total WF (L p~Td~T)

2,097.09

2,294.05 £ 798.6
5,677.62 + 2,336.28

5,624.74

2,103.88 - 14,014.26
1,646.92 - 11,829.45

5,159.07
4,103.08

0.0062
0.0342
0.0232

1,883.55 — 14,840.68
225.35-1,992.68
215.96 - 1,873.75

4,668.10
494.72
434.01

558.16 + 238.45
482.22 + 209.35

212.52 - 1,055.02

239.46 - 1,224.6

458.14
389.65
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the only international diet that has exceeded the WF identified in
this study is the one reported by Blas et al. (18) for the American
diet but calculated in Spain, which exceeds the Mexican diet WF
values by 724.11L p~'d~!, considering green, blue, and grey
WE, which correspond to a total WE of 6,780 L p~'d~!. In the
context of Mexico, only one previous study has reported the
WE of the Mexican diet, and the reported value is considerably
higher than the one found here (8,334L p~'d~!). However,
the difference could lay in the method used, since 24-h recall
was used, and we based on a FCFQ (16). Therefore, the value
reported by Lares-Michel et al. (16) can be referred to as the

“Mexican diet WF” and the found here as the Mexican dietary
pattern WE.

The benefits of eating healthy for the environment are
well-established (23, 24), but the advantages of maintaining
adequate levels of body fat for the care of natural resources have
been less studied, although, in recent years, this has attracted
attention (6, 8, 66). The emission of greenhouse gases has
been the ecological aspect most studied with respect to the
environmental impact of adiposity on people (7, 67). Edwards
and Roberts (68) pointed out that people with higher adiposity
rates generate higher greenhouse gas emission, which is directly
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linked to the obesogenic environments that provide food with
high environmental impact (8, 66). In addition, greater impacts
on the ecological and carbon footprint have been reported, in
contrast to people with normal levels of adiposity (8, 10, 66, 69).

However, the relationship of overweight and obesity with
water use and WE in particular, has been less studied, despite
the significant water crisis that exists in many parts of the world
(70), including Mexico, where the national availability of piped
water per capita has reportedly been reduced since the 19707,
from 11,000 m? annual per capita to 4,600 m>, and this figure is
expected to decrease to 3,500 m® per person by the year 2030 (71).
Our results showed that having abdominal obesity by visceral
fat generates a risk up to 4.77 times greater of exceeding the
healthy diet WE. Therefore, as Abbade (66) points out, following

TABLE 7 | Logistic regression analysis reporting odds ratios of water expenditure
risk regarding average healthy diet water footprint (WF) and adiposity indicators.

p-value: 0.008
OR Std. Err. z p-value [95% CI]
BMI (kg m~2) 1.1 0.46 0.25 0.805 0.49 -2.48
BF (%) 0.64 0.28 —1.02 0.308 0.27 -1.51
WC (cm) 0.87 0.40 —0.30 0.765 0.36 -2.13
VF (kg) 477 218 3.42 <0.001 1.95-11.67
WHR 0.57 0.23 —1.41 0.158 0.26-1.24

BMI, Body mass index; BF, body fat percentage; WC, waist circumference; VF, visceral
fat; WHR, waist-hip ratio.

Statistical significance was considered at p < 0.05 and is in bold.

A confidence interval at 95%.

a healthy diet can help promote public health by decreasing
adiposity levels and attenuating the impact on the environment.
However, if no changes are made in the diet, water availability in
Mexico will be in serious trouble, since the WF of the Mexican
diet had a standard deviation of 2,719.24 L p~'d~!. This means
that some individuals of the sample generate a WF of more
than 18,000L p~'d~! due to excessive meat consumption and
hypercaloric diets.

To our knowledge, the present work represents the first
empirical study available at an international level to evaluate
the relationship that the adiposity of a sample has, in a real-life
context, with the WF. That is, performing a direct evaluation
of the diet of a group of people (25). Although Serafini and
Toti (38) began to use WF as part of the metabolic food waste
indicator, which evaluates the unsustainability of obesity, the
direct relationship that adiposity, consumption of particular
foods, and caloric intake of people in real life have with the
WEF has not yet been reported. In Mexico, there are no available
studies linking overweight and obesity with water expenditure,
despite this country being the most obese in the world (27).

According to our results, the population with excess adiposity
generates a statistically significant higher WF than the population
with normal adiposity (p < 0.05), which represents daily extra
expenses of 726.86 L p~'d~!. This difference lied in the higher
consumption of foods and calories, and, especially, in the
consumption of food of animal origin such as cheese and
lamb, which coincides with Serafini and Toti (38). Besides, it
is important to note that although not statistically significant
differences were found in the consumption of beef, the intake
of this food group was higher in the excess adiposity group,
which generated a WF 230 L p~'d~! higher than the one found
in the normal adiposity group. Also, statistically differences in

TABLE 8 | Logistic regression analysis reporting odds ratios of water expenditure risk regarding average healthy diet water footprint (WF) and adherence to Mexican

dietary recommendations.

p < 0.001
OR Std. Err. V4 p-value [95% Cl]
Milk and yogurt 13.33 8.08 4.27 <0.001 4.06 -43.74
Cheeses 3.31 1.99 2.00 0.046 1.02-10.78
Poultry and eggs 1.99 0.89 1.54 0.124 0.83-4.77
Red meat 92.93 81.41 517 <0.001 16.69 - 517.47
Fish 0.23 0.10 -3.28 <0.001 0.09 - 0.55
Fruits and vegetables 0.21 0.12 -2.80 0.005 0.07 -0.63
Legumes 0.47 0.21 —1.70 0.089 0.19-1.12
Cereals without fat 0.33 0.14 —2.53 0.011 0.14-0.78
CFS, FS, and NFS 0.59 0.36 —0.86 0.387 0.18-1.94
Nuts 0.65 0.29 -0.98 0.329 0.28-1.54
Fruit juice? 4.64 3.49 2.04 0.041 1.06 - 20.25
Soft drinks 1.138 0.48 0.28 0.776 0.49 - 2.61
Alcoholic drinks 0.73 0.35 —0.66 0.509 0.29-1.85

CFS, Cereals with fat and/or sugars; FS, Fatty sugars, NFS, Not fatty sugars.
@Includes natural and industrialized fruit juice.

Statistical significance was considered at p < 0.05 and is in bold.

A confidence interval at 95%.
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soft drinks consumption and WF were found, but this intake
represented only 1.08% of total WF. No available data were found
to contrast these findings, but, since it is a kind of food whose
principal ingredients are sweeteners that are of vegetable origin,
its low WF is expected (72).

Besides the relationship identified between WF and excess
adiposity, it is important to consider the high impact found
in energy intake, especially in calories from food of animal
origin. This has been reported in regard to ecological and carbon
footprints (66), but the exact same analysis has not been made
regarding WF. In contrast with available data, energy intake from
the Mexican population proved to have a higher WF than other
indicators. But further analysis, including other environmental
indexes, is needed to provide a full picture of the Mexican-diet
environmental impact.

In addition to calories, the type of food and the amounts
ingested have high impacts on WF. Excessive food consumption,
in particular, exceeding the recommended amounts of food for
Mexico, represents the main problem for water expenditure.
Red meats have been designated as the main foods that
produces environmental impact (23, 38, 45). This coincides
with our results, since beef consumption generated the greatest
contribution to total and green WE reaching up to 1,597L
p~'d~! in the case of people with excess adiposity. The average
population of this study consumes 96.18 + 78.32g p~'d~!
of red meat, while people with normal fat levels consume
89.05 + 66.80g p~'d~!, and those with excess adiposity with
respect to BMI consume an average of 102.79 + 87.31gp~'d 1.
This means that people with excess fat consume 143.92%
of the recommendation. However, it is important to note
that people with normal adiposity also exceed the suggested
amount, consuming 124.68%. This study shows that this type
of behavior increases the risk of exceeding a healthy-diet WF
by 92.93 times. Red meat consumption has been reiterated as
the principal problem in environmental impacts of diets, as well
as dairy consumption (73). Indeed, our results agree, because
besides exceeding red meat consumption, the average population
consumes 107.92% of the suggested amount of consumption of
milk and yogurt, and the excess adiposity population consumes
115.84%. This consumption generated the second-largest WF.
Besides, cheese WEF was significantly higher in the excess
adiposity group. According to Macdiarmid et al. (73), small
reductions in meat and dairy consumption can reduce the
environmental impact of diets, but this was assessed specifically
on greenhouse gas emission, so further studies related to WF are
needed. Also, it is important to consider that the recommended
amount of consumption of red meat in Mexico (Table1) is
substantially different from the “planetary health diet” recently
recommended (74). That diet, which was proposed by The EAT-
Lancet commission, is a scientifically optimized diet for both
nutrition and certain environmental indicators, which have been
proved to have the potential of reducing up the dietary WF of
diets. However, cultural, social and economic aspects remain
unclear in those recommendations (75). Therefore, the Mexican
government needs to rethink the dietary recommendations that
are providing for their population and take into consideration
evidence on dietary WF reductions but considering cultural,

social and economic aspects. In this sense, meat consumption
reduction is a challenge, since its consumption can be linked with
cultural aspects and even with social status (76).

Another interesting finding was identified in some drinks. The
recommendation in regard to sugary drinks, especially soft drinks
and fruit juices, is to avoid ingesting or, at most, consuming them
in a maximum amount of 34.28 and 125 ml p~'d~!, respectively
(65). In the case of fruit juices, the consumption of the population
did not exceed the recommended portion since their intake
represented 53.21% of the recommendation. However, exceeding
it resulted in a risk of 4.64 times greater water expenditure
regarding healthy diet WF. Regarding soft drinks, the population
did exceed the recommended amount of consumption since their
ingestion reaches 537.11% of these.

Besides the contention that excessive consumption of
inadequate food causes a risk for water expenditure, it should
be taken into account that the consumption of healthy foods
below the recommended amounts also results in a failure to
meet the protective factors identified in this study, especially
in fish, fruits, vegetables, and cereals without fat consumption.
These findings suggested that eating well is a means of saving
water. However, in these cases, a paradoxical outcome was
identified since fruits were the most consumed food group both
in the general population and in adiposity groups. Also, in
cereals without fat and fish and seafood, minimum rations of
consumption were overpassed in both adiposity groups and the
general population. This can be a warning about the way of
communicating dietary recommendation since the population
without enough nutritional education and criterion are likely
to overpass consumption of food that, although are considered
healthy, can lead to overweight and obesity if consumption
exceeded the energy requirements of each individual (77).
Therefore, the amounts of consumption as well as caloric intake
are important findings in this study, which proved that not only
types of foods matter, and eating right but always in adequate
amounts can prevent the future development of obesity and,
especially, overexploitation of water resources.

In this regard, overconsumption must be closely analyzed
since, besides being the main cause of obesity (12), this could
be an important environmental impact generator in food
systems (78). The reference dietary guideline for Mexico (79)
recommends an average caloric intake for the adult population
of 2,188 Kcal p~'d ™. Our results found a caloric intake of 2,415
Kcal p~!d~! for the general population, 2,294 Kcal p~'d~! in
the population with normal adiposity, and 2,528 Kcal p~'d~!
in people with excess adiposity, which was found as statistically
different regarding the normal adiposity group (p = 0.008). This
represented overconsumption of 16% from recommended caloric
intake and an extra water expenditure that was 13% higher than
the population with normal adiposity. However, it is important
to mention that even people with normal adiposity consumed
higher amounts of calories in comparison with the suggested
amount (79). This is an explanation of the Mexican dietary
pattern WF being among the highest worldwide in this study
and in Lares-Michel et al. (16). Therefore, besides promoting
healthy eating regarding food types, quantities ingested are very
important factors in WF generation.
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Also, is important to bring to attention that even healthy
foods, such as vegetables and fruits, although not generating the
highest total WF impacts, are demanding a lot of water use,
especially blue WF (25). So, based on this, some authors that
have started to evaluate the impact of nutritional interventions
on environmental indicators have found that improvements in
the diet do not necessarily reduce environmental impacts (80).
This reason is why achieving sustainable and realistic diets is a
big challenge, because, although our findings support the notion
that healthy diets can be sustainable [at least in the nutrition,
health, and environmental (WF) domains], this is not always the
case (9, 73), and, actually, more studies in other populations are
needed in order to explore different dietary patterns and their
environmental impacts and water use.

With respect to the healthy diets that were included in this
study as a reference point for water expenditure risk analysis, it
is important to analyze the viability of the Mexican population
to adhere to one of those to achieve diets with less WF. The
consumption of foods of animal origin has been referred to as
an important element in the Mexican diet (81). Therefore, the
adherence of the Mexican population to a vegan diet (19) is
not realistic. Vegetarian diets resulted less drastic than vegan
diets since the analyzed vegetarian diets included dairy and eggs
(19, 20), and pesco-vegetarian, besides those, included fish and
seafood (24, 45). However, it is important to note that vegetarian
diets are not always healthy; therefore, their healthy versions
could be a better strategy for both, improving health and water
use, since this type of diet regulates in a better way amounts of
consumption, especially of fats and sugars, that, although could
have low WE, are not healthy in high amounts (24). Although
adherence to vegetarian and healthy vegetarian could be a good
strategy for the Mexican population to decrease their dietary
WE, the analyzed healthy diets that included meat in adequate
amounts could be a more realistic option for a population that is
used to consume this type of foods.

The healthy diets included (20, 21, 45) that referred to
a general healthy diet, indicates the suggested amount of
consumption of cereals, rice, potatoes, and pulses (bread
70-245g p~'d~! and other 50-250g p~'d~!), sugar (max
50g p~'d~1), vegetables (50-200g p~'d~!), fruits (150-200g
p~'d™!), meat (including offals), fish and seafood, eggs, nuts,
and oil crops (50-125g p~'d~!), animal fats and crop oils
(10-30g p~'d~! and 15g p~'d~! for cooking), milk and milk
products (300-650ml p~'d~! and 10-30g p~'d~! of cheese),
and alcoholic beverages [max 20ml p~!d~! of pure alcohol
for men (two standard drinks) and max 10ml p~'d~! of pure
alcohol for women (one standard drink)] (45). These amounts of
consumption are similar to Mexican dietary recommendations
(Table 1) in regard to cereals and legumes. However, the
recommendations of the healthy diets establish a maximum
amount (20, 21, 45), while Mexican recommendations only
suggest consuming 200g p~'d~! (63). This could be an
important element in the development of overweight and obesity.
In the case of milk and milk products, the recommendation
is higher in the healthy diet, in contrast to the Mexican
recommendations. However, something to point out is that
the maximum amount of consumption of foods of animal

sources (nuts are included in that category in healthy diet
recommendations) in healthy diets is 125g p~'d~!, and, in
the Mexican recommendations, is 160.66g p~'d~!. This is
an important consideration for Mexican dietary guidelines to
rethink the recommendations given to promote more sustainable
diets. Nevertheless, it is important to point out that water savings
through dietary changes are not as simple as what could look
alike. That is, regional production can have important variations
that can be constantly moving according to climate conditions
and, it is also necessary to consider the strategies that will have to
be applied to supply an increasing demand of certain products,
such as fruits and vegetables, and the implications of imports
to supplement the local production. This definitely shows the
complexity of food systems, especially when they are related to
obesity and healthy eating (15, 82).

One of the diet scenarios that could fit the Mexican population
is the Mediterranean diet (18, 44) and the healthy meat
included, which is also based on the Mediterranean diet (24).
The Mediterranean diet has been reported as one of the most
healthy and sustainable diets worldwide, and, also, this diet has
been used by the Mexican government to develop some of the
current dietary recommendations (64, 83). This diet has certain
similarities to the Mexican one since it includes red meat (in
moderate amounts), milk, cheese, fish, fruits, and vegetables.
However, some particularities of the Mexican diet, as corn as
the base of its diet as well as beans, are not similar, since the
base cereal of the Mediterranean diet is wheat (84). Therefore,
for the Mexican dietary context, it is necessary to update the
current dietary guidelines or develop new ones that establish the
healthiness and sustainability of the Mexican diet.

Despite the idea of healthy eating as a means of reducing the
environmental impact of diets has been widely disseminated (20,
85), these effects can vary greatly in the regard of environmental
impact and water use specifically, and, aside from what has
been referred to, healthy diets could generate a higher impact
and WF than other types of diets (86). Although following
dietary recommendations are one of the most common ways of
promoting healthy and sustainable eating, for some countries,
this does not support environmental impact reduction. As
example of other environmental indicators, Grasso et al. (80)
found that attaching to the Mediterranean diet can have an
unfavorable increase in fossil energy use and can generate
the same environmental impact as current diets in regard to
greenhouse gas emissions. In the context of WE United States
is an example that healthy diets do not always have a low
environmental impact, since it has been referred that adhering to
national dietary guidelines does not represent less environmental
impact than current diets (87). In this sense, Birney et al.
(88) found that shifting diets from current consumption to the
USDA dietary guideline recommendations would result in an
increase in blue water use by 15%. Also, it could increase the
environmental impact of other environmental indicators, for
example, an increase of 34% in energy use, 7% in greenhouse gas
emissions of food production, and 34% in fertilizer use. Although
these findings, is important to point out that blue WF reported in
that study was 91 L p~!d~! lower than the one found in our study
for the general population and 114 L p~'d~! lower than the one
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found for the excess adiposity group. Therefore, adopting dietary
recommendations for the Mexican population could represent,
although little, decrease in water use. The results of Birney et al.
(88) are consistent with several studies (23, 87, 89, 90); however,
implementing other changes, such as caloric intake reduction,
reducing more animal foods, and reducing food waste, could
significantly decrease WF in comparison with only adopting a
healthy diet (89).

This study represents one of the first efforts to elucidate the
relationship between obesity and the environmental impact of
diets, specifically on water use. To our knowledge, this is the
first investigation to compare the WF of the diet of people with
different degrees of adiposity in a real-life context. However,
our work has some limitations. First, it is important to mention
that, although we evaluated a representative sample of Jalisco,
which is an important state of Mexico, this study does not
have national representativeness, so further studies are needed in
bigger samples. Second, although the FCFQ used is specific for
the zone of the study, it is outdated since it does not include a
large amount of traditional and western foods that are consumed
by the Mexican population. Therefore, new tools development is
needed to provide a deeper analysis of the Mexican diet and its
cultural diversity, as well as its degree of westernization and, of
course, its impact on WEF. Third, BMI as an adiposity indicator
has been pointed out as inadequate since it does not directly
measure fat (91). For this reason, this parameter was associated
with adiposity indicators. However, future analysis, using other
adiposity indicators for sampling, is needed to confirm the
impact of adiposity on WF. Fourth, WF used data is specific
to Mexico and Jalisco, and food imports and exports were not
considered, as these have been the most used WF calculation
method worldwide (25). Nevertheless, future studies are required
to identify if the WF of the Mexican diet actually comes from
the country or from other parts of the world. Fifthly, although
WE is a valuable index that is widely used for assessing dietary
environmental impacts, there are other important indicators that
were not considered in this study. These include greenhouse
gas emissions, land use, nitrogen and phosphorus use, and
biodiversity loss, among others (74). Therefore, more studies
relating obesity and dietary intake with other environmental
indicators besides WF are needed.

Finally, and although we did not address a whole dietary
environmental assessment, our results support other studies
that have linked diets with environmental impacts, including
not only WF but other environmental indicators such as the
aforementioned. In this sense, unhealthy and inadequate eating
besides being driven to the obesity pandemic, is contributing
negatively to water use (85, 92), climate change (10, 85, 92),
land use (85, 92), and nitrogen and phosphorus use (92). And
these problems are not only affecting specific zones, such as
Mexico, but the whole world. Therefore, it is urgent that public
policies in Mexico and around the world begin to focus on
providing dietary recommendations that allow for the care of
water resources, putting into practice the recommendations
that this study identified as protective factors in water and
regulating the consumption of those foods that represented
risks to the WEF. Although it has been suggested that a “fat

tax” could levy on unhealthy food choices and could be a
possible solution to promote healthy lifestyles (7), we state
that it is important not to stigmatize the obese population;
therefore behavioral change interventions and educational
programs in regard to sustainable nutrition are the key elements
to modify antienvironmental dietary behaviors. In this way,
we consider future nutritional interventions, in addition to
promoting healthy eating to reduce obesity, could help to
resolve these issues, along with the resolution of one of the
main problems in Mexico and throughout the world: water
scarcity. This way and in agreement with emerging studies,
we could be contributing to achieve both the United Nations
Sustainable Development Goal (SDG) 2 on food security and
SDG 6 on water security in a water-energy-food-ecosystem
nexus, especially regarding the reduction of global water
scarcity (75).

CONCLUSION

This study shows that the adherence to the dietary
recommendations of Mexico regarding the consumption of
fruits and vegetables, fish and seafood, and non-fat cereals,
such as corn tortillas, whole-grain bread, and rice, generated a
protective factor in WF that is equal to or less than the healthy
diet found in this study, which, considering only green and blue
WE was 2,714 L p~'d~!. Consumption exceeding the suggested
amounts of red meat, milk and yogurt, cheeses, and natural
and industrialized fruit juices generated a risk up to 92.93 times
greater of exceeding WF of the healthy diet. Likewise, it was
found that the more hypercaloric the diet, the greater the WE,
and, especially, calories coming from food of animal sources
generated higher impacts on WF. In addition, one of the most
important findings is that having excess adiposity by visceral
fat represented a risk up to 4.77 times greater of generating
WFs above the healthy-diet water expenditure. Besides, the diet
WEF of people with excess adiposity was statistically higher than
dietary WF of the normal adiposity population, which generated
additional water expenses of up to 726.86L p~'d~!. For this,
it is concluded that excess adiposity, besides being related to
public health and economic implications, also has important
environmental impacts, especially on WF. However, further
studies are needed to provide a full picture in regard to other
environmental indicators and other and bigger samples that
allow assessing the impact that the obesity epidemic has on the
environment. As a sensitive topic, overweight and obesity need
to be targeted by multidisciplinary teams, whose focus is eating
behavior and nutrition. But, currently, health professionals are
required to know more about the environmental impact that
food production and diets have and apply that knowledge to
fight both, nutritional and environmental problems.

DATA AVAILABILITY STATEMENT

The datasets generated for this study are available on request to
the corresponding author.

Frontiers in Nutrition | www.frontiersin.org

15

July 2021 | Volume 8 | Article 694775


https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles

Lares-Michel et al.

Water Footprint of Obesity

ETHICS STATEMENT

This study was approved by the Ethics Committee of the
University of Guadalajara CEICUC (registration number
CEICUC-PGE-004). Also, the principles of the Helsinki
declaration were followed, and all the participants were adults
who signed an informed consent before being included in
the study.

AUTHOR CONTRIBUTIONS

ML-M and FEH conceived the idea and design of the study.
ML-M led data collection, analysis and interpretation and wrote
the article. FEH and VGAC provided help on data acquisition,
interpretation, and critical review of the first draft. VGAC, PC,
RMMN, and CLC aided in the design of the study, interpretation

REFERENCES

1. Silventoinen K, Sans S, Tolonen H, Monterde D, Kuulasmaa K, Kesteloot H,
et al. Trends in obesity and energy supply in the WHO MONICA Project.
Int ] Obes Relat Metab Disord ] Int Assoc Study Obes. (2004) 28:710-8.
doi: 10.1038/sj.ij0.0802614

2. Romaguera D, Norat T, Vergnaud A-C, Mouw T, May AM, Agudo A,
et al. Mediterranean dietary patterns and prospective weight change in
participants of the EPIC-PANACEA project. Am ] Clin Nutr. (2010)
92:912-21. doi: 10.3945/ajcn.2010.29482

3. Dixon JB. The effect of obesity on health outcomes. Mol Cell Endocrinol.
(2010) 316:104-8. doi: 10.1016/j.mce.2009.07.008

4. Rivera, DJA, Hernandez, AM, Aguilar, SC, Vadillo, OF Murayama,
RC. Obesidad en México: Recomendaciones para una politica de Estado
[electronic version]. México: UNAM, Direccién General de Publicaciones y
Fomento Editorial (2012). Available online at: https://www.anmm.org.mx/
publicaciones/Obesidad/obesidad.pdf (accessed March 27, 2021).

5. Tremmel M, Gerdtham U-G, Nilsson PM, Saha S. Economic burden of
obesity: a systematic literature review. Int ] Environ Res Public Health. (2017)
14:4040435. doi: 10.3390/ijerph14040435

6. Barilla Center for Food and Nutrition. Obesity: The Impacts on Public Heatlh
and Society. Parma: Barilla Center for Food & Nutrition (2012). Available
online at:  https://www.barillacfn.com/m/publications/obesity-impacts-
health-society.pdf (accessed March 27, 2021).

7. Squalli J. The environmental impact of
evidence from the United States. Public Health.
doi: 10.1016/j.puhe.2017.04.016

8. Abbade EB. The relationships between obesity-increasing risk
factors for public health, environmental impacts, and health
expenditures worldwide. Manag Environ Qual Int J. (2018) 29:131-47.
doi: 10.1108/MEQ-08-2016-0058

9. Macdiarmid JI. Is a healthy diet an environmentally sustainable diet? Proc
Nutr Soc. (2013) 72:13-20. doi: 10.1017/S0029665112002893

10. McDermott RA. The carbon footprints of obesity, chronic disease and
population growth: four things doctors can do. Med J Aust. (2010) 192:531-2.
doi: 10.5694/j.1326-5377.2010.tb03620.x

11. Romieu I, Dossus L, Barquera S, Blottiére HM, Franks PW, Gunter M, et al.
Energy balance and obesity: what are the main drivers? Cancer Causes Control.
(2017) 28:247-58. doi: 10.1007/s10552-017-0869-z

12. World Health Organization. Obesity and Overweight. (2017). Available
online at: https://www.who.int/news-room/fact-sheets/detail/obesity-and-
overweight (accessed March 27, 2021).

13. Marrin DL. Reducing water and energy footprints via dietary changes among
consumers. Int ] Nutr Food Sci. (2014) 3:361. doi: 10.11648/}.ijnfs.20140305.11

14. Hoekstra AY, Chapagain AK. Water footprints of nations: water use by people
as a function of their consumption pattern. Water Resour Manag. (2007)
21:35-48. doi: 10.1007/s11269-006-9039-x

obesity:  longitudinal
(2017) 149:89-98.

of data, and critical revision of the manuscript. All authors read
and approved the submitted version of the manuscript.

ACKNOWLEDGMENTS

The authors thank the National Council for Science and
Technology (CONACYT) for the scholarship number 717186
(CVU 934420).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fnut.2021.
694775/ full#supplementary-material

Supplementary Materials show complementary information
for the article.

15. Hoekstra AY, Chapagain AK, Aldaya MM, Mekonnen MM. The Water
Footprint Assessment Manual: Setting the Global Standard. 1st Edn. London;
Washington, DC: Routledge (2012).

16. Lares-Michel M, Housni FE, Aguilera Cervantes VG. A quantitative
estimation of the water footprint of the Mexican diet, corrected
for washing and cooking water. (2021)  21:1160.
doi: 10.1007/s12571-021-01160-0

17. United Nations Food and Agriculture Organization. Livestock’s Long Shadow.
Enviromental Issues and Options. (2009). Available online at: http://www.fao.
org/3/a0701e/a0701e.pdf (accessed May 21, 2019).

18. Blas A, Garrido A, Willaarts BA. Evaluating the water footprint
of the mediterranean and American diets. Water. (2016) 8:448.
doi: 10.3390/w8100448

19. Rosi A, Mena P, Pellegrini N, Turroni S, Neviani E, Ferrocino I, et al.
Environmental impact of omnivorous, ovo-lacto-vegetarian, and vegan diet.
Sci Rep. (2017) 7:6105. doi: 10.1038/s41598-017-06466-8

20. Vanham D. The water footprint of Austria for different diets.
Water Sci Technol ] Int Assoc Water Pollut Res. (2013) 67:824-30.
doi: 10.2166/wst.2012.623

21. Vanham D, Mekonnen MM, Hoekstra AY. The water footprint of the EU for
different diets. Ecol Indic. (2013) 32:1-8. doi: 10.1016/j.ecolind.2013.02.020

22. Housni FE, Gonzilez CRM, Macias AM, Cervantes VGA. La antropologia
nutricional y el estudio de la dieta. Actual En Nutr. (2016) 17:87-93.
Available online at: http://www.revistasan.org.ar/pdf_files/trabajos/vol_17/
num_3/RSAN_17_3_87.pdf

23. Tom MS, Fischbeck PS, Hendrickson CT. Energy use, blue water footprint,
and greenhouse gas emissions for current food consumption patterns and
dietary recommendations in the US. Environ Syst Decis. (2016) 36:92-103.
doi: 10.1007/510669-015-9577-y

24. Vanham D, del Pozo S, Pekcan AG, Keinan-Boker L, Trichopoulou A,
Gawlik BM. Water consumption related to different diets in Mediterranean
cities. Sci Total Environ. (2016) 573:96-105. doi: 10.1016/j.scitotenv.2016.
08.111

25. Harris E Moss C, Joy EJM, Quinn R, Scheelbeek PFD, Dangour AD, et al.
The water footprint of diets: a global systematic review and meta-analysis. Adv
Nutr. (2020) 11:375-86. doi: 10.1093/advances/nmz091

26. Encuesta Nacional de Salud y Nutricion. Encuesta Nacional de Salud y
Nutricién. (2018). Available online at: https://ensanut.insp.mx/encuestas/
ensanut2018/informes.php (accessed January 27, 2021).

27. Mexico Chamber of Deputies. En Contexto. Dia mundial contra la obesidad.
Estudios e Investigaciones. Centros de Estudios Sociales y de Opinién Piiblica
(CESOP). (2016). Available online at: http://wwwb5.diputados.gob.mx/index.
php/camara/Centros-de- Estudio/ CESOP/Estudios-e-Investigaciones/En-
Contexto/(offset)/30 (accessed January 26, 2021).

28. Godinez Madrigal ], van der Zaag P, van Cauwenbergh N. A half-baked
solution: drivers of water crises in Mexico. Proc Int Assoc Hydrol Sci. (2018)
376:57-62. doi: 10.5194/piahs-376-57-2018

Food  Secur.

Frontiers in Nutrition | www.frontiersin.org

July 2021 | Volume 8 | Article 694775


https://www.frontiersin.org/articles/10.3389/fnut.2021.694775/full#supplementary-material
https://doi.org/10.1038/sj.ijo.0802614
https://doi.org/10.3945/ajcn.2010.29482
https://doi.org/10.1016/j.mce.2009.07.008
https://www.anmm.org.mx/publicaciones/Obesidad/obesidad.pdf
https://www.anmm.org.mx/publicaciones/Obesidad/obesidad.pdf
https://doi.org/10.3390/ijerph14040435
https://www.barillacfn.com/m/publications/obesity-impacts-health-society.pdf
https://www.barillacfn.com/m/publications/obesity-impacts-health-society.pdf
https://doi.org/10.1016/j.puhe.2017.04.016
https://doi.org/10.1108/MEQ-08-2016-0058
https://doi.org/10.1017/S0029665112002893
https://doi.org/10.5694/j.1326-5377.2010.tb03620.x
https://doi.org/10.1007/s10552-017-0869-z
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://doi.org/10.11648/j.ijnfs.20140305.11
https://doi.org/10.1007/s11269-006-9039-x
https://doi.org/10.1007/s12571-021-01160-0
http://www.fao.org/3/a0701e/a0701e.pdf
http://www.fao.org/3/a0701e/a0701e.pdf
https://doi.org/10.3390/w8100448
https://doi.org/10.1038/s41598-017-06466-8
https://doi.org/10.2166/wst.2012.623
https://doi.org/10.1016/j.ecolind.2013.02.020
http://www.revistasan.org.ar/pdf_files/trabajos/vol_17/num_3/RSAN_17_3_87.pdf
http://www.revistasan.org.ar/pdf_files/trabajos/vol_17/num_3/RSAN_17_3_87.pdf
https://doi.org/10.1007/s10669-015-9577-y
https://doi.org/10.1016/j.scitotenv.2016.08.111
https://doi.org/10.1093/advances/nmz091
https://ensanut.insp.mx/encuestas/ensanut2018/informes.php
https://ensanut.insp.mx/encuestas/ensanut2018/informes.php
http://www5.diputados.gob.mx/index.php/camara/Centros-de-Estudio/CESOP/Estudios-e-Investigaciones/En-Contexto/(offset)/30
http://www5.diputados.gob.mx/index.php/camara/Centros-de-Estudio/CESOP/Estudios-e-Investigaciones/En-Contexto/(offset)/30
http://www5.diputados.gob.mx/index.php/camara/Centros-de-Estudio/CESOP/Estudios-e-Investigaciones/En-Contexto/(offset)/30
https://doi.org/10.5194/piahs-376-57-2018
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles

Lares-Michel et al.

Water Footprint of Obesity

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Fund for communication and environmental education. Water in Mexico:
What We All Should Know. 1st ed. Mexico: Mexican Center for Environmental
Law A. C. (2006). Available online at: https://www.cemda.org.mx/wp-
content/uploads/2011/12/agua- mexico_001.pdf (accessed March 27, 2021).
National Water Commission. Groundwater Availability by Aquifer. (2015).
Available online at: https:/sigagis.conagua.gob.mx/gas1/sections/Edos/
jalisco/jalisco.html (accessed March 27, 2021).

Rivera JA, Pedraza LS, Aburto TC, Batis C, Sdanchez-Pimienta TG, Gonzélez
de Cosio T, et al. Overview of the dietary intakes of the mexican population:
results from the National Health and Nutrition Survey 2012. ] Nutr. (2016)
146:1851S—5S. doi: 10.3945/jn.115.221275

Encuesta Nacional de Salud y Nutricion de Medio Camino. Presentacion de
Resultados. ENSANUT. (2016). Available online at: https://ensanut.insp.mx/
encuestas/ensanut2016/informes.php (accessed January 27, 2021).

Instituto de Informacién Estadistica y Geogréfica de Jalisco. Poblacion por
entidad y municipios y edad desplegada segun sexo, 2015. IIEG. (2015).
Available online at: https://iieg.gob.mx/general.php?id=4&idg=45 (accessed
March 27, 2021).

Instituto Nacional de Estadistica y Geografia. National Institute of Statistic and
Geography. (2015). Available online at: https://iieg.gob.mx/general.php?id=4&
idg=45 (accessed March 27, 2021).

Suverza A, Haua K. El ABCD de la evaluacion del estado de nutricion. 1th ed.
McGraw-Hill (2010). Available online at: https://issuu.com/jcmamanisalinas/
docs/el_abed_de_la_evaluaci__n_del_estad (accessed January 27, 2021).
World Health Organization, Pan American Health Organization. Valoracién
Nutricional del Adulto Mayor. Washington, DC: World Health Organization,
Pan American Health Organization (2004). p. 57-70.

World Health Organization. Body Mass Index — IBM. (2018). Available online
at: https://www.euro.who.int/en/health-topics/disease- prevention/nutrition/
a-healthy-lifestyle/body- mass-index-bmi (accessed March 27, 2021).

Serafini M, Toti E. Unsustainability of obesity: metabolic food waste. Front
Nutr. (2016) 3:40. doi: 10.3389/fnut.2016.00040

Macedo-Ojeda G, Vizmanos-Lamotte B, Médrquez-Sandoval YE, Rodriguez-
Rocha NP, Lopez-Uriarte PJ, Fernandez-Ballart JD. Validation of a semi-
quantitative food frequency questionnaire to assess food groups and nutrient
intake. Nutr Hosp. (2013) 28:2212-20. doi: 10.3305/nh.2013.28.6.6887
Ledesma SJA, Chévez VA, Pérez-Gil RE Mendoza ME, Calvo CC.
Composicién de alimentos Miriam Mufioz de Chdvez Valor nutritivo de
los alimentos de mayor consumo. México: McGrawHill (2010). Available
online at: https://www.academia.edu/38372478/Composicion_de_alimentos_
booksmedicos_org 1_ (accessed March 27, 2021).

Pérez-Lizaur AB, Gonzélez BP, Castro Becerra AL, Flores Galicia I. Sistema
Mexicano de Alimentos Equivalentes. Mexico City: Ogali (2014).

Bourges Rodriguez H. La alimentacion y la nutricion en México. Comer Exter.
(2001) 51:897-904. Available online at: http://revistas.bancomext.gob.mx/rce/
magazines/31/6/RCE.pdf

Diaz Cordova D. Patrén alimentario, Cocina y Dieta: definiciones
antropolégicas desde una perspectiva teérica. Lants: Universidad Nacional de
Lanus (2010).

Germani A, Vitiello V, Giusti AM, Pinto A, Donini LM, del Balzo V.
Environmental and economic sustainability of the Mediterranean Diet. Int J
Food Sci Nutr. (2014) 65:1008-12. doi: 10.3109/09637486.2014.945152
Vanham D, Mak TN, Gawlik BM. Urban food consumption and associated
water resources: the example of Dutch cities. Sci Total Environ. (2016)
565:232-9. doi: 10.1016/j.scitotenv.2016.04.172

Lichtman SW, Pisarska K, Berman ER, Pestone M, Dowling H, Offenbacher
E, et al. Discrepancy between self-reported and actual caloric intake
and exercise in obese subjects. N Engl ] Med. (1992) 327:1893-8.
doi: 10.1056/NEJM199212313272701

Murakami K, Livingstone MBE. Greenhouse gas emissions of self-selected
diets in the UK and their association with diet quality: is energy under-
reporting a problem? Nutr J. (2018) 17:27. doi: 10.1186/s12937-018-0338-x
Macdiarmid ], Blundell J. Assessing dietary who, what
and why of under-reporting. Nutr Res Rev. 11:231-253.
doi: 10.1079/NRR19980017

Huang TT-K, Roberts SB, Howarth NC, McCrory MA. Effect of screening
out implausible energy intake reports on relationships between diet and BMIL.
Obes Res. (2005) 13:1205-17. doi: 10.1038/0by.2005.143

intake:
(1998)

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Howarth NC, Huang TT-K, Roberts SB, Lin B-H, McCrory MA. Eating
patterns and dietary composition in relation to BMI in younger and older
adults. Int ] Obes. (2007) 31:675-84. doi: 10.1038/sj.ij0.0803456

Pérez-Lizaur AB. Desarrollo del Plan alimentario. In: Pérez-Lizaur AB,
Garcia-Campos M, editors. Dietas normales y terapéuticas: los alimentos en
la salud y la enfermedad. México: McGrawHill Education (2014). p. 1-14.
IPAQ. IPAQ scoring protocol - International Physical Activity Questionnaire.
(2016). Available online at: https://sites.google.com/site/theipaq/scoring-
protocol (accessed January 27, 2021).

Mekonnen MM, Hoekstra AY. The green, blue and grey water footprint
of crops and derived crop products. Volume 2: Appendices. Research Report
Series No. 47. UNESCO -IHE. Institute for Water Education. (2010).
Available online at: https://waterfootprint.org/media/downloads/Report47-
WaterFootprintCrops- Vol2_1.pdf (accessed May 8, 2019).

Mekonnen MM, Hoekstra AY. The Green, Blue and Grey Water Footprint
of Crops and Derived Crop Products. Volume 1: Main Report. Research
Report Series No. 47. Paises Bajos: UNESCO -IHE. Institute for Water
Education. (2010). Available online at: https://www.waterfootprint.org/
media/downloads/Report47WaterFootprintCropsVoll.pdf (accessed May 8,
2019).

Mekonnen MM, Hoekstra AY. The Green, Blue and Grey Water Footprint of
Farm Animals and Animal Products. Volume 1: Main Report. Research Report
Series No. 48. Paises Bajos: UNESCO -IHE. Institute for Water Education.
(2010). Available online at: https://waterfootprint.org/media/downloads/
Report-48-WaterFootprint- AnimalProducts- Voll_1.pdf (accessed May 8,
2019).

Mekonnen MM, Hoekstra AY. The Green, Blue and Grey Water Footprint
of Farm Animals and Animal Products. Volume 2: Appendices. Research
Report Series No. 48. UNESCO -THE. Institute for Water Education (2010).
Available online at: https://waterfootprint.org/media/downloads/Report-48-
WaterFootprint- AnimalProducts- Vol2_1.pdf (accessed May 8, 2019).
Mekonnen MM, Hoekstra AY. The green, blue and grey water footprint of
crops and derived crop products. Hydrol Earth Syst Sci. (2011) 15:1577-600.
doi: 10.5194/hess-15-1577-2011

Mekonnen MM, Hoekstra AY. A global assessment of the water
footprint of farm animal products. Ecosystems. (2012) 15:401-15.
doi: 10.1007/s10021-011-9517-8

Rivera Dommarco J, Pérez Lizaur AB, Batis Ruvalcaba C, Zendejas Vela
D. Consumir porciones recomendadas de alimentos segtin la edad. In:
Bonvecchio Arenas A, Fernandez-Graxiola AC, Plazas Belausteguigoitia M,
Kaufer-Horwitz M, Pérez-Lizaur AB, Rivera Dommarco J, et al. editors. Guias
alimentarias y de actividad fisica: en contexto de sobrepeso y obesidad en la
poblacién mexicana: documento de postura. Mexico: Intersistemas S.A. de C.
V. authorized by Academia Nacional de Medicina (2015). p. 63-75.
Pi-Sunyer FX. Obesity: criteria and classification. Proc Nutr Soc. (2000)
59:505-9. doi: 10.1017/S0029665100000732

World Health Organization. Waist Circumference and Waist-Hip Ratio:
Report of a WHO Expert Consultation, Geneva, 8-11 December 2008. Geneva:
World Health Organization (2011).

Official Gazette of the Federation. Norma Oficial Mexicana NOM-043-SSA2-
2012, Servicios bdsicos de salud. Promocion y educacién para la salud en
materia alimentaria. Criterios para brindar orientacion. Secretaria de Salud.
(2013). Available online at: http://dif.slp.gob.mx/descargas/normatividad/
NOM-043-2012.pdf (accessed, June 20, 2019).

Macedo-Ojeda G, Marquez-Sandoval F, Fernandez-Ballart J, Vizmanos B. The
reproducibility and relative validity of a Mexican Diet Quality Index (ICDMx)
for the assessment of the habitual diet of adults. Nutrients. (2016) 8:90516:
doi: 10.3390/nu8090516

Ministry of Health of Mexico. Grupos de alimentos y patrones de alimentacion
saludables para la prevencién de enfermedades adultos y pedidtricos 1, 2, 3er
Nivel de Atencién. México: Centro Nacional de Excelencia Tecnoldgica en
Salud (CENETEC) (2016). Available online at: http://www.cenetec.salud.gob.
mx/descargas/gpc/CatalogoMaestro/IMSS22516Gruposalimentos/225GRR.
pdf (accessed June 20, 2019).

Rivera Dommarco JA, Mufioz-Herndndez O, Rosas-Peralta M, Aguilar-
Salinas C, Popkin B, Willett W. Consumo de bebidas para una vida saludable:
recomendaciones para la poblacién mexicana. Salud Publica Mex (2008). p. 50.
Available online at: http://www.scielo.org.mx/pdf/spm/v50n2/11.pdf

Frontiers in Nutrition | www.frontiersin.org

July 2021 | Volume 8 | Article 694775


https://www.cemda.org.mx/wp-content/uploads/2011/12/agua-mexico_001.pdf
https://www.cemda.org.mx/wp-content/uploads/2011/12/agua-mexico_001.pdf
https://sigagis.conagua.gob.mx/gas1/sections/Edos/jalisco/jalisco.html
https://sigagis.conagua.gob.mx/gas1/sections/Edos/jalisco/jalisco.html
https://doi.org/10.3945/jn.115.221275
https://ensanut.insp.mx/encuestas/ensanut2016/informes.php
https://ensanut.insp.mx/encuestas/ensanut2016/informes.php
https://iieg.gob.mx/general.php?id=4&idg=45
https://iieg.gob.mx/general.php?id=4&idg=45
https://iieg.gob.mx/general.php?id=4&idg=45
https://issuu.com/jcmamanisalinas/docs/el_abcd_de_la_evaluaci__n_del_estad
https://issuu.com/jcmamanisalinas/docs/el_abcd_de_la_evaluaci__n_del_estad
https://www.euro.who.int/en/health-topics/disease-prevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi
https://www.euro.who.int/en/health-topics/disease-prevention/nutrition/a-healthy-lifestyle/body-mass-index-bmi
https://doi.org/10.3389/fnut.2016.00040
https://doi.org/10.3305/nh.2013.28.6.6887
https://www.academia.edu/38372478/Composicion_de_alimentos_booksmedicos_org_1_
https://www.academia.edu/38372478/Composicion_de_alimentos_booksmedicos_org_1_
http://revistas.bancomext.gob.mx/rce/magazines/31/6/RCE.pdf
http://revistas.bancomext.gob.mx/rce/magazines/31/6/RCE.pdf
https://doi.org/10.3109/09637486.2014.945152
https://doi.org/10.1016/j.scitotenv.2016.04.172
https://doi.org/10.1056/NEJM199212313272701
https://doi.org/10.1186/s12937-018-0338-x
https://doi.org/10.1079/NRR19980017
https://doi.org/10.1038/oby.2005.143
https://doi.org/10.1038/sj.ijo.0803456
https://sites.google.com/site/theipaq/scoring-protocol
https://sites.google.com/site/theipaq/scoring-protocol
https://waterfootprint.org/media/downloads/Report47-WaterFootprintCrops-Vol2_1.pdf
https://waterfootprint.org/media/downloads/Report47-WaterFootprintCrops-Vol2_1.pdf
https://www.waterfootprint.org/media/downloads/Report47WaterFootprintCropsVol1.pdf
https://www.waterfootprint.org/media/downloads/Report47WaterFootprintCropsVol1.pdf
https://waterfootprint.org/media/downloads/Report-48-WaterFootprint-AnimalProducts-Vol1_1.pdf
https://waterfootprint.org/media/downloads/Report-48-WaterFootprint-AnimalProducts-Vol1_1.pdf
https://waterfootprint.org/media/downloads/Report-48-WaterFootprint-AnimalProducts-Vol2_1.pdf
https://waterfootprint.org/media/downloads/Report-48-WaterFootprint-AnimalProducts-Vol2_1.pdf
https://doi.org/10.5194/hess-15-1577-2011
https://doi.org/10.1007/s10021-011-9517-8
https://doi.org/10.1017/S0029665100000732
http://dif.slp.gob.mx/descargas/normatividad/NOM-043-2012.pdf
http://dif.slp.gob.mx/descargas/normatividad/NOM-043-2012.pdf
https://doi.org/10.3390/nu8090516
http://www.cenetec.salud.gob.mx/descargas/gpc/CatalogoMaestro/IMSS22516Gruposalimentos/225GRR.pdf
http://www.cenetec.salud.gob.mx/descargas/gpc/CatalogoMaestro/IMSS22516Gruposalimentos/225GRR.pdf
http://www.cenetec.salud.gob.mx/descargas/gpc/CatalogoMaestro/IMSS22516Gruposalimentos/225GRR.pdf
http://www.scielo.org.mx/pdf/spm/v50n2/11.pdf
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles

Lares-Michel et al.

Water Footprint of Obesity

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Abbade EB. Environmental impacts of food supply and obesogenic severity
worldwide. Br Food J. (2015) 117:2863-79. doi: 10.1108/BFJ-12-2014-0404
An R, Ji M, Zhang S. Global warming and obesity: a systematic review. Obes
Rev Off ] Int Assoc Study Obes. (2018) 19:150-63. doi: 10.1111/0br.12624
Edwards P, Roberts I. Population adiposity and climate change. Int J
Epidemiol. (2009) 38:1137-40. doi: 10.1093/ije/dyp172

Lewandowsky S, Albrecht G. Ecological Footprint Analysis and Obesity.
Shaping Tomorrows World. (2011). Available online at: http://www.
shapingtomorrowsworld.org/ecoprintobesity.html (accessed September 10,
2019).

Srinivasan V, Lambin EFE, Gorelick SM, Thompson BH, Rozelle S. The nature
and causes of the global water crisis: syndromes from a meta-analysis of
coupled human-water studies. Water Resour Res. (2012) 48:2011WR011087.
doi: 10.1029/2011WR011087

Guerrero MV. Agua, el recurso mds valioso. ;Cémo ves? Revista de divulgacién
de la Ciencia de la UNAM. (2006). p. 88. Available online at: http://
WWW.comoves.unam.mx/assets/revista/88/agua-el-recurso- mas-valioso.pdf
(accessed September 10, 2019).

Constantino-Toto RM, Montero D. Water footprint of bottled drinks and
food security. In Pérez-Espejo R, Constantino-Toto RM, Davila-Ibafiez HR,
Water, Food and Welfare: Water Footprint as a Complementary Approach
to Water Management in Mexico SpringerBriefs in Environment, Security,
Development and Peace. Cham: Springer International Publishing (2016). p.
229-39. doi: 10.1007/978-3-319-28824-6_20

Macdiarmid JI, Kyle J, Horgan GW, Loe ], Fyfe C, Johnstone A, et al.
Sustainable diets for the future: can we contribute to reducing greenhouse
gas emissions by eating a healthy diet? Am J Clin Nutr. (2012) 96:632-9.
doi: 10.3945/ajcn.112.038729

Willett W, Rockstrom ], Loken B, Springmann M, Lang T, Vermeulen
S, et al. Food in the anthropocene: the EAT-Lancet Commission on
healthy diets from sustainable food systems. Lancet. (2019) 393:447-92.
doi: 10.1016/S0140-6736(18)31788-4

Vanham D, Guenther S, Ros-Bar6 M, Bach-Faig A. Which diet has the lower
water footprint in Mediterranean countries? Resour Conserv Recycl. (2021)
171:105631. doi: 10.1016/j.resconrec.2021.105631

Macdiarmid JI, Douglas F, Campbell J. Eating like there’s no tomorrow:
public awareness of the environmental impact of food and reluctance to
eat less meat as part of a sustainable diet. Appetite. (2016) 96:487-93.
doi: 10.1016/j.appet.2015.10.011

World Health Organization/Food and Agriculture Organization. Diet,
nutrition and the prevention of chronic diseases. Report of a Joint WHO/FAO
expert consultation. WHO Technical Report Series. Geneva: WHO (2003).
Steiner G, Geissler B, Schernhammer ES. Hunger and obesity as symptoms
of non-sustainable food systems and malnutrition. Appl Sci. (2019) 9:1062.
doi: 10.3390/app9061062

Fernandez-Gaxiola AC, Bonvecchio Arenas A, Plazas Belausteguigoitia M,
Kaufer-Horwitz M, Pérez-Lizaur AB, Rivera Dommarco J. Guias alimentarias
y de actividad fisica: en contexto de sobrepeso y obesidad en la poblacion
mexicana : documento de postura. Academia Nacional de Medicina (2015).
Grasso AC, Olthof MR, van Dooren C, Roca M, Gili M, Visser M, et al.
Effect of food-related behavioral activation therapy on food intake and the
environmental impact of the diet: results from the MooDFOOD prevention
trial. Eur J Nutr. (2020) 59:2579-91. doi: 10.1007/s00394-019-02106-1

81.

82.

83.

85.

86.

87.

88.

89.

90.

91.

92.

Valerino-Perea S, Lara-Castor L, Armstrong MEG, Papadaki A. Definition
of the traditional Mexican diet and its role in health: a systematic review.
Nutrients. (2019) 11:2803. doi: 10.3390/nu11112803

Fanzo ], Bellows AL, Spiker ML, Thorne-Lyman AL, Bloem MW. The
importance of food systems and the environment for nutrition. Am J Clin
Nutr. (2020) 113:7-16. doi: 10.1093/ajcn/nqaa313

Almaguer Gonzélez J, Garcia Ramirez H, Padilla Mirazo M, Gonzalez Ferral
M. La dieta de la milpa Modelo de atencion Meso Americana Saludable y
Culturalmente Pertinente. (2019). Available online at: https://drive.google.
com/file/d/1n05pSVGY09FIzZWI1Rt81Zk_6JKIPR]T/view?usp=sharing&
usp=embed_facebook (accessed September 20, 2019).

. Bach-Faig A, Berry EM, Lairon D, Reguant J, Trichopoulou A, Dernini S,

et al. Mediterranean diet pyramid today. Science and cultural updates. Public
Health Nutr. (2011) 14:2274-84. doi: 10.1017/S1368980011002515
Aleksandrowicz L, Green R, Joy EJM, Smith P, Haines A. The impacts
of dietary change on greenhouse gas emissions, land use, water use,
and health: a systematic review. PLoS ONE. (2016) 11:e0165797.
doi: 10.1371/journal.pone.0165797

Jarmul S, Dangour AD, Green R, Liew Z, Haines A, Scheelbeek PF.
Climate change mitigation through dietary change: a systematic review
of empirical and modelling studies on the environmental footprints and
health effects of “sustainable diets.” Environ Res Lett. (2020) 15:123014.
doi: 10.1088/1748-9326/abc2f7

Reinhardt SL, Boehm R, Blackstone NT, El-Abbadi NH, McNally Brandow JS,
Taylor SE, et al. Systematic review of dietary patterns and sustainability in the
United States. Adv Nutr. (2020) 11:1016-31. doi: 10.1093/advances/nmaa026
Birney CI, Franklin KF, Davidson FT, Webber ME. An assessment of
individual foodprints attributed to diets and food waste in the United States.
Environ Res Lett. (2017) 12:105008. doi: 10.1088/1748-9326/aa8494
Mekonnen MM, Fulton J. The effect of diet changes and food loss reduction
in reducing the water footprint of an average American. Water Int. (2018)
43:860-70. doi: 10.1080/02508060.2018.1515571

Rehkamp S, Canning P. Measuring embodied blue water in american
diets: an EIO supply chain approach. Ecol Econ. (2018) 147:179-88.
doi: 10.1016/j.ecolecon.2017.12.028

Fatima SS, Rehman R, Chaudhry B. Body Mass Index or body fat! Which
is a better obesity scale for Pakistani population? ] Pakistan Med Assoc.
(2014) 64:11. Available online at: http://jpma.org.pk/PdfDownload/7062.pdf
Chen C, Chaudhary A, Mathys A. Dietary change scenarios and implications
for environmental, nutrition, human health and economic dimensions of food
sustainability. Nutrients. (2019) 11:40856. doi: 10.3390/nu11040856

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Lares-Michel, Housni, Aguilera Cervantes, Carrillo, Michel Nava
and Llanes Caiiedo. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Nutrition | www.frontiersin.org

18

July 2021 | Volume 8 | Article 694775


https://doi.org/10.1108/BFJ-12-2014-0404
https://doi.org/10.1111/obr.12624
https://doi.org/10.1093/ije/dyp172
http://www.shapingtomorrowsworld.org/ecoprintobesity.html
http://www.shapingtomorrowsworld.org/ecoprintobesity.html
https://doi.org/10.1029/2011WR011087
http://www.comoves.unam.mx/assets/revista/88/agua-el-recurso-mas-valioso.pdf
http://www.comoves.unam.mx/assets/revista/88/agua-el-recurso-mas-valioso.pdf
https://doi.org/10.1007/978-3-319-28824-6_20
https://doi.org/10.3945/ajcn.112.038729
https://doi.org/10.1016/S0140-6736(18)31788-4
https://doi.org/10.1016/j.resconrec.2021.105631
https://doi.org/10.1016/j.appet.2015.10.011
https://doi.org/10.3390/app9061062
https://doi.org/10.1007/s00394-019-02106-1
https://doi.org/10.3390/nu11112803
https://doi.org/10.1093/ajcn/nqaa313
https://drive.google.com/file/d/1n05pSVGY09FlzW91Rt8IZk_6JKIPRJT/view?usp=sharing&usp=embed_facebook
https://drive.google.com/file/d/1n05pSVGY09FlzW91Rt8IZk_6JKIPRJT/view?usp=sharing&usp=embed_facebook
https://drive.google.com/file/d/1n05pSVGY09FlzW91Rt8IZk_6JKIPRJT/view?usp=sharing&usp=embed_facebook
https://doi.org/10.1017/S1368980011002515
https://doi.org/10.1371/journal.pone.0165797
https://doi.org/10.1088/1748-9326/abc2f7
https://doi.org/10.1093/advances/nmaa026
https://doi.org/10.1088/1748-9326/aa8494
https://doi.org/10.1080/02508060.2018.1515571
https://doi.org/10.1016/j.ecolecon.2017.12.028
http://jpma.org.pk/PdfDownload/7062.pdf
https://doi.org/10.3390/nu11040856
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles

	Eat Well to Fight Obesity… and Save Water: The Water Footprint of Different Diets and Caloric Intake and Its Relationship With Adiposity
	Introduction
	Materials and Methods
	Subjects
	Body Composition and Anthropometry
	Dietary and Caloric Intake Assessment
	Identification of Energy Intake Under-Reporters
	Calculation of the Water Footprint
	Water Footprint Variations According to Adherence to Dietary Recommendations and Adiposity
	Healthy Diets Water Footprint
	Water Footprint According to Adiposity
	Water Footprint Variations Due to Adherence to Dietary Recommendations

	Statistical Analysis
	Ethics Considerations

	Results
	Sample Characteristics
	Water Footprint of the Diet and Caloric Intake
	Water Footprint Variation as Function of Adiposity
	Water Footprint by Adherence to Dietary Recommendations

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Acknowledgments
	Supplementary Material
	References


