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High nutritional quality is not associated with low greenhouse gas
emissions in self-selected diets of French adults1–3

Florent Vieux, Louis-Georges Soler, Djilali Touazi, and Nicole Darmon

ABSTRACT
Background: Healthy diets are supposed to be more environmentally
friendly because they rely mainly on plant-based foods, which have
lower greenhouse gas emissions (GHGEs) per unit weight than do
animal-based foods.
Objectives: The objectives were to estimate the GHGEs associated
with the consumption of self-selected diets in France and to analyze
their relation with the nutritional quality of diets.
Design: For each adult in the national dietary Individual and Na-
tional Survey on Food Consumption (n = 1918), the GHGEs of his
or her diet were estimated based on the GHGEs of 391 foods. Highest-
nutritional-quality diets were defined as those having simultaneously
1) an energy density below the median, 2) a mean adequacy ratio
(MAR) above the median, and 3) a mean excess ratio (MER, percent-
age of maximum recommended values for nutrients for which intake
should be limited) below the median.
Results: MAR was positively correlated and MER was negatively
correlated with diet-related GHGEs. High-nutritional-quality diets
contained more plant-based foods, notably fruit and vegetables, and
fewer sweets and salted snacks than did low-quality diets. After
adjustment for age, sex, and energy intake, the consumption of sweets
and salted snacks was negatively correlated with diet-related GHGEs,
whereas the consumption of animal products and of fruit and vegeta-
bles was positively associated with them. After adjustment for energy
intake, high-nutritional-quality diets had significantly higher GHGEs
(+9% and +22% for men and women, respectively) than did low-
nutritional-quality diets.
Conclusion: Despite containing large amounts of plant-based
foods, self-selected diets of the highest nutritional quality are
currently not those with the lowest diet-related GHGEs. Am J
Clin Nutr 2013;97:569–83.

INTRODUCTION

The food sector contributesw15–30% of total greenhouse gas
emissions (GHGEs)4 in developed countries (1–4). Food con-
sumption is therefore considered an important driver of climate
change and changing the diets as a way of reducing GHGEs. In
particular, reducing meat consumption in high-income countries
has been proposed as a good way to reduce food-related GHGEs
while simultaneously improving health (5–7). Indeed, the pro-
duction of animal products, particularly red meat from rumi-
nants, uses more energy and generates more GHGEs than does
that of plant-based products (3, 8). Moreover, red meat is suspected
to have a causal influence on colorectal cancer (9) and other forms
of cancers (10) and may be associated with cardiovascular diseases

because of its high cholesterol and SFA contents (11). Thus, it is
now widely accepted that a global shift toward plant-based diets
would have a favorable effect on both the environment and health
(12, 13). In addition, vegetarian meals and diets have consistently
been shown to have less of an environmental impact than omniv-
orous ones (14–18). However, meat, fish, and dairy products are
unique sources of specific and essential nutrients, and a reduction
of their consumption raises many nutritional challenges (19).

Sustainable diets have been defined by the FAO as “diets
protective and respectful of biodiversity and ecosystems, cul-
turally acceptable, accessible, economically fair and affordable;
nutritionally adequate, safe and healthy; while optimizing natural
and human resources” (20). Accordingly, the FAO recommends
giving due consideration to sustainability when developing food-
based dietary guidelines and policies and acknowledges the need
for studies demonstrating the synergies between the different di-
mensions of sustainability (20). The aim of the current study was
therefore to analyze in detail the relation between the nutritional
quality of self-selected diets and their associated GHGEs. To ac-
count for the actual diversity of food-consumption patterns in
France, data from the latest dietary survey conducted among
a representative sample of the French adult population were
used (21). The daily GHGEs of each diet were estimated on
the basis of the GHGEs of several hundred foods consumed in this
population (22). The estimated GHGEs of diets were correlated
with the consumption of food groups and with indicators of nu-
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tritional quality. Then, to avoid a priori assumptions about the food
content of high and low-nutritional-quality diets, a way of clas-
sifying them that only relied on their energy density (ED) and their
nutrient contents was specifically developed for this study. The
daily GHGEs of diets of increasing nutritional quality according to
this classification were compared.

SUBJECTS AND METHODS

Population sample and dietary data

The dietary data used in the current study were derived from
the 7-d food records of a nationally representative random sample
of adults (n = 2624; age . 18 y) participating in the Individual
and National Survey on Food Consumption, a cross-sectional
dietary survey conducted in 2006–2007 by the French Agency
for Food, Environmental and Occupational Health Safety (21).
The sampling method used was that of 3-stage stratified random
sampling (23). To ensure the representativeness of the sample,
a statistical adjustment was made for region, town size, age, sex,
occupation of the household head, household size, and seasonal
variables. After the exclusion of underreporters with the use of
standard procedures, the current analysis was conducted on
a final sample of 1918 adults (776 men and 1142 women). All of
the foods declared as consumed by the participants during the
survey (n = 1314 foods and beverages, including water) were
listed in a survey-associated food database giving the nutritional
composition of each food. The foods were aggregated into 10
main food groups (and 37 food families) as follows: starchy
foods (refined grains and unrefined starches such as whole
grains, potatoes, and legumes), fruit and vegetables (including
fruit juices and nuts); dairy products (milk, fresh dairy products,
and cheese); fats (animal and vegetable); fish (including shell-
fish); ruminant meat (such as beef and lamb); pork, poultry, and
eggs (including pork meat and deli meat such as bacon or sau-
sage); drinks (including water, alcohol, and hot and light drinks);
a group containing (animal-based and plant-based) mixed dishes;
and a group containing sweets and salted snacks (including sweet
drinks).

Total diet weight, total energy intakes, and nutrient intakes
were calculated on a daily basis for each participant, based on the
list of foods and beverages that he or she recorded and the energy
and nutrient contents of the foods consumed. The total intake of
plant-based products was also calculated as the sum of the intakes
of the fruit and vegetables food group, the starches food group,
plus plant-based mixed dishes (within the mixed dishes food
group) and vegetable fats (within the fats food group).

Three indicators of nutritional quality

The mean adequacy ratio (MAR), the mean excess ratio (MER),
and the dietary ED were used as nutritional-quality indicators
and were estimated without including nutrients from alcoholic
beverages.

The MAR was used as an indicator of good nutritional quality,
because it has been repeatedly shown to be positively associated
with other indexes of dietary quality (24–30) and with health
indicators (31, 32). In the current study, the MAR was calculated
for the diet of each individual as the mean percentage of daily
recommended intakes for 20 key nutrients (namely proteins,

fiber, retinol equivalents, thiamine, riboflavin, niacin, vitamin
B-6, folates, vitamin B-12, ascorbic acid, vitamin E, vitamin D,
calcium, potassium, iron, magnesium, zinc, copper, iodine, and
selenium) as follows:

MAR ¼ 1

20
3

X20
bn¼1

intakebn
RDAbn

3 100 ð1Þ

where intakebn is the daily intake of each beneficial nutrient bn,
and RDAbn is the French Recommended Dietary Allowance (33)
for that nutrient, taking into account the age and sex of the
individual. As originally proposed (34, 35), each ratio (100 3
intakebn/RDAbn) was truncated at 100, so that a high intake
of one nutrient could not compensate for the low intake of
another.

We developed the MER by analogy with the MAR and used it
as an indicator of bad nutritional quality. The MER was cal-
culated for each diet as the mean daily percentage of maximum
recommended values (MRVs) for 3 harmful nutrients (hn), namely
SFAs, sodium, and free sugars, as follows:

MER ¼
�
1

3
3

� X3
hn¼1

intakehn
MRVhn

3 100

��
2 100 ð2Þ

The term free sugars refers to added sugars plus sugars nat-
urally present in honey, syrups, and fruit juices (36). The MRVs
for SFAs and free sugars corresponded to 10% of a standard
energy intake of 2000 kcal, ie, 22.2 and 50 g, respectively.
The MRV for sodium was 3153 mg and corresponded to a daily
intake of 8 g NaCl. Each ratio (1003 intakehn/MRVhn),100 was
set to 100, so that a low intake of one harmful nutrient could not
compensate for the high intake of another.

Dietary ED was used as an indicator of bad nutritional quality
because diets with a low ED have been shown to have a good
overall nutritional quality (37, 38) and because decreasing the ED
of the diet is recommended by several public health authorities to
prevent obesity and obesity-associated disease conditions (39,
40). Diet weight (in g) and energy intake (in kcal) were calculated
for each individual by summing the edible weight and the energy
content of the foods consumed by that person. Dietary ED (in
kcal/100 g diet) was then calculated by dividing energy intake by
diet weight. As proposed by Ledikwe et al (41), only items
typically consumed as foods, including soups, were included
in the calculation of ED, whereas foods typically consumed
as beverages, such as milk, juices, and other drinks, were
excluded.

Four classes of nutritional quality

A method for classifying individuals based on the nutritional
quality of their diets was specifically developed for this study.
The 3 indicators of nutritional quality described above were
calculated for each diet. Individuals were then ranked according
to the values of the 3 indicators compared with their observed
sex-specific median. A high-nutritional-quality diet was defined
as a diet complying with the 3 following nutritional properties:
MAR above the median, MER below the median, and dietary
ED below the median. Diets complying with the 3 properties
were allocated to the “High” nutritional quality class, whereas
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those complying with only 2, 1, or 0 of these properties were

allocated to the “Intermediate +” (I+), the “Intermediate –” (I2),

and the “Low” nutritional-quality classes, respectively. Therefore,

each individual diet was classified into 1 of 4 possible sex-specific

classes of nutritional quality.

Estimation of diet-related GHGEs

The estimation of diet-related GHGEs was based on a selection
of foods. Within each food family, foods with the highest per-
centage of consumers were selected as representative of the food
family, which resulted in a list of 391 widely consumed foods.
Then, an environment consultancy—Greenext—assigned values
for GHGEs to the 391 foods. Life cycle analysis as recom-
mended by the International Organization for Standardization
14040-44 (42) norms and by the French regulation BP X 30–323
(43), ie, from cradle to grave, was used to assess the GHGE
value for each selected food. The assessment included all the
recommended steps, except for transportation by consumers
from the retail centers to home, by using a range of life cycle
inventory databases (eg, Ecoinvent data for primary agricultural
goods). The final GHGEs value reflected the average food product
as consumed on the French market and took into account the
different geographic sources of the product. The Greenext
method is presented in more detail on their website (http://www.
greencode-info.fr/index.html). Data were expressed as grams of
CO2 equivalent per 100 g of edible part (g CO2e/100 g) of the
food, ie, once the changes in weight associated with the trim-
ming or cooking processes had been taken into account with use
of the appropriate conversion factors (44).

Although the 391 selected foods were highly consumed, they
do not represent the totality of food intakes. We therefore de-
veloped a way of calculating diet-related GHGEs that took into
account the restricted number of foods in the GHGE food da-
tabase, to correct for the undercoverage of total food intake. For
each individual, total diet-related GHGEs were estimated as
shown in Equations 3–5, where i is the individual, j is the food
family, h is the representative food, GHGEi is the diet-related
GHGE of individual i (in g CO2e), Qij is the quantity consumed
of food family j by individual i, GHGEij is the individual (i)
GHGE of food family j (in g CO2e/g), Nij is the number of
representative foods consumed by individual i in food family j,
Wj

ihis the weighting factor associated with a representative food h
in a food family j for individual i, GHGEh is the GHGE of

representative food h (per gram), Qih is the quantity consumed
of representative food h by individual i, Nj is the number of
representative foods in food family j, Wj

his the weighting
factor associated with a representative food h in a food family
j, and Qnh is the quantity consumed of representative food h by
individual n in the population.

For each individual and each food family, the total quantity
consumed was calculated and multiplied by an estimated food
family–related GHGE (expressed in g CO2e/g). There were 2
possible cases in the estimation of food family–related GHGEs:
they were calculated individually if the individual consumed at
least one representative food in the food family [first case
(Equation 4)], or they were based on the consumption of the
representative foods in the population [second case (Equation 5)].
In the first case, the individual weighting factor associated with

GHGEij ¼

PNij

h¼1 W
j
ih 3GHGEh with Wj

ih ¼ QihPNij

h¼1
Qih

if Nij � 1

PNj

h¼1 W
j
h 3GHGEh with Wj

h ¼
P1918

n¼1
QnhPNj

h¼1

P1918

n¼1
Qnh

3GHGEh if Nij ¼ 0 j8>><
>>:

ð4Þ
ð5Þ

TABLE 1

Simple and partial Pearson correlations between diet-related GHGEs (in g

CO2e/d) and the 3 indicators of nutritional quality (MAR, MER, and ED)

in adults (n = 1918) participating in INCA21

MAR MER ED GHGEs

MAR

Univariate 0.432 20.152 0.622

Age and sex adjusted 0.422 20.202 0.602

Age, sex, and energy adjusted 20.272 20.552 0.272

MER

Univariate 0.452 0.532

Age and sex adjusted 0.352 0.462

Age, sex, and energy adjusted 0.242 20.142

ED

Univariate 0.04

Age and sex adjusted 20.063

Age, sex, and energy adjusted 20.332

1Means (95% CIs): MAR: 82 (82, 83) %; MER: 35 (33, 37) %; ED: 167

(165, 168) kcal/100 g; GHGEs: 4092 (4029, 4155) g CO2e/d. MAR (%

adequacy/d) was defined as the mean daily percentage recommended intakes

for 20 essential nutrients; MER (% excess/d) was defined as the mean daily

percentage of maximum recommended values for nutrients for which the

intake should be limited; ED (kcal/100 g) was calculated according to

Ledikwe et al (41) as the ratio between total energy intake and the intake

of food only (ie, excluding beverages). CO2e, carbon dioxide equivalent; ED,

energy density; GHGEs, greenhouse gas emissions; INCA2, Individual and

National Survey on Food Consumption; MAR, mean adequacy ratio; MER,

mean excess ratio.
2 P , 0.0001.
3 P = 0.0147.

GHGEi ¼
X37
j¼1

Qij 3GHGEij ð3Þ

with
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each representative food consumed in a given food family (Wj
ih)

was estimated as the ratio of the individual consumption of the
representative food to the individual consumption of all represen-
tative foods within a food family. In the second case, the weighting
factor (Wj

h) associated with a given representative food was esti-
mated based on the entire population by the ratio between total
consumption of this food and total consumption of all the repre-
sentative foods included in a food family. This weighting factor
was thus the same for all the individuals consuming a food family
without consuming a representative food in this food family. The
actual quantity consumed by each individual of each food family

(ie, Qij in the equation) was used to calculate diet-related GHGEs,
which enabled us to estimate the GHGEs associated with total food
intake.

Statistical analysis

The relations between diet-related GHGEs and other dietary
variables (energy, weight, MAR, MER, ED, and food group
intakes) were tested by using both simple and partial (adjustment
for age, sex, and energy intakes) Pearson correlation coefficients.
The average nutrient intakes, the food group intakes, and the

FIGURE 1.Mean GHGEs related to the consumption, of 100 g (gray bars) or of 100 kcal (black bars), of each food group by adults (n = 1918) participating
in INCA2. Vertical lines represent 95% CIs. CO2e, carbon dioxide equivalent; GHGEs, greenhouse gas emissions; INCA2, Individual and National Survey on
Food Consumption.

FIGURE 2. Partial (age-, sex-, and energy-adjusted) Pearson correlations between diet-related greenhouse gas emissions and the consumption of each
food group by adults (n = 1918) participating in the Individual and National Survey on Food Consumption. All coefficients are significantly different
from 0, P , 0.001.
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diet-related GHGEs were estimated for the 4 sex-specific nutri-
tional classes. Then, comparisons of means among the 4 classes
and tests for linear trends were performed by using regression
analysis for sample survey data for men and women separately. In
additional analyses, diet-related GHGEs were adjusted for energy

or total diet weight intakes with the SASSURVEYREGprocedure,
which performs regression analysis for sample survey data, fits linear
models, and computes regression coefficients. An a-level of 0.05
was used to determine statistical significance. Statistical analyses
were performed by using SAS software version 9.2 (SAS Institute).

FIGURE 3.Weights and GHGEs of the food groups consumed by men (n = 776) and women (n = 1142) participating in the Individual and National Survey
on Food Consumption, according to the nutritional quality of their diets. A: Weights of food groups consumed by men; B: weights of food groups consumed by
women; C: GHGEs of food groups consumed by men; and D: GHGEs of food groups consumed by women. *Significant difference between nutritional-quality
classes and a significant linear trend (P, 0.01). A high-nutritional-quality diet was defined as compliance with 3 properties: mean adequacy ratio (mean daily
percentage of recommended intakes for 20 essential nutrients) above the median; mean excess ratio (mean daily percentage of the maximum recommended
values for nutrients for which the intake should be limited) below the median; and energy density below the median. Diets complying with 2, 1, or 0 properties
were allocated to nutritional-quality categories of I+, I2, and Low, respectively. CO2e, carbon dioxide equivalent; GHGE, greenhouse gas emission; I,
intermediate.
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RESULTS

Representativeness of the foods selected for GHGE
calculations

The consumption of the 391 representative foods accounted
for, on average (6SD), 716 15% of total food consumption and
66% 6 10% of total energy intake, and the level of coverage
varied between food families (data not shown). However, our
method of calculation allowed us to estimate the GHGEs asso-
ciated with total food intake.

Correlation between diet-related GHGEs and nutritional-
quality indicators

In simple regression analyses, MAR (R = 0.67, P , 0.0001),
MER (R = 0.80, P , 0.0001), dietary ED (R = 0.34, P ,
0.0001), and diet-related GHGEs (R = 0.75, P , 0.0001) were
each positively and significantly correlated with energy intakes
(data not shown). As expected, after age, sex, and energy ad-
justment, dietary MAR was negatively correlated with MER and
ED; higher MER scores were associated with higher ED scores
(Table 1). After age, sex, and energy adjustment, diet-related
GHGEs were positively correlated with MAR and negatively
with dietary MER and ED.

GHGEs of food groups and effect of their consumption on
total diet-related GHGEs

The GHGEs related to the consumption of each food group are
shown in Figure 1. Regardless of the basis of calculation (per
100 g or per 100 kcal food consumed), the highest GHGE value
was recorded for the ruminant meat food group followed by the
fish food group. The ranking of the other food groups varied
depending on the calculation basis. In particular, the fruit and
vegetables and the starches food groups had the lowest GHGEs
on a weight basis: 114 g CO2e/100 g each for fruit and vege-
tables (95% CI: 110, 117) and starches (95% CI: 113, 115).
When expressed per 100 kcal, the GHGE of starches were still
among the lowest, whereas that of fruit and vegetables (290 g
CO2e/d; 95% CI: 276, 304) increased in rank and was close to
that of the mixed dishes (312 g CO2e/d; 95% CI: 303, 320) and
of the pork, poultry, eggs (308 g CO2e/d; 95% CI: 303, 314)
food groups and was higher than that of the dairy product food
group (216 g CO2e/d; 95% CI: 213, 218).

After adjustment for age, sex, and energy intake, a higher
consumption of starches, sweets and salted snacks, and fats was
associated with lower diet-related GHGEs (Figure 2). In con-
trast, an increased intake of the other food groups, including that
of fruit and vegetables, increased diet-related GHGEs. The stron-
gest positive association was seen for the ruminant meat group.

Food consumption, nutrient intakes, and GHGEs in the 4
classes of nutritional quality

The mean diet-related GHGE value was 4092 g CO2e/d
(95% CI: 4029, 4155; data not shown). Individuals in the high-
nutritional-quality class were on average older than individuals
in the low-nutritional-quality class. They had lower energy intakes
and higher (total or solid) food intakes (Table 2). For both sexes,
the contribution of all plant-based foods to total weight and energy
intake increased significantly with increasing nutritional quality.

By definition, high-nutritional-quality diets were those with the
highest MAR, the lowest MER, and the lowest ED. Therefore,
the daily intakes of fiber and of most vitamins and minerals
increased with increasing nutritional-quality classes, whereas
that of the harmful components—such as total fat, SFA, cho-
lesterol and free sugars—generally decreased (Table 3).

For both sexes, high-nutritional-quality diets contained sig-
nificantly more fruit and vegetables, more fish, and less sweets
and salted snacks than did the low-quality diets (Figure 3). For
men, high-nutritional-quality diets also contained more starches
than did the low-quality diets, whereas for women they con-
tained more dairy products (because of a significantly higher
quantity of fresh dairy products; Appendix A). For both sexes,
the quantities of the ruminant meat and of the pork, poultry, and
eggs groups did not differ between nutritional-quality classes
(Figure 3); but, within the pork, poultry, and eggs food group,
high-nutritional-quality diets contained significantly less deli
meat than did the low-nutritional-quality diets (Appendix A).
For both sexes and all food groups, the patterns of the differ-
ences observed between the 4 nutritional classes for the food
group–related GHGEs generally followed that of the daily
amounts eaten in the corresponding food group. The only ex-
ceptions to this rule were observed in women’s diets for mixed
dishes and for fats: 1) the total intake of mixed dishes increased
with increasing nutritional quality but the GHGEs associated
with their consumption did not differ (because of an increase in
plant-based mixed dishes and a decrease in animal-based mixed
dishes; Appendix B), and 2) the total intake of fats did not differ
between nutritional-quality classes, but their GHGEs decreased with
increasing nutritional quality (because of an increased intake of
vegetable fats and a decreased intake of animal fats; Appendix B).

The crude and adjusted values of daily diet-related GHGEs in
the 4 classes of nutritional quality are shown in Figure 4. Without
adjustment (panel A), daily diet-related GHGEs were not signifi-
cantly different between the 4 classes for men (P = 0.0958) and
were greater in the highest nutritional-quality class for women
(P , 0.0001). After adjustment for total diet weight (panel B),
diet-related GHGEs were not significantly different between
nutritional-quality classes, for both sexes (P = 0.1796 for men
and 0.0876 for women). In contrast, after adjustment for energy
intakes (panel C), high-nutritional-quality diets were associated
with higher GHGE values than were the low-nutritional-quality
diets (+9% and +22% for men and women, respectively; P ,
0.0001 for both sexes).

DISCUSSION

On the basis of food-consumption data from a representative
sample of French adults and on the GHGEs of foods currently
consumed in this population, the current study showed that, at
a given level of energy intake, diet-related GHGEs tend to be
positively associated with nutritional quality: 1) the more
nutrient-dense diets (high MAR) had a high level of GHGEs,
whereas the diets with a high content of nutrients to be lim-
ited (high MER) and the more energy-dense diets (high ED)
had a low level of GHGEs; 2) the consumption of sweets and
salted snacks was negatively associated with diet-related GHGEs,
whereas the consumption of fruit and vegetables was positively
associated with them; 3) when diets were classified according to
their overall nutritional quality, high-nutritional-quality diets tended
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to a have high level of GHGEs, although they contained more
plant-based products than did the low-nutritional-quality diets.

Compared with other international studies, our approach was
original in 2 ways: 1) we analyzed diets spontaneously consumed

by individuals (we could therefore observe a wide and “natural”
variety of realistic food choices), and 2) nutritional quality was
introduced into our analyses and was estimated by using nutrient-
based indicators rather than preconceived views on the food
composition of balanced diets. In contrast, previous studies on the
environmental impact of food consumption were based either on
stereotyped meals (18) and diets (6, 14, 17) or on a comparison
between average and theoretical diets (15, 45–47). Moreover, most
studies were focused on the share of animal compared with plant-
based products (16). Only one of these (47) precisely controlled
the nutrient content of designed theoretical diets, and the con-
clusion was that “it is possible to create a realistic and affordable
diet that meets dietary requirements for health and a 25% re-
duction in GHGEs.” However the “realism” of such a diet was
doubtful because it was based on arbitrary decisions on the extent
to which changes are culturally and socially acceptable by people,
in particular as regards reducing the consumption of meat and
dairy products. Other studies also found that vegetarian or vegan
diets have a lower environmental impact than do omnivorous diets
(6, 14, 18). However, little attention has been paid to the fact that
quite radical changes in food consumption would be required to
obtain only small differences on the environmental side. For in-
stance, in the comparison between the observed average Finnish
diet and various theoretical alternatives, only a fully vegan diet had
lower GHGEs than the others (15). Likewise, only a small dif-
ference in GHGEs (5%) was found between the observed mean
Swedish diet and a Mediterranean diet (45). Another study sim-
ulated the effect on GHGEs of reducing meat production but the
emissions of the substituted foods were not included in the cal-
culation (11). Recent work has shown that the effect on GHGEs
depends very much on the substitutions made to limit envi-
ronmental damage (48).

The current results (Figure 1) confirm that animal-based
products (ruminant meat, fish, dairy products, and pork, poultry,
and eggs) have higher GHGEs than do plant-based products (fruit
and vegetables and starchy food) on a weight basis (8). We also
showed that, among the food groups, ruminant meat, mixed
dishes (because of animal-based mixed dishes), and pork, poultry,
and eggs were the main contributors to diet-related GHGEs
(Figure 3) and were the most strongly and positively associated
with them (Figure 2). However, despite the large amounts of
plant-based products, diets in the highest-nutritional-quality class
were not those with the lowest GHGEs. At a given level of energy
intake, they were in fact those with the highest GHGEs. In ad-
dition, consumption of the least healthy food group (ie, sweets
and salted snacks) was actually associated with a large decrease
in energy-adjusted GHGEs. The latter finding may be explained
by the high ED and by the relatively low GHGEs of these foods
(the latter being putatively associated with their ease of transport
and storage and a low risk of wastage). Moreover, our indicator of
good nutritional quality (ie, MAR) was positively associated with
diet-related GHGEs, and our 2 indicators of low nutritional
quality (ie, dietaryMER and ED) were negatively associated with
them.

Altogether, our results therefore seem to contradict the widely
accepted view that diets that are good for health are also good for
the planet. This notion has progressively emerged, based on the
fact that plant-based products have a lower environmental impact
than do animal products and on the belief that vegetarian diets are
necessarily healthy. However, the current results show that, when

FIGURE 4. Mean greenhouse gas emissions associated with the diets of
adults participating in the Individual and National Survey on Food
Consumption (n = 1918), according to the nutritional quality of their diets.
A: Crude values; B: values adjusted for total quantities consumed; and C:
total energy intakes. Bars represent 95% CIs. A high-nutritional-quality diet
was defined as compliance with 3 properties: mean adequacy ratio (mean
daily percentage of recommended intakes for 20 essential nutrients) above
the median; mean excess ratio (mean daily percentage of the maximum
recommended values for nutrients for which the intake should be limited)
below the median; and energy density below the median. Diets complying
with 2, 1, or 0 properties were allocated to nutritional-quality categories of
I+, I2, and Low, respectively. CO2e, carbon dioxide equivalent; I,
intermediate; P, global P value; T, test for linear P-trend.
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expressed per calorie, fruit and vegetables may have GHGEs
similar to those of animal products (excluding ruminant meat). In
addition, the good health status of vegetarians is mostly related to
their general “health-consciousness” (which leads them to adopt
healthier behavior regarding smoking, physical exercise, and
overall dietary balance), rather than to the fact that they avoid meat
consumption (49). Obviously, not all vegetarian diets are healthy
(50) and not all healthy diets are vegetarian. Current dietary
guidelines (51–53), including the recently updated Mediter-
ranean diet pyramid (54), actually recommend the consumption of
moderate amounts of a variety of animal products. Increased
consumption of starches may deserve a specific focus because
this food group had one of the lowest GHGEs values, regardless of
the calculation basis (in g or kcal), and was negatively correlated
with diet-related GHGEs.

This study had limitations. First, diet-related GHGE estima-
tions were based on a limited number of foods. However, those
foods were the most frequently consumed in the study population
so that their consumption represented w75% of total food and
energy intakes. In addition, our estimate of the daily GHGEs was
of a magnitude similar to those given in studies of other European
populations (5, 20), which suggests that our way of calculating
diet-related GHGEs was able to overcome the limitation of not
having GHGE data for all the food consumed by the population.
Second, we used GHGEs as the sole indicator of environmental
impact because only GHGE data were available for a large set of
foodstuffs. In future studies, other criteria, such as water and land
use or biodiversity, must also be considered. Third, the transport
from retail to home was not taken into account in food GHGE
estimates, and we hypothesized that all the foods consumed came
from a retail center (therefore excluding food produced at home or
consumed out of home). In addition, the food GHGE data used in
the current study reflected the average food products as consumed
on the French market, ie, mainly conventional. In future studies,
the effect of alternative production, processing, and distribution
schemes must also be considered.

The method used to classify diets according to their nutritional
quality was not previously published. Our aim was to classify
existing diets based only on their nutrient contents and, to our
knowledge, at the time we conducted our study, there was no
published method allowing such classification. Note that our
method identified diets rich in fruit and vegetables with moderate
amounts of a variety of animal products and limited amounts of
sweets and salted snacks as being of the highest nutritional quality,
which agrees with all existing dietary guidelines (51, 52).

In the current study, the healthiness of diets, whether reflected
by a high intake of fruit and vegetables, a low intake of sweets
and salted snacks, a high nutrient density, a low ED, or a more
comprehensive definition of nutritional quality (eg, belonging to
a high-nutritional-quality class) was associated with slightly but
significantly higher GHGEs. In contrast, increasing the energy
provided by sweets and salted snacks, fats, and starches decreased
diet-related GHGEs. Unlike modeling studies, which have shown
that it is theoretically possible to meet nutrient-based recommen-
dations while achieving major GHGE reduction (47), the current
observational study showed that environmental and nutritional
objectives do not necessarily concur. However, the relatively high
variability of diet-related GHGEs within the high-nutritional-
quality class suggests that some individuals have diets with both
high nutritional quality and lowGHGEs.More research is therefore

needed to evaluate the feasibility of adopting sustainable dietary
patterns in everyday life.
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