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High nutritional quality is not associated with low greenhouse gas

emissions in self-selected diets of French adults

1-

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 GHGESs 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 GHGESs,
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 GHGE:. Am J
Clin Nutr 2013;97:569-83.

INTRODUCTION

The food sector contributes ~ 15-30% 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 GHGESs 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 GHGESs 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 GHGE: 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 =+ x i%xmo (1)
- 20 bn=1

where intakey,, is the daily intake of each beneficial nutrient bn,
and RDAy,, 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 X
intakey,,/RDAy,) 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:

1 3 intakep,
MER = L X (}Zl MR X 100)} 100 (2

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 MRYV for sodium was 3153 mg and corresponded to a daily
intake of 8 g NaCl. Each ratio (100 X intake;,/MRV,,,) <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 O of these properties were
allocated to the “Intermediate +” (I+), the “Intermediate - (I—),
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 GHGESs

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
CO, equivalent per 100 g of edible part (g CO,e/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, & is the representative food, GHGE,; is the diet-related
GHGE of individual i (in g COse), Q;; is the quantity consumed
of food family j by individual i, GHGE; is the individual (i)
GHGE of food family j (in g COe/g), N;; is the number of
representative foods consumed by individual i in food family j,
W3, is the weighting factor associated with a representative food
in a food family j for individual i, GHGE, is the GHGE of
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TABLE 1

Simple and partial Pearson correlations between diet-related GHGESs (in g
CO,e/d) and the 3 indicators of nutritional quality (MAR, MER, and ED)
in adults (n = 1918) participating in INCA2’

MAR  MER ED GHGEs

MAR

Univariate 043°  —0.15°  0.62°

Age and sex adjusted 0.42? —0.20% 0.60°

Age, sex, and energy adjusted —0.27° —0.55% 0.27°
MER

Univariate 045> 053

Age and sex adjusted 0.357 0.46%

Age, sex, and energy adjusted 024 —0.14%
ED

Univariate 0.04

Age and sex adjusted -0.06°

Age, sex, and energy adjusted —0.332

"Means (95% Cls): MAR: 82 (82, 83) %; MER: 35 (33, 37) %; ED: 167
(165, 168) kcal/100 g; GHGEs: 4092 (4029, 4155) g CO,e/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). CO,e, 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.

P < 0.0001.

7P =0.0147.

representative food & (per gram), Q;, is the quantity consumed
of representative food / by individual i, N; is the number of
representative foods in food family j, VV,]lis the weighting
factor associated with a representative food % in a food family
J, and Q,,, is the quantity consumed of representative food 4 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 CO,e/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

37
GHGE; = QX GHGE; (3)

J=1

with

W Wi X GHGE), with W}, = ﬁ if Njj > 1 "
GHGEij = N ) . fll‘)lx 0w )
SN WX GHGE), with W) = —fu=1o" X GHGE), if N;; =0 ()

N
j
Zh:l Zn:] Qi

€202 AInp G0 U 1886 Aq /11 /G1/69G/€/.6/9191E/uUdlE/WO00"dNo"olWapede//:sdny Woly papeojumoq



572 VIEUX ET AL

1800 -
1600 -
M GHGE/100g

1400
o 1200
o
&
=0 1000
|54}
<

800
o}

600

400 -

290 283
197 216
200 -
114] 114
pa ln
0 .
Fruitand ~ Starches  Sweetsand Dairy
vegetables salted snacks

1627

B GHGE/100kcal

857
610 612
517
s 2P0 308

Fats Mixed Pork, Fish Ruminant
dishes  poultry, eggs meat

FIGURE 1. Mean GHGE:s 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% Cls. CO,e, carbon dioxide equivalent; GHGEs, greenhouse gas emissions; INCA2, Individual and National Survey on

Food Consumption.

each representative food consumed in a given food family (VVZJ}L)
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 (W,JL) 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

06
0.5
0.4
03
0.2

0.1

0 ! :
Fruitand S s S nd Dairy
0. vegetables salty cks

-0.2

Partial Pearson correlations

-03

(ie, Q;; in the equation) was used to calculate diet-related GHGE:S,
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

Pork, Fish Ruminant
poultry, eggs meat

Mixed
dishes

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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FIGURE 3. Weights and GHGE:s 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 O properties
were allocated to nutritional-quality categories of I+, I—, and Low, respectively. CO,e, carbon dioxide equivalent; GHGE, greenhouse gas emission; I,

intermediate.

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 SAS SURVEYREG procedure,
which performs regression analysis for sample survey data, fits linear
models, and computes regression coefficients. An «-level of 0.05
was used to determine statistical significance. Statistical analyses
were performed by using SAS software version 9.2 (SAS Institute).
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576 VIEUX ET AL

RESULTS

Representativeness of the foods selected for GHGE
calculations

The consumption of the 391 representative foods accounted
for, on average (=SD), 71 £ 15% of total food consumption and
66% = 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.

GHGE:s 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 CO,e/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
COse/d; 95% CI: 276, 304) increased in rank and was close to
that of the mixed dishes (312 g CO,e/d; 95% CI: 303, 320) and
of the pork, poultry, eggs (308 g CO,e/d; 95% CI: 303, 314)
food groups and was higher than that of the dairy product food
group (216 g CO,e/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 GHGE:s in the 4
classes of nutritional quality

The mean diet-related GHGE value was 4092 g COje/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: /) 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: /) the more
nutrient-dense diets (high MAR) had a high level of GHGEzs,
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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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% Cls. 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 O properties were allocated to nutritional-quality categories of
I+, I—, and Low, respectively. CO,e, carbon dioxide equivalent; I,
intermediate; P, global P value; T, test for linear P-trend.

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: /) 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 GHGE:s 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 GHGESs. 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 GHGESs, and our 2 indicators of low nutritional
quality (ie, dietary MER 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
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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 GHGE:s 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 ~75% 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 GHGESs. 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 low GHGEs. More research is therefore

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

We acknowledge the input and assistance from Markéta Supkova, Barbara
Redlingshoeffer, Marie Russel, Sarah Martin, and Catherine Esnouf during
preparation of the manuscript.

The authors’ responsibilities were as follows—ND, L-GS, and FV: de-
signed and conducted the research and wrote the manuscript; FV and DT:
analyzed the data; and ND: had primary responsibility for the final content.
All authors read and approved the final manuscript. No conflicts of interest
were reported.

REFERENCES

1. Garnett T. Cooking up a storm: food, greenhouse gas emissions and our
changing climate. Food Climate Research Network. Surrey, United
Kingdom: University of Surrey,Centre for Environmental Strategy,
2008.

2. Kim B, Neff R. Measurement and communication of greenhouse gas
emissions from U.S. food consumption via carbon calculators. Ecol
Econ 2009;69:186-96.

3. Kling MM, Hough 1J. The American carbon footprint: understanding
your food’s impact on climate change. Shelburne, VT: Brighter Planet
Inc, 2010.

4. Tukker A, Huppes G, Guinee J, Heijungs R, de Koning A, van Oers L,
Suh S, Geerken T, Van Holderbeke M, Jansen B, et al. Environmental
impact of products (EIPRO): analysis of the life cycle environmental
impacts related to the total final consumption of the EU 25. European
Commission Technical Report, 2006.

5. Coley AD, Goodliffe E, Macdiarmid J. The embodied energy of food:
the role of diet. Energy Policy 1998;26:455-9.

6. Carlsson-Kanyama A, Pipping Ekstrom M, Shanahan H. Food and life
cycle energy inputs: consequences of diet and ways to increase effi-
ciency. Ecol Econ 2003;44:293-307.

7. McMichael AJ, Powles JW, Butler CD, Uauy R. Food, livestock pro-
duction, energy, climate change, and health. Lancet 2007;370:1253-63.

8. Carlsson-Kanyama A, Faist M. Energy use in the food sector: a data
survey. Stockolm, Sweden: Swedish Environmental Protection Agency,
2000.

9. Santarelli RL, Pierre F, Corpet DE. Processed meat and colorectal
cancer: a review of epidemiologic and experimental evidence. Nutr
Cancer 2008;60:131-44.

10. Sinha R, Cross AJ, Graubard BI, Leitzmann MF, Schatzkin A. Meat
intake and mortality: a prospective study of over half a million people.
Arch Intern Med 2009;169:562-71.

11. Friel S, Dangour AD, Garnett T, Lock K, Chalabi Z, Roberts I, Butler
A, Butler CD, Waage J, McMichael AJ, et al. Public health benefits of
strategies to reduce greenhouse-gas emissions: food and agriculture.
Lancet 2009;374:2016-25.

12. Duchin F. Sustainable consumption of food: a framework for analyzing
scenarios about changes in diets. J Ind Ecol 2005;9:99-114.

13. Garnett T. Where are the best opportunities for reducing greenhouse
gas emissions in the food system (including the food chain)? Food
Policy 2010;36:523-32.

14. Baroni L, Cenci L, Tettamanti M, Berati M. Evaluating the environ-
mental impact of various dietary patterns combined with different food
production systems. Eur J Clin Nutr 2007;61:279-86.

15. Risku-Norja H, Hietala R, Virtanen H, Ketomaki H, Helenius J. Lo-
calisation of primary food production in Finland: production potential
and environmental impacts of food consumption patterns. Agric Food
Sci 2008;17:127-45.

16. Marlow HJ, Hayes WK, Soret S, Carter RL, Schwab ER, Sabate J. Diet
and the environment: does what you eat matter? Am J Clin Nutr 2009;
89:1699S-703S.

17. Carlsson-Kanyama A, Gonzalez AD. Potential contributions of food
consumption patterns to climate change. Am J Clin Nutr 2009;89:
1704S-9S.

18. Reijnders L, Soret S. Quantification of the environmental impact of
different dietary protein choices. Am J Clin Nutr 2003;78:664S-8S.

19. Millward DJ, Garnett T. Plenary Lecture 3: food and the planet: nu-
tritional dilemmas of greenhouse gas emission reductions through re-
duced intakes of meat and dairy foods. Proc Nutr Soc 2010;69:103-18.

€202 AInp G0 U 1886 Aq /11 /G1/69G/€/.6/9191E/uUdlE/WO00"dNo"olWapede//:sdny Woly papeojumoq



20.

21.

22.

24.

25.

26.

217.

28.

29.

30.

31.

32.

34.

35.

36.

37.

NUTRITIONAL QUALITY AND GREENHOUSE GAS EMISSIONS

FAO. Definition of sustainable diets. International scientific sympo-
sium: biodiversity and sustainable diets united against hunger. Rome,
Italy: FAO Headquarters, 2010.

AFSSA. Summary of the report of the 2006/2007 Individual and National
Survey on Food Consumption 2 (INCA 2). Maisons-Alfort, France:
AFSSA, 2009.

Supkova M, Darmon N, Vieux F, Touazi D, Redlingshoefer B, Russel
M. Etude de cas. Impact carbone de régimes alimentaires différenciés
selon leur qualité nutritionnelle: une étude basée sur des données
Frangaises. (Carbon impact of food and nutritional quality of food
choices in France. A case study.) Paris, France: INRA ADEME, 2011
(in French).

. Dubuisson C, Lioret S, Touvier M, Dufour A, Calamassi-Tran G,

Volatier JL, Lafay L. Trends in food and nutritional intakes of French
adults from 1999 to 2007: results from the INCA surveys. Br J Nutr
2010;103:1035-48.

Torheim LE, Ouattara F, Diarra MM, Thiam FD, Barikmo I, Hatloy A,
Oshaug A. Nutrient adequacy and dietary diversity in rural Mali: as-
sociation and determinants. Eur J Clin Nutr 2004;58:594-604.

Hatlgy A, Torheim LE, Oshaug A. Food variety—a good indicator of
nutritional adequacy of the diet? A case study from an urban area in
Mali, West Africa. Eur J Clin Nutr 1998;52:891-8.

Cox DR, Skinner JD, Carruth BR, Moran J 3rd, Houck KS. A Food
Variety Index for Toddlers (VIT): development and application. ] Am
Diet Assoc 1997;97:1382—6 (quiz 1387-8).

Dubois L, Girard M, Bergeron N. The choice of a diet quality indicator
to evaluate the nutritional health of populations. Public Health Nutr
2000;3:357-65.

Ries CP, Daehler JL. Evaluation of the nutrient guide as a dietary as-
sessment tool. J Am Diet Assoc 1986;86:228-33.

Krebs-Smith SM, Smiciklas-Wright H, Guthrie HA, Krebs-Smith J.
The effects of variety in food choices on dietary quality. J Am Diet
Assoc 1987;87:897-903.

Schuette LK, Song WO, Hoerr SL. Quantitative use of the Food Guide
Pyramid to evaluate dietary intake of college students. ] Am Diet Assoc
1996;96:453-7.

Ferland S, O’Brien HT. Maternal dietary intake and pregnancy out-
come. J Reprod Med 2003;48:86-94.

Keller HH, Ostbye T, Bright-See E. Predictors of dietary intake in
Ontario seniors. Can J Public Health 1997;88:305-9.

. Martin A. The “Apports Nutritionnels Conseilles (ANC)” for the

French population. Reprod Nutr Dev 2001;41:119-28.

Madden JP, Goodman SJ, Guthrie HA. Validity of the 24-hr. recall. Analysis
of data obtained from elderly subjects. J Am Diet Assoc 1976;68:143-7.
Guthrie HA, Scheer JC. Validity of a dietary score for assessing nu-
trient adequacy. J Am Diet Assoc 1981;78:240-5.

Joint WHO/FAO Expert Consultation. Diet, nutrition and the pre-
vention of chronic diseases. World Health Organ Tech Rep Ser 2003;
916:i-viii, 1-149.

Ledikwe JH, Blanck HM, Khan LK, Serdula MK, Seymour JD, Tohill
BC, Rolls BJ. Low-energy-density diets are associated with high

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

579

diet quality in adults in the United States. ] Am Diet Assoc 2006;106:
1172-80.

Schroder H, Vila J, Marrugat J, Covas MI. Low energy density diets are
associated with favorable nutrient intake profile and adequacy in free-
living elderly men and women. J Nutr 2008;138:1476-81.

WHO. Nutrition and the prevention of excess weight gain and obesity.
Report of a joint WHO/FAO Expert Consultation. World Health Organ
Tech Rep Ser 2003;916.

World Cancer Research Fund International/Association Institute of
Cancer Research. Food, nutrition, physical activity, and the prevention
of cancer: a global perspective. Washington, DC: AICR, 2007.
Ledikwe JH, Blanck HM, Khan LK, Serdula MK, Seymour JD, Tohill
BC, Rolls BJ. Dietary energy density determined by eight calculation
methods in a nationally representative United States population. J Nutr
2005;135:273-8.

ISO 14040:2006: Environmental management—life cycle assessment—
principles and framework. Geneva, Switzerland: International Orga-
nisation for Standardization, 2006.

AFNOR. BP X30-323—Principes généraux pour I’affichage environ-
nemental des produits de grande consommation (General principles for
environmental labeling of consumer products.) La Plaine Saint-Denis,
France: AFNOR, 2011 (In French).

Favier J-C, Ireland-Ripert J, Toque C, Feinberg M. Répertoire général des
aliments—table de composition. (General food repertory—composition
table.) Cachan, France: Lavoisier, 1995 (in French).

Wallén A, Brandt N, Wennersten R. Does the Swedish consumer’s
choice of food influence greenhouse gas emissions? Environ Sci Policy
2004;7:525-35.

Eshel G, Martin P. Diet, energy, and golbal warming. Earth Interact
2006;10:1-17.

Macdiarmid J, Kyle J, Horgan G, Loe J, Fyfe C, Johnstone A, McNeill
G. Livewell: a balance of healthy and sustainable food choices. God-
alming, United Kingdom: WWF-UK and the Rowett Institute, 2011.
Vieux F, Darmon N, Touazi D, Soler LG. Greenhouse gas emissions of
self-selected individual diets in France: changing the diet structure or
consuming less? Ecol Econ 2012;75:91-101.

Key TJ, Appleby PN, Rosell MS. Health effects of vegetarian and
vegan diets. Proc Nutr Soc 2006;65:35-41.

Fraser GE. Vegetarian diets: what do we know of their effects on
common chronic diseases? Am J Clin Nutr 2009;89:1607S-12S.
WHO Regional Office for Europe. CINDI dietary guide. Copenhagen,
Denmark: WHO, 1998.

USDA. Washington, DC: USDA, 2011. Available from: www.choose-
myplate.gov (cited 12 December 2011).

Hercberg S, Chat-Yung S, Chauliac M. The French National Nutrition
and Health Program: 2001-2006-2010. Int J Public Health 2008;53:
68-77.

Bach-Faig A, Berry EM, Lairon D, Reguant J, Trichopoulou A, Dernini
S, Medina FX, Battino M, Belahsen R, Miranda G, et al. Mediterranean
diet pyramid today. Science and cultural updates. Public Health Nutr
2011;14:2274-84.

€202 AInp G0 U 1886 Aq /11 /G1/69G/€/.6/9191E/uUdlE/WO00"dNo"olWapede//:sdny Woly papeojumoq



VIEUX ET AL

580

Downloaded from https://academic.oup.com/ajcn/article/97/3/569/4571517 by guest on 05 July 2023

(panuiuo))

€000  6£000 08I F I'0C 961 F 80T [9IF99L  §SIFGSI  1000> STOO0  9€EF L6 9€EFHEE  OFE F 1€  SSTF 84T eaw 1

80000 €000  SOI ¥ L6 ILEFE€PT SSIF ST ¥LIF €81 S80C0  SyE€0  TLI F8TL  STITF99I  6LI F691 00T F 991 384

TWITO  I8LT0  I'61 F 91T  I'STF6TC LT+ 19T  T'IE€ 7 06T 81690 €8980  TIF ¥ 9LE  +Or T $9¢  €9v ¥ €8¢  CTTr ¥ 1'0F owes ‘Annod

8€99°0 680  60CF9TC €8I F 10T T6I FLTC TLIFLOT ¥€6T0 T€CI'0  OEEFSLT SIEFT6C  9TEF 6€EE 68T F vIe 104
$339 pue ‘Annod y10q

9698°0  SYZ60  TYT F L6T 8ETF LOE 9TTFOIE  6YC F 00E THIO0 8600  THP F LIS ['IY F 6Ly  SLEFETP  0SEF '8 Jeau JueUINY
JedwW JuBRUTIINY

TTIO0  TIE0'0 T8F6E 0PI FT9 LY FO09 191 FTL €0 66TF0  LOTF6S  FSIF09 €SI FLS I'SI+638 LEUIELN

€0000 L0000  T'IL*SL  6TL+€6 TPl +88 9L = I'PI 1000> 1000> 09I FT9  OLI F00I 0Ll FTII €TCF 8Ll sy Aned

1000> T1000> TPl F16  0€I F601 L8 FSLI  +0TF861 1000> 1000> 6T F8S GICFIEl 9T Fvvl  L'61 FOLI ysy KnejuoN
LR

1000> 1000> €€+ ¥91 T8I F8Tl +E€IF9L 9Tl F TS 1000> 1000> L6ZFO0TC TIEF 69T O0VC €0l TLI F¥38 s1onpoxd A1rep pue 1eo

SSL60  ST8O0  9TI ¥ 9S  S9IFT16  ¥SIFLL TULFT9  S8YT0  1TL00 LY FL¥Y 99T F 96 0T +9L €IT*98 UsLy

€019°0  1€000  TLI F69 €01 F L€ S6l * 8L SSILF69 L9L10 18000  6LIFV¥9  LELF8Y  ILZF €Il LOTFS8 SO[qEIOTOA pUE JEIN
1000> 1000> +'LE ¥ €LE O0€S T 96 88T F QLI I'LZFT6L 1000> 1000> €€9F+09 1'69FS0S 66LF Ty 1'SE F 8'€C yoIe)S pue 1L

LTO00  100°0> L'SE F €0€ TOF ¥ 06T €€EF €8 9YEF L6l €1000  1000> FOLF T6r T F 98  9€Y F YPE  9FS F §'GT  JeaU pue ‘SI[qeIadon ‘yorerg

65500 S60T0  L9I F €01 6% F €8 Yl F 69 0%l LS  TIND0 9¥000 861 F 611  SE€C*601 T6IF+9  8SIF9¢ yoress pue syonpoid Kireq

1000> 1000> 60S ¥ 9Ty TTY ¥ 60S 6LTl ¥ 00€l STEL = TQIT  1000> 1000> €8y FT¢€E TILF L6y 8SHI  #9I1 OILI T 8TSI UYIE)S pue SO[qeIaFoA
SAUSIP PAXIA

€0000  1000> 6€CF€€C 98 F €8 LTCF6SI  OITF891  1000> 1000> 9TE F 16T SOFF+6C 608+ TLI LECF 0PI SoLSeq

1S000  SL000 TSI F 611 L8l F¥Pl  FELF QST L99F 88 8L000 €000  ¥SIF6TI  TSEFFIL  SSHF9€ 0T F T8l $901ds pue seoneg

1000> 1000> SIS FO0SL 665 F80L 96y 109 €Iy F00S 1000> 1000> 69LF 6+%8 6GILFTIL T'LSF06S 90SF 8IS sussa(q

£900°0  #¥00°0 08 F I't €LFSE vy F 61 I't = LT L¥200  TTIOO 96 F 0 €0l F9¥ €6 F 6T SYFvT syorUS Pajes

1000> 1000> €8T F ¥y +¥0EF L8 H¥ITF9H¥C 161 TOIT 1000> 1000> 9€¢h ¥ 9%y 9Th ¥ 80y TEEFT0E 99T F €LT §100M g

1000> 1000> €47 + 091 €86 F 80S §LF FOFI  $ESFOPC  1000> 1000> 0€EE F €1IT L'8OT F +'SOI €S0l + 88€ 669 F 06T SYULIP 199mS
SorUsS pajjes pue SjoomS§

10000> 1000> 1T T8 6€IF9TC LYl FISC 9SIF¢LT 1000> 1000> Tl F 191 LI FTIC L6l F9vT €TCF TTE QEMEICHERSIN

11000 61000 LTI FO0ST 0TI FOST  TOIFLTL  OTIF00l 1000> T1000> S8 FLLI TILFSST 661 F 8Vl 96 F T8 sIeJ [euwIuy
sieq

1000> 1000> TOS* SIS 809 F SS9 €89 F0¢0l €L8FSIEl 1000> 1000> <TTILF98 LILFE0S 6001 ¥8¢8 §€Cl F TSOI syonpoxd AIrep ysarg

I6V€'0 10010  TOTI * 1'9L  LE€IT ¥ 088 9101 ¥ 6L9 S6€I + 8TOI €9/50  60T€0  +0ST F ¥'€8 ST + ¥'601 TIVI = I'9L 6 1€1 F 6'C8 AN

6v1'0  T8YI'0  LYTF 08T  8TTF 98T L6l F8FYT 691 F 8FT SL69O 6800  S9E F 08  66EF THF  YIEF FOF 6T F O'LE 3599y
syonpoid Arreq

PEPO'0  TITO  FIT FL09  OSY F 60L €TSS FFIL 695 F 6LL  1000> 1000> OLSFH9L T6SF 008 TSLFIE6 698 F LIl SOUDIEIS pauljaIu)

€0000  1000> L'€9 F S6CI 6L9 F 6651 99 = T¢I T8S F +'0IT 88800  [000> 9TOI ¥ O'SLI S'8CI F SLTC +¥IT + T60T SEIT F L'8OT SAUYIILIS PIUYIY
sayIelS

6L00°0  8€€0°0 LTFS0 TEF 80 6T F 80 Y T ST L9L80  LS6I0 SEFOT 67 F 11 8y T ST €TFOT SN

9PTL0  ISI00  POL F HSS  TI98F 999  LT9F 98  LI8F6V9 €40 100 TILF8LY 6TEL FSSL L8 F+ES TLLF 8Ly soom( ymig

10000>  1000> +ISF6T8 79 F 8611 9€L T L'SST €76 F 9L6T  1000> 1000> ['19 F S€L T'€L ¥ €8I1 $96 F 89S 90IT F I'S61 SO[qEIOTOA

1000>  [000> #+9 ¥ 6'8L  ¥'T6 ¥ €TIl LLEL ¥ I'€0T $'€SI ¥ §¥ST  1000>  1000> T99 ¥ §'8y  L'80I F ¥'€01 €LLI F §'€0T 8'80CT F L'8LT g
S9[qe)a8oA pue g

7] v/8

ol d (68T =w)moT (98¢ =u) -1 (See=w)+ (CLI=wWUSiH [ Q01 =u)moT (SLg=u) -1 (Lg=w)+ (86 =) ySiH  A[ruwey pooy pue dnois poog

UQWOM

USN

,SI91p 112y jo Ayenb [euontnnu oy o) Surpiodde gyONI ut Sunedronred synpe ur A[ruey pooy yoes ur uondwnsuo)

V XIANHAddV



581

NUTRITIONAL QUALITY AND GREENHOUSE GAS EMISSIONS

Downloaded from https://academic.oup.com/ajcn/article/97/3/569/4571517 by guest on 05 July 2023

“(S0°0> sem anfeA 4 [eI0UST Y UayM AJUO PAJE[NO[ed) PuaI) Jeaul] 10§ 59} B WOIY PIALIOP dIoM SN[EA [
‘A[91eredas X3S yoed JOJ ‘SSSB[O {7 9U) U29MI2q suedul (9pnio) aredwod 0) pasn sisA[eue UOISSAITAI JeAUI[ B WOIJ PIALIOP 2IM SIN[eA J :
‘uondwnsuo) pooq uo A9AIng [eUONEN Pue [BNPIAIPU] ‘TVON] QIRIPAWLINUI ‘T ‘A[9ANIadsaI ‘MO puR ‘—] ‘+] JO 11039180 Aji[enb-[euoninnu o) pajeso[e a1om sontadoid () 1o ‘1 ‘g yum Jurkdwoos sye1q
"UBTPOW 3} MO[9q AJIsuop ASIoud pue ‘URIPIW oy} MO[eq (POIIWI] 2q PINOYS SEIUT oY) YOIYMm IO SJUSLINU SON[EA POPUSUILIOIAT WNWIXLW Y} Jo a5ejuadrad AJrep ueowr) onel SSo0Xo UBSW ‘UBIPIW Y} dA0QE
(S)uLLINU [ENUSSSD () 10] SOYEIUT PapuawItiodar Jo a3eiusdred A[rep uesur) oner Kenbape uesw :sonredord ¢ yim souerdwos se pauyep sem Ja1p Afenb-feuonnnu-ysiy v "sqs + SULSW AIe saN[eA [V ,

v66T°0  L98Y'0  S'S8E F 010 99Ky F 0°SPE L'8LY F O'V8E  1'809 F 9'GLE €0¥6'0  I¥00'0  SOLE T 8'€9T €GIS F STTY 60TS F S0EE O'IE€y F 9'86C Tapem dey,
L1000 18100  1'TEr F 8'¥6€ 065y * 6Ty 8'89F T L'99% 9+6¥ T 9°9SS 9L00°0 L9000  L'9ES F €66€ 8'1€S F §'L¥E 9ILS F L'TEY 6'8SL F ¥'€6S oM [BIOUIA
96L0°0  TEIO0 088 F0TC 695 F I'SL  OITF ¥S 0€E ¥ 66  PEIT0O  €0ITO LOII FTHE 188 FSHL  96EF L8  LOSF 06 SYULIP W3]
6€01'0  TOI'0  €TLE ¥ 8TI¥ 6'01€ F ¥'89€ I'V6T ¥ I'SOF 6¥SF  L'06Y 8LS0°0  ¥LO0  €V0E T L'LIE TI8T F L'€TE §'TIE F L'6LE 9'65€ F +'10F SYULIp 10y paresnsuf)
96970  898%°0  ¥'6IT F S'IL 006 F L'99 806 F 0LS  8SLF S09 88IT0 SIFO0 ['€PC F S'L8T 0°STE T ST8T L'OLT F £€65T 0'€9T F TTHT SYULIP [04OO]Y
SYULIQ
oL (681 =u) moT (98¢ =u) -1 (S6e=w)+ (CLI=wWUSiH . d (01 =umoT (SLz=u) -1 (Lec=w+ (86=w) ySiH  Aquuey pooy pue dnois poog

UQWOM

U\

(ponunuo)) v XIANAdAV



Downloaded from https://academic.oup.com/ajcn/article/97/3/569/4571517 by guest on 05 July 2023

(ponunuo))

71000 81000  S°LOT + I'LIT S9I1 + 9°0CI T88 + €76 1'68 + T'L8 91000 TEI00 9181 = T0CT 961 + 0'S61 800C + 0'8LI 9'IST F S'S¥l jeall [l
100°0> €000 €8¢ F L'SE 979 F ¥TS 695 F TSS 6'€9 ¥ 699 68070 9Y¢0 0€9 F 0Ly 88L*809 999 *8I9 ¢€€L* 809 s389
€10 TIeC0 9791 = I'I81 CTOCC + L'I61 TOVC + I'8IC 9°C€LT = 00V  ¥EL0 8080  9ILE + ¥'CCE V'Lve = 810¢ ['0ly + TLCE 8'ILE + T'LEE owes pue Annod

9%SS’0  ¥8TT0  6'0CI * €LCI 8T01 = 9'IIT 80Il = €921  €¥6 = THIT SS0€0  8TRI'0  1°€61 + L'9ST 8T8I + €991 €881 + TT6I 90LI *= ¥'6LI 31od

s330 pue ‘Annod “y1od
99CL’0  11€8'0 TI98E * 6'SLY L'€8€ + 0'96Y 9'C€LE & 8'L0S 8T0V = 8'L8F LITO0 86800  +'€OL + 6'1€8 0999 + 89LL 0°€19 + 0689 €196 = 9CI9 Jeaul jueuILINY
JeoU JUBUTIINY
6061°0  L£9S0 0L6 x0Ty LL6*91S 166 * I'6v I'L6 ¥ 965 S8I00  9¥¥0'0 9ELF ¥PE 00CI = ST 9101 ¥ I'Ly  L'€El * SOL ERUIELN
10000> 1000> €7TS +¥ee S19+ 8Ty 099 + €6t €18 = S¥9  1000> L1000 TLL+6'LC 869 9L Vv6L+O0Lyr L8 + T69 usy Aned
100°0> 1000> ¥L8 % LTS 96L = +'€9 SOOIl = L1101 T6Cl = I'€IT 10000> 10000> 0°€9 * L8 T16£1 * €9L S6¢€1 = ¥'18 6191 = 8TII sy AnejuoN
ysig
1000> 1000> 6'SET ¥ §68 L'80I * 969 1S9 F* €9¢ 6'€9 ¥ 1'9C  1000> 1000> 8OLI * ¥'SIT L¥61 ¥ 916 8I€l * S¥S  SL8 F 00F s1onpoxd A1rep pue 1o
86£6'0 89010 8'¢8 ¥ 8Ye LSOl ¥ I'vS +'€01 ¥ 6Ly L9L F 09¢ §T0  6SYI'0  S00I = I'6T 90LI + S'LS ¢€6Ll + L'8 98Vl + ¥'¥S Ustd

90190  1€000  L86I * L'6L 9611 =¥y 09CC %806 €6LI = ¥6L 8ILTO 000 0LOT *O0vL L'8ST ¥ 9SS 0OVl * 60¢I 86¢EC * 6'L6 sa[qeloSoA pue JedN
100°0> 100°0> 0°00C + €081 €66l + S¥I 8CIT = T8 L¥el + L'L8  1000> 1000> ¥T9 & L'9I€ 6'¥SE + L'€CT L'18C + T991 L8831 + 0'801 {oIre)s pue jed]N

S¥00°0 1000> L'SPT T TEOI €Tl F €66 TEIT *0T9  LTTL F ¥L9 LSOO0  €4000 TIYC F 9°€91 S€ST F I'vLT L'LYT * OVCI TO0T  §'S6  1edW pue ‘sa[qeioSo ‘yorels

17€0°0  8€IT'0 08LF I'ty  8SSF01€ 0¢S ¥ 84T 6'0S + €0C  1000> #2000 0CL + 6ty  6¥8 +¢€6E LSO+ TEC SLS 0T yoreys pue sjonpod Kireq
1000> 1000> 068 ¥ €¥L TOIl ¥ 1'06 LITC * S€CC ¥'0€C * L'T0OC 1000> 1000> 898 * 6'8S TECI * 0L8 §TST * ¥'C0T S'L6T F SLIT yoIe)s pue saqelaSop

SAUSIp PIXIA
A 10000>  1000> LVY9*+¥79 T6L+69L TO09=* 61 19 = Sy 10000> 1000> €88 * T8L 9601 ¥ €6L TI'LL*9%r 009 = T9E saLgseq
< LLTO0 6¥0°0 LITF 16l LY+ LST 96SI ¥ 01F 099 = 9C¢  €00L0  6€LTO 66+ 6'¢C 81+ 67TC 165+ 106 €9¢ % TEC s901ds pue sooneg
H 100°0>  100°0> 8CSI + 8'S0C T69I + T661 S9¢l + 6'9SI 1'LOT + 0°€Cl  100°0> 100°0> T9CT + €9¢C TLOC + TTIT 8891 + L'6SI 8Vl + TIEl S198S
b L9000 £600°0 '8 + 1'0I 9Ll ¥ L8 611 + €€ 601 * LY SO0 15200 STT* L6 Yve = 911 €yl * §°9 YTl * +9 syoeus pojes
) 10000>  1000> TI¥%S*€0L O€ELFTCIUL TSY*TEP 96¢ ¥ 89¢  1000> 1000> 6L8*SSL 086 +8CL SLS*8¥r 609 = LLY S199MS
= 1000> 1000> O8FI + I'LL 18 * TLT L9T* LL 00€ ¥ 9CI 100°0> 100°0> 0181 = I'tIl 160l =965  80S * §61  6V¢ + v¥l SYULIp Joomg
> SYORUS PAJ[BS PUB SJOIMS

10000 91000 9CTF9YE  9LTF90r €8C F vEy €EE ¥ 98  1000> 1000> €6CF 96T V¥LEF 66E I'ey ¥ L'vy T'ly = ¥LS S1BJ 9[qEIOTOA
1000> 1000> I'CL + 898 99L = ¢06 ¥¢€9 * ¥SL I'CS ¥ LTS 1000>  T1000> 8'I¢I * ¥€ll €101 ¥ L'v6  L'SOT * €6 €79 F €08 Siej [ewliny

syeq
100°0>  100°0> 6001 + 60l 8CCI + ¥'Cel LBEl + L'60C 06LI + 889C 1000> 1000> 1’0Vl = 8€IT 9'I¥l =966 +'S0C + 0'L91 ¥SSC + ¥9IC s1onpoxd Axep ysorg
erre’0  6€L00  L'LST = 6'66 S6FI + 9°LIT +¥'CEl + 888 T8I + ¥¥El  ¥CL'O0  9¢C€’0 1861 + L'601 L'S6T = L'evl TS8I + 6'001 8¥LI + €¥II AN
€L60°0  €8S1°0  S'6IT = I'L¥I +°0CI = 9°8F1 1'801 + 9'6C1 €68 + €LCI TI96'0  106C°0  T691 + 'I6l ¥+0C + €CeC 0691 + €01T S691 + 6'L61 983D
syonpoad Arreq
8¥00°0  ¥620°0 ESY = ¥19  ¥'SS+ €¥L 988 + 8¢EL €0L + 088 L6000 61500 189 + 668 808+ 0¥8 S66 + €66 I1¥0l + S€Il SaYydIe)s pauyarun

L8T00 1000 €SL* 6Pl S€8 % 6C91 0T8 * 0S¥l I'SL = TOEl ILI0O 100°0> S6I1 + ¥'961 08ST F $'89C S'6¢l & 8'€¥C 19¢l + 8°6¥C SAYdIe)s pauloy

sayoIelS

88000 90200 LY+ 80 09 ¥l 6€F+ Tl 6L*¥CT 8TCLO 9910 09 %91 T8 F VT 10l + 87T 'y = L1 SINN

SorL'0  1950°0 869 + 86F 19L+ S6S L6S + 9ISy L'69 = TLS 96050 1100 0L+ 9¢r SCIT =1T1L9 0¥%6+905S OIL*S¢ey soom[ ymig
10000> 1000> #89 = 8V¥0I 6'€0l + T¥91 TTOI * ¥'¥61 €9¥I + T9¥C 1000> 1000> 696 + T86 0'SCI + 96SI T8I += ¥'861 9¥El + 1'0CC EEICIEESIN
100°0> 1000> 6'L8 + I'SL T'I81 + ¥'9¢l T9TC + §'961 €'LLT + €88C 1000> 1000> L'06 + L6V 6¥Cl + 696 TT8C + 8¥0C TSIT + 9'LET iy

S9[qe1o50A pue JIni{
p/?00 8 p/7c00 8
oL d (681 =wmo (98c=u) -1 (S6e =W+ (LI =wWUSH I d (01 =umoT (SLz=u) -1 (LeT=u)+ (86 =u) YSIH  Aiwej pooj pue dnois poog
UQWIOA U
N ,S191p 113y Jo Ayrenb [euoninnu oy 03 Surp1odde gYONI Ul Sunedonred sympe ur ey pooy yoes ur sHOHO
b 4 XIANAddY



583

NUTRITIONAL QUALITY AND GREENHOUSE GAS EMISSIONS

Downloaded from https://academic.oup.com/ajcn/article/97/3/569/4571517 by guest on 05 July 2023

"(S0'0> sem on[ea 4 [eIOUST A UOYM AJUO PAJE[NO[Ed) PULI) JeaUI] 0] IO} B WOIY PIALIOP dIOM SON[EA [
“Ajoreredos xos ora I0J ‘SASSB[O { OU) UOMIAQ SUBAW (3pnId) aredwiod 0} pasn SISA[eUE UOISSOISO Teaul] B WOL) POALISP d1oMm SON[EA J ,
‘uondwnsuo) pooq uo AoAIng [euoneN pue [enpIAIpU] ‘7VONI
£9JBIPAULIdIUI ‘T {SUOISSIWD SBF 2SNOYuI3 ‘SHOHD JU[BAINb IpIXOIp uoqIed 9t A[9A10adsal ‘MO pue ‘—J ‘+] JO saL10321ed Ajifenb-Teuoninnu 0y pajedsoe a1m santadoid () 10 ‘1 ‘7 ynm SurA[dwos s21q
"UBIPAW AY) MO[dq AJISUSP ATIOUD pUR {URIPIW Y} MO[oq (PAIWI] 9q P[NOYS IBIUT A} YOIy JOJ SIUILINU JOJ SON[EA PIPUIWIOIAT WNWIXLW ) JO 93.Iuad1ad A[Tep ueour) Onjel SS90X9 UBIW SURIPIUW 9} dA0qE
(s)ueLNNU [ENUSSSD ()7 10§ SOYRIUI PAPUALLILIOdDI JO oFejuadiad A[rep uraw) oner Koenbape ueow :sontedoxd ¢ yim souerduiod se pouyap sea jo1p Aifenb-[euoninnu-ysiy v "sqs  SUBAW dJe San[eA [y,

S66T0  S98Y°0 0+ 70 0+ 70 70+ 70 €0+ 70 €0v6'0 14000 c0F 10 €0+ 70 €0+ 70 T0*10 Iem def,
L1000  €8100  9'6CI + S8II L'LEL + 6'€Cl 90VI + O°0VI +'8F1 = 0°L91 9L000 99000  O'I91 + 9811 S'6SI + €¥01 SILI + 86C1 L'LTT + O'8LI I9jeM TeIUlN
LSLO0  €€100 ¥9C + 99 I'LL =S¥ €9 %91 66 +0¢ SEII'0  660C0 06¢ * €01 voT ¥ ¥y 6’11 * 97T TSl ¥ LT SYULIp JY3T]
IT€€0  6LYS0O €8I = 0¥9 [1'0vy + 6C8 €861 + 079 696 &= 905 LELI'O  ¥9ST1°0 6'CE = L'LE €6C] * L'vS 1'8LE + 819 €L9T + TL8 SYULp joy paresnsupn
L6¥9°0 9060  S8LI + L'SIT €LST = SCIT 6851 + ¥96 THrI = v’ 111 LCSO0 L9000  0°€LE + I'C8C TO68y + 0°0cy ['8¥y + 00y 6'8Cr + £66¢ SYULIp [OYOIIVY
SyuLIq
ol d (681 =u) MOT (98¢ =u) —1  (S6€=u) +I (TLI = u) YSIH ol d (901 =u) MOT (SLg=u) -1 (L6T=1u) +I (86 =) YSIH Aprurey pooy pue dnois pooq

USUWIOA\

USA!

(panuyuo)d) g XIANAIAV



