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Greenhouse gas emissions, water footprint, and ecological
footprint of food purchases according to their degree of
processing in Brazilian metropolitan areas: a time-series
study from 1987 to 2018
Jacqueline Tereza da Silva, Josefa Maria Fellegger Garzillo, Fernanda Rauber, Alana Kluczkovski, Ximena Schmidt Rivera, Gabriela Lopes da Cruz,
Angelina Frankowska, Carla Adriano Martins, Maria Laura da Costa Louzada, Carlos Augusto Monteiro, Christian Reynolds, Sarah Bridle,
Renata Bertazzi Levy

Summary

Background The consumption of ultra-processed foods has increased worldwide and has been related to the occurrence
of obesity and other non-communicable diseases. However, little is known about the environmental effects of ultraprocessed foods. We aimed to assess the temporal trends in greenhouse gas emissions (GHGE), water footprint, and
ecological footprint of food purchases in Brazilian metropolitan areas, and how these are affected by the amount of
food processing.
Methods In this time-series study, we used data from five Brazilian Household Budget Surveys (1987–88, 1995–96,
2002–03, 2008–09, 2017–18) to calculate GHGE, water footprint, and ecological footprint per 1000 kcal of food and
beverages purchased. Food items were classified into NOVA food groups: unprocessed or minimally processed
foods (G1); processed culinary ingredients (G2); processed foods (G3); and ultra-processed foods (G4). We calculated
the proportion each NOVA food group contributes to daily kcal per person. Linear regression was performed to
evaluate trends of the environmental impacts across the years.
Findings Between 1987–88 and 2017–18, diet-related GHGE increased by 21% (from 1538·6 g CO2 equivalent [CO2e]
per 1000 kcal [95% CI 1473·3–1604·0] to 1866·0 g CO2e per 1000 kcal [1788·0–1944·0]; ptrend<0·0001), diet-related
water footprint increased by 22% (from 1447·2 L/1000 kcal [95% CI 1400·7–1493·8] to 1769·1 L/1000 kcal
[1714·5–1823·7]; ptrend<0·0001), and diet-related ecological footprint increased by 17% (from 9·69 m²/1000 kcal
[95% CI 9·33–10·05] to 11·36 m²/1000 kcal [10·91–11·81]; ptrend<0·0001). We found that the change in the
environmental indicators over time varied between NOVA food groups. We did not find evidence of a change in
the environmental indicators for G1 foods over time. GHGE from G2 foods decreased by 18% (ptrend<0·0001),
whereas GHGE from G4 foods increased by 245% (ptrend<0·0001). The water footprint from G2 foods decreased by
17% (ptrend<0·0001) whereas the water footprint from G4 foods increased by 233% (ptrend<0·0001). The ecological
footprint from G2 foods decreased by 13% (ptrend<0·0001), whereas the ecological footprint from G3 foods
increased by 49% (ptrend<0·0001) and from G4 foods increased by 183% (ptrend<0·0001). We found no significant
change in contribution by any other NOVA food groups to any of the three environmental indicators over the
study period.
Interpretation The environmental effects of the Brazilian diet have increased over the past three decades along with
increased effects from ultra-processed foods. This means that dietary patterns in Brazil are becoming potentially
more harmful to human and planetary health. Therefore, a shift in the current trend would be needed to enhance
sustainable healthy food systems.
Funding Science and Technologies Facilities Council—Global Challenges Research Fund.
Copyright © 2021 The Authors(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY-NC-ND
4.0 license.

Introduction
The pressures that food systems exert on ecosystems
and human health have been widely explored. Food
supply chains have been identified as one of the largest
global environmental threats, and unhealthy diets are
the most important risk factor for non-communicable
diseases worldwide.1,2
www.thelancet.com/planetary-health Vol 5 November 2021

There are an increasing number of studies
investigating the effects of foods on climate change,
most of them accounting exclusively for the greenhouse
gas emissions (GHGE) from specific food groups.3–5
Recently, not only GHGE, but a much larger set
of environmental indicators have been explored. For
example, studies in Brazil,6 China,7 India,8 and
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Research in context
Evidence before this study
We did a literature search in May, 2020, and found that there is
increasing evidence of the environmental effects of diets,
particularly after the publication in The Lancet of the EAT–Lancet
Commission and the Global Syndemic Commission, as well as
the publication of the Food and Agriculture Organization of the
United Nations Sustainable Healthy Diets Guiding Principles.
Since the release of the NOVA food classification system in
2010, multiple studies have explored how different levels of
food processing are associated with health outcomes. However,
to date, there has been no robust assessment of the trends in
the environmental effects of diets, considering the degree of
food processing and stage of nutrition transition.
Added value of this study
To our knowledge, this is the first study with nationally
representative data assessing temporal trends in

Australia9 have estimated the GHGE, water footprint,
and ecological footprint of various diets.
These three environmental indicators (GHGE, water
footprint, and ecological footprint) have a sufficient
range of primary data available in the literature, allowing
for complex assessments, although not always at the
country level. Each one of them is linked to a different
aspect of the pressure of human activities on the
planet.10–12 For instance, GHGE is a measure of global
warming potential; water footprint estimates the use of
water, a valuable natural resource; and ecological
footprint represents the amount of biologically productive
area (eg, cropland, grazing land, fishing ground, forest,
and built-up area).10
The relationship between multiple aspects of diet and
environmental effects have been investigated, for
instance, affordability,13 regulatory frameworks,14 and
food culture.15 There are also studies exploring the
influence of diet type, for example vegetarian and vegan
diets,16 and the amount of meat consumed.17 However,
there is a need for studies investigating the trends in the
environmental effects of diets, accounting for the degree
of food processing and situating this narrative within a
nutrition transition and wider dietary change.18,19
NOVA is a food classification system based on the nature
and extent of food processing, which divides foods into
four groups: unprocessed or minimally processed (G1);
processed culinary ingredients (G2); processed foods (G3);
and ultra-processed foods (G4).20 In the past few decades,
the consumption of G4 foods has increased worldwide,21
and has been related to the occurrence of noncommunicable diseases, such as obesity, heart disease,
diabetes, and cancer, and all causes of mortality.22,23
Little is known about the environmental effects of
G4 foods. Such effects probably go beyond the production
of specific commodities (eg, sugar and vegetable oil), and
e776

three environmental indicators (greenhouse gas emissions,
water footprint, and ecological footprint) in Brazil accounting
for the extent of food processing. The results show that the
environmental impacts of the Brazilian diet are increasing
while undergoing a dietary transition, with increased effects
from ultra-processed foods. This shows that the nutrition
transition through dietary change has environmental
implications.
Implications of all the available evidence
This study provides new evidence to inform public policies
and actions towards sustainable healthy diets and changes in
the food systems. If the current dietary trends continue,
Brazil might not be able to achieve international targets to
mitigate climate change and reduce the burden of nutritionrelated diseases. Therefore, a shift in the current trends is
needed.

could also be related to industrial processing, packaging,
distribution, and all the stages concerning the preparation
of many ingredients used exclusively in G4 food
(ie, additives, preservatives, and colourants).18,19 A study
has shown that industrially made meals can have higher
environmental effects than home-made equivalents, due
to the increase in manufacturing stages, refrigerated
storage, and the waste generated in their life cycle.24
Another study found that discretionary food, equivalent to
G4 food, represents 40% of daily energy intake in Australia,
and more than a third of the total diet-related GHGE,
water footprint, and ecological footprint, with this
proportion being expected to double by 2050.9
Brazil is one of the most populated and agriculturally
productive countries in the world and, as such, is
responsible for a large proportion of GHGE, water use,
and land occupation. At the same time, Brazil is one of
the first countries to consider the extent and purpose of
food processing as well as sustainability aspects in its
National Dietary Guidelines. The third of the five
principles underpinning the guidelines focuses on “the
interdependence between healthy diets and the social
and environmental sustainability of the food system”.25
To complement these guidelines and to provide relevant
information to guide interventions and investments
towards sustainable healthy diets, it is important to
understand the effects of current food systems on the
environment.26 Although there are estimations of GHGE
and the water and ecological footprints for the Brazilian
diet for 2003,6 these do not include how the environmental
effects are changing with time, or investigate how different
levels of food processing affect them. Thus, our research
addresses this gap by assessing the temporal trends in
GHGE, water footprints, and ecological footprints of food
purchases in Brazil for more than 30 years (1987–2018),
accounting for the degree of food processing.
www.thelancet.com/planetary-health Vol 5 November 2021
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Methods

Data sources
In this time-series study, we analysed data from five
Brazilian Household Budget Surveys (1987–88, 1995–96,
2002–03, 2008–09, and 2017–18) carried out by the
Brazilian Institute of Geography and Statistics (IBGE) and
available at IBGE’s Automatic Recovery System (SIDRA).
The households were selected by a complex sampling
method in two stages. Briefly, the census tracts in the
studied territory were stratified by geographical area and
socioeconomic level. Then, census tracts were selected by
systematic sampling (stage 1) and households were
selected by simple random sampling without replacement
(stage 2). Additional information on the sampling and
other methodological procedures is available elsewhere.27
The dataset recovered from SIDRA lists the annual perperson purchased amount of 334 food and beverages for
household consumption in 11 metropolitan areas,
grouping the households into ten classes of income,
totalling 110 strata per survey.27 IBGE obtained the annual
per-person quantity of each food by estimating the ratio
between the total quantities and the estimated resident
population.27 Data on the estimated population size in each
income level per city per year were provided by IBGE.

Environmental footprints
To convert the purchased amounts of food into kcal, we
used data from the Brazilian Food Composition Table28
and applied correction factors to the crude amounts of
food so as to exclude the inedible portion.
We assessed the environmental effects of food
purchases using three indicators that were compiled in a
previous publication by Garzillo and colleagues in 2020,29
which provides data for climate change through GHGE,
water footprint, and ecological footprint for individual
foods consumed in Brazil. The compilation made by
Garzillo and colleagues focuses on food consumption
and provides a single value for GHGE, water footprint,
and ecological footprint for each food item. Therefore,
our analysis used the same environmental impacts for
each year (ie, we assumed that 1 kg of a specific type of
food had the same environmental effect in 1987–88 and
2017–18) and did not reflect changes in food production
practices.
GHGE include carbon dioxide (CO2), methane (CH4),
nitrous oxide (N2O), hydrofluorocarbon (HFC), perfluoro
carbons (PFCs), and sulphur hexafluoride (SF6), among
others, and are directly or indirectly caused by an activity
or are accumulated over the course of a product life cycle.
GHGE is expressed in mass of CO2 equivalent (g CO2e).30
Water footprint measures the total amount of fresh
water directly or indirectly used during the lifecycle of a
product and is expressed in volume (L). The total water is
the sum of surface water or groundwater (blue water),
rainwater (green water), and the water needed to
assimilate the pollution load of the production system
and consumption (grey water).10
www.thelancet.com/planetary-health Vol 5 November 2021

The ecological footprint accounts for how much
humankind demands from the regenerative capacity of
the biosphere. It measures the direct and indirect
use of renewable resources and carbon assimilation,
comparing them with the ecological assets of our
planet, which is our biocapacity. Ecological footprint is
expressed in units of the global area (m²) that is needed
to regenerate the resources used during a product
lifecycle.10
In Garzillo and colleagues’ study,29 the environmental
impacts accounted for the whole lifecycle of the product
(eg, cradle-to-grave scope), hence we included the total
amount of food purchased, including discarded parts (eg,
peels and seeds), considering that the discarded parts
generate an effect that is associated with the edible part,
and must be incorporated to the estimation. The
environmental footprints of the total diet, and of each
NOVA group and subgroup (described in the following
section) are shown per 1000 kcal.

For the SIDRA data see https://
sidra.ibge.gov.br/tabela/419

NOVA classification system
All food items were classified into the NOVA groups
and the subgroups within them.20 Unprocessed or
minimally processed foods (NOVA group G1) are
directly obtained from nature and might undergo a
minor processing, such as removal of parts and
cleaning, fermentation, drying, or pasteurisation. This
group of foods includes grains, legumes (beans), fruits,
vegetables, roots and tubers, meats, eggs, milk,
and others. Processed culinary ingredients (NOVA
group G2) include substances extracted from foods or
from nature, such as salt, table sugar, vegetable oils,
and animal fat, which are added to unprocessed or
minimally processed foods to create culinary pre
parations. Processed foods (NOVA group G3) are
products manufactured by the food industry that are
composed of unprocessed or minimally processed
foods with added culinary ingredients such as salt, oil,
and sugar. This group includes foods such as
unpackaged, freshly made breads, cheeses, fermented
alcoholic beverages, preserves, and salted, cured, or
smoked meats. Ultra-processed foods (NOVA group G4)
are industrial formulations that are characterised by a
high degree of processing, the addition of substances
exclusive to the food industry, and frequent application
of cosmetic additives whose function is to make the
final product palatable or hyperpalatable and more
appealing. This group includes cookies, chocolate,
snacks, sweetened beverages (eg, soda), milk-based
drinks, breakfast cereals, mass-produced and packaged
breads and buns, frozen meals, ultra-processed meat
(poultry and fish nuggets and sticks, sausages, burgers,
hot dogs, and other reconstituted meat products),
among others. Ultra-processed products typically
contain little or even no unprocessed or minimally
processed foods. We calculated the proportion that each
NOVA food group contributes to daily kcal per person.
e777
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Environmental footprints per 1000 kcal
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the report.
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Figure 1: Trends in the environmental impacts per 1000 kcal from food
purchases in Brazilian metropolitan areas, 1987–88 to 2017–18
CO2e=CO2 equivalent. GHGE=greenhouse gas emissions.
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Figure 2: Proportion of daily kcal provided by each NOVA food group based on food purchases in Brazilian
metropolitan areas, 1987–88 to 2017–18

Data analysis
The contribution of each NOVA food group to daily kcal
and the environmental impacts (GHGE, water footprint,
and ecological footprint) per 1000 kcal are described as
population-weighted means and 95% CI for each year
studied. The results are shown as relative numbers
(either as the share [%] of total kcal or per 1000 kcal) to
account for the progressive decrease in the caloric
purchase for consumption at home over the years and
possible under-reporting. Temporal trends in the
environmental effects of the diet, as well as NOVA group
and subgroups, were tested using linear regression. The
analysis was done using the population size in each data
cluster (income level, city, year) as a weighting factor.
The data were analysed in R version 3.6.1 using the
survey package.31
e778

From 1987–88 to 2017–18, the three environmental
impacts increased significantly (figure 1). GHGE
increased by 21% (from 1538·6 g CO2e per 1000 kcal
[95% CI 1473·3–1604·0] to 1866·0 g CO2e per 1000 kcal
[1788·0–1944·0]; ptrend<0·0001). Likewise, the daily water
footprint increased by 22% (from 1447·2 L/1000 kcal
[95% CI 1400·7–1493·8] to 1769·1 L/1000 kcal
[1714·5–1823·7]; ptrend<0·0001). The ecological footprint
also increased by 17% (from 9·69 m²/1000 kcal [95% CI
9·33–10·05] to 11·36 m²/1000 kcal [10·91–11·81];
ptrend<0·0001) over the study period. The trends were not
uniform over the time and there was a decrease in all
three impacts between 1996 and 2003.
Over the 30-year period, there were changes in dietary
patterns assessed according to NOVA classification. The
proportion of total energy consumption provided by
G1 foods decreased from 52·1% to 45·8% (ptrend<0·0001),
and the share provided by G2 foods decreased from
26·9% to 19·1% (ptrend<0·0001; figure 2). On the other
hand, the dietary share of G3 foods increased by 1·1 times
over 30 years (from 11·2% in 1987–88 to 12·1% in
2017–18; ptrend=0·0032), while the share of G4 foods
increased by 2·3 times in the same period (from 9·8% to
23·0%; ptrend<0·0001; figure 2).
Analysing the trends of the environmental impacts
over time, we note that they varied with NOVA food
groups. G1 foods made the greatest contribution to
GHGE (figure 3A), and this did not change significantly
over the study period (increasing only from 1248·6 g CO2e
per 1000 kcal [95% CI 1197·3–1299·8] to 1295·0 g CO2e
per 1000 kcal [1245·1–1344·9]; ptrend=0·35; table 1). The
contribution of G2 foods to GHGE significantly
decreased by 18% (47·4 g CO2e per 1000 kcal [46·2–48·6] to
38·9 g CO2e per 1000 kcal [37·0–40·9]; ptrend<0·0001),
while the contribution of G3 foods marginally changed
(from 132·6 g CO2e per 1000 kcal [118·2–147·0] to
152·0 g CO2e per 1000 kcal [135·3–168·8]), but no linear
trend was observed (ptrend=0·17). The contribution to
GHGE by G4 foods significantly increased by 245% over
the study period (from 110·0 g CO2e per 1000 kcal
[96·3–123·7] to 380·0 g CO2e per 1000 kcal [336·1–424·0];
ptrend<0·0001).
When we analysed the NOVA subgroups (table 1), we
observed that the contributions of some types of G1 foods
(cereals other than rice, poultry and eggs, and other
unprocessed foods) to GHGE significantly increased
between 1987–88 and 2017–18, whereas the contributions
of other subgroups significantly decreased (rice, milk,
beans, and roots and tubers). The types of G2 foods with a
significant decrease in contribution to GHGE were sugar
(40% decrease) and vegetable oil (14% decrease). The
www.thelancet.com/planetary-health Vol 5 November 2021
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G1: unprocessed or minimally processed foods
G2: culinary ingredients
G3: processed foods
G4: ultra-processed foods

A
GHGE (CO2e per 1000 kcal)
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Water footprint (L/1000 kcal)
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C
Ecological footprint (m²/1000 kcal)

contributions of some types of G3 foods to GHGE
significantly increased over the period (cheese and
fermented alcoholic beverages), whereas the contribution
of processed meat to GHGE significantly decreased
(table 1). The GHGE from all types of G4 foods significantly
increased, with the emissions from all the subgroups,
except margarine and other ultra-processed foods (distilled
alcoholic beverages, coconut milk, industrialised sauces,
and dried industrialised seasonings), at least doubling
over the study period (table 1).
A similar trend was observed for the water footprint
as for GHGE (figure 3B; table 2). There was no evidence
that the contribution of G1 foods to the water footprint
changed (1083·3 L/1000 kcal [95% CI 1048·8–1117·9] to
1146·6 L/1000 kcal [1111·8–1181·3]; ptrend=0·86). The
contribution of G2 foods to the water footprint signifi
cantly decreased by 17% (93·4 L/1000 kcal [90·8–96·0]
to 77·3 L/1000 kcal [73·3–81·3]; ptrend<0·0001), and
the contribution of G3 foods remained the same
(152·5 L/1000 kcal [139·1–165·9] to 151·8 L per 1000 kcal
[137·5–166·1]; ptrend=0·75). The contribution of G4 foods
to the water footprint significantly increased by 233%
(118·0 L/1000 kcal [104·3–131·7] to 393·4 L/1000 kcal
[354·7–432·1]; ptrend<0·0001).
Although the overall contribution of G1 foods to the
water footprint was constant from 1987–88 to 2017–18,
the contribution of some types of G1 foods significantly
decreased (rice, milk, beans, and roots and tubers), and
the contribution of other unprocessed foods (nuts, coffee,
tea, and home-made meals) significantly increased
(table 2). Among G2 foods, the contribution of sugar
and vegetable oil to the water footprint significantly
decreased. Among the G3 subgroups, we observed a
significant decrease in contribution to the water footprint
from processed meat and a significant increase in
the water footprint from cheese, fermented alcoholic
beverages, and canned or tinned fruits and vegetables.
The contributions of all types of G4 food to the water
footprint significantly increased, being at least twice as
high in 2017–18 than in 1987–88 for all subgroups, except
margarine and other ultra-processed foods.
The contribution of G1 foods to the ecological footprint
remained constant between 1987–88 and 2017–18 (from
7·69 m²/1000 kcal [95% CI 7·39–7·99] to 7·83 m²/1000 kcal
[7·49–8·17]; ptrend=0·31; table 3; figure 3C). The contribution
of G2 foods to the ecological footprint significantly
decreased by 13% (from 0·82 m²/1000 kcal [0·79–0·85] to
0·71 m²/1000 kcal [0·67–0·75]; ptrend<0·0001) over the same
period, whereas the contributions of G3 foods significantly
increased by 49% (from 0·41 m²/1000 kcal [0·37–0·44] to
0·61 m²/1000 kcal [0·56–0·67]; ptrend<0·0001) and the
contribution of G4 foods significantly increased by 183%
(from 0·78 m²/1000 kcal [0·71–0·84] to 2·21 m²/1000 kcal
[2·02–2·40]; ptrend<0·0001) over the study period.
Some NOVA subgroups had a significant decrease in
contribution to the ecological footprint: rice, milk, beans,
and root and tubers (G1); and sugar and vegetable oil

14
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0
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1995–96

2002–03

2008–09
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Year

Figure 3: Temporal trends in the environmental impacts from food purchases
according to NOVA food groups in Brazilian metropolitan areas, 1987–88 to
2017–18
(A) GHGE. (B) Water footprint. (C) Ecological footprint. CO2e=CO2 equivalent.
GHGE=greenhouse gas emissions.

(G2; table 3). The contribution of other subgroups to the
ecological footprint significantly increased: poultry and
eggs and other unprocessed foods (G1); cheese and
fermented alcoholic beverages (G3); and all types of G4
except for other ultra-processed food (table 3).
The effects from ultra-processed foods on GHGE,
water footprint, and ecological footprint all increased
during the study period. The types of G4 foods
contributing the largest proportions to the environmental
impact varied across the indicators and the years, with
some exceptions. For example, ultra-processed meat was
the highest G4 contributor to daily GHGE and water
footprint in each year of the study period (appendix 2
pp 2–5). For the ecological footprint, margarine was the
highest G4 contributor in 1987, whereas ultra-processed

See Online for appendix 2
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G1: unprocessed or minimally
processed foods

1987–88

1995–96

2002–03

2008–09

2017–18

1248·6
(1197·3–1299·8)

1440·1
(1348·3–1531·9)

1196·7
(1121·4–1272·0)

1235·6
(1184·3–1286·9)

1295·0 (1245·1–1344·9)

ptrend value
0·35

Rice

112·6 (105·7–119·5)

111·5 (101·8–121·2)

103·4 (95·7–111·1)

102·4 (92·8–112·0)

88·3 (79·7–96·9)

<0·0001

Milk

130·9 (123·5–138·3)

138·9 (126·2–151·6)

119·4 (110·5–128·4)

108·9 (102·6–115·2)

106·0 (99·4–112·5)

<0·0001

16·4 (15·4–17·3)

17·3 (16·0–18·6)

18·1 (16·5–19·8)

18·3 (16·6–20·1)

22·2 (19·6–24·8)

<0·0001

3·7 (3·3–4·1)

3·3 (3·0–3·6)

3·1 (2·8–3·4)

<0·0001

Cereals other than rice
Beans

3·9 (3·6–4·1)

Poultry and eggs

110·3 (106·7–113·9)

Roots and tubers

8·7 (7·6–9·9)

Fruits and vegetables

59·0 (54·8–63·2)

Beef

760·5 (714·6–806·3)

3·7 (3·3–4·0)
126·4 (119·1–133·8)
7·2 (6·2–8·2)
53·0 (47·4–58·6)
942·5 (865·3–1019·6)

99·0 (91·7–106·2)
6·6 (5·5–7·7)
47·1 (43·0–51·2)
741·0 (674·2–807·8)

109·7 (103·9–115·6)
5·4 (4·6–6·2)

129·0 (120·7–137·3)
4·9 (4·3–5·4)

0·023
<0·0001

53·6 (48·8–58·3)

66·6 (59·7–73·6)

0·058

769·4 (722·9–815·9)

778·3 (730·7–825·9)

0·16
0·15

Pork

15·2 (13·7–16·6)

10·2 (8·2–12·1)

10·7 (8·9–12·5)

9·8 (8·2–11·4)

17·5 (14·8–20·1)

Fish

20·7 (17·2–24·1)

18·7 (16·3–21·0)

20·5 (16·8–24·3)

22·5 (16·6–28·5)

21·5 (16·7–26·3)

0·45

Other unprocessed foods*

10·6 (7·7–13·5)

10·8 (4·4–17·3)

27·1 (20·4–33·9)

32·2 (25·2–39·3)

57·7 (44·6–70·8)

<0·0001

47·4 (46·2–48·6)

42·7 (40·7–44·6)

41·0 (38·9–43·1)

36·5 (35·1–37·9)

38·9 (37·0–40·9)

<0·0001

G2: processed culinary
ingredients
Sugar

14·1 (13·3–14·8)

13·8 (12·7–14·9)

11·8 (10·8–12·7)

10·9 (10·2–11·7)

8·4 (7·6–9·1)

<0·0001

Vegetable oil

23·5 (22·2–24·7)

21·3 (20·0–22·5)

21·6 (20·0–23·3)

19·4 (18·1–20·6)

20·2 (18·7–21·6)

0·0002

Animal fat

6·3 (5·2–7·5)

4·7 (3·8–5·6)

5·1 (4·3–5·8)

3·7 (2·9–4·5)

6·7 (5·5–7·9)

0·97

Starch

1·0 (0·8–1·1)

0·6 (0·5–0·8)

0·4 (0·3–0·5)

0·4 (0·3–0·5)

1·0 (0·8–1·2)

0·61

2·7 (2·4–3·1)

0·60

Other culinary ingredients†

2·6 (2·4–2·8)

G3: processed foods

132·6 (118·2–147·0)

2·3 (2·0–2·6)

115·3 (101·3–129·2)

17·3 (16·0–18·5)

17·8 (16·4–19·1)

Processed bread

16·3 (15·7–17·0)

Cheese

24·4 (19·8–29·1)

30·9 (22·8–39·1)

Processed meat‡

78·3 (64·6–91·9)

69·9 (57·2–82·7)

Fermented alcoholic beverages

9·4 (7·9–10·8)

14·7 (11·8–17·5)

Canned or tinned fruits and
vegetables

4·2 (3·8–4·5)

3·1 (2·8–3·4)

G4: ultra-processed food and
drinks
Cookies, crackers, cakes, and
pies
Margarine

110·0 (96·3–123·7)
11·7 (10·7–12·7)

2·1 (1·8–2·4)

135·9 (119·6–152·2)

163·1 (136·8–189·5)
14·3 (13·0–15·7)

2·1 (1·9–2·3)
126·3 (109·3–143·4)

152·0 (135·3–168·8)

0·17

18·7 (17·3–20·2)

15·1 (13·9–16·3)

0·39

31·8 (25·8–37·9)

37·9 (32·3–43·4)

55·4 (47·5–63·2)

<0·0001

45·5 (34·2–56·8)

48·3 (34·9–61·8)

53·1 (39·9–66·3)

0·0012

15·2 (12·5–17·9)

17·2 (13·1–21·4)

24·4 (20·7–28·1)

<0·0001

5·0 (4·4–5·6)

4·2 (3·7–4·7)

4·1 (3·3–5·0)

0·40

243·9 (217·9–270·0)

291·3 (269·8–312·8)

380·0 (336·1–424·0)

<0·0001

18·0 (16·4–19·5)

21·9 (20·0–23·7)

25·4 (23·6–27·3)

<0·0001

4·9 (4·6–5·3)

3·7 (3·3–4·0)

5·5 (4·7–6·3)

6·0 (5·5–6·5)

5·5 (5·0–5·9)

<0·0001

12·1 (9·6–14·6)

9·5 (7·6–11·3)

13·6 (11·4–15·8)

17·7 (14·9–20·5)

24·7 (21·7–27·7)

<0·0001

Sweetened beverages

9·8 (8·7–11·0)

16·4 (13·3–19·5)

25·8 (22·6–29·1)

28·8 (25·9–31·8)

26·5 (23·5–29·6)

<0·0001

Ultra-processed bread

3·4 (2·9–3·9)

3·0 (2·5–3·5)

4·1 (3·4–4·8)

5·9 (5·1–6·7)

8·5 (7·3–9·8)

Ultra-processed meat§

36·2 (31·5–40·9)

79·0 (67·0–91·0)

Ready-to-eat meals

11·8 (8·5–15·1)

19·3 (11·2–27·5)

21·7 (17·2–26·2)

Milk-based products

10·1 (8·0–12·2)

10·6 (7·8–13·3)

27·4 (23·6–31·1)

Other ultra-processed food¶

10·1 (6·7–13·5)

7·4 (5·7–9·1)

7·2 (5·9–8·5)

9·8 (7·9–11·7)

13·8 (11·8–15·8)

1781·8
(1664·1–1899·6)

1597·0
(1502·5–1691·4)

Sweets

Total

1538·6
(1473·3–1604·0)

120·6 (101·9–139·4)

137·6 (124·3–150·8)

<0·0001

147·4 (127·0–167·8)

<0·0001

35·3 (28·5–42·1)

90·1 (68·2–112·1)

<0·0001

28·3 (25·2–31·3)

38·0 (33·7–42·3)

<0·0001

1689·8
(1627·3–1752·2)

1866·0 (1788·0–1944·0)

0·019
<0·0001

Data are g CO2 equivalent per 1000 kcal (95% CI). *Other unprocessed food: nuts, coffee, tea, home-made meals. †Other culinary ingredients: salt, baking powder, vinegar, honey. ‡Processed meat: salted, cured,
or smoked meats. §Ultra-processed meat: chicken nuggets, sausages, burgers, hot dogs, and other reconstituted meat products. ¶Other ultra-processed food: distilled alcoholic beverages, coconut milk,
industrialised sauces, and dried industrialised seasonings.

Table 1: Greenhouse gas emissions from food purchases according to NOVA food groups and subgroups in Brazilian metropolitan areas, 1987–88 to 2017–18

meat occupied this position from 1996 onwards
(appendix 2 pp 6–7).
Another food category that contributed to the increase
in the environmental impacts was cheese (G3), with the
GHGE, water footprint, and ecological footprint from
this subgroup doubling over the 30-year period.
Processed meat (G3) had a decreasing contribution to
GHGE and water footprint, remaining constant for
ecological footprint (appendix 2 pp 2–5).
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Discussion
To our knowledge, this is the first study reporting the
temporal trends of GHGE, water footprint, and ecological
footprint in the Brazilian diet considering the degree and
purpose of food processing according to NOVA food
classification. Over the 30-year study period, diet-related
GHGE increased by 21%, the diet-related water footprint
increased by 22%, and the diet-related ecological footprint
increased by 17%.
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Articles

G1: unprocessed or minimally
processed foods

1987–88

1995–96

2002–03

2008–09

2017–18

1083·3
(1048·8–1117·9)

1218·6
(1151·1–1286·1)

1035·2
(977·4–1092·9)

1057·8
(1021·5–1094·0)

1146·6
(1111·8–1181·3)

Rice

57·4 (53·9–60·9)

Milk

129·0 (120·7–137·2)

56·8 (51·9–61·8)
131·4 (116·8–145·9)

ptrend value
0·86

52·7 (48·8–56·6)

52·2 (47·3–57·1)

45·0 (40·6–49·4)

<0·0001

107·7 (98·0–117·4)

102·0 (94·2–109·8)

95·6 (88·2–103·1)

<0·0001

Cereals other than rice

30·5 (28·7–32·2)

30·6 (28·2–33·0)

29·5 (26·6–32·4)

28·6 (26·0–31·3)

30·2 (27·7–32·8)

0·56

Beans

59·4 (55·4–63·5)

56·4 (51·0–61·8)

56·8 (50·9–62·6)

50·3 (45·9–54·6)

47·5 (43·2–51·8)

<0·0001

Poultry and eggs

133·7 (129·3–138·1)

159·8 (150·4–169·1)

131·1 (121·4–140·8)

138·8 (131·1–146·4)

161·1 (150·4–171·9)

0·0063

Roots and tubers

24·5 (21·2–27·9)

18·9 (15·9–21·9)

15·7 (13·3–18·0)

14·6 (13·0–16·2)

<0·0001

76·3 (69·1–83·5)

0·013

20·3 (17·4–23·2)
63·4 (55·0–71·8)

54·9 (50·1–59·7)

60·6 (55·7–65·4)

Beef

499·8 (468·9–530·6)

624·4 (572·1–676·6)

486·8 (442·1–531·5)

510·0 (478·7–541·3)

Pork

27·6 (24·9–30·3)

18·4 (14·8–21·9)

19·3 (16·1–22·6)

18·1 (15·1–21·1)

Other unprocessed foods*

58·2 (54·3–62·1)

57·2 (51·1–63·2)

77·5 (69·1–86·0)

81·5 (74·3–88·8)

93·4 (90·8–96·0)

84·3 (80·5–88·1)

83·0 (77·9–88·0)

74·4 (71·1–77·8)

Fruits and vegetables

G2: processed culinary
ingredients

63·3 (58·9–67·7)

516·3 (484·2–548·4)
31·9 (27·2–36·7)
127·9 (116·0–139·8)

0·23
0·15
<0·0001

77·3 (73·3–81·3)

<0·0001

Sugar

22·8 (21·6–24·0)

22·4 (20·5–24·2)

19·0 (17·4–20·6)

17·3 (16·2–18·4)

13·2 (12·0–14·4)

<0·0001

Vegetable oil

60·9 (57·4–64·4)

54·9 (51·7–58·0)

57·2 (52·5–62·0)

51·5 (47·9–55·0)

53·9 (50·0–57·8)

0·0057

Animal fat

4·4 (3·6–5·2)

3·3 (2·7–3·9)

3·7 (3·1–4·2)

2·7 (2·1–3·2)

4·9 (4·0–5·7)

0·69

Starch

3·5 (3·0–4·1)

2·3 (1·8–2·7)

1·5 (1·1–1·9)

1·5 (1·0–1·9)

3·3 (2·7–3·9)

0·30

2·1 (1·8–2·3)

0·095

Other culinary ingredients†

1·8 (1·6–1·9)

1·5 (1·3–1·7)

1·6 (1·3–1·9)

1·5 (1·4–1·7)

G3: processed foods

152·5 (139·1–165·9)

152·2 (138·9–165·6)

135·1 (122·5–147·7)

144·2 (128·2–160·2)

151·8 (137·5–166·1)

0·75

Processed bread

55·8 (53·5–58·0)

59·0 (54·8–63·3)

60·3 (55·7–64·9)

62·9 (58·1–67·8)

50·6 (46·3–54·9)

0·19
<0·0001

Cheese

16·0 (12·8–19·2)

20·3 (14·8–25·7)

21·3 (17·3–25·4)

24·7 (21·1–28·3)

36·7 (31·6–41·9)

Processed meat‡

76·2 (63·4–88·9)

66·8 (55·0–78·7)

44·9 (34·2–55·6)

47·4 (34·4–60·4)

52·4 (39·7–65·1)

0·0015

Fermented alcoholic beverages

3·1 (2·6–3·5)

5·0 (4·0–5·9)

5·1 (4·1–6·1)

5·6 (4·4–6·7)

8·1 (6·9–9·3)

<0·0001

Canned or tinned fruits and
vegetables

1·5 (1·4–1·7)

1·2 (1·0–1·3)

3·5 (2·8–4·1)

3·6 (2·9–4·4)

3·9 (3·1–4·7)

<0·0001

G4: ultra-processed food and
drinks

118·0 (104·3–131·7)

183·1 (158·2–207·9)

Cookies, crackers, cakes,
and pies

14·1 (13·0–15·2)

18·4 (16·7–20·0)

Margarine

279·4 (249·0–309·8)
23·8 (21·9–25·6)

330·6 (303·5–357·7)

393·4 (354·7–432·1)

<0·0001

27·4 (25·3–29·4)

31·4 (29·3–33·5)

<0·0001

4·2 (3·9–4·5)

3·1 (2·8–3·4)

4·7 (4·0–5·3)

5·1 (4·7–5·4)

Sweets

34·4 (29·1–39·7)

32·0 (26·7–37·3)

59·7 (50·1–69·2)

70·7 (59·1–82·3)

95·3 (82·9–107·8)

<0·0001

Sweetened beverages

10·0 (8·9–11·1)

16·5 (13·5–19·6)

26·4 (23·1–29·8)

29·3 (26·3–32·2)

26·9 (23·9–29·9)

<0·0001

Ultra-processed bread

2·7 (2·3–3·1)

2·4 (2·0–2·9)

3·3 (2·8–3·9)

4·7 (4·1–5·3)

Ultra-processed meat§

38·1 (33·1–43·0)

91·7 (78·5–104·8)

132·3 (113–151·6)

153·3 (138·6–168·0)

4·6 (4·3–5·0)

6·7 (5·7–7·6)

<0·0001

<0·0001

154·1 (134·6–173·6)

<0·0001

Ready-to-eat meals

5·7 (4·2–7·2)

10·1 (6·1–14·1)

9·7 (7·5–12·0)

18·2 (13·2–23·2)

43·4 (31·3–55·4)

<0·0001

Milk-based products

6·0 (4·6–7·4)

6·9 (5·0–8·7)

16·6 (14·1–19·1)

18·3 (16·1–20·4)

26·4 (23·5–29·4)

<0·0001

Other ultra-processed food

2·9 (2·4–3·3)

2·0 (1·7–2·3)

2·9 (2·6–3·3)

3·7 (3·1–4·3)

4·6 (4·1–5·0)

<0·0001

Total

1447·2 (1400·7–1493·8)

1638·2 (1547·6–1728·9)

1532·7 (1452·7–1612·6)

1607·1 (1555·2–1658·9)

1769·1 (1714·5–1823·7)

<0·0001

Data are L/1000 kcal (95% CI). The food group fish is not shown in this table because it has a water footprint equal to zero. *Other unprocessed food: nuts, coffee, tea, home-made meals. †Other culinary
ingredients: salt, baking powder, vinegar, honey. ‡Processed meat: salted, cured, or smoked meats. §Ultra-processed meat: chicken nuggets, sausages, burgers, hot dogs, and other reconstituted meat products.
¶Other ultra-processed food: distilled alcoholic beverages, coconut milk, industrialised sauces, and dried industrialised seasonings.

Table 2: Water footprint from food purchases according to NOVA food groups and subgroups in Brazilian metropolitan areas, 1987–88 to 2017–18

The temporal trends differed in 2003, when the
environmental impacts were lower than the preceding
study year (1996). This was due to changes in animal
product consumption patterns. From 1987 to 1996, the
consumption of fresh meat increased from 9·1% to
10·7% of daily kcal.32 However, from 1996 to 2003, the
trends reverted, with the consumption of fresh meat
decreasing to 9·5% of daily kcal.32 The reduced
consumption of meat in 2003 is explained by an
economic crisis that affected South America (Argentina,
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Uruguay, and Brazil) in 2001–02, causing an increase in
food prices in Brazil, particularly beef.
The environmental effects of Brazilian food purchases
have increased due to changes in dietary patterns. The
contributions of G1 foods and G2 foods to the diet have
decreased, whereas the contributions of G3 foods and
G4 foods have increased. Regarding animal products, the
consumption of unprocessed and minimally processed
red meat (beef and pork) has remained relatively constant
over the observed period. On the other hand, the
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Articles

1987–88
G1: unprocessed or minimally processed foods 7·69 (7·39–7·99)
Rice

0·45 (0·42–0·48)

1995–96

2002–03

2008–09

2017–18

ptrend value

8·41 (7·95–8·86)

7·28 (6·84–7·71)

7·43 (7·09–7·77)

7·83 (7·49–8·17)

0·31

0·44 (0·41–0·48)

0·41 (0·38–0·44)

0·41 (0·37–0·45)

0·35 (0·32–0·39)

<0·0001
<0·0001

Milk

0·82 (0·76–0·87)

0·82 (0·73–0·92)

0·67 (0·60–0·73)

0·64 (0·59–0·69)

0·59 (0·54–0·64)

Cereals other than rice

0·17 (0·16–0·18)

0·17 (0·15–0·18)

0·16 (0·15–0·18)

0·16 (0·14–0·17)

0·17 (0·15–0·18)

0·65

Beans

0·10 (0·09–0·11)

0·09 (0·08–0·10)

0·09 (0·08–0·10)

0·08 (0·08–0·09)

0·08 (0·07–0·09)

<0·0001

Poultry and eggs

0·82 (0·79–0·85)

0·97 (0·91–1·02)

0·78 (0·72–0·84)

0·84 (0·79–0·88)

0·98 (0·91–1·04)

0·011

Roots and tubers

0·12 (0·10–0·14)

0·10 (0·09–0·12)

0·09 (0·08–0·11)

0·08 (0·06–0·09)

0·07 (0·06–0·08)

<0·0001

Fruits and vegetables

0·36 (0·34–0·39)

0·32 (0·28–0·36)

0·25 (0·23–0·28)

0·30 (0·27–0·33)

0·36 (0·32–0·40)

0·84

Beef

3·26 (3·06–3·45)

4·00 (3·68–4·32)

3·18 (2·90–3·46)

3·26 (3·07–3·46)

3·30 (3·10–3·50)

0·11

Pork

0·13 (0·12–0·14)

0·08 (0·07–0·10)

0·09 (0·07–0·10)

0·09 (0·07–0·10)

0·15 (0·13–0·17)

0·11

Fish

1·23 (1·07–1·39)

1·16 (1·02–1·31)

1·22 (1·00–1·44)

1·21 (0·93–1·50)

1·23 (1·01–1·44)

0·89

Other unprocessed foods*
G2: processed culinary ingredients

0·24 (0·22–0·25)

0·24 (0·21–0·27)

0·33 (0·29–0·37)

0·36 (0·33–0·40)

0·56 (0·50–0·61)

<0·0001

0·82 (0·79–0·85)

0·73 (0·70–0·77)

0·72 (0·68–0·76)

0·64 (0·61–0·67)

0·71 (0·67–0·75)

<0·0001

Sugar

0·13 (0·12–0·13)

0·12 (0·11–0·13)

0·10 (0·10–0·11)

0·10 (0·09–0·10)

0·07 (0·07–0·08)

<0·0001

Vegetable oil

0·53 (0·50–0·56)

0·48 (0·45–0·51)

0·49 (0·45–0·52)

0·44 (0·41–0·47)

0·46 (0·43–0·49)

0·0068

Animal fat

0·12 (0·10–0·14)

0·09 (0·07–0·11)

0·10 (0·08–0·11)

0·07 (0·06–0·09)

0·13 (0·10–0·15)

0·94

Starch

0·01 (0·01–0·02)

0·01 (0·01–0·01)

0·01 (0·00–0·01)

0·01 (0·00–0·01)

0·01 (0·01–0·02)

0·89

Other culinary ingredients†

0·03 (0·03–0·03)

0·03 (0·03–0·03)

0·03 (0·02–0·03)

0·03 (0·02–0·03)

0·03 (0·03–0·04)

0·30

0·41 (0·37–0·44)

0·47 (0·40–0·53)

0·47 (0·42–0·52)

0·53 (0·48–0·59)

0·61 (0·56–0·67)

<0·0001

G3: processed foods
Processed bread

0·15 (0·14–0·16)

0·16 (0·15–0·17)

0·16 (0·15–0·18)

0·17 (0·16–0·18)

0·14 (0·13–0·15)

0·24

Cheese

0·10 (0·08–0·12)

0·13 (0·09–0·16)

0·13 (0·11–0·16)

0·16 (0·13–0·18)

0·23 (0·20–0·26)

<0·0001

Processed meat‡

0·10 (0·09–0·12)

0·11 (0·08–0·14)

0·10 (0·08–0·12)

0·11 (0·08–0·14)

0·13 (0·10–0·15)

0·18

Fermented alcoholic beverages

0·04 (0·03–0·05)

0·06 (0·05–0·07)

0·06 (0·05–0·07)

0·08 (0·05–0·10)

0·10 (0·09–0·12)

<0·0001

Canned or tinned fruits and vegetables

0·01 (0·01–0·01)

0·01 (0·01–0·01)

0·02 (0·01–0·02)

0·01 (0·01–0·02)

0·01 (0·01–0·01)

0·23

0·78 (0·71–0·84)

0·97 (0·85–1·09)

1·5 (1·36–1·63)

1·80 (1·68–1·92)

2·21 (2·02–2·40)

<0·0001

G4: ultra-processed food and drinks
Cookies, crackers, cakes, and pies

0·08 (0·07–0·08)

0·10 (0·09–0·11)

0·12 (0·11–0·13)

0·15 (0·14–0·16)

0·17 (0·16–0·18)

<0·0001

Margarine

0·21 (0·19–0·22)

0·16 (0·14–0·17)

0·23 (0·20–0·27)

0·25 (0·23–0·27)

0·23 (0·21–0·25)

<0·0001

Sweets

0·09 (0·07–0·11)

0·09 (0·07–0·11)

0·15 (0·13–0·18)

0·18 (0·15–0·21)

0·26 (0·23–0·30)

<0·0001

Sweetened beverages

0·06 (0·05–0·06)

0·09 (0·07–0·10)

0·17 (0·15–0·20)

0·19 (0·17–0·22)

0·22 (0·19–0·24)

<0·0001
<0·0001

Ultra-processed bread

0·02 (0·01–0·02)

0·02 (0·01–0·02)

0·02 (0·02–0·03)

0·03 (0·03–0·03)

0·04 (0·04–0·05)

Ultra-processed meat§

0·13 (0·12–0·15)

0·33 (0·28–0·38)

0·48 (0·41–0·55)

0·56 (0·51–0·61)

0·55 (0·48–0·62)

<0·0001

Ready-to-eat meals

0·04 (0·03–0·05)

0·06 (0·04–0·09)

0·06 (0·05–0·08)

0·11 (0·08–0·14)

0·26 (0·19–0·33)

<0·0001
<0·0001

Milk-based products

0·05 (0·04–0·06)

0·05 (0·04–0·06)

0·17 (0·13–0·20)

0·22 (0·19–0·25)

0·34 (0·30–0·38)

Other ultra-processed food¶

0·11 (0·08–0·14)

0·07 (0·06–0·09)

0·09 (0·08–0·10)

0·10 (0·08–0·12)

0·13 (0·11–0·15)

9·69 (9·33–10·05)

10·58 (10·01–11·14)

9·96 (9·44–10·48)

10·4 (10·00–10·8)

Total

11·36 (10·91–11·81)

0·065
<0·0001

Data are m²/1000 kcal (95% CI). *Other unprocessed food: nuts, coffee, tea, home-made meals. †Other culinary ingredients: salt, baking powder, vinegar, honey. ‡Processed meat: salted, cured, or smoked meats.
§Ultra-processed meat: chicken nuggets, sausages, burgers, hot dogs, and other reconstituted meat products. ¶Other ultra-processed food: distilled alcoholic beverages, coconut milk, industrialised sauces, and
dried industrialised seasonings.

Table 3: Ecological footprint from food purchases according to NOVA food groups and subgroups in Brazilian metropolitan areas, 1987–88 to 2017–18

consumption of ultra-processed meat has increased;
therefore, the environmental effects from this product
have at least doubled over the years. In addition to ultraprocessed meat, other animal products (eg, cheese and
milk) contribute to the increasing environmental effects
across the 30-year period.
The results suggest a shift in the quality and quantity of
meat in the diet. Although the effects related to fresh
meat were stable throughout the study period, the
environmental effects of processed meat decreased and
the effects from ultra-processed meat products increased.
Our finding that animal product purchases drove
increased environmental footprints is echoed by other
e782

studies. For example, a Chinese study found that animal
products cause 30% of diet-related GHGE, 44% of the
diet-related water footprint, and 27% of the diet-related
ecological footprint.7 In India, where the consumption of
red meat is low, dairy products are one of the main
drivers of GHGE, water footprint, and ecological
footprint.8 Although the results of the Chinese and
Indian studies are shown separated by food groups, there
is no information on the extent of food processing, and
so further direct comparison with our results is not
possible. In an Australian study, ultra-processed meat
was the ultra-processed food with the largest contribution
to GHGE, water footprint, and ecological footprint.9
www.thelancet.com/planetary-health Vol 5 November 2021
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The relationship between food systems and climate
change is complex and challenges food security. On one
hand, global food systems are one of the main drivers of
climate change, causing around 33% of global GHGE.4,5
On the other hand, food systems are vulnerable to changes
in the climate. There is evidence that over the past
30 years, climatic changes have reduced agricultural
productivity and have caused volatility in food prices,
affecting the availability and access to nutritious foods in
different areas of the world, particularly areas with lowincome and that are more vulnerable to food insecurity.33
Therefore, increases in GHGE, the water footprint, and
the ecological footprint while providing the same amount
of kcal, as observed in this study, might reduce the stability
of environmental systems and threaten food security.1
The availability of ultra-processed foods (G4) is
increasing in many countries.34 This food group is known
to be high in energy content and low in beneficial
nutrients (eg, vitamins, minerals, and fibre),23 and its
consumption has been associated with an increased risk
of diet-related morbidity.22,23 Our study found that from
1987–88 to 2017–18, the contribution of G4 foods to daily
environmental impact per individual at least doubled,
reaching about 20% of total diet-related footprints. This
means that per-person environmental impacts from these
energy-dense and nutrient-poor products are increasing,
which might affect both human and planetary health. The
excessive caloric intake itself is known as a driver of
environmental degradation. Because ultra-processed
foods are associated with the overconsumption of calories,
they indirectly generate negative effects on the environ
ment. Therefore, limiting caloric consumption from
ultra-processed foods is a simple strategy to control the
environmental effects of diets.18 For example, adjusting
an hypercaloric diet into a normocaloric diet through the
restriction of non-core foods such as ultra-processed
products can reduce GHGE by 25%.35 In addition, ultraprocessed products derive from a food system based on
few agricultural species cultivated in large areas, some
obtained by forest clearing, which results in the negative
effects of land conversion, chemical pollution, and
biodiversity loss.18,36 In Brazil, G4 food contribution to
daily kcal and diet-related environmental effects is still
lower than in higher-income countries such as Australia,
where ultra-processed foods are responsible for 40% of
daily kcal and more than a third of the total diet-related
GHGE, water footprint, and ecological footprint.9
However, if no action is taken and G4 food consumption
continues to increase, Brazil will possibly reach the
numbers seen in high-income countries, who are already
struggling with high obesity rates and the sustainability
implications associated with this (eg, health, economic,
and social costs).
Our study has many strengths. To the best of our
knowledge, this is the first study that has reported the
trends in environmental cts of dietary changes con
sidering the degree and purpose of food processing,
www.thelancet.com/planetary-health Vol 5 November 2021

according to the NOVA food classification system.20 The
analysis includes three different environmental indicators
(GHGE, water footprint, and ecological footprint), using a
compilation of data developed specifically to assess the
Brazilian diet.29 Finally, the study covered a period of
30 years, using data from the Brazilian Household Budget
Survey, a representative sample of the population living
in metropolitan areas.
The limitations of the study should be considered.
First, because the dataset includes only Brazilian
metropolitan areas, the estimates might not represent
the reality in rural areas where the dietary patterns are
different and the consumption of G4 foods is lower.37
Second, the Household Budget Survey captures only food
purchased for consumption at home, which represented
about 87% of the total food consumption in 200938 (and
this ratio might have changed over the study period).
Third, the environmental footprints were estimated for
foods as they are purchased, and cooking effects have not
been considered in this analysis. If the effects of cooking
were considered, GHGE would probably be higher, as
cooking can contribute as much as 61% of GHGE for
individual foods, particularly unprocessed or minimally
processed foods.39 The effects of cooking could change
the results of our study, but are beyond the scope, since
this estimation would require a survey of cooking habits
such as that carried out for the UK.39 Finally, due to the
limitations of the data, we assumed a static nature of
environmental impacts over time. This allowed us to
focus our study on the changes in dietary choices, as
separate from improvements in production practices and
other changes in the food systems during this period that
could affect the impacts.5 However, it is unlikely that the
effects of food production have remained the same. For
example, in Sweden, where historical data are available,
GHGE intensity (emission per unit of product) related to
the production of animal products (beef, pork, chicken,
dairy, and eggs) decreased around 20% in the 15 years
from 1990 to 2005.17 However, GHGE related to the
consumption of animal products increased by 16% over
the same period, due to an increase in the proportion of
the diet made up of animal products.17 Another study
showed that variations in production methods can mean
that GHGE and water footprint from the same food can
vary by 460% and 200%, respectively, between different
producers.3 However, the effects of animal products
typically markedly exceed those of plant based foods.3
Thus, even if the production processes change, due to
the increasing consumption of high impact food such as
meat, the trends in environmental effects are expected to
be similar. Finally, the lack of available information in
terms of quantities and manufacturing of industrial
ingredients or food grade chemicals such as preservatives
and dyes has meant that it has not been possible to
account for their effects or to include them in this study.
Accounting for these ingredients would mainly increase
the effects of G4 products.
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Our findings show an increase in GHGE, water
footprint, and ecological footprint from the Brazilian diet
over 30 years, particularly from ultra-processed foods.
This means that dietary patterns in Brazil are becoming
potentially more harmful to human and planetary health.
Therefore, a shift in the current trend would be needed to
enhance sustainable healthy food systems.
Increasing environmental effects of food and
beverages, influenced by the increased consumption of
meat and dairy products in addition to ultra-processed
foods, are being observed worldwide. To a large extent,
the intensive production based on monocultures and all
its environmental effects are linked to a globalised food
system, which promotes this change in consumption
patterns. This is a concern for many countries due to the
effects of G4 food consumption on public health and
environmental degradation. Our study showed the
increase in consumption of G4 foods in Brazil in the past
30 years and assessed the environmental effects
associated with the observed dietary changes. Hence, the
results of our study could be roughly applied to other
countries by comparing the country’s amount and type
of G4 products consumed and estimating the potential
effects that this could have.
Additionally, understanding the effects of dietary
changes, not only on public health but on the environment,
in a large country such as Brazil will serve as evidence for
promoting changes in the local and global food system;
what is consumed in one country might have an effect in
other countries, and as such changing the food system is
key to improving environmental and health protection.
Our findings also suggest that diet-related diseases,
climate change, and effects on key natural resources
(water and land) share an underlying driver and therefore
should be addressed simultaneously. Single and isolated
interventions might not be able to change the current
trends in diet-related environmental effects and G4 food
consumption. Multicomponent actions and policies
targeting multiple areas should be considered. For
instance, fiscal interventions (taxes or subsides),
regulation of advertising, and improving food and menu
labelling with the possible addition of information on
environmental effects.21
Brazil has committed to reducing GHGE under the Paris
Agreement. The increase in GHGE from food purchases
is one indicator that Brazil is moving in the opposite
direction to its commitments. Therefore, the development
and implementation of policies and measures to reach the
Paris Agreement targets should be integrated into the
Brazilian Nationally Determined Contributions frame
work, as well as public health, food, and nutrition policies
to jointly reduce the environmental effects and the burden
of diseases from the current Brazilian diet.
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