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Abstract
Countries with rising incomes typically undergo a nutrition transition, marked by increasing con-
sumption of animal-sourced foods and declining intakes of cereals and other plant-based products.
However, large-scale, data-driven assessments of how diets worldwide align with this transition
remain scarce. Here, we analyse dietary regimes in 188 countries, from 1970 to 2021, covering 370
food products, and identify a nutrition transition occurring at the global scale. On average, every
tenfold increase in a country’s per capita gross domestic product corresponds to a 13% rise in the
dietary share of calories supplied by animal products and to a 15% decline in the share supplied
by cereals. Nonetheless, in several high-income countries, such as Canada, Finland, Norway, New
Zealand, Switzerland, and the UK, the dietary composition diverges from global trends, exhibiting
declining caloric shares from animal-sourced foods alongside rising contributions from cereals and
plant-based products.

1. Introduction

Growing food demand and diet shifts towards higher calorie and protein intake intensify human pres-
sure on the environment [1, 2]. Current global food production and consumption generate one-third of
global greenhouse gas emissions [3], they are the primary cause of freshwater consumption [4], release
of polluting nutrients in the environment [5], biodiversity loss and terrestrial ecosystem destruction [6].
Between 1961 and 2022 food demand (calorie intake per capita) has increased by 36% and eating habits
have profoundly changed [7].

Different and complex mechanisms shape food demand, such as affluence, demographic structure,
urbanisation, culture, habits and physical activity levels [8]. These factors affect access to food and
the composition of diets. The intensification and the industrialisation of agriculture have dramatically
lowered the prices of animal-sourced products and processed foods [2], while fresh vegetables and fruits
have become more expensive and less accessible [9]. The ongoing process of dietary shift is known as
nutrition transition [8] and it is rapidly transforming food systems, with widespread consequences for
public health and the environment. Diets are becoming sweeter and increasingly energy-dense, accom-
panied by increased portion sizes, away-from-home food intake and snacking. Eating patterns are shift-
ing towards affluent diets high in sugar, fat, animal-source foods, highly processed products and empty
calories [10, 11]. Nutritionally inadequate diets and reduced physical activity rates drive the incidence of
overweight and non-communicable diseases (NCDs), while increasing the burdens of food production
on natural resources and the environment. Despite the enormous variability in eating habits, this pattern
has been observed worldwide, in high as well as low and middle income countries (LMICs) [10].

Multiple works have proposed pathways and scientific targets for achieving sustainable, equitable and
healthier food systems [9, 12–16], as this is considered the most effective demand-side option to mit-
igate climate change [13, 17–19]. These include regenerative production practices, reduction of food
loss and waste, food taxes, food environments that promote healthier diets, with balanced intake levels
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and rich in a variety of plant-based foods. Nevertheless, to the best of our knowledge, a comprehens-
ive, data-driven analysis of current and historical dietary caloric composition, which assesses the adher-
ence of diets to the nutrition transition is still missing. While some studies have examined the relation
between food demand and income [1, 2, 20], or investigate transitions in food systems from a consump-
tion standpoint [21], they typically encompass a limited amount of countries or food items [22–24].
In addition, although some works have developed future scenarios describing potential trajectories for
global food consumption [1, 2, 11, 22], the present starting point of this urgent transition to healthier
diets remains unclear.

With this article, we aim to address this knowledge gap by conducting a global analysis of the cur-
rent state of food systems from the demand side. We examine the evolution of energy intake within food
demand data series. Household income significantly influences the composition of food consumed and
dietary change is closely correlated with variations in commodity prices [21, 25]. In countries under-
going economic development, income drives diet diversification, through the inclusion of new foods,
typically non-starchy and energy-dense, such as vegetables, dairy, meat and oils, and the decline of diet-
ary staples [2, 26]. Therefore, we investigate coupled trajectories of dietary caloric shares and per capita
gross domestic product (GDP) over time, both at global and country scale. The shift towards unbal-
anced diets, along with rising obesity rates and NCDs, is only the most recent pattern in the nutrition
transition [8]. Currently, most of the global diets align with the third pattern of receding famine or the
fourth pattern, characterised by the spread of degenerative diseases [10, 22]. Nevertheless, a fifth pat-
tern was theorised, where behavioural change encourages healthier eating habits [8, 20], but it has never
been observed [11]. We develop a statistical framework to describe global dietary regimes, identify past
and present transitions in countries’ food demand, and highlight heterogeneities in the global trend. We
show ever increasing animal-sourced products dietary share and declining caloric supply from cereals
and plant-based products, depicting the nutrition transition as a globally emerging process. Nonetheless,
several high-income countries, such as Canada, Finland, Norway, New Zealand, Switzerland, and the UK
exhibit compositional changes opposed to global trends, reducing the caloric share derived from animal
products in their diets and increasing the share of calories provided by cereals and plant-based foods,
possibly indicating the onset of a new phase in the nutrition transition.

2. Methods

2.1. Dietary energy supply (DES) data
Per capita food supply data has been sourced from the FAOSTAT [7] database through Countries’ Food
Balances. The FAO food balance sheets (FBS) provide openly-accessible, nation-specific dietary estim-
ates with global coverage, and yearly resolution spanning the period 1961–2021 (at the time of analysis).
FBS provide the sources of supply and utilisation for each food item, both primary and processed com-
modities available for human consumption. A country’s food supply consists of the total quantity of
foodstuffs produced, added to the total quantity imported and adjusted to changes in stocks that may
have occurred since the beginning of the reference period. The supply is then split into quantities expor-
ted, fed to livestock, used for seed, put to manufacture for food use and non-food uses, losses during
storage and transportation and food supplies available for human consumption. The latter is then con-
verted in per capita supply and expressed in terms of quantity and caloric value. In this work we have
used the (DES, Kcal/capita/day) of 17 food items: Animal fats, Bovine Meat, Pig-meat, Poultry Meat,
Eggs, Milk—Excluding Butter, Fish, Seafood, Cereals—Excluding Beer, Pulses, Soybeans and Groundnuts,
Fruits—Excluding Wine, Starchy Roots, Nuts and products (Tree-nuts), Vegetables, Vegetable Oils, Sugar
& Sweeteners. The selected food items match the 15 food groups available in the EAT-Lancet report
[14, 16]—pulses, soybeans and groundnuts are aggregated into the Legumes item (supplementary table
1)—and account for 370 food products. We use the Healthy Reference Intake thresholds (table 1) from
the EAT-Lancet report [14] as benchmarks to interpret the DES values presented in this study. These
thresholds are expressed as shares of the total caloric supply of a reference diet of 2503 kcal/cap/day.
They are intended as single, static benchmark values, not to evaluate national diets, but to indicate
where an ideal healthy diet would fall in terms of caloric intake, introduced here for ease of interpret-
ation, and should not be compared to more elaborate indices, such as the planetary health diet index
[27], which adopts a flexible scoring approach. The FBS data set is divided in two parts, which cover
the reference periods from 1961 to 2013 and 2010–2021, respectively, and compute food balances with
different methodologies: the old methodology (1961–2013) and the new methodology (2010–2021).
The main distinction between the two versions of the database lies in the absence of a balancer vari-
able in the most recent version, which employs a balancing mechanism that proportionally distributes
any imbalances across all components of the food balance. Conversely, in the old methodology, the
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unbalanced amounts are attributed to one component of the FBS (often stocks or feed), which inher-
its all statistical errors. This methodological difference introduces discrepancies between the old and the
new DES time series, which we address as described in the following paragraph. The uncertainty associ-
ated with FBS data is another limitation of this data source. Comparisons with more accurate data from
individual dietary surveys or household budget surveys suggested that FAO estimates can overestimate
national dietary consumption [28]. The choice of expressing DES as shares limits the magnitude of the
error, as the uncertainty is present in both terms of the ratio calculation. Finally, FAO estimates do not
account for losses and waste that occur at the household level [16]. These quantities are present both in
the total food supply data of a country and in any food-specific supply data; therefore, they do not affect
the share of the DES, which we obtain by dividing food-specific DES by the total national DES.

2.2. Aggregation of food items andmethodologies
We aggregate the individual FAO food items into four comprehensive categories: Animal products,
Cereals (excluding beer), Sugars and sweeteners, and Plant-based products. Because commodities dif-
fer in energy yield per unit weight, aggregation is performed using their caloric content. The process
of aggregation enhances statistical robustness, as the resulting categories exhibit higher DES shares with
lower dispersion compared to individual food items. It also mitigates the uncertainty introduced by the
two methodologies in the FAOSTAT dataset [7]. Moreover, this approach improves interpretability and
readability by synthesising results while limiting the number of panels per figure. The analysis is car-
ried out for 189 countries (encompassing 99.5% of the world population) and covers the period from
1961 to 2021 (last year available when the analysis was carried out). Since the study period encompasses
both methodologies present in the FAOSTAT database [7], we assess the continuity between the two ref-
erence periods. Due to inconsistencies between the two methodologies, which occur for multiple food
groups and countries, we establish maximum acceptability thresholds to determine whether to include
or exclude entire countries’ time series of DES data relative to a food category. This prevents us from
joining time series that are inconsistent with each other and ensures the accuracy of our analysis. We
compute the average percentage error across the four years covered by both methodologies (2010–2013),
relative to the old methodology, and we exclude those time series with an error greater than 20%. In
addition, we normalise the average residual across the four years with the standard deviation of the old
methodology data, and we exclude the time series where this value exceeds twice the standard devi-
ation of the old methodology data (supplementary figure S1 and S2). The first threshold ensures the
gap between the time series is narrow, and the second ensures that this gap is comparable with previous
oscillations in the data. Only those time series which comply with both thresholds are included in this
analysis. This process reduces the coverage of our analysis, but the share of the population encompassed
remains high: 95% for Animal products, 93% for Cereals, 91% for Plant-based products, 90% for Sugars
& sweeteners. Once the selection process is complete, we join the old and new data series for all the
food categories and countries. This join is performed by computing a weighted average over the over-
lapping four years, which assigns progressively higher weights (20% 2010, 40% 2011, 60% 2012, 80%
2013) to the new data and lower weights (80% 2010, 60% 2011, 40% 2012, 20% 2013) to the old (sup-
plementary figure S1), creating a smooth transition from one to the other. We finally express the DES
time series as a share of total DES. The same analysis is carried out for each of the 15 disaggregated food
items matching the food groups of the EAT Lancet report—the results are shown in the Supplementary
Material (supplementary figure S3–S17)—and for absolute caloric supply distributions of both aggreg-
ated and disaggregated food items (supplementary figure S18–S34).

2.3. Relationship between food consumption and GDP
We determine the dependence of global DES on per capita (GDP/cap) using GDP data of 189 countries,
ranging from 1970 to 2021, sourced from the FAOSTAT Database. GDP is measured at constant 2015
US dollars, since 2015 is the base year for Macroeconomic Indicators series at constant prices from 1970
to 2023, to account for inflation and allow cross-country comparisons. As a measure that captures dif-
ferent economic realities, GDP is available across the spatial and temporal coverage of this study and,
once adjusted for inflation, is frequently employed as an indirect indicator of per capita income. We
employ 2nd order linear regression models to interpolate DES—GDP relations for the four food cat-
egories included in the analysis. Each of the four models contains an intercept, a linear and a squared
term for the predictor, which we choose as the log10 of GDP, to limit the spread of per capita GDP, and
uses ordinary least-square to fit the response variable. In addition, we perform quantile regressions of
the 2nd order between log10(GDP) and DES, at different quantiles of the response variable probability
distribution, using the R package ‘quantreg’ [29]. Quantile regression is a robust statistical method that
estimates the conditional quantile function as a linear combination of the predictors [30]. We obtain
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models that estimate the predictive effect of GDP on 19 quantiles of global DES—from Q5(DES|GDP) to
Q95(DES|GDP). We plot quantile regressions on log10(GDP) vs DES scatter plots (figure 2 and 3), where
each point represents one year in a single country’s DES data. We also show the healthy reference intake
amount proposed by the EAT-Lancet dietary commission for individual food items, and in an aggregated
form to match our composite food categories [14]. The healthy reference intake (expressed as share of
kcal per capita per day) defines the global benchmark diet, it is reported for each food group and is the
share of an average intake of 2500 kCal per day.

2.4. Identify single countries trajectories across quantile regressions
We look for cases of deviation from the nutrition transition we describe, namely trajectories that move
across the quantiles of the DES probability distributions, rather then parallel to them. This indicates that
a specific country has experienced a dietary transition over the years that contrasts the global DES-GDP
relation. We estimate each country’s quantile level in the DES distributions over the years. The quantile
levels sequence from 1970 to 2021 is then fitted with a 1st order linear regression model (figure 4, insets
(a)–(d)). The quantile level τ is the probability P[DES⩽ Qτ (DES|GDP)|GDP], and corresponds to the
value of DES below which the proportion of the conditional response population is τ , for a given GDP.
In other words, it represents the proportion of the DES distribution associated with a quantile at a given
GDP level. Therefore, the slope of the 1st degree polynomial shows the yearly rate of change of each
country’s trajectory across the global DES distributions. We then use the slope value to map each coun-
try on a global map and identify cases of deviation from the global trend, or those countries whose evol-
ution follows closely the global nutrition transition.

3. Results

We analyse historical data of food-item specific DES (Kcal/capita/day), expressed as a share of the total
energy supply (%, DES), relative to four main food groups: animal products, plant-based products, cer-
eals and sugars (table 1, disaggregated food items are listed in supplementary table (1). DES reflects the
food supply available for human consumption, converted to per capita energy supply and expressed in
terms of caloric content. It represents the supply of food per person within a household, thus not its
intake, as part of it is not eaten, but rather wasted [16, 31, 32]. DES shares illustrate the relative con-
tribution of food groups to a country’s diet, and are well suited to analysing changes in the predomin-
ance of different caloric sources and their substitution over time. By expressing DES in relative shares,
we emphasise the study’s focus on dietary composition and compositional changes, which may display
distinct temporal dynamics compared to caloric supply expressed in absolute quantities (available in the
supplementary material, supplementary figures S18–S34).

Our analysis documents a major and coherent shift occurring in dietary patterns since 1970. This is
known as the nutrition transition [8] and is formally described by Bennett’s Law [2, 33]. As per-capita
GDP rises, the caloric share provided by starchy staple foods—such as cereals and tubers—declines and
is replaced by nutrient-dense meats, oils, sweeteners, fruits, and vegetables. The ternary plots in figure 1
show the DES composition of multiple countries for 1970 to 2021 as barycentres in a three variables
space. These are the DES of animal products, plant-based foods and the aggregation of cereals and sug-
ars. By combining to 100% of the DES, they show the joint contribution of the food groups to dietary
regimes. The DES of grains and plant-based foods has declined since 1970 in multiple countries, while
the caloric supply of animal-based foods has increased globally. Both China and India, for example,
were primarily relying on cereals as a source of calories in 1970, whereas in 2021 they have signific-
antly increased the share of animal products in their diets. Countries whose diet was consisting mainly
of plant based-foods (specifically tubers, blue area in figure 1) in 1970, show a progressive introduc-
tion of cereals in their diets, such as Tanzania. Bennett’s theory suggests that the caloric fraction freed
by the reduction in starchy staples is filled by energy-dense foods, rich in high-quality proteins, vitamins
and minerals [26]. However, this caloric share is often taken up by highly processed foods, cheap animal
products, fats, refined carbohydrates and vegetable oils. Fruits and vegetables are relegated to a smaller
share of the diet and their availability tends to decrease [9].

3.1. The nutrition transition emerges in the global food regime
To unravel the nature of the nutrition transition, we investigate the global dependence of DES on
GDP, for each of the four food categories, by modelling it with 2nd order linear regression models and
quantile regressions. Figure 2 illustrates that the nutrition transition is not merely a country-specific
trend, but a global phenomenon. It reflects systemic changes in the global food system and appears
in the distributions of DES shares as an emergent property of a complex, interconnected system [34].
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Table 1. Food groups aggregation and the respective healthy reference intake.

Food groups FAO items included Healthy reference intake [%]

Animal-sourced food Animal fats, bovine meat, eggs, fish, seafood,
milk (excluding butter), pig meat, poultry meat

340 13.6

Cereals Cereals (excluding beer) 811 32.4
Plant-based food Fruits (excluding wine), legumes, starchy roots,

treenuts, vegetables, vegetable oils
1232 49.2

Sugars & sweeteners Sugars and sweeteners 120 4.8
Total 2503 100

Association between the food groups used in the analysis and the individual FAO [7] food items included in each group. The healthy

reference intake (expressed in kcal per capita per day) defines the global benchmark proposed by the EAT Lancet commission [14] and

is referred to an average intake of 2500 kcal per day.

Figure 1. Ternary plots of dietary composition. The ternary plots show the dietary composition of each country as their bary-
centre in a three variable space, for (a) 1970 and (b) 2021. The three variables are DES of animal foods, plant-based foods and
the aggregation of cereals and sugars. Black lines indicate the EAT-Lancet healthy reference intake (table 1), relative to the three
food groups and cross in the black triangle which represents the barycentre of the EAT-Lancet healthy reference diet [14]. They
indicate, respectively, recommended intakes and the recommended composition of a balanced diet, and offer a reference for com-
parison for countries’ barycentres. The coloured regions are defined by the intersections of the black lines and define areas where
one or two food groups dominate the dietary composition, by supplying the major share of calories. The size of the bubbles rep-
resents each country’s population in 2021.

Animal-source foods DES ranges from dietary shares lower than 5% to over 40%. Our findings extend
previous analyses [1, 2, 20, 22] to a global scope, revealing a significant correlation between animal
products caloric share and GDP within the global food system, evident in both linear and quantile
regressions (figure 2(a), suppl. table 2). This relation is consistent across multiple quantiles of the animal
products DES probability distribution (suppl. table 3). The horizontal dashed line in figure 2 is the
healthy reference intake (expressed as a share of kcal per capita per day), indicated by the EAT-Lancet
commission [14]. It defines the global benchmark diet and it is specified for each food item, based on
an average total intake of 2500 kcal per capita per day. Here, it is obtained by aggregating the reference
intakes of the food items included in the animal-sourced food category and it sets at 14% (table 1). It
is surpassed at relatively low GDP levels, with 56% of the distribution exceeding it, and 57% of coun-
tries reporting a higher DES in 2021. The global increase in animal-source caloric supply share is mainly
driven by poultry meat, pig meat, milk and animal fats, while bovine meat, fish and seafood DES slowly
grows with rising GDP and plateaus in high-income countries (supplementary figure S3–S9); very sim-
ilar patterns are shown in the absolute caloric supply distributions (supplementary figure S18a, S20–S26)
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Figure 2. Scatter plots of global dietary energy supply shares and GDP for four main food groups. Each point represents a
country-year observation of dietary energy supply (DES), expressed as the share of kcal per capita, plotted against the logarithm
of per capita GDP in US dollars, with purchasing power parity at 2015. The black line shows the distribution fitting by a second
degree polynomial linear regression, while the red, blue and yellow dashed lines indicate, respectively, the 90th, 50th (median)
and 10th quantile regressions (The terms of the linear and quantile regressions are available in supplementary tables 2 and 3,
with their statistical significance). Horizontal black dashed lines show the healthy reference intake amount suggested by the EAT-
Lancet dietary commission [14]. (a) Animal foods. (b) Cereals (c) plant-based foods, (d) sugars & sweeteners.

Contrarily to animal products, the relative caloric supply from cereals decreases markedly with rising
GDP (figure 2(b). Although low cereal DES can be observed at low GDP levels below the 10th quantile,
on average, cereals DES declines from 70% to 20% of the total diet across the GDP range. In absolute
terms (supplementary figure S18(b)), however, the reduction in calories provided by cereals is less pro-
nounced, particularly in upper-middle- and high-income countries. While cereals remain a global diet-
ary staple, they show diminishing caloric shares in diets where total caloric intake is increasing. This
reflects a compositional change towards other sources of calories, such as animal-sourced foods, which
fill the dietary gap created by declining cereal consumption [33]. Plant-based foods (figure 2(c)) and cer-
eals DES shares distributions exhibit heterogeneous values at low GDP levels, while their inter-quantile
ranges narrow at higher GDP levels. This reduction in the dispersion indicates a convergence towards
low cereal and plant-based foods DES [26, 33] and a global homogenisation of diets, that become
more similar and westernised [10, 21]. Only 6% of plant-based foods distribution exceeds the refer-
ence intake, and just 5% of countries achieve a healthy DES in 2021, all of which are African countries
(Angola, Burundi, Central African Republic, Congo, Democratic Republic of the Congo, Ghana, Nigeria,
Rwanda, Uganda). The decline in plant-based products caloric supply is primarily driven by the signi-
ficant reduction in starchy roots and legumes DES, both in relative and absolute terms, for high-GDP
levels (supplementary figures S10–S17 and S28–S33). Although high-income countries exhibit a rise in

6



Environ. Res.: Food Syst. 3 (2026) 015005 V Giordano et al

the total calories supplied by plant-based foods (supplementary figure S18(c)), this increase is not vis-
ible in the distribution of DES shares, because it is outweighed by a larger rise in total caloric intake. As
a result, the increase in plant-based calories does not reflect a compositional dietary change, nor does
it indicate substitution of other calories sources. These results contrast markedly with the recommen-
ded intake and with the urgency of a protein transition away from animal sourced-proteins [35]. Sugars
DES share regressions show a maximum around 104 US$/capita GDP, followed by a notable decline
in both the 90th and 50th quantile regressions, as well as in the linear regression (−27%), at higher
GDP per capita levels (figure 2(d)). Despite this decline, 82% of the DES distribution remains above
the reference intake. In 2021, 61% of countries record a proportion of energy supplied by sugar that
exceeds the recommended level. The linear regression of absolute caloric supply by sugars shows a less
marked reduction and a peak at higher GDP levels (supplementary figure S18(d)). Even in high-income
countries, both in absolute and relative terms, sugar DES remains more than double the recommended
intake.

3.2. Country-scale divergences from the global pattern contrast the nutrition transition
Despite the global trends depicted in figure 2, individual countries DES exhibit considerable heterogen-
eity, at times contrasting with the global pattern. We highlight specific trajectories that deviate from the
global DES-GDP relationship. Several high-income countries show a reduction in the dietary share of
animal products since 1970, such as Canada and Norway, which exhibit, respectively, a reduction of 12.3
and 7.9 percentage points (pp) (figure 3(a), figure S19). This correspond to an average decline of 154.8
and 104.2 Kcal/capita/day, respectively, or a 15.4% and 9.4% reduction in animal food absolute caloric
supply (supplementary figure S19(a), supplementary table 4). Furthermore, over the past 50 years, these
countries have transitioned from having the highest DES share from animal products in 1970, within
their GDP group, to the lowest in 2021. Their trajectories move across the entire quantile range, shift-
ing from the 95th and 90th quantiles, respectively, to the 10th. Beyond reducing their animal food diet-
ary share, these countries experienced dietary transitions which show a dynamic that is orthogonal to
the global quantile regressions. However, their animal foods DES remains well above the healthy refer-
ence intake recommended by the EAT Commission [14]. In both cases, the main food items contributing
to the decline are dairies and animal fats; bovine meat DES also decreases in Canada, while it slightly
rises in Norway; poultry meat shows rising trends in relative as well as in absolute terms (supplement-
ary figures S3–S9, supplementary table 5). In contrast, Brazil and Portugal exhibit a pronounced increase
in their animal-sourced food DES-GDP relationship, which amounts to 13.0 and 15.1 pp in their DES
share, respectively (+175.6% and +144.6% in their absolute caloric supply), coherent among individual
animal-based food items and which exceeds the global trend slope (figure 3). The same countries show
reversed patterns in their cereal DES (figure 3(b), figure S19). Both Brazil and Portugal record a decline
in their dietary share (−7.6 and −11.8 pp) as GDP increases, Portugal’s absolute caloric supply from
cereals decreases as well (−214.0 Kcal/capita/day), while Brazil’s remains stable. These results indicate a
compositional change in these countries’ diets: the caloric fraction freed by the decline in cereals DES
share is replaced by animal-sourced calories. Conversely, Canada and Norway show rising cereal DES
shares (+4.3 and +5.6 pp) and growing cereal caloric supplies (+56.6% and +43.2%), which reflect a
shift in their diet composition opposed to the typical pattern described by Bennett’s Law. In the case
of Canada, this is further supported by a 117.9% increase in its absolute DES from plant-based foods
(+689.1 Kcal/capita/day), primarily driven by vegetable oils caloric supply, but also by fruits, vegetables
and treenuts (supplementary figures S16, S19–S33, supplementary table 5).

Figure 4 illustrates how the diet composition has evolved across countries relative to the global DES
share pattern, between 1970 and 2021. The figure maps each country by the slope of the polynomial
interpolating its trajectory across the distribution (figure 4, insets (a)–(d); see Methods). The slope rep-
resents the yearly rate of change of DES, relative to the global distribution, since 1970. The analysis
reveals distinct trends among various countries and food categories. For animal-sourced foods, several
countries including Canada, Norway, the United Kingdom, Germany, Austria, Switzerland, Slovenia, the
United States, Cuba, Uruguay, Mali, Ethiopia, Yemen, Azerbaijan, Nepal, and New Zealand exhibit sig-
nificant negative rates in animal foods DES. This indicates that diets in these countries include a declin-
ing share of animal sourced calories over time, relative to the global trend. In contrast, Central African
Republic, Croatia, Brazil and Portugal exhibit positive rates, indicating a more pronounced increase in
animal-sourced products DES than the global average. Nevertheless, a predominance of countries with
negative rates can be seen for animal foods, as well as for Sugar & sweeteners (figure 4(d)), while in
the case of plant-based foods positive rates dominate (figure 4(c). This shows that the plant-based foods
DES of most countries is shifting towards higher quantiles in the global distribution, which means that,
over time, a growing share of calories is being supplied by plant-based foods.
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Figure 3. Individual countries transitions. Brazil, Canada, Norway and Portugal DES-GDP relations for (a) Animal-sourced foods
(b) Cereals (c) Plant-based foods, (d) Sugars & sweeteners. Colour indicate time, from 1970 in yellow to 2021 in purple. National
data are highlighted against the global DES-GDP distributions (grey dots) of the four main food groups and their quantile regres-
sions (black lines).

4. Discussion

This work examines the evolution of relative caloric intake in food demand time series and assesses
its consistency with the nutrition transition pattern. We develop a statistical framework to identify the
occurrence of the nutrition transition at the national and global scale. Our results provide data-driven
evidence of past and ongoing shifts in national food demand, revealing the global scope of the nutri-
tion transition, and highlighting heterogeneities across countries. Countries moving from lower to higher
income levels experience rapid changes in their dietary habits, driven by urbanisation, motorised trans-
portation, sedentary lifestyles and the availability of cheap, ultra-processed foods and beverages [10].
Globalisation, large-scale agricultural production, long-haul transportation and the availability of cheap
energy from fossil fuels, have shaped this process worldwide [9, 25]. We show ever increasing animal-
sourced products caloric supply with rising GDP, globally, driven by increasing dietary shares and intakes
of animal fats, dairy foods, poultry meat and pig meat. This dramatic increase in livestock production
has been driven by the ‘livestock revolution’, a productive system dependent on concentrated animal
feed operations that shifted caloric provision from cereals to animal-sourced foods, and increased the
dependency of emerging economies on feed imports [2, 36, 37]. The decline in animal products prices
is another key driver of overconsumption, which results from agricultural policies that prioritise cheaper,
energy-rich grains and animal-source foods, along with trade liberalisation [9].
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Figure 4. Global maps of countries’ trajectories slopes. Each country is shown on the map based on how its DES has changed
over time compared to the global trend. The slope of the linear regression fitting a country yearly position among the quantiles of
the global distribution defines the colour associated to each country. A blue colour indicates that the country’s share of calories
supplied by a food group has decreased since 1970, compared to the global average (negative slope), while red denotes an increase
in the DES compared to the global average (positive slope). Countries represented in white have shifted their DES coherently
with the global pattern, since 1970. The four insets on the map exemplify the association of a colour to a country, based on the
slope of the linear regression, which indicates the yearly rate of change of a country’s trajectory across the quantiles of the global
distribution. (a) Canada—animal foods. Canada has shifted its position in the global distribution from being above the 95th
quantile in 1970, to being below the 20th in 2021, relative to its GDP. This results in a rate of change lower than−1% per year
and the respective blue colour associated to Canada in the map. (b) Mali—cereals, (c) Australia—plant-based foods, (d) India—
sugars and sweeteners. Countries with missing or unreliable data are shown with dashed patterns.

We show how the share of energy derived from cereals and plant-based foods, as well as the disper-
sion in their distributions, decrease with increasing GDP. The caloric supply of staples, such as cereals
and tubers, vegetables, fruits and legumes converges to lower shares, approaching those of western diets.
The ‘retail revolution’ has led to the rapid spread of supermarkets, while improvements in technology,
logistics and supply chains have allowed large retailers to compete with local outlets, thus replacing the
fresh market as the primary source of food supply [8]. This process made cheap, processed food high
in fat, added-sugar and salt a convenient, inexpensive and ready to eat food choice whose demand is on
the rise, especially in LMICs [9]. Indeed, our results show an increase in Sugar DES regressions up to a
GDP of approximately 104 US$/capita, after which this tendency inverts, and Sugar DES shares notably
decline at higher GDP levels. This shows that, consistently across upper-middle- and high-income coun-
tries, such as Canada, the United States, European countries, China, Brazil, Peru, and especially where
food taxes, healthcare recommendations, and public health initiatives have targeted sugar and sweeten-
ers, their presence in diets has shrunk [38–40]. The trend inversion we show emerges coherently across
multiple countries and reflects a global tendency towards reduced dietary shares of sugars and sweeten-
ers. Nevertheless, the absolute caloric supply distribution shows a more protracted increase towards high
GDP levels, where a peak can be identified in the regressions, followed only by a slight decrease. This
implies continued sugar intakes, which stagnates at high income levels, remaining well above the recom-
mended intake.

Although our results, at the global scale, align with nutrition transition theory and Bennett’s Law,
which suggests that countries shift their caloric provision from cereals to animal products as GDP rises,
we find instances of high-income countries in which an opposite compositional change occurs. Between
1970 and 2021, Canada, Finland, Norway, New Zealand, Switzerland and the UK show declining DES by
animal products and increasing DES derived from cereals (stable in Switzerland), both in absolute and
relative terms, as shown in Supplementary table 4. These shifts are mainly driven by declining animal
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fats, beef (except in Norway and New Zealand) and milk (stable in Finland) DES , while poultry meat
caloric supply increases both in absolute and relative terms, for all countries mentioned above (sup-
plementary table 5). We argue that such coherent trends in both total caloric supplies and caloric frac-
tions constitute compositional changes towards diets less reliant on animal products and more on cereals
for daily energy supply, although it must be noted that animal-based food intakes remain above recom-
mended levels. In contrast to global trends, this compositional changes in high-income countries occur
within a narrow GDP range, suggesting that its underlying drivers are not solely economic but also
linked to shifting societal norms and consumer behaviours [21]. Indeed, In Europe and North America,
per capita consumption of fresh dairy products and animal fats is declining, and consumer preferences
are shifting from beef and pork toward poultry, which remains the primary driver of growth in protein
supply from meat [41]. In addition, growing attention to animal welfare, environmental sustainability,
and health has led to stagnating or even decreasing per capita meat consumption [41]. Concurrently,
plant-based substitutes for dairy and meat are becoming increasingly established and competitive in the
market [41]. Indeed, our results show that the substitution of animal calories is complemented by an
increase in plant-based foods DES, both relative and absolute, led by vegetable oil consumption, but also
legumes, fruits, nuts and vegetables in Canada, Finland, New Zealand, Switzerland and the UK (supple-
mentary tables 4 and 5). In Austria, Germany and the USA, while animal-sourced food DES remains
stable, increases in absolute and relative DES by cereals and plant-based food can be observed, which
also indicate compositional dietary changes. In countries where we observe compositional shifts away
from animal-based calories, previous studies show that dietary changes aligned with the EAT-Lancet
recommendations can reduce water footprints and greenhouse gas emissions [16, 42]. Lowering intakes
of red meat and fats also provides health benefits while reducing nutrient pollution, land use, land clear-
ing and habitat disturbance, freshwater use, and biodiversity loss [1, 43]. However, the magnitude and
nature of these benefits depend strongly on the type of compositional change and the calorie sources
involved: whether the shift occurs within animal products (e.g. from beef to poultry or fish) or from
animal products toward cereals and plant-based sources.

At the global scale, we do not observe any compositional shift toward cereal- or plant-based calories,
nor toward pulses specifically, which would reveal the occurrence of a protein transition [35]. Instead,
legumes DES continues to decline in both absolute and relative terms, reaching levels far below recom-
mended intakes. Cereals and starchy roots also decline, but approach their respective healthy reference
intake. Treenuts DES increases, but remains below one-third of the recommended level, while the caloric
shares of fruits and vegetables approach recommended intake levels (supplementary figures S3–S17, S20–
S34). In contrast, the absolute caloric supply of animal fats, bovine meat, dairy products, pig meat, and
poultry continues to rise and exceeds recommended intakes.

This study examines historical data on (DES, kcal/capita/day), expressed as a share of total energy
supply, at both national and global levels. Absolute and relative caloric intakes provide different yet com-
plementary perspectives on dietary patterns and transitions. In this work, we focus primarily on DES
shares, as they more accurately capture diet composition and the relative contributions of multiple food
products to daily energy supply, and are particularly well suited to identifying compositional changes
and investigating the nutrition transition. The aggregated categories of animal-sourced and plant-based
foods used for synthesis include items with diverse health and environmental implications. This also
applies to the aggregated reference intakes, which combine several distinct food items for consistency.
For providing the interested reader with a more complete information, we show all the relevant ana-
lyses for each individual food item in the Supplementary material. While calories quantify the energy
provided by food, they are not the sole indicator of diet quality. Future analyses should incorporate
macronutrients (proteins, carbohydrates, fats) and micronutrients. Integrating individual dietary surveys
or household budget surveys would also allow the inclusion of additional explanatory variables, such as
age, sex, urban or rural residence, and education level, thereby capturing within-country inequalities,
wealth distribution and enabling sub-national assessments. Finally, limitations arise from uncertainties in
the source data, which require extensive preprocessing due to the coexistence of two different FAOSTAT
methodologies. Future research could further investigate the drivers underlying the dietary transitions
identified in this study.

5. Conclusions

In this work, we provide clear evidence of a global nutrition transition by examining the distributions
of DES shares in relation to per capita GDP for four major food categories and their constituent food
items. We show that rising GDP is consistently associated with higher caloric shares from animal-sourced
foods, declining shares from cereals and plant-based products, and a peak in sugars for intermediate
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GDP levels, followed by a decline; patterns that align with trends observed in absolute caloric supply.
At the country level, however, we identify substantial heterogeneity, including cases that diverge from
the global transition trajectory. Notably, our results reveal emerging compositional shifts in certain high-
income countries, where both absolute and relative DES from animal products decrease while cereals and
plant-based foods gain prominence as sources of calories. Yet, despite these reductions, animal-sourced
foods still contribute caloric shares that exceed recommended intake levels. Reducing the dietary share
of animal-based products holds significant potential for environmental mitigation [13, 15]; however,
such a change must be considered in light of regional nutritional contexts to ensure that efforts to pro-
mote healthier and more sustainable diets also support equitable food access and nutritional adequacy
worldwide.
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