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Abstract 

Background:  Dietary patterns are associated with health outcomes and environment sustainability, having socio-
economic drivers. This ecological study aims to identify dietary patterns in food availability data at the global level 
using multivariate statistical methodology, to associate the identified dietary patterns with socioeconomic data and 
to analyze the adequacy of the applied multivariate statistical methods for this purpose.

Methods:  Principal Component Analysis was applied to median values of times series of food availability data of 172 
UN registered countries available at FAOSTAT database in Food Balance Sheets section in a sectional manner, after 
calculating median values of time series for each food group and country. Principal Components were associated with 
socioeconomic data available from the World Bank database. Sensitivity analyses were realized to verify the stability of 
dietary patterns through five different times.

Results:  Five principal components were identified in the median values of each time series, each characterizing a 
possible dietary pattern. The first one, a westernized dietary pattern, was composed of energy-dense and processed 
foods, foods of animal origin, alcoholic beverages, but also, albeit less, by vegetables, fruits and nuts, being associated 
with income, urbanization and trade liberalization. This westernized pattern was characterized more animal origin and 
processed foods, such as vegetable oils, alcoholic beverages and stimulants yet preserving unprocessed and regional 
foods. The other dietary patterns were three agricultural patterns characterized more by regional foods, especially 
starchy staples, and one coastal dietary pattern composed of fish and seafoods, being associated with GINI index, 
poverty, and female labor force. Sensitivity analyses demonstrated the stability of dietary patterns.

Conclusions:  Principal Component Analysis was adequate to identify dietary patterns in food availability data. A 
westernized dietary pattern was identified, being associated with income, urbanization, and trade liberalization. 
This association did not occur for the remain of the dietary patterns identified, these being less driven by economic 
development.
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Background
According to the Food and Agriculture Organization of 
the United Nations (FAO), Food Balance Sheets (FBS) 
[1], presents the quantity of food items available for 
human consumption, containing data of food availability 
(or food disappearance). It is calculated from food supply 
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(food production plus imports minus raw quantity pro-
duced in the country that is exported) after factors such 
as food waste in the supply chain and industrial usage are 
subtracted from the country’s domestic supply of a given 
food commodity. Per capita food availability for human 
consumption, calculated at the country level, presents a 
comprehensive picture of the patterns of food supply of 
a given country during a specified reference period and 
is associated with household food availability and indi-
vidual food consumption, this latter assessed by food 
frequency questionnaires and the 24-h dietary recall in 
studies with representative samples of the country’s pop-
ulation [2, 3, 72].

In this sense, food availability has increased in many 
countries in recent decades, not only in total raw quan-
tity but also in variety. There has been a transition from a 
low variety of starchy staples to a greater variety of foods, 
with an increase in the availability of animal origin and 
energy-rich foods, as well as the level of food process-
ing. This has resulted in changes in dietary patterns of 
populations around the world and is part of the nutrition 
transition, as well as the process of westernization and 
globalization of diets [4–7].

Currently, a western dietary pattern characterizes the 
diet of most of the global population. This dietary pattern 
is associated with health and environmental problems, a 
relationship that will become stronger if historical trends 
of food availability remain in the future. In the health 
dimension, there is for example its association with 
non-communicable chronic diseases. For environmental 
sustainability, there is the discussion about the environ-
mental impact of food of animal origin and of processed 
food [8–12].

Even if westernization and globalization lead to 
homogenization of diets towards a western pattern, the 
scenario outlined above occur heterogeneously in differ-
ent regions. Food availability and consumption depend 
on a myriad of factors, such as economic, political, cul-
tural, social, or even biophysical, which eventually inter-
act with each other [13, 14]. For example, socioeconomic 
drivers of the availability of western and processed food 
are income, urbanization, trade liberalization and eco-
nomic development in general [4, 6, 12, 15]. In this 
context, there is empirical evidence that some regions 
preserved traditional foods more than others in response 
to the westernization process and to nutrition transition 
[4, 6, 16]. In this sense, a western diet may not be uniform 
globally, but generally is characterized by an increase in 
the availability of animal origin and energy-rich foods, as 
well as the level of food processing [4, 5, 7].

Socioeconomic variables and food availability have 
been already previously studied at the national or conti-
nental level, with multiple countries and/or continents 

being analyzed simultaneously with substantial histori-
cal coverage [5, 17]. Even if food availability as calculated 
from FAO Food Balance Sheets was already used to iden-
tify both a priori and a posteriori dietary patterns in the 
literature, analyses with multivariate statistical tools to 
identify a posteriori dietary patterns in these data at the 
global level may still be lacking [10, 18]. Additionally, it is 
known that diets across the globe are becoming increas-
ingly homogeneous, a direct feature of the westernization 
process, and there is evidence that the nutrition transi-
tion is growing at a faster pace in many regions of the 
globe [19].

In food availability data (including food supply from 
FBS and household food availability), dietary patterns 
can also be called dietary availability patterns, even if 
food supply is not able to measure food consumption and 
diet directly [2, 3, 10, 20, 21]. The nomenclature “dietary 
pattern” is mostly referred to statistical patterns derived 
a posteriori with multivariate statistical methodologies 
from food data, i.e., food supply (or food availability), 
household food availability or food consumption [20, 21].

The objective of this study was to identify dietary pat-
terns in food availability data at the global level, to asso-
ciate these patterns with socioeconomic data and to 
analyze the adequacy of the multivariate statistical meth-
ods applied.

Methods
Study design, data collection and data characteristics
Food availability data in kg/capita/year (item: food sup-
ply quantity kg/capita/yr) between 1961 to 2013 (repre-
senting time series with 53 data observations units) from 
Food Balance Sheets of each of the 172 countries regis-
tered at United Nations available at FAOSTAT database 
[22] were downloaded for this ecological study. More 
recent data from food balance sheets from 2014 to 2017 
are already currently available but still in a preliminary 
form, with distinct methodology than of the previous 
years [23].

Food availability methodology has been described else-
where [1]. It is calculated from food supply (food produc-
tion plus imports minus raw quantity produced in the 
country that is exported) after factors such as food waste 
in the supply chain and industrial usage of the commod-
ity are subtracted from the domestic supply. A distinc-
tion is made between the quantities exported, fed to 
livestock, used for seed, put to manufacture for food use 
and non-food uses, losses during storage and transporta-
tion, and food supplies available for human consumption. 
The per caput supply of each such food item available 
for human consumption (food availability per capita) is 
then obtained by dividing the respective quantity by the 
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related data on the population partaking on a given coun-
try [2, 3].

Food availability data were downloaded by 18 food 
groups: Meat, Milk – Excluding Butter, Eggs, Animal 
Fats, Offals, Alcoholic Beverages, Sugars & Sweeteners, 
Vegetable Oils, Pulses, Starchy Roots, Cereals – Exclud-
ing Beer, Stimulants, Fish – Seafood, Vegetables, Oil-
crops, Treenuts, Fruits – Excluding Wine and Spices, 
with one dataset for each food group. Sugar Crops, 
Aquatic Products, and Miscellaneous were not analyzed 
due to the high frequency of missing time series and 
missing values.

Data analysis
Given the non-gaussian distribution of many of the time 
series available and for obtaining one single value of food 
availability by food group for each country, median val-
ues for each time series were obtained, since it represents 
a robust estimate of asymmetric frequency distributions. 
Thereafter, all values in kg/capita/day were standardized 
to z-scores.

Multivariate normality was analyzed by the Shapiro-
Wilk Multivariate Normality Test. Principal Component 
Analysis (PCA) was used to identify dietary patterns, 
using Spearman correlation for the derivation of principal 
components and Kaiser’s Rule as criteria for the number 
of principal components to be retained (then retaining 
all principal components with eigen values higher than 
one unit). For the adequacy of PCA, Kaiser-Meyer-Olkin 
(KMO) and Bartlett’s Tests were performed.

Each principal component retained was then associ-
ated with the median values of each time series of each 
food group for each country in raw data (kg/capita/year) 
to characterize each dietary pattern. Food groups with 
significant (p <   0.05) and positive correlation with one 
principal component were considered to contribute to its 
construct, characterizing one dietary pattern.

In PCA, high-dimensional and linear dependent data 
are reduced to fewer variables, the Principal Compo-
nents. In this transformation, there is a minimum loss 
of variance. The first principal component explains the 
greater share of variance and the reminiscent share is 
explained in a decrescent manner by each subsequent 
principal component. The number of principal compo-
nents to be retained is usually analyzed by the Kaiser’s 
Rule when the correlation matrix is considered [20, 21, 
24, 25].

Each principal component was then correlated using 
the Spearman method with socioeconomic data down-
loaded at the World Bank database, given the non-para-
metric distribution of each of the principal components 
(Shapiro-Wilk Normality Test, p <   0.05). Subsequently, 
quantile regressions with the median value as conditional 

quantile (tau = 0.5) between the first principal compo-
nent and socioeconomic data were performed.

Socioeconomic data for GNI per capita in constant 
2010 dollars [26], Poverty Headcount Ratio [27], Urban 
Population [28], Trade – % of GDP [29], Labor force – 
female [30] and GINI index [31] were downloaded. Each 
socioeconomic variable was also available in years, and 
medians of each variable (also from time series of 1961 
to 2013 – the same temporal gap that of food availability 
data) were also obtained for each country.

A cutoff point of 1,90 dollars per capita per day with 
2011 Purchasing Power Parity (PPP) values was utilized 
for poverty. Trade – % of GDP was transformed into raw 
data using GDP per capita (2010 dollars) as reference 
(32).

Countries were also classified by income level, using the 
World Bank Country classification by income level 2019-
2020. Considering this classification, 23 countries were 
classified as low-income, 45 as lower middle-income, 49 
as upper middle-income and 54 as high-income.

To classify the magnitude of correlation, it was consid-
ered 0.0 to 0.3 (or 0.0 to − 0.3) for weak correlation, 0.3 to 
0.7 (or − 0.3 to − 0.7) for moderate correlation and 0.7 to 
1.0 (or − 0.7 to − 1.0) for strong correlation. All data and 
analyses code can be assessed at Open Science Frame-
work [33] and can also be provided by contact by e-mail 
with the first author.

Given that the main analysis was a sectional one being 
composed of median values of each time series for each 
food group and country, sensitivity analyses were per-
formed to verify the stability of dietary patterns consider-
ing five times spaced by 10 to 9 years. This spacing was 
considered, hoping that the pattern does not change sig-
nificantly in shorter periods. In this analysis, dietary pat-
terns were characterized by food groups that had a more 
significant correlation with the main component.

Statistical softwares
Software R [34] version 3.4.4 was used for data analy-
sis, along with the packages: stats [34], ggplot2 [35], 
and factoextra [36]. For the multivariate normality test, 
the package mvnormtest [37] was used. For PCA analy-
sis, the prcomp function was used, being the correlation 
matrix of the original data considered when performing 
the PCA.

Results
Adequacy of principal component analysis
Given the non-gaussian distribution of the data (Shapiro-
Wilk Multivariate Normality Test, p <   0.05), and KMO 
(Overall MSA = 0.77) and Bartlett’s Test (p <  0.01), PCA 
was the adequate technique to be applied.
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The standard deviation (square root of the eigen 
value of each principal component) and the proportion 
of variance of each principal component can be seen in 
Table 1, being the proportion of variance of each com-
ponent the eigen value divided by total variance (sum 
of eigen values). In the present analysis, 69.55% of the 
variance-covariance structure of the data (that was 
standardized in z-scores) could be explained by the 
retained principal components and five principal com-
ponents with eigen values more than one unit were 
retained by Kaiser’s rule [24].

The correlation between the principal components 
obtained and the food availability raw data can be seen 
in Table  2, where food groups with positive and sig-
nificant correlations characterize the dietary pattern, 
expressed as a principal component.

Dietary patterns and their associations with socioeconomic 
variables
In Table 3, correlations of the dietary patterns with socio-
economic data can be visualized.

The first principal component (PC1) identified a west-
ernized dietary pattern, with a positive correlation with 
GDP per capita, % of urban population, and Trade - % of 
GDP, all socioeconomic variables that are proxy of soci-
oeconomic development [38]. It was characterized by 
energy-dense and processed food groups (i.e., sugars & 
sweeteners, vegetable oils and alcoholic beverages), foods 
of animal origin, but also, albeit less, by vegetables, fruits, 
and nuts. This principal component explained 35.48% 
of the variance of the data, with a standard deviation of 
2.53.

In the analysis stratified by income country clas-
sifications, the correlation between PC1 and income 
(GNI per capita) was 0.34 (95%CI: − 0.08-0.66, 
p-value = 0.14), 0.62 (95%CI: 0.40-0.78, p-value < 0.01), 
0.41 (95%CI: 0.14-0.62, p-value < 0.01) and 0.65 (95%CI: 
0.46-0.78, p-value < 0.01) in low-income, lower mid-
dle-income, upper middle-income, and high-income 
country classifications, respectively. The correlation 
between PC1 and urbanization (% of urban popula-
tion) was 0.40 (95%CI: − 0.008-0.70, p-value = 0.062), 
0.68 (95%CI: 0.48-0.81, p-value < 0.05), 0.59 (95%CI: 
0.37-0.75, p-value < 0.01) and 0.43 (95%CI: 0.19-0.63, 
p-value < 0.01) in low-income, lower middle-income, 
upper middle-income, and high-income country clas-
sifications, respectively. The correlation between PC1 

Table 1  Standard deviation, individual proportion and cumulative proportion of explained variance of each retained principal 
component

Principal Components Statistics PC1 PC2 PC3 PC4 PC5

Standard Deviation 2.5271 1.5013 1.21352 1.13411 1.05841

Proportion of Variance 0.3548 0.1252 0.08181 0.07146 0.06223

Cumulative Proportion 0.3548 0.48 0.56184 0.63329 0.69553

Table 2  Statistically significant correlations between food availability 
data and principal components

ns equals to non-significant associations

Food groups PC1 PC2 PC3 PC4 PC5

Alcoholic Beverages 0.68 ns ns ns ns

Animal Fats 0.84 ns ns ns ns

Cereals - Excluding Beer ns 0.91 ns ns ns

Eggs 0.87 ns ns ns ns

Fish - Seafood 0.34 −0.49 −0.46 0.23 ns

Fruits - Excluding Wine 0.56 −0.44 ns −0.42 −0.26

Meats 0.88 ns ns ns ns

Milk - Excluding Butter 0.88 ns ns ns ns

Offals 0.65 ns 0.3 ns 0.22

Oilcrops ns −0.38 −0.35 ns ns

Pulses −0.4 ns 0.27 −0.5 −0.3

Spices ns ns −0.35 ns −0.49

Starchy Roots ns −0.57 ns −0.12 0.5

Stimulants 0.87 ns ns ns ns

Sugars & Sweeteners 0.8 ns ns ns −0.36

Treenuts 0.53 0.25 −0.4 −0.29 0.22

Vegetable Oils 0.65 ns −0.21 −0.27 ns

Vegetables 0.62 0.38 −0.38 −0.23 ns

Table 3  Correlations between socioeconomic data and principal 
components

ns equals to non-significant associations

Socioeconomic Variables PC1 PC2 PC3 PC4 PC5

GINI Index −0.45 −0.22 0.29 ns ns

GNI per capita in constant 2010 
dollars

0.89 ns ns ns ns

Labor force – female ns −0.27 ns ns 0.43

Poverty Headcount Ratio −0.86 ns 0.2 ns ns

Urban Population 0.88 ns ns ns ns

Trade (% of GDP) 0.68 ns ns ns ns
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and trade liberalization (Trade - % of GDP) was − 0.1 
(95%CI: − 0.49-0.33, p-value = 0.67), 0.20 (95%CI: 
− 0.1-0.47, p-value = 0.20), 0.23 (95%CI: − 0.06-0.48, 
p-value = 0.13) and 0.58 (95%CI: 0.36-0.73, p-value 
< 0.01) in low-income, lower middle-income, upper 
middle-income, and high-income country classifica-
tions, respectively.

In Table  4, the results of the quantile regressions 
demonstrate that income was statistically significant 
associated with PC1 even after adjustment for urbani-
zation and trade liberalization.

The second principal component (PC2) an agricul-
tural dietary pattern, with a strong and positive cor-
relation with the cereal’s food group, a moderate and 
positive correlation with the group of vegetables, a 
positive and weak correlation with the group of Tree-
nuts, and with no significant and positive correlation 
with any of the socioeconomic variables under study. 
Given its moderate and positive correlation with the 
group of vegetables, this dietary pattern was classified 
as a transitional agricultural dietary pattern. This prin-
cipal component explained 12.52% of the variance of 
the data, having a standard deviation of 1.50.

The third principal component (PC3) also identified 
an agricultural dietary pattern, with positive and weak 
or moderate correlations with the food groups of Offals 
and Pulses, respectively. This principal component had 
positive and significant correlation with Poverty Head-
count Ratio and GINI index. This principal compo-
nent explained 0.08% of the variance of the data, with a 
standard deviation of 1.21.

The fourth principal component (PC4) identified a 
coastal dietary pattern, with a positive and weak cor-
relation with the food group of Fish – Seafood and with 
no significant and positive correlations with any socio-
economic variable. This principal component explained 
0.07% of the variance of the data, with a standard devia-
tion of 1.31.

The fifth and last principal component (PC5) identi-
fied another agricultural dietary pattern, with a positive 
and moderate correlation with the food group of Starchy 
Roots. This principal component had a positive and sig-
nificant correlation with the female labor force variable. 
This principal component explained 0.06% of the vari-
ance of the data, with a standard deviation of 1.05, being 
the last principal component with standard deviation and 
eigen value higher than one unit, and hence the latter 
retained after applying the PCA.

In Table  5, dietary patterns are characterized by dec-
ade. This sensitivity analysis demonstrates that dietary 
patterns identified above in a sectional manner with the 
use of median values were stable through time.

In PC1, the westernized dietary pattern, sugar and 
alcoholic beverages begin to appear in the late 80’s and 
90’s. In PC2, cereals were always present, along with veg-
etables. This principal component was characterized by a 
transitional agricultural one in the analysis of the median 
values because it contained already a more variety of 
foods than the other agricultural patterns (PC3 and PC5). 
PC4, the coastal dietary pattern, always presented fish in 
its composition, with varying levels of traditional foods. 
PC5, the last principal component retained, presented 
pulses until the decade of the 80’s, after that it became 
to transition to a more varied pattern. PC3 was the least 
consistent and stable principal component between the 
sectional analysis and this temporal analysis.

Discussion
In the present ecological study Principal Component 
Analysis was the chosen statistical multivariate method 
to identify dietary patterns given that the data were not 
normally distributed, even after z-scores standardiza-
tion of the median values of each time series, and given 
its adequacy analyzed by KMO and Bartlett’s Tests. Fac-
tor analysis, other multivariate statistical technique with 
similarities with PCA, can only be applied when the data 

Table 4  Quantile regressions between PC1 and socioeconomic variables

Factors Beta Standard error t value p-value

Model 1
(Intercept) −3.91440 0.34327 −11.40326 <  0.001

GNI per capita in constant 2010 dollars (US$) 0.00007 0.00002 2.98405 0.00337

Urban Population (% of total population) 0.06356 0.00959 6.63113 <  0.001

Trade (% of GDP in US$) 0.00000 0.00000 1.18707 0.23727

Model 2
(Intercept) −3.82618 0.35792 −10.69018 <  0.001

GNI per capita in constant 2010 dollars (US$) 0.00009 0.00003 3.56881 <  0.001

Urban Population (% of total population) 0.05938 0.01042 5.69800 <  0.001
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follow a multivariate normal distribution [24, 25]. The 
multivariate normality was assessed by the Shapiro-Wilk 
multivariate normality test, with a p < 0.05 indicating that 
the data were not normally distributed (the null hypoth-
esis of this statistical test is that the data are normally dis-
tributed). We decided to label this study as an ecological 
study based on other previous similar studies in the lit-
erature [10, 39] and this is in agreement with the good 
practices of reporting of observational studies [40]. Other 
studies with different objectives also were labelled as eco-
logical using food balance sheets data [41]. The present 
study does sectional country analyses using median val-
ues of time series of food availability data in countries 
with sensitivity analyses through 5 different time points. 
In ecological studies the unit of observation is the pop-
ulation or community, and time trend analyses are also 
valid [42].

In a literature review that analyzed studies between 
1980 and 2012, no study was found to use Principal Com-
ponent Analysis nor any other common multivariate sta-
tistical analysis (i.e., Factorial Analysis, Reduced Rank 
Regression and Cluster Analysis) in Food Balance Sheets 
data [8]. Of note, there was two studies that performed 
cluster analysis in Food Balance Sheets data, one pub-
lished in 2013 [10] and the other in 2015 [39].

We used the Kaiser’s method as an objective criteria to 
retain the number of principal components [24]. In a lit-
erature review of multivariate statistical methods to iden-
tify a posteriori dietary patterns, in approximately 30% 
of the time between 4 and 5 principal components were 
usually retained when using PCA [8]. It is common in the 
literature that subjectivity remains involved in this pro-
cess of labelling dietary patterns, such as retaining pat-
terns due to their interpretability (i.e., if the pattern can 
be clearly labelled) and not using objective statistical cri-
teria such as the Kaiser’s rule [43].

The westernized dietary pattern is associated with 
socioeconomic variables that are proxy of economic 

development [4, 38]. Previously, with distinct meth-
odology, similar results were found in dietary patterns 
derived by multivariate statistical techniques using 
food availability data [10]. This first pattern identified 
in the analysis (PC1) is the one that most explains the 
variability of the data.

The second principal component, identifying a tran-
sitional agricultural dietary pattern, is characterized 
as transitional accordingly to previous studies [10, 39], 
capturing a pattern characterized by the expansion 
stage of the nutrition transition, where vegetables also 
appear alongside with starchy staples in the dietary pat-
tern, occurring before the substitution stage where a 
dietary pattern switches to a mainly western one [4, 39, 
44].

Income influence food availability as stated by Ben-
nett’s Law. With rising incomes, there is a shift in diets, 
from a starchy staple mainly scenario to a more varied 
one, with the presence of more calorie-rich and western 
foods [13, 15, 45]. Also, Engel’s Law establishes that not 
only income needs to be accounted for when assessing 
drivers of dietary patterns, but also income distribution 
[46]. For example, growing demand for meat increases 
in a U-shaped curve, and after some amount of income, 
the demand for meat stagnates or even declines, this 
association being also dependent on geographic and 
cultural factors [4, 44]. That is, there is a saturation 
point where demand for food availability no longer 
responds to growing incomes [4, 44, 46].

Urbanization has a similar role in driving dietary pat-
terns. Food availability changes occur first in urban 
regions, only occurring in rural regions if there is 
income increase [6]. Although more debate is needed 
in the literature, there is some evidence that income 
and urbanization have different roles in diet, the first 
increasing variety of foods in the menu, the latter 
changing regional traditions of diets and causing west-
ernization [16]. There is also evidence that the nutrition 

Table 5  Characterization of dietary patterns by year

Year PC1 PC2 PC3 PC4 PC5

1961 Milk, Eggs, Animal Fats, 
Stimulants, Meat

Cereals, Vegetables, 
Treenuts

Fish, Treenuts, Starchy 
Roots, Oilcrops

Pulses, Fish, Sugar, Fruits Sugar, Fruits, Starchy Roots, 
Pulses

1970 Milk, Eggs, Stimulants, 
Meat, Animal Fats

Cereals, Starchy Roots, 
Oilcrops, Fish and seafood

Fish, Treenuts, Vegetables, 
Vegetables Oils

Pulses, Fruits, Fish, Oilcrops Fruits, Pulses, Sugar, Starchy 
Roots

1980 Milk, Eggs, Meat, Animal 
Fats, Stimulants, Sugar

Cereals, Starchy Roots, 
Oilcrops, Fruits

Fish, Treenuts, Oilcrops, 
Vegetables, Vegetable Oils

Pulses, Fish, Fruits, Oilcrops Fruits, Pulses

1990 Milk, Eggs, Meat, 
Stimulants, Animal Fats, 
Alcoholic Beverages

Cereals, Starchy Roots, 
Vegetables, Oilcrops

Fish, Oilcrops, Treenuts, 
Vegetables, Fruits

Pulses, Fruits, Fish, Oilcrops Sugar, Starchy Roots, Fruits

2000 Milk, Eggs, Meat, Stimu-
lants, Animal fats, Sugar

Cereals, Starchy Roots, 
Vegetables, Oilcrops

Fish, Treenuts, Fruits, 
Oilcrops

Pulses, Fish, Fruits, Starchy 
Roots

Starchy Roots, Sugar, Tree-
nuts and Vegetables
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transition is occurring at lower levels of income and 
urbanization than previously thought [17].

It is important to note that further exploratory analy-
ses were performed to assess the correlation between 
the principal components (dietary patterns) and the 
socioeconomic variables by country income classifica-
tion (World Bank Country Classification by income level 
2019-2020) to assess the confounding effect of income in 
the association between the dietary patterns and other 
socioeconomic variables such as trade liberalization 
and urbanization. These analyses could only control but 
not remove entirely the confounding effect of income, 
because country income classifications are not con-
tinuous variables but categorical ones, and each income 
classification compromises a range of income values. 
The correlation between PC1 (the westernized dietary 
pattern) and income was not entirely removed in low-
income, lower middle-income, upper middle-income, 
and high-income country classifications, respectively, 
suggesting that the influence of income on the dietary 
patterns was not entirely removed after stratification.

One can argue that urbanization and income can fun-
damentally indicate one same phenomenon, that is, of 
economic development. Their correlation was positive 
and strong (r = 0.8, 95%CI: 0.74-0.85, p < 0.05), however, 
urbanization had positive and moderate/strong corre-
lations with the westernized dietary pattern in different 
subgroups of country income classifications, suggest-
ing an independent association of this variable. Both 
urbanization and income maintained statistically signifi-
cant associations with the westernized dietary patterns 
after adjusting for trade liberalization in the quantile 
regression. Urbanization maintained its association with 
the westernized dietary pattern after adjusting only for 
income in Table 4 (model 2).

Trade liberalization, represented (as a proxy) in this 
study by the variable Trade – % of GDP [29], can change 
the commodities market, where countries with greater 
insertion in the global trade market present more 
dependence on foods of the western dietary pattern. 
Marketing and the market of foods exerts an influence 
on consumption of the foods that characterize this pat-
tern [47]. Trade liberalization was also strong and posi-
tively correlated with income (r = 0.63, 95%CI: 0.53-0.71, 
p < 0.05), losing statistical significance with the western-
ized dietary pattern after adjusting for urbanization and 
income. In the analysis of income strata, trade liberaliza-
tion was only statistically significant correlated with this 
dietary pattern in high-income countries.

Even if correlation is not equal to causation, trade liber-
alization had a stronger correlation with the westernized 
dietary pattern in high-income countries, suggesting that 
the play of income comes first as of trade liberalization in 

the westernization process. The correlation between the 
westernized dietary pattern and income is higher in the 
transition between low-income to lower middle-income. 
Also, urbanization has stronger correlations compar-
ing middle-income to low-income countries, suggesting 
that the play of the urbanization process in westerniza-
tion of dietary patterns comes in lower levels of income 
when compared to trade liberalization. It is expected that 
countries with higher income have higher availability and 
variety of food groups, and is in accordance with Ben-
net’s Law [45]. It may be difficulty to identify if whether 
the observed patterns are demand or supply driven. It 
is possible that a mix between these drivers occur, since 
marketing of foods also affects food availability and con-
sumption [47]. Foreign direct investment is also a driver 
of greater food availability, food processing as well as the 
nutrition transition [48]. One previous study found an 
ecological correlation between the density of fast food 
restaurants in a country with the prevalence of obesity 
[49].

These socioeconomic variables did not presented posi-
tive and significant correlations with the agricultural 
dietary patterns identified in this study in a similar man-
ner as in previous studies [10, 39], since these patterns 
are mainly composed by starchy staple foods, and these 
foods are not correlated with economic development [4, 
7, 17].

Fish and seafood are present both in PC1 and PC4. This 
food group can be driven both by economic development 
and by geographical factors. In PC1, fish and seafood are 
driven by economic development, being this food group 
present in a westernized dietary pattern, a pattern with 
higher amount of protein and foods of animal origin [14, 
17]. The rise in income is a main driver for the growth 
of food availability of fish worldwide. In PC4, it may be 
driven by geographical factors since this pattern is not 
associated with income and urbanization and PC4 does 
not have significant correlation with any other socio-
economic variable under study. Fish and seafood com-
promise an important food group for food security and 
human nutrition. In low-income populations that depend 
heavily on a narrow range of calorie-dense staple foods 
and can consume fish locally available, fish can repre-
sent a much-needed means of nutritional diversification 
that is relatively cheap. Within countries, consumption 
is higher in coastal marine and inland water regions [7, 
14, 17]. When plotting PC4 in a world map, it is possi-
ble to see that this principal component is more present 
in countries with litoranean regions (data not shown). 
In a FAO report, fish contribute mostly to the protein 
supply in countries with litoranean regions as well [50]. 
Traditional dietary patterns are common in multivari-
ate analysis in studies of nutritional epidemiology [8]. A 
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traditional pattern preservers regional characteristics of 
their respective regions [8]. Previously, the nomenclature 
traditional-coast has already been used to describe a die-
tary pattern characterized by fruits, nuts, starchy plants, 
and fish [51]. Given that this dietary pattern is not asso-
ciated with any socioeconomic variable studied and it is 
only associated with fish and seafood, it may be driven by 
geographical and cultural factors.

Agricultural patterns – regional and cultural differences
Given these results, none of the agricultural dietary pat-
terns identified were characterized by more than one 
starchy staple (cereals, pulses, or starchy roots food 
groups). In this sense, other factors than the socioeco-
nomic ones could explain differences between PC2, PC3, 
and PC5 (all these three being characterized as agri-
cultural dietary patterns), as for example, cultural and 
regional factors. The adherence to dietary patterns are 
dependent also of regional and demographical character-
istics [52, 53]. In Africa, there is a great variety of food 
spending patterns, especially starch staples, and this can 
explain why the food groups of cereals, starchy roots, 
and pulses did not share a principal component. Regions 
where agricultural dietary patterns prevail are of low-
income and high food insecurity levels [7], and in the 
present study PC3 had positive and significant correla-
tion with poverty and GINI, where a higher GINI equals 
to higher inequality. Poverty and inequality are economic 
and sociocultural drivers of dietary diversity and quantity 
and of food systems [54]. Countries where agricultural 
and transitional patterns appears have less dietary diver-
sity and less kilocalories in their diet when compared to a 
western diet [10].

The positive and moderate correlation between PC5 
and the female labor force can beat least partly explained 
by a phenomenon called agricultural feminization. The 
percentage of women working in agriculture is rising 
in many countries in Africa, Asia, and Latin America, 
because of greater migration rates of men compared to 
women. In developing countries, employment oppor-
tunities increase in non-farm sectors, and when men 
move out of agriculture to other activities, women tend 
to remain on the farm or move out more slowly. Their 
responsibilities in agriculture may increase in response 
to this phenomenon. Even in Latin America, where farm-
ing has traditionally been a male occupation, the share of 
women in agricultural employment is increasing when 
analyzing historical trends [17]. The correlation between 
PC5 and the female labor force variable in this study was 
positive in all subgroups of income classification, being 
higher in countries of middle-income (countries clas-
sified as lower and upper middle-income), being only 
positive and weak in low and high-income countries. 

The correlation between PC5 and female labor force was 
0.10 (95%CI: − 0.32-0.50, p-value = 0.65), 0.49 (95%CI: 
0.23-0.68, p-value < 0.01), 0.46 (95%CI: 0.20-0.66, p-value 
< 0.01) and 0.11 (95%CI: − 0.16-0.37, p-value = 0.45) 
in low-income, lower middle-income, upper middle-
income, and high-income country classifications, 
respectively. Without stratification by income country 
classification, the correlation between PC5 and female 
labor force is 0.43, as reported in Table 3.

There is evidence of the nutrition transition occurring 
in sub-Saharan African countries and India. However, 
low food diversity can still be a prevailing characteristic 
of the dietary patterns of these regions [17, 55]. In this 
sense, the analysis of the median values of each time 
series may be useful for the purpose of this work, which 
is to identify dietary patterns in worldwide data and their 
association with socioeconomic data. However, this 
approach may not identify some recent trends of food 
availability.

The agricultural and the coastal dietary patterns identi-
fied herein seems to be more associated with cultural and 
regional differences than with socioeconomic variables. 
Traditional patterns usually preserve more regional char-
acteristics [8]. Regional patterns in a country level can be 
labelled with the name of their country, as for example 
“traditional Japanese” or “traditional Korean” [56].

In the sensitivity analysis, agricultural patterns become 
more varied as time passed and economic development 
and growth in income occurred, and this is in concord-
ance with the bennet’s law [45]. In the westernized dietary 
pattern, sugar and alcoholic beverages begin to appear 
in the late 80’s and 90’s, characterizing greater process-
ing dietary patterns through time, aligned with previous 
studies [57]. The coastal dietary pattern remained stable 
with fish and seafood always present through time.

Limitations
Food balance sheets do not reflect the actual food con-
sumption of the population. Also, it does not consider 
losses in food preparation and food preparation meth-
ods, leftovers after food consumption, representing only 
the food that is available for human consumption in each 
region. Comparing with methods used for assessing food 
consumption, like the 24-h dietary recall, food balance 
sheets overestimate the mean regional values for a variety 
of food groups [3, 4, 58–60].

Low- and middle-income countries at different stages 
of the nutrition transition are more likely to have a lower 
quality of food availability data, as they have a marked 
presence of subsistence agriculture, this one not included 
in the calculation [61]. In developing countries there may 
be an underestimation, while in developed countries 
overestimation of per capita food availability [3, 60]. Also, 
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the method does not capture regional and cultural varia-
tions within the country [4].

However, all methods of dietary measurement have 
limitations [62]. The choice of the appropriate method 
depends on the purpose of the study. In this sense, per 
capita food availability method by FAO food balance 
sheets generates important data for trend assessment 
over time, being the only one available for many coun-
tries in large time ranges and so may be suitable for an 
ecological study analyzing multiple countries at the same 
time, given the absence to date of other methods for 
many countries [4, 63]. Global food consumption data-
bases with data from national country samples are still 
under development until this date [64].

Another possible limitation of the study is the fact that 
the analysis was performed in median values of each time 
series of food availability data. Longitudinal data from 
1961 to 2013 (all available years) were used to gain infor-
mation in this exploratory analysis. They were calculated 
with the aim to summarize with a robust estimator each 
time series into one single value for each country and 
food group, creating a new dataset where statistical anal-
yses (PCA and correlations) were performed to analyze 
the data. In this sense, each median value of this data-
set can be from a different year since it depends on each 
time series. However, the aim of using medians was only 
to summarize into one single value the frequency distri-
butions of each time series, to capture general trends in 
this food availability data available at FAOSTAT, given 
the exploratory nature of this study. Multivariate statis-
tical analyses in nutrition can be exploratory, and hence 
dietary patterns identified by these techniques are often 
called a posteriori dietary patterns [20]. It is of knowl-
edge of the authors that few studies analyzed dietary pat-
terns in an a posteriori manner in food availability data 
derived from Food Balance Sheets [10, 18, 39].

A posteriori dietary patterns can be labelled subjec-
tively, and the amount of food groups included in the 
analyses often vary [8]. Even if the analysis is character-
ized as a posteriori, some prior knowledge is required to 
label the dietary pattern identified. There is no guaran-
tee that the labels will always have conceptual meanings 
[52]. However, western is a common label in the litera-
ture, being utilized in 44% (n = 84) of previously reviewed 
studies [8]. The label agricultural pattern used here was 
already used as well in two previous ecological studies 
using a posteriori statistical analysis to identify dietary 
patterns in food availability data [10, 39]. But often, labels 
such as prudent, traditional, healthy, Mediterranean [8], 
westernized [10], rural, diverse [65], agricultural, tran-
sitional [10, 39] or “sweet”, unhealthy, healthy and Med-
iterranean-like [66] are used, and there is no consensus 
on how to classify a dietary pattern [8, 66]. Some foods 

can have a higher factor loading in Factor Analysis (when 
the multivariate normal distribution assumption is prop-
erly respected [24]) in more than one dietary pattern in a 
study, as for example, in both a western pattern and a tra-
ditional pattern [52]. Despite of that, a posteriori dietary 
patterns are commonly used in the nutritional literature 
and when analyzing dietary data [8, 20, 52], because indi-
vidual foods are often correlated with one another [67]. 
The rationale of this approach is due to the fact that dif-
ferent individual foods are consumed together in com-
plex combinations and not in isolation of each other [8], 
being often a more realistic analysis of dietary data when 
compared to a reductionist approach when one nutri-
ent/food/food group is associated with another variable 
under study [68].

More formally, a western dietary pattern is often com-
posed of foods such as red meat, processed meat, butter, 
margarine, sugar, refined grains, high-fat dairy, sugary 
drinks and condiments [20, 66] and some ultra-processed 
food [69]. Even if the present analysis identify a west-
ernized a posteriori dietary pattern globally, a western 
diet may not be uniform across regions, but it is known 
that an increase in the availability of animal origin and 
energy-rich foods, as well as the level of food processing 
occurred more generally [4, 5, 7]. An agricultural dietary 
pattern was already characterized in previous ecological 
studies by cereals, starchy staples and pulses, and these 
foods shared more energy in percentage of the whole 
when compared to other patterns, such as a westernized 
and a transitional one [10]. In this sense, a transitional 
dietary pattern can be characterized as one between 
an agricultural and an western one, having less share of 
starchy staples and more by foods that composes a west-
ern diet, starting to have more food variety [10]. One pre-
vious studies used the label “rural” to describe a pattern 
of rural regions [65].

Given the ecological nature of this study as previously 
mentioned [10, 39], this can somewhat similar to the 
ecological fallacy, a well-known epidemiological phe-
nomenon, whereas the observations realized in more 
general aggregates may not hold to individuals. A poten-
tial strategy for reducing ecologic bias is to use smaller 
units in an ecologic study (e.g., countries instead of states 
or countries) to make the groups more homogeneous 
[70]. However, a global food consumption database is still 
not available until this date for all these countries [64]. 
Despite of that, foods that characterize a western diet 
have been identified in western dietary patterns in differ-
ent contexts, even with heterogeneity of some foods in its 
composition between studies [10, 20, 39, 52, 66].

Different analytical steps are required to perform 
multivariate analysis [8, 52]. Reproducibility of a poste-
riori dietary patterns identified by multivariate statistical 
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techniques have been putted into question. Some pat-
terns can be more heterogeneous than others when 
compared [8, 53]. A western dietary pattern tends to be 
similar in different studies, although some variations 
occur [66].

When performing the statistical analyses performed 
herein in median values, the effect of time cannot be 
analyzed properly, and hence the generalization to the 
nutrition transition is limited. However, the a posteriori 
dietary patterns identified in this study can be partly 
explained by the nutrition transition [5] and the west-
ernization of dietary patterns [4, 16] that occurred in 
the time frame that the data is available. In this sense, 
the a posteriori dietary patterns identified herein can be 
explained by the literature.

However, in previous studies, dietary patterns were 
identified in a transversal manner (one different year per 
country) and the nutrition transition was cited as a pos-
sible explanation for them [10, 39]. Additionally, some 
correlations between dietary patterns and socioeconomic 
variables performed in subgroups of country income 
level may lack statistical power due to low sample sizes. 
Low-income countries had the smallest sample size of all 
strata of income levels (n = 23). However, these subgroup 
analyses were performed only with the aim of assess-
ing confounding of income in the association between 
the identified dietary patterns with the socioeconomic 
variables.

It is of noteworthy importance that the associations 
outlined above between the principal components and 
the socioeconomic variables are also dependent on the 
unit of the latter (i.e., percentages and not total values for 
trade liberalization and urban population). Both are also 
presented in total values in the World Bank [71, 71].

Conclusion
Dietary patterns were identified in food availability per 
capita data at the global level after Principal Compo-
nent Analysis was applied. Five dietary patterns were 
identified, a westernized dietary pattern, a transitional 
agricultural dietary pattern, two agricultural dietary 
patterns and a coastal dietary pattern. The westernized 
dietary pattern was associated with socioeconomic data 
that are proxy of economic development, more specifi-
cally, income, urbanization, and trade liberalization. This 
association did not occur for the other dietary patterns 
identified, these being less driven by economic develop-
ment and more by regional characteristics, associated 
with GINI index, poverty, and female labor force. Princi-
pal Component Analysis was adequate to identify dietary 
patterns in food availability data.
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