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ABSTRACT

Household food expenditure continues to be a key factor in ensuring the realization of the Human Right to Adequate Food.
Particularly in Brazil, access to food can be limited by economic constraints in vulnerable families, especially among farming
families, who have been more vulnerable to food insecurity in recent years in the country. This study examines the association
between the proportion of income allocated to food expenditures, per capita household income and sociodemographic charac-
teristics among low-income farming families in Brazil. The study utilizes repeated cross-sectional microdata for the period from
2012 to 2023, extracted from Brazil's main registry of individuals and families in situations of social vulnerability (CadUnico).
Quantile regression models were used to verify the effects of covariates at different quantiles of the conditional distribution of
the outcome. The results suggested that food expenses absorbed a large part of the budget of farming families during the period
analyzed. Over time, elasticity patterns remained relatively stable. The modeling step suggested unequal effects of Engel's Law
among low-income Brazilian farming families, confirming that the weight of food expenses is structurally heavier among poorer
families. The realization of the human right to food in Brazil depends fundamentally on a sustained political commitment to
redistributive, distribution-sensitive, and food system-oriented policies that protect vulnerable populations, such as farming
families, from both structural deprivation and systemic shocks.
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RESUMEN

El gasto familiar en alimentos sigue siendo un factor clave para garantizar la realizacién del Derecho Humano a una Alimentacién
Adecuada. Particularmente en Brasil, el acceso a los alimentos puede verse limitado por restricciones econémicas en familias vulner-
ables, especialmente entre las familias campesinas, que han sido mas vulnerables a la inseguridad alimentaria en los ultimos afios
en el pais. Este estudio examina la asociacién entre la proporcion del ingreso destinada al gasto en alimentos, el ingreso familiar per
capita y las caracteristicas sociodemograficas entre familias campesinas de bajos ingresos en Brasil. El estudio utiliza microdatos
transversales repetidos para el periodo de 2012 a 2023, extraidos del principal registro de individuos y familias en situaciones de vul-
nerabilidad social de Brasil (CadUnico). Se utilizaron modelos de regresién de cuantiles para verificar los efectos de las covariables
en diferentes cuantiles de la distribucion condicional del resultado. Los resultados sugieren que el gasto en alimentos absorbié una
gran parte del presupuesto de las familias campesinas durante el periodo analizado. A lo largo del tiempo, los patrones de elasticidad
se mantuvieron relativamente estables. El analisis de modelos sugiri6 efectos desiguales de la Ley de Engel entre las familias camp-
esinas brasilefnas de bajos ingresos, confirmando que el peso de los gastos en alimentacién es estructuralmente mayor en las familias
mas pobres. La realizacién del derecho humano a la alimentacién en Brasil depende fundamentalmente de un compromiso politico
sostenido con politicas redistributivas, sensibles a la distribucion y orientadas al sistema alimentario, que protejan a las poblaciones

vulnerables, como las familias campesinas, tanto de la privacién estructural como de las crisis sistémicas.

1 | Introduction

Understanding the role of economic resources in shaping access
to food remains a fundamental challenge for the realization of
the Human Right to Adequate Food. Globally, food insecurity
and unaffordability of healthy diets still affects billions of peo-
ple, particularly in low- and middle-income countries marked by
persistent social and economic inequalities (Mumah et al. 2025;
Galanakis et al. 2025). The FAO's 20-year review of the Right to
Food Guidelines emphasizes that realizing the right to food re-
quires ensuring both physical and economic access to adequate
food through coherent legal, institutional, and policy frameworks
(FAO 2024). In this context, household food expenditure com-
prises an important indicator of economic access to food and living
standards, as higher expenditure shares devoted to food often re-
flect tighter budget constraints and reduced capacity to meet other
essential needs such as health, education, and housing (Manikas
et al. 2023; Fiedler et al. 2012; Pérez-Escamilla 2024).

A central empirical regularity linking income and food access is
reflected in Engel's Law, which postulates that the proportion of
income devoted to food declines as household income rises, even
when absolute food expenditure increases (Clements and Si 2018).
This relationship has been observed across diverse countries and
historical periods, and implies that poorer households allocate a
substantially larger share of their resources to food acquisition
than wealthier households, thus compromising the allocation of
resources to other needs (Ritchie 2023; Cirera and Masset 2010).
Consequently, food expenditure shares provide a useful lens
through which to examine economic vulnerability and inequality
in access to food. Small income fluctuations or food price increases
may compromise dietary adequacy and food security among low-
income households, since food generally represents the largest
expenditure category. Understanding the distribution of food
expenditure burdens within vulnerable populations is therefore
critical for designing social protection policies and monitoring
progress toward the realization of the right to food (Clements and
Si 2018; Mulamba 2022; D'Odorico et al. 2019).

Despite the longstanding relevance of Engel's Law, important
questions remain regarding the heterogeneity of food expenditure

behaviors among vulnerable households. Traditional empirical
approaches typically focus on conditional mean effects and may
therefore conceal substantial variation across the distribution of
food expenditure shares. Such limitations are particularly relevant
in contexts characterized by income instability, food price vol-
atility, and unequal access to market and public services (Cirera
and Masset 2010). Recent evidence has highlighted the value of
distribution-sensitive approaches for studying food expenditure be-
haviors. Using longitudinal quantile regression, Gupta et al. (2021)
showed that the determinants of food expenditure vary consider-
ably across different points of the expenditure distribution among
United States households, revealing patterns that would not be
captured by mean-based models. This distributional dimension
is especially important from a right-to-food perspective because
average outcomes may obscure the circumstances of households
facing the most severe economic constraints. Quantile regression
therefore offers a suitable framework for examining how income
and sociodemographic characteristics shape food expenditure
burdens across different segments of vulnerable populations
(Koenker and Bassett 1978; Silbersdorff et al. 2018; Silbersdorff
and Schneider 2019).

In Brazil, food insecurity among low-income households
remains a major public policy concern. Rural households,
particularly those dependent on agricultural labour and
small-scale farming, experience disproportionately high lev-
els of socioeconomic vulnerability. In 2023, food insecurity
affected 34.4% of rural households, with 5.5% experiencing
severe food insecurity (IBGE 2025). Moreover, reductions in
public investment in family farming policies since the mid-
2010s have constrained access to productive resources, public
services, and market opportunities, further increasing vul-
nerability among rural families (Leite and Leite 2022). These
challenges make Brazil a particularly relevant setting for ex-
amining how income constraints translate into unequal food
expenditure burdens.

In this context, as part of the Brazilian social protection architec-
ture, the Unified Registry for Social Programmes (CadUnico)—a
national registry of socially vulnerable families—functions as
the primary source of administrative information for identifying
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households eligible for social programmes, including those re-
lated to nutrition and food security (Government of Brazil 2026).
CadUnico collects standardized household-level information
on income, demographic characteristics, housing conditions,
and access to public services, being widely used in empirical
research on health, poverty, inequality, and risk of severe food
insecurity in Brazil (Barreto et al. 2022; Ortelan et al. 2024;
Pescarini et al. 2022; Government of Brazil 2025). Importantly,
CadUnico also plays a key operational role in the implementa-
tion and monitoring of policies that contribute to the progressive
realization of the right to food, making it a particularly relevant
data source for rights-based empirical analyses (Government of
Brazil 2026).

The study contributes to broader debates on food security, so-
cial protection, inequality, and the realization of the Human
Right to Adequate Food by presenting the empirical lens on the
Brazilian case to examine structural food-related inequalities in
middle-income countries. Accordingly, this study examines the
association between the proportion of income allocated to food
expenditures, per capita household income, and sociodemo-
graphic characteristics among low-income farming families in
Brazil, using nationally representative administrative microdata
spanning more than a decade.

2 | Methodology
2.1 | Data Source

This study uses repeated cross-sectional microdata from Brazil's
Unified Registry for Social Programmes (CadUnico) covering the
period from 2012 to 2023. The analytical sample was restricted
to households whose reference person reported employment in
agriculture, encompassing family farmers and other agricul-
tural workers registered in CadUnico during the study period.
On average, the CadUnico database included information on
approximately 30.4 families per year, ranging from 25.1 in 2012
to 43.9 in 2023. It is important to highlight that the registrations
and updates of the administrative datasets occur independently

TABLE1 | Definition and nature of variables used in the study.

over time without individual- or household-level identifiers to
track cases throughout time; therefore, the study represents an
analysis of repeated cross-sectional data spanning 12years.

2.2 | Outcome and Explanatory Variables

The outcome variable is the proportion of household income
allocated to food expenditures, calculated as the ratio between
monthly household food expenditure and total monthly house-
hold income and expressed as a percentage ranging from 0 to
100. Higher values indicate greater food expenditure burden and
tighter household budget constraints.

The main explanatory variable is per capita household income,
computed as total monthly household income divided by the
number of household members. Additional covariates included
characteristics commonly associated with food access and so-
cioeconomic inequality: sex of the household reference person,
household location (urban/rural), race/ethnicity of the refer-
ence person, and the presence of children in the household.
Continuous variables were winsorized at the 99th percentile to
reduce the influence of extreme values. All monetary variables
were deflated using the Brazilian official consumer price index
(IPCA) (IBGE 2026) and expressed in constant prices to ensure
comparability across years. Table 1 below summarizes the vari-
ables included in the analysis, their definitions, and measure-
ment characteristics.

2.3 | Data Analysis

Descriptive statistics were used to characterize the study pop-
ulation and examine temporal patterns in food expenditure
and income. Given the skewed distributions, food expenditure
shares and per capita household income are reported using
medians and interquartile range (Q1-Q3). Age is summarized
using means and standard deviations, while categorical vari-
ables are presented as absolute frequencies (n) and percentages
(%). We also report the proportion of agricultural households

Variable

Definition

Nature

Proportion of food expenditure

Ratio between total household food expenditure and

Continuous (%: 0-100)

total household income (both deflated by IPCA)

Per capita household income

Total household income divided by the number

Continuous (BRL)

of household members (deflated by IPCA)

Sex of reference person

Sex of the individual identified as the

Categorical (male/female)

household reference person

Age of reference person

Age of the household reference person

Continuous (years)

at the time of registration

Household location

Classification of household as urban or

Categorical (urban/rural)

rural, according to CadUnico criteria

Race/ethnicity of reference person

Self-declared race/color/ethnicity of the household reference

Categorical

person (White, Black, Asian, Brown, Indigenous)

Presence of children

Indicator of whether at least one child resides in the household

Categorical (yes/no)
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relative to the total number of households registered in
CadUnico in each year to contextualize the analytical sample
within the broader registry. Graphical analyses were used to
illustrate trends in median food expenditure shares and per
capita income between 2012 and 2023, as well as changes in
income elasticity across the distribution of food expenditure
burdens over time.

Quantile regression models were estimated to examine the asso-
ciation between income, sociodemographic characteristics, and
the proportion of income allocated to food expenditures. Unlike
ordinary least squares regression, which estimates average ef-
fects, quantile regression allows the relationship between ex-
planatory variables and the outcome to be examined at different
points of the conditional distribution (Koenker and Bassett 1978;
Koenker and Hallock 2001). This approach is particularly use-
ful when the association between income and food expenditure
burden is not uniform across households. By estimating effects
at different quantiles, the model captures distributional het-
erogeneity and identifies whether specific characteristics exert
stronger influences among households facing lower or higher
food expenditure burdens (Hao and Naiman 2007; Geraci and
Bottai 2014). All analyses were conducted using R software,
version 4.4.2.

3 | Results
3.1 | Descriptive Statistics

Table 2 summarizes the sociodemographic and economic
characteristics of low-income agricultural households regis-
tered in CadUnico between 2012 and 2023. Throughout the
study period, agricultural households represented a relatively
stable share of all registered households, accounting for ap-
proximately 8%-9% of the registry for most years before de-
clining slightly in 2023.

The descriptive results reveal a population characterized by per-
sistent socioeconomic vulnerability and considerable heteroge-
neity. Most households were located in rural areas, although a
substantial minority resided in urban settings, highlighting the
growing relevance of agricultural livelihoods beyond strictly
rural territories. Female-headed households predominated
throughout the period, while households headed by individuals
identifying as brown skin color consistently represented the ma-
jority of the sample. The gradual increase in the proportion of
Indigenous reference persons and the expansion of households
with children suggest important demographic changes among
vulnerable agricultural families over time.

Economic indicators point to a deterioration in living conditions
during the second half of the study period, followed by a par-
tial recovery in the final years. Median per capita household
income declined markedly between 2016 and 2021 before in-
creasing again after 2022. In contrast, food expenditure burdens
remained persistently high throughout the entire period and
increased substantially after 2017. Notably, median food expen-
diture shares exceeded household income in most years, indicat-
ing that many households relied on alternative coping strategies
to meet their food needs.

The wide interquartile ranges observed for food expenditure
shares indicate substantial dispersion around the median, sug-
gesting that economic pressures associated with food acquisi-
tion were not uniformly distributed across households. Finally,
the average age of the household reference person declined
steadily over the study period, suggesting a gradual shift in the
demographic profile of low-income agricultural households reg-
istered in CadUnico.

3.2 | Food Expenses Among Families With
no Income

A noteworthy feature of the CadUnico data is the existence of
households reporting food expenditures despite declaring no
monetary income. These expenditures may reflect access to non-
monetary resources, including food donations, social transfers,
informal support networks, exchanges, vouchers, borrowing, or
food produced for self-consumption. Such households represent
an important group for understanding extreme forms of economic
vulnerability, as their food acquisition depends on mechanisms
that are not directly captured by conventional income measures.

Figure 1 illustrates the evolution of food expenditure among
agricultural households with no declared income between 2012
and 2023. Across all expenditure quantiles, food expenditures
increased over time, although the magnitude and timing of
these increases differed substantially across the distribution.

The most pronounced increases occurred among households lo-
cated in the upper expenditure quantile, where food expenditures
remained consistently higher and exhibited greater volatility over
time. In contrast, households in the lower expenditure quantile
experienced more modest expenditure growth and a prolonged
period of stagnation until the early 2020s. Households located
around the median followed an intermediate trajectory, charac-
terized by successive periods of expansion and contraction.

Taken together, these patterns suggest that even among house-
holds reporting no income, food acquisition requirements
remained substantial and intensified over the study period.
Moreover, the divergence in expenditure trajectories across
quantiles indicates that the burden of securing food is itself
heterogeneous among households facing extreme income depri-
vation, further supporting the use of distribution-sensitive ana-
lytical approaches.

3.3 | Spatial and Temporal Evolution of Income
and Food Expenditure Shares

Figure 2 illustrates the evolution of median per capita household
income and median food expenditure shares among low-income
farming households between 2012 and 2023. The results reveal
a clear divergence between income dynamics and food expendi-
ture burdens over time.

These dynamics are also clearly illustrated by the spatial pat-
terns shown in Figure 3, which presents the spatial distribution
of the median proportion of food expenditures among farming
households by Brazilian state from 2012 to 2023. These patterns

40f 16

World Food Policy, 2026

85U8017 SUOWWOD BA 81D 8|edl|dde au Aq paueA0h 818 Sajo e YO ‘88N JO S3NJ o AXeiq1T 8UIIUO AB]I/MW UO (SUOT pUoD-pue-SWLB)LLI0D A8 | ImAReIq 1 Ul UO//SdNY) SUORIPUOD Pue SWiB | 8U) 88S *[9202/TT/TT] uo ArigiTauliuo A8|im ‘seded Aq 6200£ 2diM/Z00T 0T/10p/w00 A8 | 1M Arelq jeu|uo//Sany wouy papeo|umoq ‘Z ‘920z ‘6E98ZLEC



(senunuo))
6TIFEY LITFEY YITF OV TIIFSh TITFSSh TTIF9¥ dsS FuesN uosi1ad 90UdI§a1 JO 95V
(0'L) ¥9T°CS0‘E (T'8) LS6'9LE S (T°8) S8T499°C (¥°8) 809°9TH°C (¥'8) 96T°6£1°C (0°6) 680V TH'C (%) u SIOYI0M [RININOLISY
€20T 720t 120T 020T 6102 810¢ ansnels SlqerIeA

(5°687-0°05) T80T
(T'0ST-S'22) 9'19
(T'S9) LEV08ET
(8'%¥) SS8°0TT‘T

(€' 1) 0S5TE0°T
(L°8S) 980°69+°T

(D LLTLE
(T'0L) 9TLOSLT
(s'0) 900°cT
(S°L) s¥8°981
(€°02) 806905

(T'SL) 6STT8S‘T
(8¥7) LLY619

TITF LY
(£6) 9€9°T0S°T

(9°5ST-T'6%) 0°00T
(€'9L1-L¥T) 0°89
(T's9) 90L'€6E T
(8'7P) €9€°€ET'T

(1°8€) 1€1°296
(6'19) 6575951

1) LET'SE
('69) €0ETHLT
(S0) eLv'eT
(9°L) 806681
(I'12) 29€°82S

(0°9L) 961°026°T
(0'%2) €61°L09

TITFSP
(9'6) 06£°LTST

(0°052-0°0S) 0°00T
(8'08T-£'97) €71
(T'SS) LSELSE’T
(8't) TE9PTI‘T

(S¥€) 91298
(5'59) 0€8PH9°T

(€'1) gs€1€E
(L°89) 0ST'60L°T
(5°0) 8¢9°€T
(9°2) 958881
(6'12) T60°SHS

(0'9L) 12T806°T
(0'¥2) ¥S0‘v09

TILF 6V
(T'6)9LT‘TIS‘T

(0°0ST-L'TS) 0°00T
(T'8ST-5°57) 8°2L
(T°95) 61T°09¢°T
(6°€+) 809°€90°T

(6'1€) 060°TLL
(1°89) S68°159°T

(TD) 1EL'ST
(8°89) ¥10°L9°T
(so)vyLct
(L'L) 0TTest
(8'T2) v£6°0CS

(S'9L) 989°€S8‘T
(S°€7) 86T 0LS

S TIFO0S
(€'8) s86°cTH T

(T'S¥T-9°SS) 0°00T
(I'SYT-1'LD) 9°1L
(5'95) TTT60T‘T

(S°€P) LOT'6T6

(S°67) 018°1€9
(S°0L) €0L°90S‘T

(0D v0‘CT
(6'89) LETOSH'T
(S°0) 09%°01
(8'2) 9TT'¥91
(L'1T) 68€°LSY

(8°'LL) 9SLY99°T
(T LSL'SLY

TILFIS
(6°L) €TS‘SET‘T

(0°0vT-£'85) 0°00T
(ELET-L0€) 8°EL
(T'9) £€9°268
(6'¢h) 850669

(8°'L2) 9LV Ty
(TzL) LIS6PTT

(8°0) L8ETT
(9°89) 06Z°060°T
(s0) vz6L
(I'8) bse‘8eI
(0'To) gcT'6ve

(L'6L) TT6'LTT
(€°07) 1L8°€TE

TTIIFIS
(€°9) €6LT6S‘T

(€O-10) uBIpaN
(€O-10) ueIpay
(%) u
(%) u

() u
(%) u

(%) u
(%) u
(%) u
(%) u
(%) u

(%) u
(%) u

dS FuedN
(%) u

€20T-810¢ ‘T Med
armjrpuadxa pooy jo uonzodoig
awooul pjoyasnoy ejded 104
reany
ueqin
UOI1BO0[ P[OYISNOH
SOX
ON
USIP[IYD JO 9UdSAIJ
snouadrpuy
umoig
UueISYy
oerd
AMUM

uosiad 90ua1aye1 Jo AIIOIUYI9 08y

Jlewag
eI

uosI19d 90UdI19J01 JO XS

uosiad 9oua19je1 J0 98V

SI9YIOM [RININOLISY

LT10C-CI0T ‘T 3ed

LT0C

910¢C

ST0C

v1ioc

€10¢C

(41114

onsnels

alqerren

*€207-7T0T ‘[1Zeld Ul SAI[IWef SUTWLIE] SWOdUT-MO] JO sa[qerrea o1yderSowaporoos pue A1e3oU0W Jo So1s1ie)s 2AndrIossq |

cHTdVL

23728639, 2026, 2, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/wfp2.70029 by Capes, Wiley Online Library on [11/11/2026]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

50f 16

World Food Policy, 2026



(0°00%-0°05)
0°0ST

(T061-1'S7) 8°L9

(0°00%-5°LS) 0°0ST
(T esST-v'61) T'LS

(9'¥8€-9'SS) ¥'9€ T
(8°STT-L'ST) 9°6¥

(T'LS€-9°€S) 9°8TT
(T'€€T-0'9T) 9°¥S

(€€€€-1°05) 0°CTT
(T6ET-T'ST) 0°LS

(S'TIE-¥'1S) S°0TT
(T'SP1-6'ST) 16765

(£O-TO) ueIpaN
(£O-TO) ueIpaN

arnjrpuadxa pooy jo uonzodoig

awooul pjoyasnoy ejdes 104

(T'LS) T90'9¥L T (6'%S) T00°TS8‘T #'SS) THSILY'T (L°SS) LSS PPe‘T (r'SS) 696°61€°T (€°55) SOT'6EE‘T (%) u eIy
(8°2h) TETSOE‘T (U'Sh) L60vTS T (9'7%) 656°98T°T (€1h) 6LETLOT (9'7%) 66+°880°T (Lt¥) T0S+80°T (%) u ueqIn
UO0118d0[ P[OY=aSnNOoH
(0°€P) T66°TTE T (S°TP) LIT'S0¥T (T9p) LETTETT (S'9v) 61€€CT'T (S°S¥) L60°60T‘T (T¥¥) SOSTLOT %) u Sax
(0LS) TLT6EL'T (S'8S) 0¥8°€L6'T (8°€9) 8¥0TEY'T (S°€5) 68T €6T‘T (S'¥S) 660°0£€°T (8'S9) ¥8s‘TSe‘T (»)u ON
UDIPIIYD JO 9duasaId
(0'7) 05€°09 (LD 80T'LS (91D eLT'EY (91 €ov'8¢e (9D 1€T°8¢ (9D Sv6'LE (%) u snouddrpuy
(81L) 809°061°C (r'1L) €98°TTH'T (L'TL) T65°806°T (6'TL) TE8°9ELT (L1L) 8TSLYLT (T1L) €Ls‘oTLt (%) u umorg
(S0) LTSSt (5'0) 988°LT (S'0) 0z0‘€T (S'0) 016°TT (sr0) soret (S0 96z°TT %) u UBISY
(€'L) 1€T€TC (L) 85T°0ST (€'2) s09°c61 (€'L) S€T9LT (€L) S¥8°8LT (L) TLI08T (%) u Joerd
(#'81) ¥61°C9S (6'ST) 6968€9 (0°6T) 621°50S (L81) e6t'TSH (6'8ST) 99619t (T'61) 87€991 (%) u AYM
uosiad QJURIdJaI JO \nﬁu_ﬁﬂuo\oomm
(T'79) T11'868°T (€°€9) STS'8ET'T (#"0L) T06°9L8°T (€TL) T8ELYLT (T'€L) 6S0°S8LT (r'vL) 078°€08‘T %) u SR
(8°L£) TS8ESTT (L9¢) th¥'8eT’T (9°67) ¥8T°L8L (L'LT) 977699 (8°97) LET'PS9 (9°57) 692°029 (%) u SN
u0sI19d 90UISJAI JO XS
L102 9102 ST0¢C y102C €102 710 snsnels s[qerrep
(penunuod) | zHTAVL

23728639, 2026, 2, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/wfp2.70029 by Capes, Wiley Online Library on [11/11/2026]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

World Food Policy, 2026

6 of 16



R§ 800,00

sans 5805 5805 5805

R$ 600,00

R§ 400,00

Food Expenses (BRL)

R$ 0,00
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
B Quantile 0.25 4 Quantile 050 @ Quantile 0.75

FIGURE1 | Evolution of food expenditures among households that declared zero income in CadUnico, by quantiles, Brazil, 2012-2023. Legend:
R$: Brazilian Real (BRL).
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FIGURE 2 | Evolution of the median proportion of household food expenditure and per capita income of low-income farming families in Brazil,
from 2012 to 2023. Note: The dashed line under the year 2017 marks the midpoint of the period analyzed.

highlight the vulnerability of states located in the North and Periods of declining income, particularly between the mid-2010s
Northeast of the country, which have historically been affected and early 2020s, were accompanied by increases in the share
by food insecurity. of income allocated to food expenditures. Conversely, periods of
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FIGURE 3 | Spatial evolution of the median proportion of household food expenditure of low-income farming families, by Brazilian states, from

2012 to 2023.

income recovery in the final years of the series were not associ-
ated with proportional reductions in food expenditure burdens,
which remained persistently high.

Overall, these results suggest a weak synchronization between
income variation and food expenditure shares over time. This
pattern indicates that improvements in income do not translate
proportionally into reduced budget pressure from food, high-
lighting the rigidity of food expenditure commitments among
low-income agricultural households. These findings are consis-
tent with the descriptive evidence presented in Table 2 and rein-
force the presence of structural constraints in economic access
to food.

3.4 | Quantile Regression Results

Table 3 presents the results of the quantile regression models
estimating the association between per capita household income
and the share of income allocated to food expenditures, along
with sociodemographic characteristics of low-income farming
households in Brazil between 2012 and 2023.

Across all quantiles, income is consistently negatively associ-
ated with the proportion of income spent on food, confirming
the presence of Engel-type behavior among vulnerable agricul-
tural households. Importantly, this association is not uniform
across the distribution of food expenditure burdens. Overall,

the results highlight substantial heterogeneity in food expendi-
ture behavior across both income levels and sociodemographic
groups. Rather than uniform effects, the findings point to differ-
entiated responses across the distribution of food expenditure
burdens, reinforcing the relevance of quantile regression for
identifying inequalities that would remain hidden under mean-
based approaches (Koenker and Hallock 2001).

3.4.1 | Income Heterogeneity Across the Distribution

The magnitude of the negative association between income
and food expenditure increases at higher quantiles of the dis-
tribution in most years, suggesting that income constraints
are particularly binding among households facing the highest
food expenditure burdens. While lower quantiles display rela-
tively more stable coefficients over time, upper quantiles exhibit
greater sensitivity to income fluctuations, especially during pe-
riods of economic stress between 2015 and 2021. This pattern
indicates that income changes have stronger effects among the
most economically burdened households.

3.4.2 | Household Composition and Sociodemographic
Inequalities

Sociodemographic characteristics also exhibit clear distribu-
tional heterogeneity. Female-headed households tend to display

8 of 16

World Food Policy, 2026

85U8017 SUOWWOD BA 81D 8|edl|dde au Aq paueA0h 818 Sajo e YO ‘88N JO S3NJ o AXeiq1T 8UIIUO AB]I/MW UO (SUOT pUoD-pue-SWLB)LLI0D A8 | ImAReIq 1 Ul UO//SdNY) SUORIPUOD Pue SWiB | 8U) 88S *[9202/TT/TT] uo ArigiTauliuo A8|im ‘seded Aq 6200£ 2diM/Z00T 0T/10p/w00 A8 | 1M Arelq jeu|uo//Sany wouy papeo|umoq ‘Z ‘920z ‘6E98ZLEC



23728639, 2026, 2, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/wfp2.70029 by Capes, Wiley Online Library on [11/11/2026]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

(sonunuo))

(100'0>) 720~
(1000>) T'1ST
(enyea-d) JUAIDIFFR0D

€20

(100°0>) §°CT—

(100°0>) €01~
(1000>)S°C
++(861°0) 98°0
(1000>) 0°C

(100°0>) 6'CC—

(100°0>) 95°0—
(T1000>) €+

(100°0>) 2T 0—
(100°0>) 0602

(anyeA-d) JUAIOIIFR0D

(100'0>) ST0-
(1000>) 9'1LT
(enyea-d) JUaIdIFF0)

ceoe

(100°0>) L'6—

(5000) 99—
(1000>)T'1
#(S6T°0) T'T—
(S10°0) TL°0

(100°0>) §°0Z—

(100°0>) 6v°0—
(1000>) 9°¢

(100°0>) TC°0—
(100°0>) ¥°¢61

(anyeA-d) JUSIOIIFR0D

(100°0>) L0~
(T00'0>) £°15T
(onrea-d) JULIdIFR0D

1c0¢

(100°0>) L'L—

(100°0>) L1~
(100'0>) €8°0
«(1S0°0) ¥'T
#(6€1°0) TE0

(100°0>) ¥°02—

(100°0>) 80—
(1000>) €€

(100°0>) 0Z°0—
(100°0>) T'6LT

(enyea-d) JUSIOIIFR0)

(1000>) ST°0—
(1000>) 9'8¢T
(onreA-d) JULBIOIFA0D

0c0c

(100°0>) T'L—

(100°0>) LTI~
«+(LST'0) 9T°0—
(5000) LT
(+00°0) TL'0—

(100°0>) ¥°0Z—

(100°0>) 62°0—
(100°0>) S°¢

(100°0>) 6T°0—
(100°0>) T'SLT

(enyeA-d) JULIOIIFR0)D

(100°0>) €20~
(100°0>) T'8TT
(onreA-d) JUBIOIFA0D

610¢

(100°0>) §°9—

(1000>) 12—
(1000>) 0°€—
(100°0>) €'
(1000>) Sz—

(100°0>) T'6T—

(100°0>) LT0—
(T00'0>) T'E

(100°0>) 10—
(100°0>) L'891

(enyeA-d) JULIOIIFR0)

(100°0>) TT'0—
(100°0>) 6'2CC
(onrea-d) JUSIOIFO0D

810¢

(100°0>) T'L—

(100°0>) 0°ST—
(1000>) L'9—
(2¢00°0)8°C
(100°0>) ¥'S—

(100°0>) €'LT—

(100°0>) 20—
(100°0>) 160

(100°0>) ¥ 0—
(100°0>) ¥°89T

(enyeA-d) JULIOIIFR0)D

swodul pjoyasnoy ejded 194
1dooIojug
JlqerIeA
0S°0 o[uEN)—g [oued
€20C-810C ‘T 1red
S9K.
+«ON
UDIPIIYD JO 9OUSAIJ
snouadrpuy
umoig
ueIsy
oerg
«ONTM

uosiad 90ua1aja1 Jo AI0IUYI9/008yY

Jrewra
*[EIN

uo0sI1ad 90UdI9J91 JO XS

uos1ad 90ud19ja1 Jo A8V
ey
«Ueqin

UO13BJ0] P[OYISNOH

Jwooul proyasnoy eided 104

1dooIojug

SlqeLIBA

LT0T-210T :T 11Bd

L10C

910C

ST0C

v1ioc

€10¢

C10¢

0S°0 dg(uend—g Pued

"€207-Z 10T ‘TIZelg Ul Sal[Iue] SUTULIR] SWIOJUT-MO] JO SITISTIJ0RIRYD JIdeISouaporoos pue ‘owoaur ‘91njipuadxs pooJ Ployasnoy Usam)aq SJUSIOIJo09 UOIBII0SSE UoIssaIdal anuend) | € ATAVL

9o0f 16

World Food Policy, 2026



“[OAR] %S I JUBIYTUSIS A[[EO1ISIIEIS JON 44
'£1039180 90U 4

(100°0>) 6'8¢—

(100°0>) 8°€5—
(1000>)T'9
(1000>) S°L
(T100°0>) L'+1

(100°0>) T'62—

(100°0>) T'9¢—

(T100°0>) ¥'¥S—
(1000>) 8°¢
(100°0>) ¥'v
(1000>) L'L

(100°0>) 8'627—

(100°0>) 6°¢C—

(100°0>) €'0t—
(100'0>) 8'S
(1000>) '8
(100°0>) T'L

(100°0>) €' v2—

(100°0>) L'0T—

(T100°0>) 992
(1000>) T°€
(2o00) vt
(t00'0>) T'€

(100°0>) 8'S7—

(100°0>) 0'8T—

(T100°0>) §° 12—
(100°0>) 6°¢
(100°0>)S°¢
(T100°0>) €'

(T00°0>) ¥'LT—

(100°0>) T'9T—

(100°0>) ¥'ST—
(1000>) £°¢
#(662°0) €'T
(T100'0>) 0°€

(T00°0>) ¥'LT—

S9X
*ON
UIP[IYD JO 90UISAIJ
snouadrpuy
umoIg
UueISY
Jorlg
+PNUM
uos1ad 90Ua193a1 Jo AIIOTUYIS/208Y
Jrewra
x9[eIN

u0s1od 90UdIDJI JO XS

(100°0>) ST'0— (100°0>) +9°0— (100°0>) 79°0— (100°0>) ¥S°0— (100°0>) 95°0— (100°0>) 65°0— uos1ad 30ua19§31 Jo 38V
(1000>)S°6 (1000>) +'8 (1000>) €6 (1000>) 9°S (1000>) L'S (1000>) T'S eIy
— — — — — — LUBQIN

UOI}Bd0[ P[OYSSNOH

L10T 910¢ ST0z y10C €102 710z 0S°0 d[uEnd—g [Pued

(ponunuo)) | €HATAVL

23728639, 2026, 2, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/wfp2.70029 by Capes, Wiley Online Library on [11/11/2026]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

World Food Policy, 2026

10 of 16



systematically lower food expenditure shares across most quan-
tiles, with differences becoming more pronounced in the upper
tail of the distribution. Similarly, households with children show
consistently lower expenditure shares, particularly among higher
quantiles, suggesting tighter budget constraints and greater pres-
sure to allocate resources across competing essential needs.

3.4.3 | Racial and Ethnic Disparities

Racial and ethnic differentials are more heterogeneous and vary
across quantiles and over time. At lower quantiles, coefficients
for black and brown households are predominantly negative,
while at median and upper quantiles the associations become in-
creasingly positive in later years, indicating widening disparities
in food expenditure burdens within the distribution. Indigenous
households, in contrast, show a tendency toward increasingly
negative associations over time across all quantiles, suggesting a
distinct expenditure profile relative to other groups.

3.5 | Income Elasticity of Food Expenditure Shares

Figure 4 presents the estimated income elasticities of the share
of food expenditure across quantiles between 2012 and 2023.
The results consistently indicate negative elasticities, confirm-
ing that income increases are associated with reductions in the
proportion of income allocated to food among low-income agri-
cultural households. This pattern is consistent with Engel-type
behavior and reinforces the interpretation of food as a necessity
good in this population.

Beyond this general relationship, the results reveal important
distributional heterogeneity and temporal dynamics. Elasticities

are systematically more negative in higher quantiles, suggesting
greater sensitivity of food expenditure burdens among house-
holds facing higher budgetary pressure. This indicates that in-
come changes have a stronger proportional effect on reducing
food expenditure shares among more economically constrained
households.

Over time, the trajectory of elasticities points to three broad
phases. The first phase (2012-2015) is characterized by rel-
ative stability and modest variation around zero, indicating
limited responsiveness of food expenditure shares to income
changes. The second phase (2016-2021) shows a progressive
increase in the absolute magnitude of elasticities, particularly
in the upper quantiles, suggesting heightened sensitivity of
food expenditure burdens to income fluctuations during a
period of increasing economic stress. The final phase (2022-
2023) is marked by partial reversion toward lower absolute
values, indicating a moderation in the responsiveness of food
expenditure shares to income changes. Overall, these results
suggest that while Engel-type behavior remains stable over
time, its intensity varies across both the distribution and mac-
roeconomic conditions.

4 | Discussion

Our study analyzed the associations between the proportion of
income spent on food by Brazilian farming families, household
income per capita, and sociodemographic characteristics. By
employing quantile regression models, we explicitly accounted
for distributional heterogeneity in food expenditure shares, re-
vealing how income-related constraints vary across different
levels of food expenditure burden. The findings demonstrate
that food expenditure burdens are structurally concentrated

01 —
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FIGURE4 | Income elasticity in relation to food expenditure among low-income farming families in Brazil, by quantiles, from 2012 to 2023.
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among the poorest farming households, compromising the real-
ization of the right to food.

The observed trends indicate that, despite increases in in-
come over the study period, food expenditures continued to
absorb a substantial share of household budgets. The stability
of elasticity patterns across time suggests that the structural
relationship between income and food expenditure remained
largely unchanged despite broader economic transformations.
Consistent with Engel's Law, the negative and increasingly
pronounced coefficients of per capita income across quantiles
show that lower-income households bear disproportionately
higher food expenditure burdens, leaving fewer resources avail-
able for other essential needs such as education, health, and
housing (Chai et al. 2015). These findings are aligned with ev-
idence from Brazil showing that the share of food expenditure
declines as total household expenditure increases, reinforcing
the characterization of food as a necessary good and highlight-
ing persistent inequalities in economic access to food (Almeida
et al. 2019).

Food expenditure patterns among low-income households re-
flect broader structural inequalities, including labour market
informality, income instability, and unequal social protection.
Income remains one of the most important determinants of
food insecurity in low- and middle-income countries, particu-
larly among socially vulnerable populations (FAO et al. 2025b;
Golgher 2024; Liang et al. 2024; Nzayiramya et al. 2025). In this
context, CadUnico provides a unique empirical lens through
which structural inequalities in the realization of the right to ad-
equate food can be examined. According to General Comment
No. 12 of the United Nations Committee on Economic, Social
and Cultural Rights, States have obligations to respect, protect,
and fulfill the right to food, including ensuring the material
conditions necessary for adequate food access and protecting
vulnerable groups from structural barriers to food security
(United Nations 2009; United Nations 2009). This implies not
only avoiding measures that restrict people’s access to food but
also protecting individuals and groups against actions by third
parties that may compromise such access and adopting policies
that ensure the material conditions for adequate food.

The persistence of high food expenditure burdens must also be
interpreted within the broader economic context. Although the
Brazilian minimum wage increased substantially during the
study period (IPEA 2025), food and beverage inflation remained
elevated in key years, increasing the cost of basic food consump-
tion (IBGE 2026; Lameiras and de Carvalho 2016; NEBIN 2025).
These pressures were intensified by the COVID-19 pandemic,
disruptions in global food systems, and the food price shocks
associated with the war in Ukraine (Barman et al. 2021; FAO
etal. 2025a; Sanchez-Ortiz et al. 2025; Rudolfsen et al. 2024; Leal
Filho et al. 2023). At the national level, the weakening of food
and nutrition security governance and reductions in support
programmes further constrained the State's capacity to guaran-
tee the right to food (Recine et al. 2020; Carvalho et al. 2021).
These dynamics are consistent with evidence showing increas-
ing food insecurity among Brazilian households, particularly in
rural areas (Ribeiro et al. 2025; World Food Programme 2025;
Sousa et al. 2019; FAO et al. 2024; High Level Panel of Experts
on Food Security and Nutrition 2020).

A study conducted by Santana and Sarti 2020 analyzed the evo-
lution of the purchasing power of the minimum wage in relation
to the purchase of items in the basic food basket in Brazil and
show that, from 1959 to 2018, there was a deterioration in the
relevance of the minimum wage in ensuring basic food needs—
especially through effective and enforceable public policies—
with losses in the relevance of income and the basic food basket
in the food context due to political and economic events, as well
as changes in the population's eating habits that have occurred
throughout the country's recent history.

Our findings also underscore the strategic role of social protec-
tion policies in reducing food insecurity and mitigating budget
constraints among vulnerable households. Cash transfers and
other social protection mechanisms—especially those focused
on food assistance—can increase food purchasing capacity and
contribute to the progressive realization of the right to food
(Magalhaes et al. 2024; Robles and Mirosevic 2013; Veras Soares
and Jaramillo Mejia 2024; United Nations 2025). CadUnico
plays a central role in this process by facilitating the identifica-
tion and inclusion of socioeconomically vulnerable populations.

The analysis further highlights the relevance of sociodemo-
graphic inequalities. Consistent with international and na-
tional evidence, food insecurity is shaped not only by income
but also by gender, race/ethnicity, and household composition
(FAO, NRI, et al. 2025; FAO 2025; Santos et al. 2022). Female-
headed households face additional vulnerabilities associ-
ated with lower earnings, labour market disadvantages, and
caregiving responsibilities (Quisumbing et al. 2001; Gebrihet
and Gebresilassie 2025; Rodrigues et al. 2025). Likewise, ra-
cial inequalities and historical disadvantages affecting Black,
Indigenous, Quilombola, and other traditional populations
continue to limit access to income, productive resources, so-
cial protection, and food security (IBGE 2020; Luiz et al. 2025;
Miguel et al. 2025; FIAN BRASIL 2023; Almeida 2018; Sato
et al. 2026). The stronger food expenditure burdens observed
among female-headed households, Indigenous-headed house-
holds, and families with children suggest that these inequalities
operate as structural mechanisms reproducing food insecu-
rity (Sott et al. 2026; de Filleti et al. 2022; High Level Panel of
Experts on Food Security and Nutrition 2020; FAO et al. 2021;
Dysard et al. 2025).

Beyond income deprivation, poverty is frequently associated
with broader forms of social exclusion that restrict access to edu-
cation, information, participation in decision-making processes,
and justice. These constraints can undermine individuals' and
communities’ agency to influence the conditions that shape
their food systems and livelihoods, thereby exacerbating food
insecurity. In this sense, inadequate access to food should be
understood not only as a consequence of economic hardship but
also as the result of structural barriers that limit opportunities,
rights, and social participation (High Level Panel of Experts on
Food Security and Nutrition 2020; Bernaschi et al. 2023).

Although this study focuses on economic access to food,
the findings also raise concerns regarding dietary quality.
Evidence suggests that low-income households often rely on
ultra-processed foods because of their lower relative cost and
greater accessibility, indicating that increases in income alone
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may not be sufficient to ensure healthy diets (Darmon and
Drewnowski 2015; Gupta et al. 2019). Additional evidence from
Brazil shows important regional inequalities in food access and
food acquisition patterns, with poorer households prioritizing
staple foods over nutritionally adequate dietary components
(IBGE, 2025; De Oliveira et al. 2024; Silveira et al. 2024; De Carli
et al. 2025). Given the country's vast territory, these differences
are clearly evident across regions, with the North and Northeast
having historically worse food security indicators than the South
and Southeast (IBGE 2025). Therefore, income-support policies
should be complemented by actions that promote healthy food
environments, strengthen local food systems, and improve ac-
cess to nutritious foods.

This study has several key strengths, including the unprece-
dented use of the CadUnico repeated cross-sectional dataset
to assess food expenditures over more than a decade, and the
application of quantile regression methods capable of identify-
ing heterogeneous effects across the distribution of food expen-
diture burdens. At the same time, some limitations should be
acknowledged. The observational nature of the data does not
allow causal inference; food expenditure is only a proxy for eco-
nomic access to food and does not capture dietary quality, intra-
household allocation, or self-consumption, and CadUnico is not
representative of the entire Brazilian population.

5 | Conclusion and Policy Implications

Taken together, the findings of this study provide robust empir-
ical evidence that food expenditure burdens among low-income
agricultural households are shaped by deeply entrenched struc-
tural inequalities in income, gender, race and territory, rather
than by food availability alone. By revealing persistent hetero-
geneity in the association between income and food expendi-
ture shares, the analysis reinforces Engel's Law as a mechanism
through which inequalities translate into unequal access to food
and unequal enjoyment of the Right to Adequate Food.

The results indicate that food expenditure burdens among
low-income farming households are not solely a consequence
of individual income constraints, but also reflect broader pro-
cesses of social exclusion and unequal access to social protec-
tion. The Brazilian case, examined through more than a decade
of large-scale microdata, illustrates how the strengthening or
weakening of social protection, market regulation, and family
farming policies directly conditions households' economic ac-
cess to food.

From a policy perspective, the findings highlight the importance
of maintaining and expanding social protection mechanisms
and other redistributive policies capable of reducing structural
inequalities and protecting vulnerable populations from eco-
nomic shocks. In this sense, the study contributes to interna-
tional food policy debates by demonstrating that the realization
of the right to food in middle-income countries depends funda-
mentally on sustained political commitment to equity-oriented
and food-system-sensitive policies.

Future research should explore regional heterogeneity in food
expenditure burdens among low-income farming households,

given the marked territorial inequalities that characterize food
access, income distribution, and social protection coverage in
Brazil. In addition, further studies should investigate whether
increases in household income are associated with improve-
ments in diet quality, particularly through the substitution of
highly processed foods by fresh or minimally processed foods.
Such analyses would contribute to a better understanding of
whether gains in economic access to food are accompanied by
advances in the nutritional adequacy of diets.
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