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Abstract
Objective: Food insecurity (FI) is a challenge to policy makers worldwide, who
need to understand which polices and programmes are effective at overcoming
FI. The present study aimed to examine the impact of family income and condi-
tional cash transfers on changes in household FI status in a highly vulnerable
municipality in Northeast Brazil.
Design: A population-based longitudinal cohort study among families in a munici-
pality in the semi-arid area in Northeast Brazil (2011 and 2014). FI was estimated
with the Brazilian Household Food Insecurity Measurement Scale (EBIA). The
effects of family income and cash transfer on changes in FI were estimated using
logistic regression models and the population-attributable risk fraction.
Setting: Households in Cuité, Paraíba, Brazil.
Participants: Household respondents interviewed in 2011 (n 358) and 2014
(n 326).
Results: There was a reduction in FI prevalence of 17·5 % across time; 24·5 %
of families who were food insecure in 2011 became food secure in 2014. After
adjustment, families that did not experience an increase in their total household
income or a reduction in the cash transfer amount were at increased risk of
persistent FI across time. If the cash transfer programme had not been in place,
about 10 % of the families that switched from food insecure to food secure across
time would have remained in FI instead.
Conclusions: The decrease of FI occurred in an area of extreme climatic and social
vulnerability. These changes were more related to the cash transfer than the
increase in family income over time.
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Food insecurity (FI) exists when there is deprivation
or uncertainty about access to quality food in sufficient
quantity, representing the violation of the human right to
adequate food(1). FI has also been identified as a risk
factor for chronic diseases(2,3) and poor mental health(4,5),
and it remains an important social and public health
problem across countries with different levels of eco-
nomic development(6–9).

The FAO estimates that 700 million people suffer from
severe FI or hunger worldwide. The latest report on the
State of Food and Nutrition Security in the World indicates
that, after a long period of decline, FI rates have increased,
especially among countries in Latin America and sub-
Saharan Africa(10).

The FI status of a population is influenced by changes in
macroeconomic, political and climatic factors(11). Among
the main limiting factors for household access to food
are poverty and social inequalities; indeed, the inverse
relationship between family income and FI level has been
previously documented(12,13). Recently, researchers have
suggested that it is important to take into account all
sources of family income, including cash transfers from
social protection programmes, when examining the
relationship between FI and family income(14,15). This
approach is needed to develop better social policies
seeking to mitigate the risk of FI.

Studies have examined the effects of cash transfer
programmes on FI(16). Research conducted in Europe has
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identified that, during the economic recession, families
were protected from FI if there was sufficient govern-
ment spending on social protection programmes(17). In
Canada, one study found that access to social protection
benefits helped decrease FI prevalence, but it was not
enough to protect families against FI in periods of eco-
nomic recession(18). Another study in Canada pointed
out a decrease in FI over time among families receiving
cash transfers(19). In sub-Saharan Africa, cash transfer
programmes implemented in Ethiopia, Malawi and
Kenya showed a positive impact on household dietary
variety, but no effects were identified in Lesotho and
Zambia(20).

The results of these studies are inconclusive and
controversial. Furthermore, studies have used different
instruments to capture FI, some of which have not been
properly validated. Most studies have not used FI experi-
ence-based scales, which is unfortunate as these have been
well validated globally(21,22). Furthermore, most studies
have been cross-sectional, indicating the need for cohort
studies to find out whether changes in household income
over time relate to household FI or not.

The objectives of the present study were to: (i) examine
prospectively the change in FI among families living in a
socio-economically deprived Brazilian municipality between
2011 and 2014; and (ii) analyse if changes in household

income and the cash transfer amount received through a
governmental programme were associated with FI change.

Methods

Sample
A population-based longitudinal cohort study was con-
ducted in the Brazilian municipality of Cuité, located in
the state of Paraíba, 235 km from the state capital, in the
semi-arid Northeast area. The municipality is divided into
rural and urban areas, has approximately 20 000 inhabi-
tants and a low human development index (0·591)(23).
Baseline data were collected in 2011 through a representa-
tive cross-sectional survey of urban and rural populations
of this municipality. The sample size was calculated using
the stratified random sampling technique, dividing the
municipality into an urban and rural region, proportionally.
A maximum sampling error of 5 % was used with a 95 % CI.
Based on an expected prevalence of FI of 50 %(24) and the
number of households in Cuité (5869 households)(25), the
estimated sample size was 360 households. In order to
maintain the proportion of households from urban and
rural areas in Cuité, we distributed the sample proportion-
ally ending up with 243 (67·5 %) and 117 (32·5 %) house-
holds from urban and rural areas, respectively (Fig. 1).

5869 households at Cuité, Brazil

3955 (67·4 %)
(Urban region)

1914 (32·6 %)
(Rural region)

Sample probability proportional to size: 360 households

243
(Urban region)

117
(Rural region)

Households assessed: 358

244
(Urban region)

114
(Rural region)

Households assessed: 326

222
(Urban region)

104
(Rural region)

Sample loss: 32 households (8·9 %)

22
(Urban region)

10
(Rural region)

Baseline (2011)
Follow-up (2014)

Fig. 1 Flowchart describing the baseline sampling and follow-up; Cuité, Paraíba, Brazil, 2011–2014
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The households surveyed were randomly selected; in the
urban area based on the municipality register of urban
houses, and in the rural area based on randomly selected
coordinates on themunicipality’s map. Data were collected
between May and June 2011 (358 households). The follow-
up happened between May and September 2014, when
326 households were surveyed again, resulting in a sample
loss of 8·9 % (Fig. 1) and a sampling error of 0·054. The
sample attrition was mainly due to families moving to other
regions of Brazil. The questionnaires were administered
at home by twelve trained undergraduate students in
2011 and by twenty-three trained undergraduate students
in 2014.

Outcome variable
The outcome of interest in the present study was FI
measured with the Brazilian Household Food Insecurity
Measurement Scale (Escala Brasileira de Insegurança
Alimentar, EBIA). EBIA is an experience-based scale
adapted from the US Household Food Security Survey
Module, that has been validated for use in Brazil since
2003(26). The theoretical underpinning of this instrument
considers FI to be a progressive phenomenon experienced
at the household level with different levels of severity. EBIA
assesses four levels of food security/FI, representing worry
of suffering from food deprivation, reduction of quality
and/or amount of food accessed by the family and hunger.
EBIA has consistently been shown to be psychometrically
valid(27–29), reinforcing its suitability in monitoring FI
through prevalence studies, identifying at-risk populations
and studying the causes (e.g. poverty) and consequences
(e.g. dietary and health outcomes) of FI(30).

We used the fourteen-item EBIA version to capture
household FI during the 3 months preceding the inter-
view(27,31). The scale consisted of fourteen dichotomous
(yes or no) items for households with children and/or
adolescents under 18 years of age, and seven items for
households where only adults lived. Based on the sum
of affirmative responses to EBIA items and household
composition (with or without children and adolescents
under 18 years), households were classified in four catego-
ries of food security/FI: (i) ‘food security (FS)’ (score= 0);
(ii) ‘mild’ FI (score= 1–5 in households with children/
adolescents, 1–3 in adult-only households); (iii) ‘moderate’
FI (score= 6–9 in households with children/adolescents,
4–5 in adult-only households); and (iv) ‘severe’ FI
(score = 10–14 in households with children/adolescents,
6–8 in adult-only households)(32).

For the analyses examining change in FI across time,
the FI variable was categorized as: (i) FS at both visits, i.e.
household classified as FS at baseline and follow-up
(reference category); (ii) FI at both visits, i.e. household
classified with some level of FI at baseline and follow-up;
(iii) changed to FS, i.e. household classified at some level
of FI at baseline with improvement to FS at follow-up;

and (iv) changed to FI, i.e. household classified as FS
at baseline and became FI at follow-up.

Predictor variables
Household income and cash transfer amount from social
programmes were the independent variables predicting
the change in FI across time. Income from work, pension
or retirement of each household member was reported
by the interviewee. The household income was examined
considering the household total and per capita value at
each period of the study, and the average comparing
baseline and follow-up. The monthly per capita household
income was further categorized as minimum wage multi-
ples (up to ¼; above ¼ to ½ minimum wage; above ½
to 1 minimum wage; above 1 minimum wage). The
Brazilian minimum wages were $US 340·6 (R$ 545; where
R$ is Brazilian real) in 2011 and $US 329·1 (R$ 724) in 2014;
the corresponding US dollar–real exchange average rates
were R$ 1·6 and R$ 2·2 per US dollar, respectively.

The total household income at baseline and follow-up
was categorized longitudinally into three groups: (i) increased
by more than ½ minimum wage when comparing follow-up
and baseline; (ii) increased by up to ½ minimum wage from
baseline; and (iii) same or less at endline than baseline.

Regarding the cash transfer from social programmes,
the programme involved was Bolsa Família (PBF),
launched in 2003. The PBF eligibility criterion is deter-
mined by poverty level based on monthly per capita family
income. During both study periods, the poverty line in
Brazil was defined as a per capita family income of up to
$US 87·5 (R$ 140) in 2011 and $US 70 (R$ 154) in 2014.
The cash transfer amount from PBF was composed of a
fixed amount (2011: $US 43·8 (R$ 70); 2014: $US 35
(R$ 77)) plus a variable amount according to family com-
position (number of children, adolescents and pregnant
women). Since 2012, the value of the cash transfer was
also determined by the poverty gap. If the sum of a fam-
ily’s income and the benefits they already receive did not
reach $US 35 (R$ 77), the family received an additional
benefit amount required to reach this minimal house-
hold income(33,34). The cash transfer amount from the
PBF was informed by the interviewee.

The total cash transfer received by the household and
how it changed between baseline and follow-up were ana-
lysed considering: (i) non-beneficiary at both visits, i.e.
family not benefited by PBF at baseline and at follow-up;
(ii) same or more cash transfer at endline than baseline,
which included new beneficiaries of the programme; and
(iii) lesser cash transfer at endline than baseline, i.e. house-
holds that received at follow-up an amount lower than
that reported at baseline, which included families that
left the programme. We also evaluated household income
dependency on PBF by estimating the percentage of the
total household income coming from the cash transfer.
The change in family income dependency from PBF was
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compared between baseline and follow-up using the fol-
lowing three categories: (i) non-dependent at both visits;
(ii) same or more dependent at endline than baseline;
and (iii) less dependent at endline than baseline.

Statistical analyses
Descriptive household socio-economic data were esti-
mated according to levels of FI and the dynamics of the
change in FI status at different levels of severity across time.

To describe the probabilities of FI according to household
income and cash transfer amount from PBF, logistic regres-
sion models were developed for each predictor variable at
both study time points (baseline and follow-up). Mean prob-
abilities of FI were estimated across per capita household
income brackets and cash transfer amounts from PBF.

Multiple logistic regression with robust standard errors
adjustments for key confounders was used to analyse the
association between the predictor variables (i.e. household
income, cash transfer amount and percentage of income
dependency from cash transfer) and the outcome (i.e.
change in FI between follow-up and baseline). First, a uni-
variate analysis between each predictor variable and the
outcome was performed. Next, we estimated separately
a multiple logistic regression for each predictor variable,
and lastly, we estimated a model for household income
and cash transfer amount, simultaneously.

To estimate how much reduction in FI could be
expected if all households did not receive any cash transfer
over time we computed the population-attributable risk
fraction (PAR; Stata command: punaf) from the model that
included change in household income, cash transfer
amount and confounders that the model adjusted for(35).
PAR estimates the impact of exposure comparing preva-
lence of the outcome in both scenarios, the observed sample
scenario and the scenario in which the PBF was not imple-
mented. We also estimated the predicted probabilities for
‘change to FS’ category according to the average family
income between baseline and follow-up.

Only twenty-seven households were classified in the
category ‘changed to FI’. Due to lack of statistical power,
the multinomial regression data for this group of house-
holds are not reported.

The confounders included in the adjusted models were:
(i) region of residence; (ii) household food production
for self-consumption; (iii) family living in own home;
(iv) access to food assistance programmes; and (v) access
to emergency cash benefits. In the period of the study, two
food assistance programmes were implemented: Food
Basket (distribution of basic food baskets) and Leite da
Paraíba programme (distribution of one litre of milk
daily to low-income families with children younger than
7 years of age and/or pregnant women). Additionally, an
emergency cash transfer programme, Safra Guarantee,
was offered to small-scale farmers who lost their crops

due to drought or heavy rain. Logistic regression models
were also adjusted for the number of household members
to control for household size on the effect of predictor
variables on FI. The variables total household income
and cash transfer amount from PBF at baseline were
included in the models that evaluated follow-up data and
longitudinal variables, to adjust the analyses for the
socio-economic condition of each household at the begin-
ning of the study. All models were tested for collinearity
using variance inflation factors; the variables included in
the model had an average variance inflation factor of
<4(36). All analyses were performed with Stata/IC 15·0(37).

Results

Sample characteristics
At baseline, 44·4 % of households were FS, 31·0 %
experienced mild FI, 12·8 % experienced moderate FI
and 11·7 % experienced severe FI, highlighting the
social vulnerability of the households studied. FI was
more prevalent and severe among households with
lower per capita income, beneficiaries from PBF and
households with more dependency on the cash transfer
from this programme. The following were risk factors for
FI: living in the rural region, not owning their own home,
producing food for self-consumption, participating in
emergency cash benefit programmes and not having
retirees living in the household (Table 1).

No significant differences were found for FI, household
income and participation in PBF when comparing
households that completed the study with those lost at
follow-up (data not shown).

Changes in food insecurity
Theoverall prevalence and severity of FI decreased over time.
At both visits 37·4 % of the households were classified as FS,
and at both visits 29·8% experienced FI; 24·5% changed from
FI to FS, and only 8·3% began the study as FS and became FI
at follow-up (Fig. 2). The majority of households that began
the study as FI improved at least one FI security level, and
81·9% of those classified as FS at baseline remained in
this same condition at follow-up (Fig. 2). The proportion of
households that changed to the FS level was greater among
households that began the study with mild FI (61·0 %).

Household income, conditional cash transfer and
food insecurity
Figure 3 shows the predicted probabilities for FI at baseline
and follow-up by predictor variable. In both study time
points, the probability of FI decreased as per capita house-
hold income increased. Regardless of income there was a
lower FI at follow-up than baseline, this difference was
between 10 and 20 % among households with a per capita
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Table 1 Characteristics of the sample of households by food security (FS) and food insecurity (FI) levels at baseline; Cuité, Paraíba,
Brazil, 2011

Baseline characteristics (n 358)

Food (in)security baseline (2011)

FS (n 159) Mild FI (n 111) Moderate FI (n 46) Severe FI (n 42)

% or Mean SD % or Mean SD % or Mean SD % or Mean SD

Minimum wage multiples per capita***,†
Up to ¼ minimum wage 21·4 – 46·9 – 67·4 – 71·4 –
Above ¼ to ½ minimum wage 23·9 – 23·4 – 19·6 – 21·4 –
Above ½ to 1 minimum wage 29·6 – 24·3 – 13·0 – 4·8 –
Above 1 minimum wage 25·2 – 5·4 – – – 2·4 –

Household income ($US)*** 899·2 1135·2 467·9 471·1 249·5 271·5 195·9 234·7
Participants of PBF*** 28·3 – 54·9 – 69·6 – 66·7 –
Total cash transfer amount ($US)*** 19·7 35·7 40·6 40·4 50·9 40·0 53·3 44·7
Household income dependency on PBF***
0% 71·7 – 45·1 – 33·4 – 33·3 –
Between 0·1 and 50% 23·3 – 50·4 – 39·2 – 38·1 –
More than 50% 5·0 – 4·5 – 30·4 – 28·6 –

Urban region*** 81·8 – 62·2 – 52·2 – 50·0 –
Own house*** 70·5 – 59·0 – 48·8 – 26·5 –
Above four household members* 18·9 – 26·1 – 37·0 – 26·1 –
No children under 18 years in household* 45·9 – 33·3 – 26·1 – 35·7 –
No workers in household 30·8 – 25·2 – 26·1 – 35·7 –
No retirees in household*** 55·4 – 73·6 – 78·3 – 87·8 –
No member with high education in household*** 51·6 – 77·5 – 82·6 – 88·1 –
Food production for self-consumption** 39·6 – 54·1 – 60·9 – 59·5 –
Beneficiary of emergency cash benefits* 12·8 – 14·0 – 23·8 – 32·3 –
Beneficiary of food assistance programmes 4·7 – 7·0 – 11·6 – 14·7 –

PBF, Bolsa Família (cash transfer programme).
χ2 test comparing proportion of food (in)security and test t comparing mean of household income and cash transfer amount: *P< 0·05, **P< 0·01, ***P< 0·001.
†Minimum wage in Brazil in 2011: $US 340·6 (R$ 545 (Brazilian real)).
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Fig. 2 Dynamics of changes from baseline to follow-up in levels of household food insecurity (FI) among households with (a) food
security (FS) at baseline (n 149), (b) mild FI at baseline (n 100), (c) moderate FI at baseline (n 43) and (d) severe FI at baseline (n 34);
Cuité, Paraíba, Brazil, 2011–2014. Sample size at follow-up, n 326
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income of less than $US 600. The income level at which half
of the households were FI was substantially lower at
follow-up compared with baseline, $US 100 v. $US 250,
respectively.

The change in FI status between follow-up and baseline
was associated with total household income (Table 2).
Among those who switched from FI to FS, 80 % had a
higher total income at follow-up compared with baseline.
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Fig. 3 Probability of food insecurity by household income per capita and total cash transfer amount received at baseline and follow-up
( , income per capita baseline; , income per capita follow-up; , cash transfer baseline; , cash transfer follow-up); Cuité,
Paraíba, Brazil, 2011–2014. Logistic regression models adjusted for own home, number of members in family, food production for
self-consumption, beneficiary of emergency cash benefits and beneficiary of food assistance programmes at baseline and follow-up.
Model for family income per capita follow-up includes family income at baseline; model for cash transfer follow-up includes family
income at baseline

Table 2 Dynamics of change in household income and cash transfer amount by change in food security (FS) and insecurity (FI)
from baseline to follow-up; Cuité, Paraíba, Brazil, 2011–2014

Change in characteristic (n 326)

Change in food (in)security from baseline to follow-up

FS at both visits
(n 122)

FI at both visits
(n 97)

Changed to FS
(n 80)

Changed to FI
(n 27)

% % % %

Total household income***
Increased by more than ½ minimum wage†
from baseline

54·9 28·8 55·0 22·2

Increased by up to ½ minimum wage from
baseline

29·5 38·1 25·0 48·2

Same or less at endline than baseline 15·6 33·0 20 29·6
Total cash transfer amount***
Non-beneficiary at both visits 68·0 14·4 48·7 48·1
Same or more cash at endline than baseline 24·6 69·1 36·3 48·2
Lesser cash at endline than baseline 7·4 16·5 15·0 3·7

Household income dependency on PBF***
Non-dependent at both times 67·2 14·4 48·7 48·2
Same or more at endline than baseline 13·1 47·4 15·0 25·9
Less at endline than baseline 19·7 38·1 36·2 25·9

PBF, Bolsa Família (cash transfer programme).
χ2 test comparing proportion of food (in)security: ***P< 0·001.
†Minimum wage in Brazil in 2014: $US 329·1 (R$ 724 (Brazilian real)).
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By contrast, 70·4 % of those who switched from FS to FI
had a higher income at follow-up compared with baseline.

Table 3 shows the multivariate regression models
identifying predictors of change in FI status. Households
that did not increase or experienced a decrease in their
total income between baseline and follow-up had about
six times more odds of remaining FI when compared
with households who remained FS at both time points.

There was no association between the change in
total household income and the switch from FI at
baseline to FS at follow-up (P = 0·341; Table 3).
Figure 4 indicates that the change from FI at baseline
to FS at follow-up was much less elastic to household
income compared with remaining FI or remaining FS
at both study time points.

Regarding the cash transfer from PBF, there was a
greater predicted probability of FI at baseline than at
follow-up for the same total cash transfer amount from
PBF (Fig. 3).

Over two-thirds (68 %) of households classified as FS
at both visits did not participate in the PBF. By contrast,
among those who were FI at both time points only 14·4 %
were not enrolled in PBF (Table 2). Among households

that participated in the programme, there was a greater
proportion of households that received ‘same or more
cash’ at follow-up than baseline. About 47 % of the
households that remained FI at both time points experi-
enced an increase in or maintained the same level of
household income dependency on the PBF cash trans-
fer. By contrast, households that switched from FI at
baseline to FS at follow-up showed a decrease in PBF
cash transfer dependence at follow-up (36·2 %; Table 2).

In the multivariate analysis (Table 3), the households
that experienced a reduction in total cash transfer
amount or increased/maintained their income depend-
ency on PBF had 5·1 and 3·9 times higher odds of experi-
encing FI, respectively.

Based on the PAR analysis derived from the third
multivariate model in Table 3, if PBF had not been in
place, then about 10 % of the households that switched
from FI to FS during the study would have remained FI
instead. However, consistent with the household
income findings, the change in the total cash transfer
amount between baseline and follow-up was not associ-
ated with the likelihood of changing from FI to FS across
time (Table 3).

Table 3 Multivariate regression proposalmodels† of change in household food security (FS) and food insecurity (FI) over time considering the
change in total household income and conditional cash transfer received; Cuité, Paraíba, Brazil, 2011–2014

Proposal model

Changed to FS (n 80) FI at both visits (n 97)

OR 95% CI OR 95% CI

Change in total household income and adjusted variables‡
Total household income
Increased by more than ½ minimum wage§ from baseline 1·00 Ref. 1·00 Ref.
Increased by up to ½ minimum wage from baseline 0·67 0·33, 1·35 1·69 0·80, 3·53
Same or less at endline than baseline 1·57 0·65, 3·81 5·04 1·92, 13·28

Change in total cash transfer amount and adjusted variables‖
Total cash transfer amount
Non-beneficiary at both visits 1·00 Ref. 1·00 Ref.
Same or more cash at endline than baseline 0·71 0·26, 1·94 4·20 1·66, 10·58
Lesser cash at endline than baseline 0·93 0·26, 3·32 4·77 1·40, 16·22

Change in total household income, change in cash transfer amount and adjusted variables¶
Total household income
Increased by more than ½ minimum wage from baseline 1·00 Ref. 1·00 Ref.
Increased by up to ½ minimum wage from baseline 0·70 0·34, 1·45 2·14 0·98, 4·66
Same or less at endline than baseline 1·70 0·67, 4·31 6·16 2·20, 17·28

Total cash transfer amount
Non-beneficiary at both visits 1·00 Ref. 1·00 Ref.
Same or more cash at endline than baseline 0·46 0·16, 1·38 1·96 0·60, 6·45
Lesser cash at endline than baseline 0·76 0·67, 4·31 5·14 1·42, 18·61

Change in household income dependency on PBF and adjusted variables††
Household income dependency on PBF
Non-dependent at both times 1·00 Ref. 1·00 Ref.
Same or more at endline than baseline 0·76 0·30, 1·96 3·92 1·36, 11·25
Less at endline than baseline 1·05 0·40, 2·79 1·23 0·38, 3·95

PBF, Bolsa Família (cash transfer programme); Ref., reference category.
Statistically significant associations (P< 0·05) are indicated in bold font.
†Adjusted for number of members in household (follow-up), food production for self-consumption at household (change), beneficiary of emergency cash benefits (follow-up)
and beneficiary of food assistance programmes (follow-up).
‡Includes adjusted variables and household income (baseline).
§Minimum wage in Brazil in 2014: $US 329·1 (R$ 724 (Brazilian real)).
‖Includes adjusted variables and cash transfer amount (baseline).
¶Includes adjusted variables, household income (baseline) and cash transfer amount (baseline).
††Includes adjusted variables, household income (baseline) and household income dependency on PBF (baseline).
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Discussion

The first objective of the present study was to examine if
there was a change in household FI between baseline
and follow-up 3 years later. Our findings documented a
substantial decrease in the prevalence (−17·5 %) and
severity of FI across time, consistent with other national
studies that previously documented decreases in the
prevalence of FI in Brazil between 2004 and 2013(8,32).
This is a relevant finding because that decade was when
a public intersectoral anti-hunger and poverty priority
agenda was implemented. This agenda included income
redistribution, improvement of rural infrastructure, domes-
tic markets strengthening, minimum wage improvements
and addressing unemployment(38). Therefore, the reduc-
tion in household FI in our study is likely to be explained,
at least in part, by the implementation of public policies that
effectively addressed social inequities during the study
period(39).

Despite the FI reductions observed in our study, at
follow-up the FI rate (38·1 %) was higher than the average
for Brazil (22·9 %)(32), confirming the high vulnerability
for FI in the region and municipality where our study
was conducted. Indeed, the Northeast region has the
highest prevalence of FI in Brazil reflecting the high
level of the well-documented socio-economic and FI
inequalities across regions in Brazil. The lowest develop-
ment of this region is concentrated in the semi-arid area
where the study’s municipality is located, which corre-
sponds to 20 % of the country’s territory. Historically,
the north-eastern semi-arid region has faced problems

related to persistent drought, poverty and low infrastruc-
ture to enable food production(40). In 2012, the region
faced the worst drought in the last 50 years(41). These
conditions posed great challenges for the design and
implementation of public policies to overcome FI, espe-
cially in small cities whose economic activity is mainly
agriculture(42), as in the case of the study’s municipality.

Even in this adverse context, over a 3-year period,
about 25 % of households overcame FI at follow-up
compared with baseline. Consistent with our study,
the only longitudinal study previously conducted in
Brazil addressing changes in FI reported a significant
decrease in the prevalence of moderate/severe FI
between 2005 and 2011 (10·3 %)(12).

In Canada, different surveys did not point to significant
changes in the prevalence of FI across time: (i) in a
low-income population in Toronto (68·3 %; 2005–
2006)(13); (ii) among families with children in Quebec
(9·2–7·1 %; 2002–2008)(43); and (iii) in the provinces of
Newfoundland and Labrador (15·7 %; 2007–2012)(19).
In Uganda researchers reported seasonal variation of
severe FI rate in six follow-up waves between 2013
and 2014 (79–92 %)(15); and in Kenya, severe FI changed
from 48 % in 2007–2009 and 36 % in 2010 to 39 % in
2012(44). Although these countries are not directly com-
parable to Brazil, it is important to highlight how difficult
it is to reduce FI across time and across countries with
very different levels of economic development. Thus,
the strong magnitude of the shift from FI to FS in a short
period of time (i.e. 3 years) observed in our study stands
out as a key finding. According to Tarasuk(14), household
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FI is an indication of material and economic conditions;
that is, when there is FI, it is assumed that other basic
necessities have not been reached. Accordingly, the
observed changes may also represent an improvement
in the living conditions of families over the years as doc-
umented in the poverty and FI literature from Brazil(45,46).

The second objective of the present study was to deter-
mine if household income and cash transfers were inde-
pendently related to the observed changes in FI status
across time. The results ofmultivariate analysis showed that
the decrease in household income and cash transfer from
PBF from baseline increased the household’s odds of
remaining FI at both time points, characterizing both
sources of income as determinants of FI. Specifically, these
findings suggest that the absence or restraint of government
investment in cash transfer programmes is a direct determi-
nant of the persistence of FI among vulnerable families.

On the other hand, the increase in household income
across time was not significantly associated with the likeli-
hood of overcoming FI, even after taking account of the
30 % increase in minimum wage that occurred in Brazil
between 2011 and 2014. A law issued in 2011 established
norms for increasing theminimumwage based on the gross
domestic product and inflation in the previous years.
However, the inflation rate was high during the period of
the study (2011: 6·5 %; 2012: 5·8 %, 2013: 5·9 %, 2014:
6·4 %) and tended to fluctuate above the minimum wage
percentage increase(47,48).

Furthermore, in the context where the study took place
characterized by a population with low levels of education,
temporary/informal work and strongly engaged in agricul-
tural activities(42), it is possible that the minimum wage
increases did not reach the population segments that were
most vulnerable to FI(14). Therefore, if a similar study had
been conducted with a less vulnerable population, we
may have seen greater effects of the minimum wage policy
on FI changes.

Consistent with this hypothesis, a study conducted by
Loopstra and Tarasuk(13) pointed out that independent of
the amount of household income, the type of employment
was associated with a reduction in the severity of FI. In
addition to guaranteeing a stable income, the authors argue
that in the context of Canada access to credit by employees
to cover unexpected expenses can impact the family
budget to access food in times of crises. Tarasuk(14) and
Li et al.(18) argue that household FI is a function of both
the amount and the stability of the family income source,
so that families suffer from low access to food not only
as a result of low income, but also of having unstable jobs,
i.e. any improvement in household FI resulting from
increased wages are contingent on how stable the jobs are.

In contrast with household income, our findings sug-
gested that the cash transfer from PBF was associated with
switching from FI to FS across time. Although multivariate
analysis showed no association between change in the
cash transfer amount and change in FI status across time,

there was a greater predicted probability of FI at baseline
than at follow-up for the same cash transfer amount (a dif-
ference of about 30 %). Furthermore, we estimated based
on PAR that if PBF had not been in place, then 10 % of
the households that switched from FI to FS during the study
would have remained FI instead.

To our knowledge, no other study has estimated the
magnitude of the association between PBF’s cash transfer
and household FI. Cabral et al.(12) did previously suggest
that PBF was associated with reducing moderate/severe
FI among families in north-eastern Brazil; however, they
did not estimate the effect size. Other studies have evalu-
ated the impact of different cash transfer programmes on
lowering the prevalence of household FI. In the USA, sur-
veys indicate that the Supplemental Nutrition Assistance
Program (SNAP) reduces FI in families on the programme
by about 30 %(49,50); however, another SNAP study did not
confirm this finding(51). In Canada, there was a reduction in
the chance of moderate and severe FI among the families
that received welfare income between 2005 and 2012(19),
but another study also in Canada found no association
between cash transfer from social assistance and FI(13). In
sub-Saharan Africa, cash transfer programmes in
Zimbabwe and Zambia were associated with reductions
in household FI(52). Hence, it is possible that cash transfer
programmes may have stronger impacts at reducing FI in
populations where severe poverty is extensive such as in
the municipality where our study took place.

The comparison between these studies is limited by the
diversity in the design of the cash transfer programmes.
PBF is a conditional cash transfer programme, which
includes the monthly receipt of unrestricted cash benefits
through electronic cards(53). Unlike PBF, SNAP restricts
the use of benefits to the purchase of food; in Canada
the receipt of welfare benefits is not linked to conditional-
ities to beneficiaries; in Africa, the benefits in cash are deliv-
ered every 2 months to beneficiaries. Thus, beyond
the cash transfer amount, the programme design may
potentiate(14,54) or constrain(55) the impact that cash trans-
fers can have on household FI.

Some positive aspects of the PBFmay contribute to help
families overcome FI. In addition to increasing the family
budget, PBF is characterized by: (i) the regularity of the
transfer of benefits, providing a degree of income stability
for the family, which in turn can facilitate access to credit;
(ii) transfer of the direct benefit to the family through an
efficient and transparent debit card electronic system;
and (iii) access to a public network of a suite of comple-
mentary social, agriculture and health protection pro-
grammes to support the families in times of need.
Further prospective studies are needed to identify potential
pathways through which PBF may protect vulnerable
families against FI.

The present study evaluated the effect of different
sources of income on FI in a region whose challenges to
overcoming FI are also related to lack of access to water,
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food production and access to markets. In future research it
will be important to extend the FI secular trends analysis to
account for other factors such as the improvements in pro-
duction and availability of foods and the road conditions for
transportation of foods and other basic goods in rural
regions.

Limitations
Our findings are robust given that they are based on a
strong study design. First, we conducted a longitudinal
studywith strong internal validity including the comparison
of the same families with the same survey instruments
across time. Second, we applied multiple regression analy-
ses adjusting for potential confounders thereby reducing
the possibility of bias when interpreting findings. Although
we cannot draw causal inferences with absolute certainty
from our findings, the careful study design and robust stat-
istical analyses give us confidence on interpreting our PAR
findings assuming a causal relationship(56,57). However,
several limitations must also be recognized.

First, a limitation from our study is that it was not pos-
sible to examine the association between the cash transfer
and changes in different severity levels of FI due to the
small sample size. Likewise, sample size limitations did
not allow to analyse the results for the groups of families
that switched from FS to FI during the study.

Second, there are many methodological challenges to
analysing the impact of cash transfer programmes on FI.
According to Nord(49), selection bias is inherent in these
studies, since families that have greater difficulty with
access to food are prioritized in the participation of these
programmes. In the present study we did not analyse
only beneficiary families, but rather a random sample
of families at two time points, which can reduce this type
of bias.

Another potential limitation is our analytical choice
to grouping families into longitudinal categories of FI
change. Because the outcome studied is based on an
ordinal variable with four categories, the longitudinal
secular analysis led to sixteen possible combinations for
modelling outcomes. However, sample size limitations
did not allow us to conduct the analysis by level of FI
severity. Furthermore, the conceptual framework behind
FI experience-based scales such as EBIA does not support
modelling FI as a continuous variable(58). Indeed, our FI
secular change modelling approach has been previously
recommended for prospective studies(59,60). The FI con-
struct measured through experience-based food insecurity
scales such as EBIA has been consistently represented
through an ordered categorical variable(28). Recently,
Reichenheim et al.(28) confirmed this to be the case for
EBIA by applying latent class factor analysis models
and confirming the presence of four homogeneous
groups with a very high degree of class separation cor-
responding to different levels of severity of FI.

Therefore, the results from our study are based on a
sound conceptual framework and robust statistical analy-
ses that shed new light into the relationship between cash
transfer programmes and FI, which currently is a topic of
global interest.

Conclusions

Our findings from Brazil, a country with a strong history of
implementation of policies to combat poverty and hunger
and poverty, document major improvements in FI between
2011 and 2014 among households located in an area of
extreme climatic and social vulnerability. This encouraging
finding in one of the poorest municipalities in Brazil is likely
the result of the increased investments in addressing the
social determinants of health through social protection pol-
icies during the time periodwhen the studywas conducted.

Our conclusionsmay be applicable to other populations
that face high prevalence of FI and chronic poverty related
to insufficient education and engagement with agricultural
production, although further research in different contexts
is needed to confirm the results of the present study.

Our findings reinforce the evidence that the persistence
of FI is strongly determined by the household’s income and
the lack of access to social protection programmes such as
PBF. In our study, overcoming household FI was influ-
enced more by the cash transfer programme than by the
increase in household income across time. We hypothesize
that this is because PBF not only increases the family
budget but also offers access to other benefits on a regular
basis as well as a network of support and social protection
that could potentiate its protective effects on household FI.
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