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Abstract

Background: Food insecurity (FI) occurs when people lack secure access to sufficient amounts of safe and
nutritious food. FI has been associated with negative effects on human health, including during the prenatal and
neonatal periods. The objective of this study is to evaluate the consequences of FI for pregnant women’s and
newborns’ health.

Methods: A literature search was performed with three independent researchers based on the PRISMA guidelines;
the search covered the period of November 2008 to July 2019 and was conducted in the following databases: the
US National Library of Medicine at the National Institutes of Health (PubMed), Latin American and Caribbean Health
Sciences (LILACS), Cochrane Library, Web of Science, Embase, Scopus and OpenGrey. The terms and descriptors
were defined by consulting the Medical Subject Headings (MeSH) and Health Sciences Descriptors (DeCS) platforms
and mainly included “food security”, “food insecurity”, “pregnancy” and “newborn”. The studies were selected
through a title and abstract review and then a reading of the full text. The quality of the studies and the risk of bias
were analysed based on the criteria defined in the “Joanna Briggs Institute Reviewers’ Manual” and by Guyatt and
colleagues for interventional studies. The population, study design, FI measurement instruments, FI proportions,
outcomes, confounders and results were extracted from the 37 studies that were selected according to the
eligibility and quality criteria.

Results: FI proportions ranged from 5.2 to 87%. Most studies were conducted with African populations (42.2%) and
applied globally used scales to assess FI (56.7%); 27% of the studies adapted scales. There were wide variations in
the instruments used to estimate FI. The main outcomes related to FI included stress, anxiety and depression
during pregnancy, followed by dietary quality and dietary diversity. Associations of FI with birth defects, neonatal
mortality and the early introduction of animal milk to the infant’s diet were also observed.

Conclusions: It is necessary to pay attention to the diversity of FI measurement instruments before FI results are
compared. FI can be a risk factor for depression and stress during pregnancy, as well as for neonatal mortality,
newborn health problems and breastfeeding interruption.

Trial registration: This systematic review was registered on PROSPERO (CRD42018109478).
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Background
According to the latest Food and Agricultural
Organization (FAO)-World Health Organization
(WHO) report in 2018 [1], an increase in the occur-
rence of severe food insecurity (FI) is evident world-
wide, with rates of FI increasing from 8.3% in 2014 to
10.2% in 2017. By definition, FI occurs “when people
lack secure access to sufficient amounts of safe and
nutritious food for normal growth and development
and an active and healthy life” [2].
FI has been considered a negative factor affecting the

health and well-being of individuals [3–5]. It has been
associated with health disorders such as overweight,
obesity, high consumption of sugar and low consump-
tion of fruits and vegetables [6].
The effects of FI can especially be observed in more

vulnerable groups, such as women. The last report from
the FAO in 2019 [7] indicated a higher prevalence of
moderate and severe FI among women. Some publica-
tions have shown the impact of FI on women of fertile
age due to limited access to food [8, 9], which leads to
poor dietary intake [9].
In pregnancy, some aspects of a woman’s life may

play a major role during the gestational period and
for neonatal outcomes, especially in adverse social
contexts [10, 11]; such effects were estimated to occur
for approximately 70% of pregnant women in Nigeria
[12] In this sense, FI can be an important variable for
the presence or aggravation of stressful pregnancy
events by compromising access to sufficient and qual-
ity food, as well as increasing clinical complications
during pregnancy and childbirth and in newborns [8,
13, 14]. Some relationships of FI with pregnancy have
been documented in previous studies, such as associa-
tions of FI with overweight in mothers [5], low birth
weight [15], low weight in children, inadequate devel-
opment, overweight, impaired cognitive development,
and behavioural and emotional factors [16–19].
In a narrative literature review, the deleterious associa-

tions of FI on pregnant women’s and newborns’ health
were reported by Ivers and Cullens [5]. According to the
authors, FI was associated with overweight and diabetes
among pregnant women and low birth weight and in-
creased vertical HIV transmission in newborns. How-
ever, the magnitude of these occurrences on the most
frequent health outcomes that affect pregnant women
and newborns are unclear.
The search began in the MEDLINE database and the

International Prospective Register of Systematic Reviews
(PROSPERO) to verify the possible existence of system-
atic reviews that investigated the relationship of FI with
adverse outcomes in pregnancy and childbirth; no publi-
cations were found with this purpose in the past 5 years.
Therefore, considering the impact of FI on maternal and

child health, the aim of the present systematic review
was to understand the relationship between FI and ad-
verse clinical-nutritional outcomes for pregnant women
and newborns in comparison to those with food security
(FS), in an attempt to clarify the “state of the literature”
on the theme, trying to verify which outcomes are most
frequently associated with FI in these situations, without,
however, predefining them.
This systematic review was also justified by the need

to verify the methodology used to measure FI in preg-
nant women’s and newborns’ households among diverse
population studies in different countries, therefore this is
another objective of this study.

Methods
The protocol of this systematic review was registered in
PROSPERO under the code CRD42018109478 to avoid
duplication of the study. Before the study was con-
ducted, a search was performed in the MEDLINE data-
base and the International Prospective Register of
Systematic Reviews (PROSPERO) to verify the possible
existence of systematic reviews with the same purpose as
the present study, and no similar publications were
found.
The study was performed following the Preferred

Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines and the PICO/PECO
strategy (which stands for Patient/Population, Interven-
tion/Exposure, Control and Outcome(s). In this review,
the “P” was defined as pregnant women and/or new-
borns; the “E” was defined as food insecurity; the “C”
was defined as the group(s) with FS; and the “O” was de-
fined as the outcomes found in the investigation.
First, the search strategies were determined. The data-

bases, terms and descriptors were defined. The terms
and descriptors were established through consultation of
the Medical Subject Headings (MeSH) and Health Sci-
ences Descriptors (DeCS) platforms to ensure the cover-
age of the search.
The study selection search was performed in the US

National Library of Medicine at the National Institutes
of Health (PubMed), Latin American and Caribbean
Health Sciences (LILACS), Cochrane Library, Web of
Science, Scopus and Embase and OpenGrey (to avoid
publication bias) databases using the following terms
and descriptors: “food supply”, “household food secur-
ity”, “household food insecurity”, “food security”, “food
insecurity”, “pregnancy”, “infant, newborn”, “food and
nutritional security”, “pregnancy” and “newborn”. The
search was limited to publications from November 2008
to July 2019. Since no systematic review on FI during
pregnancy and the neonatal period was found in this
period, the publication date range of the search was set
to 10 years and expanded to one more year, to ensure
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that no relevant study was excluded. The authors con-
sidered this period to be adequate based on other sys-
tematic reviews. Visser and colleagues [20] investigated
FI in vulnerable and malnourished populations and also
defined a publication period of the past 10 years for the
search.
The steps for the PubMed search were as follows: 1)

search “food supply” [MeSH Terms] OR “household food
security” [Title/Abstract] OR “household food insecurity”
[Title/Abstract] OR “food security” [Title/Abstract] OR
“food insecurity” [Title/Abstract]); 2) search “pregnancy”
[MeSH Terms]; 3) search “infant”, “newborns” [MeSH
Terms]; 4) search the terms from steps 1 AND 2; 5) search
the terms from steps 1 AND 3; and 6) search the terms
from step 4 OR 5. The same search strategy was used for
the other databases, except for LILACS, for which the fol-
lowing search strategy was used: 1) search “household
food security” AND “pregnancy” OR “household food se-
curity” AND “infant”, “newborns”; 2) search the Portu-
guese terms “segurançaalimentar e nutricional” [DeCs]
AND “Gravidez” [DeCs] OR “segurançaalimentar e nutri-
cional” [DeCs] AND “Recém-nascido” [DeCs].
After the search, all references were imported to a ref-

erence manager (EndNote). Articles indexed in more
than one database, in other words, duplicates, were iden-
tified and removed.
The study selection and evaluation process was divided

into three stages, with three evaluators independently
reviewing and identifying the relevant studies. At all
stages, the inclusion of articles in the study was deter-
mined based on the agreement of all three evaluators or
at least two evaluators, and disagreements were dis-
cussed and resolved by consensus. To assess the agree-
ment among the evaluators, the kappa coefficient was
estimated taking into consideration all three evaluators.
First, articles were selected based on the titles and

abstracts according to the eligibility criteria. Cross-
sectional and longitudinal observational studies and
clinical trials were included. Literature review articles,
descriptive studies, qualitative methodology articles,
articles on women with multiple pregnancies, articles
on food safety and articles in which FI was evaluated
as the outcome variable were excluded.
Of all the publications that resulted from the search,

840 were excluded because they did not fit the study pro-
posal and therefore did not meet the eligibility criteria. Of
the publications selected for full-text review (96), 59 were
excluded according to the eligibility criteria. It is import-
ant to emphasize that the objective of the present study
was to investigate the dimension of food and nutritional
security concerned with a lack of access to resources ne-
cessary for food acquisition, which constitutes FI. Thus,
articles that did not address this dimension were not con-
sidered. Although a qualitative methodology enriches

discussions about the impact of FI on gestational and neo-
natal health, qualitative studies were excluded because
they did not allow for the quantification of the associa-
tions of FI with outcomes in pregnant women and new-
borns. Some other articles were also excluded, as they
were not related to the gestational or neonatal period but
instead, investigated the relationship between FI exposure
and outcomes in later infancy, in childhood or in relation
to adolescent pregnancy. Articles that did not present
study results, such as protocols and letters to the editor,
were also excluded, since it would be impossible to analyse
the FI gestational and neonatal outcomes.
After the selection of articles based on the titles and

abstracts, the second step was to read the publications in
full, and those that clearly met the inclusion criteria
were selected. For the systematization of the article re-
view, a spreadsheet was created where the following
items of interest were recorded to avoid selective report-
ing within studies: article identifying information (i.e.,
authors, year of publication, country of the study popu-
lation), FI evaluation method, study design, outcomes,
adjustments and confounding variables, and results re-
lated to pregnancy and the neonatal period.
During the evaluation of the studies, these items were

critically analysed as detailed below. For the FI evalu-
ation method, the evaluators determined whether the in-
strument was validated (although no study was excluded
because of this condition), whether it was a question-
naire/scale or another type of instrument, and whether it
had been adapted. For the study design, the study type
was determined, and narrative literature reviews as well
as qualitative studies were excluded since it would have
been impossible to systematize the results. Observational
and interventional studies were both included in the re-
view, despite their differences in design, because their
outcomes could be analysed separately using the “Joanna
Briggs Institute Reviewers’ Manual 2015” [21], which
provides guidance for critical quality analysis adapted for
both observational and interventional studies (in the ap-
pendix). In addition, the criteria proposed by Guyatt and
colleagues [22] were also used because they provide add-
itional assistance in the critical assessment of studies.
Regarding outcomes, the researchers analysed all the

papers that examined influences on pregnant women’s
and newborns’ health, while studies with social out-
comes were excluded. In relation to adjustment mecha-
nisms and confounding factors, the evaluators verified
whether these elements decreased the quality level of
each study. The authors also evaluated whether the re-
sults had been obtained without information, selection
or specification bias and had been analysed with the cor-
rect statistical analyses.
An additional critical quality analysis of the studies

was carried out using the criteria adopted in the “Joanna
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Briggs Institute Reviewers’ Manual 2015” [21] and the
criteria by Guyatt and colleagues (2008) [22], which al-
lows for the verification of risk of bias in studies. To
guarantee the quality of the articles and ensure that the
correct articles with valid results were included in the
review, a high response rate equal to or greater than
85% of the items was required [23]. The numbers of arti-
cles identified and selected from the search and excluded
in each step are described in Fig. 1.

Results
A total of 1770 publications were obtained from the
searched databases (Cochrane = 623, LILACS = 14,
PubMed = 300, Scopus = 186, Embase = 364, Web of

Science = 283 and OpenGrey = 0). Of these publications,
834 duplicate papers were excluded; therefore, 936 arti-
cles were selected for the first review (titles and ab-
stracts). At this stage, 840 publications were excluded,
leaving 66 articles for a full-text review and quality
evaluation analysis. After this phase, 59 articles were ex-
cluded, and a total of 37 articles were eligible for data
extraction (Fig. 1). The kappa coefficient was calculated
considering the three evaluators to determine the magni-
tude of the agreement between them for the eligibility of
the studies. The kappa coefficient was 0.79 (95% CI:
0.69; 0.93).
Table S1 presents the 37 articles analysed, showing

that the majority (22; 59.5%) of articles were published

Fig 1. Flow chart of the studies selection. Articles selection flow chart included in this systematic review according to elegibility criteria
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between 2016 and 2019, ten papers were published be-
tween 2012 and 2015, and only four studies were pub-
lished between 2008 and 2011. An article was also
included that was published in 2007 [13] because it pro-
vided a counter-reference of interest; this article was ob-
tained from one of the articles that was read [5].
Regarding the study populations, most comprised

pregnant women and/or newborns from Africa (16
studies; 43.2%) and the US (11 publications; 29.7%).
Seven studies were conducted in Asia (19%), two were
conducted in South America (5.4%) and of these, one
was conducted in Brazil, and one was conducted in
Mexico. One publication (2.7%) was conducted with a
US and Puerto Rican population. Regarding the study
design, most of the studies used a cross-sectional de-
sign (n = 20; 54%), followed by a longitudinal design
(n = 10; 27%), a longitudinal design with intervention
or clinical trials (n = 4; 10.8%), or a case-control de-
sign (n = 3; 8.2%). Among the publications analysed,
30 articles (81%) evaluated outcomes associated with
FI exclusively during pregnancy, and seven studies
(19%) evaluated the relationship between FI and out-
comes among newborns [13, 24–29].
Table S1 also shows the methodologies used to assess

FI in the studies. In the majority of cases, the Household
Food Insecurity Access Scale (HFIAS) from the Food
and Nutrition Technical Assistance (FANTA) project of
the United States Agency for International Development
(USAID) and globally used was the principal question-
naire applied. This scale was used in 15 studies (40.6%),
three (8.1%) of which made adjustments to the instru-
ment used to measure FI [30–32] and 12 of which used
the original scale. Five studies (13.5%) used the House-
hold Food Security Scale (HFSS) from the United States
Department of Agriculture (USDA), an instrument that
has been validated for the US population, without any
adaptations. Six other publications (16.3%) applied this
same scale with adaptations [25, 33–35, 30, 36] and in
four articles (10.8%), the authors chose to use the six-
item short version of the HFSS [13, 33–35]; however,
Carmichael and colleagues [13] used a five-item short
version instead of the six-item version, which represents
a risk for bias found among the selected studies. The
adaptation of instruments without validation procedures
may be considered another risk of bias. In one study
(2.7%), the HFIAS was applied along with a validated
dietary insufficiency question: “How many days did you
go hungry last week?“ [36]. In Latin America, some local
scales were used; for example, in Brazil, the Brazilian
Food Insecurity Scale (EBIA), which has been validated
for use in this country, was applied in a study that veri-
fied the association between FI and anaemia in adult
pregnant women in northeastern Brazil [37]. The Latin
American and Caribbean Scale (ELCSA) was used in

Mexico to investigate the relationship between FI and
hearing disorders at birth. Two studies [38, 39] (5.4%)
used the 9-item individually focused food insecurity ac-
cess scale (IFIAS) that was validated in 2015 in Uganda
in a survey of pregnant women [40]. The remaining
studies used individual questions to assess FI (Table S1).
Regarding the way to evaluate FI, some studies (n = 6,

16.3%) considered FI a continuous variable and used
mean scores for analysis [13, 24, 36, 38, 39, 41]. In the
others it was considered as a categorical or ordinal. In
12 studies (32.4%), FI was considered an ordinal variable
with 4 levels. In four publications, FI was considered an
ordinal variable with 3 levels. In 11 studies (29.7%), FI
was analysed as a dichotomous variable defined as either
FS or FI. Finally, in three publications, FI was treated a
dichotomous variable in different ways: one study (2.7%)
categorized FI as mild FI versus moderate or severe FI
[42]; two studies (5.4%), the adopted dichotomization
was food securityFS or mild FI versus moderate or se-
vere FI [37, 43]; and in one study (2.7%), FI was consid-
ered either severe or not severe [44].
Table S1 also shows that the proportion of the popula-

tion with FI found in the studies included in this review
was quite diverse, ranging from 5.2% in North Carolina
[45] to 87% in South Africa [46]. Some studies also eval-
uated the proportion of the population with FI severe
forms, ranging from 14.2% in Bangladesh [31] to 80% in
Uganda [47].
Table S2 presents the studies that evaluated the effect

of FI on gestational outcomes. In eleven studies (29.7%),
women from families with FI had higher chances of de-
pression and/or anxiety or stressful events in their lives,
which was the most prevalent outcome. Among the
studies that investigated this association, Natamba and
colleagues [38] found that a lack of social support in
pregnant women with depressive symptoms was associ-
ated with FI. Poor dietary quality and/or dietary diversity
and/or inadequate nutrient intake was the second most
investigated outcome in eight publications (22.2%); this
outcome was associated with FI in six of the publica-
tions, but in two publications, the authors found no as-
sociation [14, 34]. The relationship between the
gestational weight gain and/or inadequate nutritional
status of pregnant women was investigated, with or
without an examination of pregnancy complications and
nutritional consumption outcomes, in four studies (the
studies published by Laraia and colleagues [9, 45, 48]
and by Widen et al. [39]. The association of anaemia
with FI was verified in three studies [9, 32, 37]. However,
Lebso and colleagues [32] found no associations between
anaemia and FI. Other outcomes were investigated as a
consequence of FI exposure, such as antiretroviral
pharmacokinetics [47], alcohol and/or drug use [35, 46],
pregnant women’s beliefs about breastfeeding [43] and
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quality of life [49]. In all these studies, FI was associated
with the outcome surveyed.
The relationship between FI and neonatal health was

observed in seven studies (19%). Carmichael and col-
leagues [13] found that FI during pregnancy was strongly
associated with neonatal abnormalities (i.e., transposition
of the great vessels at the base of the heart, tetralogy of
Fallot, spina bifida and cleft palate). Campbell and col-
leagues [24] observed an association of FI with neonatal
mortality. In the study by Hanselman and colleagues
[25], the authors observed that FI reduced the chance of
the early introduction of artificial milk-based feeding in
newborns by 62%.
Regarding the association of FI and neonatal out-

comes, other surveys investigated low birth weight
(LBW) [28], prematurity [27], hearing disorders [26] and
neonatal abstinence syndrome [29].

Discussion
This systematic review demonstrated that some re-
searchers show interest in investigating FI gestational
outcomes but not neonatal outcomes. Of the 37 studies
analysed, only seven aimed assess neonatal outcomes
(Table S1). The remaining 30 sought to investigate the
relationship between FI and outcomes in pregnant
women, highlighting the role of stress, anxiety, depres-
sion disorders and poor quality of diet as major factors
arising from, or at least closely related to, FI. These find-
ings are particularly worrying, as they increase physical
and psychosocial vulnerability in the gestational and
neonatal periods [38], including the risk of mortality
[24], prematurity [27], and neonatal health problems [13,
26, 29], among others.
Some authors showed how FI may be related to ad-

verse consequences for pregnant women and newborns;
for example, de Oliveira and colleagues [37] reported an
anaemia prevalence of 28.3% among pregnant women in
a northeastern Brazilian town. In this region, anaemia is
considered a moderate public health risk. Bartelink and
colleagues [47] observed severe FI associated with un-
dernutrition, which reduced serum exposure to anti-
retroviral drugs in pregnant HIV women in Uganda.
According to the study, FI explained 14% of the variabil-
ity in exposure to the drugs. In a study on newborn
mortality, the highest neonatal mortality rate was found
among women from households with FI in Indonesia
[24]. These findings evidence the importance of the in-
vestigation of the adverse associations of FI with out-
comes during pregnancy and the neonatal period.
In this review, it was possible to note that most publi-

cations were concentrated in the past 3 years, coinciding
with the period of rising world hunger, notably in Africa
and Latin America, according to the 2018 and 2019
FAO reports [1, 7]. The direct relationship between

extreme poverty and adverse social factors, such as low
education, poor housing conditions, poor sanitation, and
poor access to adequate food and health care among
other conditions [50, 51], contributes to the high occur-
rence of FI on these continents [1], justifying the largest
number of studies of FI, including those with pregnant
women and newborns.
The impact of FI during the gestational and neonatal

periods is particularly worrying due to the impact on
quality of life, as Moafi and colleagues [49] demon-
strated in their study of pregnant women in which FI
was associated with very low quality of life scores due to
the physical components of the score. This finding
points to the great vulnerability of these periods.
Despite neonatal vulnerability, the present systematic

review showed that of the 37 articles selected, only seven
(19%) investigated the outcomes associated with FI in
this period, such as birth defects [13], birth mortality25,

introduction of artificial feeding [25], prematurity [27],
LBW [28], hearing disorders [26], and neonatal abstin-
ence syndrome [29].
On the other hand, the number of studies observing

the relationship between FI and the health outcomes of
pregnant women was much higher (n = 30). In other
words, although the investigation of FI and health out-
comes in pregnant women is a favourable finding of this
review, as such research allows increased attention to
the risks posed by FI during pregnancy, unless there are
rare clinical complications [8, 9], it seems that this atten-
tion does not last in the neonatal period. The discrep-
ancy between the number of publications on pregnant
women and on newborns points to a lack of continuity
in the follow-up of the prenatal FI situation during neo-
natal life, highlighting a possible lack of comprehensive-
ness in gestational-neonatal assistance. This fact
certainly has adverse consequences for newborns [52],
such as the interruption of breastfeeding [25] among
others related to stress [33].
Another point that should be highlighted from this re-

view refers to the form of FI measurement observed in
the studies. Most of them used the HFIAS in the original
form from the FANTA project, which, according to the
authors, is an instrument to measure the components of
access to adequate food, and the HFSS from the USDA,
which is a validated instrument for the North American
population.
Twelve studies used the HFIAS, and the authors of

three of the studies made modifications [30–32]. Two of
the studies [31, 32] did not describe the validation steps
of the adaptations performed, which may represent a
risk of bias, and in one study [30], the scale was adapted
to the local language and validated.
The 18-item HFSS was used in 11 studies, and six of

them reported adapting the HFSS to measure FI [24, 29,
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42, 46, 53, 54]. Nunnery and colleagues [54] made ad-
aptations to the scale for pregnant participants in their
study; their study was the only included study that was
concerned with the specificities of the studied popula-
tion. This is a relevant subject, as pregnancy introduces
special biological and psychosocial needs for women that
can interfere with their perceptions of hunger and food
security, as pointed out by Hoseini and colleagues [55],
who also verified that the chances of pregnancy compli-
cations were almost 2 times higher in women with FI
than in those with FS (Table S1).
The short version of the HFSS was used in four

studies [13, 33–35]. In one study [13], one of the
questions from the short version of the HFSS was ex-
cluded. In these cases, where both scales were
adapted without statistical validation, there was a risk
of bias. In a systematic review performed to identify
and characterize various experience-based household
food security scales and synthesize their psychometric
properties, the authors concluded that there are a
number of structured scales available in the literature
to assess household FI. They observed that the use of
these scales is still limited due to the appraisal of few
aspects of reliability and validity [56].
This finding is corroborated in the evaluation of the

study by Na and colleagues [31], who used the HFIAS
scale but modified the recall time to evaluate FI. In the
original version of the scale, the recall time was 4 weeks,
and in the study by Na and colleagues [31] with Bangla-
deshi women, the authors adapted the use of the scale to
assess the last 6 months prior to the interview. In a study
in Ethiopia [32], adaptations were also made to the
HFIAS for the local context, but further details on the
validity of the modifications performed to estimate FI
were not provided, which makes it difficult to determine
which aspects related to food access actually were inves-
tigated. These are reasons why the mentioned studies
can be considered to have risk of bias. Campbell and
colleagues [24], in turn, adapted a scale constructed by
Melgar-Quinonez and colleagues for Bolivia [57] that
was already modified from the HFSS. The authors, how-
ever, determined that the external validity of the scale
was considered adequate. Similarly, for a survey carried
out with pregnant women in Pakistan to determine the
association between FI and depression, the HFIAS was
adapted to the local language and was validated [30].
Another publication that verified the existence of neo-
natal abstinence syndrome in association with FI in Bos-
ton used two questions from the HFSS, but the
instrument was validated. In both cases, there was no
risk of bias, but a problem still remained: the limited
comparison of results from different studies.
The use of different FI questionnaires/scales and

adapted instruments that vary from the original versions

generates a robust discussion about the comparability of
study results being impaired. When the instruments
used in various investigations are distinct from each
other, even in their original forms, the comparison and
discussion of the results obtained regarding FI in differ-
ent populations could be limited. Another important
point to consider in this discussion is changes to the ori-
ginal form of an already validated instrument to assess
FI (for example, through the exclusion of items). This
approach could lead to difficulty [56] in comparing ob-
served associations between FI and outcomes during
pregnancy and the neonatal period. This limitation is
based on the possibility of changes to the original struc-
ture of the questionnaire/scale, which restricts the ability
to guarantee that the FI construct will be evaluated in
the same way.
The comparison of the results of these studies that ap-

plied country-specific local scales such as the EBIA and
the ELCSA might also involve limitations. Some authors
used single questions to measure FI [10]. These ques-
tions investigate the inability to buy the necessary food
because of a lack of money. In a study that verified the
associations between FI and postnatal depression, the
authors used a single question to measure FI based on
the number of months during the last year when the
food the family needed could not be purchased [58]. In
another research [36], the authors used a validated
single-item measure of food insufficiency that asked
about the number of days spent hungry during the last
week. However, food insufficiency was used here as a
proxy of FI, which must be considered in this discussion,
as the use of a proxy could shift the focus of the study
to the perceived lack of resources to buy food. There-
fore, the difference between these methods of measuring
FI and the use of more complex scales is very large, and
it is thought that the comparison between the results ob-
tained from the use of these varying instruments is quite
difficult.
Thus, in the quantification or classification of differ-

ences between FI levels, it can be a problem to compare
the results of different studies in the evaluation of the
outcomes in question. There were three publications in
which the authors investigated gestational outcomes as-
sociated with FI, and although they did not use adapted
instruments, they chose to exclude pregnant women did
not answer the FI scales from the study [9, 45, 48]. The
authors considered this exclusion to be a study limita-
tion, and it could be considered a risk factor for bias.
Castillo-Chavez and colleagues [26] carried out a case-
control study that verified the association between food
security and hearing disorders in premature newborns.
The authors find relevant hearing problems related to FI
households. They included only newborns with complete
data in their records, which could represent a risk of
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bias. Similarly, a study in Iran [27] found an association
between premature birth and FI in pregnancy; according
to the authors, the participants who had not completed
the research questionnaires were excluded.
Another situation that may represent a risk of bias was

noted in the study of Widen and colleagues [39] with
HIV pregnant women, which demonstrated associations
between FI and adverse body composition changes. In
their survey, women who did not know their HIV status
were excluded. This situation could create selection bias.
Another point to be highlighted in this systematic re-

view concerns the kind of FI assessment. Most studies
(32.4%) treated FI as an ordinal variable with four levels
(from food security to severe food insecurity), allowing
the categorization of FI at different levels, for example,
in the comparison of mild and severe FI. In contrast, in
29.7% of the studies, FI was considered a dichotomous
categorical variable based on the presence or absence of
FI (59.2%). This approach makes it impossible to identify
the most severe levels of FI, as well as to determine the
factors associated with FI, often leading to the over-
dimensioning of FI and poor specification of the severe
issues of poverty and socio-demographic conditions as-
sociated with severe FI. Some instruments such as the
North American scale, the HFSS and the EBIA already
standardize the form of expression of the variable [59],
which in some way facilitates comparisons of studies
using the same scales.
Gestational outcomes were the most investigated by

the studies included in this review (Table S2). The symp-
toms of depression and/or anxiety and/or stress associ-
ated with FI were the most notable (36.7% of the 30
studies that analysed only pregnant women and 29.7% of
all the studies). The analysis of these results allows us to
verify the importance of minimizing stress factors in
pregnant women’s. FI, in turn, was shown to increase
chances of depression [30, 36, 42, 44, 53, 58, 60], stress
[45, 61] and anxiety [33]. In addition to the mental
health complications of pregnant women, symptoms of
stress and depression increased the release of hormones
such as corticotropin [13] and could lead to clinical
complications such as hyperglycaemia and hypertension
[45, 55]. It was also observed that FI increased the preva-
lence of birth defects [13], neonatal mortality [24] and
early weaning [25]. In addition, premature births also oc-
curred due to stressful events in pregnancy [62], and FI
was associated with premature birth in pregnancy in an
Iranian study [27] and with LBW [28].
Outcomes related to consumption and dietary quality

were the most investigated after stress and depression-
related events [10, 14, 31, 34, 41, 45, 54, 63], showing
the authors’ concern with verifying dietary adequacy
among pregnant women and whether dietary adequacy
is truly associated with FI. Since most of the instruments

that were used to assess FI in the studies included in this
review relied on psychometric methodologies to measure
access to food in sufficient quantity and quality, preg-
nant women’s perceptions of access to adequate food
did not necessarily correspond to the actual quality or
fitness of the diet they consumed. From this perspective,
among the studies that evaluated the relationship be-
tween FI and the adequacy of consumption and dietary
diversity, in two of the studies, no such association was
verified [14, 34]. In the others, this association was ob-
served, suggesting that pregnant women’s perceived lack
of sufficient financial resources is truly related to an in-
sufficient quantity or quality of diet for a good portion
of pregnancy. It could be expected that this outcome re-
lated to quality of the diet should be more frequent than
stressful events in women’s life.
Regarding neonatal outcomes, the results found by the

authors (Tables S1 and S2) showed a significant associ-
ation between FI and these outcomes in only seven stud-
ies (19%). Carmichael and colleagues [13] observed that
FI in pregnant women was strongly associated with the
occurrence of neonatal malformations (transposition of
the great vessels of the base of the heart, tetralogy of Fal-
lot, spina bifida and cleft palate). These authors found
that increased FI risk as indicated by an increased FI
score corresponded to an increase in the frequency of
health outcomes, which occurred at rates of 3 to 20%. In
this research, it was shown that the association of FI
with cleft palate and transposition of the great vessels
was modified by a low body mass index among pregnant
women and that the association of FI with tetralogy of
Fallot was modified by folic acid supplementation.
Campbell and colleagues [24], who evaluated the associ-
ation of FI with neonatal mortality, found a 4.6% propor-
tion of neonatal mortality, and families that reported
neonatal mortality had significantly higher FI scores than
those who did not (2.9 versus 1.72, p-value < 0.01) [24].
Hanselman and colleagues [25] reported that FI reduced
the likelihood of the early introduction of artificial milk-
based feeding into newborn feeding by 62%. Four other
outcomes were found in association with neonatal out-
comes: LBW (mothers with FI had about 4 times higher
odds of LBWthan mothers with FS) [28], prematurity (it
was, among mothers with FI, 2 times higher than among
those with FS) [27], hearing disorders (severe FI was a
high risk factor for hearing disorders, while FS was a
protective factor) [26], and neonatal abstinence syn-
drome (FI condition were strongly associated to the need
of abstinence treatment in the adjusted analyses by ma-
ternal depression) [29].
Notably, almost all outcomes found by the authors

who studied the association between FI and neonatal
outcomes were also related to stressful events in preg-
nancy. Thus, the findings suggest the possibility of stress
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and its endocrine-metabolic consequences acting as me-
diators in a causal relationship [64], even though these
studies did not evaluate gestational stress (only the re-
sults in the neonate). Similarly, it is possible that the re-
lationship between FI and such neonatal outcomes may
occur through stress [62, 64].
The present systematic review provided valuable infor-

mation about the most critical outcomes associated with
FI that are harmful for pregnant women and for new-
borns, who are extremely dependent on the living condi-
tions of their mothers; these results should be carefully
considered by professionals in maternal and child health
care and public health policy managers. However, some
limitations should be considered. The first concerns the
loss of some publications that were not identified in the
search because their publication language was not Eng-
lish or Spanish, even though there was no language limi-
tation applied to the search criteria in the present
systematic review. The second limitation is that this
study did not involve a meta-analysis to calculate sum-
mary statistical measurements to estimate the relation
between the effect of FI on the outcomes observed dur-
ing pregnancy and the neonatal period. Nevertheless, the
systematic review was fundamental to indicate possible
gaps that still exist in the research on this theme. One
difficulty in the research is that some studies used FI
questionnaires/scales with modifications (for example,
the exclusion of some items). This approach can be con-
sidered to introduce an important bias that may have
modified the internal validity of the original validated in-
struments. Thus, this systematic review can contribute
to reinforcing the use of validated scales for the estima-
tion of FI in studies in different countries.
The results described regarding the associations of FI

with the health effects of both pregnant women and
newborns can be considered representative of these as-
sociations since the results were obtained from carefully
selected studies conducted in the last 10 years. The
choice of the instruments for quality assessment allowed
for careful evaluation, including through the positive
scoring of publications with a high response rate of the
eligible population (over 85%). Thus, the 37 publications
analysed in this systematic review provide robust results
about FI in the gestational and neonatal periods.

Conclusions
The results mainly indicate the importance of ensuring
the mental health of pregnant women living with FI and
paying attention to social factors that can lead to FI to
prevent mental disorders such as depression, anxiety and
stress, as pregnancy and child birth can themselves lead
to biological and psychosocial vulnerabilities. Inadequate
nutrient consumption seems to also be an important
outcome related to FI in pregnant women according to

the present review. Both inadequate nutrient consump-
tion and FI may compromise the development of new-
borns and the care given to them.
The results of this review demonstrated a high preva-

lence of FI in women and newborns living in socioeco-
nomically disadvantaged geographical regions, indicating
the additional difficulties for this population.
Another important point this study highlighted was

the diversity of instruments used to assess FI that can
sometimes make comparisons difficult. In addition, the
absence of psychometric studies that corroborate the ad-
aptations made to FI instruments compromises the reli-
ability of the results presented by the authors on how to
measure FI in different populations.
Additionally, based on the discussion presented, it is

suggested that FI is a risk factor for neonatal mortality
and some birth defects and disorders in the neonatal
period, as well as breastfeeding interruption, low birth
weight and prematurity.
In conclusion, given the importance of the increased

prevalence of FI worldwide, we hope the present system-
atic review may prompt additional studies on the rela-
tionship between FI and health during pregnancy and
the impact of FI on newborns.
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