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Abstract
Background: Perception-based scales are widely used for household food insecurity (HFI) assessment but were only
recently added in national surveys. The frequency of assessments needed to characterize dynamics in HFI over time is
largely unknown. The study aims to examine longitudinal changes in monthly reported HFI at both population- and
household-level.
Methods: A total of 157 households in rural Mkushi District whose children were enrolled in the non-intervened arm
of an efficacy trial of biofortified maize were included in the analysis. HFI was assessed by a validated 8-item perceptionbased Likert scale on a monthly basis from October 2012 to March 2013 (6 visits), characterizing mostly the lean season.
An HFI index was created by summing scores over the Likert scale, with a possible range of 0–32. The Wilcoxon
matched signed-ranks test was used to compare distribution of HFI index between visits. A random effect model was
fit to quantify the sources of variance in indices at household level.
Results: The median [IQR] HFI index was 4.5 [2, 8], 5 [1, 8], 4 [1, 7], 4 [1, 6], 3 [1, 7] and 4 [1, 6] at the six monthly visits,
respectively. HFI index was significantly higher in visit 1 and 2 than visit 3–6 and on average the index decreased by 0.
25 points per visit. Within- and between-household variance in the index were 10.6 and 8.8, respectively.
Conclusions: The small change in mean monthly HFI index over a single lean season indicated that a seasonal
HFI measure may be sufficient for monitoring purposes at population level. Yet, higher variation within households
suggests that repeated assessments may be required to avoid risk of misclassification at household level and to target
households with the greatest risk of food insecurity.
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Background
Despite gains in reducing hunger over the past 15 years,
791 million people world-wide (1 in 9 individuals) are still
classified as chronically hungry based on insufficient food
to meet their energy requirements [1]. The proportion of
households considered food insecure is the highest in
Sub-Saharan Africa, where almost one in four individuals
have inadequate dietary energy intakes [1]. Existing monitoring efforts are primarily carried out on an annual or
seasonal basis and aggregated at the regional or national
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level [2]. However, the global food crisis in 2008 has
prompted calls for better longitudinal monitoring of food
insecurity with greater focus on vulnerable areas.
Perception-based food insecurity questionnaires are
designed to capture a set of common experiences and
behaviors that reflect the progressive stages of food access
insecurity [3]. Respondents are asked about psychological
concerns, compromises on food quality, reduction in food
quantity, and other socially acceptable means of coping
with food stress at household- or individual-levels.
Though subjective reporting of household or personal
experience introduces some risk of biased responses and
misclassification [4], perception-based measures frequently covary in the expected direction with objective
food insecurity proxies, such as household wealth [5],
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income [6], food expenditure [7], dietary diversity [8, 9],
and nutritional outcomes [10, 11].
Despite the utility of perception-based indicators of
food insecurity and their increasing use in monitoring
and program evaluation, little is known about the frequency of assessments required to adequately quantify
longitudinal changes in HFI. Presumably, monthly assessments would provide additional information to identify at-risk populations and to target interventions to
those with the greatest need. Research carried out in
rural Bangladesh indicated that two or three repeated
food insecurity assessments can reflect a static HFI status, with the degree of food insecurity remaining almost
unchanged over a few months [12] to approximately one
year [13]. However, assessments in Sub-Saharan Africa
conducted in lean and harvest months suggest seasonal
variation in reported food insecurity status [14, 15].
To address this gap in knowledge, our aims were to
examine changes in monthly household food insecurity
(HFI) status at the population and household level over
a six-month period. We hypothesized that the reported
HFI would be the lowest in the late post-harvest season
(October-January) and highest at the peak of the lean
season (~March-April).

Methods
Subjects and data collection

This study was carried out in Mkushi District—a
rural agricultural area located in Central Province,
Zambia—from September 2012 to March 2013 [16]. We
enrolled 1,226 children aged 4–8 years, not yet attending
school, from 907 households in a cluster-randomized efficacy trial of provitamin A carotenoid biofortified maize. A
total of 64 clusters were randomized to a six-month feeding intervention with biofortified (n = 25 clusters) or conventional (n = 25 clusters) maize meal, or a parallel nonintervened arm (n = 14 clusters). Households in the nonintervened arm received an equivalent food package after
the six-month field period. To avoid potential influence of
the meal intervention on perceived food insecurity, we
have only used data from the non-intervened arm in this
analysis. In September 2012, trained field interviewers visited consenting households to collect baseline data on
demographics, socio-economic status, and HFI. Households were revisited in the subsequent six months (October 2012 to March 2013) to collect repeated information
on food insecurity status. In this part of Zambia, the rainy
season starts in November or December and lasts until
April. The main planting of maize occurs early in the rainy
season. The lean season is from January until March or
early April, when the main harvest season starts. The climate is cool and dry from May to August and hot and dry
from September to November. Food is readily available
from the harvest season in the cool-dry season and
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becomes limiting in the hot-dry season, which is often referred as post-harvest season. The field period of this
study can be characterized as the lean season.
Household food insecurity (HFI) assessment

We adapted the Food Access Survey Tool (FAST) to
measure HFI by changing the staple crop consumption
questions from rice to maize. FAST is a 9-item Likert
scale, which was developed [17] and validated [5] to assess HFI in Bangladesh. Respondents are asked about
their experiences or concerns regarding food acquisition
(worrying about food; purchasing maize often; running
out of food), reduction in food quality and quantity (eating square meals; consuming other grains when maize is
preferred; eating less food; skipping meals), and other
coping behaviors used to buffer food shortages (taking
food on credit from shops; borrowing food from relatives or neighbours). Respondents were asked to recall
the frequency that they experienced each of the nine situations over the past six months (baseline) or the past
one month (six monthly visits) on the same Likert scale:
0 = never;1 = rarely; 2 = sometimes; 3 = often or 4 =
mostly. We used baseline data to assess the internal validity of the FAST scale [18], including examining item
fitness within one food insecurity dimension and comparing estimated item severity against a theoretical expectation. Based on that analysis, we removed the item
regarding frequency of eating “three square meals” from
the summed score because it violates the unidimensional
assumption. Given differing recall periods, we excluded
the baseline data from the present analysis.
Statistical analysis

Following a previously published method [18], we created
an HFI index by tallying the eight internally validated
items for each visit (i.e., excluding the “three square meals”
item). A zero index indicates that a household had never
experienced any of the measured situations, indicating a
food-secure status. The HFI index increases with greater
food insecurity. Visits with missing information on any of
the eight items were assigned a missing HFI index. To
understand potential selection bias, we compared baseline
characteristics between households included and excluded
from the analysis. For each visit, we further assessed differences between included and excluded households in terms
of HFI indices at the prior visit using the WilcoxonMann–Whitney test.
To explore HFI status at the population level, distributions of HFI indices by visit were first plotted in box
graphs at each of the six time points. Because the HFI
indices were panel data within households and distributions of this index are generally positively skewed, the
Wilcoxon matched signed-ranks test was used to examine the differences in HFI distribution between visits in
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all possible pairs. To visualize the intra-household variance in monthly reported food insecurity within the
same household and inter-household variance between
different households, we plotted the mean and 95% confidence intervals (95%CI) of HFI indices under the t distribution by household. We created three HFI groups
based on the mean HFI index across six visits to define
households with no-mild (mean HFI < 5), moderate
(mean HFI > =5 and <10) and severe (mean HFI > =10)
HFI. We plotted the distribution of within-household
standard deviations across the three groups to identify
any potential trend of correlation between the household
mean and with-household variability of the HFI index.
Kendall's pairwise correlation coefficients, the statistics
to measure ranked associations, were calculated among
HFI indices between paired visits. The Tau-b coefficients
were computed to adjust for tied values presented in
HFI indices between two households at two visits
(e.g. HFI indices were the same for household i and j
at visit 1 and at visit 2). We then fit a random intercept
model to quantify the sources of variance in HFI indices
as a linear function of visit, clustered at household level:
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Fig. 1 Distribution of included and excluded households at each
visit. P-values are calculated by Wilcoxon-Mann–Whitney test. HFI,
household food insecurity

HFI ij ¼ U i þ β0 þ β1 Visit j þ εij ;
where HFIij is the HFI index of household i at visit j. Ui
was the household-level random intercept following a
normal distribution N(0, τ2). τ2 represented the variance
between households. β0 was the baseline HFI index. β1
was the mean change of HFI index per visit. εij was the
error term following a normal distribution N(0, σ2). σ2
represented within-household variance of HFI index.
The interclass correlation coefficient, ρ, was calculated
as τ2/(τ2 + σ2) and interpreted as the proportion of total
variance that can be explained by between-household
variance observed.
Stata/SE 13.1 (StataCorp, College Station, TX) was
used to conduct the present analyses. A p-value less than
0.05 was considered statistically significant.

Results
We recruited eligible children (n = 202) from 157 households into the trial’s non-intervened arm. Panel food insecurity data was missing for 10–27 households at each
monthly visit (Fig. 1); however, no statistically significant
difference was found between the included and excluded
households in terms of socio-economic and demographic variables collected at baseline (data not shown).
There were no significant differences in the distribution
of HFI indices at the prior visit between the included
and excluded households (all p > 0.05, Fig. 1). This study
population had a high literacy rate (84.7%) among
household heads (Table 1). About a quarter (24.5%) of
household heads primarily worked in farming, while

20.7, 27.7 and 27.1%. of them were salaried workers,
self-employed or in other occupations, respectively.
The percentage of non-zero responses to each item of
the HFI module is displayed by visit in Fig. 2. On average,
the highest proportion of affirmative responses was observed in the “worry about food” item (52.6 to 64.1%) and
the lowest proportion for the “eat other grains” item (19.2
to 23.1%). Across visits, the largest variability in the proportion of positive responses—calculated as difference between
maximum and minimum percentage among visits—was
17.9%, in the “eat less” item (53.3% at visit 2 versus 35.4%
at visit 6). The smallest variability was 3.9% in the “eat
other grains” item (19.2% at visit 5 versus 23.1% at visit 6).
Of a possible range of the HFI index from 0–32, we
observed the index ranged from 0 to 20 in our sample
(Fig. 3). The number (%) of households that reported a
zero HFI index was 18 (12.7), 25 (18.3), 26 (19.7), 24
(17.8), 32 (24.6) and 26 (17.7%) at each visit, respectively.
The distribution of HFI index was non-normal and the
median [inter-quartile range, IQR] was 4.5 [2, 8], 5
[1, 8], 4 [1, 7], 4 [1, 6], 3 [1, 7] and 4 [1, 6], respectively. The HFI index at visits 1 and 2 was significantly
higher than that at visits 4, 5 and 6 (all p < 0.05 in
Wilcoxon matched signed rank test). However, distribution of HFI index by visit was not statistically different in
all other pair-wise comparisons (p > 0.1, Fig. 3). Additional
analysis comparing HFI patterns in households with heads
primarily occupied by farming versus salary employment
has revealed similar trends (data not shown).
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Table 1 Baseline characteristics of households the study
population (N = 157)
Na or Mean

% or (SD)

127

84.7

Farming

38

24.5

Salaried employment

32

20.7

Self-employed/small business

43

27.7

Other

42

27.1

133

85.3

Characteristics
Characteristics of the households’ heads
Literacy
Occupation

Characteristics of Households
Religion
Christian or equivalentb
Other

22

14.1

None

1

0.6

Lala

60

38.2

Bemba

38

24.2

Other

59

37.6

42

26.8

Tribe affiliation

Primary language
Lala
Bemba

93

59.2

Other

22

14.0

Abbreviations: SD standard deviation
a
Differences between the total N and 157 reflect missing values
b
Catholic, Seventh Day Adventist, Anglican, Jehovah’s Witness/Watchtower,
Baptist, United Church of Zambia and Pentecostal were categorized as Christian
or equivalent

For consistent comparisons, only households with
complete information in all six visits (n = 112) were plotted in the distribution of within-household food insecurity
status over time (Fig. 4a). The range of mean index was
0–14.3. The proportion of households classified as having
no-mild, moderate, and severe HFI was 57.1 (n = 64), 34.8
(n = 39), and 8.0 (n = 9), respectively. The ranges of 95%
CI varied largely. As shown in Fig. 4b, we observed an increasing trend of the index's within-household variability
in terms of standard deviation (median [IQR]) from nomild (2.2 [1.2, 2.8]), moderate (3.4 [2.5, 4.4]) to the severe
HFI group (4.8 [3.6, 5.1]). The Kendall’s correlation coefficients of HFI index among visit pairs ranged from 0.30
(between visit 1 and 6, visit 2 and 5) to 0.45 (visit 3 and 4)
and all correlation coefficients were significant at 0.05
level. On average, there was a 0.25 point decrease in HFI
index per visit (Table 2). Between- and within-household
variance in HFI index was 8.8 and 10.7, respectively. The
interclass correlation coefficient was 0.45.

Discussion
In this rural Zambian setting, we found a low level of reported HFI and a minor decline in HFI status when
assessed repeatedly over a six-month period.
The finding on declining average HFI status over time,
though small in magnitude, was contrary to our original
hypothesis. Apparent seasonal change in reported food
insecurity was previously documented in Sub-Saharan
Africa. For example, food insecurity both in Burkina
Faso [14] and Tanzania [15] displayed a strong seasonal
pattern with mean food insecurity score highest in the
lean season and significantly lower in the post-harvest

Fig. 2 Percentage of affirmative responses (non-zero) to each item in the household food insecurity module at each monthly visit. Ranked by the
averaged proportion across six visits. , visit 1; , visit 2; , visit 3; ■, visit 4; □, visit 5; , visit 6
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Fig. 3 Distribution of HFI index by visit. Boxes represent median
(middle line) and interquartile range. Whiskers represent upper and
lower adjacent values. Dots represent outliers. a, b Distributions with
different letters were different by the Wilcoxon matched signed-ranks
test, p < 0.05. HFI, household food insecurity

season. We therefore expected a rise, instead of a decrease, in food insecurity score (indicative of greater
food insecurity) from post-harvest season (October) to
the peak lean season (March) in rural Zambia.
A number of contextual factors may have explained
the observed low level of HFI. Data on rainfall performance and cereal production suggested that there was no
substantial shift in the food availability in Zambia from
2012 to 2013 [19]. The national retail price of maize
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increased by 32% from October 2012 to February 2013.
As this was an expected seasonal fluctuation [20], it was
unlikely to have had a significant impact on maize supply in the domestic market. Data from the United Nations further indicate that no urgent food aid was
requested by the Zambian government during this
period [21]. Although these measures were all at the national level and could not be tested due to lack of locallevel data, stable food availability, anticipated price fluctuations, and limited food aid requirements likely held
true in our study area. Considering the ecological factors, food insecurity status in rural Zambia likely
remained at a low level over the six months of surveyed
period. However, the seasonal price change implies food
insecurity cycles. It is possible that households may have
anticipated the upcoming lean season in March and
April and thus employed strategies to reduce their food
insecurity risk [22]. This may help explain the slight
(0.25 point) decrease in reported food insecurity during
a single lean season. Our results indicated that seasonal
HFI assessments may be sufficient for periodic monitoring of food insecurity prevalence during non-crisis times
at population level.
Interestingly, we found that reported food insecurity
varied more within the same household over time than
across households in our sample. The low correlation
among repeated indices suggested challenges in predicting future measures of food insecurity solely based on
the past reported status. High intra-household variation
and low correlation implied the possibilities of both true

Fig. 4 Mean and 95% confidence interval of HFI index over the six monthly visits by household a and distribution of the within-household variability of
the HFI index (SD) by food insecurity group b. In panel a, for a given household, each dot is the mean value of index and the caps represent upper and
lower bounds of the 95% confidence interval. Lower bounds are constrained to zero if negative. HFI, household food insecurity; SD, standard deviation
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Table 2 Estimates and variance structure from the random
intercept modela
Estimate

(95%CI)

Visit (β1)

−0.25

(−0.38, −0.12)

Constant (β0)

5.82

(5.12, 6.52)

Between households (τ2)

8.81

(6.67, 11.64)

Within household (σ2)

10.66

(9.58, 11.87)

Interclass correlation coefficient (ρ)

0.45

Mean model

Variance structure

Abbreviation: CI confidence interval
a
In the random intercept model, the HFI index is modeled as a linear function
of visit clustered at household level. The model allows missing information in
the follow-up assessments, therefore, the observations used in the analysis
varied from 1 to 6 per household and averaged at 5.3 per household

variability in food insecurity status and measurement errors in the perception-based scale. Temporary food stress
happens when unexpected shocks threaten the household's ability to produce or exchange for food. These may
include the loss of household entitlements (e.g. agricultural resources, labor power or assets) or sudden changes
in the relative price of foods or in food policy [23]. We anticipate that households with more severe food insecurity
status (higher mean index) would be more vulnerable to
short-term stresses (higher within-household variability).
In our sample, we did observe a positive correlation
between the household mean and standard deviation of
the HFI index over the six-month period. Our findings
suggest that within-household variability across repeated
perception-based indices may help to identify households
that are more susceptible to food stress, even if averaged
status does not vary over time. Repeated assessments
should be considered to avoid potential misclassification
of food insecurity at household level, which may lead to
inaccurate targeting of food security interventions or to
biased estimation of relationships linking food insecurity
with health outcomes [24].
Caution is always needed when interpreting perceptionbased indices, because measurement errors, rather than
true variation, may also drive changes in responses.
Sources of errors include: observation bias, response
shifts, violation of internal validity and unreliability of
the scale. Observation bias could occur if respondents
associate their response to the items with their eligibility to receive food aid [25]. In the present study, households were informed during the consent process that
they would receive a food package at the end of the sixmonth period. Thus, knowledge that the receipt of this
package was independent of their survey responses
should have minimized observation bias. Response shift
refers to changes in perceptions over time due to adjustment of the respondent’s internal standards of food

insecurity [25]. These may result from comparing
current perceived food insecurity with past experiences,
evaluating status in relation to neighbors, and/or using
a mix of standards. Households that switched internal
standards frequently across the monthly assessments
would more likely have inconsistencies in their responses. Internal validity is supported if individual
items represent “symptoms” of unobservable HFI. We
have previously reported the internal validity of the
FAST scale in this population [18]. However, variability
observed in percent of affirmative responses indicate
instability of performance of certain items in repeated
measures. Scale reliability or dependability is based on
the premise that changes in perceptions of food insecurity are in line with changes in objective measures
[26]. The reliability of the FAST scale has been tested
in Bangladesh using three rounds of data collected between 2000 and 2003 [17]. This study indicated that
changes in the FAST index generally corresponded to
changes in common comparators of food insecurity, including measures of consumption, asset holdings, and
dietary diversity. However, the reliability of similar
scales was inconsistent when examining the dynamic of
reported food insecurity status before and after the
2008 food crisis [27, 28]. One study over this time
period reported consistent relationships between HFI
and both marked increases in food prices and decreases
in household dietary diversity based on repeated crosssectional surveys [27]. However, a separate prospective
cohort study observed improvements in perceived food
security that could not be fully explained by changes in
household socio-economic status or food production
measures, calling into question the inter-temporal validity of the HFI scale [28]. Scale reliability is seldom
tested within a season or a calendar year. Our finding
on high intra-household variation calls for future investigations on the degree of measurement error and
inter-temporal validity of repeated perception-based
measurements.
This study had several limitations. The six-month study
period covered the lean season, so we were unable to extrapolate to HFI over the harvest- and post-harvest seasons. Furthermore, the present analysis did not include
objective measures such as household-level dietary diversity as support for the latent HFI index. Though missing
data was unlikely to be problematic in our study in terms
of sample representativeness, our sample was purposively
limited to households with 4- to 8-year old children.
Households with and without children have been found to
report different symptoms of food hardship [29], which
may be due to differences in responsibility and priorities
of maintaining food security. Thus, the generalizability of
our findings may be limited to households with children
in similar settings.
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Conclusions
In conclusion, we have provided longitudinal evidence of
a slight decreasing trend in reported household food
insecurity over a six-month period in the lean season in
rural Zambia. The monthly perception measures of food
insecurity demonstrated larger variation within household over time than variation across households. To
understand the potential bias and misclassification, future
research is needed to compare repeated perception-based
food insecurity metrics with objective assessment of food
availability and utilization at household- and individuallevels.
Abbreviations
FAST: Food Access Survey Tool; HFI: Household food insecurity
Acknowledgements
This work was supported by HarvestPlus (grant number 8251) and the Sight
and Life Global Nutrition Research Institute at Johns Hopkins University. We
acknowledge the inputs of Keith P. West, Jr. and Rolf D.W. Klemm at the
Johns Hopkins Bloomberg School of Public Health in the design of the
original trial, as well as the assistance from Ward Siamusantu of the National
Food and Nutrition Commission, Zambia, in the collection of these data.
Funding
HarvestPlus (Grant #8251) and the Sight and Life Global Nutrition Research
Institute at Johns Hopkins University.
Availability of data and materials
The household food insecurity data reported in this manuscript can be
made available to researchers who qualify as co-investigators by making a request to Dr. Amanda Palmer (apalme17@jhu.edu). This restriction exists per
the agreement stated during the study consent that all information collected
about the study participants and their households would remain secure with
study investigators and not be shared with anyone not working for the research project.
Authors’ contributions
MN and BLC formulated the research question. MN analyzed the data and
wrote the first draft of manuscript. BLC and SAT helped review the literature,
assisted with statistical analyses and revised the manuscript. AP conducted
research and revised the manuscript. All authors have read and approved
the final manuscript.
Competing interests
The author(s) declare that they have no competing interests.
Consent for publication
Not applicable.
Ethics approval and consent to participate
The study protocol was approved by the Ethical Review Committee at the
Tropical Diseases Research Centre in Ndola, Zambia and the Institutional
Review Board of the Johns Hopkins Bloomberg School of Public Health in
Baltimore, Maryland. Informed consent was obtained for all participating
children in this study from a parent or guardian by trained field interviewers
prior to the baseline assessment.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1
Center for Human Nutrition, Department of International Health, Johns
Hopkins Bloomberg School of Public Health, Baltimore, MD, USA.
2
Department of Exercise and Nutrition Sciences, Milken Institute School of
Public Health, The George Washington University, Washington, DC, USA.

Page 7 of 8

Received: 11 May 2016 Accepted: 7 March 2017

References
1. FAO, IFAD, WFP: The state of food insecurity in the world 2014. Strengthening
the enabling environment for food security and nutrition. Rome, Italy: Food
and Agriculture Organization of the United Nations. 2014. http://www.fao.org/
3/a-i4030e.pdf.
2. FEWS NET. Famine early warning system network. USAID. 2016. http://www.
fews.net. Accessed April 18, 2016.
3. Coates J, Frongillo EA, Rogers BL, Webb P, Wilde PE, Houser R.
Commonalities in the experience of household food insecurity across
cultures: what are measures missing? J Nutr. 2006;136(5):1438S–48S.
4. Jones AD, Ngure FM, Pelto G, Young SL. What are we assessing when we
measure food security? a compendium and review of current metrics. Adv
Nutr. 2013;4(5):481–505.
5. Na M, Gross AL, West KP. Validation of the food access survey tool to assess
household food insecurity in rural Bangladesh. BMC Public Health. 2015;
15(1):863.
6. Rose D. Economic determinants and dietary consequences of food
insecurity in the United States. J Nutr. 1999;129(2S Suppl):517S–20S.
7. Melgar-Quinonez HR, Zubieta AC, MkNelly B, Nteziyaremye A, Gerardo MF,
Dunford C. Household food insecurity and food expenditure in Bolivia,
Burkina Faso and the Philippines. J Nutr. 2006;136(5):1431S–7S.
8. Faber M, Schwbe C, Drimie S. Dietary diversity in relation to other
household food security indicators. Int J Food Saf Nutr Public Health.
2009;2(1):1–15.
9. Becquey E, Martin-Prevel Y, Traissac P, Dembele B, Bambara A, Delpeuch F.
The household food insecurity access scale and an index-member dietary
diversity score contribute valid and complementary information on
household food insecurity in an urban West-African setting. J Nutr.
2010;140(12):2233–40.
10. Psaki S, Bhutta ZA, Ahmed T, Ahmed S, Bessong P, Islam M, John S, Kosek
M, Lima A, Nesamvuni C, Shrestha P, Svensen E, McGrath M, Richard S,
Seidman J, Caulfield L, Miller M, Checkley W, for MALED Network
Investigators. Household food access and child malnutrition: results from
the eight-country MAL-ED study. Popul Health Metrics. 2012;10(1):24.
11. Ali D, Saha KK, Nguyen PH, Diressie MT, Ruel MT, Menon P, Rawat R.
Household food insecurity is associated with higher child undernutrition in
Bangladesh, Ethiopia, and Vietnam, but the effect is Not mediated by child
dietary diversity. J Nutr. 2013;143(12):2015–21.
12. Saha KK, Frongillo EA, Alam DS, Arifeen SE, Persson LA, Rasmussen KM.
Household food security is associated with infant feeding practices in rural
Bangladesh. J Nutr. 2008;138(7):1383–90.
13. Na M, Mehra S, Christian P, Ali H, Shaikh S, Shamim AA, Labrique AB, Klemm
RDW, Wu LSF, West Jr KP. Maternal dietary diversity decreases with
household food insecurity in rural Bangladesh: a longitudinal analysis. J
Nutr. 2016, in press.
14. Frongillo EA, Nanama S. Development and validation of an experiencebased measure of household food insecurity within and across seasons in
northern Burkina Faso. J Nutr. 2006;136(5):1409S–19S.
15. Hadley C, Patil CL. Seasonal changes in household food insecurity
and symptoms of anxiety and depression. Am J Phys Anthropol.
2008;135(2):225–32.
16. Palmer AC, Siamusantu W, Chileshe J, Schulze KJ, Barffour MA, Craft NE,
Molobeka N, Kalungwana N, Arguello MA, Caswell BL, Klemm RDW, West Jr
KP. Provitamin A carotenoid biofortified maize raises serum β-carotene, but
not retinol, in marginally nourished children: a cluster-randomized trial in
rural Zambia. Am J Clin Nutr. 2016;104:181–90.
17. Coates J, Webb P, Houser R. Measuring food insecurity: going beyond
indicators of income and anthropometry. Washington: Food and Nutrition
Technical Assistance Project (FANTA), Academy of Educational
Development; 2003.
18. Na M, Gross AL, Wu LSF, Caswell BL, Talegawkar SA, Palmer AC. Internal
validity of the food access survey tool in assessing household food
insecurity in rural Zambia. Food Secur. 2016;8(3):679–88.
19. Food Security Early Warning System. Southern Africa Development
Community (SADC), Gaborne, Botswana. Food Security Update Issue No. 1.
2013. http://Reliefweb.int/sites/reliefweb.int/files/resources/SADC_Food_
Security_Update_-_July_2013.pdf. Accessed 11 Mar 2017.

Na et al. BMC Public Health (2017) 17:260

Page 8 of 8

20. Food price watch. World Bank, Washington DC. 2016. http://siteresources.
worldbank.org/EXTPOVERTY/Resources/336991-1311966520397/Food-PriceWatch-March-2013.htm. Accessed 11 Mar 2017.
21. Developmental food aid and food security assistance in Zambia 2000–2012
Available from: http://www.openaiddata.org. Accessed 11 Mar 2017.
22. Barrett CB. Measuring food insecurity. Science. 2010;327(5967):825–8.
23. Sen AK. Poverty and famines: an essay on entitlement and deprivation.
Clarendon Press, Oxford; Oxford University Press, New York. 1981.
24. Gundersen C, Kreider B. Bounding the effects of food insecurity on
children’s health outcomes. J Health Econ. 2009;28(5):971–83.
25. Maes KC, Hadley C, Tesfaye F, Shifferaw S, Tesfaye YA. Food insecurity among
volunteer AIDS caregivers in Addis Ababa, Ethiopia was highly prevalent but
buffered from the 2008 food crisis. J Nutr. 2009;139(9):1758–64.
26. Frongillo Jr EA. Validation of measures of food insecurity and hunger.
J Nutr. 1999;129(2S Suppl):506S–9S.
27. Martin-Prevel Y, Becquey E, Tapsoba S, Castan F, Coulibaly D, Fortin S,
Zoungrana M, Lange M, Delpeuch F, Savy M. The 2008 food price crisis
negatively affected household food security and dietary diversity in urban
Burkina Faso. J Nutr. 2012;142(9):1748–55.
28. Desiere S, D’Haese M, Niragira S. Assessing the cross-sectional and intertemporal validity of the household food insecurity access scale (HFIAS) in
Burundi. Public Health Nutr. 2015;18(15):2775–85.
29. Wilde PE. Differential response patterns affect food-security prevalence
estimates for households with and without children. J Nutr.
2004;134(8):1910–5.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

