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ABSTRACT

Objectives We assessed the relative difficulty in meeting
food needs during the COVID-19 pandemic compared with
before; determined the relationship between pandemic-
associated difficulties in food access and household,
maternal and child food security; and identified resiliency-
promoting strategies.

Design A cross-sectional survey of households
undertaken in November 2020.

Setting Rural districts of Luang Prabang Province, Lao
People’s Democratic Republic.

Participants Households (N=1122) with children under
5years.

Primary and secondary outcomes measured Survey
respondents reported the relative ease of access of

food and healthcare as well as changes in income and
expenditures compared with before March 2020. We
determined indicators of food security and source of foods
consumed for households, women and children, as well as
prevalence of malnutrition in children under 5.

Results Nearly four-fifths (78.5%) found it harder to meet
household food needs during the pandemic. The most
common reasons were increased food prices (51.2%), loss
of income (45.3%) and decreased food availability (36.6%).
Adjusting for demographics, households with increased
difficulty meeting food needs had lower food consumption
scores and child dietary diversity. Over 85% of households
lost income during the pandemic. Decreased expenditures
was associated with reliance on more extreme coping
strategies to meet food needs. The households who
experienced no change in meeting food needs produced a
greater percentage of their food from homegrown methods
(4.22% more, 95% Cl 1.28 to 7.15), than households who
found it more difficult.

Conclusions Pandemic-associated shocks may have
large effects on food insecurity. Action is needed to
mitigate consequences of the pandemic on nutrition. Local
food production and safety net programmes that offset
income losses may help.

INTRODUCTION

Disruptions to food, economics and health
systems during the COVID-19 pandemic have
increased the risk of malnutrition among
low-income and middle-income countries

STRENGTHS AND LIMITATIONS OF THIS STUDY

= We characterise food security across all members
of the household, including women and children,
through a series of standardised measures, and
describe the source of foods consumed, permitting
identification of strategies to promote resilience in
this population.

= We capture a large, representative sample of Luang
Prabang Province, a marginalised population with
high prevalence of ethnic minorities, for whom little
data on nutrition were previously available.

= The results of this study may not be generalisable
to other counties with varying economic profiles or
rates of COVID-19, to urban communities, or to rural
provinces with lower reliance on tourism.

= The analyses are cross-sectional, preventing estab-
lishment of causal relationships.

= Self-reported measures, including food consump-
tion patterns and relative ability to meet food needs
during the pandemic as compared with before, are
subject to recall bias.

(LMICs)."™ The food supply chain has faced
challenges across multiple stages, including
loss of labour for agricultural production
and postharvest handling due to movement
restrictions or illnesses; closure of processing
and distributing facilities; disruptions in distri-
bution networks under restricted trade poli-
cies; and changes in consumer demand and
market access.” Such challenges have resulted
in increases in food prices, with the Food and
Agricultural Organization (FAO) reporting
that wheat and rice prices increased by 8%
and 25%, respectively, between March 2019
and April 2020.° Economic disruptions, such
as business closures and declines in tourism,
have reduced country-specific gross national
incomes in most LMICs.” The World Bank
estimates that the pandemic pushed an addi-
tional 119 to 124 million people into extreme
poverty in 2020,° and surveys across multiple
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LMICs reveal losses in income among the majority of
households.*™* An estimated 118 to 161 million more
individuals faced hunger in 2020 as compared with in
2019.” This increase in the number of people undernour-
ished was apparent in all subregions of Africa and Latin
America, and most subregions of Asia, and was more than
five times greater than the highest increase in under-
nourishment in the past two decades.” Compounding
this effect, health services designed to catch and treat
acute malnutrition may be disrupted in many LMICs.
For instance, UNICEF estimates a reduction of 30% in
the coverage of essential nutrition services in LMICs due
to difficulties in mobility of both users and providers,
interruption of non-COVID-19 services in communities,
higher burdens on the healthcare workers and limited
personal protective equipment.'”

Increased food insecurity coupled with a decline in
access to essential nutritional services is expected to lead
to increases in the prevalence of childhood wasting, an
acute form of malnutrition associated with elevated risk
of mortality."* ' One study estimates that there could
be a 14.3% increase in the prevalence of moderate or
severe wasting among children younger than byears in
the 118 LMICs due to COVID-19-related income losses.”
By another projection, an increase in wasting of this
order of magnitude (10%-50%), coupled with a decline
in maternal and child health services by 9.8%-15.9%,
would be associated with an increase of 9.8%-44.7% in
under-5 deaths per month.'® To prevent a global malnu-
trition crisis, leaders from four United Nations agencies
(UNHCR, UNICEF,FAO,WHO) have issued an immediate
call to action, recommending US$2.4billion be directed
to avoiding child malnutrition through wasting treatment
and prevention, vitamin A supplementation and breast-
feeding support.'” Alongside these efforts, leaders have
called for research that estimates the scale and reach of
nutrition challenges, including country-specific estimates
of the effect of the pandemic on incomes, and the ability
to meet food needs and access health services.

Lao People’s Democratic Republic (PDR) has one of
the highest rates of malnutrition in southeast Asia, with
a national prevalence of stunting of 33%, underweight
of 21% and wasting of 9%."® Lao PDR experienced its
first case of COVID-19 infection in March 2020." Shortly
afterwards, the government imposed a strict lockdown for
6weeks, stopping human movement between districts,
provinces and across the border. A total of six cases were
identified between March and April 2020. Beginning in
May 2020, restrictions on within-country movement eased
along with adherence to protective measures (eg, mask
wearing and social distancing), but borders were closed
to everyone except those who entered the country via
special mission flights, who underwent strict quarantine
and testing in government authorised facility.”” Between
March 2020 and February 2021, only 45 cases had been
reported in Lao PDR, mainly among individuals returning
to the country.”' In April 2021, an outbreak of COVID-19
occurred, with the first confirmed death in May of 2021.*'

Cases peaked in December of 2021, and as of February,
2022, the country has had over 148600 confirmed cases
and 621 deaths.”

While Lao PDR has reported fewer cases of COVID-19
than neighbouring countries,” it may experience
substantial economic and food security effects of the
pandemic. The FAO reports that food prices in Lao PDR
have increased by 7.1% between 14 February 2020 to 30
January 2021.%* At the same time, the Ministry of Labour
and Social Welfare reported a surge in unemployment
from 2% before the pandemic to 25% as of May 2020.%
Moreover, in a national assessment, UNICEF found
that between August 2019 and August 2020, there was
a 10%-24% decline in the coverage of maternal health
services, newborn services, routine vaccinations, screening
for child wasting and treatment of child wasting."” The
economic effects of the pandemic are expected to be
felt most strongly in Luang Prabang province, a popular
tourist destination in nothern Lao PDR. In 2019, Luang
Prabang received about 638 000 international visitors and
222000 domestic tourists. In May 2020, 78% of Luang
Prabang’s tourism enterprises were closed, and those that
remained open did so largely at partial capacity.** This
is particularly concerning, as the Luang Prabang prov-
ince bears a disproportionate burden of children who
are stunted (41.3%) or underweight (25%)."® The rural
and mountainous provinces of Luang Prabang are partic-
ularly vulnerable to undernutrition as poverty rates are
high and they are often isolated, with difficult access to
markets, healthcare and other public services and water
infrastructure.”” *® There is a high prevalence of minority
ethnolinguistic groups, particularly Hmong and Khmu
ethnicities, in these regions and livelihoods are largely
agriculturally based. Heavy reliance on rice with limited
animal protein contributes to nutritional deficiencies.?’
In northern Lao PDR, newborns are commonly fed masti-
cated sticky rice after birth, and 97% of women report
following culturally determined restricted diets for one
or more months postpartum, reducing consumption of
all food groups, except rice.

In rural provinces of Luang Prabang where docu-
mented COVID-19 transmission was low, we aimed to (1)
assess the relative difficulty in meeting food needs and
accessing healthcare during the COVID-19 pandemic
compared with before the pandemic; (2) compare self-
reported difficulty in meeting food needs to indicators
of food security among women, children and the house-
hold; (3) identify strategies associated with increased
resiliency to food insecurity.

METHODS

Survey region and population

We obtained data from a cross-sectional, household
survey conducted in November 2020 from the Lao Provin-
cial Health Department. Data were collected as part of
the Lao Health Department’s endline evaluation of the
Primary Healthcare Programme to monitor and evaluate
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public health activities over a 3-year period, starting in
2017. Data were collected from three districts—Nan,
NamBak and Pak Ou—in Luang Prabang Province.

Sampling plan

The target sample size was 1200 households. The sample
size was chosen to detect with 95% confidence and 80%
power a change from 77.7% to 83% in the proportion
of women delivering with a skilled birth attendant since
the baseline survey in 2017, accounting for a design effect
of 1.5 and a non-response rate of 5%. A household was
considered eligible for selection if members have lived in
the village for at least 2years, if it contained a child under
the age of 5, and if an adult respondent provided verbal,
informed consent to participate.

Household selection followed a multistage clustered
sampling design that stratified by the three districts. In
the first stage, 25 villages were selected using probability
proportional to size sampling. In the second stage, 30
households per village were selected using simple random
sampling from a list of eligible households prepared by
the village head in collaboration with the village health
volunteer. The health and diet of one child under the
age of b5 per household was assessed, and anthropometric
measurements taken. If there were more than one child
under byears in the house, a third stage of sampling
was used, in which one child was selected using simple
random sampling.

Household questionnaire

Household questionnaires were administered verbally by
trained data collectors. Information of household demo-
graphics, household food security, maternal and child
diet, child anthropometrics, and self-reported changes in
food access, income, expenditures and access to health
services during the pandemic were collected. The survey
was translated into Lao language, and back translated to
ensure correct translation. One enumerator per team was
also fluent in the local languages of Khmu and Hmong,
in case the respondent did not speak Lao. A copy of the
reduced survey tool is included in the online supple-
mental information.

The endline survey used the same questionnaire as
the baseline survey, which was adapted from global stan-
dard reproductive, maternal, newborn and child health
and nutrition surveys, and added questions related to
food security and access to health services during the
pandemic. These additional questions were adapted
from a standardised questionnaire developed by Save the
Children, International to assess the impact of COVID-19
globally.” Respondents were asked if, compared with
before the pandemic, it was much harder, somewhat
harder, easier or the same to meet their family’s food
needs. If harder, families were asked to list the reasons
why. Similarly, respondents were asked if, compared with
before the pandemic, it was much harder, somewhat
harder, easier or the same to access healthcare. Finally,
families were asked if they lost income or reduced their

expenditures during the pandemic, and if so, asked to
estimate by what per cent.

Calculation of household food security and maternal and child
dietary diversity

Household food security was assessed through two stan-
dard indicators: the food consumption score (FCS) and
Coping Strategy Index (CSI). The FCS is a frequency
weighted household dietary diversity score (DDS) calcu-
lated by multiplying the frequency of consumption of
different food groups consumed by a household during
the 7days before the survey by a weighting factor, and
summing.”’ The food groups, and their respective weights
include: main staples (2), pulses (3), vegetables (1), fruit
(1), meat and fish (4), dairy (4), sugar (0.5) and oils/
butter (0.5). Lower values for FCS reflect greater food
insecurity, as measured by households consuming nutri-
tious foods with lower frequency and/or diversity.

The reduced CSI was also used to compare house-
hold food security. CSI is calculated by multiplying the
weekly frequency of five behaviours by the weight of the
behaviour and summing for all behaviours.” The five
standard coping strategies and their severity weightings
are: eating less-preferred foods (1.0); borrowing food/
money from friends and relatives (2.0); limiting portions
atmealtime (1.0);limiting adultintake (3.0) and reducing
the number of meals per day (1.0). Higher values for CSI
reflect greater food insecurity, as measured by engage-
ment in more frequent and/or severe behaviours when
they do not have enough food or money to buy food.”

The CSI and FCS are significantly correlated with each
other and other indicators of household food insecu-
rity, including the household food insecurity and access
scale, yet there is enough difference between indicators
that prior work recommends use of multiple metrics to
capture different aspects of food insecurity.” By capturing
behavioural response, CSI has been shown to be a better
indicator of future consumption than FCS, and thus
a good measure of vulnerability to future shocks.” By
capturing dietary diversity, FCS correlates well with
caloric consumption and is commonly used by the World
Food Programme and other major organisations as a key
indicator in programme monitoring. CSI is more likely to
identify a household as food insecure, while FCS is more
likely to miss households that are food insecure.”® Both
can be used as continuous values. CSI has no universal
thresholds associated with it for creating categorical indi-
cators, although prior study from Ethiopia proposed to
categorise scores below 3 as indicative of acceptable food
security.”® FCS has universal thresholds established, with
scores above 35 indicative of acceptable food security;
yet, prior study demonstrates that a sizeable proportion
of households with an FCS=35 classify as food insecure
according to caloric intake.

In addition, we calculated an individual DDS for
women and children aged 6-59 months.”® DDS for chil-
dren aged 24-59 months is calculated by summing the
total number of food groups consumed in the previous
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24 hours, where the food groups are defined as: grains,
roots and white tubers; legumes and nuts; dairy products;
meat; eggs; vitamin A-containing fruits and vegetables
(ie, dark-green, leafy vegetables, fruits that are orange on
the inside); other fruits and vegetables. The child must
consume at least four of the seven food groups to meet
their minimum acceptable dietary diversity.” For children
aged 6-23 months, breastmilk is added as an eighth food
group and the child must consume five out of eight food
groups to meet minimum acceptable dietary diversity.

DDS for women is tallied by adding up the number of
food groups consumed out of the following 10 groups:
grains, roots and white tubers; legumes; nuts and seeds;
dairy products; meat; eggs; dark, leafy greens and vege-
tables; other vitamin-A-rich fruits and vegetables; other
vegetables; other fruits. The woman must consume at least
5 of the 10 food groups to meet her minimum dietary
diversity.”> Women who reported having an abnormal diet
(ie, ate much more or much less than normal) in the past
24 hours were excluded from analysis.

Anthropometric analysis

Weight and height of children were recorded to the
nearest 0.01kg and 0.1cm, respectively. Weight-for-age
(WAZ), heightforage and weightfor-height (WHZ)
Z-scores were determined using 2006 WHO Growth Stan-
dards.®® A child was considered stunted, wasted or under-
weight if they had a WAZ, WHZ or WAZ score below -2
SD, respectively.

Statistical analysis

Data were analysed in R V.3.5.%7 Survey weights were
calculated using the inverse probability of selection for a
child (for child outcome) or a household (for household
or maternal outcomes). We used the ‘survey’ package
in R to calculate means and percentages accounting for
survey weights, and SEs used to calculate 95% CIs were
determined accounting for clustering.” Univariate and
multivariate associations between food security indicators
and pandemic-associated changes in income, expendi-
tures and ability to meet food needs were assessed using
generalised linear models, accounting for survey weights
and using cluster robust SEs to adjust for clustering at the
village level. A directed-acyclic-graph was used to identify
the set of minimally sufficient covariates to adjust for to
block confounding pathways between the exposure and
the outcome (online supplemental figure S1). These
covariates were associated with the exposure, causally asso-
ciated with the outcome, and not on the causal pathway
between exposure and outcome. Selected covariates to
include were defined a priori as: household ethnicity,
household size, education level of mother and the head
of household, and district. Adjusted models for maternal
outcomes additionally included mother’s age, and models
for children outcomes additionally included child’s age
and sex. Inclusion of all variables within this set of mini-
mally sufficient covariates minimised model Akaike infor-
mation criterion (AIC) as compared with inclusion of

only a subset of these covariates. The AIC evaluates the
model fit on training data using the log likelihood, and
adds a penalty for model complexity. Lower values indi-
cate better model fit. Because we did not capture income
prior to the pandemic, which may act as a confounder,
we examined the sensitivity of model coefficients to inclu-
sion of total expenditures and the per cent of expendi-
tures spent on food. These variables may be associated
with initial income, but are not included in primarily
analyses as they may lie on the causal pathway between
exposures and outcome. Finally, we conducted stratified
analyses to examine whether associations between food
security and relative ability to meet food needs during
compared with before the pandemic was modified by the
most commonly reported reasons for increased difficulty
(items more expensive, markets closed, less food available
in markets and lost income).

Data were collected by the Lao Provincial Health
Department as part of routine, non-research public
health activities. We obtained data from the Lao Provin-
cial Health Department. A copy of the ethical approval is
included in the online supplemental information.

Patient and Public Involvement

Community members were involved in the conduct of
this research. During the survey, community volunteers
assisted in locating other community members for partic-
ipation in the survey. Results, including village health
profiles, were shared with provincial and district health
department leadership and the head of the Maternal
Child Health Department. Monthly village health days
were held throughout the project period to convey infor-
mation and results to community members, verbally and
with handmade posters.

RESULTS

Interviews were completed for 1122 households, corre-
sponding to a 93.5% response rate. Reasons for non-
response included empty house (53.8%), parent not at
home (38.5%) and inaccessible house (5.1%). The most
common ethnicities of those interviewed were Khmu
(463, 41.3%), Lao Lom (340, 30.3%) and Hmong (281,
25.0%). Undernutrition among children under 5years in
the study region was high, with the survey-weighted prev-
alence of wasting at 4.5% (95% CI 3.5% to 5.8%), under-
weightat 18.2% (95% CI 15.9% to 20.7%) and stunting at
32.9% (95% CI 29.6% to 36.4%).

Food security

Nearly fourfifths (78.5%) of the study population
reported that it was harder to meet their family’s food
needs during the pandemic, as compared with before
(table 1). A weighted 60.9% (95% CI 57.6% to 64.1%)
of individuals reported that it was somewhat harder to
meet food needs, while 17.6% (95% CI 15.4% to 20.0%)
reported that it was much harder. Among the 874 indi-
viduals who found it harder to meet food needs, the
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Table 1 Self-reported effects of the pandemic on
household access to food, healthcare and income
Weighted percentage
(95% CI) N

Relative ability to meet family’s food needs now
compared with before the pandemic (N=1120)

Easier 0.83 (0.38 to 1.82) 8

No change 20.7 (18.3 t0 23.3) 238
Somewhat harder 60.9 (57.6 to 64.1) 698
Much harder 17.6 (15.4 to 20.0) 176

Reasons it is harder to meet food needs during the
pandemic (N=874)

ltems more 51.2 (46.4 to 56.0) 415
expensive

Household lost 45.3 (40.9 to0 49.9) 465
income

Less food is 36.6 (33.1 10 40.2) 561
available

Markets are
closed

36.5(32.3t041.0) 555

Proportion of household income lost during the
pandemic (N=1122)

14.4 (12.3 to 16.6) 165
17.5 (14.6 t0 20.7) 192
54.4 (51.3t057.4) 607
51%-75% 9.2 (1.7 t0 11.2) 104
76%-100% 4.6 (3510 6.1) 54

Percent reduction in household expenditures during the
pandemic (N=1122)

No reduction 36.3 (33.2 to 39.6) 415
1%-25% 23.3 (19.4 to 27.4) 257
26%-50% 35.7 (32.9 to 38.6) 400
51%-75% 3.9 (2.9t05.3) 41
76%-100% 0.89 (0.44 to 1.8) 9

Relative ability to access healthcare now compared with
before the pandemic (N=1121)

No income lost
1%-25%
26%-50%

Easier 0.40 (0.15 to 1.09) 8
No change 47.0 (44.0 to 50.0) 544
Somewhat harder 37.4 (34.6 to 40.2) 413
Much harder 4.8 (3.7 to 6.1) 48
Undecided 10.0 (7.5 t0 13.1) 108

most common reason reported was that foods were
more expensive (51.2%), followed by household losing
income (45.3%), food not available at markets (36.6%)
and markets being closed (36.5%). The median monthly
expenditure among households was US$133. Households
spent, on average, 40% of their income on food, which
was increased from 30% in 2017.

The mean FCS was 60.9 (95% CI 59.7 to 62.3) (table 2).
Households consumed rice daily and meat and vegetables
an average of 3.0 and 4.8 days per week, respectively. On

average, children consumed 4.14 (95% CI 4.04 to 4.24)
food groups in the day prior to the survey, corresponding
to 62.5% (95% CI 59.1% to 65.8%) of children that met
the minimum DDS requirement. Women consumed an
average of 5.38 (95% CI 5.25 to 5.51) food groups, corre-
sponding to 67.7% (95% CI64.4% to 70.9%) meeting her
minimum DDS. Compared to 2017, households in 2020
demonstrated significantly (p<0.05) lower dietary diver-
sity and higher coping strategies. In 2017, 76% of women
and 69% of children met their minimum DDS, and the
average CSI for households was 0.7 points lower. The
largest change in household food consumption between
2017 and 2020 was in meat consumption; in 2017, house-
holds ate meat an average of 6days per week. House-
hold consumption of vegetables (5.3 vs 4.8) was also
lower in 2020 compared with 2017, while consumption
of rice remained the same. While women and children
consumed less meat in 2020 than in 2017, the difference
was not as large as observed among other household
members, and both women and children increased egg
consumption (online supplemental figures S2 and S3).
The distribution of both household food security
indicators differed by whether or not households
found it harder to access food during the pandemic
(figure 1). Among households who found it harder to
meet their food needs during the pandemic, there was
greater density of lower FCS (indicating worse food
security) and higher CSI (indicating worse food secu-
rity) compared with those who experienced no change.
These relationships between household FCS and access
to food during the pandemic were also seen in multi-
variate regression analyses (table 2; figure 2). Adjusting
for ethnicity of the household, size of the household,
district and education level of the mother and head of
household, we estimated that the average FCS among
households who found it harder to meet their food
needs was 2.74 points lower (95%CI 0.55 to 4.92)
than the average FCS among households who experi-
enced no change (figure 2). This is roughly equivalent
to consuming vegetables nearly three fewer times per
week, or consuming rice one less time per week. The
household CSI among households who had a harder
time meeting their food needs was higher, indicating
lower food security, but not significantly so. DDSs for
women and children were lower among households who
had more difficulty meeting their food needs during the
pandemic, but not significantly so in adjusted analyses.
Sensitivity analyses including total expenditures and per
cent of expenditures spent on food as covariates found
similar model coefficients (online supplemental table
S1), although DDS for children met the criteria for
statistically significant at the 95% confidence level. For
all outcomes, households who reported that increased
food prices were a major reason for increased difficulty
meeting food needs were associated with the greatest
deteriorations in food security or diversity, compared
with households who reported food availability and
market closures as the reason for their difficulty.
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Table 2 Model coefficients representing difference in indicator between households who self-reported that it is harder to
access food during the pandemic and those who report no change/easier; and those who decreased spending during the
pandemic and those who did not

Model coefficients

Harder to access food during the pandemic Decreased expenditures during the pandemic
Adjusted difference
Crude difference (95% Cl) Adjusted difference (95% Cl) Crude difference (95%Cl) (95% Cl) Population mean (95% CI)
FCS -3.36 (-5.42 to 1.29)* —2.74 (-4.92 to -0.55)" —6.53 (-8.23 to 4.79)* —5.24 (-7.05 to 3.42)* 60.9 (59.7 to 62.3)
csl 0.07 (~0.86 to 0.99) 0.36 (-0.65 to 1.37) 0.83 (-0.07 to 1.74) 1.32 (0.40 to 2.25) 3.6 (3.1t04.1)
DDS (child) -0.21 (0.41 to 0.01)* -0.21 (-0.43 to 0.01) —0.20 (-0.38 to 0.02)* —-0.11 (-0.31 to 0.08) 4.14 (4.04 to 4.24)
DDS -0.15 (-0.40 to 0.01) -0.10 (-0.34 to 0.15) -0.08 (-0.28 t0 0.12) 0.06 (-0.14 to 0.25) 5.38 (5.26 to 5.51)

(mother)

Adjusted models for households control for household ethnicity, household size, education level of mother and the head of household and district. Adjusted models for mothers
include additionally mother’s age. Adjusted models for children include additionally child’s age and sex. Lower values for FCS and DDS and higher values of CSl indicate greater food
insecurity.

*Represents statistical significance at p<0.05.

CSl, Coping Strategy Index; DDS, dietary diversity score; FCS, food consumption score.

We did not find any difference in WAZ or WHZ scores  Resiliency to food insecurity
among children from households who selfreported ~ We estimated the percentage of a household’s food
greater difficulty meeting their food needs compared  sources in the past week that was self-produced (eg,
with those from household who reported no change in farmed, fished, hunted, gathered). On average, families
ability to meet food needs.
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Figure 1 Violin plot showing distribution of two household food security measures, together with their median and IQR.
Household food security was measured through food consumption score (FCS) (A, B) and Coping Strategies Index (CSI) (C, D).
Food insecurity is associated with low FCS and high CSI.
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Figure 2 The difference in mean of food security indicator among households who had a harder time meeting their food needs
during the pandemic compared with those who did not. Vertical bars represent 95% Cls. Adjusted models for households
control for household ethnicity, household size, education level of mother and the head of household and district. Adjusted
models for mothers include additionally mother’s age. Adjusted models for children include additionally child’s age and sex.
Lower values for food consumption score (FCS) and dietary diversity score (DDS) and higher values of Coping Strategy Index

(CSI) indicate greater food insecurity.

met 42% of their food needs through self-production
(IQR: 27%-57%). Commonly self-produced foods
included: insects, aquatic animals other than fish, mush-
rooms and roots (figure 3). Over half of households also
self-produced rice and vegetables, and about one-quarter
self-produced fish, meat and fruits. We found that house-
holds who derived a greater proportion of their food
needs through homegrown methods were more resil-
ient than families who purchased their foods. Adjusting
for ethnicity of the household, size of the household,
district and education level of the mother and head of
household, we estimated that the average percentage

of food obtained from homegrown methods was 4.22%
(95% CI 1.28% to 7.15%) lower among households who
found it harder to meet their food needs compared with
household who experienced no change. On average,
respondents spent 9.6 hours per week fishing, gathering
or hunting food. Persons who found it harder to meet
their food needs during the pandemic also spent fewer
hours per week fishing, gathering or hunting, though the
results were not significant.

Sources of food consumed in households over the past week (mean days consumed)
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Figure 3 Proportional source of each food group consumed during the past week by households. Numbers in parenthesis
above the bars indicates the mean number of days per week household consumed these food groups.
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A. Relationship between lost income and expenditures B.
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(A) Mean decrease in expenditures reported, stratified by the percent reduction in household income. Vertical bars

represent 95% Cls. (B) The difference in mean of food security indicator among households who reduced spending during
the pandemic compared with those who did not. Vertical bars represent 95% Cls. Adjusted models for households control for
household ethnicity, household size, education level of mother and the head of household and district. Adjusted models for
mothers include additionally mother’s age. Adjusted models for children include additionally child’s age and sex. Lower values
for food consumption score (FCS) and dietary diversity score (DDS) and higher values of Coping Strategy Index (CSI) indicate

greater food insecurity.

Income and expenditures

Over 85% of the study population reported losing income
during the pandemic, with the majority of respondents
(54.4%,95% CI51.3% to 57.4%) reporting losing between
25% and 50% of their income table 1. Households who
reported declines in income were more likely to reduce
spending, with the greater the reduction in income corre-
sponding to greater reductions in household expendi-
tures (figure 4A). A weighted 23.3% reported reducing
household expenditures by 1%-25%, while 35.7%
reported reducing expenditures by 25%-50%. The
distribution of both household food security indicators
also differed by whether or not households lost income
during the pandemic (figure 1).

Households who reduced expenditures during the
pandemic had significantly decreased food security in
adjusted analyses, as measured by the FCS and the CSI,
and significantly decreased food security in univar-
iate analyses as measured by the FCS and child’s DDS
(figure 4B, table 2). In adjusted analyses, families who
reported spending less during the pandemic had a house-
hold FCS that was 5.23 (95% CI 3.41 to 7.05) units lower,
and a CSI that was 0.83 (95% CI -0.07 to 1.74) units
higher than families who did not reduce spending. DDSs
for children were lower among households who had more
difficulty meeting their food needs during the pandemic,
but not significantly so in adjusted analyses. Including
total expenditures and per cent of expenditures spent on
food as covariates in multivariable models did not change
these conclusions (online supplemental table S1).

We did not find any difference in WAZ or WHZ scores
among children from households who lost income or
reduced spending compared with those who did not lose
income or reduce spending.

Access to healthcare

A weighted 37.4% (95% CI 34.6% to 40.2%) of individuals
reported that it was somewhat harder to access healthcare
compared with before the pandemic, while 4.8% (95% CI
3.7% to 6.1%) reported that it was much harder (table 1).
We identified 123 (11%) women and 557 (50%) children
who had experienced fever, diarrhoea, cough and/or
respiratory infection in the 2weeks prior to the survey.
Among both women and children with illness in the past
2weeks, >60% had fever (see online supplemental figures
S4 and S5 for Venn diagrams). Of these, a weighted
69.7% (95% CI 66.3% to 73.0%) of children and 81.2%
(95% CI 73.3% to 87.2) of women sought care from a
health facility. We found no association between health-
care seeking behaviour, either for stratified by condition
or in aggregate, and relative ability to access healthcare
during versus before the pandemic.

DISCUSSION

In a rural setting in Lao PDR with low documented
COVID-19 transmission and high dependence on tourism,
we found prevalent loss of income and increased difficulty
in meeting household food needs following the start of
the COVID-19 pandemic and a national border closure.
In our household survey, we found that nearly fourfifths
of the study population reported that it was harder to
meet their family’s food needs during the pandemic, with
the most common reason being increases in food prices;
indeed, families reported that the proportion of their
household expenditure on food had doubled since base-
line in 2017. At the same time, we found that over 85% of
the study population reported losing income during the
pandemic, with over half of respondents reported losing
between 25% and 50% of their income. Respondents who
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reported losses in income and and/or reported greater
challenges meeting their food needs had small, but signif-
icant declines in household food security, as measured by
the FCS (which correlates best with caloric intake) and
CSI (which correlates best with vulnerability to shocks).
Nevertheless, the small differences in food security indica-
tors suggest that people in this population may have been
able largely able to protect their consumption without
heavy reliance on negative coping strategies, despite some
deterioration. Decreased expenditures as a result of the
pandemic were more strongly associated with reductions in
household food security, as measured by both the FCS and
the CSI, as compared with greater difficulty in food access.
Moreover, of the reasons for challenges meeting food
needs reported by the community, increased food prices
were most strongly associated with lower FCS, higher CSI
and lower DDS in women and children. Self-production of
food via farming, hunting, fishing or gathering is common
in this population, accounting for 42% of food consumed.
Our study found that individuals who derived a greater
proportion of the food from self-produced means were
more resilient to pandemic-associated shocks.

Our results support a growing body of empirical
data that suggest wide scale difficulty in meeting food
needs and pervasive loss in income associated with the
pandemic. In Kenya, surveys administered before and
after the COVID-19 lockdown found that 52% of the
population changed their dietary habits, most commonly
via reductions in meat, dairy and bread."" Nearly all
(95%) of respondents reported loss of income during the
pandemic, with 88% finding that the resulting income
was insufficient to meet food needs. Over one-third also
attributed changes in food consumption to lower food
availability, with households obtaining food from markets
more likely to change food consumption patterns than
those obtaining food from farming and livestock."" An
interrupted time series analysis in Bangladesh found that
median incomes fell from US$212 to US$59 during a
2-month stay at home order, while the proportion of fami-
lies living on less than US$1.90 per day rose from 0.2% to
47.3%.% In that study, the proportion of households clas-
sified as moderately or severely food insecure rose from
5.6% and 2.7%, respectively, to 36.5% and 15.3%.% While
global surveys indicate loss of income across all coun-
ties, the proportion of participants financially impacted
by the pandemic is estimated to be three times higher
in LMICs than in high income countries.* Longitudinal
survey data from Ethiopia, Malawi, Nigeria and Uganda
find that 77% of the population live in households that
have lost income during the pandemic.” In a Save the
Children global survey, 85% of families living in Asia
reported income loss, with a strong negative association
between income loss and dietary diversity.*’ To our knowl-
edge, no study has yet to be published from Lao PDR, but
an unpublished household survey in Phongsaly Province,
another rural province, found that 46% of households
reduced their expenditures, and 24% took out loans to
buy food (personal communication).

Randomised control trials demonstrate that improved
access to proper nutrition can improve WAZ and WHZ
Z-scores.*™ In many LMICs, including Lao PDR, the
density of Z-scores is clustered around the dichotomous
classification threshold of -2SD, so even small changes
to body weight can translate into meaningful changes in
the proportion of children classified as underweight or
wasted.”* While LMICs have seen progress in reducing
prevalence of wasting and underweight, yearly reduc-
tions in Lao PDR and other LMICs may be smaller than a
percentage point,' ***® suggesting that even small effects
of COVID-19 on bodyweight could undo years of progress.
At the same time, we did not observe a difference in the
WAZ or WHZ scores between children whose household
reported greater difficulty meeting food needs and those
who did not, nor did we see a difference in maternal or
child DDS between these groups in multivariate analyses.
This may suggest that households in our study popula-
tion prioritised maternal and child consumption patterns
even as families struggled to meet food needs. We find
that while household meat consumption was strongly
reduced between 2020 and 2017, meat consumption of
women and children was reduced only slightly. What is
more, potential declines in protein intake for women and
children due to lower meat consumption were offset by
increases in egg consumption. All villages in the study
population have been receiving interventions focused on
sustainable behavioural change for maternal and child
nutrition, so individuals in the population may have been
more likely to prioritise the nutrition of these vulner-
able populations. Indeed, eggs were promoted as part of
behavioural change communication as an alternative and
cheap source of protein when meat was too expensive or
not available.

Our study suggests possible interventions that might
mitigate the effect of the pandemic on food security. We
found that households who were more likely to experience
no change in meeting food needs during the pandemic
derived a greater proportion of their food needs through
homegrown methods (as opposed to purchasing foods) as
compared with households who found it more difficult to
meet their food needs. Reducing reliance on food supply
from other places or countries is recognised by others
to be a means of reducing the impact of the COVID-19
pandemic on food insecurity. Farm-system-for-nutrition
approaches have been suggested as one solution, in which
location-specific farm systems integrate arable farming,
horticulture, backyard farming and animal farming in
order to increase household access to nutritious foods
while conserving natural resources.*” The FAO advocates
for improving the resilience of local food systems by facil-
itating access to locally produced food, shortening the
supply chain by promoting direct purchase from local
producers and promoting urban or backyard gardens
that also offer financial and environmental cobenefits.*
Because our study design could not establish trends in
homegrown food production prior to the pandemic, we
are unable to determine if households in our population
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increased homegrown food production or time spent
fishing, gathering or hunting as a response to the
pandemic, although we found slightly higher prevalence
of homegrown food production (48%) and time spent
collecting food (12.0hours) in 2017 as compared with
2020. Globally, reliance on homegrown food production
may have increased as a response to lockdown measures’
and helped stabilise food consumption patterns amidst
market uncertainty.'' Yet, increased reliance on gathering
or growing food may represent a source of unpaid labour
that could be devoted to other activities.” Care must be
taken that local food grown solutions minimise contribu-
tions to the burden of time poverty, or are enacted along
with interventions that offset time poverty.”’

Our study also identified that loss of income and higher
food prices are among the most important reason house-
holds are less able to meet their food needs. As such,
social safety net programmes may be particularly suited
to addressing the challenge of food insecurity.”’ ™ A
randomised control trial in Colombia in March 2020, at
the start of a national quarantine, found that 90% of fami-
lies randomised to an arm that received cash transfers of
US$19 every 5-9 weeks spent the cash on food, which
helped to offset the effects of the pandemic on food inse-
curity in the treatment arm.”* Other randomised control
trials demonstrate reductions of severe food insecurity
among those who received a cash transfer or a direct food
transfer by nearly 25%.% °° Systematic review and meta-
analysis of 74 studies found that children from house-
holds who received cash transfers had reduced stunting
by 2.5% and improved consumption of animal foods by
45%.%

This study has limitations. First, the results of this survey
may not be generalisable to other countries, particu-
larly those with higher COVID-19 incidence and greater
restrictions on within-country movement. At the time of
the survey (November 2020), fewer than 50 cases had
been reported in Lao PDR, and health systems were not
experiencing the same overwhelming of capacity as in
many other countries.”® Additionally, while initial control
measures limited local movement, these restrictions were
largely relaxed by May 2020, 7months prior to the survey,
with the main intervention remaining being strict border
closure. We expect, therefore, that compared with other
LMIGs, the effects of food security and access to health-
care found in this study may be smaller than would be
seen in other countries. At the same time, however, the
effects of the pandemic on food security and income
and expenditures may be seen more strongly in Luang
Prabang as compared with other provinces within Lao
PDR. As the province is home to the UNESCO World
Heritage City of Luang Prabang, Luang Prabang province
receives a greater proportion of its income from tourism
as compared with other provinces.** Indeed, our survey
found a greater proportion of household reduced expen-
ditures (64%) compared with another, unpublished,
survey in a different rural province, where 46% of house-
holds reduced expenditures (personal communication).

As mentioned, households in the study population had
been receiving educational messaging regarding the
importance of maternal and child malnutrition, so may
have prioritised meeting the needs of mothers and chil-
dren even as they struggled to meet the families’ food
needs. Thus it is possible that other areas may have seen
more dramatic declines in maternal and child nutrition.
Moreover, the results of the survey may not be generalis-
able to larger, more urban areas. Similarly, the relation-
ships with FCS may not be generalisable to other areas
with different dietary patterns. The mean FCS in our
study was 60.9, well above the generic cut-off of 235 for an
acceptable score. We do not emphasise these thresholds
in our study, as they have been shown to badly misclas-
sify food insecurity in some contexts. For instance, in
El Salvador, only 0.2% of households fell below the FCS
threshold for food insecurity, while 19% had low caloric
consumption.” Such may occur in this context as well,
as while diversity of foods consumed was low, staples
and meat/fish/insects were among the more commonly
consumed food groups, and these food groups are given
large weights in calculating the weighted mean. Finally,
while we do not find associations between seeking care
during illness and self-reported changes in access to
healthcare, it is possible that individuals reduced routine
wellness visits, which we do not assess in our survey.

Another limitation of our study relates to recall bias.
Because control measures were first implemented in
March 2020, and we implemented this surveyin November
2020, there could be substantial recall bias, as participants
are asked to compare ability to meet food needs, ability to
access healthcare, and income and expenditures to a time
period that extended 8 months prior up until the current
time. The ideal observational research design would be
to compare our estimates of food security and malnutri-
tion to repeated estimates taken longitudinally, leading
up to just prior to the pandemic. While we lack data
from just before the pandemic, we have data from house-
hold surveys in the region collected in 2017. Estimates
of food insecurity and the prevalence of children under-
weight and wasted from 2020 are higher than estimates
from 2017, while estimates of dietary diversity from 2020
are lower than estimates from 2017. However, because
changes in indicators between 2017 and 2020 cannot be
attributed to the effects of the pandemic alone, we do not
emphasise 2017 data here.

Roughly 3.5% of visited households were empty, which
may represent a form of selection bias that may under-
represent adverse consequences of the pandemic if the
empty households moved out of a need to avoid lockdown
or preserve livelihoods. However, as was observed in 2017,
many households within this population will leave for days
ata time to attend to work in rice fields, which is expected
to be the predominant reason for non-response. Finally,
while we examine loss of income, we did not collect infor-
mation on income prior to the pandemic nor occupation
or occupational status of household members. While we
control for education in multivariate models, which may
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in part control for some variation due to income or occu-
pational type, residual confounding may remain. Future
work might seek to examine whether loss of occupation
affects food security via lost income, and what types of
work are most susceptible to loss.

CONCLUSION

Lao PDR’s early efforts to control the spread of COVID-19
have been successful, with fewer documented cases to
date relative to neighbouring countries. Nevertheless, the
effect of the pandemic on food security on livelihoods
in LMICs may be severe, and subsequent waves of cases,
and associated lockdown measures, in 2021 and 2022
demonstrates that the threat of continued food security
remains present. Increasing selfsufficiency through local
food production, and/or supporting incomes via social
safety nets such as cash transfer programmes, may miti-
gate some of these effects. As control measures to curb
the transmission of COVID-19 continue, and as outbreaks
occur intermittently with concomitant restrictions on
movement, further study may be useful to understand
what coping strategies people are using so that govern-
ment and agencies can support the resilience of house-
holds in the long term.
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