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Abstract. Coronavirus disease 2019 (COVID-19) can have far-reaching consequences for developing countries
through the combined effects of infection and mortality, and the mitigation measures that can impact food systems and
diets. Using a mobile platform, this cross-sectional study evaluated the effect of COVID-19 on food prices and dietary qual-
ity for 1797 households in Nouna and Ouagadougou in Burkina Faso, Addis Ababa and Kersa in Ethiopia, and Lagos and
Ibadan in Nigeria. We assessed the consumption of 20 food groups during the previous 7 days. The dietary diversity scores
(DDS) and Prime Diet Quality Scores (PDQS) were used to assess dietary diversity and quality. We used generalized esti-
mating equation (GEE) linear models to evaluate associations between price changes for staples, pulses, vegetables, fruits,
and animal source foods (ASFs) with the DDS and PDQS PDQS. Most participants reported increasing prices of staples,
pulses, fruits, vegetables and ASF, and = 40% reported the decreased consumption of staples, legumes, and other veg-
etables and fruits. The DDS (except in Kersa and Ouagadougou) and PDQS were lower during the COVID-19 pandemic.
Higher pulse prices were associated with lower DDS (estimate, —0.35; 95% confidence interval [Cl], —0.74 to 0.03; P =
0.07) in the combined analysis and in Burkina Faso (estimate, —0.47; 95% CI, —0.82 to —0.11). Higher vegetable prices
were positively associated with the DDS (estimate, 0.22; 95% CI, 0.08 to 0.37). Lower crop production (estimate,
—0.54; 95% CI, —0.80 to —0.27) was associated with lower DDS. The price increases and worsening dietary diversity
and quality call for social protection and other strategies to increase the availability and affordability of nutrient-rich foods

during the COVID-19 pandemic and public health emergencies.

INTRODUCTION

Coronavirus disease 2019 (COVID-19) caused by the novel
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
2) is a public health emergency’ that has significantly affected
the world’s health and economy.? Deaths from COVID-19 had
surpassed 2.5 million and up to 116 million cases had been
reported globally by March 7, 2021.2 The COVID-19 emer-
gency could have far-reaching consequences for developing
countries, where the combined effects of infection and mortal-
ity from COVID-19 itself, unintended consequences of corre-
sponding mitigation measures, and the emerging global
recession could impact nutrition and health.* Sub-Saharan
Africa (SSA) is vulnerable to the health, social, and economic
impacts of COVID-19.° This vulnerability is attributed to
many factors, including poor health systems that hinder test-
ing, timely detection, and access to services for the treatment
of COVID-19.%7 Furthermore, despite concerted efforts to
improve access to food globally and in SSA, food insecurity
remains a significant challenge, with the number of the under-
nourished increasing to approximately 690 million currently.°
Therefore, the impact of COVID-19 will exacerbate an already
dire situation.
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One of the main ways that COVID-19 has affected health
and nutrition in SSA is through its disruption of the food supply
chains. Countries in SSA have implemented far-reaching pub-
lic health protection measures to address COVID-19, includ-
ing partial and full lockdowns that are sometimes policed
and last atleast 1 month at atime orevenlongerin select coun-
tries. Additionally, countries have implemented social distanc-
ing, border closures, home confinements, and quarantine
measures, and these could have impacted agriculture and
food systems and the functioning of the health systems,
resulting in social and economic disruptions.®'" Many
individuals in SSA and globally have lost employment because
of the pandemic.12 Small-scale farming, which is the main
source of livelihood in Africa, may have also been disrupted,®
with access to farming inputs and supplies limited by restric-
tions in mobility and factory closures. Furthermore, market
closures have limited the availability of food. These factors
have reduced the purchasing power of populations both
directly and indirectly, undermined the capacity to produce
and distribute food, and decreased physical access to
food at the peak of the crisis.'® They also could have exacer-
bated food insecurity and poor nutrition for many in the
region.*13

Additionally, reports have suggested that access to nutrition
services has been disrupted. The United Nations Children’s
Fund (UNICEF) predicted a possible 30% reductionin the cov-
erage of essential nutritional services in low-income and
middle-income countries at the onset of the COVID-19 pan-
demic.™ Most schools have been closed because of lock-
downs, resulting in disruptions to school feeding programs.'®
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Safety net programs, including community nutrition programs
for children and pregnant and lactating women, have also
been affected.'® This may have ultimately affected access to
food.

Despite current efforts to control the COVID-19 pandemic, it
is not clear when the effects of pandemic-related disruptions to
people’s livelihoods, health, and food systems will end. It is
unclear to what extent access to nutrition services, availability
and access to food have been affected by COVID-19in SSA; as
well as their effects on food production, prices for staples and
other food groups, and diet quality and nutrition in the region.
Most African governments have tried to implement various
measures to mitigate the impacts of the pandemic, including
the distribution of foods to poor households. However, it has
been projected that limited food production, a decline in family
incomes, changes in the availability and prices of nutritious
foods, and interruptions in nutrition and health services will
lead to increased child malnutrition and mortality'®'® and
potentially affect women and vulnerable households.

This study aimed to understand how COVID-19 and related
disruptions have impacted food systems, food security, and
access to and consumption of diverse and quality diets in Bur-
kina Faso, Ethiopia and Nigeria. These sites are part of the
Africa Research Implementation Science and Education
(ARISE) Network, which comprises 21 member institutions
from nine SSA countries that are centers of excellence in pub-
lic health research. We selected these sites because they had
existing data collection infrastructure, research capacity for
producing high-quality survey data, and significant popula-
tions vulnerable to undernutrition. In the current study, we
sought to understand the effects of COVID-19 on prices of
key food groups and the predictors of dietary diversity and
quality for men and women during the COVID-19 emergency
in these locations.

MATERIALS AND METHODS

Setting. This study was a cross-sectional study of six sites
from three sub-Saharan African countries, Burkina Faso, Ethi-
opia, and Nigeria, that are part of the ARISE Network. The sur-
vey was conducted in Nouna (rural) and Ouagadougou (urban)
in Burkina Faso, Kersa (rural) and Addis Ababa (urban) in Ethi-
opia, and Ibadan (rural) and Lagos (urban) in Nigeria. Ibadan
has both urban andrural areas. For the purposes of the survey,
we limited our study population to the rural local government
areas in Ibadan. More detailed information on the geographi-
cal features and other demographic characteristics of
selected ARISE network sites is provided elsewhere.'”'®

Study design. Computer-assisted telephone interviews
(CATIs) were used to collect survey data across the study
sites, to assess knowledge and practices related to COVID-
19 prevention and management, and to evaluate the far-
reaching impacts of the outbreak on nutrition, health, and
other domains. Data collection across all sites was conducted
using telephone interviews between August and September
2020 in Burkina Faso, between October and November
2020 in Nigeria, between July and August 2020 in Kersa,
and between August and September 2020 in Addis Ababa. Eli-
gible households were randomly selected from sampling
frames from the Health and Demographic Surveillance Sys-
tems (HDSS) in Burkina Faso and Ethiopia (Kersa), the National
Living Standards Survey and telephone service providers in

Nigeria, and a new household survey established in Ethiopia
(Addis Ababa).

Briefly, the study aimed to recruit 1800 adults from Nigeria,
Burkina Faso, and Ethiopia, with a maximum of 600 adults
from each country (300 from each site). Resource and time
constraints limited the selection of a larger sample. The study
sites obtained telephone numbers for households selected
from their sampling frames, with additional telephone num-
bers selected to allow for non-response or refusal to partici-
pate. We anticipated a response rate of 60% for the household
questionnaire based on previous experience in the study
areas. Therefore, the study randomly selected 500 house-
holds from each site. From each household, one adult 20 years
or older was identified for the interview. Additional details
regarding the study are provided elsewhere.'®

A standardized questionnaire was developed and adopted
as appropriate for each country and setting. Experienced
translators at each site translated survey questionnaires into
local languages. Study sites recruited male and female
research assistants conversant with the local languages and
with experience conducting health-related survey research
in each local context. Research assistants received extensive
training regarding conducting telephone surveys, obtaining
verbal informed consent from respondents, and administering
the survey questionnaires. Research assistants conducted
the interviews from virtual call centers and were supervised
by site supervisors and staff. They collected information
regarding socio-demographic characteristics, including age,
sex, head of household, household size, education, and occu-
pation of respondents. Questions regarding knowledge, atti-
tudes, practices, and perceptions of COVID-19 were also
asked to respondents. Other information collected included
mental health, healthcare utilization, water, sanitation, and
hygiene (WASH), food pricing, food security, and dietary
intake of respondents. On average, telephone interviews
lasted 20 to 40 minutes.

Exposure measures. The exposure variables in the analy-
sis were the changes in the prices of staples (e.g., maize, rice,
cassava, and teff), pulses (e.g., beans, lentils, peas, and chick-
peas), vegetables (e.g., spinach, cabbage, tomatoes, onions,
and any locally available vegetables), fruits (e.g., bananas,
oranges, and any locally available fruits), and animal source
foods (ASFs; e.g., beef, chicken, dairy, eggs, and fish).
Respondents were asked if the prices for each of those five
food groups had been affected during the COVID-19 emer-
gency. The price changes for these food groups were classi-
fied as no changes, increased, or decreased. We categorized
the responses as binary for each food group, indicating an
increase or decrease/no change in food prices.

Outcomes. The main study outcome was dietary diversity
as measured using the Food and Agriculture Organization
(FAO) Minimum Dietary Diversity for Women (MDD-W) index
during the COVID-19 emergency. The secondary outcome
was diet quality measured using the Prime Diet Quality Score
(PDQS). Dietary intake was assessed for the study respond-
ents (male and female) using a list of 20 commonly consumed
food groups. The food lists were adopted to reflect local die-
tary sources for each of the food groups in each country.
Respondents were asked to recall the number of days they
consumed food from a list of 20 food groups during the past
7 days (during the COVID-19 pandemic) and during the period
before the COVID-19 emergency.



COVID-19, FOOD SECURITY, AND DIETARY DIVERSITY AND QUALITY IN SSA 297

MDD-W. Recalled foods were categorized into 10 food
groups based on the MDD-W.'® The MDD-W has been evaluated
as a measure of micronutrient adequacy among women.'%%°
During this study, we applied the tool as a measure of dietary
diversity for both men and women at the study sites. We grouped
food groups consumed by respondents during the previous 7
days as follows: 1) grains, white roots and tubers, and plantains;
2) legumes (beans, peas and lentils); 3) nuts and seeds; 4) dairy; 5)
meats, poultry and fish; 6) eggs; 7) vitamin A rich dark green veg-
etables; 8) other vitamin Arich fruits and vegetables; 9) other veg-
etables; and, 10) other fruits. During this analysis, which used
7-day recall, we divided weekly consumption of the food groups
by seven to obtain a daily frequency of consumption. If a food
group was eaten at least once each day during the previous
week, then it was considered to contribute to the MDD-W (Sup-
plemental Table 1). The dietary diversity score (DDS; range, 0-10)
was computed as the number of food groups consumed, with a
greater score indicating higher dietary diversity.

Prime Diet Quality Score. The Prime Diet Quality Score
(PDQS) has been proposed as a measure of diet quality
and has been associated with poor birth outcomes and
pregnancy-related morbidities (gestational diabetes and
hypertension) in previous studies.?'2® Foods consumed by
respondents during the previous 7 days were classified into
20 food groups for the PDQS.?"*? Foods were classified into
the following 14 healthy food groups: 1) dark green leafy vege-
tables, 2) other vitamin A rich vegetables and fruits, 3) crucifer-
ous vegetables, 4) other vegetables, 5) whole citrus fruits, 6)
other fruits, 7) fish, 8) eggs, 9) poultry, 10) legumes, 11) nuts,
12) dairy, 13) whole grains, and 14) liquid vegetable oils. In
addition, we evaluated the consumption of 6 unhealthy food
groups: 1) red meat, 2) processed meats, 3) refined grains
and baked goods, 4) sugar-sweetened beverages (SSBs), 5)
desserts and ice cream, and 6) potatoes, roots and tubers,
based on criteria determined by previous studies.?"?? We
made the following adaptations to the score for this study:
we excluded the fried foods obtained away from home food
group from the study; we assessed the consumption of dairy
instead of low-fat dairy; a roots and tubers group was used in
place of a potatoes group; and, we included red and orange
fruits and vegetables in the other vitamin A-rich fruits and veg-
etables category instead of using a carrots food group. We also
categorized maize flour-based products as refined grains.

Points were assigned for the consumption of healthy food
groups as 0-1 serving/week (0 points), 2-3 servings/week
(1 point) and = 4 servings/week (2 points). Scoring for
unhealthy food groups was assigned as 0-1 serving/week
(2 points), 2-3 servings/week (1 point) and = 4 servings/
week (0 points) (Supplemental Table 1). Points for each food
group were summed to obtain an overall score (range, 0-40),
with a higher score indicating better diet quality.

Statistical analysis. Both descriptive and inferential statis-
tics were used for the analysis. Descriptive statistics used fre-
quencies for categorical variables and means and standard
deviations (SDs) for continuous variables to summarize socio-
demographic characteristics, nutrition and food security
indicators by site. We also used frequencies to characterize
household food security, food production and changes in
food prices and diet quality. For inferential analyses, we used
generalized estimating equation (GEE) linear models with
exchangeable correlation,?* controlling for clustering by site,
to evaluate the associations of increases in the prices of staples,

pulses, vegetables, fruits and ASF with DDS and PDQS (sec-
ondary analysis) in cross-country analysis. We also conducted
country-specific analyses for Burkina Faso, Ethiopia, and Nige-
ria. We used GEE linear models for these secondary analyses.

We considered the following as potential confounders: coun-
try and region; age (20-29 years, 30-39 years, 40 years or older);
respondent sex (female/male); education (none or incomplete
primary, primary school or incomplete secondary, secondary
school or higher); household head (no/yes); household size;
occupation (unemployed, farmer or casual labor, employed,
student, self-employed or other); own crop production affected
(unchanged, production has decreased, production has
increased, not engaged in farming); and food insecurity (worried
you would run out of food during the past month (no/yes);
skipped a meal during the past month (no/yes); and, did not
eat for awhole day during the past month (no/yes). We assessed
food insecurity using three questions adapted from the House-
hold Food Insecurity Access Scale, which is a tool that has been
validated for measuring food security in developing countries.

We selected potential confounders based on associations
with the outcomes in univariate regression models at levels
of P < 0.20. Statistical significance was established based
on P < 0.05. The missing indicator method was used to adjust
for missing confounder data in the analysis.?® Analyses were
conducted using SAS 9.4 (Cary, NC).

Ethics. Ethical approval for the study was provided by the
Institutional Review Board at the Harvard T.H. Chan School
of Public Health and the ethical review boards in each country
and at each site, including the Nouna Health Research Center
Ethical Committee and National Ethics Committee in Burkina
Faso, the Institutional Ethical Review Board of Addis Conti-
nental Institute of Public Health in Ethiopia, and the University
of Ibadan Research Ethics Committee and National Health
Research Ethics Committee in Nigeria. Verbal informed con-
sent was obtained from all adult participants.

RESULTS

We analyzed data from 1,797 households. Of these house-
holds, 297 were from Nouna and 300 were from Ouagadougou
in Burkina Faso, 288 were from Addis Abba and 297 were from
Kersa in Ethiopia, and 304 were from Ibadan and 311 were
from Lagos in Nigeria. Of the study respondents, half (N =
898) resided in rural areas.

Table 1 describes the socio-demographic characteristics of
the study population. Most respondents were male across sites,
except in Addis Ababa and Ibadan, where 64.6% and 51.3% of
respondents were female, respectively. The mean age (+=SD) of
respondents was 42.3 (=12.3) years, and respondents were, on
average, older in Nouna, Ouagadougou and Ibadan, with more
than 57% who were 40 years or older. In Burkina Faso and Kersa
(Ethiopia), more than 70% of respondents had incomplete pri-
mary education or no formal education; however, in Nigeria, at
least 68% of the respondents had secondary school education
or higher. The mean =+ SD household size was 6.4 = 3.5 and as
large as 9.9 = 5.0 in Nouna. In rural areas of Kersa (86.5%) and
Nouna (79.2%), most respondents were farmers or casual
laborers in Ibadan (65.5%) and Lagos (52.2%), most respond-
ents were self-employed or students. In Ouagadougou, most
respondents were self-employed or students (46.7 %), whereas
in Addis Ababa they were unemployed (44.4%).
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TaBLE 1
Demographic characteristics of the study households in Burkina Faso, Ethiopia, and Nigeria (N = 1797)

Burkina Faso Ethiopia Nigeria
Nouna Ouagadougou Kersa Addis Ababa Ibadan Lagos
Location Overall Rural Urban Rural Urban Rural Urban
N 1,797 297 300 297 288 304 311
Sociodemographic characteristics
Female 658 (36.6) 35 (11.8) 96 (32.0) 66 (22.2) 186 (64.6) 156 (51.3) 119 (38.3)
Age of respondent (mean = SD), years  42.3 = 12.3 484 =131 473 *99 367 7.6 388 =126 414+ 122 408 =129
20-29 230 (13.5) 14 4.7) 7 (2.3) 33 (11.1) 71 (24.7) 51 (18.7) 54 (21.1)
30-39 496 (29.0) 62 (20.9) 50 (16.7) 149 (50.2) 105 (36.4) 66 (24.3) 64 (25.0)
= 40 984 (57.5) 221 (74.4) 243 (81.0) 115(38.7) 112 (38.9) 155 (57.0) 138 (53.9)
Education
None or incomplete primary 778 (43.7) 229 (77.1) 213 (71.0) 221 (74.4) 102 (35.5) 11 (3.7) 2(0.7)
Primary school or incomplete secondary 379 (21.3) 59 (19.9) 81 (27.0) 63 (21.2) 72 (25.1) 84 (28.2) 20 (6.6)
Secondary school or higher 623 (35.0) 9 (3.0) 6 (2.0) 13 (4.4) 113 (39.4) 203 (68.1) 279 (92.7)
Household
Head of household 1,340 (74.6) 258 (86.9) 260 (86.7) 253 (85.2) 227 (78.8) 154 (50.7) 188 (60.5)
Household size 6.4 (=35 9.9 =*50 7330 7.0=x22 42 =17 5325 49 =22
Occupation
Unemployed 203 (11.9) 7 (2.4) 58 (19.3) 26 (8.8) 100 (44.4) 4 (1.3) 8 (2.8)
Farmer or casual labor 565 (33.2) 229 (79.2) 52 (17.3) 257 (86.5) 0 (0.0 19 (6.3) 8 (2.8)
Employed 300 (17.6) 13 (4.5) 50 (16.7) 3(1.0 30 (13.3) 81 (26.9) 123 (42.3)
Student, self-employed, or other 635 (37.3) 40 (13.8) 140 (46.7) 11 (3.7) 95 (42.2) 197 (65.5) 152 (52.2)
Access to safe and clean water for
preparing food 1,568 (87.6) 256 (88.0) 239 (79.7) 197 (66.3) 277 (96.2) 290 (95.7) 309 (99.4)
Access to soap for handwashing 1,748 (98.4) 284 (97.6) 293 (98) 291 (99.0) 286 (99.7) 288 (96.6) 306 (99.4)
Access to water for handwashing 1,771 (98.8) 290 (98.6) 295 (98.3) 296 (99.7) 283 (98.3) 299 (99.0) 308 (99.0)
Provision of school meals for children
stopped during COVID-19 584 (88.9) 208 (94.1) 132 (89.8) 69 (100) 132 (88) 31 (67.4) 12 (50)

Data shown as mean =+ standard deviation (SD) or N (%).

Food prices and food security. Table 2 describes the food
security characteristics of households in the study population. At
all sites, most households reported that the prices of staples,
pulses, fruits, vegetables, and ASFs had increased since the start
of COVID-19, with the overall highest reported increases for sta-
ple grains (90.1%). Up to 98.7% of the households in Lagos and
71.0% (lowest) of households in Nouna reported an increase in
staple grain prices. Up to 98.0% of households in Kersa and
69.6% (lowest) in Nouna reported price increases in pulses.
For vegetables, the highest prevalence of price increases was
reported in Lagos (98.0%) and the lowest prevalence was
reported in Nouna (61.2%). However, for fruits, the highest prev-
alence of price increases was 97.0% in Lagos and the lowest
prevalence was 59.7% in Addis Ababa. Finally, for ASFs, the
highest prevalence of price increases was reported in Lagos
(98.3%) and the lowest was reported in Nouna (61.2%).

Overall, 67.8% of the households reported worrying about run-
ning out of food, with the highest prevalence reported in Kersa
(79.5%) and the lowest prevalence reported in Nouna (44.4%).
Approximately 34.0% of households overall and as many as
70.3% in Ibadan reported skipping a meal during the previous
month. Finally, 15.1% of the households reported not eating
for an entire day, with the highest prevalence in Ibadan (26.3%)
and the lowest prevalence in Kersa (3.0%). Only 12.3% of house-
holds reported receiving social assistance to cope with COVID-
19, with the highest prevalence in Ouagadougou (23.3%) and the
lowest prevalence in Nouna (4.1%). Food assistance was the
most common type of assistance provided; it was received by
7.5% of the study population. Farming was most commonly
practiced in rural communities in Nouna and Kersa. Up to
44.8% of the households in Kersa indicated that crop production
had decreased during the COVID-19 pandemic.

Dietary diversity and diet quality. The mean DDS (+SD)
werelowinNouna (1.3 + 1.4), Ouagadougou (1.8 + 1.4), Kersa
(2.3 = 1.0), Addis Ababa, (1.9 + 1.0), Ibadan (2.0 * 1.8), and
Lagos (2.2 * 1.8). The median (IQR) PDQS were also low in
Nouna (19; 17-21), Ouagadougou (19; 16-21), Kersa (18;
16-20), Addis Ababa (17; 15-19), Ibadan (18; 15-21), and
Lagos (20; 16-23); the maximum PDQS was 40 during the
COVID-19 pandemic.

DDS. Figure 1 shows the consumption of DDS food groups
across the study sites. Regarding the consumption of DDS
food groups overall, at least 50% of the households reported
decreased consumption of staples and at least 40% reported
decreased consumption of legumes, meats, poultry and fish,
other vitamin A-rich vegetables, other vegetables, and other
fruits (results not shown).

In Lagos, at least half of the study households reported
reductions in the consumption of all DDS food groups (Fig-
ure 1A). In Ibadan, similar reductions were reported for all
groups except nuts and seeds, dairy, and vitamin A-rich
dark green vegetables (30-44%). In Kersa, at least 35% of
households reported decreased consumption of staples
and other vegetables. In Addis Ababa, respondents
reported decreased consumption of staples (53.8%), other
vegetables (49.7%), and legumes (45.8%). However,
respondents at the same site reported increased consump-
tion of meats, poultry and fish (64.6%), and eggs (30.2%)
(Figure 1B). Finally, in Nouna, more than 50% of respond-
ents reported decreased consumption of meats, poultry
and fish, and other vitamin A-rich fruits and vegetables;
however, in Ouagadougou, the consumption of food groups
was unchanged for most households during the COVID-19
pandemic.
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TABLE 2
Description of food security characteristics for study households in Burkina Faso, Ethiopia, and Nigeria (N = 1797)

Burkina Faso Ethiopia Nigeria
Overall Nouna Ouagadougou Kersa Addis Ibadan Lagos
N 297 300 297 288 304 311
Staple prices
Unchanged 144 (8.5) 72 (26.5) 34 (12.1) 6 (2.0) 9 (3.6) 20 (6.7) 3 (1.0
Decreased 24 (1.4) 7 (2.6) 0 (0.0 1(0.4) 8 (3.17) 7 (2.4) 1(0.3)
Increased 1,533 (90.1) 193 (71.0) 248 (87.9) 288 (97.6) 235 (93.3) 270 (90.9) 299 (98.7)
Pulse prices
Unchanged 175 (10.5) 75 (27.5) 52 (19.3) 6 (2.0) 19 (7.9) 18 (6.0) 5(1.6)
Decreased 22 (1.3) 8 (2.9) 3(1.1) 0 (0.0 3 (1.3) 6 (2.0) 2 (0.7)
Increased 1,473 (88.2) 190 (69.6) 214 (79.6) 286 (98.0) 218 (90.8) 274 (92.0) 291 (97.7)
Fruits prices
Unchanged 257 (15.6) 94 (36.7) 62 (23.9) 11 (3.8) 61 (24.6) 21 (7.1) 8 (2.7)
Decreased 56 (3.4) 9 (3.5) 1(0.4) 1(0.4) 39 (15.7) 5(1.7) 1(0.3)
Increased 1,335 (81.0) 153 (59.8) 197 (75.8) 276 (95.8) 148 (59.7) 270 (91.2) 291 (97.0)
Vegetables prices
Unchanged 188 (11.1) 89 (34.5) 44 (15.7) 10 (3.4) 18 (6.7) 22 (7.4) 5(1.6)
Decreased 64 (3.8) 11 (4.3) 5(1.8) 2 (0.7) 39 (14.6) 6 (2.0) 1(0.3)
Increased 1,449 (85.1) 158 (61.2) 232 (82.5) 279 (95.9) 211 (75.7) 271 (90.6) 298 (98.0)
Animal source foods prices
Unchanged 207 (12.2) 77 (28.7) 55 (20.2) 11 (3.7) 43 (16.2) 18 (6.0) 3 (1.0
Decreased 51 (3.0) 27 (10.1) 0 (0.0 0 (0.0 15 (5.6) 7 (2.4) 2 (0.7)
Increased 1,440 (84.8) 164 (61.2) 217 (79.8) 283 (96.3) 208 (78.2) 272 (91.6) 296 (98.3)
Food security
Worried you would run out of food
(past month) 1,129 (67.8) 127 (44.4) 193 (64.3) 236 (79.5) 154 (54.2) 220 (73.8) 199 (65.3)
Skipped a meal (past month) 604 (34.0) 39 (13.7) 72 (24.0) 41 (13.9) 57 (19.9) 213 (70.3) 182 (59.1)
Went without eating for a whole day
(past month) 267 (15.1) 27 (9.6) 35 (11.7) 9 (3.0 44 (15.3) 79 (26.3) 73 (23.7)
Social protection
Assistance in cash or other means (local
government, not-for-profit
organization) 220 (12.3) 12 (4.1) 70 (28.3) 43 (14.5) 44 (15.3) 28 (9.2) 23 (7.4)
Cash 47 (2.6) 2 (0.7) 15 (5.0) 12 (4.0) 6 (2.1) 5 (1.6) 7 (2.3
Food 134 (7.5) 7(2.4) 15 (5.0) 31 (10.4) 37 (12.9) 27 (8.9) 17 (5.5)
School meals 5 (0.3) 2 (0.7) 0 (0.0 0 (0.0 1(0.4) 1(0.3) 1(0.3)
Other 55 (3.1) 1(0.3) 47 (15.7) 1(0.3) 4 (1.4) 1(0.3) 1(0.3)
Own crop production was affected by
the COVID-19 emergency
Unchanged 394 (51.8) 124 (43.7) 80 (87.9) 142 (49.3) 3 (60.0) 42 (56.8) 3 (15.8)
Production has decreased 246 (32.3) 77 (27.1) 10 (11.0) 129 (44.8) 1 (20.0) 23 (31.1) 6 (31.6)
Production has increased 121 (15.9) 83 (29.2) 1(1.1) 17 (5.9) 1 (20.0) 9 (12.2) 10 (52.6)

COVID-19 = coronavirus disease 2019. Data shown are N (%). Crop production frequencies shown are only among those participating in farming.

PDQS. The consumption of healthy and unhealthy food
groups for the PDQS is presented in Figure 2. Across all sites,
more than one-third of households reported that consumption
of healthy (Vitamin-A rich vegetables and fruits, legumes, cru-
ciferous vegetables, citrus and other fruits, poultry, legumes,
and eggs) and unhealthy food groups (red meat, potato, roots
and tubers, sugar-sweetened beverages, and refined grains)
had decreased compared with that during pre-COVID-19
times (results not shown).

In Lagos, at least half of all respondents indicated that
consumption of all healthy food groups had declined, with
reductions up to 71.4% for poultry and 66.3% for legume
consumption compared with that during pre-COVID-19
times. In lbadan, at least 50% of the households reported
that consumption of healthy (other vitamin A-rich vegetables,
citrus fruits, fish, poultry, legumes, and eggs) and unhealthy
(red meats and refined grains) food groups had also
decreased during the same time period. In Kersa, decreases
in cruciferous and dark green leafy vegetables consumption
were reported by at least one-quarter of the households. In
Addis Ababa, at least 40% of households reported
decreases in the consumption of cruciferous vegetables

and legumes but increased consumption of red meats
(45.1%) and poultry (56.3%) during the same time period.
Finally, in Nouna, at least 40% of the respondents reported
decreased consumption of other vitamin A-rich vegetables,
cruciferous vegetables, poultry, and legumes. Red meat con-
sumption also decreased similarly in Nouna (Figure 2Bi).
Consumption patterns remained mostly unchanged during
the COVID-19 pandemic in Ouagadougou. Figure 3 shows
the mean DDS for each study site prior to the COVID-19 pan-
demic and during the time of the pandemic. The DDS was
lower in all sites, except Kersa and Ouagadougou, during
the COVID-19 emergency.

Changes in food prices and other predictors of dietary
diversity and quality. We evaluated the association of the
increase in food prices with DDS during the COVID-19 pan-
demic in the combined models for all countries (Table 3) and
country-specific models (Table 4). We found no overall associ-
ations among changes in the prices of staples, fruits, and ASFs
and dietary diversity for men and women. However, we found
that an increase in the price of pulses was associated with a
lower DDS (multivariate-adjusted estimate, —0.35; 95% Cl,
—0.74 10 0.03; P = 0.07) (Table 3) according to the combined
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Ficure 1. Changes in consumption of Minimum Dietary Diversity for Women (MDD-W) food groups before and during the coronavirus disease
2019 (COVID-19) pandemic in Burkina Faso, Ethiopia, and Nigeria. (A) Decreasing consumption of dietary diversity score (DDS) food groups in
Burkina Faso, Ethiopia, and Nigeria during the COVID-19 pandemic. (B) Increasing consumption of DDS food groups in Burkina Faso, Ethiopia,
and Nigeria during the COVID-19 pandemic.

analysis. An increase in the price of vegetables was associated not engaging in farming (multivariate-adjusted estimate,
with a higher DDS (multivariate-adjusted estimate, 0.22; 95% —0.72, 95% CIl: —1.16 to —0.27) were associated with lower
Cl, 0.08 to 0.37; P < 0.01). Lower crop production (multivari- DDS according to the combined analysis. Finally, being a

ate-adjusted estimate, —0.54; 95% CI, —0.80 to —0.27) and farmer or a casual laborer (multivariate-adjusted estimate,
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Ficure 2A. (A) Changes in the consumption of healthy Prime Diet Quality Scores (PDQS) food groups before and during the coronavirus
disease 2019 (COVID-19) pandemic in Burkina Faso, Ethiopia, and Nigeria. (Ai) Decreasing consumption of healthy PDQS food groups in Burkina
Faso, Ethiopia, and Nigeria during the COVID-19 pandemic. (Aii) Increasing consumption of healthy PDQS food groups in Burkina Faso, Ethiopia,
and Nigeria during the COVID-19 pandemic.

—0.44; 95% CI, —0.87 to —0.01) was associated with a lower (multivariate-adjusted estimate, —0.47; 95% Cl, —0.82 to
DDS than being employed (Table 3). —0.11) during the COVID-19 emergency (Table 4). Similar asso-

In country-specific models, we found that in Burkina Faso, an ciations with lower agricultural production were observed in
increase in the price of pulses was associated with a lower DDS Burkina Faso (multivariate-adjusted estimate, —0.72; 95%
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Ficure 2A. Continued.

Cl, —1.07 to —0.38) and Ethiopia (multivariate-adjusted esti-
mate, —0.31; 95% CI, —0.54 to —0.08) (Table 4). In Nigeria,
skipping a meal (Nigeria) or not eating for an entire day during
the previous 30 days were associated with lower dietary
diversity (Table 4). Finally, residing in a rural area was associ-
ated with consumption of less diverse diets in Burkina

Faso (multivariate-adjusted estimate, —0.52; 95% CI, —0.89
to —0.16).

In secondary analysis, we found found no significant associ-
ations between increases in the prices of staples, pulses, fruits,
vegetables, and ASFs and the PDQS during the COVID-19
pandemic in adjusted models (Supplemental Table 2).
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Ficure 2B.  (B) Consumption of unhealthy PDQS food groups before and during the COVID-19 pandemic in Burkina Faso, Ethiopia, and Nigeria.
(Bi) Decreasing consumption of unhealthy PDQS food groups in Burkina Faso, Ethiopia, and Nigeria during the COVID-19 pandemic. (Bii) Increasing
consumption of unhealthy PDQS food groups in Burkina Faso, Ethiopia, and Nigeria during the COVID-19 pandemic

Lower crop production (multivariate-adjusted estimate,
—1.13;95% CI, —1.85 to —0.40) and not engaging in farming
(multivariate-adjusted estimate, —1.68; 95% CI, —2.04 to
—1.33) were associated with lower PDQS during the COVID-
19 pandemic. Not eating for a whole day during the past month
(multivariate-adjusted estimate, —0.85; 95% Cl, —1.32 to
—0.38) was associated with a lower PDQS. Being unemployed
(multivariate-adjusted estimate, —0.97; 95% Cl, —1.76 to
—0.18), being a farmer or a casual laborer (multivariate-
adjusted estimate, —1.13;95% Cl, —2.24 to —0.02), and being
self-employed or a student (multivariate-adjusted estimate,
—0.83; 95% CI, —1.97 to —0.20) were associated with lower
PDQS than being employed.

DISCUSSION

Overall, we found that in all SSA sites evaluated during this
study, most respondents reported that prices for staples,
pulses, fruits, vegetables and ASFs had increased during the
COVID-19 emergency. Additionally, dietary diversity and qual-
ity decreased modestly compared to pre-COVID-19 times
across most sites. We found that increases in the price of
pulses were associated with lower DDS. We also found a

significant association between increases in the prices of veg-
etables and higher DDS overall. However, we found no signif-
icant association between increases in the prices of key food
groups and diet quality for participants.

The impact of the COVID-19 crisis on food security and
nutrition in low-income and middle-income countries is an
area of continued research. In our study, we found that all sites
reported that prices of key food groups had increased during
the COVID-19 pandemic, with most notable increases
observed in Ethiopia and Nigeria. These findings are consis-
tent with the projections of previous studies. Early estimates
anticipated that the effects of COVID-19 on food systems in
low-income and middle-income countries would include dis-
ruptions in food supplies as a result of restrictions on the
movement of people, export restrictions that disrupted trade
flows and supply chains including for staple foods (such as
wheat and rice), economic downturn and loss of income.'®27
The impacts of these were expected to include decreased
availability of food and increased food prices, resulting in
lower access to food and shifts in consumer demand toward
cheaper and less nutritious foods.'® We believe that disrup-
tions in the availability and affordability of nutritious food
during our study could have occurred because of various
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reasons. The causes of disruptions in the supply chain are
likely to vary in different contexts (e.g., rural compared with
urban locations). In some locations, particularly in urban areas,
restrictions caused by the lockdowns and related disrupted
physical mobility (and market closures) and job losses may
have more importantly affected dietary diversity. Alternatively,
in rural areas, disruptions to food transport or the lack of
means to transport food commodities for sale would have
led to losses for farmers. Additionally, limited access to inputs
(e.g., seeds and fertilizers) would have decreased production.
A recent study conducted in Zimbabwe found that COVID-
19-related lockdowns led to increased food prices for 95%
and decreased availability of nutritious foods for 64% of the
respondents.?8 This is consistent with the results of a previous
study performed during the global food crisis in 2008 that
reported that the food crisis led to increased prices for fish
(113%), cereals (53%), and vegetable oil (44%) in local mar-
kets in Burkina Faso.2° Therefore, our findings of potential
increases in food prices are plausible. It is important to note
that although increases occurred across all sites, the extent
of the increases was more severe in Nigeria and Kersa.
Overall, this study showed decreased consumption of diver-
sified diets during the COVID-19 pandemic, with the consump-
tion of staples, legumes, and other vegetables decreasing for
at least 40% of all households across all sites except Kersa
and Ouagadougou. In Burkina Faso, we found that although

consumption of staples, legumes, fruits, vegetables, and
meats decreased, along with dietary diversity in Nouna, con-
sumption was relatively unchanged in Ouagadougou during
the COVID-19 crisis. For the PDQS food groups, decreases
were noted, although to a lesser extent across sites. It was
notable that in Lagos, more than 50% of the respondents
reported decreased consumption of all healthy food groups
for the PDQS. Conversely, the consumption of poultry, eggs,
and red meat was reportedly higher in Addis Ababa compared
with the period before COVID-19.

Our findings of decreasing overall dietary diversity and qual-
ity at most sites were consistent with our expectations. How-
ever, decreases in DDS and PDQS were small in Ethiopia. This
is consistent with a recent study performed in Addis Ababa
that reported that despite previous studies documenting
extensive losses of incomes, food consumption and house-
hold dietary diversity were largely unchanged during the
COVID-19 pandemic.®® This was attributed to the fact that
Ethiopia did not have a total lockdown that severely restricted
movement like its neighboring countries.*°

During this study, we found that higher pulse prices were
associated with the consumption of less diversified diets in
Burkina Faso. Increases in the prices of pulses (which tend to
be acheaper alternative to ASFs, but more expensive than veg-
etables) are likely to lead to their substitution from the diet,
resulting in less diversity in intake. Previous studies suggested
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Ficure 3.  Mean dietary diversity score (DDS) before the coronavirus disease 2019 (COVID-19) pandemic and during the pandemic in Burkina
Faso, Ethiopia, and Nigeria. (A) DDS based on the consumption of 10 food groups (based on the Minimum Dietary Diversity for Women [MDD-W]
food groups). (B) For Kersa, the dietary intake excludes other vitamin A-rich fruits and vegetables group. For Addis Ababa, the dietary intake

excludes citrus fruits and other fruits groups.

that decreasing dietary diversity is a common strategy for
households to cope with higher staple food prices, along
with changing the quality and quantity of foods consumed.®'%2
This finding is concerning considering that legumes are an
important part of the diet as a source of protein and essential
amino acids such as lysine, carbohydrates, dietary fiber, B vita-
mins such as folate, and minerals such as calcium and zinc.*®
Therefore, areduction in the consumption of legumes will neg-
atively impact nutrition for vulnerable households.

We also found that increased prices of vegetables were
associated with consumption of more diversified diets during
the cross-country analysis and in Ethiopia. A plausible expla-
nation for our findings is that increasing vegetable prices may
be beneficial for households selling vegetables because
increased income could be used to purchase diets that are
more diverse.

We found that crop production was prevalent and farming
was a key livelihood in the rural sites of Nouna and Kersa.
However, decreases in agricultural production during the
COVID-19 pandemic were noted in both areas. A previous
study performed in Ethiopia found that COVID-19 disruptions
affected vegetable farmers because of limited access to

services and the unavailability of on-farm labor, as well as
increased production costs and decreased availability of
inputs.®* The study found increased vegetable prices as a
result of lower agricultural production and the need to import
foods.®* The reported decreases in agriculture production at
our study sites could potentially impact food prices in these
areas.

We found that decreased crop production was associated
with less diverse diets. This finding suggested that crop pro-
duction may be an important contributor to diversified dietary
intake in the countries studied. This is consistent with previous
findings that crop production can influence dietary diversity
through production diversity and income pathways.®>2¢ The
effects of COVID-19 on agriculture production and dietary
diversity could be partially attributable to disruptions of supply
chains, including for inputs, delayed or lower harvests, dam-
age of perishable produce, and loss of income for farmers.®”
Telephone surveys were used to evaluate the effects of
COVID-19 on food systems in India,3® where farmers reported
initial disruptions in production, sales, and prices, as well as
lower incomes from agriculture because of COVID-19 restric-
tions. Households reported disruptions to their diets, with
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TaBLE 3

Association of increase in food prices with the DDS for men and women during the COVID-19 emergency in Burkina Faso, Ethiopia and Nigeria rural
and urban sites

Univariate

Multivariatet

Staple prices
No change or decreased
Increased

Pulse prices
No change or decreased
Increased

Fruits prices
No change or decreased
Increased

Vegetables prices
No change or decreased
Increased

Animal source foods prices
No change or decreased
Increased

Own crop production affected
Unchanged
Production has decreased
Production has increased
Does not farm

Food security

Worried you would run out of food (past month)
No
Yes

Skipped a meal (past month)
No
Yes

Went without eating for a whole day (past month)
No
Yes

Age, years
20-29
30-39
= 40

Respondent
Female
Male

Education
None or incomplete primary
Primary school or incomplete secondary
Secondary school or higher

Household head

Household size

Occupation
Unemployed
Farmer or casual labor
Employed
Student, self-employed, or other
Rural
Urban

ref
0.03 (—0.13 to 0.19)

ref
—0.14 (—0.44 to 0.16)

ref
0.03 (—-0.14 to 0.19)

ref
0.13 (—0.06 to 0.32)

ref
0.05 (—0.08 to 0.17)

ref
—0.58 (—0.85 to —0.31)***
0.17 (-0.15 to 0.49)
—0.65 (—1.07 to —0.23)**

ref
0.05 (—0.39 to 0.48)

ref
—0.45 (—0.85 to —0.05)*

ref
-0.43 (—0.76 to —0.11)*

ref
—0.17 (—0.29 to —0.04)*
—0.16 (—0.33 to 0.00)*

ref
—0.01 (—=0.14 to 0.11)

-0.11 (—-0.35t0 0.12)
ref
0.23 (—0.10 to 0.57)
—0.19 (—0.29 to —0.09)***
—0.01 (—0.03 to 0.02)

—0.35 (—0.90 to 0.20)

—0.48 (—1.08 to 0.12)
ref

—0.27 (—0.68 to 0.13)

—0.14 (—0.67 to 0.40)
ref

ref
0.21 (=0.17 to 0.59)

ref
—0.35 (—0.74 to 0.03)

ref
—0.04 (—0.16 to 0.07)

ref
0.22 (0.08 to 0.37)**

ref
0.05 (—0.11 to 0.20)

ref
—0.54 (—0.80 to —0.27)***
0.14 (—0.28 to 0.55)
—0.72 (—1.16 to —0.27)**

ref
—0.33 (—0.74 to 0.08)

ref
—0.21 (—0.45 to 0.03)

ref
—0.09 (—0.27 to 0.08)
—0.09 (—0.30 to 0.12)

ref
0.03 (-0.12 to 0.17)

0.00 (—=0.14 to 0.14)
ref
0.13 (—-0.12 to 0.39)
—0.15 (—0.34 to0 0.12)
—0.01 (—0.02 to 0.01)

—0.30 (—0.78 to 0.19)

—0.44 (—0.87 to —0.01)*
ref

—0.24 (—0.54 to 0.07)

—0.27 (—0.69 to 0.15)
ref

COVID-19 = coronavirus disease 2019; DDS = dietary diversity score.

*P < 0.05, ** P < 0.01, *** P < 0.001. Combined model for Burkina Faso, Ethiopia, and Nigeria rural and urban sites. Generalized estimating equation (GEE) linear models with exchangeable

correlation were used, controlling for clustering by site.

1 The multivariate model included covariates significant at P < 0.20 in the univariate models. The models evaluated the association of changes in prices for staples, legumes, fruits, vegetables, and
animal source foods with the DDS. Models were adjusted for food security (skipped a meal during the past month: no/yes), went a whole day without eating (no/yes), age (2029, 30-39, = 40 years),
respondent sex (female/male), education (none or incomplete primary, primary school or incomplete secondary, secondary school or higher), household head (no/yes), occupation (unemployed,
farmer or casual labor, employed, student, self-employed, or other), own crop production affected (unchanged, production has decreased, production has increased, not engaged in farming), and

rural location. We forced food production and household size into the multivariate model.

decreases in the consumption of fruit and ASFs, excluding
dairy, whereas vegetable consumption increased in some
households.®® A subsequent study indicated that market
reforms helped mitigate price increases for vegetables and
wheat because of COVID-19 restrictions in this context.®
This suggests that policy interventions during the COVID-19
pandemic can influence food prices.

When we evaluated food security during the study, we found
that the majority of the households had worried about

food during the previous month, many skipped a meal (up to
70% in Ibadan and 59% in Lagos), and 15% did not eat for a
whole day during the previous 30 days. We found that food
insecurity (skipping a meal and not eating for an entire day)
was negatively associated with dietary diversity and quality
in Nigeria. A previous study in the same context found that
households that had been exposed tolockdowns experienced
increased food insecurity, as well as reduced wages and
farming activities.*® We also found that farming/casual
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labor was associated with lower dietary diversity and quality
compared with formal employment. This may indicate that
those who are formally employed may be affected to a lesser
extent by lockdowns. Studies show that COVID-19 restric-
tions tend to have a greater impact on informal employment
and casuallabor, as job losses are more likely for these sectors,
and that those who are casually employed or unemployed may
be more vulnerable and have fewer coping strategies.*' A
study conducted in rural Malawi and Liberia found that market
activity was severely disrupted in response to COVID-19
restrictions, and thatincome decreased, particularly for market
vendors.*? In Nigeria, COVID-19-related food price increases
were associated with food insecurity, and poorer households
and those engaged in nonfarm business activities were most
affected.*® Those findings are consistent with our findings.

There were several strengths to our study. We used a novel
design and platform to conduct telephone surveys in multiple
countries in SSA (Burkina Faso, Ethiopia, and Nigeria) to gen-
erate comparable data regarding the effect of COVID-19 on
prices of main food groups (staples, pulses, fruits, vegetables
and ASF) and to assess the impact of changes in prices on die-
tary diversity and quality the context of the COVID-19 emer-
gency. Study limitations included our cross-section study
design, our inability to assign causality, and possible residual
confounding. We adjusted for socio-economic and other
household factors, including education level and the age
and sex of the respondent to address issues of potential con-
founding. Finally, we did not assess MDD-W based on 24-hour
dietary recall; therefore, we had to standardize the frequency
of consumption over the course of 7 days to consumption in
aday. Therefore, the DDS measure may have underestimated
the diversity of intake during the study. However, we believe
that the decreases in consumption for the DDS were consis-
tent with the observed decreases in the PDQS during the
COVID-19 pandemic, as well as the associations observed
for food security and other factors.

In conclusion, we observed potential negative effects of
COVID-19 (both direct and indirect) on agriculture production,
food prices for staples and other nutrient-dense food groups,
food security, and dietary diversity and quality in Burkina Faso,
Ethiopia, and Nigeria. These factors may impact the nutrition
and health of vulnerable groups in these countries and require
scrutiny by policymakers and programs in these countries.
The price increases and worsening dietary diversity and qual-
ity call for social protection and other strategies to increase the
availability and affordability of nutrient-rich foods during the
COVID-19 pandemic and other public health emergencies.
Monitoring and tracking of changes in these factors within
and across countries are imperative for informed decision-
making and quick responses to address and mitigate potential
negative effects on health and nutrition.

Received December 22, 2020. Accepted for publication April 9, 2021.
Published online June 23, 2021.
Note: Supplemental figure and tables appear at www.atjmh.org.

Acknowledgments: We thank the study participants in Burkina Faso,
Ethiopia, and Nigeria for their participation in the study. The American
Society of Tropical Medicine and Hygiene has waived the Open Access
fee for this article due to the ongoing COVID-19 pandemic.

Financial support: The Bill & Melinda Gates Foundation grant
OPP1179606 as well as institutional support from the Heidelberg Insti-
tute of Global Health, Germany, and the Harvard T.H. Chan School of
Public Health, USA, supported this work.

Disclosure: The authors report no conflict of interest relevant to this
article.

Authors’ addresses: Isabel Madzorera, Elena C. Hemler, Michelle L.
Korte, Dongging Wang, Josiemer Mattei, and Wafaie W. Fawzi, Depart-
ment of Global Health and Population, Harvard T.H. Chan School of
Public Health, Harvard University, Boston, MA, E-mails: ism313@mail.
harvard.edu, ehemler@hsph.harvard.edu, mkorte@hsph.harvard.edu,
dgwang@hsph.harvard.edu, jmattei@hsph.harvard.edu, and mina@
hsph.harvard.edu. Abbas Ismail, College of Natural and Mathematical
Sciences, University of Dodoma, Dodoma, Tanzania, E-mail:
abbasism2003@yahoo.co.uk. Adedokun A. Olufemi and Ayoade
Oduola, University of Ibadan Research Foundation, University of
Ibadan, Ibadan, Nigeria, E-mails: adedokunolufemi@gmail.com and
amjoduola@hotmail.com. Nega Assefa, College of Health and Medical
Sciences, Haramaya University, Harar, Ethiopia, E-mail: negaassefa@
yahoo.com. Firehiwot Workneh and Yemane Berhane, Department of
Epidemiology and Biostatistics, Addis Continental Institute of Public
Health, Addis Ababa, Ethiopia, E-mails: firehiwotwaciph@gmail.com
and yemaneberhane@gmail.com. Bruno Lankoande and Abdramane
Soura, Institut Supérieur des Sciences de la Population, University of
Ouagadougou, Ouagadougou, Burkina Faso, E-mails: blankoande@
issp.bf and asoura@issp.bf. Angela Chukwu, Department of Statistics,
University of Ibadan, Ibadan, Nigeria, E-mail: unnachuks2002@yahoo.
co.uk. Millogo Ourohire and Ali Sie, Nouna Health Research Center,
Nouna, Burkina Faso, E-mails: ourohire2001@yahoo.fr and sieali@
yahoo.fr.

This is an open-access article distributed under the terms of the
Creative Commons Attribution (CC-BY) License, which permits unre-
stricted use, distribution, and reproduction in any medium, provided
the original author and source are credited.

REFERENCES

1. Wiersinga WJ, Rhodes A, Cheng AC, Peacock SJ, Prescott HC,
2020. Pathophysiology, transmission, diagnosis, and treatment
of coronavirus disease 2019 (COVID-19): a review. JAMA 324:
782-793.

2. Moti UG, Ter Goon D, 2020. Novel coronavirus disease: a delicate
balancing act between health and the economy. Pak J Med Sci
36: S134.

3. WHO, 2020. COVID-19 Situation Reports. Available at: https://
www.who.int/emergencies/diseases/novel-coronavirus-2019/
situation-reports. . Accessed March 10, 2021.

4. United Nations, 2020. United Nations Policy Brief: The Impact of
COVID-19 on Food Security and Nutrition.

5. Ayanlade A, Radeny M, 2020. COVID-19 and food security in Sub-
Saharan Africa: implications of lockdown during agricultural
planting seasons. npj Science of Food 4: 1-6.

6. Gilbert M, Pullano G, Pinotti F, Valdano E, Poletto C, Boélle P-Y,
d’Ortenzio E, Yazdanpanah Y, Eholie SP, Altmann M, 2020. Pre-
paredness and vulnerability of African countries against importa-
tions of COVID-19: a modelling study. Lancet 395: 871-877.

7. Anoba IB, 2019. How a Population of 4.2 Billion Could Impact
Africa by 2100: The Possible Economic. The SAIS Review of
International Affairs. Baltimore, MD: Johns Hopkins University.

8. WHO, 2020. Impact of COVID-19 on People’s Livelihoods, their
Health and our Food Systems. Available at: https://www.who.
int/news/item/13-10-2020-impact-of-covid-19-on-people's-
livelihoods-their-health-and-our-food-systems.  Accessed
November 20, 2020.

9. Erokhin V, Gao T, 2020. Impacts of COVID-19 on trade and eco-
nomic aspects of food security: evidence from 45 developing
countries. Int J Environ Res Public Health 17: 5775.

10. Devereux S, Béné C, Hoddinott J, 2020. Conceptualising
COVID-19’s impacts on household food security. Food Secur
12: 769-772.


http://www.atjmh.org
mailto:ism313@mail.harvard.edu
mailto:ism313@mail.harvard.edu
mailto:ehemler@hsph.harvard.edu
mailto:mkorte@hsph.harvard.edu
mailto:dqwang@hsph.harvard.edu
mailto:jmattei@hsph.harvard.edu
mailto:mina@hsph.harvard.edu
mailto:mina@hsph.harvard.edu
mailto:abbasism2003@yahoo.co.uk
mailto:adedokunolufemi@gmail.com
mailto:amjoduola@hotmail.com
mailto:negaassefa@yahoo.com
mailto:negaassefa@yahoo.com
mailto:firehiwotwaciph@gmail.com
mailto:yemaneberhane@gmail.com
mailto:blankoande@issp.bf
mailto:blankoande@issp.bf
mailto:
mailto:unnachuks2002@yahoo.co.uk
mailto:unnachuks2002@yahoo.co.uk
mailto:ourohire2001@yahoo.fr
mailto:sieali@yahoo.fr
mailto:sieali@yahoo.fr
https://creativecommons.org/licenses/by/4.0/
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports
https://www.who.int/news/item/13-10-2020-impact-of-covid-19-on-people's-livelihoods-their-health-and-our-food-systems
https://www.who.int/news/item/13-10-2020-impact-of-covid-19-on-people's-livelihoods-their-health-and-our-food-systems
https://www.who.int/news/item/13-10-2020-impact-of-covid-19-on-people's-livelihoods-their-health-and-our-food-systems

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

COVID-19, FOOD SECURITY, AND DIETARY DIVERSITY AND QUALITY IN SSA

Haider N et al., 2020. Lockdown measures in response to COVID-
19 in nine sub-Saharan African countries. BMJ Glob Health 5:
e003319.

Coibion O, Gorodnichenko Y, Weber M, 2020. Labor Markets dur-
ing the COVID-19 Crisis: A Preliminary View. National Bureau of
Economic Research.

Akseer N, Kandru G, Keats EC, Bhutta ZA, 2020. COVID-19 pan-
demic and mitigation strategies: implications for maternal and
child health and nutrition. Am J Clin Nutr 112: 251-256.

UNICEF, 2020. Situation Tracking for COVID-19 Socio-economic
Impacts. New York, NY: UNICEF.

Laborde D, Martin W, Swinnen J, Vos R, 2020. COVID-19 risks to
global food security. Science 369: 500-502.

Headey D et al., 2020. Impacts of COVID-19 on childhood malnu-
trition and nutrition-related mortality. Lancet 396: 519-521.

Darling AM, Assefa N, Barnighausen T, Berhane Y, Canavan CR,
Guwatudde D, Killewo J, Oduola A, Sando MM, Sie A, 2020.
Design and field methods of the ARISE Network Adolescent
Health Study. Trop Med Int Health 25: 5-14.

Hemler EC, Korte M, et al., 2021. Design and field methods of the
ARISE Network COVID-19 rapid monitoring survey. Am J Trop
Med Hyg 105: 311-323.

FAO, 2016. Minimum Dietary Diversity for Women: A Guide to
Measurement Food and Agriculture Organization of the United
Nations and USAID. Rome, ltaly: FAO.

Martin-Prével Y, Allemand P, Wiesmann D, Arimond M, Ballard T,
Deitchler M, Dop MC, Kennedy G, Lee WT, Mousi M, 2015.
Moving Forward on Choosing a Standard Operational Indicator
of Women'’s Dietary Diversity. Rome, Italy: FAQO.

Fung TT, Isanaka S, Hu FB, Willett WC, 2018. International food
group-based diet quality and risk of coronary heart disease in
men and women. Am J Clin Nutr 107: 120-129.

Gicevic S, Gaskins AJ, Fung TT, Rosner B, Tobias DK, Isanaka S,
Willett WC, 2018. Evaluating pre-pregnancy dietary diversity vs.
dietary quality scores as predictors of gestational diabetes and
hypertensive disorders of pregnancy. PLoS One 13: e0195108.

Madzoreral, Isanaka S, Wang M, Msamanga Gl, Urassa W, Hertz-
mark E, Duggan C, Fawzi WW, 2020. Maternal dietary diversity
and dietary quality scores in relation to adverse birth outcomes
in Tanzanian women. Am J Clin Nutr 112: 695-706.

Liang K, Zeger S, 1986. A comparison of two bias-corrected
covariance estimators for generalized estimating equations.
Biometrika 73: 13-22.

Coates J, Swindale A, Bilinsky P, 2007. Household Food Insecu-
rity Access Scale (HFIAS) for Measurement of Household Food
Access: Indicator Guide (v. 3). Washington, DC: FHI 360/
FANTA.

Groenwold RHH, White IR, Donders ART, Carpenter JR, Altman
DG, Moons KGM, 2012. Missing covariate data in clinical
research: when and when not to use the missing-indicator
method for analysis. CMAJ 184: 1265-1269.

Aday S, Aday MS, 2020. Impact of COVID-19 on the food supply
chain. Food Quality and Safety 4: 167-180.

Matsungo TM, Chopera P, 2020. The effect of the COVID-19
induced lockdown on nutrition, health and lifestyle patterns
among adults in Zimbabwe. medRxiv.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

309

Martin-Prevel Y, Becquey E, Tapsoba S, Castan F, Coulibaly D,
Fortin S, Zoungrana M, Lange M, Delpeuch F, Savy M, 2012.
The 2008 food price crisis negatively affected household food
security and dietary diversity in urban Burkina Faso. J Nutr
142: 1748-1755.

Hirvonen K, de Brauw A, Abate GT, 2020. Food Consumption and
Food Security during the COVID-19 Pandemic in Addis Ababa:
IFPRI Discussion Paper 01964. Washington, DC, International
Food Policy Research Institute.

KC KB, Legwegoh AF, Therien A, Fraser EDG, Antwi-Agyei P,
2018. Food price, food security and dietary diversity: a compar-
ative study of urban Cameroon and Ghana. J Int Dev 30: 42-60.

Gustafson DJ, 2013. Rising food costs and global food security:
key issues and relevance for India. Indian J Med Res 138:
398-410.

Maphosa Y, Jideani VA, 2017. The Role of Legumes in Human
Nutrition, Functional Food - Improve Health through Adequate
Food. Maria Chavarri Hueda, IntechOpen. doi: 10.5772/inte-
chopen.69127. Available at: https://www.intechopen.com/
books/functional-food-improve-health-through-adequate-food/
the-role-of-legumes-in-human-nutrition.

Minten B, Mohammed B, Tamru S, 2020. Emerging medium-scale
tenant farming, gig economies, and the COVID-19 disruption:
the case of commercial vegetable clusters in Ethiopia. Eur J
Develop Res 32: 1402-1429.

Dillon AM, Oseni K, Gbemisola, 2015. Agricultural production,
dietary diversity and climate variability. J Develop Studies 51:
976-995.

Madzorera | et al., 2021. Food crop diversity, women’s income-
earning activities, and distance to markets in relation to mater-
nal dietary quality in Tanzania. J Nutr 151: 186-196.

Bhavani RV, Gopinath R, 2020. The COVID19 pandemic crisis and
the relevance of a farm-system-for-nutrition approach. Food
Secur 12: 881-884.

Harris J, Depenbusch L, Pal AA, Nair RM, Ramasamy S, 2020.
Food system disruption: initial livelihood and dietary effects of
COVID-19 on vegetable producers in India. Food Secur 12:
841-851.

Varshney D, Roy D, Meenakshi JV, 2020. Impact of COVID-19 on
agricultural markets: assessing the roles of commodity charac-
teristics, disease caseload and market reforms. Indian Econ
Rev 55: 83-1083.

Amare MA, Kibrom A, Tiberti L, Chamberlin J, 2020. Impacts of
COVID-19 on Food Security: Panel Data Evidence from Nigeria.
IFPRI Discussion Paper 1956. Washington, DC: International
Food Policy Research Institute (IFPRI). Available at: https://
doi.org/10.2499/p15738coll2.133866.

FAO, 2020. Impact of COVID-19 on Informal Workers. Rome, ltaly:
FAO.

Aggarwal S, Jeong D, Kumar N, Park DS, Robinson J, Spearot A,
2020. Did COVID-19 Market Disruptions Disrupt Food Security?
Evidence from Households in Rural Liberia and Malawi. In:
NBER Working Paper No w27932. National Bureau of Eco-
nomic Research.


https://www.intechopen.com/books/functional-food-improve-health-through-adequate-food/the-role-of-legumes-in-human-nutrition
https://www.intechopen.com/books/functional-food-improve-health-through-adequate-food/the-role-of-legumes-in-human-nutrition
https://www.intechopen.com/books/functional-food-improve-health-through-adequate-food/the-role-of-legumes-in-human-nutrition
https://doi.org/10.2499/p15738coll2.133866
https://doi.org/10.2499/p15738coll2.133866

	TF1
	TF2
	TF3
	TF4
	TF5
	TF6
	TF7
	TF8

