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Abstract

Background

Sub-Saharan Africa faces prolonged COVID-19 related impacts on economic activity, liveli-
hoods and nutrition, with recovery slowed down by lagging vaccination progress.

Objective

This study investigated the economic impacts of COVID-19 on food prices, consumption
and dietary quality in Burkina Faso, Ethiopia, Ghana, Nigeria, and Tanzania.

Methods

We conducted a repeated cross-sectional study using a mobile platform to collect data from
July-December, 2021 (round 2). We assessed participants’ dietary intake of 20 food groups
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over the previous seven days and computed the primary outcome, the Prime Diet Quality
Score (PDQS), and Dietary Diversity Score (DDS), with higher scores indicating better qual-
ity diets. We used generalized estimating equation (GEE) linear regression models to
assess factors associated with diet quality during COVID-19.

Results

Most of the respondents were male and the mean age was 42.4 (+12.5) years. Mean PDQS
(+SD) was low at 19.4(£3.8), out of a maximum score of 40 in this study. Respondents
(80%) reported higher than expected prices for all food groups. Secondary education or
higher (estimate: 0.73, 95% CI: 0.32, 1.15), medium wealth status (estimate: 0.48, 95% CI:
0.14, 0.81), and older age were associated with higher PDQS. Farmers and casual laborers
(estimate: -0.60, 95% CI: -1.11, -0.09), lower crop production (estimate: -0.87, 95% ClI:
-1.28, -0.46) and not engaged in farming (estimate: -1.38, 95% CI: -1.74, -1.02) were associ-
ated with lower PDQS.

Conclusion

Higher food prices and lower diet quality persisted during the COVID-19 pandemic. Eco-
nomic and social vulnerability and reliance on markets (and lower agriculture production)
were negatively associated with diet quality. Although recovery was evident, consumption of
healthy diets remained low. Systematic efforts to address the underlying causes of poor diet
quality through transforming food system value chains, and mitigation measures, including
social protection programs and national policies are critical.

Introduction

The coronavirus disease 2019 (COVID-19) continues to affect the social, economic and health
status of individuals and communities globally and has exposed significant inequalities by
income, socio-demographic factors and geographic location [1]. Despite the persistent
improvement of health globally, some settings continue to face greater threats to health and
well-being during public health emergencies due to prevailing social, economic, political, and
environmental conditions, and the COVID-19 pandemic is not an exception with greater
impacts on the socially disadvantaged, including on the African continent [2, 3].

The absolute number of reported cases and mortality due to COVID-19 in Africa has been
lower than in other regions, with 8.4 million cases and 170,300 deaths reported by March 2022
[4]. However, challenges with emerging variants are likely to continue in the region due to vac-
cine hesitancy and low vaccination coverage, in contrast to declining global cases and recovery
of economiies [5, 6]. Further, Sub-Saharan Africa (SSA) was already grappling with economic
and health challenges before the pandemic, so the impacts of COVID-19 could be more long-
lasting than in developed regions [7]. Poverty had been increasing globally before the COVID-
19 pandemic and 768 million people were hungry in 2020 [8]. The African continent contrib-
uted more than one-third (282 million) of the hungry, and it has been projected that due to the
COVID-19 pandemic, hunger will increase globally and even more in SSA [8]. Additionally,
further increases in child stunting and wasting in SSA are anticipated [9].

The impact of COVID-19 on economic growth in SSA remains severe [8]. SSA economies
are expected to continue to experience recession and slower economic growth, disruptions of
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agriculture and production, and trade-related constraints if efforts to control COVID-19
remain limited [10]. Further, trade and fiscal deficits are likely to further adversely affect health
and nutrition [11]. Countries and communities in SSA also continue to recover from COVID-
19 related disruptions to livelihoods and access to key nutrition and food security services

[12].

Prior to the COVID-19 pandemic, SSA food systems were already vulnerable to the influ-
ence of global markets, changing desirability, and poor food environments [13]. Studies early
during the pandemic anticipated declines in food affordability, due to disruptions of food
value chains, at the production, processing and distribution stages, and changes in consumer
demand, with prices for major crops most affected [13, 14]. COVID-19 has also impacted ven-
dors, markets and regulations with downstream effects on food availability, quality and prices
[15]. Further, impacts on food security and dietary quality were anticipated due to market and
manufacturing sector closures, restricted geographic access, and food price increases [13]. In
our previous work in Burkina Faso, Ethiopia and Nigeria, we found evidence of increasing
prices for key food groups, which may have contributed to lower dietary intake early during
the COVID-19 pandemic [16]. We also found that higher pulse prices during the COVID-19
pandemic were associated with the consumption of less diverse diets [16]. It is important that
as the COVID-19 pandemic persists we continue to assess its impact on the nutrition and
health of Africans [12].

We investigate the continued impacts of COVID-19 on diet quality and food prices, using
data collected from the African Research, Implementation Science, and Education (ARISE)
Network cross-sectional COVID-19 studies in five SSA countries, Burkina Faso, Ethiopia,
Ghana, Nigeria and Tanzania. This study contributes to understanding the indirect impacts of
COVID-19 on diets in a region where data is limited. Data from several countries allows us to
understand the diverse pathways through which COVID-19 affected nutrition. We also have
repeated cross-sectional studies in 3 countries, and this allows us to track changes in food secu-
rity and diet intake at different times during the COVID-19 pandemic.

Material and methods
Study setting

This study design was a repeated cross-sectional study with two rounds of data collection. The
first round of the survey took place between July and November 2020. The study included six
study sites from three countries, namely Nouna and Ouagadougou in Burkina Faso, Kersa and
Addis Ababa in Ethiopia, and Ibadan and Lagos in Nigeria. In each country, one rural site and
one urban site were selected. Rural sites included Nouna and Kersa, and a rural sub-area in
Ibadan. As determined during the initial study design, a second-round survey was conducted
to allow the assessment of the continuous effects of COVID-19 on many aspects of public
health. The second survey took place between July and December 2021 and involved all sites
involved in round 1 and an additional three sites from two countries, that is the rural sites of
Kintampo in Ghana, the rural sub-area of Dodoma in Tanzania, and Dar es Salaam (urban) in
Tanzania. The additional sites were included given additional access to resources and access to
sites where ethical approval had taken longer to receive in round 1. The survey sites are shown
in Fig 1.

The study countries and areas were selected based on existing collaborations and infrastruc-
ture available through the ARISE Network [17] and represent diverse settings across sub-Saha-
ran Africa. More detailed information on the geographical and socio-demographic
characteristics of the ARISE Network sites has been provided elsewhere [17, 18].
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Fig 1. Map of ARISE sites for Round 2 of the COVID-19 studies.
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The study used a mobile phone platform and computer-assisted telephone interviewing

(CATI) to collect data. Research assistants obtained verbal informed consent before starting

the interview. They conducted interviews from study call centers.

Each country surveyed a minimum of 300 healthcare workers, 600 adults and 600 adoles-
cents (except Ghana, where we surveyed 300 adults and 300 adolescents) in round 2. This anal-
ysis involved data from the adult surveys. We randomly selected a larger number of phone
numbers of households from the sampling frame, to allow for non-response, refusal or drop-
out. For the household surveys, 2,500 households were selected from each urban and rural site

in Round 1, assuming that 60% of the households would respond to the survey. The

PLOS ONE | https://doi.org/10.1371/journal.pone.0279610 June 29, 2023

4/23


https://doi.org/10.1371/journal.pone.0279610.g001
https://doi.org/10.1371/journal.pone.0279610

PLOS ONE

COVID-19 impacts on prices and diet quality in Africa

assumption allowed us to reach the minimum number of 300 adults per site. From each house-
hold, an adult aged 20 years or above was selected for the interview.

The second round of data collection targeted the same adults previously surveyed in Round
1 (Burkina Faso, Ethiopia and Nigeria) and additional new respondents to account for non-
response and drop-outs. For new countries, the sample was obtained from existing sampling
frames. The sampling frames were obtained from existing surveillance systems, including the
Health and Demographic Surveillance Systems (HDSS) in Burkina Faso, Ghana, Nigeria and
rural Ethiopia (Kersa), and from a household survey in Addis Ababa (Ethiopia) that was estab-
lished in the first round of data collection. In Tanzania, the sampling frames were obtained
from the Dar es Salaam Urban Cohort Study (DUCS) and HDSS and the Dodoma HDSS.
Table 1 shows the number of participants in surveys 1 and 2. We ensured consistency in study
design and questions across all sites to ensure that differences between the two rounds would
not cause issues in comparisons (across countries and rounds if applicable) in the analysis.

The detailed design and field methods of the round 1 ARISE Network COVID-19 rapid
monitoring survey have been published elsewhere [18]. The design and methods of the round
2 survey are detailed on the Harvard University Center for African Studies website [19].

Standardized tools used for the first survey round were updated for the second survey
round. The local teams from each site reviewed the tools and updated the questions accord-
ingly. Questionnaires were translated into the local languages. The sites recruited male and
female research assistants who then received extensive training on data collection procedures,
including the use of telephones and tablets to obtain verbal informed consent and input partic-
ipant data into an electronic data collection system (Open Data Kit). Research assistants col-
lected information on socio-demographic characteristics, including age, sex, head of
household, household size, education, and occupation of respondents. Questions regarding
food pricing, food security, and the dietary intake of respondents were also asked.

Outcome variables

The primary outcome of interest for this study was the Prime Diet Quality Score (PDQS). We
also computed the diet diversity score (DDS) as a secondary outcome. The computation of the
dietary indices, the PDQS, and DDS considered both Rounds of data collection. Briefly,
respondents were asked about their frequency of consumption of 20 food groups commonly
consumed in study areas over the preceding seven days. Respondents were asked to recall the
number of days they consumed food from a list of 20 food groups over the past 7 days period
before the COVID-19 emergency and during the COVID-19 pandemic (in the round 1 survey)
[20] and in round 2 we asked respondents to recall their consumption of the same 20 food
groups over the previous 7 days.

Prime diet quality score (PDQS). We computed the PDQS, a measure of diet quality
based on reported dietary intake. Previous studies have found associations between PDQS and
birth outcomes, pregnancy-related morbidities, diabetes and cardiovascular disease [21-24].
In a study using an alternative classification of the PDQS in the United States, the PDQS was
negatively associated with food insecurity [25]. We classif d from the 20 food groups foods
into 14 healthy food groups (dark green leafy vegetables, other vitamin A-rich vegetables
including carrots, cruciferous vegetables, other vegetables, whole citrus fruits, other fruits, fish,
poultry, legumes, nuts, low-fat dairy, whole grains, eggs and liquid vegetable oils) and 6
unhealthy food groups (red meat, processed meats, refined grains and baked goods, sugar-
sweetened beverages (SSBs), desserts and ice cream and fried foods obtained away from home
and potatoes) based on PDQS criteria determined by previous studies [21, 23]. Points were
assigned for consumption of healthy food groups as: 0-1 serving/week (0 points), 2-3
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Table 1. Demographic characteristics of the study individuals and households in Burkina Faso, Ethiopia, Nigeria, Tanzania and Ghana (N = 2,829).

Overall Burkina Faso Ethiopia Nigeria Tanzania Ghana
Nouna | Ouagadougou | Kersa Addis Ibadan | Lagos Dar es Dodoma | Kintampo
Ababa Salaam
Location Rural Urban Rural Urban Rural Urban Urban Rural Rural
N 2829 324 300 298 289 373 290 307 347 301
Sociodemographic characteristics
Female sex 1232 | 50(15.4) | 103(343) | 44(14.8) | 202(69.9) |164(44.0)| 131 146(47.6) | 232(66.9) | 160(53.2)
(43.6) (45.2)
Age of respondent (Mean +SD) years | 42.4+12.5 47.6 47.4%+10.1 36.6£9.4 | 38.0+12.2 40.4 39.5 48.6+12.5 43.0 40.0+13.6
+12.8 +13.1 +11.8 +10.1
20-29 428 (15.1) | 15(4.6) 8(2.7) 66(22.1) 72(24.9) 88(23.6) | 55(19.0) 16(5.2) 32(9.2) 76(25.3)
30-39 764 (27.0) | 66(20.4) 52(17.4) 116 112(38.8) | 91(24.4) | 99(34.1) 53(17.3) 96(27.7) | 79(26.3)
(38.9)
> 40 1636 243 239(79.9) 116 105(36.3) | 194(52.0) | 136 238(77.5) | 219(63.1) | 146(48.5)
(57.9) (75.0) (38.9) (46.9)
Education
None or incomplete primary 1060 254 220(74.1) 207 83(28.7) 20(5.5) 5(1.8) 15(4.9) 112(32.3) | 144(47.8)
(37.9) (79.3) (69.5)
Primary school or incomplete 826 (29.6) | 53(16.6) 60(20.2) 61(20.5) 77(26.6) 51(14.1) | 18(6.5) 211(69.2) 229(66.0) | 66(21.9)
secondary
Secondary school or higher 909 (32.5) | 13(4.1) 17(5.7) 30(10.1) | 129(44.6) 290 254 79(25.9) 6(1.7) | 91(30.2)
(80.3) (91.7)
Household
Head of Household 1868 244 237(79.0) 265 211(73.0) | 187(50.1) 155 224(73.0) 184(53.0) | 161(53.5)
(66.0) (75.3) (88.9) (53.5)
Household size (Mean +SD) 6.4+3.9 | 10.4£5.9 7.9+3.3 6.7+2.6 4.7+2.4 4.7+2.8 | 4.4%27 5.5+2.5 6.3+2.1 7.3£3.9
Occupation
Unemployed 318(12.2) | 18(6.2) 56(22.3) 22(7.4) 118(40.8) 15(5.2) 4(1.6) 50(16.3) 2(0.6) 33(11.1)
Farmer or casual labor 1027 239 32(12.8) 250 1(0.4) 11(3.8) 5(2.0) 24(7.8) 342(98.6) | 123(41.3)
(39.4) (82.7) (84.5)
Employed 418(16.0) | 13(4.5) 35(13.9) 14(4.7) 59(20.4) 100(34.7) 103 49(16.0) 4(0.6) 43(14.4)
(41.9)
Student, self-employed or other 847 (32.5) | 19(6.6) 128(51.0) 10(3.4) | 111(384) |162(56.3)| 134 183(59.8) 103) | 99(33.2)
(54.5)
Religion
Catholic 355(12.6) | 94(29.0) 83(27.7) 0(0.0) 2(0.7) 22(6.0) | 12(4.2) 88(28.7) 20(5.8) | 34(11.3)
Muslim 1185 203 201(67.0) 291 36(12.5) 110(29.9) | 60(20.8) 153(49.8) 0(0.0) 131(43.5)
(42.0) (62.7) (97.7)
Orthodox Christian 653(23.2) 1(0.3) 0(0) 6(2.0) 227(79.0) | 175(47.6) 205 6(2.0) 12(3.5) 21(7.0)
(71.2)
Protestant 5858 23(7.1) 15(4.9) 1(0.3) 19(7.3) 54(14.7) 6(2.1) 59(19.2) 311(89.9) | 97(32.2)
(20.0)
None or other 40(1.4) 3(0.9) 1(0.3) 0(0) 2(0.7) 7(1.9) 5(1.7) 1(0.3) 3(0.9) 18(6.0)
PDQS 19 19 18 18 18 21 22 20 18 19
(Median, IQR) (17,22) | 17,21) (16, 21) (15,20) | (15,20) | (19,24) | (20,24) (17,22) (16,20) | (16,22)

Data are shown as mean +SD or N (percent), IQR: Interquartile range

https://doi.org/10.1371/journal.pone.0279610.t001

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). Points for each food group were then summed to give an overall score (maxi-
mum score of 40).
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Dietary diversity score (DDS). We also computed the Dietary diversity score (DDS)
based on the classification suggested for the Food and Agriculture Organization [FAO)’s Mini-
mum Dietary Diversity for Women (MDD-W) index. The MDD-W has been validated and is
considered a good measure of micronutrient adequacy among women [26, 27]. We grouped
the food consumed by study participants into 10 food groups 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 vegetable, 8) other vitamin A
rich fruits and vegetables, 9) other vegetables, and 10) other fruits. We divided the reported
weekly consumption of the food groups by seven to obtain the daily frequency of consump-
tion. If the food was eaten at least once daily during the previous week, it was considered to
contribute to DDS, with a higher number indicating higher dietary diversity.

Exposure variables

We considered as exposures of interest changes in food pricing by comparing the time before
and late during the COVID-19 pandemic for staples (maize, rice, cassava and teff), pulses
(beans, lentils, peas, chickpeas), fruits (e.g. bananas, oranges, any locally available fruits), vege-
tables (e.g. spinach, cabbage, tomatoes, onions, any locally available vegetables) and animal
source foods (e.g. beef, chicken, dairy, eggs, fish). We created a binary indicator indicating an
increase compared to a decrease or no change in food prices (yes or no). The changes in food
pricing were determined before and after March 2020 (first round), when the first case of
COVID-19 was reported and also in the second round. Changes in food prices were self-
reported by the participants.

We also considered food security status (e.g., went without eating for a whole day), and the
impact of COVID-19 on income, employment and crop production. We considered respon-
dent age (20-29, 30-39, > 40 years), sex (female or male), education status (none or incom-
plete primary, primary school or incomplete secondary, secondary school or higher),
respondent is head of household (yes or no), occupation (unemployed, farmer or casual
laborer, employed, student, self-employed or other), religion (none, Catholic, Muslim, Ortho-
dox Christian, Protestant or other). Other exposures included household characteristics such
as household size and a wealth index score (tertiles). We computed the wealth index based on
factor analysis on ownership of common household assets and other wealth-related indicators
such as donkey cart, radio, television, bicycle, motorcycle ownership, access to grid electricity,
improved water, fuel and roof within each country. We classified respondents in each country
into wealth tertiles based on results from the country specific factor analysis findings.

Statistical analysis

Descriptive statistics were used to describe numerical, tabular and graphical presentations of
the data. We used means and standard deviations for continuous data and frequencies and
percentages for categorical data to summarize social demographic characteristics, nutrition
and food security across sites and rounds. We used Generalized Estimating Equation (GEE)
linear regression models [28], to assess factors associated with the PDQS at the round 2
endpoint.

For those respondents with both round 1 and round 2 data, we evaluated the factors
affecting diet quality in round 2 of the study. We conducted sensitivity analysis and assessed
among respondents with both rounds 1 and 2, if adjusting for diet quality before the COVID-
19 pandemic would change observed associations. We used GEE linear regression models to
assess factors associated with the PDQS at the round 2 endpoint accounting for diet quality at
round 1.
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Predictors of dietary quality were determined based on univariate selection. Variables asso-
ciated with the outcomes at p<0.20 were included in the model. The final models include all
selected covariates. Significance was determined at p<0.05. We used SAS version 9.4 for all
analyses.

Ethical approval and consent

The study obtained ethical approval from the Institutional Review Board at Harvard T.H.
Chan School of Public Health, the Kintampo Health Research Centre Institutional Ethics
Committee (Ghana), Nouna Health Research Center Ethical Committee and National Ethics
Committee (Burkina Faso), the Institutional Ethical Review Board of Addis Continental Insti-
tute of Public Health (Ethiopia), University of Ibadan Research Ethics Committee and
National Health Research Ethics Committee (Nigeria), and the Muhimbili University of
Health and Allied Sciences and National Institute for Medical Research (Tanzania).

Results

We analyzed data from 2,829 adults from five countries. Overall, the study included 44%
female respondents. Female participation was low in Nouna (15.4%), Ouagadougou (34.3%)
and Kersa (14.8%). The mean (+SD) age of the respondents was 42.4 (£12.5) years. Most of the
study respondents had no education or incomplete primary school education (37.9%), and
32.5% had secondary school education or higher. The mean (+SD) household size was 6 (+4)
people. Most respondents were farmers or casual laborers (39.4%) and 32.5% were students or
self-employed. A more detailed description of the demographic characteristics of the study
individuals can be found in Table 1.

Changes in income, employment, crop production and food security status

Table 2 shows the impact of COVID-19 on various factors that affect diet quality in the round
2 survey. Most respondents (49%) reported no change in income, and 37% reported loss or
reduced income from farming, entrepreneurial activities, or business activities during the
COVID-19 pandemic. Reported income losses from agriculture, entrepreneurial activities, or
formal or informal business were highest in Kintampo (58%), Dar es Salaam (50%), and Iba-
dan (42%). Lost or reduced salaries were reported most in Ouagadougou (37%) and Lagos
(26%). The majority of respondents, however, reported that COVID-19 had not affected their
employment status (only 7% reported lost employment). Loss of employment was relatively
higher in Addis Ababa (16%), Ouagadougou (14%) and Ibadan and Nouna (at least 10%).
Approximately 19% of all respondents across all sites reported lower agriculture production
during the COVID-19 pandemic, with the highest declines reported in the rural sites of Kersa
(64%), Nouna (37%) and Kintampo (27%). Food insecurity also affected respondents, with
45% reporting that they worried about food, and 30% said they had skipped a meal. Almost
10% had gone for an entire day without eating. These three questions are components of a
metric for the assessment of food insecurity, the Household Food Insecurity Access Scale
(HFIAS). The number of people reporting skipping a meal was highest in Ibadan (57%), Lagos
(52%) and Kintampo (46%). Going for an entire day without eating was reported in Lagos
(20%) and Ouagadougou (17%). Finally, social protection was limited, with less than 1% of the
study sample reporting access to food aid, and 2% reporting access to cash transfers (results
not shown in tables or figures).

Respondents in rural regions of all sites were less likely to report changes in income or loss
of salary compared to those residing in urban areas. Rural respondents in Ethiopia and Tanza-
nia were also less likely to report reduced income, however, in other sites there were no rural-
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Table 2. Impact of COVID-19 on income, employment, crop production, and food security across five countries in the Round 2 study.

Overall | Burkina Burkina Ethiopia Ethiopia Nigeria Nigeria |Tanzania Dares| Tanzania Ghana
Nouna Ouaga Addis Kersa Ibadan Lagos Salaam Dodoma Kintampo
Income is unchanged 494 61.6 29.7 48.1 82.1 43.3 37.7 40.9 78.1 34.8
Lost/reduced salary 12.1 4.3 36.8 9.1 0.7 11.9 26.1 7.9 0.6 6.4
Lost/reduced income 36.8 34.1 33.5 36.6 16.9 41.9 33.8 49.6 21.3 57.9
Increased salary 1.7 0.0 0.0 6.3 0.3 2.8 2.5 1.7 0.0 1.0
COVID-19 impact on
employment
None, unemployed 31.1 46.8 30.0 43.9 10.4 16.5 13.6 41.0 55.9 20.7
None, no change in 52.6 42.4 44.6 35.0 83.6 62.3 71.0 21.5 39.7 68.9
employment status
Lost employment 7.1 10.2 13.5 15.9 0.7 10.6 3.9 3.9 1.2 4.4
Changed occupation 3.1 0.3 2.3 4.8 1.7 3.3 5.2 4.3 1.5 5.0
Other (specify) 6.2 0.3 9.7 0.4 3.7 7.3 6.3 29.3 1.7 1.0
Crop production
affected by COVID-19
No 36.6 44.3 23.7 4.2 32.7 6.5 314 67.4 91.9 222
Yes, production has 18.6 36.6 9.4 1.0 63.6 11.1 7.7 4.6 8.1 26.9
decreased
Yes, production has 1.8 1.0 3.2 1.4 0.3 3.5 1.4 0.7 0.0 4.7
increased
No, I don’t grow any 43.0 18.2 63.7 93.4 3.4 78.9 59.6 27.4 0.0 46.3
crops
Food insecurity
Worried about food 454 225 47.0 50.2 82.6 59.3 52.3 21.5 19.7 57.7
Skipped a meal 30.3 2.5 33.6 28.4 21.5 56.7 55.6 14.7 14.1 45.5
Went for entire day 9.8 2.2 17.0 11.8 4.7 10.5 20.3 2.9 8.7 12.0

without eating

https://doi.org/10.1371/journal.pone.0279610.t002

urban differences or income reductions affected a greater proportion of rural respondents.
Across all sites except Nigeria, rural respondents were more likely to report no change in
employment status. In rural sites more people reported worrying about food (except in
Dodoma and Nouna), however, going for an entire day without eating was more frequently
reported in urban sites (except in Tanzania).

Among respondents that were in rounds 1 and 2, reports of disruptions to agricultural pro-
duction were more prevalent in round 1 as at least 44% indicated that crop production had
decreased. Additionally, more respondents had worried about running out of food (57%) and
fewer had skipped a meal (21%) in round 1 (results not shown in tables or figures).

Changes in prices for key food groups

In round 2 of the study, respondents reported that for all food groups, prices reported later
during the COVID-19 pandemic were higher than typical prices in the previous year (Fig 2).
Higher than expected prices were noted for all food groups across all sites for at least 80% of
respondents, except in Dar es Salaam and Dodoma.

Among respondents that were in rounds 1 and 2, at least 82% had reported increases in sta-
ple prices in round 1 compared to the time before the COVID-19 pandemic. For pulses, 77%
reported increased prices, for fruits 66% reported higher prices, and 74% and 73% for vegeta-
bles and animal foods respectively. For all food groups except vegetables, higher prices were
most frequently reported in round 1 (early during the COVID-19 pandemic) compared to
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Fig 2. The proportion of people reporting changes in prices of key food groups during the COVID-19 pandemic, as compared to this time of the year in
previous years.

https://doi.org/10.1371/journal.pone.0279610.9002

round 2 (results not shown in tables or figures). The food groups where there were the largest
differences in prevalence of higher prices were fruits and animal-source foods.

Effects on food consumption and diet quality

Consumption of healthy foods. Table 3 shows the frequency of consumption of healthy
PDQS food groups across study sites in the five countries (Round 2). Consumption of dark
green vegetables was high in Dar es Salaam, Kintampo and Dodoma, where 62%, 44%, and
38% of the respondents reported consuming these food groups four or more times a week,
respectively. However, in Ethiopia, at least 69% reported consumption of dark green vegetables
on one day or not at all in the previous week. Consumption of other vitamin A-rich vegetables
was equally low in Burkina Faso, Ethiopia, Kintampo and Dodoma. Respondents reported low
consumption of citrus and other fruits across most sites, except in Dar es Salaam, Ibadan,
Lagos and Addis Ababa, where at least 22% of respondents reported citrus fruit consumption
four or more times a week. In Addis Ababa, Kersa and Dodoma, most respondents reported
consuming fish only once or not at all in the previous week. Poultry consumption was also low
across the majority of sites, with more than 70% of respondents reporting consumption less
than twice in the prior week, although intake was relatively higher in Lagos and Kintampo. In
Addis Ababa (46%), Dar es Salaam (40%) and Dodoma (37%), respondents reported legume
consumption most frequently (>4 times a week). Whole-grain intake was higher in rural sites
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Table 3. Frequency of consumption of healthy PDQS food groups in Burkina Faso, Ethiopia, Nigeria, Tanzania and Ghana in the Round 2 study.

Frequency (%) Burkina Burkina Ethiopia Ethiopia Nigeria Nigeria Tanzania Tanzania Ghana
Nouna Ouaga Addis Kersa Ibadan Lagos Dar es Dodoma Kintampo
Salaam

Dark green < =1 per week 31.4 48.7 86.5 69.1 18.2 22.8 3.9 16.1 28.6

vegetables
2-3 times per 52.2 43.7 11.1 24.2 55.2 50.0 33.9 45.8 27.6
week
4 or more times 16.4 7.7 2.4 6.7 26.5 27.2 62.2 38.0 43.9
per week

Other Vit A < =1 per week 60.2 68.7 60.2 77.5 20.4 36.9 26.1 49.3 67.8

vegetables
2-3 times per 37.0 25.7 29.8 20.5 58.7 42.8 459 31.7 20.9
week
4 or more times 2.8 5.7 10.0 2.0 20.9 20.3 28.0 19.0 11.3
per week

Cruciferous < =1 per week 45.4 41.3 63.7 40.9 48.8 43.8 48.2 62.0 71.8

vegetables
2-3 times per 51.5 48.7 31.1 42.3 35.7 36.2 42.7 28.2 16.3
week
4 or more times 3.1 10.0 52 16.8 15.6 20.0 9.1 9.8 12.0
per week

Other vegetable | < =1 per week 9.9 9.7 2.1 6.4 4.8 7.9 15.3 18.7 2.0
2-3 times per 49.1 39.3 2.1 14.4 30.6 30.3 30.6 38.3 6.3
week
4 or more times 41.1 51.0 95.9 79.2 64.6 61.7 54.1 429 91.7
per week

Citrus < =1 per week 65.1 66.3 54.7 89.6 28.4 28.6 42.4 85.0 73.8
2-3 times per 32.4 26.0 22.8 9.4 46.1 44.1 35.5 11.2 14.6
week
4 or more times 2.5 7.7 22.5 1.0 25.5 27.3 22.2 3.8 11.6
per week

Other fruit < =1 per week 57.5 69.7 65.4 89.9 30.6 34.1 22,5 74.6 70.8
2-3 times per 40.1 25.3 24.9 10.1 52.8 43.1 41.7 22.5 19.3
week
4 or more times 2.5 5.0 9.7 0.0 16.6 22.8 35.8 2.9 10.0
per week

Fish < =1 per week 53 20.3 99.0 99.0 4.8 12.1 47.6 76.7 23.3
2-3 times per 56.2 44.7 1.0 0.7 31.1 25.2 39.4 17.8 18.3
week
4 or more times 38.6 35.0 0.0 0.3 64.1 62.8 13.0 5.5 58.5
per week

Poultry < =1 per week 85.2 92.3 93.4 99.0 54.7 40.3 70.7 89.6 45.2
2-3 times per 14.5 7.3 4.8 1.0 31.6 30.0 26.7 8.9 20.6
week
4 or more times 0.3 0.3 1.7 0.0 13.7 29.7 2.6 1.4 34.2
per week

Legumes < =1 per week 57.4 67.3 22.5 69.1 17.7 20.7 13.7 29.7 51.2
2-3 times per 41.1 26.0 31.5 22.8 62.2 50.0 45.9 33.4 28.6
week
4 or more times 1.5 6.7 46.0 8.1 20.1 29.3 40.4 36.9 20.3
per week

Nuts and seeds | < = 1 per week 26.9 63.0 89.6 72.2 324 314 49.2 77.8 27.9
2-3 times per 64.5 24.7 7.6 15.8 57.4 44.8 21.5 19.3 30.9
week

(Continued)
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Table 3. (Continued)

Frequency (%) Burkina Burkina Ethiopia Ethiopia Nigeria Nigeria Tanzania Tanzania Ghana
Nouna Ouaga Addis Kersa Ibadan Lagos Dar es Dodoma Kintampo
Salaam

4 or more times 8.6 12.3 2.8 12.1 10.2 23.8 29.3 29 41.2
per week

Dairy < =1 per week 38.0 76.7 58.8 38.9 17.7 224 59.3 74.1 61.1
2-3 times per 534 18.7 20.8 29.2 60.6 43.8 21.5 15.3 18.9
week
4 or more times 8.6 4.7 20.4 319 21.7 33.8 19.2 10.7 19.9
per week

Eggs < =1 per week 68.2 73.7 73.7 74.5 16.6 19.0 73.0 87.6 52.8
2-3 times per 27.2 23.7 19.4 2255 49.9 34.1 18.6 9.5 24.3
week
4 or more times 4.6 2.7 6.9 3.0 33.5 46.9 8.5 2.9 22.9
per week

Whole grains < =1 per week 16.4 41.3 66.4 12.4 26.8 35.5 44.0 34.6 31.9
2-3 times per 41.3 37.0 19.4 35.9 53.6 49.7 28.3 10.4 223
week
4 or more times 42.3 21.7 14.2 51.7 19.6 14.8 27.7 55.0 459
per week

Liquid vegetable | < =1 per week 16.4 42.0 19.0 17.5 4.6 9.3 57.0 9.8 31.2

oils
2-3 times per 56.2 28.7 0.7 15.8 23.1 22.8 7.8 25.7 31.6
week
4 or more times 275 29.3 80.3 66.8 72.4 67.9 35.2 64.6 37.2
per week

* Ouga—Ouagadougou; Burkina—Burkina Faso; Addis-Addis Ababa.

https://doi.org/10.1371/journal.pone.0279610.t003

of Dodoma (55%), Kersa (52%), Kintampo (46%) and Nouna (42%). Consumption of nuts
and seeds was low, Dairy intake was also low with at least 58% of the respondents reporting
very low consumption in Ouagadougou, Addis Ababa, Kintampo and Tanzania. Egg con-
sumption was low in Tanzania, Burkina Faso and Ethiopia with 68% of the respondents
reporting consumption less than twice in the previous week.

Consumption of unhealthy foods. Table 4 describes the frequency of consumption of
unhealthy foods. In Kintampo (36%), Ibadan (29%) and Lagos (27%) respondents reported
higher red meat consumption (four or more times a week). Respondents in urban sites (Addis
Ababa 22%, Lagos 22% and Dar es Salaam 18%) had relatively higher consumption of sugar-
sweetened beverages, compared to rural sites. Processed meat was not commonly consumed,
and sweets intake was low across all sites but slightly higher in Nigeria and Dar es Salaam.
Finally, intake of refined grains was frequent across all study sites, and the majority of respon-
dents in Kintampo (67%) reported consuming potatoes, roots and tubers four or more times a
week.

Changes in overall diet quality. Fig 3 shows changes in the frequency of consumption of
PDQS food groups comparing the time before the COVID-19 pandemic to the first (July to
November 2020) and second (July to December 2021) round surveys. The frequency of con-
sumption of both healthy and unhealthy PDQS food groups was lower in Round 1 and Round
2 surveys (during the COVID-19 pandemic), compared to recalled consumption prior to the
pandemic (except for SSB). In general, consumption declined most during the Round 1 survey
compared with the period before COVID-19 and started to improve in Round 2. Data were
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Table 4. Frequency of consumption of unhealthy PDQS food groups in Burkina Faso, Ethiopia, Nigeria, Tanzania and Ghana in the Round 2 study.

Frequency (%) Burkina Burkina Ethiopia Ethiopia Nigeria Nigeria | Tanzania Dar es | Tanzania Ghana
Nouna Ouaga Addis Kersa Ibadan Lagos Salaam Dodoma | Kintampo

Red meat 4 or more times 6.2 6.3 11.8 0.0 29.0 27.3 6.8 8.9 35.6

per week

2-3 times per 59.6 24.3 25.6 0.7 44.2 46.2 349 26.5 233

week

< =1 per week 34.5 69.3 62.6 99.3 26.8 26.6 58.3 64.6 41.2
Processed meats | 4 or more times 0.0 0.3 0.0 0.0 3.8 6.9 0.3 0.0 4.0

per week

2-3 times per 5.9 0.3 0.0 0.0 274 29.0 4.2 0.0 9.6

week

< =1 per week 94.1 99.3 100.0 100.0 68.9 64.1 95.4 100.0 86.4
Refined grains 4 or more times 20.7 30.7 39.1 46.0 53.4 54.8 52.8 31.4 59.8

per week

2-3 times per 49.1 42.0 29.8 41.3 38.9 36.2 28.3 21.9 21.9

week

< =1 per week 30.3 27.3 31.1 12.8 7.8 9.0 18.9 46.7 18.3
SSBs 4 or more times 2.8 2.0 215 2.4 16.9 22.4 18.2 52 12.6

per week

2-3 times per 42.0 20.3 13.8 222 46.1 36.2 29.6 12.7 21.9

week

< =1 per week 55.3 77.7 64.7 75.5 37.0 41.4 52.1 82.1 65.5
Sweets and ice 4 or more times 8.6 5.0 3.5 3.4 12.1 12.4 3.3 14.1 6.3
cream per week

2-3 times per 38.6 16.3 6.2 11.4 41.8 32.1 35.8 23.1 11.6

week

< =1 per week 52.8 78.7 90.3 85.2 46.1 55.5 60.9 62.8 82.1
Potatoes, roots 4 or more times 1.9 0.3 10.7 18.8 23.9 29.0 37.1 14.4 66.5
and tubers per week

2-3 times per 29.6 14.0 35.6 14.4 60.3 46.2 349 43.8 17.3

week

< =1 per week 68.5 85.7 53.6 66.8 15.8 24.8 28.0 41.8 16.3

*SSBs—Sugar Sweetened Beverages; Ouga—Ouagadougou; Burkina—Burkina Faso; Addis-Addis Ababa.

https://doi.org/10.1371/journal.pone.0279610.t004

captured around the same months for both surveys, which may decrease the influence of sea-
sonality. However, there were exceptions. The frequency of consumption of dark green vegeta-
bles declined by 1 day and liquid vegetable oil consumption by 0.5 days per week on average in
Round 2 compared to Round 1. Other food groups for which consumption was lower in
Round 2 include poultry, nuts, and seeds.

Overall diet quality. The median PDQS (IQR) was 19 [17, 22], and PDQS was highest in
Nigerian sites and lowest in Ouagadougou, Addis Ababa, Kersa and Dodoma. Fig 4 shows
mean PDQS before COVID-19, early during the time of COVID-19 in 2020 (Round 1), and
later during the COVID-19 pandemic in 2021 (Round 2). Overall, PDQS had returned to pre-
COVID-19 levels across sites by Round 2 of the survey but remained low. There are, however,
site-specific differences. In Nouna and Addis Ababa, PDQS was slightly higher in Round 2 of
the survey compared to previous times. In all other sites, PDQS was lower in Round 2, com-
pared to before the pandemic. Tanzania and Ghana did not participate in round 1 data
collection.

For the DDS food groups, the majority of respondents reported decreased consumption,
with notable declines for dark green vegetables, other vegetables, staples, meats, beans and
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Fig 3. Changes in frequency of consumption of PDQS food groups comparing the time before the time of COVID-19 to the first and second round
surveys.
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peas and fruits (S1 Fig). Further, the DDS for all sites at the different survey rounds are shown
in S2 Fig. Overall DDS was lower in the first survey in 2020 and improved at the time of the
second survey in 2021 in most sites, to levels closest to pre-COVID estimates. However, in
Burkina Faso sites, in Kersa (Ethiopia) and Ibadan (Nigeria) DDS was lower in the second
round compared to pre-COVID times (S2 Fig).

Table 5 shows the factors associated with diet quality across the five countries in Round 2
of the ARISE study. In a multivariate analysis, respondents residing in Nigeria (estimate: 2.84,
95% CI: 2.26,3.41) and Ghana (estimate: 0.93, 95% CI: 0.37,1.49) had higher PDQS compared
to those residing in Burkina Faso. Respondents aged 30-39 years (estimate: 0.77, 95% CI:
0.35,1.19) and those 40 years or older (estimate: 0.72, 95% CI: 0.30,1.13) had higher PDQS
compared to those aged 29 years or younger. Male respondents (estimate: -0.54, 95% CI: -0.88,
-0.20) and those with no education had poorer diet quality (estimate: -0.40, 95% CI: -0.76,
-0.03), and secondary school or higher education was associated with a higher PDQS (estimate:
0.73, 95% CI: 0.32,1.15) compared to having primary school education. Respondents who
identified as Catholic (estimate: 0.66, 95% CI: 0.12,1.19) or Muslim (estimate: 0.51, 95% CI:
0.10,0.93) reported higher PDQS compared to Orthodox Christian respondents. Farmers and
those engaged in casual labor reported lower PDQS (estimate: -0.60, 95% CI: -1.11, -0.09) com-
pared to those that were formally employed.

Unemployed respondents had on average lower diet quality (estimate: -0.38, 95% CI: -0.69,
-0.06) compared to those whose employment status was unchanged during the COVID-19
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pandemic. Those reporting going for an entire day without eating had lower PDQS than those
who did not (estimate: -1.10, 95% CI: -1.53, -0.67). Lower crop production (estimate: -0.87,
95% CI: -1.28, -0.46) or not engaging in farming (estimate: -1.38, 95% CI: -1.74, -1.02) were
associated with lower PDQS compared to having unchanged levels of crop production. Being
in the middle tertile of the wealth index (estimate: 0.48, 95% CI: 0.14,0.81) was associated with
higher PDQS compared to being in the highest tertile.

In sensitivity analysis controlling for PDQS before the COVID-19 pandemic and restricted
to the three countries with Round 1 data, PDQS before the COVID-19 pandemic was posi-
tively associated with PDQS later in the Round 2 survey (estimate 0.09, 95% CI: 0.03,0.14) after
adjusting for other factors. We found country-level differences in PDQS, with respondents in
Nigeria having higher PDQS (estimate 1.93, 95% CI: 0.82,3.04) and those in Ethiopia having
lower PDQS (estimate: -0.85, 95% CI: -1.54, -0.15) compared to those residing in Burkina
Faso. Higher fruit prices were associated with lower PDQS (estimate: -1.43, 95% CI: -2.33,
-0.52). Secondary school education or higher was associated with higher diet quality (estimate:
1.25,95% CI: 0.47,2.03) compared to primary school education, as was being self-employed or
a student (estimates: 0.98, 95% CI:0.27,1.70) compared to being employed. Lower or reduced
salary (estimate -0.85, 95% CI: -1.62, -0.08), lower crop production (estimate: -1.04, 95% CI:
-1.68, -0.41) and not farming (estimate -1.23, 95% CI: -1.84, -0.62) were associated with lower
diet quality after adjusting for other factors.
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Table 5. Factors associated with PDQS in Round 2 of the ARISE study across five countries.

Univariate

Multivariate model®

Multivariate secondary analysis®

Estimate (95% CI) Estimate (95% CI) Estimate (95% CI)

PDQS before COVID-19 0.16(0.11,0.22)*** - 0.09(0.03,0.14)*
Country

Burkina Faso ref Ref ref

Ethiopia -0.78(-1.17,-0.39)*** -0.37(-0.86,0.11) -0.85(-1.54,-0.15)*

Nigeria 3.11(2.72,3.49)*** 2.84(2.26,3.41)*** 1.93(0.82,3.04)**

Tanzania 0.53 (0.14,0.91)* -0.13(-0.74,0.49) -

Ghana 0.82(0.34,1.30)** 0.93(0.37,1.49)** -
Location

Rural area -0.11(-0.39,0.11) -0.13(-0.51,0.24) 0.11(-0.66,0.88)

Urban ref ref ref
Staple prices

No change or decreased ref ref ref

Increased

0.32(-0.01,0.65)

-0.01(-0.63,0.62)

0.05(-1.28,1.37)

Pulse prices

No change or decreased

ref

ref

ref

Increased

0.32(-0.01,0.66)

0.21(-0.37,0.79)

0.78(-0.37,1.94)

Fruits prices

No change or decreased ref ref ref
Increased 0.27(-0.04,0.58) -0.45(-0.98,0.08) -1.43(-2.33,-0.52) **
Vegetable prices

No change or decreased

ref

ref

ref

Increased

0.27(-0.03,0.60)

-0.15(-0.71,0.41)

0.38(-0.64,1.39)

Animal-source foods prices

No change or decreased

ref

ref

ref

Increased 0.49(0.13,0.84)* 0.41(-0.10,0.92) -0.31(-1.42,0.81)
Age (years)

20-29 ref ref ref

30-39 0.56(0.11,1.01)* 0.77(0.35,1.19)*** 0.35(-0.53,1.22)

> 40 0.43(0.02,0.82)* 0.72(0.30,1.13)** -0.04(-0.91,0.84)
Sex

Female ref ref ref

Male -0.36(-0.64,-0.08)* -0.54(-0.88,-0.20)** 0.30(-0.36,0.96)
Education

None or incomplete primary

-0.65(-0.99,-0.33)***

-0.40(-0.76,-0.03)*

-0.17(-0.77,0.43)

Primary school or incomplete secondary

ref

ref

ref

Secondary school or higher

1.72(1.37,2.06)***

0.73(0.32,1.15)**

1.25(0.47,2.03)*

Household head

-0.64(-0.93,-0.35)***

0.12(-0.24,0.47)

0.08(-0.58,0.74)

Household size

-0.06(-0.10,-0.02)**

0.02(-0.01,0.07)

0.01(-0.04,0.07)

Religion

None 0.01(-1.18,1.21) -0.48(-0.64,1.61) -2.52(-5.23,0.20)

Catholic -0.56(-1.05,-0.08)* 0.66(0.12,1.19)* -0.79(-1.80,0.21)

Muslim -0.89(-1.25,-0.54)*** 0.51(0.10,0.93)* -0.49(-1.30,0.33)

Orthodox Christian ref ref ref

Protestant or other -0.84(-1.26,-0.42)*** 0.27(-0.25,0.78) -0.59(-1.67,0.48)
Occupation

Unemployed -2.20(-2.69,-1.70)*** -0.39(-0.93,0.16) 0.21(-0.69,1.12)

(Continued)
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Table 5. (Continued)

Univariate Multivariate model® Multivariate secondary analysisb
Estimate (95% CI) Estimate (95% CI) Estimate (95% CI)
Farmer or casual labor -2.06(-2.43,-1.70)*** -0.60(-1.11,-0.09)* 0.52(-0.35,1.39)
Employed ref ref ref

Student, self-employed or other

-0.65(-1.03,-0.27)**

0.01(-0.37,0.40)

0.98(0.27,1.70)*

Effects of COVID-19

None, unemployed

-0.94(-1.25,-0.62)***

-0.38(-0.69,-0.06)*

-0.33(-0.90,0.23)

None, no change in employment status

ref

ref

ref

Lost employment

-0.01(-0.55,0.57)

0.44(-0.09,0.98)

-0.31(-0.48,1.11)

Changed occupation

0.18(-0.64,1.00)

0.12(-0.64,0.88)

0.20(-1.35,1.76)

Other (specify)

0.82(0.23,1.42)*

0.42(-0.15,1.00)

-0.58(-1.94,0.79)

COVID-19 Impact on income

Income is unchanged ref ref ref
Lost or reduced salary from employer 0.86(0.40,1.32)** -0.19(-0.67,0.30) -0.85(-1.62,-0.08)*
Lost or reduced income farming business 0.37(0.06,0.68) -0.13(-0.45,0.19) -0.51(-1.07,0.05)

Increased salary from employer or farming business

0.03(-1.11,1.17)

-0.36(-1.40,0.69)

-0.39(-2.16,1.37)

Food security

Went without eating for a whole day (past month)

No

ref

ref

ref

Yes

-0.71(-1.17,-0.24)**

-1.10(-1.53,-0.67)***

-1.28(-2.03,-0.52)**

Own crop production affected

Unchanged

ref

ref

ref

Production has decreased

-1.06(-1.46,-0.67)***

-0.87(-1.28,-0.46)***

-1.04(-1.68,-0.41)**

Production has increased

1.16(0.10,2.22)*

0.18(-0.81,1.17)

0.58(-1.13,2.29)

Does not farm

-0.22(-0.53,0.09)

-1.38(-1.74,-1.02)***

-1.23(-1.84,-0.62)***

Wealth index
Wealth tertile 1 0.02(-0.31,0.35) -0.21(-0.51,0.10) 0.14(-0.39,2.26)
Wealth tertile 2 1.07(0.71,1.42)*** 0.48(0.14,0.81)* 0.43(-0.16,1.02)
Wealth tertile 3 ref ref ref

Acronyms: PDQS: Prime Diet Quality Score
*<0.05

**<0.01

#%<0.001

a/Based on Round 2 data only

b/ Model restricted to individuals with round 1 and 2 data (N = 929) and adjusted for PDQS score prior to the COVID-19 pandemic (measured at Round 1).

https://doi.org/10.1371/journal.pone.0279610.t005

Discussion

We evaluated the impacts of COVID-19 on factors known to influence food consumption
such as food prices, food security and crop production, and how these and other factors
affected diet quality two years into the COVID-19 pandemic in Burkina Faso, Ethiopia,

Ghana, Nigeria and Tanzania. We found that food prices remained higher than expected dur-

ing the pandemic, consumption of healthy food groups remained low, and that diet quality

showed signs of slight recovery since 2020 but remained poor. Food insecurity, low agriculture
production, and some occupations were negatively associated with PDQS, while higher socio-
economic status was positively associated with diet quality.

In this study, we found evidence of the continued impact of COVID-19 on food prices,
with the majority of respondents indicating that food prices were higher than before the
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pandemic. In a study conducted across several countries early in the COVID-19 emergency in
June 2020, there was evidence that the prices of maize, sorghum, imported rice and rice in SSA
were higher than expected [29]. Price increases were attributed to movement restrictions and
lockdowns, with economic factors such as exchange rate, and inflation also contributing [29].
Other studies indicated that a global slowdown due to COVID-19 and its related impact on
Gross Domestic Product (GDP) could lead to impacts on food security and consumption,
through increased unemployment, reduced trade and decreased production [30].

In this study, we found that lower agricultural production, not participating in crop pro-
duction, as well as food insecurity, were associated with the consumption of lower-quality
diets. The impacts of COVID-19 on agricultural production and food security have also been
documented in previous studies. In one study, the COVID-19 pandemic was shown to impact
bean production by small-scale farmers in SSA, with disruptions in access to seeds, inputs, and
labor, among other things [31]. Lower agricultural production can impact the consumption of
quality diets by decreasing the availability of foods and increasing prices for nutritious foods.
In Nigeria, disruptions due to COVID-19 restrictions early in the pandemic included lock-
downs, curfews and travel restrictions in urban areas and these affected the ability of local
authorities to support agricultural production, disrupted trade and decreased access to healthy
diets [32]. Although restrictions across countries have been lifted, the lasting impact may be
due to impacts on regional and international food trade that have affected food prices [32].

We found that diet quality and diversity scores showed initial dips and later showed small
increases later during the COVID-19 crisis; sometimes returning closer to pre-COVID states.
However, despite these increments, it was still clear that consumption of key micronutrient-
rich food groups such as dark green vegetables, other vegetables, poultry, nuts and seeds, and
liquid vegetable oils had not recovered to pre-COVID-19 levels. Similar observations were
noted for red meat consumption. Further, the noted recovery of diet quality scores is small
and both diet quality and diversity remain low across all the countries assessed. A study in
Mexico also investigated the factors associated with diet quality early and later during the
COVID-19 pandemic and found that the consumption of healthy foods and food security
declined, however, consumption of unhealthy foods increased [33]. In another study in the
United States, individuals reporting food insecurity also had lower consumption of both
healthy and unhealthy foods [34]. In our study, there were country-specific differences with
greater recovery in diet quality experienced in sites in Nigeria and Addis Ababa. In contrast,
other sites continued to experience declining diet quality and diversity. These differences
could reflect the differences in the states’ capacity to mitigate against the COVID-19 impacts
and the availability of social protection. In this study, however, the availability of social protec-
tion to address the impacts of COVID-19 was very limited.

The impacts of COVID-19 on the African continent, particularly on food security and
diets, are expected to be dire, given that purchasing power and social safety nets are already
limited [35]. In several countries, the impacts of COVID-19 on food prices and quality have
been due to decreased economic activity, lower income and declines in employment and
income. We found that loss of employment was infrequently reported. However, nearly 50%
of the respondents indicated that they had lost income from employment, farming or business
activities. The impacts of the loss of income from employment and income-generating activi-
ties on diets can be through loss of purchasing power [12]. The effects of COVID-19 related
income shocks on food security and diets have been reported in Uganda and Kenya, with poor
households most affected [36, 37]. For example, loss of income during COVID-19 was
reported by farmers in Burundi (36%), Uganda (20%), and Kenya (3%). In our study, loss of
income from farming and business was greatest in Kintampo, Dar es Salaam and Ibadan, with
rural areas more likely to experience a loss due to impacts on agriculture. Previous studies
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have indicated rural areas and farming communities might be more resilient to the impacts of
COVID-19 due to shorter value chains and reliance by smallholder farmers on their produc-
tion [12]. In our study, the impacts on rural and urban locations depend on the country con-
text; for example, the largest declines in DDS were observed in urban sites such as
Ouagadougou and rural sites of Kersa and Nouna.

We found that the older or more educated respondents with higher socioeconomic status
had higher diet quality in the study. We also found that those engaged in farming or casual
labor in our study tended to have lower diet quality, reinforcing this observation. These individ-
uals are less likely to have enough savings to cope with shocks such as the COVID-19 pandemic
and may have been highly vulnerable even before the shock. Economic stimulus packages and
investment in sectors such as agriculture have been proposed as possible solutions to address
the challenges posed by the COVID-19 pandemic in Africa and to promote recovery [31]. How-
ever, these were not readily available to communities and respondents in our study settings.

Opverall, our study findings are that during the COVID-19 pandemic respondents reported
food prices increased and lower diet quality diets. Those living in urban areas were affected
more compared to rural communities in terms of price increases. In rural areas more partici-
pants engaged in agricultural production and if production was maintained, the COVID-19
effects were less likely to be reported. Those living in rural areas may be protected from market
disruptions. However, those that reported lower agriculture production or no agriculture pro-
duction had poorer diets. Furthermore, COVID-19 related disruptions differed among the
countries and locations surveyed, indicating an important role of prevailing local conditions
prior to the pandemic.

Moreover, those who were already vulnerable, for example with low education, farmers and
causal laborers were more likely to have poorer diets during the pandemic. Studies have sug-
gested that the greatest impact of COVID-19 in the African context has been felt by those who
were already vulnerable such as those of low social economic status eg informal workers, those
reliant on daily income or those facing social and economic vulnerability [12]. This was evi-
dent in our study.

Our findings are also consistent with the findings of a systematic review of the impact of
COVID-19 on diet quality and nutrition in LMICs (including Ethiopia and Nigeria) in 2021
that found that impacts varied in intensity and duration and were informed by the stringency
and duration of national COVID-19 shutdowns and extent of reliance on local compared to
international food markets [12]. Thus urban areas which are more integrated with external
markets may be more vulnerable to price fluctuations, Additionally, locations in rural areas
and those with shorter value chains such as small-scale farming households were more resilient
and were less adversely affected by COVID-19 related disruptions [12].

Our study has several strengths. First, we conducted a repeated cross-sectional study in 3
countries, allowing us to track changes in food security and diet intake at different times dur-
ing the COVID-19 pandemic. Further, we collected data on the same individuals in some con-
texts. A limitation of the study is that we had a loss to follow-up in round 2 of the survey,
limiting our ability to look at changes over time prospectively for more households. Loss to fol-
low-up is, however, expected in telephone surveys, especially in our study contexts. Also, there
may be measurement errors as a result of self-reported dietary intake and food pricing. How-
ever, we do not think that measurement error will vary by the outcomes.

Conclusion

Our study finds that households in study countries reported higher food prices, and lower diet
quality during the COVID-19 pandemic. We found that effects differed by country and local
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contexts, suggesting the need for a nuanced understanding of the influence of COVID-19 on
diets. Those who were already vulnerable before the pandemic such as casual laborers and the
unemployed were more likely to be affected, as well as those not engaged in farming and more
reliant on markets, although this differed by country and rural and urban location. Those
whose agriculture production was unaffected and likely to subsist on their own production
may be protected from market disruptions due to the COVID-19 pandemic. Further, while
there was some recovery in the quality of diets consumed as the COVID pandemic continued,
recovery lagged behind for the consumption of some nutrient-rich foods. Dietary quality and
diversity were already low prior to the pandemic and remain a cause for concern.

All these factors including higher than usual food prices and poor diet quality experienced
in the study have health implications. Efforts should continue to improve diet quality through
mitigation measures, including social protection for people for sustained nutrition recovery.
More importantly, systematic efforts to improve the underlying causes of poor diet quality
through transforming food system value chains through relevant programs and national poli-
cies are critical.

Supporting information

S1 Fig. Change in consumption of MDDW food groups prior to and in Round 2 of the
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COVID-19 pandemic across 5 countries.
(PUB)

Acknowledgments

We thank all study participants and data collectors for contributing to this study. The survey
team in Ghana is grateful for support from the Kintampo Health Research Centre of Ghana
Health Service, and the community leadership of Kintampo North Municipality and Kin-
tampo South District. We acknowledge institutional support from Harvard T.H. Chan School
of Public Health, Boston, MA; Harvard University Center for African Studies, Boston, MA;
Heidelberg Institute of Global Health, Germany and the George Washington University
Milken Institute of Public Health, Washington, DC.

Author Contributions

Conceptualization: Abbas Ismail, Isabel Madzorera, Edward A. Apraku, Amani Tinkasimile,
Dielbeogo Dasmane, Millogo Ourohire, Nega Assefa, Angela Chukwu, Firehiwot Workneh,
Elena Hemler, Dongqing Wang, Sulemana W. Abubakari, Kwaku P. Asante, Till Baernigh-
ausen, Japhet Killewo, Ayoade Oduola, Ali Sie, Said Vuai, Emily Smith, Yemane Berhane,
Wafaie W. Fawzi.

Data curation: Isabel Madzorera, Pascal Zabre, Frank Mapendo, Bruno Lankoande.
Formal analysis: Abbas Ismail, Isabel Madzorera.
Funding acquisition: Till Baernighausen, Emily Smith, Wafaie W. Fawzi.

Methodology: Abbas Ismail, Isabel Madzorera, Edward A. Apraku, Amani Tinkasimile, Diel-
beogo Dasmane, Millogo Ourohire, Nega Assefa, Angela Chukwu, Firehiwot Workneh,

PLOS ONE | https://doi.org/10.1371/journal.pone.0279610 June 29, 2023 20/23


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0279610.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0279610.s002
https://doi.org/10.1371/journal.pone.0279610

PLOS ONE

COVID-19 impacts on prices and diet quality in Africa

Dongqing Wang, Sulemana W. Abubakari, Till Baernighausen, Japhet Killewo, Ayoade
Oduola, Abdramane Soura, Said Vuai, Emily Smith, Yemane Berhane, Wafaie W. Fawzi.

Project administration: Elena Hemler.

Writing - original draft: Abbas Ismail, Isabel Madzorera, Yemane Berhane.

Writing - review & editing: Abbas Ismail, Isabel Madzorera, Edward A. Apraku, Amani Tin-

kasimile, Dielbeogo Dasmane, Pascal Zabre, Millogo Ourohire, Nega Assefa, Angela
Chukwu, Firehiwot Workneh, Frank Mapendo, Bruno Lankoande, Elena Hemler, Dongg-
ing Wang, Sulemana W. Abubakari, Kwaku P. Asante, Till Baernighausen, Japhet Killewo,
Ayoade Oduola, Ali Sie, Abdramane Soura, Said Vuai, Emily Smith, Wafaie W. Fawzi.

References

1.

10.

11.

12.

13.

14.

15.

16.

Bambra C, Riordan R, Ford J, Matthews F. The COVID-19 pandemic and health inequalities. J Epide-
miol Community Health. 2020; 74(11):964-8. https://doi.org/10.1136/jech-2020-214401 PMID:
32535550

WHO. COVID-19 responsible for at least 3 million excess deaths in 2020 2021 [cited 2021. Available
from: https://www.who.int/news-room/spotlight/the-impact-of-covid-19-on-global-health-goals.

McNeely CL, Schintler LA, Stabile B. Social Determinants and COVID-19 Disparities: Differential Pan-
demic Effects and Dynamics. World Medical & Health Policy. 2020; 12(3):206—17.

WHO. COVID-19 situation reports. https://www.who.int/emergencies/diseases/novel-coronavirus-
2019/situation-reports. 2022.

Fakhruddin BS, Blanchard K, Ragupathy D. Are we there yet? The transition from response to recovery
for the COVID-19 pandemic. Progress in Disaster Science. 2020; 7:100102. https://doi.org/10.1016/j.
pdisas.2020.100102 PMID: 34171013

Fairlie R. The impact of COVID-19 on small business owners: Evidence from the first three months after
widespread social-distancing restrictions. Journal of economics & management strategy. 2020; 29
(4):727-40.

Ozili P. COVID-19 in Africa: socio-economic impact, policy response and opportunities. International
Journal of Sociology and Social Policy. 2020.

FAO, IFAD, UNICEF, WFP and WHO. The State of Food Security and Nutrition in the World 2021.
Transforming food systems for food security, improved nutrition and affordable healthy diets for all.
Rome, FAO.;2021.

FAO, IFAD, UNICEF, WFP and WHO. The State of Food Security and Nutrition in the World 2020.
Transforming food systems for affordable healthy diets. Rome, FAO.; 2020.

Gilbert M, Pullano G, Pinotti F, Valdano E, Poletto C, Boélle P-Y, et al. Preparedness and vulnerability
of African countries against importations of COVID-19: a modelling study. The Lancet. 2020; 395
(10227):871-7. https://doi.org/10.1016/S0140-6736(20)30411-6 PMID: 32087820

The Sustainable Development Goals Center for Africa and Sustainable Development Solutions Network
(2020): Africa SDG Index and Dashboards Report. Kigali and New York: SDG Center for Africa and
Sustainable Development Solutions Network.; 2020.

Picchioni F, Goulao LF, Roberfroid D. The impact of COVID-19 on diet quality, food security and nutri-
tion in low and middle income countries: A systematic review of the evidence. Clinical Nutrition. 2022;
41(12):2955-64. https://doi.org/10.1016/j.cInu.2021.08.015 PMID: 34535329

Aday S, Aday MS. Impact of COVID-19 on the food supply chain. Food Quality and Safety. 2020; 4
(4):167-80.

Erokhin V, Gao T. Impacts of COVID-19 on Trade and Economic Aspects of Food Security: Evidence
from 45 Developing Countries. Int J Environ Res Public Health. 2020; 17(16). https://doi.org/10.3390/
ijerph17165775 PMID: 32785155

Laborde D, Martin W, Swinnen J, Vos R. COVID-19 risks to global food security. Science. 2020; 369
(6503):500-2. https://doi.org/10.1126/science.abc4765 PMID: 32732407

Madzorera |, Ismail A, Hemler EC, Korte ML, Olufemi AA, Wang D, et al. Impact of COVID-19 on Nutri-
tion, Food Security, and Dietary Diversity and Quality in Burkina Faso, Ethiopia and Nigeria. The Ameri-
can Journal of Tropical Medicine and Hygiene. 2021; 105(2):295-309. https://doi.org/10.4269/ajtmh.
20-1617 PMID: 34161300

PLOS ONE | https://doi.org/10.1371/journal.pone.0279610 June 29, 2023 21/23


https://doi.org/10.1136/jech-2020-214401
http://www.ncbi.nlm.nih.gov/pubmed/32535550
https://www.who.int/news-room/spotlight/the-impact-of-covid-19-on-global-health-goals
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports
https://doi.org/10.1016/j.pdisas.2020.100102
https://doi.org/10.1016/j.pdisas.2020.100102
http://www.ncbi.nlm.nih.gov/pubmed/34171013
https://doi.org/10.1016/S0140-6736%2820%2930411-6
http://www.ncbi.nlm.nih.gov/pubmed/32087820
https://doi.org/10.1016/j.clnu.2021.08.015
http://www.ncbi.nlm.nih.gov/pubmed/34535329
https://doi.org/10.3390/ijerph17165775
https://doi.org/10.3390/ijerph17165775
http://www.ncbi.nlm.nih.gov/pubmed/32785155
https://doi.org/10.1126/science.abc4765
http://www.ncbi.nlm.nih.gov/pubmed/32732407
https://doi.org/10.4269/ajtmh.20-1617
https://doi.org/10.4269/ajtmh.20-1617
http://www.ncbi.nlm.nih.gov/pubmed/34161300
https://doi.org/10.1371/journal.pone.0279610

PLOS ONE

COVID-19 impacts on prices and diet quality in Africa

17.

18.

19.
20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Darling AM, Assefa N, Barnighausen T, Berhane Y, Canavan CR, Guwatudde D, et al. Design and field
methods of the ARISE Network Adolescent Health Study. Tropical Medicine & International Health.
2020; 25(1):5-14.

Hemler EC, Korte ML, Lankoande B, Millogo O, Assefa N, Chukwu A, et al. Design and field methods of

the ARISE Network COVID-19 rapid monitoring survey. The American Journal of Tropical Medicine and
Hygiene. 2021; 105(2):310. https://doi.org/10.4269/ajtmh.20-1618 PMID: 34161299

ARISE Covid Survey Round 2 Methods Brief.

Madzorera |, Ismail A, Hemler E, Korte M, Olufemi A, Wang D, et al. Impact of COVID-19 on Nutrition,
Food Security and Dietary Diversity and Quality in Burkina Faso, Ethiopia and Nigeria. Curr Dev Nutr.
2021; 5(Supplement_2):234—. https://doi.org/10.4269/ajtmh.20-1617 PMID: 34161300

Fung T, Isanaka S, Hu FB, Willett WC. International food group-based diet quality and risk of coronary
heart disease in men and women. The American journal of clinical nutrition. 2018; 107(1):120-9. https:/
doi.org/10.1093/ajcn/ngx015 PMID: 29381797

Fung T, Bromage S, Li Y, Bhupathiraju S, Batis C, Fawzi W, et al. A Global Diet Quality Index and Risk
of Type 2 Diabetes in U.S. Women. Curr Dev Nutr. 2020; 4:1401.

Gicevic S, Gaskins AJ, Fung TT, Rosner B, Tobias DK, Isanaka S, et al. Evaluating pre-pregnancy die-
tary diversity vs. dietary quality scores as predictors of gestational diabetes and hypertensive disorders
of pregnancy. PLoS One. 2018; 13(4): e0195103—e. https://doi.org/10.1371/journal.pone.0195103
PMID: 29614105

Madzorera |, Isanaka S, Wang M, Msamanga Gl, Urassa W, Hertzmark E, et al. Maternal dietary diver-
sity and dietary quality scores in relation to adverse birth outcomes in Tanzanian women. The American
Journal of Clinical Nutrition. 2020; 112(3):695-706. https://doi.org/10.1093/ajcn/ngaa172 PMID:
32651998

Wolfson JA, Posluszny H, Kronsteiner-Gicevic S, Willett W, Leung CW. Food Insecurity and Less Fre-
quent Cooking Dinner at Home Are Associated with Lower Diet Quality in a National Sample of Low-
Income Adults in the United States during the Initial Months of the Coronavirus Disease 2019 Pan-
demic. Journal of the Academy of Nutrition and Dietetics. 2022; 122(10):1893-902.e12. https://doi.org/
10.1016/j.jand.2022.05.009 PMID: 35569728

FAO. Minimum Dietary Diversity for Women: A guide to measurement Rome: Food and Agriculture
Organization of the United Nations and USAID; 2016.

Martin-Prével Y, Allemand P., Wiesmann, Arimond M., Ballard T., Deitchler M., et al. Moving forward on
choosing a standard operational indicator of women'’s dietary diversity. Rome: FAO; 2015.

Pekar S, Brabec M. Generalized estimating equations: A pragmatic and flexible approach to the mar-
ginal GLM modelling of correlated data in the behavioural sciences. Ethology. 2018; 124(2):86—93.

Agyei SK, Isshaq Z, Frimpong S, Adam AM, Bossman A, Asiamah O. COVID-19 and food prices in sub-
Saharan Africa. Afr Dev Rev. 2021; 33(Suppl 1):S102-S13. https://doi.org/10.1111/1467-8268.12525
PMID: 34149241

Beckman J, Baguedano F, Countryman A. The impacts of COVID-19 on GDP, food prices, and food
security. Q Open. 2021; 1(1).

Nchaniji EB, Lutomia CK. Regional impact of COVID-19 on the production and food security of common
bean smallholder farmers in Sub-Saharan Africa: Implication for SDG’s. Global Food Security. 2021;
29:100524. https://doi.org/10.1016/j.gfs.2021.100524 PMID: 34164255

Ali Z, Green R, Zougmoré RB, Mkuhlani S, Palazzo A, Prentice AM, et al. Long-term impact of West
African food system responses to COVID-19. Nature Food. 2020; 1(12):768-70. https://doi.org/10.
1038/s43016-020-00191-8 PMID: 33829211

Batis C, Irizarry L, Castellanos-Gutiérrez A, Aburto TC, Rodriguez-Ramirez S, Stern D, et al. Factors
Associated With Dietary Quality During Initial and Later Stages of the COVID-19 Pandemic in Mexico.
Frontiers in Nutrition. 2021;8. https://doi.org/10.3389/fnut.2021.758661 PMID: 34977117

Lee MM, Poole MK, Zack RM, Fiechtner L, Rimm EB, Kenney EL. Food insecurity and the role of food
assistance programs in supporting diet quality during the COVID-19 pandemic in Massachusetts. Fron-
tiers in Nutrition. 2023;9. https://doi.org/10.3389/fnut.2022.1007177 PMID: 36687676

Ali Mohamed EM, Alhaj Abdallah SM, Ahmadi A, Lucero-Prisno DE. Food Security and COVID-19in
Africa: Implications and Recommendations. The American journal of tropical medicine and hygiene.
2021; 104(5):1613-5. https://doi.org/10.4269/ajtmh.20-1590 PMID: 33684060

Agamile P. COVID-19 Lockdown and Exposure of Households to Food Insecurity in Uganda: Insights
from a National High Frequency Phone Survey. The European Journal of Development Research.
2022. https://doi.org/10.1057/s41287-022-00510-8 PMID: 35194341

PLOS ONE | https://doi.org/10.1371/journal.pone.0279610 June 29, 2023 22/23


https://doi.org/10.4269/ajtmh.20-1618
http://www.ncbi.nlm.nih.gov/pubmed/34161299
https://doi.org/10.4269/ajtmh.20-1617
http://www.ncbi.nlm.nih.gov/pubmed/34161300
https://doi.org/10.1093/ajcn/nqx015
https://doi.org/10.1093/ajcn/nqx015
http://www.ncbi.nlm.nih.gov/pubmed/29381797
https://doi.org/10.1371/journal.pone.0195103
http://www.ncbi.nlm.nih.gov/pubmed/29614105
https://doi.org/10.1093/ajcn/nqaa172
http://www.ncbi.nlm.nih.gov/pubmed/32651998
https://doi.org/10.1016/j.jand.2022.05.009
https://doi.org/10.1016/j.jand.2022.05.009
http://www.ncbi.nlm.nih.gov/pubmed/35569728
https://doi.org/10.1111/1467-8268.12525
http://www.ncbi.nlm.nih.gov/pubmed/34149241
https://doi.org/10.1016/j.gfs.2021.100524
http://www.ncbi.nlm.nih.gov/pubmed/34164255
https://doi.org/10.1038/s43016-020-00191-8
https://doi.org/10.1038/s43016-020-00191-8
http://www.ncbi.nlm.nih.gov/pubmed/33829211
https://doi.org/10.3389/fnut.2021.758661
http://www.ncbi.nlm.nih.gov/pubmed/34977117
https://doi.org/10.3389/fnut.2022.1007177
http://www.ncbi.nlm.nih.gov/pubmed/36687676
https://doi.org/10.4269/ajtmh.20-1590
http://www.ncbi.nlm.nih.gov/pubmed/33684060
https://doi.org/10.1057/s41287-022-00510-8
http://www.ncbi.nlm.nih.gov/pubmed/35194341
https://doi.org/10.1371/journal.pone.0279610

PLOS ONE COVID-19 impacts on prices and diet quality in Africa

37. Kansiime MK, Tambo JA, Mugambi |, Bundi M, Kara A, Owuor C. COVID-19 implications on household
income and food security in Kenya and Uganda: Findings from a rapid assessment. World Develop-
ment. 2021; 137:105199. https://doi.org/10.1016/j.worlddev.2020.105199 PMID: 32982018

PLOS ONE | https://doi.org/10.1371/journal.pone.0279610 June 29, 2023 23/23


https://doi.org/10.1016/j.worlddev.2020.105199
http://www.ncbi.nlm.nih.gov/pubmed/32982018
https://doi.org/10.1371/journal.pone.0279610

