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Abstract
Objective:We determined the prevalence and identified predictors of food insecu-
rity in four African countries.
Design: Cross-sectional analyses at study enrolment.
Setting: From January 2013 to March 2020, people living with HIV (PLWH) and
without HIV were enrolled at twelve clinics in Kenya, Uganda, Tanzania and
Nigeria.
Participants: Participants reporting not having enough food to eat over the past 12
months or receiving <3 meals/d were defined as food insecure. Robust Poisson
regression models were used to estimate unadjusted and adjusted prevalence
ratios (aPR) and 95 % CI for predictors of food insecurity among all participants
and separately among PLWH.
Results: 1694/3496 participants (48·5 %) reported food insecurity at enrolment,
with no difference by HIV status. Food insecurity was more common among older
participants (50þ v. 18–24 years aPR 1·35, 95 % CI 1·15, 1·59). Having 2–5 (aPR
1·14, 95 % CI 1·01, 1·30) or>5 dependents (aPR 1·17, 95 % CI 1·02, 1·35), and resid-
ing in KisumuWest, Kenya (aPR 1·63, 95 % CI 1·42, 1·87) or Nigeria (aPR 1·20, 95 %
CI 1·01, 1·41) was associated with food insecurity. Residing in Tanzania (aPR 0·65,
95 % CI 0·53, 0·80) and increasing education (secondary/above education v. none/
some primary education aPR 0·73, 95 % CI 0·66, 0·81) was protective against food
insecurity. Antiretroviral therapy (ART)-experienced PLWHwere more likely to be
food secure irrespective of viral load.
Conclusion: Food insecurity was highly prevalent in our cohort though not signifi-
cantly associated with HIV. Policies aimed at promoting education, elderly care,
ART access in PLWH and financial independence could potentially improve food
security in Africa.
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Food insecurity exists when an individual is unable to
access or does not have enoughmoney to buy an adequate
amount of safe and nutritious food that meets their dietary
needs and food preferences for an active and healthy life(1).
An estimated 821 million people around the globe were
affected by food insecurity in 2017, with a disproportionate
burden in sub-Saharan Africa (SSA)(2,3). The prevalence of

severe food insecurity, specifically defined by global public
health authorities as those who ran out of food and could
not eat for a whole day or more in the past year, was only
1·4 % in North America and Europe but 29·8 % in Africa(2).
Except for North America and Europe, the burden of food
insecurity has progressively increased in all other regions of
the world between 2014 and 2017(2–5). In SSA, the
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prevalence of severe food insecurity increased from 25·0 %
in 2014 to 33·8 % in 2017, compared to a much smaller
increase from 11·2 % to 12·4 % in Northern Africa over
the same period(2,3). A 2018 UN report revealed that 153
million people representing approximately 26 % of those
over 15 years in SSA were affected by severe food insecu-
rity between 2014 and 2015(6).

Poverty, underdeveloped and underperforming agricul-
tural sectors have been identified as underlying causes of
food insecurity in developing countries, particularly those
in SSA(7,8). Agricultural output in SSA is greatly impacted by
climate change, a high burden of HIV, social conflicts and
poor governance(8). Previous studies have also highlighted
sociodemographic characteristics of households and health
status as predictors of food insecurity(9–12). In the USA, low
income, unmet medical needs, poor health and limited par-
ticipation in food assistance programswere associated with
food insecurity(9). In SSA, food insecurity has been more
commonly observed in households with lower income,
lower education, poor health status and larger family
size/number of dependents(11,12).

SSA carries a disproportionate burden of HIV infection,
accounting for two-thirds of the global burden of the dis-
ease(13). A two-way relationship between food insecurity
and HIV has been reported. On the one hand, HIV-related
morbidity and mortality have been observed to negatively
impact the socio-economic status of households and take a
toll on the agricultural labour force, thereby predisposing
households to food insecurity(11). Among farming house-
holds in rural Nigeria, a decline in food production effi-
ciency and utilised farm area, as well as in financial
contributions to households were observed among people
living with HIV (PLWH)(12). On the other hand, food inse-
curity could potentially increase the risk of HIV transmis-
sion(13–15), by triggering risk behaviours such as
transactional sex(16,17). Food insecurity has also been iden-
tified as a barrier to HIV care and may be associated with
poor treatment outcomes(17–19).

To date, studies that assessed food insecurity in SSA
have tended to be small, limited to single countries and
rarely involved a mixed population of people living with
and without HIV(11,12,20–25). Most studies that explored the
relationship between HIV and food insecurity were either
conducted in the era of limited access to antiretroviral
therapy (ART) or had a preponderance of PLWH with
advanced disease(14,16,19,26–28).

A large, multinational evaluation of the prevalence and
predictors of food insecurity could inform interventions to
combat the growing epidemic of food insecurity in SSA.
Moreover, in light of the ongoing COVID-19 pandemic,
which has disrupted socio-economic activities and food
security in SSA(29,30), there is a critical need to identify at-risk
groups for interventions to improve food security in the
region. We determined the prevalence and identified pre-
dictors of food insecurity in people living with and without
HIV in four African countries.

Methods

Study design and participants
The ongoing African Cohort Study (AFRICOS) is a longi-
tudinal observational study that enrols PLWH and a
smaller group of adults without HIV at twelve
President’s Emergency Plan for AIDS Relief-supported
clinical care sites in Uganda, Kenya, Tanzania and
Nigeria as previously described(31). The vast majority of
PLWH in our sample were invited to the study based on
random selection from existing clinic lists (stratified by
gender and ART status) or new enrolees to the clinic,
while a minority (less than 5 %) are recruited from other
HIV studies. Participants without HIV were recruited from
individuals who screened negative for HIV at the counsel-
ling and testing units of the clinics. A few participants
without HIV were serodiscordant partners of enrolled
PLWH. All the President’s Emergency Plan for AIDS
Relief clinics where AFRICOS is conducted serve the gen-
eral population. Recruitment/enrolment is ongoing for up
to a maximum of 4200 participants (3500 PLWH and
700 people without HIV). Individuals were eligible if
they were aged ≥18 years and consented to data and
specimen collection. An additional inclusion criterion
for PLWH was the ongoing receipt of HIV care at the
enrolling clinic. We excluded individuals who were preg-
nant at enrolment.

At enrolment and every 6months thereafter, participants
underwent medical history taking, physical examination
and laboratory assessments, including HIV screening and
confirmatory tests. Participants also completed a broad
demographic and socio-behavioral questionnaire. Data
from enrolment visits that occurred between 23 January
2013 and 1 March 2020 were included in these cross-sec-
tional analyses. All participants provided written informed
consent prior to enrolment.

Data collection and definitions
Demographic variables were obtained from participants
by self-report, including age, sex, marital status,
education, employment status, primary occupation, total
number of people in the household and total number of
dependents. For PLWH, clinical/laboratory data on
WHO clinical staging, ART status, self-reported ART
adherence, CD4 count and viral load (VL) were also
collected. Although information on the presence of
opportunistic infection was obtained in PLWH, it
was not reported as a separate variable since it is a
component of WHO clinical staging. PLWH were
considered suppressed if they had a VL <1000 cop-
ies/ml.

The following distinct questions were initially used to
assess three food insecurity metrics: (i) ‘Have you had
enough food to eat over the past 12 months?’ (ii)‘On aver-
age, how many meals do you have in a day?’ and (iii) ‘Of
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these meals, how many have been cut or reduced in size
because there is not enough food or money for food?’
Possible responses to the first question were either ‘yes’
or ‘no’, and were coded as binary in the models.
Responses to the last two questions were collected as a
discrete number of meals. For analyses, the number of
meals per day variable was categorised as <3, 3 or >3,
while the number of meals cut or reduced in size per
day variable was categorised as none or ≥1. Using a com-
bined index, food insecurity was defined as a report of not
having enough food to eat over the past 12 months or hav-
ing less than three meals per day on average, while food
security was defined as a report of having enough food to
eat over the past 12 months and having three or more
meals per day on average. The metric assessing the num-
ber of meals reduced in size per day because there is not
enough food or money for food was excluded from the
combined food insecurity index due to the disproportion-
ately low number of participants with available data for
this variable, as this question was added to the subject
questionnaire in late 2017.

Statistical analyses
Descriptive statistics (χ2 tests for categorical variables
and Wilcoxon rank-sum tests for continuous variables)
were used to describe differences between participants
classified as food insecure using the combined food inse-
curity index and those classified as food secure.
Generalised linear models with a Poisson distribution
and robust error variances were used to estimate unad-
justed and adjusted prevalence ratios (aPR) and 95 %
confidence interval (CI) for associations between pre-
specified factors of interest and not having enough food
to eat in the past 12 months and the combined food inse-
curity index. The PR is a measure of association quantify-
ing the relationship between a predictor variable and a
dichotomous outcome of interest in a cross-sectional
analysis, especially suitable for outcomes with a high
prevalence. Poisson regression models for count out-
comes were used to estimate unadjusted and adjusted
rate ratios for associations between pre-specified factors
and the number of meals per day.

Independent variables were selected for inclusion in
the model based on a review of existing literature,
including HIV status, age, sex, marital status, education,
employment status, primary occupation, farming status,
household size and number of dependents. To poten-
tially account for country-specific and seasonal/climatic
variabilities, we also adjusted for site and year of enrol-
ment. To evaluate HIV-specific factors, a subgroup
analysis was performed among PLWH. A p-value <0·05
was considered statistically significant. All analyses were
performed using SAS 9·3 (SAS, Cary, NC) and Stata 15·0
(StataCorp, College Station, TX).

Results

Characteristics of the study population
As of 1 March 2020, a total of 3551 participants were
enrolled in the study, including 2937 PLWH and 614 partici-
pants without HIV. Of these, 3496 participants comprising
2884 PLWH and 612 people without HIV had complete
data for analyses. Among all participants, the median age
was 37·8 years (interquartile range 30·5–45·8 years). The
majority of participants were female (n 2029, 58·0 %) and
2070 (59·2 %) were married. A total of 1390 (39·8 %)
reported being employed at the time of enrolment, includ-
ing 356 (10·2 %) who reported that their current primary
occupation was farming. The median household size was
5 (interquartile range 3–6), and the median number of
dependents was 2 (interquartile range 2–3) (Table 1).

The median age among PLWH was 38·3 years (inter-
quartile range 31·1–46·1 years). Among PLWH, 889
(30·8 %) were not on ART at enrolment, while 1691
(58·6 %) were on ART with a VL< 1000 copies/ml and 304
(10·5 %) were on ART with a VL≥ 1000 copies/ml. Only
564 (19·6 %) had a CD4 count below 200 cells/mm3. WHO
clinical stages III and IV disease were documented in 998
(34·6 %) and 183 (6·3 %) PLWH, respectively (Table 2).

Prevalence of food insecurity
Of 3496 participants, 1204 (34·4 %) reported not having
enough food to eat in the past 12 months, while receiving
<3meals/don averagewasdocumented in 1004 (28·7 %)par-
ticipants. Reduction in number or size of ≥1 meals because
there was not enough food or money for food was observed
in 68 (22·8 %) out of 298 participants with available data.

Statistically significant inter-site differences were
observed in the proportion of individuals who reported
not having enough food to eat over 12months, with a greater
proportion of participants in Kisumu West, Kenya (n
473,75·3 %) and South Rift Valley, Kenya (n 405, 33·1 %)
affected than in other sites (P< 0·001, Fig. 1A). Similarly,
the average number ofmeals received per day varied signifi-
cantly by site, with a greater proportion of participants in
Uganda (n 300, 47·0%) andNigeria (n 145, 39·1 %) reporting
<3 meals/d on average as compared to the other sites
(P< 0·001, Fig. 1B). Therewas no significant inter-site differ-
ence in the proportion of individuals who reported a cut or
reduction in the size of meals (P= 0·18, Fig. 1C).

Based on the combined index, the prevalence of food
insecurity was 48·5 % (n 1694), with no statistically signifi-
cant difference between participants with and without HIV
(48·7 % v. 47·4 %, P= 0·56). A statistically significant differ-
ence was observed in the prevalence of food insecurity by
site, with the highest prevalence in Kisumu West, Kenya
(n 494, 78·7 %), followed by Uganda (n 332, 52·0 %) and
the lowest prevalence in Tanzania (n 168, 26·4 %),
(P< 0·001, Fig. 1D).
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Predictors of not having enough food over the past
12 months
Compared to participants 18–24 years old, not having
enough food to eat in the past 12 months was more
common among those 25–39 years old (aPR 1·35, 95 %
CI 1·10, 1·64), 40–49 years old (aPR 1·58, 95 % CI 1·28,

1·94) and 50þ years old (aPR 1·33, 95 % CI 1·07, 1·65;
Table 3). As compared to having less than two dependents,
having 2–5 dependents (aPR 1·27, 95 % CI 1·06, 1·52) or
more than five dependents (aPR 1·41, 95 % CI 1·16, 1·71)
was associated with not having enough food to eat in the
past 12 months. Residing in South Rift Valley, Kenya

Table 1 Characteristics of the study population by food insecurity status

All (n 3496)
Food secure
(n 1802)

Food insecure
(n 1694)

p-valuen % n % n %

HIV status 0·56
People living with HIV 2884 82·5 1480 82·1 1404 82·9
People living without HIV 612 17·5 322 17·9 290 17·1

Age (years) <0·001
18–24 400 11·4 268 14·9 132 7·8
25–39 1641 46·9 856 47·5 785 46·3
40–49 908 26·0 429 23·8 479 28·3
50þ 547 15·6 249 13·8 298 17·6

Sex 0·05
Male 1467 42·0 728 40·4 739 43·6
Female 2029 58·0 1074 59·6 955 56·4

Study site <0·001
Kayunga, Uganda 638 18·2 306 17·0 332 19·6
South Rift Valley, Kenya 1222 35·0 704 39·1 518 30·6
Kisumu West, Kenya 628 18·0 134 7·4 494 29·2
Mbeya, Tanzania 637 18·2 469 26·0 168 9·9
Abuja and Lagos Nigeria 371 10·6 189 10·5 182 10·7

Year enrolled in AFRICOS <0·001
2013 310 8·9 148 8·2 162 9·6
2014 1037 29·7 521 28·9 516 30·5
2015 968 27·7 480 26·6 488 28·8
2016 692 19·8 335 18·6 357 21·1
2017 279 8·0 163 9·0 116 6·8
2018 97 2·8 70 3·9 27 1·6
2019/2020 113 3·2 85 4·7 28 1·7

Marital status 0·01
Not married 1426 40·8 771 42·8 655 38·7
Married 2070 59·2 1031 57·2 1039 61·3

Education <0·001
None or some primary 1134 32·4 439 24·4 695 41·0
Primary or some secondary 1389 39·7 782 43·4 607 35·8
Secondary and above 973 27·8 581 32·2 392 23·1

Employment status 0·61
Not employed 2106 60·2 1093 60·7 1013 59·8
Employed 1390 39·8 709 39·3 681 40·2

Current primary occupation <0·001
Unemployed 2106 60·2 1093 60·7 1013 59·8
Unskilled labour 214 6·1 86 4·8 128 7·6
Professional/managerial 231 6·6 148 8·2 83 4·9
Farmer 356 10·2 156 8·7 200 11·8
Commerce/business 238 6·8 128 7·1 110 6·5
Skilled trade 178 5·1 92 5·1 86 5·1
Other 173 4·9 99 5·5 74 4·4

Currently a farmer <0·01
No 3140 89·8 1646 91·3 1494 88·2
Yes 356 10·2 156 8·7 200 11·8

Total no. people in household 0·02
≤6 2721 77·8 1431 79·4 1290 76·2
>6 775 22·2 371 20·6 404 23·8

No. of dependents <0·001
<2 people 460 13·2 292 16·2 168 9·9
2–5 people 1868 53·4 966 53·6 902 53·2
>5 people 1168 33·4 544 30·2 624 36·8

Data are presented as n (column%). Pearson’s χ2 andWilcoxon rank-sum tests were used to describe differences between participants classified as food insecure and those
classified as food secure, with food insecurity defined as a report of not having enough food to eat over the past 12months or having less than threemeals per day on average.
Statistically significant p-values are presented in bold. AFRICOS, African Cohort Study.
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Table 2 Characteristics of the study population living with HIV by food insecurity status

All (n 2884)
Food secure
(n 1480)

Food insecure
(n 1404) p-value

n % n % n %

Age (years) <0·001
18–24 307 10·6 211 14·3 96 6·8
25–39 1320 45·8 670 45·3 650 46·3
40–49 790 27·4 382 25·8 408 29·1
50þ 467 16·2 217 14·7 250 17·8

Sex 0·37
Male 1198 41·5 603 40·7 595 42·4
Female 1686 58·5 877 59·3 809 57·6

Study site <0·001
Kayunga, Uganda 525 18·2 253 17·1 272 19·4
South Rift Valley, Kenya 1014 35·2 577 39·0 437 31·1
Kisumu West, Kenya 503 17·4 99 6·7 404 28·8
Mbeya, Tanzania 541 18·8 397 26·8 144 10·3
Abuja and Lagos Nigeria 301 10·4 154 10·4 147 10·5

Year enrolled in AFRICOS <0·001
2013 266 9·2 123 8·3 143 10·2
2014 830 28·8 420 28·4 410 29·2
2015 803 27·8 406 27·4 397 28·3
2016 614 21·3 284 19·2 330 23·5
2017 216 7·5 133 9·0 83 5·9
2018 70 2·4 50 3·4 20 1·4
2019/2020 85 2·9 64 4·3 21 1·5

Marital status 0·01
Not married 1258 43·6 681 46·0 577 41·1
Married 1626 56·4 799 54·0 827 58·9

Education <0·001
None or some primary 960 33·3 370 25·0 590 42·0
Primary or some secondary 1138 39·5 643 43·4 495 35·3
Secondary and above 786 27·3 467 31·6 319 22·7

Employment status 0·56
Not employed 1741 60·4 901 60·9 840 59·8
Employed 1143 39·6 579 39·1 564 40·2

Current primary occupation <0·001
Unemployed 1741 60·4 901 60·9 840 59·8
Unskilled labour 185 6·4 74 5·0 111 7·9
Professional/managerial 189 6·6 120 8·1 69 4·9
Farmer 272 9·4 114 7·7 158 11·3
Commerce/business 205 7·1 109 7·4 96 6·8
Skilled trade 151 5·2 80 5·4 71 5·1
Other 141 4·9 82 5·5 59 4·2

Currently a farmer <0·01
No 2612 90·6 1366 92·3 1246 88·7
Yes 272 9·4 114 7·7 158 11·3

Total no. people in household 0·06
≤6 2281 79·1 1191 80·5 1090 77·6
>6 603 20·9 289 19·5 314 22·4

No. of dependents <0·001
<2 people 380 13·2 245 16·6 135 9·6
2–5 people 1580 54·8 802 54·2 778 55·4
>5 people 924 32·0 433 29·3 491 35·0

Viral load (copies/ml) 0·05
Not on ART 889 30·8 441 29·8 448 31·9
On ART, viral load <1000 1691 58·6 864 58·4 827 58·9
On ART, viral load ≥1000 304 10·5 175 11·8 129 9·2

Highest ever WHO stage 0·47
I 814 28·2 435 29·4 379 27·0
II 889 30·8 441 29·8 448 31·9
III 998 34·6 510 34·5 488 34·8
IV 183 6·3 94 6·4 89 6·3

CD4 count (cells/mm3) 0·20
<200 564 19·6 303 20·5 261 18·6
≥200 2320 80·4 1177 79·5 1143 81·4

Missed doses ART in past month 0·18
Not on ART 889 30·8 441 29·8 448 31·9
No missed doses ART 1719 59·6 906 61·2 813 57·9
Missed 1þ doses ART 276 9·6 133 9·0 143 10·2

Data are presented as n (column %). Pearson’s χ2 and Wilcoxon rank-sum tests were used to describe differences between participants living with HIV classified as food
insecure and those classified as food secure, with food insecurity defined as a report of not having enough food to eat over the past 12 months or having less than three meals
per day on average. Statistically significant p-values are presented in bold. ART, antiretroviral therapy.
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(aPR 1·78, 95 % CI 1·44, 2·21), Kisumu West, Kenya (aPR
3·99, 95 % CI 3·22, 4·94) or Nigeria (aPR 1·78, 95 % CI
1·37, 2·32) as compared to residing in Uganda, was inde-
pendently associated with not having enough food to eat
in the past 12 months. As compared to those with none
or some primary education, having a primary or some sec-
ondary level education (aPR 0·80, 95 % CI 0·73, 0·88) or a
secondary level education or above (aPR 0·65, 95 % CI 0·57,
0·74) was protective against not having enough food to eat
in the past 12 months after adjusting for potential con-
founders. Living with HIV was not significantly associated
with not having enough food to eat over the past 12months
(aPR 1·01, 95 % CI 0·90, 1·14).

In the adjusted model for only PLWH, compared to
participants 18–24 years old, not having enough food
to eat in the past 12 months was more common among
those 25–39 years old (aPR 1·40, 95 % CI 1·11, 1·78)
and 40–49 years old (aPR 1·52, 95 % CI 1·19, 1·95;
Supplementary Table 1). Similar to the model for all par-
ticipants, living in Kenya (South Rift Valley or Kisumu
West) or Nigeria, and having more dependents inde-
pendently predicted not having enough food to eat over
the past 12 months while higher education and being
enrolled between 2014 and 2016 compared to 2013 were
protective. WHO clinical stage, ART status and CD4
count were not found to be significantly associated with
not having enough food to eat in the past 12 months after
adjusting for other factors.

Predictors of average number of meals per day
Among all participants, after adjusting for potential con-
founders, compared to participants 18–24 years old, those
who were 40–49 years (aRR 0·97, 95 % CI 0·94, 1·00) and
50þ years (aRR 0·95, 95 % CI 0·92, 0·98), male (aRR 0·98,
95 % CI 0·97, 1·00) and employed (aRR 0·97, 95 % CI
0·95, 0·99) had a decreased rate of meals per day
(Table 4). Compared to participants from Uganda, partici-
pants living in South Rift Valley, Kenya (aRR 1·10, 95 % CI
1·06, 1·14), Kisumu West, Kenya (aRR 1·07, 95 % CI 1·03,
1·11) or Tanzania (aRR 1·07, 95 % CI 1·03, 1·11), and those
with a primary or some secondary level education (aRR
1·04, 95 % CI 1·02, 1·06) or a secondary level education
or above (aRR 1·06, 95 % CI 1·03, 1·08) as compared to
those with none or some primary education had a higher
rate of meals per day. There was no significant association
between living with HIV and number of meals received per
day (aRR 1·01, 95 % CI 0·99, 1·03).

Similarly, PLWH who were older, male and employed
had a reduced rate of meals per day, while living in
Kenya (South Rift Valley or KisumuWest) or Tanzania com-
pared to Uganda and higher education was associated with
an increased rate of meals per day (Supplementary
Table 2). ART-experienced PLWH had higher rates of
meals per day as compared to ART-naïve participants, irre-
spective of VL (on ART/VL< 1000 copies/ml aRR 1·04, 95 %
CI 1·02, 1·06 and on ART/VL≥ 1000 copies/ml aRR 1·03,
95 % CI 1·00, 1·07).

p<0·01 p<0·01

p=0·18
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Fig. 1 (colour online) Food security indicators stratified by site in the African Cohort Study
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Predictors of food insecurity based on the
combined index
After adjusting for potential confounding factors, com-
pared to participants 18–24 years old, food insecurity as
assessed using the combined index, was more common
among those 25–39 years (aPR 1·26, 95 % CI 1·08, 1·46),
40–49 years (aPR 1·41, 95 % CI 1·20, 1·65) and 50þ years
(aPR 1·35, 95 % CI 1·15, 1·59; Table 5). As compared to
having less than two dependents, having 2–5 dependents
(aPR 1·14, 95 % CI 1·01, 1·30) or more than five depend-
ents (aPR 1·17, 95 % CI 1·02, 1·35) was independently
associated with food insecurity. Residing in Kisumu

West, Kenya (aPR 1·63, 95 % CI 1·42, 1·87) or Nigeria
(aPR 1·20, 95 % CI 1·01, 1·41) as compared to residing
in Uganda, was independently associated with food inse-
curity while residing in Tanzania (aPR 0·60, 95 % CI 0·50,
0·72) was protective against food insecurity. As compared
to those with none or some primary education, having a
primary or some secondary level education (aPR 0·82,
95 % CI 0·76, 0·88) or a secondary level education or
above (aPR 0·73, 95 % CI 0·66, 0·81) was protective against
food insecurity. Living with HIV was not a predictor of
food insecurity as assessed by the combined index (aPR
1·01, 95 % CI 0·92, 1·10).

Table 3 Unadjusted and adjusted analyses of factors associated with not having enough food to eat in the past 12 months among all
participants

Unadjusted PR (95% CI) Adjusted PR (95% CI)

PR 95% CI PR 95% CI

HIV status
People living with HIV 1·05 0·93, 1·18 1·01 0·90, 1·14
People living without HIV Ref –

Age (years)
18–24 Ref –
25–39 1·70 1·38, 2·09 1·35 1·10, 1·64
40–49 1·91 1·55, 2·36 1·58 1·28, 1·94
50þ 1·87 1·50, 2·33 1·33 1·07, 1·65

Sex
Male 1·03 0·94, 1·13 1·01 0·93, 1·10
Female Ref –

Study site
Kayunga, Uganda Ref –
South Rift Valley, Kenya 1·58 1·33, 1·87 1·78 1·44, 2·21
Kisumu West, Kenya 3·59 3·07, 4·20 3·99 3·22, 4·94
Mbeya, Tanzania 0·71 0·56, 0·90 0·87 0·66, 1·15
Abuja and Lagos Nigeria 1·25 0·99, 1·56 1·78 1·37, 2·32

Year enrolled in AFRICOS
2013 Ref –
2014 1·19 0·99, 1·42 0·80 0·66, 0·97
2015 1·10 0·92, 1·33 0·77 0·64, 0·93
2016 1·25 1·04, 1·51 0·79 0·65, 0·96
2017 0·93 0·73, 1·19 0·96 0·75, 1·22
2018 0·33 0·18, 0·60 0·42 0·23, 0·77
2019/2020 0·39 0·23, 0·66 0·49 0·29, 0·83

Marital status
Not married Ref –
Married 1·19 1·08, 1·31 0·91 0·83, 1·00

Education
None or some primary Ref –
Primary or some secondary 0·73 0·66, 0·80 0·80 0·73, 0·88
Secondary and above 0·58 0·51, 0·65 0·65 0·57, 0·74

Employment status
Not employed Ref –
Employed 0·68 0·62, 0·76 0·98 0·86, 1·12

Currently a farmer
No Ref –
Yes 0·70 0·59, 0·85 0·96 0·77, 1·21

Total no. people in household
≤6 Ref –
>6 1·08 0·97, 1·21 0·98 0·87, 1·09

No. of dependents
<2 people Ref –
2–5 people 1·63 1·35, 1·97 1·27 1·06, 1·52
>5 people 1·93 1·60, 2·34 1·41 1·16, 1·71

Generalised linear models with a Poisson distribution and robust error variances were used to estimate unadjusted and adjusted prevalence ratios (aPR) and 95% CI for
associations between pre-specified factors of interest and not having enough food to eat in the past 12 months among all participants. Statistically significant association is in
bold. AFRICOS, African Cohort Study.
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After adjusting for potential confounding factors,
among PLWH, compared to participants 18–24 years
old, food insecurity was more common among those
25–39 years old (aPR 1·31, 95 % CI 1·09, 1·57), 40–49
years (aPR 1·40, 95 % CI 1·16, 1·69) and 50þ years
(aPR 1·39, 95 % CI 1·14, 1·69; Supplementary Table 3).
As compared to having less than two dependents, hav-
ing 2–5 dependents (aPR 1·19, 95 % CI 1·03, 1·37) or
more than five dependents (aPR 1·21, 95 % CI 1·03,
1·41) was independently associated with food insecu-
rity among PLWH. Residing in Kisumu West, Kenya
(aPR 1·83, 95 % CI 1·56, 2·15) or Nigeria (aPR 1·30,
95 % CI 1·08, 1·57) as compared to residing in
Uganda, was independently associated with food

insecurity while residing in Tanzania (aPR 0·65, 95 %
CI 0·53, 0·80) was protective. Compared to those with
none or some primary education, having a primary or
some secondary level education (aPR 0·81, 95 % CI
0·75, 0·88) or a secondary level education or above
(aPR 0·73, 95 % CI 0·66, 0·82) was protective against
food insecurity. ART-experienced PLWH were signifi-
cantly more likely to be food secure irrespective of
VL compared to ART-naïve PLWH (on ART/
VL < 1000 copies/ml v. ART naïve, aPR 0·90, 95 % CI
0·82, 0·99; on ART/VL ≥ 1000 copies/ml v. ART naïve,
aPR 0·86, 95 % CI 0·74, 0·99). WHO clinical stage and
CD4 count were not significantly associated with food
insecurity in the multivariable analysis.

Table 4 Unadjusted and adjusted analyses of factors associated with number of meals per day among all participants

Unadjusted RR (95% CI) Adjusted RR (95% CI)

PR 95% CI PR 95% CI

HIV status
People living with HIV 1·00 0·98, 1·02 1·01 0·99, 1·03
People living without HIV Ref –

Age (years)
18–24 Ref –
25–39 0·98 0·96, 1·00 0·98 0·96, 1·01
40–49 0·97 0·94, 0·99 0·97 0·94, 1·00
50þ 0·94 0·92, 0·97 0·95 0·92, 0·98

Sex
Male 0·98 0·96, 0·99 0·98 0·97, 1·00
Female Ref –

Study site
Kayunga, Uganda Ref –
South Rift Valley, Kenya 1·13 1·11, 1·16 1·10 1·06, 1·14
Kisumu West, Kenya 1·10 1·07, 1·13 1·07 1·03, 1·11
Mbeya, Tanzania 1·12 1·09, 1·14 1·07 1·03, 1·11
Abuja and Lagos Nigeria 1·06 1·02, 1·10 1·02 0·98, 1·06

Year enrolled in AFRICOS
2013 Ref –
2014 1·06 1·02, 1·09 0·99 0·96, 1·02
2015 1·04 1·01, 1·08 1·00 0·96, 1·03
2016 1·04 1·01, 1·08 0·98 0·94, 1·01
2017 1·07 1·03, 1·11 1·00 0·96, 1·04
2018 1·06 1·01, 1·12 1·01 0·97, 1·07
2019/2020 1·09 1·05, 1·14 1·02 0·91, 1·07

Marital status
Not married Ref –
Married 1·00 0·99, 1·02 1·01 0·99, 1·02

Education
None or some primary Ref –
Primary or some secondary 1·06 1·04, 1·08 1·04 1·02, 1·06
Secondary and above 1·07 1·04, 1·09 1·06 1·03, 1·08
Employment status
Not employed Ref –
Employed 0·93 0·92, 0·95 0·97 0·95, 0·99

Currently a farmer
No Ref –
Yes 0·91 0·88, 0·93 0·99 0·96, 1·03

Total no. people in household
≤6 Ref –
>6 0·99 0·97, 1·01 1·00 0·98, 1·02

No. of dependents
<2 people Ref –
2–5 people 1·00 0·98, 1·02 1·02 0·99, 1·04
>5 people 1·00 0·97, 1·02 1·02 0·99, 1·05

Poisson regression models were used to estimate unadjusted and adjusted rate ratios for associations between pre-specified factors and the number of meals per day among
all participants. Statistically significant association in bold. AFRICOS, African Cohort Study.
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Discussion

Between one-fifth and one-third of participants in our study
recorded at least one of three food insecurity metrics with sig-
nificant inter-site differences. As defined by the combined
index, nearly half of the participants reported food insecurity,
underscoring a large unmet need for strategies to ensure
adequate food supply to people with and without HIV in
SSA. This finding is generally consistent with prior reports
of high but variable prevalence of food insecurity in SSA rang-
ing from 19·5 to 100%(11,18,20–28,32–38). InWestern Kenya, 32%
of patients attending diabetes clinics were found to be food
insecure(20), while studies from other parts of Kenya found

much higher rates of food insecurity of 85% in urban slum
residents following post-election crises(37) and 100% in a very
small population of PLWH(24). Available studies from Uganda
have also demonstrated high levels of food insecurity of 75·4–
93% in the general population(23,38) and among predomi-
nantly ART-naïve PLWH(26,28). Among ART-naïve PLWH in
Tanzania, 52·2 % were found to be food insecure(27). The
prevalence of food insecurity in various studies conducted
in largely rural and low-income Nigerian households ranged
from 40·8 to 70%(11,21,32,33,35). In Southern Ethiopia, a study
conducted in predominantly stable, ART-experienced
PLWH found a relatively lower prevalence of food insecurity
of 19·5 %(36). In addition to the differences in the

Table 5 Unadjusted and adjusted analyses of factors associated with food insecurity among all participants

Unadjusted PR (95% CI) Adjusted PR (95% CI)

PR 95% CI PR 95% CI

HIV status
People living with HIV 1·03 0·94, 1·13 1·01 0·92, 1·10
People living without HIV Ref –

Age (years)
18–24 Ref –
25–39 1·45 1·25, 1·68 1·26 1·08, 1·46
40–49 1·60 1·37, 1·86 1·41 1·20, 1·65
50þ 1·65 1·41, 1·94 1·35 1·15, 1·59

Sex
Male 1·07 1·00, 1·15 1·05 0·98, 1·12
Female Ref –

Study site
Kayunga, Uganda Ref –
South Rift Valley, Kenya 0·82 0·74, 0·90 0·89 0·77, 1·02
Kisumu West, Kenya 1·51 1·39, 1·65 1·63 1·42, 1·87
Mbeya, Tanzania 0·51 0·44, 0·59 0·60 0·50, 0·72
Abuja and Lagos Nigeria 0·94 0·83, 1·07 1·20 1·01, 1·41

Year enrolled in AFRICOS
2013 Ref –
2014 0·95 0·84, 1·08 1·00 0·87, 1·14
2015 0·97 0·85, 1·09 0·96 0·84, 1·10
2016 0·99 0·87, 1·12 0·99 0·86, 1·14
2017 0·80 0·67, 0·95 1·06 0·88, 1·27
2018 0·53 0·38, 0·75 0·74 0·52, 1·04
2019/2020 0·47 0·34, 0·67 0·72 0·50, 1·03

Marital status
Not married Ref –
Married 1·09 1·02, 1·17 0·93 0·86, 1·00

Education
None or some primary Ref –
Primary or some secondary 0·71 0·66, 0·77 0·82 0·76, 0·88
Secondary and above 0·66 0·60, 0·72 0·73 0·66, 0·81

Employment status
Not employed Ref –
Employed 1·02 0·95, 1·09 1·00 0·91, 1·11

Currently a farmer
No Ref –
Yes 1·18 1·07, 1·30 1·05 0·92, 1·20

Total no. people in household
≤6 Ref –
>6 1·10 1·02, 1·19 1·02 0·94, 1·12

No. of dependents
<2 people Ref –
2–5 people 1·32 1·16, 1·50 1·14 1·01, 1·30
>5 people 1·46 1·28, 1·67 1·17 1·02, 1·35

Generalised linear models with a Poisson distribution and robust error variances were used to estimate unadjusted and adjusted prevalence ratios (aPR) and 95% CI for
associations between pre-specified factors of interest and food insecurity, defined as a report of not having enough food to eat over the past 12months or having less than three
meals per day on average, among all participants. Statistically significant association is indicated in bold. AFRICOS, African Cohort Study.
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methodologies used to assess food security, characteristics of
the study population, sample size, environmental and socio-
political issues may account for the disparity in these studies.
Several tools are available for the measurement of food inse-
curity(39). Most of the previous studies in SSA used the
Household Food Insecurity Access Scale, an experience-
based tool with a 30-day recall(24,26,28,37,40). Some studies in
SSA have used the food security index(11,33) or different ques-
tionnaire-based tools(20,22), while others used three or
single-question food security indicators over a 12-month
recall similar to our methods(27,41). It has been shown that
all the methods have advantages and inherent measurement
errors, and no single tool can account for all the dimensions of
food security(39).

In this study, similar socio-demographic factors consis-
tently predicted food insecurity whether assessed by
singular metrics or the combined index. Also, the socio-
demographic predictors of food insecurity were similar for
all participants and the subgroup of PLWH, who constituted
the majority of the study population. The predictors of food
insecurity among all participants, as defined by the com-
bined index, are largely consistent with findings of prior
studies conducted in SSA that identified low educational sta-
tus(11,21,24,33–35,40), age(11,21,24) and a high number of depend-
ents(33) as predictors of food insecurity. A high level of
education is likely to enable people to access better job
opportunities, attract higher income and make more appro-
priate decisions regarding food production and/or con-
sumption. Older age may be associated with a decline in
physical strength leading to reduced farming activities or lim-
ited ability to engage in relatively better-paying jobs, thereby
predisposing to food insecurity(42,43). We also observed that
the geographical location of participants impacted food
security, whether assessed by single metrics or the com-
bined index. Compared to participants from Uganda, living
in Kisumu West, Kenya was independently predictive of
food insecurity in our cohort. Few studies have investigated
the impact of geographical location on food insecurity. In
tandem with our report, a previous study in Brazil observed
that residing in the North and Northeastern regions of the
country was predictive of food insecurity(44). Among all par-
ticipants, married persons were significantly more likely to
be food secure. This observation was the only socio-
demographic predictor of food insecurity seen in the mixed
population but not in the PLWH subgroup in the adjusted
model. In Western Ethiopia, being single predicted food
insecurity in PLWH(40). It is possible that the care and support
provided by a spouse could positively impact food access
and the availability of prepared meals at home.

Other factors commonly associated with food insecurity
in previous studies are low household income, large family
size, unemployment, occupation, temporal changes/year
and limited involvement in farming(11,21,33–35,40). Contrary
to some previous studies, employment status, being a
farmer and size of householdwere not independent predic-
tors of food insecurity defined by the combined index in

our cohort. Nevertheless, we made an interesting observa-
tion that being employed rather predicted having a lower
number of meals per day on average among all partici-
pants. It is understandable that being at work may lead
to missing meals on some days. However, this cannot be
stretched too far as employment status neither impacted
report of not having enough food to eat over the past 12
months nor food insecurity assessed by the combined
index. Although the year of enrolment did not emerge as
an independent predictor of food insecurity in our cohort,
it proved to be a significant factor associatedwith the report
of not having enough food to eat over the past 12months in
all participants and in the subgroup of PLWH. The impact of
temporal changes on food insecurity has been previously
documented(44). Multiple factors may be responsible such
as the impact of seasonal/climatic variations on agricultural
activities and the role of socio-political crises on food
access. Due to the variability of occupation and income/
national currencies in our population, we did not specifi-
cally examine the relationship between food insecurity
and various occupations or household income.

Although a household size of more than six and surpris-
ingly being a farmer were significantly associated with food
insecurity in unadjustedmodels, these associationswere not
statistically significant after adjusting for potential confound-
ers. While we did not find any significant association
between sex and food insecurity as defined by the combined
index, we observed that being male was significantly asso-
ciated with fewer meals per day among all participants and
in the subgroup of PLWH. The association of male sex with
fewer meals per day may be because males are more likely
to be employed and may thus need to miss a meal due to
being at work. Although being male was significantly asso-
ciated with food insecurity compared to female sex among
PLWH in a previous study in Western Ethiopia(40), another
study in Southern Ethiopia identified being female as a pre-
dictor of food insecurity in PLWH(36). This disparity was
observed even though both studies assessed food insecurity
using the same tool. A systematic review of the effect of sex
on food security among PLWH receiving ART showed
higher odds of food insecurity among female PLWH than
their male counterparts, especially in low and middle-
income countries where women lack control over resources
and household food allocation decision-making(45).

There is a paucity of studies comparing the prevalence of
food insecurity between PLWH and those without HIV.
Surprisingly, this study revealed that PLWHwere not dispro-
portionately affected by food insecurity both in the com-
bined index and for the single metrics, contrary to the
traditional view that HIV infection predisposes to food inse-
curity(14,15). A possible reason for our observation is that the
PLWH in our study were engaged in care and the majority
were on suppressive ART, hence were unlikely to be at sub-
stantial risk of decreased food production efficiency and
higher out-of-pocket expenditure on healthcare.
Moreover, this study predominantly spans an era of
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improved access to HIV care and treatment during which a
relatively smaller proportion of PLWH presented with
advanced disease, compared to studies conducted predomi-
nantly in the era of limited access to care with a substantial
proportion of PLWH manifesting advanced disease(26–28).

Nevertheless, we conducted more focussed analyses in
the subgroup of PLWH to better understand the predictors
of food insecurity in the population, beyond socio-demo-
graphic factors which themselves are similar between
PLWH and the mixed population in this study. In terms of
HIV care/outcome variables, we observed that ART-experi-
enced PLWH were significantly more likely to be food
secure irrespective of their viral suppression status com-
pared to ART-naïve PLWH.However, advancedHIV disease
was not significantly associated with food insecurity.
Previous studies have demonstrated an inverse relationship
between food insecurity and key HIV care/outcome varia-
bles(17–19). An inverse relationship between food insecurity
and ART access has been documented in SSA(17). For exam-
ple, food insecurity was shown to be a barrier to ART in
PLWH yet to initiate treatment and a key contributor to
incomplete adherence among individuals on ART(17).
Studies conducted in the USA have reported a significant
association between food insecurity and poor virologic
response in ART-experienced PLWH after controlling for
potential confounders(46,47). Improved food security seen
in the ART-experienced PLWH in this study is not surprising
considering that the attendant improved health and well-
being is likely to have downstream consequences on
psychosocial and economic factors known to improve food
access. Sustained improvement of access to ART could
potentially be exploited as a strategy for improving food
security in SSA, especially among PLWH.

Contrary to our observation, advanced HIV disease as
evidenced by WHO clinical stage III/IV disease or low
CD4 count predicted food insecurity in Southern Ethiopia
and North America(36,48,49). Some previous studies have
demonstrated heavy household expenditure on healthcare
in PLWH with advanced disease thereby predisposing to
poverty and invariably food insecurity(50,51). In another
study in Western Ethiopia, the relationship between food
insecurity and WHO clinical stage was inconsistent on
multivariate analysis(40). Beyond any potential association
with advanced disease, the two-way relationship between
HIV-related mortality and food insecurity highlights the
critical need to address food security challenges in
PLWH(19,52). On a broader perspective, the negative impact
of food insecurity on health outcomes has been docu-
mented for several diseases other than HIV(53,54).
Integrating food security interventions into HIV care/treat-
ment programs appears to be a pragmatic step towards
improving the health of PLWH.However, as recommended
in a previous study, policies and interventions aimed at
enhancing food security in SSA should target vulnerable
groups broadly, rather than solely targeting those directly
affected by HIV(52).

The limitations of these analyses are acknowledged.
Our measurement of food insecurity was not based on
one of the more commonly used validated tools such as
Household Food Insecurity Access Scale and the food secu-
rity index, which makes direct comparison with a number
of prior studies challenging. As applicable to several food
insecurity survey tools, our method is subjective and vul-
nerable to recall social desirability bias. Also, caution
should be exercised when generalising our findings for
two major reasons. First, the study participants were
enrolled during clinic visits so it may represent a dispropor-
tionate sample of vulnerable individuals at increased risk of
food insecurity. Secondly, our study population comprised
predominantly PLWH and a smaller proportion of adults
without HIV, which is not the typical picture in the general
population. The study participants were enrolled over a
period of 7 years during which diverse seasonal and
socio-political factors could have impacted food produc-
tion and access in Africa thereby constituting a potential
limitation to these analyses. Despite these limitations, the
strengths of this study are worthy of note. We examined
food insecurity among a large cohort in four African coun-
tries, highlighting significant inter-country differences in
food insecurity and invariably filling some gaps in previous
studies. We were able to control for multiple potential con-
founders, including socio-demographic variables and year
of enrolment, some of which were not adjusted for in some
previous studies. The potential impact of seasonal/climatic
variations on food insecurity was partly controlled by the
inclusion of the year of enrolment in the models. While
the impact of our study limitations on the high prevalence
of food insecurity and the lack of association with HIV is
worthy of consideration, the fact that the majority of pre-
vious studies in SSA have either reported similarly high
or much higher burden of food insecurity in the general
population, and in PLWH lays credence to our observa-
tions. These analyses have also provided findings that
argue for further studies on the relationship between
HIV outcomes and food insecurity in the era of improved
access to care and treatment.

In conclusion, we found a high prevalence of food inse-
curity in four African countries, with significant inter-coun-
try variability. Surprisingly, the prevalence of food
insecurity among PLWH was similar to that of people with-
out HIV. This study revealed that age, education, number of
dependents, country of residence and marital status were
independent predictors of food insecurity assessed using
a combined index. The sociodemographic predictors of
food insecurity were similar between themixed population
and the subgroup of PLWH. Irrespective of VL suppression
status, ART-experienced PLWH were significantly more
likely to be food secure compared to ART-naïve popula-
tions. On the other hand, no significant association was
demonstrated between advanced HIV disease and food
insecurity. The high prevalence of food insecurity in SSA
is concerning, especially in the setting of COVID-19-
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induced socio-economic crises and reduction in food secu-
rity. Moreover, a high level of food insecurity remains a
threat to the attainment of Sustainable Development
Goals in Africa. Increased access to education for the entire
population and providing social support for older popula-
tions could potentially improve food security in SSA. Given
the strong extended family system in Africa, in addition to
intensified family planning sensitisation, the economic
empowerment of eligible family members will reduce the
pressure on household heads with a potentially favourable
downstream impact on food security. Improved access to
ART is a pragmatic strategy for promoting food security
in PLWH. African governments should prioritise agricul-
tural policies that support food production, distribution
and access. We recommend further prospective cohort
studies to investigate the relationship between HIV out-
comes and food insecurity.
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