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Objective To estimate the incidence of, and trends in, catastrophic health expenditure in sub-Saharan Africa.

Methods We systematically reviewed the scientific and grey literature to identify population-based studies on catastrophic health
expenditure in sub-Saharan Africa published between 2000 and 2021. We performed a meta-analysis using two definitions of catastrophic
health expenditure: 10% of total household expenditure and 40% of household non-food expenditure. The results of individual studies
were pooled by pairwise meta-analysis using the random-effects model.

Findings We identified 111 publications covering a total of 1040620 households across 31 sub-Saharan African countries. Overall, the
pooled annual incidence of catastrophic health expenditure was 16.5% (95% confidence interval, Cl: 12.9-20.4; 50 datapoints; 462151
households; #=99.9%) for a threshold of 10% of total household expenditure and 8.7% (95% Cl: 7.2—10.3; 84 datapoints; 795 355 households;
I*=99.8%) for a threshold of 40% of household non-food expenditure. Countries in central and southern sub-Saharan Africa had the highest
and lowest incidence, respectively. A trend analysis found that, after initially declining in the 2000s, the incidence of catastrophic health
expenditure in sub-Saharan Africa increased between 2010 and 2020. The incidence among people affected by specific diseases, such as
noncommunicable diseases, HIV/AIDS and tuberculosis, was generally higher.

Conclusion Although data on catastrophic health expenditure for some countries were sparse, the data available suggest that a non-
negligible share of households in sub-Saharan Africa experienced catastrophic expenditure when accessing health-care services. Stronger
financial protection measures are needed.

Abstractsin ( ,<, H13Z, Francais, Pycckuii and Espafiol at the end of each article.

Introduction

In 2019, over 930 million people worldwide experienced fi-
nancial hardship while obtaining health care and, annually,
about 100 million people were impoverished.! Out-of-pocket
payments, the predominant form of health care financing in
sub-Saharan Africa, have hindered the region’s drive towards
universal health coverage (UHC) and attainment of the sustain-
able development goals (SDGs).>* Moreover, payments affect
the poorest households disproportionately, thereby exacerbat-
ing inequality.**

Catastrophic health expenditure has been defined as
out-of-pocket payments above a share of total household ex-
penditure or non-food expenditure that forces households to
sacrifice other basic needs, sell assets, incur debts or become
impoverished.®’ This perpetuates a vicious cycle of poverty for
poor households and leads to more illness when households
cannot afford out-of-pocket costs.”® Reducing the incidence
of catastrophic health expenditure is a key policy objective
of governments in sub-Saharan Africa.” However, the design
and implementation of appropriate policies requires accurate,
up-to-date evidence on the incidence of catastrophic health
expenditure, which is scant at present.

Our aim was to fill this evidence gap by performing a
systematic review of population-based studies of catastrophic
health expenditure in sub-Saharan Africa. In particular, we
aimed to estimate the magnitude of, and between-country varia-
tion in, the annual incidence of catastrophic health expenditure
between 2000 and 2021 and to investigate trends over time.

Methods

We searched the PubMed®, African Journals Online, CINAHL,
CNKI, African Index Medicus, PsycINFO, SciELO, Scopus and
Web of Science databases using terms covering catastrophic
health expenditure, financial catastrophe and sub-Saharan
Africa (Box 1; available at: https:// www.who.int/publications/
journals/bulletin/) for studies published between 1 January
2000 and 30 September 2021 in the 48 countries of sub-Saharan
Africa (Box 2), as defined by the World Bank.’ In addition, two
authors independently searched the published literature between
2 October and 10 October 2021. We also searched the New
York Academy of Medicine Grey Literature and Open Grey, two
prepublication server depositories (i.e. medRxIV and bioRxIV)
and Google Scholar” for grey literature and followed up citations
in studies identified through the database search. We considered
studies published in any of the six African Union languages:
Arabic, English, French, Kiswahili, Portuguese and Spanish. Stud-
ies not in English were translated. The two authors underwent
a moderation exercise to ensure that inclusion and exclusion
criteria (Box 3) were applied uniformly before independently
assessing titles and abstracts. Discrepancies were resolved by
discussion. Finally, the full texts of eligible articles were assessed
against the inclusion criteria. We registered the study protocol
on PROSPERO (CRD42021274830) and findings were reported
according to PRISMA guidelines."

Three authors independently extracted data from the in-
cluded studies on: (i) study countries; (ii) year of publication;
(iii) study design; (iv) data sources; (v) year of data collection;
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Box 2. Countries included, meta-analysis of catastrophic health expenditure in sub-
Saharan Africa, 2000-2021

Central Africa: Burundi, Cameroon, Central African Republic, Chad, Congo, Democratic Republic
of the Congo, Equatorial Guinea, Gabon and Sao Tome and Principe.

Eastern Africa: Comoros, Djibouti, Eritrea, Ethiopia, Kenya, Madagascar, Mauritius, Rwanda,
Seychelles, Somalia, South Sudan, Sudan, Uganda and United Republic of Tanzania.

Southern Africa: Angola, Botswana, Eswatini, Lesotho, Malawi, Mozambique, Namibia, South
Africa, Zambia and Zimbabwe.

Western Africa: Benin, Burkina Faso, Cabo Verde, Cote d'lvoire, Gambia, Ghana, Guinea, Guinea-
Bissau, Liberia, Mali, Niger, Nigeria, Senegal, Sierra Leone and Togo.

Notes: The list includes the 48 countries of the sub-Saharan African region, as defined by the World Bank.”
Countries were grouped into four regions using the African Union classification.'

Box 3.Study inclusion and exclusion criteria, meta-analysis of catastrophic health
expenditure in sub-Saharan Africa, 2000-2021

Indusion criteria
- Observational orinterventional studies (which included data on the pre-intervention period)
published between 2000 and 2021 that reported population-level data for any of the 48
sub-Saharan African countries defined by the World Bank (Box 2).°

- Studies reported in the published or unpublished (i.e. grey) literature.

- Publications that reported the incidence of catastrophic health expenditure for all individuals
of all ages in the community as identified through household surveys or through studies
based in health facilities that were representative of the entire community.

- Peer-reviewed publications in Arabic, English, French, Portuguese, Spanish or Kiswahili.

- Publications that estimated catastrophic health expenditure using either total household
expenditure or income or non-subsistence expenditure.

- Publications that reported data on catastrophic health expenditure that could be extracted
as an independent outcome along with the study population (i.e. the denominator).

Exclusion criteria
- Publications that reported the incidence or proportion of catastrophic health expenditure
based on a retrospective analysis of patients’ charts, an analysis of hospital or pharmacy
revenues, or a national or subnational budget analysis.

- Publications that reported the incidence of catastrophic health expenditure for all individuals
of all ages based on studies carried out in one or several health facilities (e.g. outpatient
clinics, hospitals with inpatients, intensive care units, operating theatres, nursing homes or
long-term care facilities) that were not representative of the entire community.

- Interventional studies that reported the incidence of catastrophic health expenditure only
after the intervention.

- Studies that used methods for estimating catastrophic health expenditure that were not
clearly reported or defined or that reported catastrophic expenditure using terms such as
“excessive out-of-pocket health care” or the multidimensional poverty index.

- Articles that reported data for a population already included in the systematic review.

- Casereports, case series, systematic reviews, narrative reviews, letters to editors, commentary
pieces and study protocols.

(vi) study population; (vii) sample size;
and (viii) the incidence of catastrophic
health expenditure as determined using
a threshold of 10% of total household
expenditure or 40% of household non-
food expenditure or both. For surveys
spanning several years, we regarded
the survey’s first year as the date of the
survey. We grouped countries into four
regions (i.e. central, eastern, southern
and western Africa) using the African
Union classification (Box 2) and into
three income categories (i.e. low, lower
middle and upper middle) using the
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World Bank’s classification.”'® We ob-
tained data on social health insurance
programme coverage as a percentage of
the country’s population from the World
Bank and on the UHC’s service coverage
index from the World Health Organiza-
tion’s (WHO) Global Health Expenditure
Database.'>"” The service coverage index
for 2015 was used for studies whose data
were collected before 2016, whereas the
index for 2017 was used for all other
studies.”

Although studies have used differ-
ent thresholds to define catastrophic
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health expenditure,®’* the two most
widely used are 10% of total household
expenditure and 40% of household non-
food expenditure.'>'® We estimated the
annual incidence of catastrophic expen-
diture from the studies included using
these thresholds. If catastrophic expen-
diture was not reported using either
of these two definitions, we contacted
the study’s authors for supplementary
information. We included catastrophic
expenditure estimates based on the
medical expenditure incurred only;"
estimates based on indirect costs, such
as transportation, were excluded. We
contacted study authors if estimates
were missing or reported only monthly
or weekly. If two or more studies used
the same secondary data to estimate
the incidence of catastrophic health
expenditure, we used estimates from
peer-reviewed studies and from studies
that reported catastrophic health expen-
diture using both definitions.

Three authors independently as-
sessed study quality using the appraisal
tool for cross-sectional studies (AXIS)
- a 20-question checklist designed to
assess a study’s risk of bias across five
domains: introduction, methods, results,
discussion and other information.'” Each
study was scored between 0 and 20, with
a high score indicating a low risk of bias.
Discrepancies between authors were
resolved by discussion.

Data analysis

We used descriptive statistics to sum-
marize the studies’ characteristics. Indi-
vidual results were pooled by pairwise
meta-analysis using the random-effects
model (DerSimonian-Laird approach)
and the MetaProp Stata command with
the Freeman-Tukey double arcsine
transformation.'® We conducted separate
meta-analyses for the two definitions
of catastrophic health expenditure. Be-
tween-study heterogeneity was assessed
using the y” test with Cochran’s Q statistic
and quantified using the I* statistic. We
used Stata v. 17.0 (StataCorp LLC, Col-
lege Station, United States of America)
for all statistical analyses and an a of 0.05
was the cut-off for statistical significance.

We assessed the sensitivity of the
pooled estimates to sample size by ex-
cluding the 10% of studies with the
smallest sample size and the 10% with
the largest sample size. The robustness
of the estimates was assessed by exclud-
ing: (i) studies with the largest and
smallest sample sizes; (ii) studies using
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pre-intervention data; (iii) low-quality
studies; and (iv) studies that were not
peer reviewed. We performed subgroup
analyses along multiple dimensions,
including: (i) the data collection period
(i.e. 2000 to 2004, 2005 to 2009, 2010 to
2014 and 2015 to 2019); (ii) region (i.e.
eastern, central, southern or western
Africa); (iii) the country’s income status
(i.e. low; lower middle or upper middle);
(iv) data type (i.e. primary or secondary);
(v) publication status (i.e. peer-reviewed
or not); (vi) UHC service coverage index
(dichotomized to <45 and =45, based on
the sub-Saharan African average reported
by WHO);" (vii) the proportion of house-
holds with social insurance (i.e. <10% or
>10%); and (viii) the studies’ risk of bias
(i.e. high or low, corresponding to an AXIS
score of 0-10 or 11-20, respectively).
Finally, we performed a meta-regres-
sion analysis to explore factors associ-
ated with between-study heterogeneity
for all catastrophic health expenditure
incidence estimates pooled from 10 or
more datapoints.'” To avoid overfitting
the model, we included a limited number
of covariates (selected on the basis of
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Fig. 1. Selection of publications, systematic review of catastrophic health expenditure,

sub-Saharan Africa, 2000-2021

1587 records identified through database search

36 additional records identified through other sources

v

v

1623 total records identified

> 258 duplicates removed

\/

1365 titles and abstracts screened

—> 1206 records excluded:

\ titles and abstracts not relevant

159 articles' full text assessed
for eligibility

| 48articles excluded on

\ full text assessment:

synthesis and

111 studies included in qualitative

meta-analysis

« 28 articles with study sample
already included in review

« 10 articles with no data on
catastrophic health expenditure

« 4articles not using review
thresholds on catastrophic
health expenditure

+ 3articles with data from outside
of the review period (2000-2021)

« 3articles were not
population-based

Fig. 2. Geographical distribution of studies, meta-analysis of catastrophic health expenditure, sub-Saharan Africa, 2000-2021
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Note: The 111 studies identified in the systematic review included 145 datapoints on the annual incidence of catastrophic health expenditure in a specific country

in a specific year.
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previous studies). Covariates fell into two
categories: (i) study-level factors, namely
study design, study period, data type and
study quality based on the AXIS score;'>'¢
and (ii) country-level factors, namely
income status, UHC service coverage
index and the proportion of the popula-
tion with social insurance.>*” We also
evaluated evidence of publication bias by

examining funnel plot symmetry; we per-
formed Egger’s test for small-study effects
and used the trim-and-fill method.”
We assessed overall evidence quality
using the Grading of Recommendations,
Assessment, Development and Evalu-
ation (GRADE) approach.” First, we
scored the evidence for each outcome as
high and downgraded it by one level if
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one of the following was present: (i) poor
methodological quality (i.e. if 25% or
more of the studies in the meta-analysis
had a high risk of bias); (ii) imprecision
(i.e. if 25% or more of the studies did not
have a sample size of at least 385 house-
holds - the smallest sample size at the
95% confidence interval [CI] and 5% er-
ror margin); (iii) indirectness (i.e. if 25%

Table 2. Characteristics of subgroups of studies that defined catastrophic health expenditure as 10% of total household expenditure,

sub-Saharan Africa, 2000-2021

Study subgroup definition No. of No. of No. of Studysample  Pooled incidence of ~ Between-study
countriesin incidence households in size, range catastrophic health  heterogeneity,
subgroup  datapointsin  subgroup (%) expenditure®, % P%
subgroup (%) (95% CI)

All studies 22 50 (100) 462151 (100) 274-38700 16.5 (12.9-20.4) 99.9

Study period

2000-2009 11 21 (42.0) 209028 (45.2) 983-38700 15.6 (11.1-20.7) 99.9

2010-2019 19 29 (58.0) 253123 (54.8) 274-30229 17.1(11.9-23.1) 99.9

Sub-Saharan African region®

Central 2 2 (4.0) 14423 (3.1) 4120-10303 50.6 (49.8-51.4) NA

Eastern 6 17 (34.0) 173865 (37.6) 274-30229 16 0(94- 23 9) 99.8

Southern 5 10 (20.0) 132085 (28.6) 3167-25119 4(6.0-11.1) 99.7

Western 9 21 (42.0) 141778 (30.7) 411-38700 19 6 (14. 8 24 9) 99.8

Country income status®

Low 10 18 (36.0) 175523 (38.0) 983-30229 22.0(124-33.5) 99.9

Lower middle 10 25 (50.0) 193250 (41.8) 274-38700 154 (12.9-18.0) 99.6

Upper middle 2 7(14.0) 93378 (20.2) 4668-25119 8.0 (5.8-10.6) 994

Social health insurance coverage

<10% 22 48 (96.0) 438659 (94.9) 274-38700 16.7 (12.9-20.8) 999

>10% 2 2 (4.0) 23492 (5.1) 6720-16772 13.3(12.9-13.8) NA

UHC service coverage index

<45 15 30 (60.0) 258021 (55.8) 274-38700 22.0(15.6-29.1) 99.9

>45 8 20 (40.0) 204130 (44.2) 1924-25119 9.6 (7.6-11.8) 99.6

Data source

Primary 4 9(18.0) 11250 (2.4) 274-4120 227 (12.8-34.3) 994

Secondary 20 41(82.0) 450901 (97.6) 983-38700 15.3(11.5-19.5) 99.9

Sample size

<1000 households 3 7(14.0) 4116 (0.9) 411-983 31.3(19.0-45.2) 98.8

> 1000 households 20 43 (86.0) 458035 (99.1) 1176-38700 145 (10.9-18.5) 99.9

Study design

Observational 21 9(98.0) 461168 (99.8) 274-38700 16.0 (12.5-19.9) 99.9

Pre-interventional 1 1(2.0) 983(0.2) NA 453 (42.2-48.4) NA

Representativeness of study sample

Regionally representative 6 12 (24.0) 19388 (4.2) 274-8171 24.7 (16.3-34.2) 99.5

Nationally representative 20 38 (76.0) 442763 (95.8) 1176-38700 14.2 (104-18.5) 99.9

Publication status

Not peer reviewed 5 5(10.0) 65605 (14.2) 2400-28032 109 (5.8-17.5) 99.8

Peer reviewed 21 45(90.0) 396546 (85.8) 274-38700 17.2(13.2-21.6) 99.9

Study quality?

Low risk of bias 20 46 (92.0) 441233 (95.5) 411-38700 154 (12.2-19.0) 99.9

High risk of bias 4 4(8.0) 20918 (4.5) 274-10303 30.8 (5.7-64.8) 99.9

Cl: confidence interval; NA: not applicable; UHC: universal health coverage.

2 The threshold for catastrophic health expenditure was defined as 10% of total household expenditure.
® Countries in sub-Saharan Africa were grouped into four regions using the African Union classification.'®
¢ Countries'income status was classified as low, lower middle or upper middle using the World Banks classification.”

4 Study quality was assessed using the appraisal tool for cross-sectional studies (AXIS) score:'” an AXIS score of 0-10 indicated a high risk of bias and a score of 11-20

indicated a low risk.
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or more of the studies did not use valid
and reliable methods of data collection,
such as validated questionnaires that
had been trialled, piloted or published
previously); and (iv) inconsistency (i.e.
if the prediction interval for the outcome
had a variation of 10% or more between
the upper and lower limits of the 95%
CI). These criteria were based on Joanna
Briggs guidelines, which correspond to
the GRADE system criteria.”’

Results

Our initial search identified 1623 stud-
ies, including 36 from Google Scholar
and citation tracking (Fig. 1). After
removing duplicates, 1365 titles and
abstracts were screened. Of the 159
articles whose full text was assessed,
111 finally met the inclusion criteria
(Table 1; available at: https://www.who
.int/publications/journals/bulletin/):**-'**
101 peer-reviewed publications, five
working papers, four graduate disserta-
tions and one preprint. Details of the 48
articles excluded are available from the
data repository.’® All 111 studies were
published between 2005 and 2021, 107
(96.4%) were in English and study data
were collected between 2000 and 2019.
The studies covered a total of 1040620
households across 31 countries in sub-
Saharan Africa (Fig. 2) and reported 145
distinct datapoints: 50 derived from pri-
mary data and 95 derived from secondary
data. Each datapoint represented a value
for the annual incidence of catastrophic
health expenditure in a specific country
in a specific year. Of the 145 datapoints,
6, 53, 32 and 54 related to central, eastern,
southern and western Africa, respective-
ly. The countries with the most datapoints
were Nigeria (20), Kenya (14), South
Africa (12) and Ghana and Ethiopia (11
each). In total, 110 datapoints (75.9%)
represented the estimated incidence of
catastrophic health expenditure at the
population level, whereas 35 (24.1%) rep-
resented the disease-specific incidence.
Most datapoints (98.6%; 143/145) came
from cross-sectional studies and were na-
tionally representative (68.3%; 99/145).
The sample size of the studies ranged
from 87 to 73329 households (median:
4165; interquartile range: 8379).

The quality of 95 of the 111 in-
cluded studies (85.6%) was rated as
high (AXIS score: 11-20), whereas the
quality of the remaining 16 (14.4%) was
rated as low (AXIS score: 0-10). When
the risk of bias was weighted accord-
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ing to each study’s sample size, studies
covering 88.6% (921704/1 040 620)
of households included were rated as
having a low risk of bias, whereas those
covering 11.4% (118 916/1 040 620)
were judged to have some quality con-
cerns or were rated as having a high
risk of bias. Of note, all studies included
used sample frames and sampling
techniques that closely represented the
underlying population (as assessed us-
ing AXIS tool items 5 and 6).

Household expenditure threshold

When the threshold for catastrophic
health expenditure was defined as 10% of
total household expenditure, the pooled
annual incidence across 50 datapoints,
which covered 462151 households, was
16.5% (95% CI: 12.9-20.4; Table 2).
Further details are available in the data
repository.””’ In the sensitivity analyses,
excluding the 10% of studies with the
smallest sample sizes yielded a slightly
lower pooled incidence of 15.0% (95% CI:
11.4-19.0; 45 datapoints; 459 989 house-
holds), whereas excluding the 10% of stud-
ies with the largest sample sizes yielded a
slightly higher pooled incidence of 17.8%
(95% CI: 13.8-22.3; 45 datapoints; 317 634
households). The difference was not great.
When poor-quality studies were excluded,
the estimated pooled incidence was 15.4%
(95% CI: 12.2-19.0; 46 datapoints; 441233
households). Between 2000 and 2019,
the pooled incidence initially declined
but increased between 2005-2009 and
2015-2019 (Fig. 3).

At the country level, Cameroon
and Sudan had the highest and second
highest incidence, at 65.0% (95% CI:
64.1-65.9) and 52.8% (95% CI: 52.1-
53.5), respectively (details available in
the data repository).'** Regionally, the
pooled incidence for countries in cen-
tral and western Africa was higher than
that for the whole of sub-Saharan Africa
(Table 2). The incidence was highest for
countries in central Africa, at 50.6% (95%
CI: 49.8-51.4; two datapoints; 14423
households), and lowest for countries in
southern Africa, at 8.4% (95% CI: 6.0-
11.1; 10 datapoints; 132 085 households).
Univariate meta-regression analysis in-
dicated that the between-study variation
in the pooled incidence was associated
with: (i) study quality as assessed using
the AXIS score (P-value0.005); (ii) the
country’s income status (P-value 0.005);
and (iii) the country’s UHC service cov-
erage index (P-value0.005). Full details
are available in the data repository.'*
However, multivariable meta-regression
analysis indicated that no variable was
independently associated with between-
study differences in the estimated pooled
incidence.

Non-food expenditure threshold

When the threshold for catastrophic
health expenditure was defined as 40%
of household non-food expenditure,
the pooled annual incidence across
84 datapoints, which covered 795355
households, was 8.7% (95% CI: 7.2-
10.3; Table 3). Further details are

Fig. 3. Trends in the incidence of catastrophic health expenditure in sub-Saharan Africa,

2000-2019
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available in the data repository.’* In

the sensitivity analyses, excluding the
10% of studies with the smallest sample
sizes yielded a slightly lower pooled
incidence of 7.9% (95% CI: 6.5-9.5;
75 datapoints; 789 746 households),
whereas excluding the 10% of studies
with the largest sample sizes yielded

a slightly higher pooled incidence of
9.3% (95% CI: 7.5-11.3; 75 datapoints;
480710 households). The incidence
estimates were similar. When poor-
quality studies were excluded, the
pooled incidence was slightly lower at
7.9% (95% CI: 6.4-9.5; 73 datapoints;
691 778 households). Between 2000

Paul Eze et al.

and 2019, the pooled incidence ini-
tially decreased but increased between
2010-2014 and 2015-2019 (Fig. 3).
At the country level, the Demo-
cratic Republic of the Congo and Mali
had the highest and second highest inci-
dence, at 21.9% (95% CI: 20.5-23.4) and
19.1% (95% CI: 18.1-20.2), respectively

Table 3. Characteristics of subgroups of studies that defined catastrophic health expenditure as 40% of household non-food
expenditure, sub-Saharan Africa, 2000-2021

Study subgroup No. of No. of No. of householdsin  Study samplesize,  Pooled incidence of Between-
definition countries in incidence subgroup (%) range catastrophic health study
subgroup datapoints in expenditure®, % (95% heterogeneity,

subgroup (%) (¢)] P %

All studies 25 84 (100) 795355 (100) 117-73329 87 (7.2-103) 99.8

Study period

2000-2009 23 47 (56.0) 341950 (43.0) 774-38700 9.2 (6.9-11.7) 99.8

2010-2019 16 37 (44.0) 453405 (57.0) 117-73329 8.1(6.3-10.0) 99.8

Sub-Saharan African region®

Central 2 2(24) 7945 (1.0) 3070-4 875 6(149-16.5) NA

Eastern 6 30 (35.7) 325837 (41.0) 320-37500 (65 ) 99.9

Southern 8 19 (22.6) 192374 (24.2) 2579-25119 7 (3.2 64) 99.7

Western 9 33(39.3) 269199 (33.8) 117-73329 .8 (8.0-14.0) 99.8

Country income status®

Low 9 23 (27.4) 182466 (22.9) 320-28032 7.6 (48-11.1) 99.8

Lower middle 11 48 (57.1) 487490 (61.3) 117-73329 10.8 (8.8-13.0) 99.8

Upper middle 5 13(15.5) 125399 (15.8) 2579-25119 4.1(3-6.3) 99.7

Social health insurance coverage

<10% 25 6(90.5) 730022 (91.8) 320-73329 9.0 (7.5-10.7) 99.8

>10% 3 8(9.5) 65333 (8.2) 11716772 572.0-11.1) 99.8

UHC service coverage index

<45 13 37 (44.0) 331666 (41.7) 479-73329 11.7 (8.7-15.1) 99.9

>45 14 47 (56.0) 463689 (58.3) 117-37500 6.6 (5.2-8.2) 99.8

Data source

Primary 6 16 (19.0) 24316 (3.1) 117-4 873 15.5(9.3-23.1) 98.5

Secondary 25 68 (81.0) 771039 (96.9) 900-73329 74 (6.0-8.9) 99.8

Sample size

<1000 households 6 9(10.7) 5609 (0.7) 117-971 16.4(9.9-24.1) 98.1

> 1000 households 25 75(89.3) 789746 (99.3) 1080-73329 7.9 (6.5-9.5) 99.8

Study design

Observational 25 83 (98.8) 795035 (99.9) 117-73329 8.6(7.2-10.2) 99.8

Pre-interventional 1 1(1.2) 320 (0.1) NA 16.2 (12.6-20.6) NA

Representativeness of study sample

Regionally 7 18 (21.4) 26396 (3.3) 117-4 873 154 (9.7-22.2) 99.5

representative

Nationally 25 66 (78.6) 768959 (96.7) 2400-73329 7.2 (5.8-838) 99.8

representative

Publication status

Not peer reviewed 8 11(13.) 110659 (13.9) 2400-28032 5.7 (3.1-9.0) 99.3

Peer reviewed 25 73 (86.9) 684696 (86.1) 117-73329 9.2 (7.6-10.9) 99.8

Study quality?

Low risk of bias 25 73 (86.9) 691778 (87.0) 117-73329 7.9 (64-9.5) 99.8

High risk of bias 6 11(13.1) 103577 (13.0) 774-33675 14.7 (8.9-21.7) 99.9

Cl: confidence interval; NA: not applicable; UHC: universal health coverage.
¢ The threshold for catastrophic health expenditure was defined as 40% of household non-food expenditure.
® Countries in sub-Saharan Africa were grouped into four regions using the African Union classification.'®

¢ Countries'income status was classified as low, lower middle or upper middle using the World Bank's classification.”

4 Study quality was assessed using the appraisal tool for cross-sectional studies (AXIS) score:"” an AXIS score of 0-10 indicated a high risk of bias and a score of 11-20

indicated a low risk.
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(details in the data repository).'** Re-
gionally, the estimated pooled incidence
for countries in central, eastern and
western Africa were all higher than the
pooled incidence for the whole of sub-
Saharan Africa (Table 3). The pooled
incidence for lower-middle-income
countries was higher, at 10.8% (95%
CI: 8.8-13.0; 48 datapoints; 487490
households), than for low-income
countries, at 7.6% (95% CI: 4.8-11.1;
23 datapoints; 182466 households).
Univariate meta-regression analysis
indicated that the between-study varia-
tion in pooled incidence was associated
with: (i) whether primary or secondary
data had been used (P-value<0.001);
(ii) study quality as assessed using the
AXIS score (P-value <0.001); (iii) the
country’s income status (P-value 0.001);
and (iv) the country’s UHC service cov-
erage index (P-value 0.001). Full details
are available in the data repository.'*
However, multivariable meta-regression
analysis indicated that only study data
type (P-value 0.024) and study qual-
ity (P-value 0.009) were independently
associated with between-study differ-
ences in estimated pooled incidence.
On average, studies that used secondary
data reported a lower incidence of cata-
strophic health expenditure than those
using primary data.
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Disease-specific catastrophic
expenditure

Estimates of the pooled incidence of
catastrophic health expenditure for
different disease groups (Table 4) were
generally higher than estimates for the
whole population (Table 2 and Table 3).

Publication bias

For the population-level meta-analyses,
visual inspection of funnel plots suggest-
ed there was no publication bias. Howev-
er, Egger’s test for small-study effects gave
a significant result (P-value 0.003 when
the threshold was 10% of total house-
hold expenditure and P-value <0.001
when it was 40% of household non-food
expenditure). We were unable to de-
termine whether the small-study effect
was driven by publication bias because
there was substantial heterogeneity in
the data. For both thresholds, trim-and-
fill analysis suggested that publication
bias was absent (details available in the
data repository).”*”* Similar assessments
performed for the disease-specific meta-
analyses also suggested that publication
bias was absent.

Evidence quality

The quality of the evidence used for
estimating the incidence of catastrophic

health expenditure at the population
level with both thresholds was graded
as high as there was no serious risk of
bias, imprecision, indirectness or incon-
sistency (Table 5) . However, the quality
of the evidence used for estimating the
incidence of disease-specific catastrophic
expenditure varied from low to high
because, for some disease groups, there
was serious imprecision, a serious risk
of bias and serious inconsistency across
the studies.

Discussion

Our findings suggest that one in six
households in sub-Saharan Africa ex-
perienced a financial catastrophe when
seeking health care between 2000 and
2019. Our review also indicates that the
incidence of catastrophic health expen-
diture increased between 2010-2014
and 2015-2019. This increase could be
due to the higher cost of health care, of
both medications and medical consulta-
tions.'>"**1% The result is financial dif-
ficulty for households, and exerts fiscal
pressure on the strained health budget of
many countries.'**

Over the last two decades, rapid
population growth, ageing, urbanization
and a sedentary lifestyle have increased
the incidence of noncommunicable

Table 4. Characteristics of disease-specific subgroups of studies, meta-analysis of catastrophic health expenditure in sub-Saharan

Africa, 2000-2021

Catastrophic health expenditure No. of No. of No. of Study sample Pooled incidence of  Between-study
threshold and study subgroup countries in incidence households size, range catastrophic health  heterogeneity,
subgroup  datapointsin  in subgroup expenditure?, % P %
subgroup (95% (1)

10% of total household expenditure

Noncommunicable diseases 3 5 2505 87-993 26.0 (18.7-34.1) 943

Maternal, neonatal and child health 7 7 6766 411-2 250 37.2(184-58.2) 99.6
Emergency obstetric surgery 5 5 3431 120-1 231 55.9 (26.5-83.2) 99.7

HIV/AIDS and tuberculosis 6 8 8638 691-1409 29.9(17.4-44.2) 99.5
HIV/AIDS 3 3 3682 1006-1 409 27.1 (15, 6 40.5) 98.7
Tuberculosis 6 6 6 365 691-1409 33.0(16.1-52.7) 99.6

Acute childhood illnesses 4 4 4512 693-2 164 316 (9. 9 58.8) 99.7

40% of household non-food

expenditure

Noncommunicable diseases 4 5 49151 579-37500 1.8(6.9-17.8) 99.4

Maternal, neonatal and child health 2 3 3436 794-1627 27 5(4.8- 59 5) 99.7
Emergency obstetric surgery 1 2 317 120-197 67 6 (62. 3 72 7) NA

HIV/AIDS and tuberculosis 4 5 18396 1190-11271 1(54-11.3) 94.0
HIV/AIDS 4 5 18396 1190-11271 2 (5.0- 12 1) 99.7
Tuberculosis 1 1 1409 NA 7 (64-9.2) NA

Acute childhood illnesses 4 4 2457 109-828 28 7 (12.0-49.6) 99.1

Cl: confidence interval; HIV/AIDS: human immunodeficiency virus/acquired immunodeficiency syndrome; NA: not applicable.
@ The threshold for catastrophic health expenditure was defined as 10% of total household expenditure or 40% of household non-food expenditure, as indicated.
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Table 5. Evidence quality, by study subgroup, meta-analysis of catastrophic health expenditure, sub-Saharan Africa, 2000-2021

No. of
households in
analysis

Meta-analysis outcome

Evidence quality criterion®

GRADE

Risk of bias Imprecision?

Indirectness®

evidence

Inconsistency’ .
quality®

Incidence of catastrophic health expenditure in community studies

With a threshold of
10% of total household
expenditure

With a threshold of 40%
of household non-food
expenditure

462151

795355

Not serious  Not serious Not serious

Not serious ~ Not serious Not serious

Incidence of catastrophic health expenditure in studies of specific disease groups

Noncommunicable diseases
With a threshold of
10% of total household
expenditure
With a threshold of 40%
of household non-food
expenditure
Maternal, neonatal and child health
With a threshold of
10% of total household
expenditure
With a threshold of 40%
of household non-food
expenditure
HIV/AIDS and tuberculosis
With a threshold of
10% of total household
expenditure
With a threshold of 40%
of household non-food
expenditure
Acute childhood illnesses
With a threshold of
10% of total household
expenditure
With a threshold of 40%
of household non-food
expenditure

1669

48572

6766

3436

8638

18396

4512

2457

Not serious  Serious Not serious

Not serious  Not serious Not serious

Not serious  Not serious Not serious

Serious Not serious Not serious

Not serious  Not serious Not serious

Not serious  Not serious Not serious

Not serious ~ Not serious Not serious

Not serious  Not serious Not serious

Not serious High

Not serious High

Serious Low

Serious Moderate

Serious Moderate

Serious Low

Serious Moderate

Not serious High

Serious Moderate

Serious Moderate

GRADE: Grading of Recommendations, Assessment, Development and Evaluation; HIV/AIDS: human immunodeficiency virus/acquired immunodeficiency syndrome.
2 The quality of the evidence was assessed using the Grading of Recommendations, Assessment, Development and Evaluation (GRADE) approach.”

® The GRADE evidence quality refers to the systematic and explicit consideration of study design, study quality, consistency and directness of evidence in judgements.
¢ There was a serious risk of bias if > 25% of studies had a risk of bias (i.e. an inappropriate sampling method or statistical analysis).

¢ There was imprecision if > 25% of studies had a small sample size.

¢ There was indirectness if>25% of studies did not use valid and reliable methods of data collection.
f There was inconsistency if there was heterogeneity between the studies (i.e. the difference between the upper and lower limits of the 95% confidence interval was

>10%).

diseases in sub-Saharan Africa.”** Cata-
strophic health expenditure is unlikely
to fall in the near future unless drastic
measures are taken to counter this rise.'”
In addition, the coronavirus disease
2019 pandemic affected livelihoods and
reduced household incomes, thereby
further exposing households to medical
impoverishment.'*

The incidence of catastrophic health
expenditure we found in sub-Saharan
Africa was lower than in China in the last
decade,"” but higher than in Europe,'**-'*>
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Asia,?**>1** and South America,"*>'* ir-
respective of the definition used. The inci-
dence may be higher than in Europe and
South America because of slow progress
in developing a health financing system in
sub-Saharan Africa that encourages risk
pooling and prepayment contributions
and because of continuing overreliance
on out-of-pocket payments.'*”!**

The high incidence of catastrophic
health expenditure we found for specific
diseases suggests that health-care costs
are driven not just by the cost of treat-

ment for acute, life-threatening health
shocks, such as emergency surgery or
intensive care, but also by the relatively
small - but recurrent - cost of chronic
illness. We found that about a quarter
of households affected by a noncom-
municable disease incurred catastrophic
health-care costs (when defined as 10% of
total household expenditure), a substan-
tially higher figure than for the general
population. This result is consistent with
growing evidence that noncommunicable
disease is a major driver of health-care
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costs for households.”””*"15! In sub-
Saharan Africa, the rising burden of
noncommunicable diseases has not been
matched by measures to curb health-care
costs. Policies that simultaneously tackle
these diseases and protect households
affected by them are urgently needed if
the region is to achieve SDG 3.4.1 (i.e. to
reduce premature deaths from noncom-
municable disease by 25% by 2025) or
1.1.1 (to eradicate extreme poverty).'*

Most sub-Saharan African coun-
tries are also burdened by epidemics of
infectious diseases, including human
immunodeficiency virus/acquired im-
munodeficiency syndrome (HIV/AIDS),
tuberculosis, malaria and pneumonia.'*
We found that the incidence of cata-
strophic health expenditure was generally
higher among households with a patient
with HIV/AIDS or tuberculosis than in
the rest of the population. This finding
suggests that, despite out-of-pocket
payment exemptions for people with
these conditions, affected households
still experience catastrophic health
expenditure. The reason could be the
high cost of treatment before diagnosis
(e.g. from inappropriate care-seeking
or irrational drug use), lost income due
to prolonged hospitalization, or non-
medical expenditure (e.g. for travel or
nutritional supplements).’'** Because
the rapid expansion of free antiretroviral
therapy and tuberculosis treatment has
helped increase life expectancy, financial
protection must be extended beyond
exemptions for out-of-pocket payments
for direct treatment costs.

Our study also showed that the inci-
dence of catastrophic health expenditure
was high among people using maternal,
neonatal and child health care services.
Vulnerable families in most sub-Saharan
African countries who require health
care for severe obstetric complications,
neonatal admission, or paediatric hos-
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pitalization or surgery are particularly at
risk.'”* The sub-Saharan African region
alone accounts for two thirds of maternal
deaths globally each year."” Substantial
progress in reducing maternal, neonatal
and child mortality is unlikely before
countries act to protect households from
catastrophic out-of-pocket expenditure
when accessing maternal, neonatal and
child health-care services.”>'* The elimi-
nation of user fees, for example, could
increase access to these services while
shielding households from impoverish-
ment.'”

Our study has several strengths. The
study is a methodological improvement
on previous studies as we used several
measures of catastrophic health expen-
diture. #3144 As payment for health
care can crowd out both food and non-
food expenditure, it was important to
examine health expenditures using the
two thresholds of 10% of total household
expenditure and 40% of household non-
food expenditure. Also, as we included
only population-based studies, our
findings are more generalizable to the
whole population than those of previ-
ous studies.

There are also some limitations.
First, survey-based evaluations of cata-
strophic health expenditure understate
the risk faced by poorer households that
are unable to seek care because of costs
and thus report zero health expenditure.
Consequently, our estimates should be
taken as lower bounds of the true inci-
dence of catastrophic health expenditure
in sub-Saharan Africa. Second, in the
absence of a universal definition, we
defined catastrophic health expenditure
using the thresholds of 10% of total
household expenditure and 40% of non-
food expenditure, as did 96% of eligible
studies. A different definition could have
given different pooled incidences. Finally,
information on the UHC service cover-

age index was available only for 2015
and 2017 and data on social insurance
coverage were sparse,'>"”> which limited
confidence in findings related to those
two variables.

Despite these limitations, our study
provides important evidence for discus-
sions on policy and health financing
reform. By demonstrating that a substan-
tial portion of the sub-Saharan African
population experience catastrophic costs
when accessing health care, our study
underscores the urgency of designing
effective and inclusive social protection
mechanisms. Although identifying inter-
ventions was not a study objective, our
findings highlight the need for measures
such as insurance premium exceptions,
co-payment exceptions, free medications
and free diagnostic tests for households at
most risk. Developing a social insurance
system is the preferred long-term solu-
tion to catastrophic health expenditure
and impoverishment in the region. In
the short-term, increased donor funding
for both public health care services and
country-specific social safety nets are
needed to ensure access for poor people.
In addition, country-specific, targeted
programmes can help reduce health in-
equity. Regular, nationally representative
surveys remain critical tools for tracking
health expenditure and for identifying
the individuals, households and disease
populations most at risk.

The catastrophic health expenses
experienced by many people in sub-Sa-
haran Africa threaten poverty alleviation
efforts. Stronger financial protection is
critically needed in the region if con-
tinued progress is to be made towards
achieving UHC and meeting the atten-
dant SDGs. H

Competing interests: None declared.
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Résumé

Dépenses de santé catastrophiques en Afrique subsaharienne: revue systématique et méta-analyse

Objectif Fvaluer le taux d'incidence et les tendances liées aux dépenses
de santé catastrophiques en Afrique subsaharienne.

Méthodes Nous avons procédé a une revue systématique de la
littérature scientifique et de la littérature grise afin d'identifier les études
relatives aux dépenses de santé catastrophiques, menées aupres des
populations d'Afrique subsaharienne entre 2000 et 2021. Nous avons
ensuite effectué une méta-analyse en définissant ces dépenses de
deux maniéres: 10% des dépenses totales d'un ménage et 40% de
ses dépenses non alimentaires. Les résultats de chaque étude ont été
regroupés par paires de méta-analyses a I'aide d'un modele a effets
aléatoires.

Résultats Nous avons sélectionné 111 publications représentant un total
de 1040 620 ménages répartis dans 31 pays d'Afrique subsaharienne.
Globalement, le taux d'incidence annuel combiné des dépenses de
santé catastrophiques s'élevait a 16,5% (intervalle de confiance de 95%,
IC: 12,9-20,4; 50 points de données; 462 151 ménages; > =99,9%) pour
un seuil de 10% des dépenses totales d'un ménage, et a 8,7% (IC de

95%:7,2-10,3;84 points de données; 795 355 ménages; = 99,8%) pour
un seuil de 40% de ses dépenses non alimentaires. Les pays situés au
centre de I'Afrique subsaharienne présentaient le taux d'incidence le
plus élevé, tandis que ceux situés dans la région méridionale affichaient
le taux d'incidence le moins élevé. Une analyse des tendances a permis
de découvrir qu'aprés une baisse initiale survenue durant les années
2000, le taux d'incidence des dépenses de santé catastrophiques a
augmenté entre 2010 et 2020 en Afrique subsaharienne. En outre, chez
les personnes souffrant de pathologies spécifiques comme les maladies
non transmissibles, le VIH/SIDA ou la tuberculose, ce taux d'incidence
était généralement plus élevé.

Conclusion Malgré le manque de données disponibles a ce propos dans
certains pays, les informations en notre possession semblent indiquer
gu'une part non négligeable des ménages d'Afrique subsaharienne
est confrontée a des dépenses catastrophiques en matiere d'acces aux
soins de santé. Des mesures de protection financiere renforcées sont
donc nécessaires.

Pesiome

KaTtactpoduueckume pacxofpbl Ha 3apaBooxpaHeHue B cTpaHax AGpUKM, pacnonoXKeHHbIX K tory ot Caxapbl:

cncTeMaTnyeckui 063op 1N MeTaaHanus

Llenb OueHTb MacliTabbl 1 TeHAEHLMN KaTaCTPOGUUECKIMX PacXOoB
Ha 3ApaBOOXpaHeHne B CTpaHax AQPUKM, PACMONOXKEHHBIX K ory
ot Caxapbl.

MeToppbl ABTOPbI BLINMOAHUN CUCTEMATUYECKMIA 0O30pD HayUYHON 1
«CePO» NUTEPATYPbI AN BbIABIEHNA MOMYNALMOHHbIX UCCELOBAHNN

O KaTaCTpodMUECKMX PacXoAax Ha 3[PaBOOXPaHeHVe B CTpaHax
AdpPUKK, pacnonoxKeHHbIX K tory ot Caxapebl, KoTopasa 6bina
onybnvkoBaHa B nepuog ¢ 2000 no 2021 rof. ABTOpbI NPOBen
MeTaaHanus, MCnonb3ya [1Ba ONpeaeneHns KatacTpodpuyeckmnx
PacxofoB Ha 3fpaBooxpaHeHune: 10% oT obumnx pacxonoB
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nomoxosanctea 1M 40% OT HeNPOAOBONBbCTBEHHbIX PACXOA0B
IOMOX03ANCTBa. Pe3ynbTaThl OTAENbHbLIX MCCNeaoBaHUI Obinn
0bbearHeHb! C MOMOLLBIO MOMAPHOTO MeTaaHanM3a C MCMosb30BaHMEM
MOZEN CyYanHbIX SGHEKTOB.

Pe3ynbTatbl ABTOPbI 0OHAPYKMAM 111 nyGnmKkaumnii, OXBaTbIBAIOLMX
B 0bulen cnoxHocTn 1 040 620 [OMOX03AMCTB B 31 CTpaHe AGpuKY,
PaCMoNoXKeHHON K tory oT Caxapbl. B Lenom coBokynHasa rogoeas
UacToTa KaTaCTpOodUUECKNX PAaCcXOA0B Ha 3[paBOOXpaHeHne
cocTaBuna 16,5% (95%-n OW: 12,9-20,4; 50 TOueK AaHHbIX;
462 151 pomMoxo3ancTso; 12 = 99,9%) onAa NoporoBoro YpoBHA B
10% OT OOLLMX PACXOA0B AOMOX034MCTBA 1 8,7% (95%-1 [IV1: 7,2-10,3;
84 TOYKM laHHbIX; 795 355 OMOXO3ANCTB; I = 99,8%) 115 MOPOroBoro
ypoBHA B 40% OT HENPOLOBONBCTBEHHbBIX PACXOA0B AOMOXO3ANCTBA.
CTpaHbl LeHTPanbHOM 1 0XHOW vacTelt AQPUKK, pacnonoXeHHble
K tory o1 Caxapbl, IMenv CaMbli BbICOKMI 1 CaMblii HU3KMI YPOBEHb
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3a001eBaeMOCTV COOTBETCTBEHHO. AHANN3 TeHAEHUMI NoKa3ar,
4TO MOC/e NMepBOHaYanbHOro CHUxeHnAa B 2000-x rogax yacTtoTa
KaTacTpodmyecKmnx pacxofoB Ha 3[paBOOXPaHeHMe B CTpaHax
ADpPUKI, PacnonoxeHHbIX K tory oT Caxapbl, yBeNMYMIACh B NepUOL,
€ 2010 no 2020 rog. 3aboneBaemMoCTb Cpeav nofen, CTpaaatoLLmx
cneuneuyecKkMmn 3aboneBaHVaMN, TaKUMK Kak HEMHGEKLMOHHbIE
3abonesanua, BUY/CNIAL v Tybepkynes, B Lefiom Gbina BbilLe.
BbiBog XOTA [JaHHble O KaTacTpoduuecKux pacxodax Ha
3APaBOOXPaHEHE B HEKOTOPbIX CTPaHax OblNv AOCTATOUHO CKyAHBIMM,
MMeoLLMEeCa faHHble CBUAETENbCTBYIOT O TOM, UTO 3HauMTeNbHaA
YacTb JOMOXO3AMCTB B CTpaHax AGPUKM, PacroNOKEHHBIX K tory
o1 Caxapsbl, Hecna Katactpoduyeckme pacxoabl Npu AocTyne K
yCNyram 34paBooxpaHeHyia. [1o3Tomy HeoOxoaMMO BHeAPATb bonee
NlecTBEHHbIe Mepbl GUHAHCOBOW 3aLLMTHI.

Resumen

Gastos sanitarios catastroficos en el Africa subsahariana: revision sistematica y metanalisis

Objetivo Estimar la tasa de incidencia y las tendencias de los gastos
sanitarios catastroficos en el Africa subsahariana.

Métodos Se revisé sistemdticamente la literatura cientifica y gris
para identificar los estudios poblacionales sobre el gasto sanitario
catastrofico en el Africa subsahariana que fueron publicados entre 2000
y 2021. Se realizd un metandlisis empleando dos definiciones de gasto
sanitario catastréfico: 10 % del gasto total del hogar y 40 % del gasto
no alimentario del hogar. Los resultados de los estudios individuales se
agruparon mediante un metanalisis por pares utilizando el modelo de
efectos aleatorios.

Resultados Se identificaron 111 publicaciones que incluian un
total de 1040 620 hogares en 31 paises del Africa subsahariana. En
general, la tasa de incidencia anual conjunta de los gastos sanitarios
catastroficos fue del 16,5 % (intervalo de confianza del 95 %, IC: 12,9-
20,4; 50 observaciones estadisticas; 462 151 hogares; *=99,9 %) para

un umbral del 10 % del gasto total del hogar y del 8,7 % (IC del 95 %:
7,2-10,3; 84 observaciones estadfsticas; 795 355 hogares; »=99,8 %)
para un umbral del 40 % del gasto no alimentario del hogar. Los pafses
del centro y del sur del Africa subsahariana presentaron la mayor y la
menor tasa de incidencia, respectivamente. Un analisis de la tendencia
reveld que, tras disminuir inicialmente en la década de 2000, la tasa de
incidencia de los gastos sanitarios catastroficos en el Africa subsahariana
aumento entre 2010 y 2020. La tasa de incidencia entre las personas
afectadas por enfermedades especificas, como las enfermedades no
transmisibles, el VIH/SIDA y la tuberculosis, fue en general mayor.
Conclusion Aunque los datos sobre los gastos sanitarios catastréficos
de algunos paises fueron escasos, los datos disponibles sugieren que
una parte significativa de los hogares del Africa subsahariana sufrieron
gastos catastréficos al acceder a los servicios sanitarios. Por lo tanto, se
requieren medidas de proteccion financiera mas solidas.
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Box 1. Literature search strategy, meta-analysis of catastrophic health expenditure in sub-Saharan Africa, 2000-2021

Search: (((“catastrophe”[All Fields] OR “catastrophes’[All Fields] OR “catastrophic”[All Fields] OR “catastrophically”[All Fields]) AND (“health
expenditures’[MeSH Terms] OR (“health"[All Fields] AND “expenditures[All Fields]) OR “health expenditures’[All Fields] OR (“health’[All Fields]
AND “expenditure”[All Fields]) OR “health expenditure[All Fields])) OR ((“catastrophe”[All Fields] OR “catastrophes[All Fields] OR “catastrophic”[All
Fields] OR “catastrophically"[All Fields]) AND (“health"[MeSH Terms] OR “health"[All Fields] OR “health s"[All Fields] OR “healthful"[All Fields] OR
“healthfulness[All Fields] OR“healths”[All Fields]) AND (“expense[All Fields] OR “expenses’[All Fields] OR “expensive"[All Fields] OR “expensively”[All
Fields])) OR ((“catastrophe[All Fields] OR“catastrophes’[All Fields] OR “catastrophic”[All Fields] OR “catastrophically”[All Fields]) AND (“health"[MeSH
Terms] OR"health"[All Fields] OR“health s"[All Fields] OR"healthful“[All Fields] OR"healthfulness"[All Fields] OR“healths"[All Fields]) AND “expen®”[All
Fields]) OR (("economical"[All Fields] OR "economics’[MeSH Terms] OR “economics[All Fields] OR “economic[All Fields] OR “economically“[All Fields]
OR “"economics’[MeSH Subheading] OR “economization”[All Fields] OR “economize”[All Fields] OR “economized"[All Fields] OR “economizes’[All
Fields] OR"economizing”[All Fields]) AND (“impoverish”[All Fields] OR“impoverished”[All Fields] OR“impoverishes"[All Fields] OR“impoverishing[All
Fields] OR “impoverishment"[All Fields])) OR (("economics’[MeSH Terms] OR “economics[All Fields] OR “financial’[All Fields] OR “financially”[All
Fields] OR “financials”[All Fields] OR “financier"[All Fields] OR “financiers’[All Fields]) AND (“impoverish"[All Fields] OR “impoverished"[All Fields]
OR “impoverishes"[All Fields] OR “impoverishing[All Fields] OR “impoverishment”[All Fields])) AND (“angola”’[MeSH Terms] OR “angola[All Fields]
OR "angola s"[All Fields] OR (“benin’[MeSH Terms] OR “benin”[All Fields] OR “benin s"[All Fields]) OR (“botswana’[MeSH Terms] OR “botswana”[All
Fields] OR “botswana s"[All Fields]) OR (“burkina faso”[MeSH Terms] OR (“burkina”[All Fields] AND “faso”[All Fields]) OR “burkina faso"[All Fields]) OR
(“burundi”[MeSH Terms] OR “burundi”[All Fields]) OR (“cabo verde"[MeSH Terms] OR (“cabo’[All Fields] AND “verde"[All Fields]) OR “cabo verde"[All
Fields]) OR (“‘cameroon’[MeSH Terms] OR “cameroon’[All Fields] OR “cameroons[All Fields] OR “cameroon s"[All Fields]) OR (“central african
republic’[MeSH Terms] OR (“central’[All Fields] AND “african”[All Fields] AND “republic”[All Fields]) OR “central african republic’[All Fields]) OR
(“chad"[MeSH Terms] OR “chad"[All Fields]) OR (“‘comoros”[MeSH Terms] OR “comoros’[All Fields] OR “comoro[All Fields]) OR “democratic republic
congo'[All Fields] OR“republic congo"[All Fields] OR“Cote d'lvoire”[All Fields] OR (“equatorial guinea’[MeSH Terms] OR (“equatorial“[All Fields] AND
“guinea’[All Fields]) OR"equatorial guinea’[All Fields]) OR (“eritrea”[MeSH Terms] OR “eritrea”[All Fields]) OR (“eswatini”[MeSH Terms] OR “eswatini"[All
Fields]) OR (‘ethiopia’[MeSH Terms] OR “ethiopia“[All Fields] OR “ethiopia s"[All Fields]) OR (“gabon’[MeSH Terms] OR “gabon”[All Fields]) OR
("gambia“[MeSH Terms] OR"gambia”[All Fields] OR“the gambia“[All Fields]) OR (“ghana’[MeSH Terms] OR “ghana”[All Fields] OR“ghana s"[All Fields])
OR (“guinea’[MeSH Terms] OR “guinea’[All Fields] OR “guinea s"[All Fields] OR “guineas[All Fields]) OR (“guinea bissau’[MeSH Terms] OR “guinea
bissau’[All Fields] OR (“guinea’[All Fields] AND “bissau"[All Fields]) OR “guinea bissau"[All Fields]) OR (“kenya“[MeSH Terms] OR “kenya[All Fields] OR
“kenya s"[All Fields]) OR (“lesotho’[MeSH Terms] OR “lesotho[All Fields]) OR (“liberia”[MeSH Terms] OR “liberia"[All Fields] OR “liberia s"[All Fields])
OR (“madagascar’[MeSH Terms] OR “madagascar”[All Fields] OR “madagascar s"[All Fields]) OR (“malawi’[MeSH Terms] OR “malawi"[All Fields] OR
“malawi s”[All Fields]) OR (“‘mali”[MeSHTerms] OR“mali"[All Fields]) OR (“mauritania’[MeSH Terms] OR “mauritania”[All Fields]) OR (“mauritius’[MeSH
Terms] OR"mauritius"[All Fields]) OR (“mozambique’[MeSH Terms] OR“mozambique”[All Fields] OR“mozambique s"[All Fields]) OR (“namibia’[MeSH
Terms] OR “namibia”[All Fields]) OR (“niger”[MeSH Terms] OR “niger[All Fields]) OR (“nigeria’[MeSH Terms] OR “nigeria”[All Fields] OR “nigeria s"[All
Fields]) OR (“rwanda’[MeSH Terms] OR “rwanda”[All Fields] OR “rwanda s"[All Fields]) OR “Sao Tome and Principe’[All Fields] OR (“senegal”[MeSH
Terms] OR “senegal”[All Fields] OR “senegal s"[All Fields]) OR (“seychelles’[MeSH Terms] OR “seychelles"[All Fields]) OR “Sierra Leone"[All Fields] OR
("somalia”[MeSH Terms] OR “somalia”[All Fields]) OR “South Africa"[All Fields] OR “South Sudan’[All Fields] OR (“sudan’[MeSH Terms] OR “sudan”[All
Fields] OR“sudans[All Fields] OR“sudan s"[All Fields]) OR (“tanzania’[MeSH Terms] OR“tanzania"[All Fields] OR“tanzania s"[All Fields]) OR (“togo’[MeSH
Terms] OR"togo[All Fields]) OR (“uganda’[MeSH Terms] OR“uganda’[All Fields] OR“uganda s"[All Fields]) OR (“zambia“"[MeSH Terms] OR"zambia"[All
Fields] OR “zambia s"[All Fields]) OR (“zimbabwe’[MeSH Terms] OR “zimbabwe"[All Fields] OR “zimbabwe s"[All Fields])))

Note: Databases were searched for articles published between 2000 and 2021.
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