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ABSTRACT

Objective To describe the evidence on global and regional
economic inequality in malnutrition, and the associations
between economic inequality and malnutrition.

Methods We conducted a systematic review and meta-
analysis. Between 1 November 2020 and 22 January 2021,
we searched Medline, Embase, Global Health, Eldis, Web

of Science and EBSCO Discovery Service. We contacted

39 experts and tracked citations. We included any study
reporting a concentration index (CIX) relating economic status
and nutritional status and any multilevel study reporting an
association between economic inequality and nutritional
status. Nutritional status was measured as stunting, wasting,
anaemia, or overweight in children (<5 years), or underweight,
overweight or obesity, or anaemia in adults (15—49 years). We
had no study date or language restriction. Quality was assessed
using the Appraisal Tool for Cross-Sectional Studies (AXIS
tool). We mapped estimates and pooled them using multilevel
random-effects meta-analyses.

Results From 6185 results, 91 studies provided 426 CIX
(>2.9 million people) and 47 associations (~3.9 million people).
Stunting (CIX —0.15 (95% Cl —0.19 to —0.11)) and wasting
(—0.03 (95% CI —0.05 to —0.02)) are concentrated among
poor households. Adult overweight and obesity is concentrated
in wealthier households (0.08 (95% Cl —0.00 to 0.17)),
particularly in South Asia (0.26 (95% Cl 0.19 to 0.34)), but not
in Europe and Central Asia (—0.02 (95% Cl —0.08 to 0.05)) or
North America (—0.04 (95% Cl —0.10 to 0.03)). We found no
association between 0.1 increase in Gini coefficient and adult
underweight (OR 1.03 (95% CI 0.94 to 1.12)) or overweight and
obesity (0.92 (95% Cl 0.80 to 1.05)).

Conclusions There is good evidence that the prevalence

of malnutrition varies by levels of absolute economic status.
Undernutrition is concentrated in poor households, whereas
concentration of overweight and obesity by economic status
depends on region, and we lack information on economic
inequalities in anaemia and child overweight. In contrast, links
between malnutrition and relative economic status are less
clear and should not be assumed; robust evidence on causal
pathways is needed.

PROSPERO registration number CRD42020201572.

INTRODUCTION

No country is on track to meet all World
Health Assembly global nutrition targets
by 2025." One in nine people is hungry or

Key questions
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What is already known?

» Progress in improving nutrition is being hampered by
economic inequalities.

» Several individual studies have characterised eco-
nomic inequalities in nutrition, but we lack under-
standing of where inequalities are largest and where
evidence gaps are.

» Reviews show positive associations between mea-
sures of economic inequality and health outcomes,
but none have reviewed associations with nutritional
status.

What are the new findings?

» Child undernutrition is concentrated among poor
households, and this is not explained by country-
level measures of income, food security or health-
care coverage.

» Adult overweight and obesity is concentrated in
better-off households globally, but this is explained
by evidence from lower-income countries and not
higher-income countries.

» Associations between economic inequality and nu-
trition outcomes show no clear overall trend.

» There are large gaps in evidence on anaemia and
child overweight, which is concerning given the lack
of progress on these global targets.

What do the new findings imply?

» Our findings highlight the need for pro-poor tar-
geting in undernutrition interventions, whereas the
level and direction of targeting for interventions on
overweight and obesity will need to be determined
by context.

» Although countries’ economies, food systems and
healthcare systems protect against undernutrition,
work is needed to ensure they benefit those who
need it most.

undernourished, while one in three is over-
weight or obese,' and there are wide cross-
country disparities. Undernutrition rates are
up to 10 times higher in lower-income coun-
tries, while overweight and obesity are up to
five times higher in higher-income countries.
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Furthermore, national-level statistics mask wide soci-
oeconomic disparities within countries. There is now
consensus that further progress in reducing the burden
of malnutrition worldwide will require targeted action to
address these within-country inequalities." ®

A growing but disparate literature has sought to charac-
terise economic inequalities in malnutrition in different
countries, using metrics from economics: concentration
curves (CCs) and concentration indices (CIXs).>® CCs plot
the cumulative proportion of a health outcome in a popu-
lation against the cumulative proportion of the population
ranked in ascending order of economic status, and CIX are
twice the area between the CC and line of equality (the 45°
line from the origin). Rather than simply compare the richest
against the poorest, CC and CIX capture the inequality
across the full study population, and CC also visualise where
the biggest health burdens lie.*® However, this effort has not
been systematically mapped and individual estimates are
difficult to interpret in isolation. We lack an understanding
of where and why economic inequalities in nutritional status
are largest.

Furthermore, these economic inequalities in nutrition
outcomes often lead to the assumption thatrelative economic
inequality—rather than absolute economic status—causes
malnutrition. Economic inequality in society could plau-
sibly harm nutritional status through different pathways.”
These include direct and indirect pathophysiological effects
of social comparisons''™® and effects on appetite, diets,
breastfeeding behaviour and physical activity; social exclu-
sion"*"" and effects on access to health services and other
entitlements; and disinvestment in human development,
for example, in public education, food systems and sani-
tation infrastructure.'®™ Reviews on the effects of income
inequality on population health more generally (using
aggregate outcomes such as mortality and life expectancy)
show that the effect of inequality is heterogeneous and often
harmful to health,Ql_23 but the effects on malnutrition are
less understood.

The latest Global Nutrition Report' highlighted a need
to better understand inequalities in nutrition, to inform
priority setting, redress inequalities and aid countries
to meet global targets of eliminating world hunger and
reversing the rise in overweight and obesity. Our study
responds to this call with two study aims, to systemati-
cally review evidence that: (1) characterises economic
inequality in malnutrition of adults and children world-
wide, and (2) estimates the association between economic
inequality and malnutrition.

METHODS

Search strategy and selection criteria

Our systematic review and meta-analyses followed a
registered protocol** and Preferred Reporting Items
for Systematic Reviews and Meta-Analyses guidelines.”
The study population was children aged <5 years or
adults aged 15—49 years. Outcomes were chosen because
they align with World Health Assembly Global Nutri-
tion Targets." ** For children, outcomes were stunting

(height-for-age z-score SD <2 of WHO child growth
standards median), wasting (weight-for-height z-score SD
<-2), anaemia (haemoglobin <110 g/L) and overweight
(weightfor-height SD >2). For adults, outcomes were
underweight (low body mass index (BMI) <18.5 kg/mg),
overweight or obesity (BMI >25 kg/m®) and anaemia
(pregnant women <110 g/L; non-pregnant women <120
g/L; men <130 g/L).

Our exposures were inequalities in economic status,
where economic status was measured as household-level
wealth, total expenditure or income. We excluded studies
that used an incomplete measure of economic status,
such as land size or food expenditures, or measured
economic status at the individual level. We considered
the household as an economic unit, because individual-
level income data are not routinely collected or mean-
ingful for young children. For adults, household wealth
enables us to rank subjects without misclassifying house-
hold members who benefit from household economic
status but lack personal income or wealth, although there
is some risk of misclassification due to intrahousehold
inequalities in income or wealth allocation.*”

First, to characterise economic inequality in nutrition
outcomes, we included evidence using any study design
that reported a CC or CIX.” CC and CIX were chosen
based on an initial scoping search and dissertation
by author (RA)® that determined these to be the most
common metric to capture inequality across the full
wealth distribution. As mentioned, CCs plot the cumu-
lative proportion of a health outcome in a population
against the cumulative proportion of the population
ranked in ascending order of economic status. The CC
lies above or below the line of equality (the 45° line from
the origin) if the outcome is more prevalent among the
poorer or richer households respectively.* *** * The CC
may also intersect the line of equality, which would mean
that households at that point in the wealth distribution
have exactly their proportionate level or prevalence of
the health outcome, and those to the left and right of the
intersection have proportionately more and less of the
outcome respectively (or vice versa). The CIX is twice the
area between the CC and the line of equality. Negative
(positive) CIX values indicate the health outcome is more
concentrated among poor (rich) households.*®'**** We
converted CIX to the Erreygers version,” which corrects
for dependence on the mean of the outcome but retains
the same qualitative interpretation.

Second, to review the association between economic
inequality and nutrition outcomes, we included multi-
level studies where households were nested within larger
geographical areas, and the exposure was the Gini coeffi-
cient. Gini coefficients were also chosen because our scoping
research found this to be the most common measure of
income inequality. Gini coefficients are based on Lorenz
curves, which are similar to CC except they depict economic
inequality rather than health inequality.”’ This means that
they plot the cumulative proportion of economic status
(rather than a health outcome) against the cumulative
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proportion of the population ranked by economic status.
Analogous to CC and CIX, the Gini coefficient is twice the
area between Lorenz curve and the 45° line of equality.
Values closer to 0 or 1 indicate lower or higher inequality,
respectively. A key difference between Lorenz curves and
CC is that the former must always be below line of equality
whereas the CC can be above or below it, and this means that
Gini coeffficients are bounded by 0 and 1, whereas CIX are
bounded by -1 and +1. This is because health outcomes can
be concentrated among the poor, while wealth, by definition,
cannot.

We only included multilevel studies because they permit
the inclusion of household-level economic status, so can
disentangle effects of economic inequality from absolute
economic status,” and are at lower risk of bias from ecolog-
ical fallacy.***

We searched Medline, Embase, Global Health, Eldis,
Web of Science and EBSCO Discovery Service between 1
November 2020 and 3 November 2020. EBSCO Discovery
Service includes the National Bureau of Economic Research,
EconlLit, Jstor and Scopus. We used keywords for ‘wealth or
income,” ‘inequality,” ‘concentration index’ or ‘multilevel
models,” and, ‘nutritional status’ (sample search string
in online supplemental table S1). There were no date or
language restrictions. We contacted 39 experts and tracked
citations of relevant reviews and articles included for full-text
screening.

Two reviewers (HN and RA) doubly screened the articles,
first by title and abstract, and then by full text. Disagreements
were resolved by a third reviewer (EF).

Data extraction

Data were doubly extracted by HN, RA, EF and HH-F.
We extracted data on sample characteristics; sample
size; response rate; outcome indicator and prevalence;
measure of economic status; data source and year;
geographical unit; measure of inequality; effect sizes that
could be converted into CIX or logit estimates; measures
of variance that could be converted into 95% Cls; covar-
iates; author names; survey date and publication year.
When estimates were disaggregated by obesity and over-
weight, or by gender, we extracted the aggregated results
if presented, and otherwise used the disaggregated esti-
mates. We contacted authors to retrieve missing data on
outcome prevalence and SEs or where interpretations
needed clarification. CCs were extracted with the web
plot digitiser online tool.”* We handled duplicates (esti-
mates on the same outcome from the same survey data)
by selecting estimates with the highest quality rating
and averaging the remaining duplicates. For maps, we
handled duplicates in the same way but only included
latest and nationally representative estimates.

Quality assessment

The quality of evidence was assessed using the Appraisal
Tool for Cross-Sectional Studies (AXIS tool) at the
study level.”” Two reviewers independently graded each
included study as ‘low’, ‘moderate’, ‘high’ or ‘critical’ risk

of bias. Grades are given in online supplemental table
S2,54A. Discrepancies in overall ratings were discussed
and resolved. We excluded no studies based on quality
but conducted subgroup analyses to assess if study quality
unduly affected our conclusions.

Data analysis

We conducted meta-analyses and mapped CIX for child
stunting, wasting and adult overweight or obesity; other
outcomes produced <2 studies so were not included in
a meta-analysis or mapped but are narratively described.
For associations between Gini coefficient and nutritional
outcomes, results were standardised to logit estimates
and meta-analyses were possible for adult underweight,
and overweight and obesity. To account for the hierar-
chical structure of the data (several estimates per country
and region), all meta-analyses were performed as multi-
level random effects meta-analyses.”®

We cleaned and plotted CCs with Stata (V.16.1), ran
multilevel models with R (V.4.0.3) and created maps
using ArcMap (V.10.8.1).

We report Q statistic to describe heterogeneity in study
estimates. Funnel plots and Egger tests assessed publica-
tion bias.

Prespecified subgroup analyses were: study quality
rating, tertiles of country-level estimates of food security
(dietary energy supply, measured as kcal/capita/d),”
country income level (low, lower-middle, upper-middle
and high gross national income, as per World Bank clas-
sification),™ tertiles of WHO universal health coverage
score (scale of 0-100, measured as the mean of 14
indicators),” seven World Bank geographical regions,
and tertiles of study date. Additionally, for associations
between Gini coefficient and nutrition outcomes, we
disaggregated by the geographical unit the Gini coeffi-
cient was measured (first, second and third and lower
subnational levels) as this was suggested as an important
mitigating factor.*"*!

RESULTS

Figure 1 shows the study selection process. We included
79 articles reporting economic inequalities in malnutri-
tion outcomes using CIX.* * Of these, 46 studies (426
estimates) were included in meta-analyses, giving 277
estimates (90 countries) for stunting, 60 (33 countries)
for wasting and 89 (21 countries) for adult overweight
or obesity.

A summary of study characteristics for CIX included
in meta-analysis is given in online supplemental table S2.
Most estimates were from sub-Saharan Africa for stunting
(47%) and wasting (50%). For overweight and obesity,
most estimates were from FEurope and Central Asia
(49%).

Figure 2A-C maps nationally representative CIX for
stunting (88 countries), wasting (30 countries) and adult
overweight and obesity (19 countries). They show a lack
of evidence on the concentration of stunting or wasting by
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6185 identified through database search
12 identified from experts
21 identified through citation tracking

3305 duplicates

A 4

2913 screened on title and abstract

2675 excluded on title and abstract

v

238 screened on full text

147 excluded

19 excluded on population
39 excluded on outcome
32 excluded on exposure
37 excluded on evidence

v

16 excluded on language
3 full texts not found
1 excluded on measure of variance

79 included for concentration indices

12 included for associations with Gini coefficients

35 excluded on using same survey data,
lower quality, when all estimates were

from a single study and/or when
outcome had <= 2 studies

coefficients

46 included for meta-analysis of concentration indices
10 included for meta-analysis of associations with Gini

Figure 1 Study selection.

economic status in some African and Southern Asian coun-
tries, where stunting and wasting remains prevalent but CIX
have not been published, and very few CIX for overweight
and obesity published across Africa, Asia and Latin America.

Figure 3A shows the pooled CIX estimate for stunting
of -0.15 (95% CI -0.19 to —0.11), and a global average
CC which bulges towards the upper left of the plot and is
strictly above the equality line, indicating concentration of
stunting among poor households within studies. Stunting is
more concentrated within than between studies, except for
the richest 20% of the population and the richest 20% of
study contexts. There is high overall heterogeneity (Q=9299,
p<0.01) (online supplemental figure SI). Individual CCs

(online supplemental figure S2) confirm virtually all esti-
mates find stunting concentrated in poorer households.
Figure 3B shows the inequality in stunting is most
pronounced in Latin America and the Caribbean (CIX
-0.22 (95% CI -0.29 to —0.15)) and South Asia (-0.21
(95% CI -0.29 to —0.13)). The map of most recent
stunting estimates in figure 2A supports this and illus-
trates that, despite the relatively narrow CI, the Latin
America and Caribbean region still contains large levels
of heterogeneity, with some of the most and least extreme
concentrations (eg, Guatemala (2008) with CIX -0.42 vs
Brazil (2006) with CIX -0.03). The map also indicates
consistently low CIX in the most recent estimates for
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Stunting
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B NoData
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Source: National Ge;’graphic. *semed review

Figure 2 Map of most recent concentration indices for prevalence of stunting, wasting and overweight and obesity.

South Asia, and higher CIX in some Eastern European
countries, Brazil, China, Egypt and Madagascar.

Figure 3C shows wasting is also concentrated among poor
households (pooled CIX -0.03 (95% CI -0.05 to —0.02), and
it is also more concentrated within than between studies.
Estimates are also heterogeneous (Q=446; p<0.01) (online
supplemental figure S3). The regionally disaggregated
curves (figure 3D) show wasting is concentrated among the
poor in all regions, with smaller differences between regions
than stunting. There are slightly higher CIX in South Asia,
and lower CIX in Europe and Central Asia (the latter due to
estimates from Armenia and Thailand, as shown in online
supplemental figure S4).

Figure 4A shows overweight and obesity is slightly more
concentrated among better-off households (CIX 0.08 (95%
CI -0.00, 0.17)) and there is also more inequality within
than between studies. Results are heterogeneous (Q=34 324;
p<0.01) (online supplemental figure S5).

Regional subgroups (figure 4B) show more concentration
of overweight and obesity among better-off households in
studies from South Asia (0.26 (95% CI 0.19 to 0.34)), sub-
Saharan Africa (0.13 (95% CI 0.05 to 0.20)) and East Asia and
Pacific (0.11 (95% CI 0.03 to 0.18)), and comparatively more
concentration among poorer households in North America
(-0.04 (95% CI -0.10 to 0.03)) and Europe and Central
Asia (-0.02 (95% CI -0.08 to 0.05)). Figure 2C and online
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Figure 3 Concentration of stunting and wasting by economic status. Average concentration curves plot population-weighted
average cumulative proportion of malnourished subjects over the population-weighted average cumulative proportion of
economic status. Between studies concentration curve plot cumulative product of population and prevalence over the
cumulative Gross Domestic Product of countries. CIX, concentration index.

supplemental figure S6 show these pooled CIX estimates are
driven by higher CIX in studies from Nepal, Bangladesh,
Indonesia and a multicountry study from Africa, and lower
CIX in Canada, USA and western Europe. Consistent with
this, subgroup analyses show that overweight and obesity is
concentrated among better-off households in studies from
low-income and lower-middle-income countries (0.18 (95%
CI0.09 to 0.28) for both) (online supplemental figure S5).

Aside from the subgroups mentioned, other subgroups
for stunting, wasting, or overweight and obesity do not
show consistent trends (online supplemental figures S1,
S3 and Sb, respectively).

For outcomes not meta-analysed, we found two studies
each on child anaemia, adult anaemia, and adult under-
weight, and one for child overweight. For child anaemia,
one study showed moderate concentration of anaemia
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Figure 4 Concentration of overweight and obesity by economic status. Average concentration curves plot population-
weighted average cumulative proportion of malnourished subjects over the population-weighted average cumulative proportion
of economic status. Between studies concentration curve plot cumulative product of population and prevalence over the
cumulative Gross Domestic Product of countries. No concentration curves available for North America. CIX, concentration

index.

among poor households across 35 countries in sub-
Saharan Africa —-0.10 (95% CI -0.11 to -0.10),* and the
other showed the same in Cambodia, reported as CC.'”
For anaemia in adults, one study showed small CIXs in
Nepal (range: —0.05 to 0.02)* and another showed larger
CIX in Bangladesh (-0.14 (95% CI -0.17 to —0.11)).79
For adult underweight, studies also showed a smaller
CIX from Nepal (-0.04 (95% CI —0.07 to —0.00))"* and
a larger CIX from Bangladesh (-0.23 (95% CI —0.24 to
-0.21).(75) For child overweight we found a small CIX
from households in 35 sub-Saharan African countries
(CIX 0.01 (95% CI 0.01 to 0.02)).%

Assessing within-study bias, we classified most CIX
studies as moderate risk (44/79; 56%), but this propor-
tion was lower in estimates included in meta-analysis due
to removal of duplicates with higher risk of bias (online
supplemental table 2). The most common limitation was
risk of misclassifying economic status. Subgroups analyses
found no clear differences by risk of bias. Egger tests and
funnel plots (online supplemental table S3 and figure
S7) indicate effect sizes and heterogeneity may be exag-
gerated by small-study effects for stunting and overweight
and obesity, but not wasting.

To review the association between Gini coefficient and
nutrition outcomes, we identified 12 studies (47 esti-
mates)*" 1 1207129 (online supplemental table S4A). Of
these, 10 were included in meta-analyses. We identified
6 estimates for stunting, 6 for adult underweight (4 inde-
pendent), 33 for adult overweight and obesity (16 inde-
pendent), 1 each on adult and child anaemia, and none

on wasting. Authors’ covariate adjustments are given in
online supplemental table S4B.

Child stunting estimates emanate from the same study on
two countries: Bangladesh and Kenya.*' Effect sizes range
from highly negative (logit: -2.53 (95% CI —4.40 to —0.65))
to highly positive (logit: 3.84 (95% CI 0.28 to 7.41)).

For adult underweight, estimates come from three studies
in USA, India and Indonesia. Figure 5A shows no consis-
tent association with the Gini coefficient (logit: 0.25 (95%
CI -0.62 to 1.11); four estimates). In terms of ORs, this is
1.03 (95% CI0.94 to 1.12). Subgroup analyses show no clear
differences (online supplemental figure S8).

For adult overweight and obesity (figure 5B), we find no
consistent association with Gini coefficient (logit: —0.88 (95%
CI -2.24 t0 0.48); 16 estimates). OR is 0.92 (95% CI 0.80 to
1.05). Effects are heterogeneous (Q=175, p<0.01), and most
of the precise estimates are close to zero, whereas estimates
showing positive or negative associations are less precise.
Subgroup analyses show no consistent differences (online
supplemental figure S9).

For anaemia, we found one study, which showed higher
odds of children having anaemia if they lived in a country
with higher inequality (logit coefficient 0.61 (95% CI 0.34
to 0.88); 30 countries) but no difference for anaemia in
women (0.16 (95% CI -0.06 to 0.38); 33 countries).'??

We classified most (9/12, 75%) associational studies as
moderate risk of bias. Common limitations were unclear
measurement of outcome or exposure, and not justifying
the sample size. Risk of bias did not explain the hetero-
geneity of associations in the subgroup analyses. There
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Study Country Code ~ Year Gender Geographic Unit

3

Sample Size  Prevalence Weight Logit coeff [95% CI]

Mandal (2007) USA  1992,1997 and 2002 Female State 254601 NA 6.52% -1.24[-3.22,0.75]
Mandal (2007) USA  1992,1997 and 2002 Male State —_— 194273 NA 1.59% -0.85[-5.04, 3.33]
‘Subramanian et al (2007) IND 1998-1999 Female State - 77220 32% 6232% 0.17[0.03,0.32]
Hanandita and Tampubolon (2015) IDN 2007 Mixed District 645032 14% 29.57% 0.77[0.04, 1.50]
RE Model (Q = 4.72¢+00, df = 3, p = 0.19) —_— 100.00% 0.25(-0.62, 1.11]
[ I I T 1
-10 -5 0 5 10
More inequality associated with
less underweight more underweight

B

Study Country Code ~ Year Gender Geographic Unit Sample Size  Prevalence Weight Logit coeff [95% CI]
Bjornstrom (2011) usa 2000-2001 Mixed 2875 2% 3.95% -5.30 (-9.61,-0.99]
Zhang (2012) CHN 2006 Mixed Province — 9586 26% 6.97% -5.02[-6.26, -3.79)]
Fan etal (2016) usa 2003-2008 Mixed County —_— 10302 3% 5.49% -4.00[-6.75,-1.25]
Chang and Christakis (2005) usa 1996-1998 Female  MSA (White) — 68545 40% 6.66% -3.42[-5.02, -1.83]
Haithcoat et al (2019) USA 2014-2016 Mixed State —_— 954671 31% 5.84% -2.78[-5.20, -0.36]
Fan et al (2016) usa 2003-2008 Mixed Census tract — 10302 34% 6.81% -2.00 [-3.44, -0.56]
Chang and Christakis (2005) usa 1996-1998 Male MSA (White) —_— 56263 62% 634% -1.39[-3.33, 0.54]
Chang and Christakis (2005) USA 1996-1998 Male MSA (Black) e e 6923 65% 3.14% -0.62[-5.99, 4.75]
Chen and Crawford (2012) usa 2000 Mixed County [ 126298 19% 7.47% -024[-0.37,-0.10]
Kim et al (2006) USA 2001 Mixed State .' 181200 20% 7.47% -0.09 [-0.29, 0.11]
Chen and Crawford (2012) USA 2000 Mixed State - 126208 19% 7.46% 0.06[-0.15, 0.28]
Subramanian et al (2007) IND 1998-1999 Female State ] 77220 3% 7.48% 0.19[0.12, 0.26]
Hanandita and Tampubolon (2015) DN 2007 Mixed Distriot —— 645082 18% 7.30% 0.86[0.14, 1.58]
Chang and Christakis (2005) usa 1996-1998 Female  MSA (Black) —_— 12200 63% 506% 1.13[-202, 4.28]
Mandal (2007) USA  1992,1997 and 2002 Female State L —— 254601 NA 6.37% 263[0.73, 4.53]
Mandal (2007) USA  1992,1997 and 2002 Male State —_— 194273 NA 620% 4.07(2.00, 6.14]
RE Model (Q = 1.75e+02, df = 15, p = 0.00) —— 100.00% -0.88 [-2.24, 0.48]

[ I I T 1
-10 -5 0 5 10

More inequality associated with

%

less overweight/obesity

-

more overweight/obesity

Figure 5 Meta-analysis of association between economic inequality and malnutrition. Random effects meta-analysis adjusting
for clustering within countries and regions, where exposure (Gini coefficient) is on a 0-1 scale, and effect size is logged odds
of malnutrition. MSA (black)—individuals of black ethnicity in Metropolitan Statistical Areas, MSA (white)—individuals of white

ethnicity in MSA. MSA, metropolitan statistical areas.

is some indication of small-study effects for adult over-
weight and obesity but not adult underweight (online
supplemental table S5 and figure S10).

DISCUSSION

Our review found that almost all CIX for child under-
nutrition were negative, indicating that child undernu-
trition is disproportionately concentrated in the poorest
households worldwide. In contrast, the direction of CIX
in overweight and obesity varies regionally. In some
places, like South and East Asia and sub-Saharan Africa,
overweight and obesity are concentrated among better
off households, while in North America and Europe and
Central Asia, if anything, poorer households are more
affected. We also find important evidence gaps, with a
lack of studies reporting CIX for child overweight, and
adult and child anaemia. Although these CIX show wide
inequalities in the distribution of malnutrition, we find
overall null associations between our measure of income
inequality (Gini coefficients) and nutritional status.
Evidence on the links between economic inequality and
undernutrition is too thin to draw robust conclusions,

and heavily biased towards the USA for adult overweight
and obesity. We need globally representative research to
unpack causal pathways between economic inequality
and the different forms of malnutrition.

Our study has some limitations. First, reviews of obser-
vational studies carry a risk of bias. We find some evidence
of bias within and between studies, as shown by some
potential small-study effects, perhaps due to the lack of
methodological standardisation. Second, to minimise
risk of bias, we restricted our review of associations with
Gini coefficients to multilevel studies. This may produce
conservative estimates and have narrower geographical
coverage. However, ecological studies we discuss below
find a similarly heterogeneous picture. Third, all studies
were published before the COVID-19 pandemic; country-
specific estimates may need to be updated after such a
large shock to both health and economies.

Our review shows that, while still a global problem,’
undernutrition is most common in poor households in
low-income countries. These results are consistent with
other studies that only look at the extremes of the distri-
bution or compare wealth groups across countries.' The

30
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concentration of stunting is also regionally clustered,
perhaps because neighbouring countries share common
factors that affect nutrition and economic status, such as
agroecological conditions, structural barriers, food envi-
ronments, dietary behaviours, sanitation, education and
employment levels.””'™'%

Given that almost every undernutrition CIX in our
review was negative, isolated studies producing another
negative CIX provide limited additional value. Our
global and regional CIX give context for future inequality
studies, so magnitudes can be compared against our esti-
mates. These results also highlight the need for under-
nutrition interventions to be ‘pro-poor’, for example,
by providing targeted interventions (such as social
safety nets) and ensuring universal interventions have
equitable reach and quality (such as universal health-
care).! '** However, none of the country-level factors
that we thought might modify the relationship between
economic status and nutrition—income level, food secu-
rity and healthcare coverage—explain economic inequal-
ities in undernutrition. Therefore, although they protect
against undernutrition," ' work is needed to ensure
countries’ economies, food systems, and health systems
benefit those who need it most.

In contrast, we find more concentration of overweight
and obesity in better-off households from lower-income
countries compared with high-income countries. These
findings are consistent with a systematic review,"””” which
showed that the association between economic status and
obesity varies by country income level; our review adds to
this by describing and mapping the extent of the concen-
tration within and between study populations. Our find-
ings also align with the broader evidence base on the
global nutrition transition, whereby overweight and
obesity (historically more common in richer households
from higher-income countries) is now more common in
poorer households in higherincome countries and in
better-off households in lowerincome countries.'™ '*
However, our subgroup analyses (online supplemental
figures S1, S3, S5) do not reveal clear time trends, and
small cell sizes do not permit exploration of heteroge-
neity in time trends between higherincome and lower-
income countries.

Nevertheless, our results indicate that the level and
direction of targeting of overweight and obesity interven-
tions will need to be contextually specific. Depending on
the intervention and country, it may be useful to target
better-off households from lower-income countries (eg,
social and behaviour change interventions to discourage
unhealthy food selection in supermarkets and retail
outlets frequented by the well-off)'* or poorer house-
holds in higher-income countries (eg, providing healthy
free school meals).""" However, to comprehensively
address the multilevel drivers of all forms of malnutrition,
itis increasingly recognised that macrolevel interventions
across sectors and countries are needed to increase indi-
vidual’s agency, and create healthy food environments
and equitable food systems.' '**

Despite large economic inequalities in the burden
of malnutrition, and previous studies showing that
economic inequality is associated with poor health,* >
we found little overall support that economic inequality
is associated with malnutrition. We lack evidence on the
associations between Gini coefficients and undernutri-
tion, limiting our ability to draw robust conclusions. As
noted, evidence on overweight and obesity is dispropor-
tionately from the USA. Although significant trends may
be observed in other countries, an ecological study of
31 OECD countries found that the positive correlation
between economic inequality and obesity disappeared
after excluding the USA and Mexico, suggesting this
may not be the case.'"? Ecological studies also show wide
heterogeneity, finding that economic inequality is asso-
ciated with higher,"** '** lower'*® or no difference'*’ in
overweight or obesity. It is difficult to discern whether
these inconsistent trends are due to the difficulties in
identifying unbiased estimates or variation in true effects.
A further complication is that associations between Gini
coefficients and nutritional outcomes may be non-linear,
and could interact with absolute levels of economic status.
Although all studies included in our review adjusted for
household-level income or wealth status, they predomi-
nantly focused on linear associations between economic
inequality and nutrition, and were not designed to
compare the effects of absolute vs relative income or
wealth on malnutrition. Future research could include
wider geographical contexts, include different forms of
malnutrition, and characterise the nature of the relation-
ship between absolute and relative income or wealth.
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Table S1: Medline search strategy

1

Wealth* or asset* or income™* or earning* or poor* or povert* or depriv* or economic status or economic inequality or
expenditure or equit* or equal* or inequal* or dispar*

Exp poverty/ or exp health equity/ or exp economic status/ or exp health status disparities/

Underweight or overweight or adipos* or BMI or body mass index or (body-mass adj2 ind*) or obes* or weight-for-height or
weight-for-length or WHZ or WLZ or stunt* or HAZ or height-for-age or length-for-age or wasting or wasted or an?emi* or
h?emoglob* or undernutri* or overnutri* or undernour* or overnour* or malnutri* or malnour* or thinness or overweight* or
underweight* or nutritional status

Exp thinness/ or exp overweight/ or exp anemia/ or exp nutrition disorders/ or exp obesity/ or exp body mass index/

(Concentration* adj3 curve*) or (concentration adj3 ind*) or (Lorenz adj3 curve*)

(1or2)and (3or4)and5

((Wealth* or income* or earning™ or poor* or povert* or economic) adj3 (inequ* or equ* or distribut* or disparit*)) or gini or
theil or pietra or schutz or Robin Hood-ind* or attkinson or (decile* adj3 ratio*) or inequality

Multilevel or multi-level or (two adj3 level*) or two-level or random effects or random effect or random-effect or random-effects
or (control* adj5 individual*) or (mixed adj3 effect*) or mixed-effect or mixed-effects or nested data or random coefficient or
random coefficients or (hierarchic* adj3 (model* or data*))

(3or4)and 7 and 8

10

6 or9
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Table S2: Characteristics of studies included in the meta-analysis of concentration indices

Child stunting, number of estimates (N) Child wasting, N=60 Adult overweight /obesity, N=89
Mean or % 7 (Min, max) Mean or % (Min, max) Mean or % (Min, max)

Survey date, mean year 2004 (1974, 2018) 2003 (1987, 2018) 2001 (1971, 2016)
% estimates measuring income 8.3% . 33.3% . 83.1%
% estimates measuring wealth 91.0% . 63.3% . 16.9%
% estimates measuring expenditure 0.7% . 3.3%
Mean outcome prevalence 32.5% (4.0%, 61.0%) 10.1% (1.0%, 25.0%) 22.1% (4.4%, 88.2%)
Mean concentration index -0.164 (-0.441, 0.027) -0.038 (-0.174, 0.018) -0.012 (-0.280, 0.339)
WHO universal health coverage index 54.8 (22,78) 51.6 (35,78) 78.2 (46, 88)
FAO Food security index 108.1 (25, 155) 108.6 (82, 141) 1339 (102, 149)
Low-income country, % 53.6% . 56.7% 5.6%
Region, %

East Asia & Pacific 6.1% . 6.7% . 5.6%

Europe & Central Asia 10.8% . 3.3% . 49.4%

Latin America & Caribbean 21.3% . 11.7% . 4.5%

Middle East & North Africa 5.4% . 5% . 0%

South Asia 8.7% . 23.3% . 5.6%

Sub-Saharan Africa 46.7% . 50.0% . 5.6%

North America 0% . 0% . 29.2%
Gender composition of sample

Mixed 100% . 100% . 30.3%

Male only 0% . 0% . 31.5%

Female only 0% . 0% . 38.2%
Risk of bias

Low 0% 0% 7.9%

Moderate 91.0% 91.7% 70.8%

High 8.7% 6.7% 16.9%

Critical 0.4% 1.7% 4.5%
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Stunting Subgroups Number of Estmates in Subgroup Estimate [36% CI]
By Studydate :
Lawmst (2007-2018) w2 b : ~0.15[-0.19, 0.10]
Middie {2001-2006) B2 e ~0.45[~0.19, —0.11]

Olidest {1974 -2000) 102 F—— : -0,15[-0.20, -0.11]

RE Mougel for Subigroup (Q = 0.05, df = 2,p = 057)

By Risk of Bias :

Moderate 282 | —m— -0.15[~0.19, —0.11]
High 24 e ~0.15[~0.18, -0.10]
Critical 1 | - | -013{-026, 0,01)

RE Model for Subgroup (0 = 0,10, of = 2, p = 085)

By WHO Universal Health Coverage Index 5
Low Coverage (22-48) 101 e ~0,15[~020, -0.10]

Meium Coverage (47-63) BS e -0, 17[=021, -0.12}

High Coverage (84-78) %0 b 0,14 [~0.19, =0,08]

RE Modsl for Subgroup (Q =080, &= 2, p=074)

By FADQ Food Security Index !
Low Food Seaurity (26-103) 101 e : -0.18[-020, —0.11]

Medium Food Securty {104-114) 82 —a : =0,15[=0,19, =0.11]
High Food Secunity {115-155) %0 - : =0:45[-0.19, =0.10]

RE Model for Subgroup (Q = 0.1, &f = 2, p = 0.95)

By Income Group

Low Income 148 — 1 ~0.15[~0.18, -0.10]

Lower-Midde Income o7 = : =0,16[=0.20, -0.12]

Upper-Middie Income 1) = i =0,11[=0,16, =0.07]

RE Mogs! for Subgroup {0 = 162 df = 2, p = 0.38)

By Region :

Europe & Cental Asia 30 | e =0,10[=0.17, =0,03]
Middie East & Nort Africa 15 | — =0,11[=0.18, =0,02]
Easl Ass & Pacilc 7 e -0,12[-0.20, —0.05]
Sub-Saharan Africa 122 b ~0.14[~0.21, ~0.08]
South Asia 24 | ~0.24[-028, -0.13]

Latn America & Caribbean 5% — ; ~0.22[-0328, -0.15]

RE Mode! for Subgroup (2 = 9.44, of = 5,p = 0.08)

Overall ;
Cverall 27 ] i 015018, 0.11]

RE Model (O = 8265 .49, of =278, p=0.00}

[ T T | 1
=03 =02 <01 o ('R ]
Concentration Index

Stunting concentraied smong
L _—
the poorer hou seh oids the ncher housaholds

Figure S1: Subgroup analysis for concentration indices of stunting
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Figure S2: Regional stunting concentration curves with country names

Cumulative proportion of wealth on the X-axis. Cumulative proportion of stunting on the Y-axis. Earliest year of data collection and three-letter ISO country code call-outs.
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Wasting Subgroups Humber of Estimates in Subgmoup Estimate [95% CI]
By Studydate ;

Latest (2011-2018) 19 e : -0.04[~0.08, -0.02]
Middle {1 §67-2008) 20 = -0.04[-0.08, —0.02]
Oldest {1967 -1996) 2 = : =003 [=0.04, =0.01]
RE Moded for Sibgroup (Q = 1,13, df =2, p = 057)

By Risk of Bias ;

Moderate 5 [ -0.03[-0.08, 0.01]
High 4 —a— : -0.08[-008, -0.02]
Critical 1 [ f -0.07 [-0.13, —0.00]

RE Model for Subgroup (O=2 11, of =2, pu 035)

By WHO Universal Health Coverage Index

—a -0.65]-0.07, ~0.02]

Low Coverage (35-44) 20
Medium Coverage (46-54) 2 —e— 0,04 [~0.08, 0.02]
High Coverage (57-78) % - ~0.02[-0.04, <0.01]
RE Moge! for Subgroup (G = 2.24, of =2, p = 0.33) p
By FAO Food Security Index E
Low Food Securty (82-103) 20 =] -0.02{~0.03, 0.00]
Medium Food Secunty (104=113) 18 [ : =008 [~0.07, ~0.04]
High Food Securty (115-141) ] —— ~0.03[-0.04, -0 01]
RE Model for Subgroup (Q = 1251, df = 2, p = 0.00) :
By Income Group :
Low ncome 7} f—— ~0.03[-008, -0.01]
Lower-Midds Income 2 —e— -0.04[-0.06, -0.02)
Upper-Midse ncome 4 e -002{~0.05, 0.02]
RE Modal for Subgroup (O =008, ff = 2, p= 061} ;
By Region
Europe & Cental Asia 2 } = | -0.01]-0.08, 0.07]
Latn America & Carninbean 7 [ { -002[~0.08, 0.05]
East Asiad Pacic 4 | | ~003[-0.08, 0.04]
Sub-Saharan Afrca wn | | -003[-0 08, 0.03]
Middle East & North Africa 3 I : | ~003[-0.10, 0.04]
South Asia 14 | {: -0.07[-0.13, ~0.00]
RE Model for Subgroup (Q = 1.76, of =6, p = 0.88)
Overall :
Overal 8 —— -0.03[-0.05, 0.02]
RE Model {0 = 445,81, df = 53, p = 0,00)
I T T T T 1
-0.15 0.1 -0.08 0 0.05 a1

Caoncentration Index

‘Aastng concentrated among
1he pooner households the ncher households

Figure S3: Subgroup analysis for concentration indices of wasting
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Figure S4: Regional wasting concentration curves with country names

Cumulative proportion of wealth on the X-axis. Cumulative proportion of stunting on the Y-axis. Earliest year of data collection and three-letter ISO country code call-outs.
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Ovorwsight Subgroups Hurmbeof Esbmates in Subgroup

Estimato [35% CI]

By Studydate :
Lavest (2008-2016) 19 R —

Micdle (1585-2007) 277 e

Oldest (1971-1998) 43 e
RE Moge! for Subgroup (0= 012, 4= 2, p= 0.84} i

By Risk of Bias 3
Lew 7 [ a—

Moderate & A
High 15 P

Critical 4 . —
RE Mode! for Subgroup (Q =324, &/ =3, p=038)

By WHO Universal Health Coverage Index E
Low Coverage (4679} 34 |—'—|

Wedium Coverage (81-53) = e

High Ceverage [85-88) F [ ——

RE Model for Subgroup (0 =012, df= 2, p=0.84)

By FAD Food Security Index :
Low Food Seaurty(102-131) a2 —e

Medium Food Securty {133-140) 28 |—l—|

High Food Securty {141-145) ) b
RE Model for Subgroup (Q = 020,4f = 2, p=0.80) ;

By Income Group

Lo Income 5
Lomar—Midde Income 5
Upper-Midde Income 8
High Income L

RE Model for Subgroup (Q = 14.91, &f =3, p = 000)

e o0

By Region

South Asia p—a—
Sub-Saharan Africa [

East Asia & Pacifc s

Latn Ametica & Canbbenn

Europe & Cental Asia —a—]

Narth Amenica .| p—a—
RE Model for Subgroup (O = 46,28, & = 5, p = 0.00) :
Overall i

Overall 88 I—.—‘
RE Model (Q= 3432374, df = 88, p = 0.00) :
T T T T T T 1
02 -01 ] 01 02 03 04
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Figure S5: Subgroup analysis for concentration indices of adult overweight/obesity
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Figure S6: Regional overweight/obesity concentration curves with country names

Cumulative proportion of wealth on the X-axis. Cumulative proportion of adult overweight/obesity on the Y-axis. Earliest year of data collection and three-letter ISO country code call-outs.
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Table S3: Eggers test on small-study effects for concentration indices

Beta | SEofBeta | Z P
Child Stunting 1.65 | 0.55 3.02 | 0.00
Child Wasting -0.70 | 0.69 -1.02 | 031
Adult Overweight/Obesity | -1.50 | 0.61 -2.45 | 0.01
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Figure S7: Funnel plots of concentration curves by outcome
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Table S4A: Characteristics of multilevel studies measuring associations between economic inequality and nutrition prevalence

Author (publication Survey years Sample Country Sample size Economic status Outcome Area level variable | Risk of Bias
year) age (y) measure prevalence
Child stunting
Reinbold (2011)* 2004 <5 Bangladesh 6908 DHS wealth Index Region and district Moderate
Reinbold (2011)* 2003 <5 Kenya 5767 DHS wealth Index Region and district Moderate
Child Anaemia
van Deurzen et al (2014)* 2000-2011 <6 30 countries 152485 International Wealth 58.7% Country Moderate

Index Asset Score (DHS

derived)
Adult underweight
Mandal (2007) 1992, 1997, 2002 <95 USA 448874 Not specified State Moderate
Subramanian et al (2007) 1998-1999, 1999- 15-49 India 77220 Expenditure 32.1% State Low
2000

Hanandita and Tampubolon 2007 >15 Indonesia 645032 Expenditure 14.4% District Moderate
(2015)
Adult overweight/obesity
Bjornstrom (2011) 2000-2001 USA 2875 Income 23% Neighbourhood Moderate
Zhang (2012) 2006 >18 China 9586 Income 26% Province High
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Author (publication Survey years Sample Country Sample size Economic status Outcome Area level variable | Risk of Bias
year) age (y) measure prevalence

Fan et al (2016) 2000, 2003-2008, 20-64 USA 10302 Income 34.4% County and census tract Low
Chang and Christakis (2005) 1990, 1996-1998, >15 USA 143931 Income 38.7% Metropolitan Statistical Moderate

Area

Haithcoat et al (2019) 2014-2016, 2016 . USA 954671 Income 31% State Moderate
Chen and Crawford (2012) 2000 >18 USA 126298 Income 18.5% State and county Moderate
Kim et al (2006) 1974-1994, 1975- >18 USA 181200 Income 19.5% State Moderate

1998, 1990-1994,
1990, 1996, 1997,

1998, 2000

Subramanian et al (2007) 1998-1999, 1999- 15-49 India 77220 Expenditure 6.2% State Low
2000

Hanandita and Tampubolon 2007 >15 Indonesia 645032 Expenditure 17.9% District Moderate
(2015)
Mandal (2007) 1992, 1997, 2002 <95 USA 448874 Not specified . State Moderate
Adult (female) Anaemia
van Deurzen et al (2014)* 2000-2011 15-49 33 countries 373735 Wealth 40.2% Country Moderate

* These studies were not included in the meta-analysis
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Table S4B: Variable adjustment for studies on association between economic inequality and nutrition

prevalence
Author Adjusted variables in main model
Child stunting
Reinbold (2011) Child age, sex, religion, mother’s education, mother’s employment status, mother’s partner’s education,

mother’s partner lives at home, mother’s partner’s age, mother’s partner’s age squared, household size,
household size squared

Child anaemia

van Deurzen et al (2014)

Household wealth index quintiles, survey year

Adult underweight

Mandal (2007)

Restaurants, food stamp rates, unemployment rate, metro residency, age, education, children, race, marital
status, work status, income, smoking, and health insurance.

Subramanian et al (2007)

Age, religion, caste, marital status, education, wealth, occupation, urban/rural, parity, smoking, drinking,
tobacco chewing, tuberculosis, malaria, and state economic development.

Hanandita and Tampubolon (2015)

Age, gender, marital status, education, employment status, physical activity, household size, per capita
expenditure, median per capita expenditure, and deprivation.

Adult overweight/obesity

Bjornstrom (2011) Age, gender, marital status, race, education, log family income, insurance, chronic conditions, smoking, and
median household income.

Zhang (2012) Gender, age, marital status, education, work status, occupation, wealth, income, province mean income,
province mean education, urban and, province urban

Fan et al (2016) Age, gender, marital status, family size, education, race/ethnicity, birthplace, income, survey year, census tract

median income, and county median income.

Chang and Christakis (2005)

Age, household income, education, median income, population, and region.

Haithcoat et al (2019)

Inequality uniformity, median state household income, % insured, % on food assistance, age, gender,
ethnicity/race, education, income, marital status, health insurance status, smoking, exercising, and alcohol.

Chen and Crawford (2012) Marital status, age, income, education, employment status, race, poverty rate county, median income county,
interaction of county gini: low income, interaction of state gini: low income, and state gini.
Kim et al (2006) Age, gender, race, marital status, educational attainment, household income, state social capital, mean

household income, and % black.

Subramanian et al (2007)

Age, religion, caste, marital status, education, wealth, occupation, urban/rural, parity, smoking, drinking,
tobacco chewing, tuberculosis, malaria, and state economic development.

Hanandita and Tampubolon (2015)

Age, gender, marital status, education, employment status, physical activity, household size, per capita
expenditure, median per capita expenditure, and deprivation.

Mandal (2007)

Restaurants, food stamp rates, unemployment rate, metro residency, age, education, children, race, marital
status, work status, income, smoking, and health insurance.

Adult (female) anaemia

van Deurzen et al (2014)

Household wealth index quintiles, and survey year.
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Subgroup Number of Estimates in Subgroup Logit coeff [95% CI]

By Risk of Bias :
Low 1 } ‘m | 0.17 [-2.14, 2.49]
Moderate 3 | : | -0,02 [-1,88, 1.86]

RE Model for Subgroup (Q =0.02,df= 1, p= 0.90)

By Inequality Measurement Level ;
First Sub-National Level 3 I -0.16 [-1.35, 0.98]
Lower Level 1 - 0.77 [-0.77, 2.30]

RE Model for Subgroup (Q =094, df =1, p= 0.33)

By WHO Universal Health Coverage Index !
Low Coverage 2 H—-— 0.36 [-0.18, 0.90]
High Coverage 2 | | -1.17[-3.07, 0.74]

RE Model for Subgroup (Q =2 28, df= 1, p=0.13)

By FAQ Food Security Index :
Low Food Security 2 EE S— 0.36 [-0.18, 0.80]
High Food Security 2 ! : f -1.17 [-3.07, 0.74]

RE Model for Subgroup (Q =228,df=1, p=0.13)

By Country Income Group

Low Income 1 - 0.17 [~0.01, 0.36]
Lower-Middle Income 19 —a 0.77 [ 0.03,1.51]

High Income 2 ! d | -1.17 [-2.97, 0.63]

RE Model for Subgroup (Q =4.59,df=2, p=0.10)

By World Region :
East Asia & Pacific 1 ] 0.77 [ 0.03, 1.51]

South Asia 1 e 0.17 [-D.01, 0.36]
North America 2 f iy -1.17 [-2.67, 0.63]

RE Model for Subgroup (Q =459, df =2, p=0.10)

[ T T T I T T 1
-4 -3 = ~4 o] 1 2 3

Logit on Adult Underweight

More inequality associated with

lass underwaight maora undanweight

Figure S8: Subgroup analysis for associations between Gini coefficients and adult underweight

Logistic multilevel regression effects of Gini coefficient on a 0-1 scale on logged odds of malnutrition presented.
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Subgroup Number of Estimates in Subgroup Logit coeff [956% CI]

By Risk of Bias

Low 3 ] -1.63[-4.17, 0.80]
Moderate 12 | -0.14 [ -1.60, 1.32]

High 1 e — -5.04 [ -9.25, -0.83]

RE Model for Subgroup (Q = 5.08, df = 2, p = 0.08)

By Inequality Measurement Level :
First Sub-National Level 7 e -0.26 [ -3.30, 2.79]

Second Sub-National Level 2 |—-——| =237 [-667, 1.92]

Lower Level 7 I—.—-—| -2.24-553, 1.05]

RE Model for Subgroup (Q =0.99, df = 2, p =0.61)

By FAO Food Security Index :
Low Food Security 13 = -065[-2.07, 0.78]
High Food Security 3 - -1.84 [ -4.71, 1.03]

RE Model for Subgroup (Q = 0.53, df = 1, p = 0.47)

By Country Income Group :
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Figure S9: Subgroup analysis for associations between Gini coefficients and adult overweight/obesity

Logistic multilevel regression effects of Gini coefficient on a 0-1 scale on logged odds of malnutrition presented. Subgroup analysis by
UHC Index omitted due to lack of variance.
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Table S5: Eggers test on small-study effects for associations between Gini coefficients and nutrition

outcomes

Beta | SEofBeta | Z P
Adult Underweight -0.62 | 0.82 -0.75 | 045
Adult Overweight/Obesity | -1.23 | 0.55 -2.22 | 0.03
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Figure S10: Funnel plots of studies on associations between Gini coefficients and nutrition outcomes
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