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Abstract
Objective: To review existing publications using Household Consumption and
Expenditure Survey (HCES) data to estimate household dietary nutrient supply
to (1) describe scope of available literature, (2) identify the metrics reported
and parameters used to construct these metrics, (3) summarise comparisons
between estimates derived from HCES and individual dietary assessment data
and (4) explore the demographic and socio-economic sub-groups used to charac-
terise risks of nutrient inadequacy.
Design: This study is a systematic review of publications identified from online
databases published between 2000 to 2019 that used HCES food consumption data
to estimate household dietary nutrient supply. Further publications were identified
by ‘snowballing’ the references of included database-identified publications.
Setting: Publications using data from low- and lower-middle income countries.
Results: In total, fifty-eight publications were included. Three metrics were reported
that characterised household dietary nutrient supply: apparent nutrient intake per
adult-male equivalent per day (n 35), apparent nutrient intake per capita per day
(n 24) and nutrient density (n 5). Nutrient intakes were generally overestimated using
HCES food consumptiondata,with several studies finding sizeable discrepancies com-
pared with intake estimates based on individual dietary assessment methods. Sub-
group analyses predominantly focused on measuring variation in household dietary
nutrient supply according to socio-economic position and geography.
Conclusion:HCES data are increasingly being used to assess diets across populations.
More research is needed to inform thedevelopment of a framework to guide the use of
and qualified interpretation of dietary assessments based on these data.
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Equity

Vitamins and minerals, also known as micronutrients, are
required in small quantities in the diet and are essential
for human health(1). Micronutrient deficiencies continue
to burden billions of people worldwide, disproportionately

affecting the world’s poorest populations(2). Poor-quality
diets, among other interconnected risk factors, are a main
cause of micronutrient deficiencies because individuals do
not consume adequate quantities of bioavailable nutrients
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to meet their physiological requirements(3). Diet-related
risk factors are compounded by other systemic social issues
common in poor populations, such as inadequate health-
care, high rates of infection and poor sanitation(4,5) and a
lack of education(6–8). As highlighted in the 2020 Global
Nutrition Report, reducing micronutrient deficiencies will
require a coordinated effort between governments, busi-
nesses and civil society to address deep inequities that arise
from unjust systems and processes, particularly for the
world’s most nutritionally vulnerable groups(9).

Quantifying and characterising national burdens of
micronutrient deficiencies require a combination of data
types. These include biomarker assessment in micronu-
trient surveys(6,10), estimates of national micronutrient sup-
ply in food systems(11) and individual micronutrient intake
estimates from food consumption surveys(12). However, in
many contexts, these data require significant time, capacity,
expertise and specialist equipment to collect and analyse,
meaning few countries routinely collect these data at scale.
Household Consumption and Expenditure Surveys
(HCESs) can contribute a unique source of nationally rep-
resentative food acquisition data that are regularly col-
lected in low- and lower-middle income countries(13).
Questions about households’ food consumption and
expenditures using a country-specific food item list are
commonly integrated into HCESs, and these data can be
used to estimate the acquisition and apparent consumption
of foods by members of the household(14).

HCES is a term used to refer to a family of nationally
and sub-nationally representative, multicomponent sur-
veys (e.g. Household Income and Expenditure Surveys,
Socioeconomic Surveys, Living Standards Measurement
Surveys, etc.), which are primarily designed to provide data
to characterise an array of socio-economic conditions.
National HCESs are implemented by national statistical
agencies, often with technical assistance from the World
Bank’s Living Standards Measurement Study group. Inmost
countries, bar a few exceptions, these data are publicly
accessible and can be used for a variety of rapid analyses,
for instance, to monitor poverty, measure economic
inequality, characterise vulnerability to economic shock,
estimate agricultural production, calculate macroeconomic
aggregate indicators (e.g. gross domestic product) and con-
struct consumer price indices(15–17). While HCES data in
some countries have been publicly available since the
1980s, only more recently have data from the household
food supply modules of these surveys been used to esti-
mate individual-level micronutrient intake and to inform
public health research and decision making(18). Alongside
increased use of HCES food acquisition data have come an
interest in assessing the how well these data can proxy for
individual dietary assessment data(19).

HCES data are subject to error when used to estimate
individual-level food consumption, which raises chal-
lenges for their use in estimating nutrient intakes(19,20).
Due to this, the use of the terms ‘nutrient supply’ at the

household level and ‘apparent nutrient intake’ at the indi-
vidual level are used to reflect the sources of error and
imprecision when estimating nutrient intake from HCES
compared with other more direct nutritional assessment
methods (Table 1). Sources of potential error include
assumptions about the intrahousehold food allocation,
shortcomings in HCES questionnaire design related to food
consumption (e.g. missed foods in pre-defined list of food
items/groups, capturing composite foods using recipes,
food waste, foods consumed away from home, collecting
data only on food acquisitions rather than acqusitions
and consumption), recall bias due to longer recall periods
and estimating quantities consumed(21). While most HCESs
collect both food consumption (total quantity of foods con-
sumed) and food expenditures (total monetary amount
spent on consumed foods), some HCESs only collect food
expenditure data, which require conversion of monetary
units into units of food mass (e.g. grams) before calculating
household nutrient supply(13). In addition, errors may be con-
text specific, as HCESmethods vary between countries, intro-
ducing a differential bias when making comparisons across
populations. Recent reviews(13) and guidelines(22) have iden-
tified differences between HCES questionnaire designs from
different countries, with the authors calling for analyses to
evaluate the effect of thesedifferences ondietary nutrient sup-
ply estimates. Subsequent analyses have reported potential
effects due to the following: recall period length (7–30 d)(23),
measuring foods consumed away fromhome(24), food acquis-
ition compared with consumption(25) and length and compo-
sition of food item lists (50–300 items)(26).

Despite these potential limitations, HCESs remain a
source of information on what people eat and there is an
expanding literature of studies that use HCES to estimate
dietary micronutrient supplies and risks of deficiency.
Studies have employed a variety of different metrics to
report estimates of dietary nutrient supply/apparent
nutrient intake and the prevalence of inadequacy, each
requiring specific interpretation. This systematic review
aims to identify and describe existing publications using
HCES data to estimate nutrient supply/apparent nutrient
intake in order to document current practices as they relate
to the analysis of HCES food consumption data, summarise
results of publications that aimed to validate the use of
HCES consumption data to estimate nutrient supply/appar-
ent nutrient intake and provide insights into how these esti-
mates can identify sub-groups at heightened risk for
micronutrient deficiencies from dietary inadequacy. This
analysis addresses the following questions:

1. What is the scope of the existing literature?

2. What metrics have been used to estimate nutrient and
energy supply/apparent intake and nutrient adequacy
from HCES data and how do those estimates compare
across metrics?

3. How do HCES-derived estimates of apparent nutrient
and energy intakes compare with those estimated
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using individual-level dietary assessment methods?
Do results differ by age group (i.e. adults, adolescents,
children and infants)?

4. What types of sub-group comparative analyses have
been conducted using nutrient and energy supply/
apparent intake estimates from HCES data?

Methods

We conducted a systematic review following the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
guidelines(27). The study protocol is provided in Appendix
1 and was registered with the PROSPERO international
database for systematic reviews (ref. 223 928).

Identification and screening of literature
A two-step procedure was used to identify and screen the
available literature. First, fourteen public databases were
systematically searched by one author in the domains of pub-
lic health (e.g. Global Health Database and PubMed), agri-
culture and food systems (e.g. AgEcon, AGRIS, GARDIAN
CGIAR and IFPRI Publication Database), economics (e.g.
EconLit) and general academia (e.g. Google Scholar, JSTOR,
SCOPUSandWebof Science). Theprimary search termswere
the different HCES name variations in both English and
French as listed by Fiedler et al.(21).WhereHCES search terms
returned a large number of results (> 1000), secondary search
termswere used to describe the food consumptionmodule of
the HCES questionnaire (e.g. ‘nutrition’, ‘consumption’, ‘food’
and ‘micronutrient’). The search terms for all databases used
in this review are included in Appendix 2. Second, the refer-
ence list of all included publications identified through the
database searchwere systematically searched to identify addi-
tional papers not identified by the database search(28). Titles
and abstracts of all returned literature were screened to iden-
tify analyses using the food consumption module of the
HCES, where positive screens were included for full-text
review.

Eligibility, inclusion and exclusion criteria
Literature selected by the identification and screening pro-
cedure underwent a full-text review for inclusion into this
study independently by two authors. Literature was
included if it: (1) used HCES data (or other household food
consumption data using an HCES questionnaire format)
from a low- or lower-middle-income country(29) and (2) esti-
mated household nutrient supply or apparent intake of
nutrients or energyusing data from theHCES food consump-
tion and/or expenditure module. Literature was excluded if
it (1) was written in a language other than English or French
or (2) was published before the year 2000. Any disagree-
ments between the two co-authors about whether to include
a publication were resolved through discussion. Data were
managed using Mendeley Desktop (version 1.19.4; Elsevier,
London, United Kingdom).T

ab
le

1
D
ef
in
iti
on

s
of

te
rm

s

T
er
m

U
ni
t
le
ve

l
N
ut
rit
io
na

la
ss
es

sm
en

tt
yp

e
D
ef
in
iti
on

A
pp

ar
en

tn
ut
rie

nt
in
ta
ke

(1
7,
55

)
P
op

ul
at
io
n

H
ou

se
ho

ld
co

ns
um

pt
io
n
an

d
ex

pe
nd

itu
re

su
rv
ey

s
N
ut
rie

nt
in
ta
ke

of
a
po

pu
la
tio

n
es

tim
at
ed

by
as

su
m
in
g
in
tr
ah

ou
se

ho
ld

fo
od

co
ns

um
pt
io
n
is

ba
se

d
on

pr
op

or
tio

na
le

ne
rg
y
re
qu

ire
m
en

ts
.

A
pp

ar
en

tn
ut
rie

nt
in
ta
ke

in
ad

eq
ua

cy
(1
7,
55

)
P
op

ul
at
io
n

H
ou

se
ho

ld
co

ns
um

pt
io
n
an

d
ex

pe
nd

itu
re

su
rv
ey

s
E
st
im

at
e
to

in
di
ca

te
w
he

n
ap

pa
re
nt

nu
tr
ie
nt

in
ta
ke

s
ar
e
be

lo
w

th
e
es

tim
at
ed

av
er
ag

e
re
qu

ire
m
en

t
(E
A
R
)
fo
r
a

po
pu

la
tio

n
gr
ou

p
de

pe
nd

in
g
on

ag
e-
,s

ex
-
an

d
sp

ec
ifi
c
ph

ys
io
lo
gi
ca

ls
ta
ge

(e
.g
.p

re
gn

an
cy

an
d
la
ct
at
io
n)
.

F
oo

d
co

ns
um

pt
io
n(

55
)

In
di
vi
du

al
In
di
vi
du

al
di
et
ar
y

as
se

ss
m
en

t
M
ea

su
re

of
th
e
av

er
ag

e
fo
od

co
ns

um
pt
io
n
by

an
in
di
vi
du

al
du

rin
g
a
pe

rio
d
of

tim
e,

us
ua

lly
ex

pr
es

se
d
pe

r
da

y.
N
ec

es
sa

ry
to

es
tim

at
e
nu

tr
ie
nt

in
ta
ke

.
H
ou

se
ho

ld
fo
od

su
p-

pl
y(

55
)

H
ou

se
ho

ld
H
ou

se
ho

ld
co

ns
um

pt
io
n
an

d
ex

pe
nd

itu
re

su
rv
ey

s
S
el
f-
re
po

rt
ed

es
tim

at
e
of

th
e
to
ta
la

m
ou

nt
of

fo
od

av
ai
la
bl
e
fo
r
co

ns
um

pt
io
n
in

th
e
ho

us
eh

ol
d
ov

er
a
fix
ed

tim
e

pe
rio

d
(u
su

al
ly

7
to

30
d)
,g

en
er
al
ly

ex
cl
ud

in
g
fo
od

s
co

ns
um

ed
aw

ay
fr
om

ho
m
e.

N
ut
rie

nt
de

fic
ie
nc

y(
55

)
In
di
vi
du

al
/p
op

ul
at
io
n

N
ut
rie

nt
bi
om

ar
ke

r
as

se
ss
m
en

ts
B
io
lo
gi
ca

lm
ea

su
re

de
fin

ed
by

th
e
ra
ng

e
w
he

re
cl
in
ic
al

or
fu
nc

tio
na

lm
an

ife
st
at
io
ns

of
nu

tr
ie
nt

de
fic
ie
nc

ie
s

pr
es

en
t.
M
ay

be
ca

us
ed

by
va

rio
us

fa
ct
or
s,

in
cl
ud

in
g
in
ad

eq
ua

te
nu

tr
ie
nt

in
ta
ke

.
N
ut
rie

nt
de

ns
ity

(3
2)

H
ou

se
ho

ld
H
ou

se
ho

ld
co

ns
um

pt
io
n
an

d
ex

pe
nd

itu
re

su
rv
ey

s
A
n
in
di
ca

to
r
of

di
et
ar
y
qu

al
ity

ex
pr
es

se
d
as

th
e
ra
tio

of
th
e
nu

tr
ie
nt

su
pp

ly
of

th
e
di
et

to
th
e
en

er
gy

su
pp

ly
pr
ov

id
ed

by
th
e
sa

m
e
di
et
.

N
ut
rie

nt
in
ta
ke

(5
5)

In
di
vi
du

al
In
di
vi
du

al
di
et
ar
y

as
se

ss
m
en

t
E
st
im

at
e
of

th
e
av

er
ag

e
in
ta
ke

of
nu

tr
ie
nt
s,

m
os

tly
th
ro
ug

h
fo
od

s
co

ns
um

ed
by

an
in
di
vi
du

al
.
C
al
cu

la
te
d
fr
om

qu
an

tit
at
iv
e
da

ta
on

fo
od

co
ns

um
pt
io
n
an

d
nu

tr
ie
nt

co
nt
en

tc
om

pi
le
d
in

fo
od

co
m
po

si
tio

n
da

ta
ba

se
s
or

ta
bl
es

.
N
ut
rie

nt
in
ta
ke

in
ad

-
eq

ua
cy

(5
5)

In
di
vi
du

al
/p
op

ul
at
io
n

In
di
vi
du

al
di
et
ar
y

as
se

ss
m
en

t
E
st
im

at
e
to

in
di
ca

te
w
he

n
nu

tr
ie
nt

in
ta
ke

s
ar
e
be

lo
w

th
e
re
co

m
m
en

de
d
nu

tr
ie
nt

in
ta
ke

(R
N
I,
w
hi
ch

is
re
pl
ac

ed
in

so
m
e
co

un
tr
ie
s
fo
r
R
ec

om
m
en

de
d
D
ai
ly

A
llo
w
an

ce
–
R
D
A
)
fo
r
in
di
vi
du

al
s,

or
be

lo
w

th
e
es

tim
at
ed

av
er
ag

e
re
qu

ire
m
en

t
(E
A
R
)
fo
r
a
po

pu
la
tio

n
gr
ou

p
de

pe
nd

in
g
on

ag
e-
,
se

x
an

d
sp

ec
ifi
c
ph

ys
io
lo
gi
ca

ls
ta
ge

(e
.g
.
pr
eg

na
nc

y
an

d
la
ct
at
io
n)
.

N
ut
rie

nt
su

pp
ly

(5
5)

H
ou

se
ho

ld
H
ou

se
ho

ld
co

ns
um

pt
io
n
an

d
ex

pe
nd

itu
re

su
rv
ey

s
E
st
im

at
e
of

nu
tr
ie
nt
s
av

ai
la
bl
e
fo
r
co

ns
um

pt
io
n
th
ro
ug

h
fo
od

s
fo
r
th
e
ho

us
eh

ol
d.

C
al
cu

la
te
d
fr
om

qu
an

tit
at
iv
e

da
ta

on
ho

us
eh

ol
d
fo
od

su
pp

ly
an

d
nu

tr
ie
nt

co
nt
en

tc
om

pi
le
d
in

fo
od

co
m
po

si
tio

n
da

ta
ba

se
s
or

ta
bl
es

.

Review of household nutrient supply metrics 1155

https://doi.org/10.1017/S1368980022000118 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980022000118
https://doi.org/10.1017/S1368980022000118
https://doi.org/10.1017/S1368980022000118


Data extraction
Extraction of information from each publication was
archived for comparison in Microsoft Excel (version
16.36; Microsoft Corp, Redmond, USA) by one author. A
complete list of all categories and extracted information
is provided in Appendix 3. In brief, for Question 1,
extracted data included the country/year the HCES was
implemented, the nutrients analysed, recall period, meth-
ods of processing the HCES data and food composition
data used. For Question 2, key information included the
reported nutrient metric, parameters used for estimating
energy requirements and reference values used to define
inadequacy. For Question 3, key information included the
individual dietary assessment method used if HCES-
derived apparent intake estimates were compared with
individual-level nutrient intake estimates, differences in
nutrient intake and apparent nutrient intake estimates
and disaggregation by age group if reported. For
Question 4, we used the PROGRESSþ framework to guide
extraction of information describing stratification by social
determinants of diets(30). This framework, which captures
place of residence, race/ethnicity/culture/language, occu-
pation, gender/sex, religion, education, socioeconomic
status and social capital, can be used to apply an equity lens
when conducting public health research.

Results

Scope of existing literature
In total, fifty-eight publications were identified either by the
database search (n 48) or by snowballing (n 10) (Fig. 1). A
list of these publications, their data sources and reported
metrics is provided in Supplementary Table 1. These pub-
lications included data collected from twenty-four different
countries (Fig. 2(a)) where four publications focused on
more than one country. The highest frequency of analyses
was observed for data collected in Bangladesh (n 14 pub-
lications), Malawi (n 9 publications), India (n 6 publica-
tions) and Uganda (n 6 publications). Household dietary
energy supply was reported by 83 % (n 48) of publications,
where 33 % (n 19) reported only dietary energy supply
without reporting nutrients. Of the publications that did
report nutrient supply/apparent intake, estimates covered
twenty different nutrients (Fig. 2(b)). The most common
nutrients reported were Fe (n 32 publications), vitamin A
(n 32 publications) and Zn (n 27 publications). The number
of publications per year increased substantially after
2012 (Fig. 3).

Characteristics of food consumption data used in the
included publications are provided in Supplemental
Table 2. The term household food ‘consumption’ was
reported in 60% (n 35) of publications, whereas 41% (n 24)
used a number of other verbs to report the quantity of food in
the survey questionnaire (e.g. ‘acquired’, ‘purchased’ and
‘received’). More than half of the publications (n 36) used

nationally specific food composition tables to estimate
nutrient or energy content of foods. In countries where
nationally specific food composition tables either did
not exist or had missing values, data were drawn from
food composition tables of neighbouring countries or
for the broader region (26 %, n 15) or from food composi-
tion values of US food items compiled by the US
Department of Agriculture or other international food com-
position databases (38 %, n 22). Steps taken to clean and
process HCES data varied by country due to differences
in survey design, but conversion of food item quantities
from local units (e.g. plate, bucket and heap) into standard
units (e.g. kilograms), adjustments for edible portions of
foods, adjustment for cooking yields and adjustment of out-
liers were most frequently reported. However, many stud-
ies did not provide sufficiently detailed descriptions of
methods to make the study independently repeatable.

Summary of Household Consumption and
Expenditure Survey nutrient supply and adequacy
metrics
Three nutrient supply metrics were identified in the
included publications (Fig. 4). First, the adult male equiva-
lent (AME) approach to estimate apparent nutrient intake
was used in 57 % (33/58) of the publications. The AME
approach assumes that nutrient supplies are distributed
among household members in proportion to the energy
requirements of each household member, which are stand-
ardised in relation to the energy requirement of an adult
male(31). All studies using the AME approach assumed all
household members had moderate or moderate-high
physical activity levels when estimating individual energy
requirements. Second, daily apparent nutrient intake per
capitawas used in 41 % (24/58) of publications. Per capita
adjustment assumes that nutrient supplies are equally dis-
tributed among all members within the household (e.g. an
adult male and his young daughter are assumed to con-
sume equal food portions). Third, the nutrient density of
household diets, or nutrient supply per energy supply,
was used in 9 % (5/58) of publications.

When evaluating inadequacy, per capita and AME met-
rics were used to estimate the population’s adequacy of
dietary nutrient or energy supply by comparing apparent
intake to a reference nutrient intake (39/58; 67 %). Of these
publications, twenty-seven focused on micronutrients,
where apparent intake estimates were compared with
the Estimated Average Requirement (23/27, 85 %), the
Recommended Nutrient Intake (7/27; 26 %) and/or the
RecommendedDaily Allowance (1/27; 4 %) for eachmicro-
nutrient of interest. Among the twenty-three publications
that focused on dietary energy, 57 % (13/23) compared
household energy supply to the household’s total energy
requirements calculated as the sum of the individual
requirements of all household members, and 43 % (10/
23) compared individual-level apparent energy intake to
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a pre-defined energy requirement threshold for an adult
(e.g. 2100 kcal per day). No publications compared
nutrient density estimates with nutrient density reference
values, such as the critical nutrient density as defined by
Vossenaar et al.(32). Of all the publications comparing
nutrient or energy supply to a dietary requirement to esti-
mate dietary inadequacy, 13 % (5/39) included additional
nutrient or energy requirements necessary for a pregnancy
in the household and 23% (9/39) included additional
requirements necessary for women during lactation.

Comparison of Household Consumption and
Expenditure Survey nutrient supply to individual-
level dietary intake data
For publications reporting apparent nutrient intake using
the AME approach, six compared their results to individ-
ual-level estimates based on a variety of different types
of individual-level dietary intake data. This included indi-
vidual 24-h dietary recalls of specific demographics within
the household (e.g. children under 5 years, women of
reproductive age)(33–35), 24-h dietary recall of all household
members estimated by themeal preparer(19,36) or observed-
weighed food records of specific demographics within the
household(37). Among these publications, four compared
nutrient intake/apparent intake estimates from the same
households or individuals within these households(19,33,36)

and two compared nutrient intake/apparent intake esti-
mates using different survey populations from the same
country(34,35). Two publications used the same data from
the Bangladesh Integrated Household Survey(19,36).

For AME apparent intake estimates, four publications
estimated apparent intake per AME using household-level
food consumption data recalled over time horizons of
7–30 d and compared those to estimates based on individ-
ual-level dietary intake data recalled(19,33,36) or collected
prospectively(37) over 24 h (Table 2). These studies allow
for a true inter-comparison of howwell HCES-style nutrient
assessments perform compared with 24-h recalls, which
are likely to have lower measurement error. In these stud-
ies, AME-based apparent intakes consistently overesti-
mated individual nutrient and energy intakes, and the
percentage point difference between the two methods var-
ied according to nutrient or energy and across studies
(Table 2: percentage point difference range = 12 %
to 72 %).

Two publications reported sub-group analyses for chil-
dren under five years of age (Table 2)(19,37). The two pub-
lications that used the same household 24-h dietary recall
data to assess intrahousehold food distribution found the
largest differences for children under 2 years of age, sug-
gesting greater uncertainty in apparent intake assump-
tions for infants when compared with other age
groups. However, none of the studies incorporated the
contributions of energy or nutrient intakes from breast-
milk, potentially affecting apparent intake estimates for
infant demographics.

One publication compared differences in the nutrient
densitymetric when applied to HCES data v. corresponding
24-h dietary recall data in Uganda and found no statistically
significant difference in median nutrient density for the
fourteen nutrients assessed with the exception of folate

Total publications included in review
(n 58)

Excluded studies (n 99)

Publications included in review
from snowballing

(n 10)

Publications included in review
from database search

(n 48)

Publications for full-text screening
after duplicates removed

(n 147)

Publications identified from titles
and abstracts via database search

(n 244)
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Total publications screened via
database search

(n 7,035)

Total publications screened via
snowballing

(n 1,926)

Publications identified from titles
via snowballing

(n 69)

Publications for full-text screening
after confirming use of HCES data

(n 17)

Excluded studies (n 7)
-  Not in LIC/LMIC (n 5)

-  Only abstract available (n 6)
-  Not in LIC/LMIC (n 7)
-  Did not use HCES data (n 8)
-  Analysis not quantitative (n 24)
-  Data pre-aggregated (n 2)
-  Did not use the HCES food
   consumption module (n 2)
-  Did not calculate
   nutrient/energy intake (n 50)

-  Analysis not quantitative (n 2)

Fig. 1 Workflow for search, screening and inclusion for database-identified and snowballed publications
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(8 % to 26 % difference, depending on region), vitamin B12

(10 % to 93 % difference) and vitamin C (19 % to 30 % differ-
ence)(38). In this analysis, nutrient densities estimated from
HCES data were consistently lower than nutrient densities
estimated from corresponding 24-h dietary recall data for
almost all nutrients.

Sub-group nutrient supply and inadequacy
comparative analyses
Most publications included in this review stratified nutrient
supply estimates by one or more sub-groups of interest.
The stratification of nutrient supply by sub-group character-
istics was more frequent for indicators of socio-economic

Fig. 2 Frequency of included publications (n 58) by (a) country and (b) nutrient measured
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position and geography than for socio-cultural demographic
or intra-household characteristics (Fig. 5). Indicators of socio-
economic position, as defined by Howe et al.(39), included
total household income, household expenditure, durable
asset ownership, level of educational attainment and occupa-
tion. Geographic characteristics generally reflected HCES
samplingmethodology, whereHCESs are designed to be rep-
resentative of geopolitical administrative regions (n 30) and
urban v. rural settings (n 29). A number of publications strati-
fied nutrient supply estimates by individual-level characteris-
tics of members within the household including sex (n 21)
and age (n 21); however; the definition of age and sex of
the household varied. For instance, analyses using only
household-level data either used individual characteristics
of the ‘head of household’ as a proxy for the entire household
(nsex= 10;nage= 6) or dividedhousehold nutrients according
to energy requirements of individuals as a proxy for apparent
individual intake of household members (nsex= 9; nage= 6).
SomeHCES data included individual-level food consumption
data of household members which enabled the calculation of
nutrient intake specific to the sex (n 2) and age group (n 1).

Discussion

This systematic review found that the use of HCES data to
quantify, characterise and evaluate the adequacy of

household nutrient supply across populations is being
increasingly represented in published literature. Three pri-
mary metrics have been used to report dietary nutrient sup-
ply. These are (1) apparent nutrient intake using the AME
approach to allocate household nutrient supply among
constituent members, (2) apparent nutrient intake using
the per capita approach where household nutrient supply
is divided evenly among constituent members and (3)
nutrient density of household diets. Each of these metrics
has strengths and limitationswhen estimating the adequacy
of nutrient supply and identifying vulnerable populations
at risk of deficiency. While other reviews have analysed
applications of HCES data for broader food security indica-
tors(40), this is the first review to summarise the use of HCES
data to estimate nutrient supply and evaluate adequacy, an
increasingly common practice accepted by the nutrition
community.

Households differ in size and composition across and
within countries and regions, so the majority of publica-
tions attempted to convert nutrient supply estimated at
the household level to estimates of individual-level appar-
ent intake(41) using one of two approaches: per capita or
AME. While the use of the per capita approach is simpler,
it does not account for any difference in nutrient intakes
between household members, which will skew estimates
between households of different composition, especially

Fig. 3 Frequency of publications included and household consumption and expenditure survey (HCES) datasets used by year
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those with large families. Following the publication of a
paper series in 2012(3,31) that described the methods to dis-
tribute nutrients according to AME energy requirement and
its application to household micronutrient supply, an
increasing number of publications have estimated dietary
supply using the AME approach. The major assumption
underlying this approach is that foods consumed by the
household are distributed among all household members
in proportion to each member’s energy requirements,
but the method requires data describing individual house-
hold members’ age, sex, weight, physical activity level,
pregnancy status and lactation status(31). HCESs often
collect data on individual household members’ age and
sex, but data on other parameters affecting individual
energy requirements are often not available and require
simplifying assumptions to calculate the AME factors
(e.g. assume a moderate physical activity level for all mem-
bers of all households). With 57 % of publications identified
in this review estimating apparent nutrient intake using the
AME approach, despite a dependency on these assump-
tions, the AME approach is becoming standard practice.

Differences between estimates of apparent nutrient
intake (using HCES data with the AME approach) and
nutrient intakes (using individual dietary data) reported
in the literature ranged between 12 % and 72 % and
were greater for young children based on results by
Karageorgou et al.(19). Poor agreement for young chil-
dren was likely influenced by the inability of HCES to

capture the nutrient contributions of breastmilk and
the distribution of nutrients from foods consumed only
by young children to the entire household (e.g. infant
formula milk, feeding cereals); none of the publications
identified by this review made adjustments for these
nutrient contributions for young children. Both house-
hold- and individual-level recalls are subject to measure-
ment error, but the size of the difference for young
children compared with other age groups suggests that
HCES food consumption data are often not particularly
accurate for young children. Using HCESmay lead to sys-
tematic overestimation of nutrient intakes for infants and
young children when adjustments are not made for
breastmilk intakes and subsequent estimates of apparent
micronutrient intake and inadequacy should be inter-
preted with caution. These differences, coupled with
the increasing availability and use of HCES data for
describing and assessing the micronutrient adequacy
of diets across populations, suggest that more research
is necessary to inform the development of a structured
framework to guide the use and nuanced interpretation
of HCES nutrient supply data that reflect its limitations.

The use of HCESs for nutrient analysis has a number of
strengths. The HCES food consumption module is consid-
erably less laborious and less expensive to conduct than
national scale individual-level dietary surveys(42). HCESs
are conducted regularly, and data are typically made pub-
licly available. HCESs are typically based on 7- to 30-d recall

Fig. 4 Frequency of metrics used to characterise household nutrient supply by year of publication
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Table 2 Publications comparing estimates of apparent nutrient and energy intake using household consumption and expenditure survey (HCES) adult male equivalent (AME) method to individual-
level dietary assessment data for total populations and child populations

Reference; country;
summary metric

Individual dietary
assessment data (n)

HCES-AME dietary data
(n households)

Study sample population
(n) Nutrient

Individual
intake

HCES-AME
apparent intake

Percentage
point difference

Bromage et al. (2018)(33);
Mongolia; means

24 h individual recall
(n 4070)

7- to 30-d recall of household
meals (n 1012)

Total population (n 4070) Energy, kcal 1863 2951 58
Folate, μg 132 208 58
Fe, mg 10 16 60
Vitamin A, μg 448 621 39
Zn, mg 11 19 72

D’Souza & Tandon (2015);
Bangladesh; means

24-h recall of household
meals and proportions
consumed by individuals
(n 21 795)

7-d recall of household meals
(n 5319)

Total population (n 21 795) Energy, kcal 2436 2718 12

Karageorgou et al. (2018)(19);
Bangladesh; means

24-h recall of household
meals and proportions
consumed by individuals
(n 22 173)

7-d recall of household meals
(n 5503)

Total population (n 22 173) Energy, kcal 2065 2322 12
Folate, μg 121 157 31
Fe, mg 9·9 12 21
Vitamin A RAE,

μg
214 323 50

Zn, mg 8·6 9·8 14
Children (< 5 years)
(n 2807)

Energy, kcal 880 1130 28
Folate, μg 55 76 40
Fe, mg 4·2 5·8 38
Vitamin A RAE,

μg
108 158 47

Zn, mg 3·6 4·8 31
Lividini et al. (2013)(37); Rajshahi,
Bangladesh; medians

2 non-consecutive days of
12-h observed weighed
food records and 12-h
dietary recall (n 477)

14-d recall of households
containing children age 2–3
(n 513)

Children (2–3 years)
(n 237)

Energy, kcal 905 1098 18

Lividini et al. (2013)(37); Dhaka,
Bangladesh;
medians

2 non-consecutive days of
12-h observed weighed
food records and 12-h
dietary recall (n 464)

14-d recall of households
containing children age 2–3
(n 678)

Children (2–3 years)
(n 226)

Energy, kcal 868 1104 21
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periods that pose some advantages compared with a single
24-h dietary recall estimates when examining associations
between food consumption and determinants affecting
diets as HCESs account for day-to-day variation that may
attenuate associations(43). In addition, large-scale individ-
ual-level dietary intake data are not routinely collected or
available in many settings, meaning that the alternative
to HCES are national-level Food Balance Sheets(11), which,
among other limitations, lack sub-national resolution.

While HCES data can be used to estimate household-
level nutrient supply, HCES data do not provide informa-
tion about the distribution of foods consumed among
household members. A majority of studies used the AME
approach to convert from household-level to individual-
level estimates; however, the following points are important
to consider. First, the literature demonstrated differences
between nutrient intake/apparent intake estimated using
individual-level dietary data v. HCES with the AME
approach, potentially driven by numerous factors includ-
ing food consumption patterns(19,33,35) and differences in
diet between sex and age groups(37,44). This presents chal-
lenges when conducting individual-level sub-group analy-
ses using HCES data and isolating certain sub-groups for
analysis may pose problems when using HCES data, con-
sidering food consumption is reported at the household
level by one member, generally the head female. Foods
regularly consumed away fromhome by other familymem-
bers may be systematically under-reported, although the
collection of household food supply data is evolving to
adjust for foods consumed away from home, especially
in urban contexts(13,24). Second, it is unknown how individ-
ual model parameters used in the AME approach, such as
physical activity level and body weights, might affect

apparent nutrient intake estimates, as few publications
reported sensitivity analyses evaluating this. Additional
research exploring the sensitivity of AME factors to individ-
ual parameter assumptions would improve general under-
standing of howmuch these broad population assumptions
impact inadequacy estimates. Third, HCES data quality can
vary between countries due to differences in HCES ques-
tionnaire design, leading to varying availability of impor-
tant demographic variables, such as pregnancy status.
These data are important to characterise household mem-
ber’s nutrient requirements, and the lack of these data
increases uncertainty in estimates of apparent intake and
inadequacy.

Uncertainty in how food is allocated within households
and if intrahousehold allocation factors can be generalised
across different contexts remains a key limitation in the use
of HCES data to estimate individual-level apparent nutrient
intake. Evidence from Bangladesh suggests that household
heads (generally adult males) received proportionally
more dietary energy compared with their spouses and chil-
dren than equitable intra-household food allocation using
the AME approach would suggest(36). Yet contrasting
results were found in Ethiopia, where groups hypothesised
to be more ‘vulnerable’ (i.e. women and children) were
found using 24-h dietary recall data to consume a greater
share of energy and protein in relation to their dietary
requirements than their male and adult counterparts
(although children under 5 years old were excluded from
the regression analysis)(45). While differences in these results
may be due to cultural differences between countries,
understanding general uncertainty in intrahousehold alloca-
tion of food is important for sub-groups who are often the
focus of nutrition policy(46), such as pregnant or lactating

Fig. 5 Frequencies of publications included in this review that stratified results by (a) socio-economic position, (b) geography,
(c) socio-cultural demographics and (d) intra-household characteristic. *Methods for sex stratification: empirical measure using
individual-level 24-h dietary recall data (n 2), distribution according to adult-male equivalent factors (n 9), sex of household head
(n 10). **Methods for age stratification: empirical measure using individual-level 24-h dietary recall data (n 1), distribution according
to adult-male equivalent factors (n 6), distribution according to age group (n 8), age of household head (n 6)

1162 K Tang et al.

https://doi.org/10.1017/S1368980022000118 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980022000118


women, women of reproductive age, infants and children.
Due to this, individual-level surveys (includingmicronutrient
biomarker assessments and individual dietary assessments)
will remain important when characterising the micronutrient
status of these sub-groups. HCES data do, however, serve as
a potential resource to identify dietary nutrient shortfalls put-
ting populations at risk of deficiency, and this information
may guide the design of individual-level surveys. For exam-
ple, HCES data can be used to highlight regional and socio-
economic variation and seasonal fluctuations in dietary
nutrient supply, which can be useful when developing
sampling units for future individual-level surveys.

Diets in low- and lower-middle income countries are
affected by a myriad of social determinants(47), which must
be addressed by policies intended to improve equity in the
broader food system(9). This review demonstrates that
estimating nutrient supply from HCES data may help
identify populations at risk of nutrient deficiencies due
to poor diets. The literature identified in this review used
HCES data to disaggregate nutrient supply results by
well-documented social factors affecting diets, such as
wealth(41,48,49), education(50,51), geography(49,52) and
ruralness(41,53,54). HCESs collect microdata describing a
wide range of socio-economic and geographic determi-
nants of diets, which provides the opportunity to explore
the mechanisms driving these associations in great
depth. Considering the original intention of HCESs was
to provide microdata to characterise poverty and social
welfare in low- and lower-middle income countries, there
exist a number of potential opportunities to combine other
variables already collected in these surveyswith nutritionmet-
rics to identify vulnerable populations and integrate this infor-
mation into the development of nutrition policies that
promote equity. Additionally, characterising these high-risk
groups from information provided by HCESs can help guide
nutrition interventions (e.g. do high-risk populations routinely
purchase staple foods or food vehicles suitable for fortifica-
tion?). To better address equity in nutrition policy, there lies
potential opportunities for usingHCESdata to identify and tar-
get vulnerable populations disproportionally affected by key
socio-economic and geographic determinants affecting diets.
Further research is required to identify indicators of social
determinants of poor-quality diets from HCESs and their rela-
tion to the specific mechanisms that affect nutrient supply, to
inform consistent applications to designing and monitoring
nutrition programmes and policy.

The growing evidence base guiding the use of
HCES data to estimate nutrient supply has highlighted
the potential opportunities HCES data have in informing
food systems interventions. As this practice becomes more
common, consistency in processing HCES data and report-
ing results will be important for comparability between
findings. While estimating nutrient supply from HCES data
will always require time and effort, detailed standard oper-
ating procedures, repositories for processed data and
descriptive methods, access to standard weight/measure

conversions and open-sourced data processing scripts
could encourage further analyses, improve consistency
between studies and facilitate research collaboration. In addi-
tion, to further understandwhat insights and towhat degreeof
certainty HCES dietary analyses can contribute to understand-
ing the adequacy of diets across populations,more research is
needed to compare HCES estimates of nutrient adequacy
derived from nutrient density compared with the AME
approach, as well as to adequacy estimates from individual
24-h dietary recall data in various country contexts.

This systematic review had a number of strengths. The
screening procedure was exhaustive, including a broad
database search and snowballing. This resulted in a wide
range of publications from peer-reviewed journals, work-
ing papers from multi-national institutions and other grey
literature. Our study also extracted data describing the
process of transformingHCES data to estimate nutrient sup-
ply and social determinants that may affect diets. The cur-
rent study, however, had limitations. There were very few
publications that applied the nutrient density approach,
making it difficult to draw conclusions regarding potential
variation in assumptions and applications of the metric. In
addition, while the screening of results from the database
search was independently undertaken by two individuals,
the review of identified publications during screening was
only conducted by one.

Estimates of nutrient supply and dietary quality using
HCES data can play an important role in micronutrient sur-
veillance and the design of interventions to tackle micronu-
trient deficiencies. However, HCES remain under-exploited
for the identification of vulnerable populations at greatest
risk of micronutrient deficiencies and for the design of effec-
tive and equitable micronutrient interventions. Further
research is required to understand the implications of key
methodological decisions when building models using
HCES data in an effort to inform national nutrition policy.
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