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Abstract 

Background: Informal food outlets, defined as vendors who rarely have access to water and toilets, much less shelter 
and electricity, are a common component of the food environment, particularly in many non‑Western countries. The 
purpose of this study was to review available instruments that measure the quality and particularly the healthfulness 
of food and beverages sold within informal food outlets.

Methods: PubMed, LILACS, Web of Science, and Scopus databases were used. Articles were included if they reported 
instruments that measured the availability or type of healthy and unhealthy foods and beverages by informal food 
outlets, were written in English or Spanish, and published between January 1, 2010, and July 31, 2020. Two trained 
researchers reviewed the title, abstract and full text of selected articles; discrepancies were solved by two independ‑
ent researchers. In addition, the list of references for selected articles was reviewed for any additional articles of 
relevance. The quality of published articles and documents was evaluated using JBI Critical appraisal checklist for 
analytical cross‑sectional studies.

Results: We identified 1078 articles of which 14 were included after applying the selection criteria. Three addi‑
tional articles were considered after reviewing the references from the selected articles. From the final 17 articles, 13 
measurement tools were identified. Most of the instruments were used in low‑ and middle‑income countries (LMIC). 
Products were classified as healthy/unhealthy or produce/non‑produce or processed/unprocessed based on availabil‑
ity and type. Six studies reported psychometric tests, whereas one was tested within the informal food sector.

Conclusions: Few instruments can measure the healthfulness of food and beverages sold in informal food outlets, 
of which the most valid and reliable have been used to measure formal food outlets as well. Therefore, it is necessary 
to develop an instrument that manages to measure, specifically, the elements available within an informal one. These 
actions are extremely important to better understand the food environment that is a central contributor to poor diets 
that are increasingly associated with the obesity and Non‑communicable disease (NCD) pandemic.
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Introduction
The prevalence of nutrition-related non-communica-
ble diseases (NCDs) including obesity, type 2 diabetes, 
hypertension, and cardiovascular disease, has increased 
globally, particularly in low- and middle-income coun-
tries (LMICs) [1, 2]. Moreover, most LMICs currently 
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face the double burden of malnutrition, with a prevalence 
of stunting among children 0–59 months of 29.1% [3, 4].

The food environment is described as the availabil-
ity, affordability, convenience, and desirability of various 
foods, [5] and has been a focus of increasing research 
interest. Food environments are hypothesized to par-
tially explain the increase in the prevalence of obesity by 
providing greater access to unhealthy foods and/or lower 
access to healthy ones [6]. Several systematic reviews 
have been published summarizing the evidence on the 
impact of food environments on the association with 
nutrition- and health-related outcomes, as well as for 
methodologies used to measure food environments [7–
12]. However, most of this research has been conducted 
in high-income countries, where informal food outlets or 
street food might not be as prevalent as in LMICs [13].

Informal food outlets are defined as vendors who rarely 
have access to water, toilets, shelter and electricity [14]. 
Informal food outlets could include street food vend-
ing, mobile food outlets, and open-air markets [15–17]. 
According to a systematic review, daily energy intake 
from foods consumed from informal food outlets ranged 
from 13 to 50% in adults, and from 13 to 40% in children 
in LMICs [18]. This study also documented the wide 
variety of street foods offered by informal food outlets, 
including healthy items such as fresh fruits, vegetables, 
and cooked legumes, but also unhealthy items such as 
soft drinks, cookies, pastries, deep-fried fish and meats, 
deep-fried snacks, along with other ultra-processed 
products. The range of foods offered also spans different 
processing levels, from minimally processed foods (e.g., 
fresh fruits), prepared dishes - either in advance or at the 
moment of purchase (e.g., stews and deep-fried fish), to 
ultra-processed foods (e.g., soft drinks and candies) [18].

In recent years, there has been an increase in the preva-
lence of away-from-home eating around the world and 
within LMICs [19–25]. Eating away from home has been 
associated with a high intake of low-quality foods, high in 
critical nutrients including saturated fat, cholesterol, and 
sodium [26]. Recently, there is a growing tendency of the 
food industry to blame street food on the high availabil-
ity of unhealthy traditional food [27, 28]. However, even 
though several studies have assessed the nutrient contri-
bution of street foods to dietary intake, [18, 29] evidence 
about the dietary quality of street food is limited. This 
might be partly explained by the wide variety of foods 
offered by informal food vendors and consequently, the 
complexity of measuring and standardizing such food 
environments. However, given the fundamental role 
of dietary intake in the double burden of malnutrition 
and the potential contribution of informal food options 
to dietary intake around the world, there is an urgent 
need for a standardized instrument to assess the dietary 

quality of street food to characterize it, explore asso-
ciations with nutrition and health outcomes, and allow 
comparisons between places and across time. Therefore, 
the present study aimed to review the available instru-
ments that measured the healthfulness of food and bev-
erages sold within informal food outlets.

Methodology
Informal food outlets
Informal food outlets are defined as vendors who rarely 
have access to water, toilets, shelter and electricity [14]. 
Informal food outlets are typified by street food vending 
that includes ready-to-eat foods or beverages prepared 
and/or sold in streets and public spaces by vendors or 
hawkers [15]. These vendors usually use portable booths, 
food carts, or trucks to sell food items [15]. Informal food 
outlets also include mobile food outlets that sell food out 
of a moveable vehicle, such as a truck, cart, trailer, kiosk 
or stand [16]. Open-air markets refer to those places 
with few or no permanent structures where buyers and 
sellers meet periodically and operate either daily or on a 
regular cycle [17]. Although farmer’s markets have been 
classified as formal markets by some researchers, [30] we 
included them in this literature review due to some simi-
larities with the Latin informal food context; for example, 
some of these farmer’s markets have availability of ready-
to-eat food. Farmer’s markets were defined as those that 
promote local and farm-fresh food [31].

Search strategy
The systematic steps of the Cochrane Handbook for Sys-
tematic Reviews of interventions was used in this study 
[32]. PubMed, Web of Science, Scopus, and LILACS 
databases and manual scan of reference lists were used 
to identify potential articles. Articles were included if 
they reported instruments that measured the availability 
or type of healthy and unhealthy foods and beverages by 
informal food outlets. Instruments were included regard-
less of whether they assessed other aspects such as price, 
quality, variety, promotion, and placement, were writ-
ten in English or Spanish, and published from January 
1, 2010, to July 31, 2020. Articles were excluded if they: 
only employed qualitative methodology; reported opin-
ions or attitudes; only measured marketing and adver-
tising of food; reported on results of food environment 
interventions, only discussed food policies or food pro-
motion; assessed foods sold only in formal stores (e.g., 
supermarkets, corner stores, grocery stores or conveni-
ence stores); measured availability of healthy/unhealthy 
products through physical distances (e.g., number 
of healthy/unhealthy products by shelf dimensions/
space) or by GPS; or assessed food composition through 
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bromatological analyses. Table 1 describes the databases 
used and searches terms.

Data collection process and synthesis of results
All citations were imported into an Excel spreadsheet and 
duplicates were removed manually. Two trained research-
ers reviewed and selected articles by title, abstract, and 
full text (JC and UL). Discrepancies were resolved by two 
independent researchers (CM and TA). For articles that 
met the inclusion criteria, data extraction was conducted 
by four researchers (JC, UL, TA, and CM). A data extrac-
tion form was developed and pilot tested on the first 10 
selected articles and then refined. All researchers manu-
ally abstracted author, year, country, types of outlets, 
instrument description, healthy/unhealthy or produce/
no produce or processed/without processing classifica-
tion, and psychometrics tests into the extraction form. 
CM reviewed the information of each of the included 
articles. This information is presented descriptively in 

Table 2. Given the nature of our aim, a meta-analysis was 
not considered.

Quality of studies
The quality of published articles was evaluated using 
the (JBI) Critical appraisal checklist for analytical cross-
sectional studies [53]. This checklist has eight questions 
that inquiries about inclusion criteria, subjects, and set-
tings, validity and reliability of exposure measurements, 
standard criteria used for measurement of the condition, 
confounding factors, strategies to deal with confounding 
factors, validity and reliability of outcome measurements 
and appropriate statistical analysis [54]. Answers include 
yes, no, unclear, and not applicable. Overall appraisal 
encompasses “include”, “exclude”, and “seek further info”. 
This approach has been used elsewhere to assess the 
quality of studies [55]. Quality assessment was conducted 
by two independent reviewers (CM and UL) (Additional 
Material 1).

Table 1 Databases and search terms

Database Search terms

PubMed 1. “Nutritive value” AND “vendors” AND “measurement”. [MeSH Terms] OR [All Fields]
2. “Vendors” AND “food analysis” AND (surveys and questionnaires). [MeSH Terms] OR [All Fields]
3. “Commerce” AND “nutrition audits”. [MeSH Terms] OR [All Fields]
4. “Commerce” AND “nutritional characteristics”.[MeSH Terms] OR [All Fields]
5. “Nutrition audits” AND “food outlet”. [MeSH Terms] OR [All Fields]
6. “Food analysis” AND “retail food environment” AND (Surveys and questionnaires). [MeSH Terms] OR [All Fields]
7. “Street food” AND “nutrition values”. [MeSH Terms] OR [All Fields]
8. “Mobile food vendors” AND “Assessment”. [MeSH Terms] OR [All Fields]

Web of Science 1. (TS = (nutritive value AND vendors AND measurement)) AND DOCUMENT TYPES: (Article OR Abstract of 
Published Item)
2. (TS = (vendors AND food analysis AND surveys and questionnaires)) AND DOCUMENT TYPES: (Article OR 
Abstract of Published Item)
3. (TS = (commerce AND nutrition audits)) AND DOCUMENT TYPES: (Article OR Abstract of Published Item)
4. (TS = (commerce AND nutritional characteristics)) AND DOCUMENT TYPES: (Article OR Abstract of Published 
Item)
5. (TS = (nutrition audits AND food outlet)) AND DOCUMENT TYPES: (Article OR Abstract of Published Item)
6. (TS = (food analysis AND retail food environment AND surveys and questionnaires)) AND DOCUMENT TYPES: 
(Article OR Abstract of Published Item)
7. (TS = (street food AND nutritive value)) AND DOCUMENT TYPES: (Article OR Abstract of Published Item)
8. (TS = (Mobile food vendors AND Assessment)) AND DOCUMENT TYPES: (Article OR Abstract of Published 
Item)

Scopus 1. (TITLE‑ABS‑KEY (nutritive AND value) AND TITLE‑ABS‑KEY (vendors) AND TITLE‑ABS‑KEY (measurement))
2. (TITLE‑ABS‑KEY (vendors) AND TITLE‑ABS‑KEY (food AND analysis) AND TITLE‑ABS‑KEY (surveys) AND TITLE‑
ABS‑KEY (questionnaires))
3. (TITLE‑ABS‑KEY (vendors) AND TITLE‑ABS‑KEY (food AND analysis) AND TITLE‑ABS‑KEY (surveys) OR TITLE‑ABS‑
KEY (questionnaires))
4. (TITLE‑ABS‑KEY (commerce) AND TITLE‑ABS‑KEY (nutrition AND audits))
5. TITLE‑ABS‑KEY (commerce) AND TITLE‑ABS‑KEY (nutritional AND characteristics))
6. (TITLE‑ABS‑KEY (nutrition AND audits) AND TITLE‑ABS‑KEY (food AND outlet))
7. (TITLE‑ABS‑KEY (food AND analysis) AND TITLE‑ABS‑KEY (retail AND food AND environment) AND TITLE‑ABS‑
KEY (surveys) OR TITLE‑ABS‑KEY (questionnaires))
8. (TITLE‑ABS‑KEY (street AND food) AND TITLE‑ABS‑KEY (nutritive AND value))
9. (TITLE‑ABS‑KEY (mobile AND food AND vendors) AND TITLE‑ABS‑KEY (assessment))

LILACS 1. (nutritive value and vendors) AND measurement
2. “Vendors” AND “food analysis” AND “surveys” AND “questionnaires”
3. “Commerce” AND “nutrition audits” AND (la:(“en”))
4. “Commerce” AND “nutritional characteristics” AND (la:(“en” OR “es”))



Page 4 of 14Medina et al. Int J Behav Nutr Phys Act           (2022) 19:89 

Ta
bl

e 
2 

M
ea

su
re

m
en

t t
oo

ls
 th

at
 e

va
lu

at
es

 “h
ow

 h
ea

lth
y/

un
he

al
th

y”
 a

re
 th

e 
fo

od
 a

nd
 b

ev
er

ag
es

 s
ol

d 
w

ith
in

 th
e 

in
fo

rm
al

 fo
od

 o
ut

le
ts

A
ut

ho
r, 

ye
ar

Co
un

tr
y

Ty
pe

 o
f o

ut
le

ts
In

st
ru

m
en

t d
es

cr
ip

tio
n

H
ea

lth
y/

un
he

al
th

y 
cl

as
si

fic
at

io
n

Ps
yc

ho
m

et
ri

c 
te

st
s

Co
st

a,
 e

t a
l., 

20
19

 [3
3]

Be
lo

 H
or

iz
on

te
, M

in
as

 G
er

ai
s 

st
at

e,
 B

ra
zi

l
O

pe
n‑

ai
r f

oo
d 

m
ar

ke
ts

 (e
.g

., 
fix

ed
 a

nd
 

m
ob

ile
 e

st
ab

lis
hm

en
ts

).
H

ea
lth

y 
fo

od
 s

to
re

 in
de

x 
(H

FS
I):

 m
ea

su
re

s 
av

ai
la

bi
lit

y,
 v

ar
ie

ty
, a

dv
er

tis
in

g 
of

 h
ea

lth
y 

ite
m

s 
ve

rs
us

 u
ltr

a‑
pr

oc
es

se
d 

ite
m

s.
Th

is
 in

de
x 

w
as

 b
as

ed
 o

n 
an

 a
ud

it 
to

ol
 fr

om
 

ES
A

O
 s

tu
dy

 [3
4]

.

H
ea

lth
y 

(fr
ui

ts
 a

nd
 v

eg
et

ab
le

s)
 a

nd
 u

nh
ea

lth
y 

(s
w

ee
te

ne
d 

be
ve

ra
ge

s, 
co

rn
 c

hi
ps

, a
nd

 
cr

ea
m

‑fi
lle

d 
co

ok
ie

s)
.

H
FS

I: 
cl

as
si

fie
d 

ou
tle

ts
 a

s 
he

al
th

y 
(p

os
iti

ve
 

sc
or

e)
 o

r u
nh

ea
lth

y 
(n

eg
at

iv
e 

sc
or

e)
. T

he
 

sc
or

e 
ra

ng
es

 fr
om

 1
 to

 1
6 

[3
3]

A
ud

it 
to

ol
: i

nt
er

‑r
at

er
 re

lia
bi

lit
y 

ra
ng

es
 fr

om
 

0.
66

 to
 0

.9
5.

 T
es

t‑
re

te
st

 ra
ng

es
 fr

om
 0

.6
1 

to
 

1 
[3

5]
.

D
ur

an
 e

t a
l., 

20
13

 [3
4]

Sa
o 

Pa
ul

o,
 B

ra
zi

l
Co

nv
en

ie
nc

e 
st

or
es

, p
ub

lic
‑o

w
ne

d 
sp

ec
ia

l‑
iz

ed
 fr

ui
t a

nd
 v

eg
et

ab
le

s 
(F

V
) m

ar
ke

ts
, 

pr
iv

at
el

y‑
ow

ne
d 

sp
ec

ia
liz

ed
 F

V 
m

ar
ke

ts
/

st
or

es
, o

pe
n‑

ai
r f

oo
d 

m
ar

ke
ts

, c
or

ne
r s

to
re

s, 
lo

ca
l g

ro
ce

ry
 s

to
re

s, 
la

rg
e 

ch
ai

n 
gr

oc
er

y 
st

or
es

, l
ar

ge
 c

ha
in

 s
up

er
m

ar
ke

ts
, d

el
is

.

H
ea

lth
y 

fo
od

 s
to

re
 in

de
x 

(H
FS

I):
 m

ea
su

re
s 

av
ai

la
bi

lit
y,

 v
ar

ie
ty

 a
nd

 s
ig

na
ge

/p
ro

m
o‑

tio
n 

of
 th

e 
10

 m
os

t c
om

m
on

ly
 p

ur
ch

as
ed

 
fru

its
 a

nd
 v

eg
et

ab
le

s, 
an

d 
av

ai
la

bi
lit

y 
an

d 
si

gn
ag

e/
ad

ve
rt

is
in

g 
of

 s
el

ec
te

d 
sn

ac
ks

 
ite

m
s 

(s
ug

ar
‑s

w
ee

te
ne

d 
be

ve
ra

ge
s, 

ch
oc

ol
at

e 
sa

nd
w

ic
h 

co
ok

ie
s 

an
d 

pr
oc

es
se

d 
co

rn
 c

hi
ps

) i
n 

th
e 

m
et

ro
po

lit
an

 a
re

a 
of

 S
ao

 
Pa

ul
o 

ci
ty

.
Th

is
 in

de
x 

w
as

 d
er

iv
ed

 fr
om

 to
ol

s 
th

at
 

as
se

ss
 h

ea
lth

y 
an

d 
un

he
al

th
y 

fo
od

 a
va

il‑
ab

ili
ty

, q
ua

lit
y,

 v
ar

ie
ty

, p
ric

e,
 a

nd
 s

ig
na

ge
/

ad
ve

rt
is

in
g 

or
 p

ro
m

ot
io

n.

H
ea

lth
y 

(fr
ui

ts
 a

nd
 v

eg
et

ab
le

s)
 a

nd
 u

nh
ea

lth
y 

(s
w

ee
te

ne
d 

be
ve

ra
ge

s, 
co

rn
 c

hi
ps

, a
nd

 
cr

ea
m

‑fi
lle

d 
co

ok
ie

s)
.

H
FS

I: 
cl

as
si

fie
d 

ou
tle

ts
 a

s 
he

al
th

y 
(p

os
iti

ve
 

sc
or

e)
 o

r u
nh

ea
lth

y 
(n

eg
at

iv
e 

sc
or

e)
.

Th
e 

sc
or

e 
ra

ng
es

 fr
om

 1
 to

 1
5 

[3
4]

To
ol

s: 
pi

lo
t t

es
te

d.
 In

te
r‑

ra
te

r a
nd

 te
st

‑r
et

es
t 

re
lia

bi
lit

y 
ra

ng
ed

 fr
om

 0
.5

0–
0.

95
 [3

5]
.

D
ur

an
, e

t a
l., 

20
15

 [3
5]

Sa
o 

Pa
ul

o,
 B

ra
zi

l
O

pe
n‑

ai
r‑

fo
od

 m
ar

ke
ts

 (f
ei

ra
s‑

liv
re

s)
 (e

.g
., 

m
ob

ile
 o

r s
em

i‑fi
xe

d 
fo

od
 m

ar
ke

ts
)

A
va

ila
bi

lit
y,

 v
ar

ie
ty

, q
ua

lit
y,

 p
ric

in
g,

 s
ig

na
ge

 
an

d 
pr

om
ot

io
n 

of
 1

0 
m

os
t f

re
qu

en
tly

 p
ur

‑
ch

as
ed

 fr
ui

t a
nd

 v
eg

et
ab

le
s 

an
d 

th
e 

th
re

e 
m

os
t f

re
qu

en
tly

 c
on

su
m

ed
 u

ltr
a‑

pr
oc

es
se

d 
fo

od
s 

in
 S

ao
 P

au
lo

 M
et

ro
po

lit
an

 R
eg

io
n.

H
ea

lth
y 

(fr
ui

t a
nd

 s
al

ad
s: 

or
an

ge
, b

an
an

a,
 

pa
pa

ya
, a

pp
le

, t
om

at
o,

 o
ni

on
s, 

ca
rr

ot
, l

et
tu

ce
) 

or
 u

nh
ea

lth
y 

(s
ug

ar
‑s

w
ee

te
ne

d 
be

ve
ra

ge
s: 

so
da

, s
ug

ar
‑fr

ee
 s

od
a,

 s
ug

ar
‑s

w
ee

te
ne

d 
ne

c‑
ta

r/
ju

ic
e,

 fr
ui

t‑
fla

vo
re

d 
dr

in
k 

m
ix

, c
ho

co
la

te
 

sa
nd

w
ic

h 
co

ok
ie

s 
an

d 
co

rn
 c

hi
ps

).
A

va
ila

bi
lit

y 
an

d 
qu

al
ity

 a
re

 re
po

rt
ed

 a
s 

pe
r‑

ce
nt

ag
e.

 V
ar

ie
ty

 a
nd

 p
ric

e 
as

 a
 m

ea
n.

ES
A

O
‑S

: t
es

t‑
re

te
st

 re
lia

bi
lit

y 
ra

ng
ed

 fr
om

 0
.6

1 
to

 1
. I

nt
er

‑r
at

er
 re

lia
bi

lit
y 

ra
ng

ed
 fr

om
 0

.6
6 

to
 

0.
95

. F
or

 c
on

st
ru

ct
 v

al
id

ity
, t

he
se

 to
ol

s 
w

er
e 

ab
le

 to
 d

is
cr

im
in

at
e 

be
tw

ee
n 

st
or

e 
ty

pe
s 

an
d 

di
ffe

re
nt

 n
ei

gh
bo

rh
oo

ds
 [3

5]
.

Le
ite

, e
t a

l., 
20

12
 [3

6]
Sa

o 
Pa

ul
o,

 B
ra

zi
l

Fi
xe

d 
or

 m
ob

ile
 o

ut
le

ts
.

C
ha

ra
ct

er
is

tic
s 

of
 s

to
re

s, 
ph

ys
ic

al
 s

tr
uc

tu
re

, 
in

ve
nt

or
y 

of
 fo

od
 s

ol
d,

 w
hi

ch
 a

ss
es

se
d 

th
e 

av
ai

la
bi

lit
y 

of
 fo

od
 a

cc
or

di
ng

 to
 p

ro
ce

ss
in

g.

3 
gr

ou
ps

: u
np

ro
ce

ss
ed

 o
r m

in
im

al
ly

 p
ro

ce
ss

ed
 

fo
od

 (e
.g

., 
fre

sh
 m

ea
ts

 a
nd

 m
ilk

, g
ra

in
s, 

le
gu

m
es

, o
ils

ee
ds

, f
ru

it 
an

d 
ve

ge
ta

bl
es

, r
oo

ts
 

an
d 

tu
be

rs
, t

ea
, c

off
ee

, h
er

ba
l i

nf
us

io
ns

 a
nd

 
bo

tt
le

d 
w

at
er

), 
pr

oc
es

se
d 

in
gr

ed
ie

nt
s (

e.
g.

, 
oi

ls
, f

at
s, 

flo
ur

, p
as

ta
, s

ta
rc

he
s 

an
d 

su
ga

rs
, 

co
rn

 s
yr

up
, l

ac
to

se
 a

nd
 s

oy
 a

nd
 m

ilk
 p

ro
te

in
), 

ul
tr

a-
pr

oc
es

se
d 

fo
od

 p
ro

du
ct

s (
e.

g.
, b

re
ad

, 
ce

re
al

 b
ar

s, 
bi

sc
ui

ts
, c

hi
ps

, c
ak

es
, c

an
di

es
, 

ic
e 

cr
ea

m
 a

nd
 s

od
a,

 fr
oz

en
 p

as
ta

 a
nd

 p
iz

za
s, 

sa
us

ag
es

, b
re

ad
ed

 c
hi

ck
en

, fi
sh

 s
tr

ip
s, 

ca
nn

ed
 

or
 d

eh
yd

ra
te

d 
so

up
s, 

in
fa

nt
 fo

rm
ul

as
 a

nd
 

ba
by

 s
ou

ps
) [

37
].

N
ot

 a
va

ila
bl

e

G
el

or
m

in
i, 

et
 a

l., 
20

15
 [3

8]
M

ap
ut

o,
 M

oz
am

bi
qu

e
Es

ta
bl

is
hm

en
ts

 s
el

lin
g 

re
ad

y‑
to

‑e
at

 fo
od

 
or

 b
ev

er
ag

es
 fo

r a
ny

 v
en

ue
 o

n 
th

e 
st

re
et

s, 
in

cl
ud

in
g 

ca
rt

s, 
tr

uc
ks

, s
ta

nd
s 

or
 a

ny
 im

pr
o‑

vi
se

d 
in

fo
rm

al
 s

et
up

s.

Bu
si

ne
ss

’ o
pe

ra
tin

g 
ho

ur
s 

an
d 

lo
ca

tio
n,

 ty
pe

 
of

 fo
od

 p
ro

du
ct

s 
av

ai
la

bl
e,

  s
iz

e 
of

 p
or

tio
ns

, 
pr

ic
e,

 a
nd

  t
yp

es
 o

f f
oo

d 
pa

ck
ag

es
. I

n 
ad

di
‑

tio
n 

to
 n

ut
rit

io
na

l c
om

po
si

tio
n.



Page 5 of 14Medina et al. Int J Behav Nutr Phys Act           (2022) 19:89  

Results
After removing duplicates, the literature search yielded 
1078 articles, of which 47 were selected after being 
reviewed by title and abstract. This set included a total of 
14 articles that were identified for a full review. In addi-
tion, 3 articles were selected through a manual search of 
the lists of references in the 14 included articles (Fig. 1).

In total, 17 studies described 13 instruments to classify 
how healthy/unhealthy are foods and/or beverages avail-
able within the informal food environment. The most 
common types of outlets considered in these reports 
were street food vendors, [38, 41, 42, 48, 50] farmers 
markets, [44, 45, 48, 49] open-air markets, [33–35], and 
mobile food vendors [33, 35, 36, 38, 41–43, 45, 46, 50, 
52]. Tools included the Obesogenic Environment Study – 
observational tool for stores (ESAO-S), [33–35] different 
versions of the New Food Classification (NOVA), [36, 38, 
39] adapted versions of Nutrition Environment Measures 
Survey – stores (NEMS-S), [43, 48] tools for farmers mar-
kets, [44, 49] standard Audit Forms for farmers markets, 
[50] the Food Retail Outlet Survey Tool (FROST), [45] 
assessment tool in US, [46] and audit tools from differ-
ent countries [41, 42, 51, 52]. Six instruments were used 
in the Brazilian context [33–36, 39, 48]. In addition, an 
adaptation of the NEMS was used in the Mexican context 
(Mazatlán) [43]. Finally, NOVA classification was used in 
Mozambique [38, 41] and Tajikistan [42]. NOVA catego-
rizes food and beverages according to food processing: 
unprocessed or minimally processed, processed culinary 
ingredients, processed foods and ultra-processed foods 
and drink products [36, 38, 39]. Further information on 
measurement tools is described in Table  2 (instrument 
description).

All the instruments evaluated the informal food envi-
ronment through observation. All the tools that exam-
ined informal food outlets considered the availability 
and/or types of food and beverages. ESAO-S, [33–35], 
adaptation of NEMS [43, 48], FROST [45], and audit 
tools [51, 52] considered other characteristics such as 
variety, quality, quantity, price, advertising, promotion, 
and marketing. However, these variables were not used 
to classify food/beverages as healthy/unhealthy. Finally, 
instruments such as the adaptation of NEMS [48] and 
ESAO-S/HFSI [33, 34] created an overall indicator, con-
sidering several of the previous characteristics (e.g., 
variety, quality, price) to classify food/beverage outlets 
as healthy/unhealthy.

Some instruments included other topics such as 
tobacco, [45], and outlet characteristics (such as busi-
ness name, type, and street address) [36, 38, 41, 42, 
45, 46, 49, 50, 52]. Some tools measured the informal 
vending sites around schools [43], and bus stops [41]. 
Among the available instruments, several differences 

were found, including the way data was collected (e.g., 
checklists (availability yes/no), questionnaires).

Some instruments classified available and types of 
food and beverages as healthy and unhealthy [33–35, 
43, 45, 46, 48–52] or produce (such as fresh products)/
non-produce (such as processed food) [44]. Others 
used the NOVA classification based on food processing 
[36, 38, 39]. One instrument used fruit and beverages, 
homemade or industrial classification [41, 42]. Finally, 
some authors described the availability of food items 
as percentages or means, [35, 36, 41, 42, 44–46, 50–52] 
some others utilized calculated scores [33, 34, 48, 49]. 
The psychometric tests of the instruments included 
inter-rater reliability, [35, 39, 45, 48–50] test-retest reli-
ability [35, 39, 45], and content, construct or face valid-
ity [35, 39, 45, 49]. Some others only performed pilot 
testing [44, 46, 48, 49, 51]. Seven studies did not report 
any psychometric tests [36, 38, 41, 42, 46, 51, 52]. In 
total, six studies reported psychometric tests either in 
the formal or informal food outlets, [35, 39, 45, 48–50] 
and one did so in terms of informal outlets only [49].

All the tools classified fruit and vegetables as healthy; 
however, some tools considered additional products 
within the healthy category including whole grains 
(e.g., bread and cereals), [45, 46, 48–50] plain/low-
fat milk, [45, 48, 50, 51] nuts, [46, 48, 50] roots, and 
tubers, [48] beans, [48, 51] traditional dishes, [51] fresh 
meat [48, 49, 51] and fish [45, 51], eggs, [45, 48, 49, 51] 
reduced/low-fat yogurt, [48] some cheeses, [48, 49] and 
plain or mineral water [45, 50]. Studies based on NOVA 
classified unprocessed or minimally processed foods to 
be healthy, i.e., mainly of natural origin, preferably pro-
duced by agroecological methods, and appropriate and 
supportive of socially and environmentally sustainable 
food systems. These can include fresh fruits, fresh veg-
etables, fresh meat, milk, grains, legumes, nuts, teas, 
coffee, herb infusions, and tap and spring water in addi-
tion to fruit and vegetables [36, 38, 39]. A summary of 
these results is described in Table 2.

Almost all instruments classified processed foods/bev-
erages [46, 48] as unhealthy, these included sweetened 
beverages, [33–35, 43, 49, 51, 52] corn or potato chips, 
[33–35] cream-filled cookies, [33–35] packed snacks 
(salty/fried, sweet, or frozen) [43, 52], non-whole-grain 
baked sweets, [44] savory items, [44] juice/ciders, [44] 
sugar-added items, [44] concentrated sweets, [44] refined 
sweets, [49] salty/fatty fare, [49] alcohol, [49, 51] cook-
ing oils or fats, [51] jam, [51] hazelnut, [51] fried plan-
tain, [51] processed meats, [51] pies, [51] cakes, [51] 
ice-cream, [51] chocolate, [51] pizza, [51] lasagna, [51] 
and ketchup [51]. And based on NOVA classification: 
Unhealthy or ultra-processed food and drink products: 
such as industrial formulations ready to be consumed, 
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manufactured from five or even more ingredients com-
monly used in foods [39] (Table 2).

Study quality
Based on the (JBI) Critical Appraisal Checklist for Ana-
lytical Cross-Sectional Studies, 9 out of 17 studies did 
not report if the exposure was measured validly and reli-
ably [36, 38, 41–44, 46, 51, 52]. Due to the nature of the 
studies, almost all of them (n = 13) did not include con-
founding factors. The overall mean rating was “Included” 
(Additional Material 1).

Discussion
The purpose of this literature review was to evaluate 
available instruments that measure the healthfulness of 
products sold within the informal food outlets. In total, 
17 articles were included and 13 measurement tools were 
identified. Most of the instruments were used in LMIC 
and all of them evaluated the food environment through 
observation. All the tools classified fruit and vegetables as 
healthy; however, some tools considered additional prod-
ucts within the healthy category. Furthermore, almost all 
instruments classified ultra-processed foods/beverages as 
unhealthy. Some instruments used other attributes such 
as variety, quantity, price, promotion, and advertising to 
generate a score that allows for classifying how healthy/
unhealthy are food outlets. Six out of 13 instruments 
reported at least one psychometric test.

Studies from high-income countries have shown how 
inequality is associated with unhealthier food environ-
ments; i.e., people from lower-income neighborhoods 
have higher access to unhealthy products from formal 
food outlets such as convenience and grocery stores [56, 
57]. However, most of this evidence came from the for-
mal food environment. Conversely, a higher percentage 
of people from LMIC tend to buy products from infor-
mal food outlets such as street markets or street food 
stands [58]. In addition, evidence from LMICs shows that 
informal food outlets could contribute to > 10% of daily 
intake in adults and children [18]. The prevalence of food 
consumption away from home has increased around the 
world and within the LMICs [19–25]. Given the vari-
ety of products informal food outlets offer, evaluating 
the healthiness of these is a complex task. Thus, further 
research is needed to understand the contribution of 
these products to health outcomes.

Concerning the instruments per se, many differences 
make comparisons difficult. First of all, there are dissimi-
larities in the way instruments collect data, for instance, 
checklist (available yes/not) or questionnaires based 
on several elements including availability, accessibility, 
variety, quality, quantity, price, advertising, and/or pro-
motion [43, 45]. Secondly, contrasts in foods/beverages 

considered healthy, i.e., only fruit and vegetables, or fruit 
and vegetables and whole grains, plain/low-fat milk, nuts, 
beans, traditional dishes, fresh meat and fish or eggs, 
reduced/low fat yogurt and plain or mineral water [45, 
46, 48–51].

The accuracy of instruments assures that tools can be 
used by multiple researchers, at different times and can 
measure what is expected to be measured. Within this 
review, we found that only three tools reported inter-
rater reliability, test-retest, and construct/content validity 
[35, 40, 45]. Nine studies reported at least one psycho-
metric test, [35, 40, 44–46, 48–51] some others reported 
only pilot testing [44, 46, 48, 49, 51] or no testing [36, 38, 
41–43, 52]. A systematic review that identified 48 tools 
to measure the food outlets reported that only 39% of 
them provided psychometric tests [59]. Given that food/
beverages sold within the informal food outlets positively 
or negatively affect the dietary quality of children and 
adults, it is extremely important to have reliable and valid 
instruments to measure what is sold in these places.

There are some challenges when evaluating informal 
food outlets. This includes differences in the venues, for 
instance, open-air markets could be classified as infor-
mal food outlets in countries such as Brazil, [33] whereas, 
street vendors are the most common informal food outlet 
in other countries (Mozambique [38] and Mexico [43]). 
In addition, there are some elements of the informal food 
outlets that could hinder the assessment. Among these, 
are the abuse by the authorities of which they are victims 
in some contexts, their fear of being identified as not hav-
ing business permits, and inconsistent hours of the points 
of sale. One of the most important relates to the itinerant 
or semi-itinerant vending such as vendors’ fear of being 
identified as not having business permits, and inconsist-
ent schedules of outlets. Thus, future studies should con-
sider these elements in the selection and/or creation of 
instruments to generate better quality information.

Although several instruments, mainly from high-
income countries, have been used to measure formal food 
outlets, we found that 7 measurement tools were also 
used to measure informal food outlets. However, there 
are some limitations in evaluating a street food stand in 
the same way as a formal food store (such as a conveni-
ence store): 1) there are elements that cannot be present, 
at least to the same extent, in informal food outlets such 
as interior and exterior advertising or promotions, [45] 
2) there are differences in how formal and informal out-
lets display food items, [60] and 3) there is proportionally 
higher availability of prepared food in informal outlets 
foods compared to formal food stores [58].

Available and/or newly developed tools should consider 
other aspects such as: 1) allow comparisons between 
countries at least in terms of the general characteristics 
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of the environment, 2) include other elements such as 
price, degree of processing, hygiene, 3) include a local 
adaptation methodology before its implementation [61], 
4) consider different contexts, and 5) allow comparisons 
between the formal and informal food environment. This 
last point is crucial because some formal food retailers 
such as “fondas” – family-run stalls or small canteens 
where food and drinks are sold in the Mexican context 
may offer products, in a quick-serve fashion and at a low 
cost, similar to what the informal food outlets could offer 
(such as in the case of food trucks).

Finally, given the increasing prevalence of NCDs, gov-
ernments of all parts of the world have implemented 
a package of strategies including soda tax, the front of 
package labelling, and school policy regulations [62]. In 
countries such as Mexico, the food industry claims that 
products sold within informal food outlets could contrib-
ute to the high prevalence of overweight and obesity and 
not their products [27, 28]. However, this has not been 
substantiated by scientific research. Based on our results, 
further research is needed to: 1) characterize the infor-
mal food environment, 2) estimate the percentage of 
ultra-processed foods and basic non-industrialized foods 
in this environment, 3) understand the main contribu-
tion of these outlets to the diet and in the near future, if 
necessary, 4) to develop interventions to improve food 
environment aimed at promoting changes in offer and 
preparation by these outlets.

Limitation and strengths
This study identified potential instruments that can be 
used to evaluate informal food outlets. We conducted 
a systematic literature review using four different data-
bases; however, we did not search the “gray literature.” 
Therefore, we could have potentially missed some infor-
mation. We used available definitions for informal food 
outlets; however, there may be alternative forms of infor-
mal food outlets in different regions of the world that 
we did not fully capture. Some studies were included 
despite not having a perfect quality assessment, so cau-
tion should be taken when these instruments are used to 
assess the healthfulness of informal food outlets.

Conclusion
Although we found 13 instruments that have been devel-
oped or adapted to measure how healthy are food/bev-
erages available at informal food outlets, only three 
performed inter-rater reliability, test-retest reliability, and 
validity, of which they were not used to exclusively meas-
ure informal food outlets. There are many drawbacks to 
measuring informal food outlets in the same way as for-
mal food outlets. Therefore, it is necessary to develop an 

instrument that measures the elements specific to the 
informal food environment.

Additional research in this area is urgently needed to 
better understand a key aspect of the food environment 
that may be a central contributor to poor diets that are 
increasingly associated with the obesity and Non-com-
municable disease (NCD) pandemic.

Registration and protocol
There is no available registration number. This proto-
col was reviewed and approved by the Ethical Board of 
the National Institute of Public Health Mexico (Num-
ber: CI 1684). This systematic literature review followed 
PRISMA guidelines (Additional Material 2) [63].
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