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Factors that contribute to effective nutrition education
interventions in children: a systematic review

Mary W. Murimi, Ana Florencia Moyeda-Carabaza, Bong Nguyen, Sanjoy Saha, Ruhul Amin, and
Valentine Njike

Context: Establishing healthy dietary practices at an early age is crucial, as dietary
behaviors in childhood track to adulthood. Objective: The purpose of this system-
atic review was to identify factors associated with successful nutrition education
interventions conducted in children and published between 2009 and 2016. Data
Sources: Using the PRISMA (Preferred Reporting Items for Systematic Review and
Meta-Analysis) guidelines, relevant studies were identified through the PubMed,
Web of Science, ScienceDirect, and ERIC (Educational Resources Information Center)
databases. Study Selection: Studies published in English between 2009 and 2016
that included a nutrition education intervention among children aged 2 to 19 years
were included. Review articles, abstracts, qualitative or cross-sectional studies, and
studies targeting children with special nutritional needs were excluded. Data
Extraction: Four authors screened and determined the quality of the studies using
the GRADE (Grading of Recommendations Assessment, Development, and
Evaluation) system and extracted the data from the articles. Data Analysis: Forty-
one studies were included: 7 targeted preschool children, 26 targeted elementary
school children, and 8 targeted secondary school children. A total of 46% met their
primary objectives of nutrition education intervention, while the rest either partially
achieved or did not achieve their stated objectives. Results: Successful interventions
targeting school children engaged parents by means of face-to-face sessions, identi-
fied specific behaviors to be modified, and assured fidelity by training teachers or
recruiting trained experts to deliver the intervention. In addition, they allowed ade-
quate dosage, with an intervention duration of at least 6 months, and used age-
appropriate activities. Conclusions: Interventions with a multicomponent approach
that were age appropriate and of adequate duration (> 6 months), that engaged
parents, and that ensured fidelity and proper alignment between the stated objec-
tives, the intervention, and the desired outcomes were more likely to succeed.

INTRODUCTION by nutritional intake." A balanced and nutrient-dense

diet provides children with essential nutrients for opti-

Development and growth during childhood, which sets mal growth and development, while diets with imbal-
the trajectory for lifelong health, is heavily influenced anced or inadequate nutrients may lead to insufficient
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nutrient intake or overweight, which affects health and
performance in childhood as well as in adulthood.!
More importantly, children’s dietary practices and
behaviors may track to adulthood, potentially influenc-
ing health status during adulthood.>® Therefore, it is
important to establish healthy dietary practices and
behaviors at an early age, which in turn may lead to op-
timal growth and development and healthier dietary
choices later in life.’

Contento® defined nutrition education as “any
combination of educational strategies, accompanied by
environmental supports, designed to facilitate voluntary
adoption of food choices and other food- and nutrition-
related behaviors conducive to health and well-being.”
Nutrition education is a critical component in the de-
velopment of healthy eating practices and behaviors,” as
it enhances the knowledge and skills children need to
make healthful dietary choices.®”® For example, a nutri-
tion education intervention study by Dunton et al®
among primary school children showed significant im-
provement in children’s knowledge and intake of fruit
and vegetables as well as decreased consumption of
soda and high-energy foods post intervention.
Similarly, a properly designed nutrition education pro-
gram has the potential to enhance motivation and pref-
erence for eating healthful food and to facilitate the
implementation of appropriate dietary practices.* In
addition, healthy dietary practices are associated with
improved academic performance.'”'" For example, af-
ter attending the nutrition education intervention
EatFit, which aimed to increase the frequency and qual-
ity of morning meals, the consumption of iron-rich
food, and the level of physical activity, school-aged chil-
dren showed significantly improved academic perfor-
mance, specifically in mathematics and English."’

Despite convincing evidence that nutrition educa-
tion has the potential to influence children’s dietary
choices, improve health, and enhance academic perfor-
mance, the specific characteristics of effective nutrition
education programs for children are not clearly de-
fined.'*”'* Effectiveness of nutrition education for chil-
dren is further complicated by the wide variance in age,
physical growth, and cognitive development during
childhood, which ranges from preschool age to high
school age. For example, the approaches needed to cap-
ture the cognitive capability and attention span of pre-
school children are different from those needed for
elementary or high school children.'*™® Active parental
participation might be key for effective nutrition educa-
tion for one age group, but not the other.'”* It is there-
fore critical to identify the aspects of nutrition
education that are essential for each age group and to
differentiate those that are essential for all categories.
The purpose of this systematic review is to identify the
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characteristics associated with successful nutrition edu-
cation interventions in children, as evidenced by the
achievement of stated objectives in 3 different age
groups: preschool children, elementary school children,
and secondary school students. This review followed
the PRISMA (Preferred Reporting Items for Systematic
Review and Meta-Analysis) guidelines.”'

METHODS

Age categorization of children

Building on the work of a prior systematic review on
factors that contribute to successful intervention in nu-
trition education for adults,* this review aims to iden-
tify factors associated with successful nutrition
education interventions among children. To account
for the wide range in the age (2-19 years) and cognitive
development of children, the review and the subsequent
analysis were based on developmental stages catego-
rized into preschool, elementary, and secondary school
children in order to identify key strategies associated
with successful interventions in the context of each age
category.

Research team

The research team consisted of 6 members. The lead in-
vestigator and 5 graduate students conducted the
search, screened the articles for quality and relevance
on basis of the established criteria, and extracted infor-
mation on a spreadsheet. Authors independently ana-
lyzed the findings and identified the factors that
characterized successful interventions. Afterward,
results were discussed and a consensus was reached.

Literature search strategy

This review followed the recommendations and criteria
established in the PRISMA statement (see Appendix S1
in the Supporting Information online).”" Articles pub-
lished between 2009 and 2016 were obtained from elec-
tronic searches of 4 databases, namely PubMed, Web of
Science, Science Direct, and ERIC (Education
Resources Information Center) from 2009 to 2016.
Keywords entered in varying combinations included
“nutrition education,” “nutrition education inter-
vention,” “children,” and “dietary behavior.”

Inclusion and exclusion criteria
Research articles were evaluated using the PICOS

(Population, Intervention, Comparators, Outcome, and
Study design) model (Table 1.2 The following
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Table 1 PICOS criteria for inclusion and exclusion of studies®

Category Inclusion

Exclusion

Participants

Intervention

Comparator

Children aged 2-19y, alone or accompanied by parents and/or
teachers and/or those who prepared meals

Face-to-face nutrition education interventions

Children aged < 2 y; children with spe-
cial nutritional needs; parents or
caregivers only; teachers only; those
who prepared meals only

Online nutrition education
interventions

With or without control group; nutrition education intervention None

only, physical activity intervention only; similar intervention

QOutcomes

Nutrition-related outcomes such as anthropometric measure-
ments (eg, body mass index, waist circumference, etc); bio-
chemical measurements (eg, glycemia, lipid profile, etc);

No nutrition-related outcomes; out-
comes measured only in children
with pre-existing medical conditions

dietary intakes, knowledge, preferences, attitudes, behaviors,
self-efficacy; cultural nutrition awareness factor; dietary diver-
sity score; physical activity (time, attitudes, behaviors); or food

and beverage availability at schools
Study design
studies
English language
Published from 2009 to December 2016

Randomized controlled trials, pre-post design quasi-experimental

Meta-analyses and systematic reviews;
reviews; qualitative studies; cross-sec-
tional studies; abstracts; gray litera-
ture; book chapters

?Elaborated according to the description of PICOS criteria as provided by Liberati et al (2009).?'

inclusion criteria were applied: (1) studies were pub-
lished between 2009 and 2016, (2) publications were
available in English, and (3) articles described nutrition
education interventions conducted among children
aged 2 to 19 years. The following were excluded: (1) re-
view articles, abstracts, or qualitative or cross-sectional
studies, (2) studies targeting populations with special
nutritional needs (eg, hospitalized children), (3) nutri-
tion education interventions targeting caregivers or
parents exclusively, and (4) publications based on the
same data set used in an already-included study, in
which case only the most recently published study was
included. After the initial abstract screening, articles se-
lected were divided between 4 trained research team
members who evaluated whether articles met the inclu-
sion criteria and determined the quality of each study.
The lead investigator systematically trained the research
team about the methods of systematic review, step by
step.

A total of 351 original studies published between
2009 and 2016 on nutrition education interventions in
children without preexisting medical conditions were
evaluated. Of the 351 studies evaluated, 303 (86%) did
not meet the inclusion criteria (Figure 1%Y). For the pur-
poses of this systematic review, 48 studies qualified for
inclusion.

Assessment of study quality and risk of bias

To minimize bias, reviewing authors were trained to as-
sess quality on the basis of PRISMA recommenda-
tions,”’ and 2 authors independently assessed each
included article. After the initial assessment, the
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reviewing authors exchanged the articles without shar-
ing the results of assessment. In addition, all authors
discussed each article as a group and either confirmed
or added to the findings of the 2 reviewing authors. The
group made the final decision on whether to include or
exclude each article, and a quality score for each study
was assigned by the 2 reviewing authors.

Determination of the quality of the studies was
guided by the GRADE (Grading of Recommendations
Assessment, Development, and Evaluation) system of
rating the quality of evidence.”> A thorough assessment
of the study’s description, design, measurements, data
analysis, interpretation of results, and power and out-
comes formed the basis for quality assessment. Each
factor scored 0 points if the article lacked a complete
description of the factor analyzed or 1 point if the arti-
cle provided a complete description of such factor. The
quality score was calculated by summing all the compo-
nent scores. Studies were rated and categorized as hav-
ing low risk of bias (5-6 points), moderate risk of bias
(3-4 points), or high risk of bias (1-2 points). Once the
2 reviewing authors established the scores, the 4 re-
search members and the leader of the research team dis-
cussed any discrepancies until consensus was reached.
Of the 48 studies that met the inclusion criteria, 7
articles categorized as having a high risk of bias were ex-
cluded from this review (Figure 1%h.

Approach to analysis
Reviewing authors independently extracted data from

41 published articles and transferred them to a spread-
sheet for analysis. Table 2,3824747 Taple 3,7 and
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Records excluded
(n=284)
No nutrition education interventions (n=139)
Study protocol, pilot study or methodology (n = 37)
Evaluation of nutrition education interventions (n = 29)
»| Children with pre-existing health conditions (n=27)

]
.g Records identified through Additional records identified
S database searching through other sources
£ (n=351) (n=0)

c
]
3
A 4
S
Records after duplicates removed
(n=14)
—
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£
=
]
[ A
A
Records screened
(n=337)
S

Nutrition education for parents or caregivers (n = 19)
Online/written intervention (n = 11)

Abstracts/book chapter (n =9)

Meta-analysis or systematic review (n = 8)

Review articles (n = 4)

Qualitative study (n = 1)

Full-text articles excluded
(n=12)

2
S 4
&
w Full-text articles assessed
for eligibility
(n=53)

A

Studies included in
qualitative synthesis
(n=41)

Figure 1 Flow diagram of the literature search process.

Table 4°°"%% summarize key information from the ana-
lyzed studies. The primary analytic goal was to deter-
mine the overall effectiveness of nutrition education
interventions in modifying dietary and physical activity
behaviors in children and adolescents aged 2 to 19 years.
To determine whether an intervention was successful,
the outcome of the study was compared with the stated
purpose or objectives of the study. Once a study was
classified as achieving its intended purpose on the basis
of the results, the following contributing factors were
analyzed: (1) study design; (2) type of intervention and
activities implemented; (3) duration and dosage of the
intervention; (4) number of objectives in the study; (5)
fidelity in implementing the intervention; and (6) use of
theory in directing the study. These factors were identi-
fied through systematic review of the 41 published nu-
trition education interventions. The duration of
intervention was categorized as short if the study had a
cumulative duration of less than 5 months. The
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Low quality (n=7)

Multiple studies on the same data (n = 2)
Same intervention (n = 2)

Outcome unrelated to nutrition (n = 1)

duration was considered long if a study lasted for a total
of 5 months or more. This classification of duration was
deemed appropriate on the basis of the descriptions
used by the authors of the original studies. It is note-
worthy that the included studies rarely reported the
dosage and frequency of the intervention. Therefore, it
was reasonable to report the total amount of time spent
in intervention in months. Fidelity as a factor in this
systematic review was assessed on the basis of (1) the
authors’ declaration in the limitation section and (2) the
description of who conducted the intervention and how
the intervention was implemented.

A semiquantitative approach was used to summa-
rize the findings from nutrition education interven-
tions. Results from nutrition education interventions
were dichotomized on the basis of whether they
reported a statistically significant (P < 0.05) improve-
ment in dietary intakes, physical activity, or other re-
lated risk factors for obesity and diet-related chronic

Nutrition Reviews® Vol. 76(8):553-580

120Z 8unf €| UO Jasn 0104 Op apepIsiaAiun AQ 9rSE00S/ESS/8/9./210IB/SMBIASIUONLINU/WOD dNO dIWapeae//:sdly WOl PapEOjUMO(]



Downloaded from https://academic.oup.com/nutritionreviews/article/76/8/553/5003346 by Universidade do Porto user on 13 June 2021

(ponunuod)

(100> d) DI ul pasea.dul

Kpuediyiubis yoam 4ad sawiy € 1se9)
1€ |00Yds 18 Yd Jejnbal buiiodal
syuapnis Jo uoruodoad 3yl *(10°0 > d)
UOIIURAIRIUI 350d 0} duIjdseq WOl4 D)
ul ejul pooy paly payodal ul aulp
-9p juediubIs e sem a13y] (L0 > o)
D> U] 350y} SA $3103s abpajmou
119Y3 Ul sabueyd uedyubis pamoys
DI Ul S)UspNIS “(L0°0 > d) swW
-$$9558 UOIUaAIRIUNSOd 0] duljaseq
wouy paseanul Apuediubis Y 4z

1sed ay1 ulyum uondwnsuod 3jqel
-9baA buipiodas oy ul syuapnis Jo uon
-lodoud ay] *(10°0 > ) Aep e sbuinas

suqey Alanoe pue
£1e131p 193137 pJemo}
uaip|Iyd jooyds Alew
-ud Jo Joineyaq pue
‘sapnune ‘sbpajmousy
3y} buiroidwi uo
UOIIUSAJRIUI UONED
-npa jusuodwodinw

Z< Jo s|aA9] uondwinsuod yinJy bul [apow ‘paseq-|ooyds ‘W)
-Modal o) uj syuspnis jo uonsodoid panaiyde Buiuses) (pauonuaw -}Ioys B JO SS9UAI} dpeib 22(0102)
3y} ul abueyd Juediiubis e sem 313y 91RISPOIN Ajleeq  Aisisew s,woolg 1ou Adusnbaiy) ow | 1D -d3ygd 9yl 9ieneAd 0 Y19 Ul UIpIYd 6/§ "|e 19 sipuel
(c00=d) DD °y
ueyy sapnune bupjood uj uswanold
-wi J91easb Apuedyiubis pamoys o| syl
(1000=4d) aInsodxa HMD
dn-moj|o} 1 D) ul ueyy oy ui Jaybiy snoinaid ou painsse
Kjpuediiubis a1om saduasageld 3|qershap (1e01y 01) 1ey} 3|dwes a1ym
(500 > ¢) dn-mojjoy pue auj| SuoIssas burisey dluedsiH-uou Aj3sow
-95eq Y104 1e 9sualadxa bupjood uon N Y-1 991y} pue e ul Aoediya-J|as
-uanRuIRId YyuMm 350y Ul J191ealb a1am ‘sasse|d bupjood y Bupjood pue ‘apniune (€100)
S32UIJaAd 1NJY ‘D] UIYUM (100 =) -7 391U} ‘UOSSI| Bupj00d ‘saduaiayaid 95Yo
dn-moj|o} 0} duljseq wWol) D Ul Ki01pnpoaul y-| A4 ,SUSpNIS UO YD apeib 1 0qes
paseasnul Apuediubis sadualagaid 3ni{  deISpo panaIydy KI03YI ON B YUM ‘|RI01 M 0| DY Jo1aya ayrssasse 0] Yy Ul ualppiyd Z£Z  -weybuiuun)
(S00>4) dn
-MO]|0} 35414 9Y3 Je Ssjudled JI9Y} Jo Wiou
dAIR(gNs ul abueyd aamsod Jaybiy
Ajpuedyiubis e pue pajse spooy Jo
Jaquinu ul 3bueyd Juediiubis e pamoys
D] WOl 9 pue G sapeib ul ualpiyd spooj Ay1eay
(S0°0 > ¢) dn-mojjoj puodas ayy Jo f1a1en e bul
1e Juedyubis paurewsal siyl (100 > d) -1e3 pue spooj Jeljiw
D) Ul 350y} uey) abpajmouy ul sbueyd -ejun bunsey piemo
ansod Jaybiy Apuedyiubis e pamoys S)URUIWIRIAP [elol
| ui syuedpied ‘dn-mojjoy 1511 9Y) 1Y Kem 3)qixa)) & -ARY3(q S,UaJp|Iyd> uo
"Juswalnseaw dn-mojjo} JaYyIa 1e Spooy Ul SUOSS9| pauaw SU0ssa 91se] weib
Jejjiwejun 33se) 03 Ssaubulj|im 10 3)sey -9|dwi s1aydea] -0id uonedNpa paseq 42(5100)
aAlIsod paadxs ul D) pue o) UsLM] panalyde (2102-1102) |eauswadxa -|ooyds yding ay} 8-G sapeib ‘e
-9q SIIUIYIP JULILIUBIS OU DI9M I3  9)RISPON A|jenied K109y oN 1eak jooyds aup -ISeND  JO 12943 dY) SSasse 0] ur ualpiyd €811 sall4-safeg
1PNIISUOD UOIUAAIRII
seiq S9A11D3[qo Jo /Kioayy Jo Aousnbayy UOIIUSAIRIUI
sbuipuly Jofepy JONSIY  JUDWIRAIIYDY |eiolneyag pue yibua ubisap Apnis J0 3NR(q0 9|dwes Apnis ERlIEYETEN

[9A3] JooYds A1ejuswajd Y3 Je SUOIIUSAIIIUI UOIIRINPS UOHIIINY 7 /D]

557

Nutrition Reviews® Vol. 76(8):553-580



Downloaded from https://academic.oup.com/nutritionreviews/article/76/8/553/5003346 by Universidade do Porto user on 13 June 2021

(panunuod)

(50'0<d) dn-moj|0} 1533-350d
1e sdnoib ) pue 3z|643u3 Y3 USIM}Y
-9q JuJRyIp Aj3uedIIUbBIS 10U dI9M S
-qeY Vd "(890°0 =d) dWwi 19A0 H) 3y}

yym pasedwod se dnoub szibisu3
3y} 10} pa1daap sem uondwns

-u0d 3|ge13haA Ul 3seanul (0L°0 > d)
Juediubis Ajjeuibiew vy oy

9yl yum pasedwod sdiyd pue satiy
youaly ss9| Ajpuediyiubis pawnsuod
dnoub 3zib1au3 3yl ‘(F70°0 = d) 2402S
1593-a1d ay3 Joy Buyjjonuod Jaye sdiyd
pue sau youaJj Jo uondwnsuod 1oy

weiboid ayy

u1 bunedidiued Jou
uaipiiys jo H e yum
paJedwod suqgey vd
pue £ieiaip buibueyd
Joj weiboud szibisug

91025 1593-150d 2y} Ul sdnoib usamy pansiyde WgH M z| o) [SUETTIESNES 9y} JO SSaUdAN KL1-£ 2(€100)
-9q dUIRYIP JULdIUDIS B Sem dIay | AjjenJed pue ‘vyl ‘1DS  UOISSas Apjeam y-| -Isen)  -d9yd ayidlenjend 0]  pabe ualpiyd 0L ‘|e 13 MagJaH
(1000>d
‘LY E=LY'L "1D%S6 ‘ST'T=4Y0)
1 umoib pey Aay1 Ji pue ‘(1000 = d
06'€-St'L 1D%S6 :LE£T="4HO)
11 paYj00d pey A3y J1 (€00 =d Joam KIan Spooy Ay3jeay ‘asIan
‘85°€-90'L D%S6 ‘S6'L =4O) ¥ padajsiuiwpe ssep -Ip jo uonenaidde
pau JaAsu pey A3y) I Spooy Mau A1y uonowoud uayd1| Jo ulw 06 s,uaip|iyd buisean
03 ssaubuljjim ui asealdul Juedubis yyeay ann pue ssep> bul -ul ul weiboid DYYS
e pamoys ualp|iyd ‘apelb pue auj| -39y49 Jo s9|d -uapieb jo uiw o9 3y} JO JUBWIAASIYDR 9-¢ sapelb (€100
-aseq Joy bunsnfpe Jaye ‘dn-mojjo) 1y 91eISPOIN paAdlydy  -pund pue NIS -Gy Yum ‘101 £ g7 1s0d-aid 9y1 91en[end o) ul uaIp|iyd 9/ ‘e 19 sqqIn
(Im/saWn HZ°T SA M/SaWN £0°€E)
UJp|IYD 9SO Ul pue (IM/SaW #6°L
SA YM/SDWIY 07°€) 18} [eWIOU Y3IMm uJp
-|1Y> Yy3oq ui uoiuaAIdlul 3sod paseasd
-9p Apuedyubis sydeus jo uondwnsuod
3Y1 9IYM “(S0°0 > o M/S3W 80"y SA
AM/SIWN 7/°F) 18} [BULIOU LM UBIP|IYyd
ul uonuaAIduI 3s0d paseasdap Apued
-jlubis peaiq jo uondwnsuo) ‘uon
-uan33ul 3sod (S0°0 > 4 ‘S8't SA 0€'h)
S)NJJ pue (S0°0 >d ‘6T SA £6°€) S99
-e1969A Jo (39am Jad sawiny) uondwns 399m Jad 2o1my uaJpjiyd jooyds Alew
-U0d Ul 3seasnul Juediiubis e sem a1ay | paJisiujwpe uois -ud jo suqgey bupea
(L0000 > d) -S95 V/d Y-1 Hoom pue ‘saiane Aiey
SYM/UIW | 'Z6% 0} £'69G woly ‘sdnolb J1ad 35u0 papia -uapas uo 1uads awn
||e Ul uaJp|iyd ul pasealdap Ajpued -01d 9|qe1aban Jo ‘|9A3] Yd ‘uonisodwod
-Jiubis awn A1eyuspas (L0000 > d) 1NnJ4 "yauow Jad ApOQ UO UOUIAID)
SD| Z 9Y} Ul UOIIUDAIIUI B J3) panaiyde 9dU0 pajelisiuiw -ul IN pue 34 ow-§ KL1-8 (9100
-Je paseanul Ajpuediyubis [9A3] Vd APRam A|jenJed K103y} oN -pe 3N '|eIo1 ow § 1DY J21sN) B JO 139 Ayl ssasse o]  pabe ualp|iyd sz °|e 13 enojjen
1DNIISUOD UOIUAIRIUI
S9AI11D3[qo Jo /Kioayy Jo Aousnbayy UOIIUSAIRIUI
sbuipuyy Jofepy JUSWDAIIYDY [eJoIARYDg pue yibua ubisap Apnis J0 9AIR(0 ajdwes Apnis EIIEYETEN

panunuo) ¢ 3/qp|

Nutrition Reviews® Vol. 76(8):553-580

558



Downloaded from https://academic.oup.com/nutritionreviews/article/76/8/553/5003346 by Universidade do Porto user on 13 June 2021

(panunuod)

(10°0 > d) Yd 40 siyauaq

Y3jeay ay1 pue (1000 > d) ey
poob Joj Ajiep pspasu yd Jo sanujw
JO Jaquinu 3y} 1noge abpajmouy|
113Y3 anoadwil 03 UJp|IYd D) uey)
A1 210w Apuediiubis atom Ay
"(L00°0 > q) Aoed1yya-j1as buiies A4 ul
pue (#0°0 =) £oediye-jjas buiddoys
pue bupjse A4 ur syuswaAoidwi
pamoys D ui ualp|iyd ‘sapesb

U3s pue yiy yaoq uj *(S0°0 > d) SA4
Bunes wouy paulego ) uiweyA syl
se ||am se ‘(L00°0 > d) Yeay poob
10} papaau sa|qe1aban Jo sbuinias
Ajiep Jo Jaquinu ay) pue (500 > d)
SAd Jo sbuinas Ajiep jo Jaquinu
|e101 Y3 In0ge bpajmouy J1Ivy}
anoidwi 01 D) ul asoyl ueyy ARy

asow Apuedyubis 219m D ul uaIp|IYd

9)elul 31e|0J 10 ‘WINIPOS ‘|0431S3|0YD
‘Jey pajeiniesunkjod e} pajeinies
-unouow ‘1ej pajeinies ‘uoll ‘sajelp
-Ayoqied ‘1e} |e10) ‘utaloid ‘saLiofed Jo
Sws) Ul syuaied pue syuspnIs Y1oq
JO D) pue H| Y1 UIIMI( dul|aseq
wouy susdned A1e1alp ul panIasqo
syuswaAoidwi Juedyiubis Ajjeansnels
ON “du1jaseq yum pasedwod (100 > d
%6'6L + %6'L PUe 1100 >d

'%6'9C + %1'81) Apuedyubis panoid
-wl D| ul SsyuapnIs Jo syuaied sy pue

SJUIPNIS Y3oq Ul a6P3jMOUY UOIIINN

M 8 104 YoM Jad

Uossa| UIW-0g 3uQ

SUOSS3| UIW-0Z dA14

104

104

JUSWIAASIYDR ISP
-ede pue ‘uawdojan
-9p ‘ymmoub |njyieay
9jowoud 03 Jap.o

ut Aj1ep vd Jo uiw 09
15e9) 1e 136 pue sp4
JO Junowe papuaw
-Wodal 3y1 1es 01

ualp|iyd abeinodus o]  pabe ualp|IYd $S1L L

SDI0Yd
pooj jo A1a1eA apim
e buowe suondo
[NJy3[eY SS9| WOJ) [N}
-Yjjeay aiow ysinbun
-sip 03 syuaJed J1ayy
pue syuspnis yioq jo

Ayjiqe ay3 dueyus o)

Az1-8

- sopelb ‘A 6—/

pabe ua.1p|iyd 081 L

(1102)

‘e 39 JauyIay

0e(LL0T)

‘e 1o zley

sbuipuyy Jofepy

1065 pue
MO panalydy  Kioayy Adusljisay
panaiyde
Mo A|lenJed W3s
1DNIISUOD
seiq S9AI11D3[qo Jo /Kioayy
JOYSIY  JUBWDAIIYIY [eJoIARYDg

UOIUAAJIRI
Jo Aousnbayy
pue yibus

ubisap Apnis

UOIIUBAIRIUL
40 3A3[gO

ajdwes Apnis

90UoJ9Joy

panunuo) ¢ 3/qp|

559

Nutrition Reviews® Vol. 76(8):553-580



Downloaded from https://academic.oup.com/nutritionreviews/article/76/8/553/5003346 by Universidade do Porto user on 13 June 2021

(panunuod)

Kjpueoyiubis Jou ybnoyy
‘7 dn-mo||04 pue dU|SSE] UIIMID]
Kjuesodwiay 9sos uondwinsuod uniy
AjuQ "z dn-mojjoj pue auljaseq usamy
-9 pue | dn-moj|o} pue suijaseq
U99M13q 3UI]PIP JuedIUbIS B pamoys
‘1In(/sa|qe1aban/iiniy jo ey
-Ul |e30} Se |[9M Se ‘D2In[ 1inJy pue s9|q
-e19bH3A Jo sayeyul 4sesyuod uj 'z dn
-MO|[0} 1B JOU | dn-mo||0} 1e JSyudu
‘Aep 3y Inoybnoay3 SAH JO dxeiul J0}
PaAIasqo 3 pNod aseasdul Apeals oN
(950°0 = d) d>uedIUBIS dulIdpIO] JO
SeM 3¥eJUl D UIWEMA U] 95e3.0U] pue
‘D) Yyum pasedwod o ul Apuedyiubis
paseadul aua10ied-g pue (S€0°0 = d)
13ddod “(710°0 = ¢) wnisaubew
"(500°0 = d) wnissejod (€10°0 =4)
1391 Jo sexeIUl BY) pUe (670°0 =d)
SY4NIN wouy ABJaud Jo abeuadiad
“(S0°0 > d) 49mo| sem Apued Jo xeyul
pue ‘D) yum pasedwod o uj 1aybiy
319M (1000 > ) Ysl pue (500 > d)
SAd JO elul [e103 pue (1000 > d)
$39]ge13ban |10} pue ‘(500 > d)
$3|qe19haA pax003 ‘(1000 > d)
s3|qe1aban mel Jo sayjeiul ‘dn-mojjo) 1y 21eISPOIN
padnpal || a1om
([200'0=d ‘0L'0— 01 €'0— ‘1D%S6]
p/97:0—) syuup Abisus-ybiy jo sbui
-M9s pue ‘([L0"0 =d *S0°0— 03 8€0—
'1D%S6] P/2T'0—) Sydeus Jo sbul
-AI3s payodal-as ‘([LO'0=d ‘v— 01
LE— "1D%S6] p/UlW | 7T—) SPUSYIIM
uo BuUIMIIA Ua.DS Ul Juads swiy
pa10daJ-}|3s :JuN0dJE 03Ul U e}
sem buisal ajdnnw Jaye sswod
-IN0 KI1epU0I3S 6 JO € 10) DAINIAYD
SeM UO[JUSAJI3IUI BY] "D 0} Pa1ed0]
-|e 9SOy} pue D 01 Pa1LdO||e S|OoYIS
Ul U4P|IYD U39MISQ PRIIP (SAH
Jo sbuinIas pue “Joineyaq AIeluapas
ul Juads awn ‘YdAW ul Aep Jad juads
awiy) sawod1no Alewd € 3y} Jo SUON 31eJSPOI  PAAIIYde JON

MO paAdiyde 10N

panaIyRy

uondwnsuod
A4 s,usip|iy>
aseauul 01 paubisap
./SPD} 1o} Aeq-e-g,
weiboud N paseq
-Jooyds s, Auoxes
1amoT jo f1a0s
Jasue) 9y} Jo Syl
ay3 a1ebnsanul o

Ayl
pabe syuadssjope
pue uaipjiy> 9/¢1

,:(9102)

£109Yy1ON  dwi | JOj UlW GE| 150d-344 ‘|e 19 UewMy

9%0¢ 15e3] 1e Aq O 3yl K6-L ‘19
150d-21d Ul 9eul A4 dseaudul o] pabe uaip|iyd> 59z J1opsuefsuy

(pauonuaw

fioayroN  3ou fouanbauy) A 7

uaipjiy> ur uondwns
-uod A4 dseanul pue
‘101ARY3q A1RIUDPIS
dNpaJ ‘yd dseanul
0} UOIIUSAJRIUI paseq
-|o0Ys e JO SSAUIAL}
104 131snD  -D3aya ay3 a1ebnsanul o)

Kem 3)qixa)) &
Ul SUOSS3| pajURW
-91dwi sisydes |
‘ow /-9 jJo pouad
105 © JINO SUO0SS3| 91

£0L-6

2¢(¥107)
pabe ualp|iyd zvee

‘e 32 buiddry

seiq S9AI11D3[qo Jo
sbuipuyy Jofepy JOYSIY  JUBWDAIIYIY

1PNIISU0d
/Kioayy
[eJoineyag

UOIUAAJIRI
Jo Aousnbayy
pue yibus

UoIUdAIIUI

ubisap Apnis 40 3AR(q0 ajdwes Apnis dUIRY

panunuo) ¢ 3/qp|

Nutrition Reviews® Vol. 76(8):553-580

560



Downloaded from https://academic.oup.com/nutritionreviews/article/76/8/553/5003346 by Universidade do Porto user on 13 June 2021

(panunuod)

561

DD 01 dAlea)
dnoib N ul yYd pue ‘@duaiaywindin
1SIEM ‘SplOJUDS JO WINS ‘Sbejuadiad
18} Jamo| Apuediubis pamoys uos
-edwod 1s93-1s0d 3y N PuiaidaI
sdnoub ul (L00'0>d) panoidwi |03} syualed
-s3Joy> AJe1aIp pue sjusLInuUodeW 1oy sassepP IN Y
Jo uoiyodoud ay] ‘uon -2 9 pue ‘ualp
-usnlul 350d sD) [je ul panoadwi 3)iy -1y 104 S9SSRD
-0id pidi| 3y *(S0°0>d) uonuaAIUI AN Y-L T Yeame
150d Ssew 3psnWw JI9Y} pasealdul pue 9JIM] Y JO suols
(S0°'0>d) abeusdiad ey a3yl padnp -59S UIW-09 YHIM

usipjiys jo
s3|1j0.4d dvWodoay}
-ue pue ‘|esibojoisAyd
‘pidi] 8yYa se yons
‘s1a1oweled pajeal
-yllesay uo 9o | pue
SUOI}PUOD [RIUBW
-119dxa ¢ JO s1>ayd A11-01 ,6(5107)

-3 4 buiaiadai sdnoib ui syusapnis MOT panaIYdy £I03Y1ON  ‘UOUAAIDIUI OW-Q 3s0d-ald 9y} aebnsanui o]  pabe ualpjiyd pEL ‘|e 39 soinpy
1no} wuey 3y} uf uoned
-p1ed pue uondwnsuod A4 pauodal Jloineyaq

-J|9S U29M13q punoy a1am sdiys
-uone[a1 uedyIubIs oN *(50°0 > d)
edlubIs Os|e 1aM 2INsodxd Wiey
pue ‘looyds 1e Joiaeyaq uonduwnsuod

uondwnsuod

A4 113Y1 3sealdul pue
‘sy)uapnis apesb-pig
Jo abpajmous| uoni

9]qe13ban pauodas ‘sjesauiw pue pouad ym-f -nu ssasse 03 weiboud
SUIWelIA Jo 3Bbpajmouy Ul SadUIBYIA e J9A0 IN0} Wiey Y |O0YdS 0} Wiieq pue
(1000 > d) punoy a1am Jaquy panalyde -Z B pue suos |euawiIRdxa winn1INd uoiINu apeib 0c(€107)
Jo 9bpajMmouy Ul SadUIRYIP JURdIUBIS 3)RISPOI Ajjenied W3S -S| IN Ulw-0§ om] -1Sen)  HOLYD dY3 2dnpoiul o] plg ur ualppyd 9 ‘e 13 ssop
5> Jo dnoib IN
ul SJUIPNIS UeY} 3say) disey 03 buijjim
aJow Apuedyiubis buiag sjuspnis DN
Yum ‘(¢0°0 = d) sead pue ‘(L00°0 > d)
$901ewo1 (10°0 = d) 11032049 “(#0°0 = d)
wndisded :$3]qe1aban 7 10} dUIRYIP dnoib
dnoib-uaamiaq Juediyiubis e sem a1y} |0J1UOD B Ul SA UIp
‘93583 03 ssaubul|im Jo4 abpajmouy A4 -1ly2 jooyds Arewnd
J9MO| YlIM PaLIRIS OUM SIUSPNIS 3SOY) 1addn up ay1 jooyds
Huowe Ajuo 1nq ‘D) pue dnoib oyIN Jo Ayjenb panid
ulaM1aq abpajmouy| A4 Ul (200 =d) -1ad pue ‘saduaiajeld
DUIIYIP JULdIUBIS B Sem I3y ] yoam Jad pooy ‘93se} 0} ssau
(L0000 > d) DD Ul SJUSpNIS pIp ueyl SOWl} ¢ UOISSIS -buijim ‘abpsjmouy
Kjyb1y 210w sa)se) 9Y) pajes pue sa|qey UjW-G§ dUO pue N4 uo weiboid
-9baA 21581 0 BuUI||IM d10W A]UEdIHUDIS panalyde )M QL JIAO SUOIS |eauswadxa IN paseq-uapieb e jo Kz1-11 (0107)
2J9M sdnoib N pue D:IN Ul SIUSPNIS  IRIIPON AjjenJed 1DS -$3S IN Y-1 931yL -ISeND S99 Y aunsesw o] pabe ualp|iyd £zL  [e 12 uebiopyy
1DNIISUOD UOIUAIRIUI
seiq S9AI11D3[qo Jo /Kioayy Jo Aousnbayy UOIIUSAIRIUI
sbuipuyy Jofepy JOYSIY  JUBWDAIIYIY [eJoIARYDg pue yibua ubisap Apnis J0 9AIR(0 ajdwes Apnis EIIEYETEN

panunuo) ¢ 3/qp|

Nutrition Reviews® Vol. 76(8):553-580



Downloaded from https://academic.oup.com/nutritionreviews/article/76/8/553/5003346 by Universidade do Porto user on 13 June 2021

(panunuod)

(S00>d

‘T6'0-L0°0 '1D%S6 :SC°0 = H0)

D] 40} I9MO| %G/ IIM DUIP

-pUl 3Yb1amIan0 Jo sppo paipald
9y} ‘s19punojuod o} bui|0s3u0d Yy
"UOIIURAIIUI Y3 JaYJe JyBliamiano
awedaq (%t'gL) DD Ul ueyl (%9°S)
D] Ul uaJp[iyd Jamay Apuediubis
(L€0°0 =d ‘“%¥'8L SA %9°S)

D) SA D] U] 3YBIIMISIAO dWRd] UdIp
-1y2 jo uoniodoid 1amay4 {(600°0 = d)

pouad

$—1 sopesb ul
uaJp|iy> buowe Ays
-9g0 pue ybeMIaN0
Jo uonuaaid uo ‘buy
-ulel} UolINU ADIA
-195-Ul YUM SIdydes}
wooussep Aq ybney
pue paJanlap ‘weib

Nutrition Reviews® Vol. 76(8):553-580

D) Ul 1eyl ueyl 1amoj Ajpuedyiubis panalyde OW-9 B JIAO SUOIS -0id uonInu ow-9 e -1 sopelb £(CL0T)
SEM 103S Z ||\g Ul 9Seadul 9y} ‘D] U] 31eJSPOI AjjenJed 1DSPUe NdH  -S3S IN Y-€ dAPM] 1DY  Jo pedwi ay) ssasse o) Ul ulIp|iyd 9% °|e 13 olesoy
uondwnsuod
A4 SIuspnis ul asealdul Juedyubls
OU SeM I3y} “JDAIMOH (500 > d)
(Buturesy s Jaydeay pue welb
-04d) syusuodwod 7 Ylm UO[IUSAISIUI
9Y) pue sjuauodwod f YHM UOIIUIA
-191Ul 9Y}1 Y10 Ul S9PNINE SAH ,SIUSP pouad
-NJS UO 2UBN|JUI JBYILI]) JO SIIAYD ow-¢ e I9A0
JuedIubIs a1am a1y “(L0°0 > d) Yy ol 1se9| 1e 9191d SN
s9|qe1aban piemol syaljaq pue sapni -wod 03 palinb Jo uondwnsuod 0}
-111e Ul pue (50'0 > ) abpajmouy| -21 219m Inq sued paiejai sloineyaq pue
u1 abueyd annisod e uy paynsal (doys U0SS3| UMO JIay} ‘sapne ‘abpajmou
-y4om uaied pue ‘buiuiely 19ydes} dojanap 03 wop Juapnis uo weiboid
‘wn[no1uNd uonuinu ‘weiboid) panaiyde -931) pey siaydes] [ewswuadxs N jusuodwodnnw e KLl-6 &(100)
SuUaUOdWOD ¥ YIIM UOIIUSAIDIUI Y] DIRISPOIN A|jenJed ddl pue [DS "1eak jooyds auQ -1sen)  jo pedwi ayy ssasse o] pabe ualp|iyd 66€ ‘e 19 dijauid
(L0'0>d) 9D dy3 4o dnoub IN ay3
Jayu uey uswissasse 1sod buinas
wooJydpun| e Ul s3|qeiaban awnsuod
pue 3sooyd 01 Aj9yj1| aJow sem dnoib Buluspieb
983N “49A0210A “(L00'0>d) DD Jo suols uondwnsuod
ul 350y} uey sbupies aise) pue abpa -s3s Y- Apjeamiq pue ‘duaiajaid ‘abpa
-|Mmouy uofINu Ul syuawanoldwi pue 3N jo suols -|mouy A4 S,udipjiyd
1910316 Appuedyiubis pauqiyxa -595 Y- Apjeam uo uapJeb jooyds e jo apelb 2£(6000)
sdnoib 3N pue oigaN ul syuedidinied MO panaIydy K109y oN -1 B YUM M 8T 350d-a1d  S199)43 9yl dUIWEXD O]  puZ Ul UIPIIYD GL 1| ‘e 13 Jawled
1DNIISUOD UOIUAIRIUI
seiq S9AI11D3[qo Jo /Kioayy Jo Aousnbayy UOIIUSAIRIUI
sbuipuyy Jofepy JOYSIY  JUBWDAIIYIY [eJoIARYDg pue yibua ubisap Apnis J0 9AIR(0 ajdwes Apnis EIIEYETEN

panunuo) ¢ 3/qp|

562



Downloaded from https://academic.oup.com/nutritionreviews/article/76/8/553/5003346 by Universidade do Porto user on 13 June 2021

(panunuod)

DD SAD| Ul (LO'0 > d “%L'L)

1910316 Appuediyiubis sem bupjows
JU31IN2 JO 3dudjeAdld Ul aseaNIP
150d-21d 'D) SA | Ul (LO0 > d ‘%0L)
paseasnul sunJy BulwnNsuod syusapnis
40 uoiodold '9) SA DJ Ul (L0°0 > d
‘068°/ 1) Apuedyiubis pasean

-Ul YM/P G< 10} Sassed 14 buipual
-Je sjuapN3s Jo uoliodold ‘D) SA D)

pauonuaw jou
Kouanbai4 ‘pouad
OW-6 B JI9A0 UON}
-eJISUOWdP Ueyd

elpy|

YuoN ‘yiebae|jeg
[ednJ JO UIp

-|Iy3 Jooyds s|ppiw ul
9sn 022800} pue ‘yd
‘131p 01 paje|al saD
-1oeud |ejoineyaq pue
obpajmouy buiroid
-W| Ul UONUIAJRI
paseq-jooyds yuauod

ul (50°0 > o) Apuedyiubis panoidwi -dijy ulw-Qg e pue -Wwod}NW e Jo ssau /-9 sapelb (5107
022800} pUe 13Ip ‘Yd In0ge abpajmouy MO panaIydy K103yl 0N  SUOISSSS IN UIW-G 104 -9A11D9Y9 Y1 Ssasse 0] Ul UIpIYd $8ET ‘|e 19 Jeues
uonuaraid
K)1s3qo 1oy Kb
ujey sdals Jo Jsquinu -1e1s e se pooyp|iyd
113y} paseadul Inq ssadal 1o ssep Id ul dduejeq AbIa
Buunp YdAW 2sow ul abebus jou pip -Ua |[eJ9A0 0} 3zZ|W
USIPJIYd ‘S|00YIS UOIUSAIDIUI U JUued -ndo o0y sjooyds A1)
-Jlubis A]|e13S13RIS 10U SeM SDUIYIP OJIX3\ P3RS Ul Yd
3Y3 INQ ‘puUdJ} dWES 3y} PIMOYS e} pue bupes Ayyeay
-ul poo4 *(S0°0 > d) Spooy Ayijesyun Hunowoud 1e pawie
JO A1jIqe|IeAR Ul 3SB3ID3P JURHWIOD (pauonuaw weiboid paseq Ajjedt
-U0d B YUM paseasnul spooy Ayyjeay panaiyde jou fouanbaly) -60]033 U JO SSBUIAN} G— sopeib (€100
Jo Al1j1ge|IeAR ‘SJOOYDS UOIUSAIIUL U] MO AjjenJed £103Yy1 ON  UONUSAISIUI OW-G| 104 -D3)49 9y3 1enjens o) ul uaJpIYd O€8 ‘e 19 alpjes
abpajmouy
[euonInu s,uaipiyd buirosdwi
Ul |nyssadONS sem ‘soweb pue ‘sjooy
‘saunbiy [euoredNPa papnpul YaIym weiboid
‘yoeoidde ,buikejd ybnoiyy bujulesy, sndwedol sy}
pajesbaul 9y "sapetb jooyds sieak 03 bupedpied uaip
[Ie Ul (L00'0 > d) paseasdul Ajpued JIWSpede 7 I9A0 -|1Yy> Jo abpajmouy G—¢ sapeib 0,(9107)
-1jlubis abpajmouy| [eUOIILINU S,USIP|IYD  S1RISPON panaIydy £103yy oN  sassepd IN Y-€ daay| 1s0d-aid  [euonuinu anoidwi o] Ul uaIp|IYd 918 ‘e 19 IS0y
1PNIISU0d UOIUAAJIRI
seiq S9AI11D3[qo Jo /Kioayy Jo Aousnbayy UOIIUSAIRIUI
sbuipuiy Jofepy JOOISIY  JUSWIAASIYDY [eJoineyag pue yibua ubisap Apnis J0 an13(q0 aidwes Apnmig DUIDYY

panunuo) ¢ 3/qp|

563

Nutrition Reviews® Vol. 76(8):553-580



Downloaded from https://academic.oup.com/nutritionreviews/article/76/8/553/5003346 by Universidade do Porto user on 13 June 2021

(panupuod)

91025 eIl Jebns pue ‘210s

elul 184 ‘sad 104 (L LOT ‘6007) swutod
SWI} 7 3Y} JO JOYND 1B S1D3YS UOUIA
-J9)u1 JUBDIUBIS OU 319M 3R] “LLOT
ur L6 03 0L0C Ul £0'G 03 600C Ul 95t
W0J4 PISeRIdU S|OOYDS UOIUAIR)UI JO)
SaqQ ueaw ay] "L 10T pue 6007 Ussmy
-3q sabeIanaq pajeuoqied pue ‘s}Pams
“Jeaw passadoid ‘sdsid oyejod pawins
-U0D OYM URIP|IYD Ul 35e10Ul 9601 <

e SeM 3J31 ‘S|00YdS UONUIAIRIUI Ul
1910310 7 dn-mojj0} 3e Jo | dn-moj
-10} 1€ (S[e1PI0d/saysenbs ‘sundsig/saxed
‘s39ams ‘a3e|0d0U ‘Jebns 3|qe) ‘Jesw
passa0.d ‘spooy Aeme-je} ‘sdsLd 0je}
-od ‘said ‘pooy pauy ‘sdiy> o1eyod paty)

pauonuawi

UONUIAIIUI YH ue
eln 31A1sa1| Ayyeay

e 19150} P|NOM ey}
JUSWUOJIAUD |00YdS
e Jo JuswdojaAsp syl
9lowoud 01 pue s10}
-ed>npa pue ‘syualed
‘siauies)| ul yd

SWiay pooy Jo uondwnsuod ui Jued 10u Aouanbaly Je|nbai pue suqey bui 9-f sapeib «(5107)
-JIUBIS JOU SeM 109)J9 UOUSAIDIUI 9] DIRISPOI  PIA3IYde 10N K109y3) oN ‘uonuanIAul A-¢ 1DY  -1e3 Ayyeay arowoud o) Ul uaJIp|iyd 866 ‘e 19 ukais
(I1e 404 500 > d) S|ooyds S1eALd
SA S|OOUIS JUSWUIaA0D Ul pue ‘sajew
SA sajewdy ul ‘A gL -1 pabe asoyy SJUIISI|OPE pue UdIp
SA (A | 1—8 pabe) uaipjiyd 1obunok -|ly> uelpU| UBISY UBq
Ul PaAISSCO Sem Jolaeyaq pue abpa -In Jo Joineyaq pue
-|mouy ul yuawanoidwy Jaybiy Ajpued abpajmouy paiejas
-Jlubis v *(L00°0 > d) S|ooyds aeaud -UOIIINU pue -y}jeay
wouy spjo-1eak-g| 01 -G| 1dadxd uaip pouad UO UOIUAIDIUI DA £81-8
-1y ||e ul parosdwl S3103S JolARYSq OW-9 e JIAO UOS -eJNpa paj|0Ju0d B pabe syuadssjope (0100
pue ab6pajmouy| ‘UOIIUIAIDIUI DY} JDYY MO panaIydy £103Yyr ON  -S3] UIW-09 AN 3s0d-ald  Jo 1pedw) 9y} Ssasse 0] pue uJp|iyd 8ZLE ‘e 13 yeys
SUETSN
9y3 e pawie weiboid
1013U02-A)IS3C0 UR
1PNIISUOD 0} (§) pue
‘sa|qeuen d|qissod
(0000=4d) L DIUI (LT'L F 8¥°0) YHUM 159449 SIL3 Jo
S9|ewWa) SA (06°0 & SC°0) Sajew ul diysuonejal ay1 suiw
asealdul ||Ng Jamo| Apuediiubis e sem pauonuaw -1919p 01 (7) ‘AL
2J9Y} ‘pasedwod sem dnoib yoea uayp JOU UOISSaS ‘I|ziusq ui syusp
sdno.b uonuanIaul By} IN jo uoneinp -n1s jooyds Arewnd
UD3MIIQ 3IUIIHIP JuRdLIUBIS OU Sem pue £>uanbai u1 A)saqo bunuan
2J9Y} “IanamoH 'sdnoib (€1°L F SE°0) 'SI9Ydea) pue -2.1d 104 Ajuo weib
7 UOIUDAJIDIUI 3Y3 pUR (80°L F ££°0) ‘syuased ‘syusp -0i4d uonnu Ayyjesy
| UOIIUSAIDIUI 3Y} YlOq Ul Jey) ueyy -njs 1o} weiboud e sA sweiboid uon
13yb1y (0000 = d) Apuedyiubis sem IN snjd xam Jad -tnu Ayyesy pue yd K1,
UY2IYm ‘D) 3yl Ul 86°0 F LG50 Sem syusw Su0ISsas 3d Y-€ yroq buifjdde jo 113y pabe syuadssjope &(L107)
-2INseaW g 3y} U3aMiaq |Ng Ul asealdu| MO panaIydy KI03Y} ON  "UOUIAIDIUI OW- 1DY -Jodylaulwlaiap (L) 0L  pue udlpjiyd L//9 ERERIIELN
1DNIISUOD UOIUAIRIUI
seiq S9AI11D3[qo Jo /Kioayy Jo Aousnbayy UOIIUSAIRIUI
sbuipuyy Jofepy JOYSIY  JUBWDAIIYIY [eJoIARYDg pue yibua ubisap Apnis J0 9AIR(0 ajdwes Apnis EIIEYETEN

panunuo) ¢ 3/qp|

Nutrition Reviews® Vol. 76(8):553-580

564



Downloaded from https://academic.oup.com/nutritionreviews/article/76/8/553/5003346 by Universidade do Porto user on 13 June 2021

"UOIIY pauoseay Jo \comx_. ‘YY1 “oineyag vwccm_aauo £103Y] ‘gd1 ‘|9PO [e2160]033-0120S ‘IS ‘K109

Japuexa|y a1ueydsis DYYS ‘|enl [041u0d paziwopuel ‘1Y ‘buluiely jedisAyd ‘] 4 ‘uonesnpa |edisky

SAINUDBO)) [B1D0S ‘| DS ‘USpIRD USYDLIY
‘3d ‘Auanoe [edisAyd “yd ‘onel sppo ‘YO ‘buiuspieb pue uonedsnps uopINu ‘HRIN ‘uoned
-npa uonuInu ‘N ‘Auanoe [edisAyd snotobia 01 axesspow ‘YA ‘Spide A1ie) pareiniesunouow ‘m<m“_:_>_ ‘31qeeban pue uniy ‘A4 ‘dnoib uonuanidul ‘D] {[SPO uoiowold YyeaH ‘IWdH 1y AyesH

“WH ‘[9POW §31199 Y3|eaH ‘WGH ‘2103s ANsIanlp A1e1alp ‘Saqd ‘spiy Yum bupjoo)d ‘H4and ‘dnolb jo13uod ‘) yyesH pjiyd 01 ydeoiddy paieulpiood) ‘HIOLYD Xapul ssew Apod ‘|G :SU0IDIA2IGqY

dn-moj|o} ow-6 e pue
uonuaAuIRId Y10g D) 3y} Jo Ss0Y)
uey (100 > ) 4aybiy a19m uonusA
-191u1 150d D] By} JO 521025 A194eS POO4
(50°0 > d) sugey bunes Ayid pue sadud
-19j21d pooy Ayyjeayun Buiaey Jo swidy
Ul $3103S W9)-Buo| pue suonuIAIRUI
191Je A|91e1paWwWI $3103S USIMIDQ DU
-19J1p 1uedubIs A|[ed1s1els B sem a1y |
(L0'0>d)
D) Ul $3403S WI3)-HuUo| pue suljaseq
ay1 ueyy Jaybiy pue (100 > ) 2102s
auljaseq ay ueyy Jaybiy ing (100 > d)
UOIURAIIUI Y} JB)Je A|D3eIpawiw]
91015 9Y1 UBY] JOMO| SeM DIYM ‘GEZL
Sem D) Ul 2103s abpajmouy| widl-buo) Sem suols
3yl (100 > 4) uonuaAIalul 3y} Js) -s3s jo Aouanbauy
-je Aj91e1pawiwi syulod O/ 01 UOIUSA Jou uon
-191ul 9y} 21043 swulod €0’ Jo uesw -UdAJIS}UL JO UOI}

pauonuawi

dn-moj|jo4 ow

-6 1 pUB UOIIUIAID)
-uj 1s0d-a.d 1e (dvy)
sadfoeid pue ‘apnin
-1e ‘abpajmouy A1a4es
poOJ pue uonNu 1oy
$2102s ul abueyd uo
PasnJ0} JUSWISSASSe
3y "eulyd ul syuspnls
jooyds ybiy Jou

-n[ pue jooyds Aiew
-1ud buowe weiboid
uonesnpa A1a4es-pooy
pue uoinu paseq

e woJj ‘Ajpuedyiubis pasealnul o ul panaiyde -einp |e101 JAYIaN -Jooyds e Jo ssau 8-G sapelb £(€107)
SIUIPNIS JO $2101S IDPIMOUY UOILIINN  DIRISPON AjjenJed K103y} oN "SUOISS3S UIW-0S 350d-ald  -9AIIIRYD Y} SSsSe 0] ur ualpiyd €701 ‘e 13 noyz
uondwnsuod
9|qe1aban paywi|
(L00'0 > d) SSaippe 01 UONUSA
$9100s 2bpajmouy| pue ‘93ud -191ul pazipiepueis
-19421d “Aoed1J9-4|95 ‘Dpniine paie[as ‘paseq-woolsse|d apeib ,,(2107)
-9|qe1aban uj panosdwi D] Ul SJUSPNIS  IRIIPOIN panaIydy K103y1 oN IM G—€ 3s0d-ald e Jo 1oedw| SSISSe O] Yy Ul UIP|IYD LETT ‘e 13 |lem
uaIp|Iyd o) Jo aunssaid poojq
93} Ul IO |G [eulj 8y Jo [eniul sy} ul
POAISSQO SeM DUIRKIP (S0'0<d) lued
-jlubis Ajjeonsieis oN (L00°0 =d) LTHT
0} 86°L.Z Wolj paseasou Apuediiubis
UJp|IY> D] JO 521025 ABpIjMOUY 1531-150d
(9000 =d) %8'£9 O
058'85 WO} paseasdul Yy | < Se uoneinp
3s1249xa Ajlep payiodal oym uaip ainssaid poojq pue
-1y Jo abeyuadiad sy “(50'0<d) 491nd ‘IINg ‘@bpajmouy| ‘(bul
-wod [euostad 10 UOISIA|S} B JO JUOly -SIDJ9Xd pue Isepealq
ur Juads awiy pue ‘1sepjealq bunea Bunes) suqey |
‘sjeaw Ajiep 031 1adsas yum o) ay3 pue Ayyjeay uo weiboid
D] 3Y3} U3MI( IO UIYHM puNnoy 33U pouad 3y1] Ay1eay paseq
-19y1p Juedyiubis Ajjednsiels Aue avyy panalyde ow-9 e JI9A0 -|ooyds e JO SSaUdAL} /—€ sapelb 0(5107)
sem welboid ay) J31Je Jou 21043 JOYUSN 91eISPON Ajjenied K109Y1 ON  SUOISS3S UIW-Q IO 104 -D9)49 9y} djenjens o] urualpiyd oLl e 39 Jaunio)
1PNIISUOD UOIUAAIRII
selq SaA1D3[qo Jo J/SLEIH Jo Aouanbauy UOUSAIRIUI
sbuipuyy Jofepy JOYSIY  JUBWIAASIYDY |eioineyag pue yibua ubisap Apnis J0 9AIR(0 9)dwes Apnis JUIYRY

panunuo) 7 3/qo;

565

Nutrition Reviews® Vol. 76(8):553-580



Downloaded from https://academic.oup.com/nutritionreviews/article/76/8/553/5003346 by Universidade do Porto user on 13 June 2021

(panunuod)

(LO'0=4d) %S'SC 0} %L'6C Woi}
Huiddoip ‘yd JO JuUnOWe PapPUIWWIOII
3y paivdwod oym uaIp|iyd [00YdS Ul

9523.19p JUedIUBIS B SeM 343y ‘D By U]

(L00"0 =d) %0°S€ 0}

9%Z'0% WoJj ‘D) ul Ajpuedyiubis pasean
-9p U 3|IYM ‘(€0°0 =d) DI Ul %T €€

0} %0¢§ woJj ‘Ajpuedyiubis paseas

-Ul SA4 JO SUNOWE PIPUIWWIO0ID]

PaWINSUOd OYM UIP|IYd Jo abeIUDISY

(L00°0>d)

%69 01 %G Wouy ‘Apuedyiubis
pasealdul HY) ul ualp|Iyd [ooYds 3saqo
40 abejuadiad sy ajiym ‘o Jo |INg

9y} ul abueyd juediyiubis ou sem a1ay |

) Yyum pasedwod

D] Ul $19NJ1SU0D 123)J9 pale|a.-AlIA1de
aAiebau pue ‘siaieq paARdIad ‘sad
-uaJ9a.d pue spuewsp bunadwod
lelpawiwi ul (00 > ) suonanpal
JuedIubIS 1M 3I3Y] DD YHUM
pasedwod uondwnsuod jsepjealq Jo
fouanbayy Apjam pue ‘uonde jo ueid
e 0} JUSWHWWOD ‘S9DUINJuUI [BUOL}
-enyis ‘s9duanjjul [euostadialul 109y
-J3 paiejai-Auaide aansod ‘Aoedys
~J19s ‘Wpuaq panddIad Ul (S0°0 > d)

aseasnul yuediubis e pauodas )

(L00'0 > d %L 6L SA %L TE) 1oMO|
Kpuedyubis sem awoipuAs dijoq
-B12W Jo dAnsabbns eyep |edjwayd
-01q YHM SUapnIs Jo abejuadiad
‘(L000 > d) S3[eWd) Ul %6°E 01 %/Y
pue S9jeW Ul %S°S 0} %'/ Wolj A1s
-900 (1000 > d) S3|ewsay Ul %t 03
%L’LT PUe S3JeW Ul %¢°LT 01 %S°LE
wouy 1yb1amIan0) Jamo| Apuediiu

K € sem uonuaNId)
-ul Jo uoneinp |eo]
pauonusw
JOU SEM UOISS3S
yoes jo uoneing
pauonusw
JOU SeM SUO|SSIS
Jo fouanbayy 331p
Ayyjeay e alow
-01d 01 U0ISSas |
pUe UOISS3S Yd dUQ
SI01ARYD(
Bunes Ayyeay
1dope 03 s19d
113Y1 paleAnow
sIapea| ualp[iyd
jooyds ‘skep ay3
Jo Aiofew ayy up

YM {7 10} UoIS
-S3S UIW-09 APP9M

elsiun] ‘assnos

ul uaJpJIyd jooYyds

Huowe Aysaqo pue

1yB1amiIano jo sajel

buidnpal ul ‘uonuaA

-191Ul JOIABYS( [euOl}

-lINU pue yd paseq

-looyds e ‘yyesHy

|ejuswiadxa Ul S|O0YIS JO SSIUIALL

-1senD -J9)J9 9y} 9lenjeAs O

SJUSPNIS UejURI| djeW
-9} buowe jsepjealq

JO JUSlU0D JusLINU

pue £>usnbaij ayy

Buirosdwi ur WdH

5,J9puUdd UO paseq

|ejuswadxa  UONUIAISIUL IN U JO
-ISeND 1099 Ay} dUIWEXD O]

Sjuadsajope ul
syusuodwod swoip
-U£s Jljogelaw pue
‘s)iqey bunes ‘s9|q

-eleA di1dwodoiyue

Nutrition Reviews® Vol. 76(8):553-580

‘e 12 bnoleepy

-bis sem o] ul A11s3qo 4o 1ybramiano 1eak uo weib &(CL07)
YHM SIUISI|OPE d[eW) pue djew JO |O0YdS B IO YM T -0id N ue jo uois SUERIETIe]o] ‘e
obejuadiad ay) ‘1eak [ooyds Jo pus 1y 1eISPO paAdIYdY K109y1 ON AJ9A3 UOISSIS UIW-Gf 150d-a1d -sndiadal 9yl SSISSe 0] pue uaJp|Iyd €97 Joised sodwe)
UOIUIAIRIUI
selq S9AI3[qO 1PN1su0d/A103 Y} Jo Aouanbayy UOIIUdAIDIUI
sbuipuiy Jofey JOYSIY JO JUSWIRASIYDY |eJoineyag pue yibua ubisap Apnis J0 3A13[q0 9|dwes Apnis dUIJRY

[9A3] JooYds A1epuodas 3y} Je SUOIJUSAIBIUI UOIIRINPS UORUINY £ 9/gD]

566



(panunuod)

Downloaded from https://academic.oup.com/nutritionreviews/article/76/8/553/5003346 by Universidade do Porto user on 13 June 2021

9D Yum pasedwiod 9] ul (500 =d)
9s0on|6 poojq bunsey pue (20’0 =d)
ones diy-o3-1stem ‘(1000 > d)

191pWelp [eulwopge [enibes ‘(z0'0 = d)
DDUIIJWINDII ISIEM UBSW Ul SBIDIP
JuedIubIS *(€0°0 = d) dn-Moj[04 e oLy
youauy pue ‘sezzid ‘s1abunq se yans
spooy Ayyjeayun asuap-Abiaua pue
(L00°0 > ¢) SUUP paleIae PAWNSUOD
DJ Jo uoodoid Jamoj Apuediiubis
(L000 > 4) sa130eIp Jo sadAy

pue sasned pue (Z0'0 = d) 19Ip ay1 ul
131y Jo duenodwl (€000 = d) S|ea4ad
paulya1 (200°0 = d) s1onpoid yjiu Jey
-YB1Y “(L00°0 > d) S¥e} supi} JO YD
9SIDAPR pUE $2IN0S ‘(L0'0 > d)
satiofed Aidwia Jo 1daduod (£00°0 =d)
salelpAyoqgued xajdwod pue jdwis
:buimo||04 33 Jo dbpamouy buirey D

Jo uoiuodoud Uy Ud3s dseanul JULdHIUBIS

Ajpuedyiubis pauipap syuel
-ne1sal pooy 1se} ybnoayy swiayl pooy
1se} Jo uondwnsuod pue ‘(10°0 > d)
%01 03 %0C WO} paul|>3p SHULP
3J0s buisooyd syuapnis jo uoniodoid
(L00°0 > d) %0t 01 %81 Wol)
paseanul 131p AYyesy piemol apnine
aAHsod e buimoys syuapnis ‘Aliejiwis
“(100°0 > d) %£9 03 %/€ woly panoid
-wi Apuediiubis abpajmous A1eiaip
K101oeys13es ‘weiboud 3N sy1 buimojjo

(1L0°0 > d) sopeib sayjo

U1 950U} 10} 10U 1N § pue / sapeib

Ul SIUSPNIS 40} PAIUSWINIOP DISM

9B pPajMOoUy UOIILIINU Ul S3Se3IDUI
WRDLIUBIS *SIUBWRINSEIW d1AIBW
-odoJy3ue pue sanjea poojq panoid
-WI 0 PazI|iqeIs PaMOYSs Sawl { 1ses)
12 UOIIUSAIRIUI 3Y} papudlie oym

OW 6 :UONUBAIS)

-ul JO uoieINp (30|

dpelb

UL L 9y woy

SJUIPNIS J33UN

-|oA 10} uoIssas bul

-ufes y-| Ajlyyuow

pue syuaJed 1o}

uolssas buljsunod
uiw-£ A|ysuowy

uoISsas

Buiasunod fen
-PIAIpUL Y-L Ao

M8

1oy y9am Jad sawny
G UOISS3S \/d UIW-0€

M QL 10} UOISSDS
AN ulw-0g Apjeam

MOl 104
uoIssas Y- Ao

K € :uonuanIa}
-ul Jo uonelnp |eo]
M Z| 10} uols

elpy|
yuoN ut A3 ueyrjod
-04}3W B U} S)UIISI|
-0pe uejpu| uelsy Jo
3[yoid ysu pue uon
-ed14IpoW JoIARYS] UO
UOIJUSAIRIUI UOL}ed
-npa 3}A15341| pue uon
-1INU 1503-MO| Paseq
-|Jooyps e 4o ssau

-9A1109))9 9y} SSosse O]  SjuadSo|ope QLS

weiboud

IN Ue Jayje pue
210434 S121p Ayyjeay
01 1adsa) yum
Ss)uapNIs jooyds ybiy
Jo sadpeud pue abpa

-JMOUY 3U} SS3SSR O]  S)USISI|OPR ||

pouad A-¢ e 1ano
abpajmous| uonu
,S1uapnis ul sabueyd
dujwexa 0} pue
Aunwwod [eind e u
Z1-9 sopesb ul syusp
-n)s buowe ainssaid

poojq pue ‘3jyoid pidy|

pooiq ‘ajnuaiad |Ng
Jypads-1apusb pue
-obe uo uonuaAIR)
-ul 3N pue buljasunod

567

syuedpiued *(S0°0 > 4) SHSIA Yl pue -s3s Bujesunod y Bunssi-jo-uiod K6L—LL pabe
puz 3y} usamiaq paseanul Apued panaiyoe -1 Apoam e panid paseq-jooyds e jo S)UIDSI|0pe 1(5102)
-J1ubis s|aAs)| udloadod] Asuap-ybiH  S1esapoy Ajjered Ki03y1 oN -9 Juapnis yoe3 JeuipnIbUOT  $109)J9 SY1 SUIWEXD O] PUB UBIP|IYD €€ [ 13 IwLnpy
UOIUAAIRI
selq S9AI3(qO 1PN11su0d/K103 Y} Jo Aouanbayy UOIJUdAIDIUI
sbuipuly Jofey Jo sy JO JUBWdABIYDY |esolneyag pue yi1buan ubisap Apms J0 9AIR(0 adwes Apnis UIJRY

panunuo) ¢ /g

Nutrition Reviews® Vol. 76(8):553-580



Downloaded from https://academic.oup.com/nutritionreviews/article/76/8/553/5003346 by Universidade do Porto user on 13 June 2021

*A103Y] aARIUBO) [1DOS ‘1S ‘et

pajj043u0d paziwopuel ‘| )Y ‘Auaide [earsAyd wei ‘uonednpa uonKINu ‘IN ‘dnolb uonusAISIU ‘D {|SPO UOIOWOId YeaH ‘IWdH ‘[SPOIN 431199 Y3 eaH ‘WgH ‘uonesnp3 uoiinN paseg-1usiuo)

YyesH ‘PINGDH ‘o|qe1aban pue 1iniy ‘A4 ‘dnol

[0J1U0d ‘D)) ‘uoIIedINPT UOILINN PASEG-1UIU0D) J1IDWISOD) ‘PINGDD Xapul ssew Apoq ‘|Ag ‘SII3YD 1geH PO0H 1UddSa|opy “DHAY :SUonbIAIqqy

(LLS0=d
‘6°0L SA £°01) S|OOY2S 3[ppIl yum
paJedwiod (£20'0=d ‘v'0L SA §'LL)
sjooyds ybiy ul D) pue H| UIIMI]
DDUIBYIP 12949 Jojelapow Jaybiy
Apuesiiubis e sem a13y] (1000 > d
‘7’01 SA T'LL) duljdseq 1e 3103S 10}
paisn(pe sanjeA ueaw ul H) 3y pue
D] U39M]Q 92UIBHIP JuedIUbIS e
sem 213y} ,'pooy pue 131p Ayyjeayun
pue Ayjjeay,, uoidas ay} 10} ‘W
-SS9sSe awes 3yl 1y (1000 > d ‘9O
SA G'9) ul|9seq Je 9102S 10} paisn|
-pe abpajmous| [euoniInu Jo sanjea
UeSW Ul D) PUB D] UIIMID] DU
-JIp uedIUBIS B Sem 213Y3 ‘uonippe uj
DH4V uo (1000 > d
'6°0L SA ¥'¥71) DD URY) S310S
1ayby Apuedyiubis pey oj ‘(ow 9)
JUBWISSISSEe UO[IURAIRIUNSOd 111} 1Y 91RISPON
sanjeA
auljaseq yum pasedwod ‘sajqeraban
104 (6 €71 01 6 G9 woy) ploj-g pue uniy
104 (6 071 01 b O WoL) ploj-€ ‘PINGDD
ul (L00'0 > d) Ajpuediiubis paseasdul
pawINsuod SA4 JO syunowy ‘pPINgGdD ul
panIasqo sem sp4 Bunes ul aseanur ue
1591 1504 *(L0'0 > d) PINEGDH Ul spulod
. 01 7/ Woly pue pINgD) ul spuiod
78 01 0/ wouy ‘Apuedyiubis panoid
-wy uoiidwinsuod A4 pJemoy apnyny

Apnis 1oyod

ab.e| e ul Joineyaq
Kiealp Ayyeay
wJ9y-buo| bupowoud
ul pue abpajmouy

uonnu buiroid K61-6
-w ul (dweb pieoq pabe syusd
)M 0 10} uols B) Op3|eY| JO SSAUAAIL -sajope pue «(r107)
-S35 UIW-0€ APjR9 1DY4SND -39 Y1 WUod 0] uIpIY> OLLE  '[e 33 ourlBOIA

uondwnsuod

N4 jo uon

-owo.d ay1 uo weib
-0id PINGDH ue pue

1591 150d weiboid pINgdD e jo
sdnoib € e ut (1000 > d) Apuediiubis 3M 1 10} UOISSDS |eluBWILIRAXS  SSDUDAIIRYS Ay} dled k9| pabe +<(9107)
paseasdul $3103s abpajmouy pare|ai-pA4 MO IN UIW-05 AP -ISen)  -WO0D pue UIWEXd 0]  SIUIISIJOope L€ |8 3D SWOS
UONUSAIRIUI
selq 1PN11su0d/K103 Y} Jo Aouanbayy UOIJUdAIDIUI
sbuipuly Jofey Jo sy JO JUBWdABIYDY pue yi1buan ubisap Apms J0 9AIR(0 adwes Apnis UIJRY

panunuo) ¢ /g

Nutrition Reviews® Vol. 76(8):553-580

568



Downloaded from https://academic.oup.com/nutritionreviews/article/76/8/553/5003346 by Universidade do Porto user on 13 June 2021

(panunuod)

1eak 1e !64°0 1| JeaA 1B 240DS dbpajmouy
|0J1U0d snulw [eJusWILIRAX] "uol}
-39]|02 eyep Jo uiod yoes 1e o) ul uaip
-|1y> ueyy abpajmouy| Joy Jaybiy juiod e
40 990 03 G°0 INOGE PaJ0ds H| Ul uaIp|iyd
(S0°0 > d) 9D uey) sv|qesaban
JO swelb aio0w € pawnsuod o ‘s Jeak u
(S0°0 > 4) DD ueyl UNJJ 3I0W dwNS
-uod jou pip D] ‘dn-mojjo} pue € Jeak uj
D) Ul U3JpP[IYd yum pasedwod
(AjpA1d3dsa1 ‘50°0 > d pue 5000°0 > d)
younj 4ad sa|qeiaban jo (dsy
G'0) sweib aiow € pue 1nJy jo (dsq

1) sweib aiow G| pawnsuod o) ‘z Jeak uj |Wg pue ‘abpajmouy
58 N ‘sduaiajaid A4
Ul uaJp|Iyd yum pasedwod (A|pAndads ‘uondwinsuod A4 S,ual
316000 > d Pue 100070 > d) Youn| Jeak -PIIYy> UO UOIIUBAIIUI
J1ad 3jqe1aban jo (dsy G |) swelb aiow Jjooyds ay3 bui UO[UIAIRIUI £-G'z ‘paseq-A1oay} apelb
£ pue unJj Jo (dsqy §'1) sweib aiow panaiyde -Inp sfep ayx Jeafnnw  “yusuodwodinw e Jo  is| pue uduebiap 2(L100)
7T PAWINSUOD D] Ul UIP|IYd ‘L Jeak u) d1eIPON A|jenied 17S pue 1S jo 1sow Jo Ajieq ‘paziwopuey  $109443 9y} dUIWEXS O] -UIY Ul UIP|IYD /67 |8 39 UBRWYOH

(L00°0 > ) DD ul pasean

-9p Inq o] ul Apuedyiubis paseaidul
1sepjealq 1e pawnsuod pooy Jo Ayuenp

(L000>d)

poO} 3y} UO [3ge| uoiINU 3y} 0} bul

-pi0odde Spooy 3sudp-ABIaua 0w 3soyd

oym ‘D) Ul UJPJIyd yum pasedwod

1sejy{eaiq 40} SPO0) ASUIP-JULINU dJow (udyiebiapupy
3soyd D ul uaipjiyd ‘Apnis Jo pua 1y B U] $191S9WaS
(20°0 = d) 15epjealq bunes jo 7) ow g 1oy} susoned 1sepjealq
£ouanbaly ul D) pue H| UIMIIQ DU K109y] abuey) SR pue S,uaJp|iyd uo JN jo K 9— pabe uaip ,5(9107)
-19yJIp uedIUBIS ‘UOIIUSAISIUI JO PUS 1Y 31BISPOW paAsIYdy [eJolreyag aAnubo)  2un1d9) Alyauop 104 19949 3yl dulwexa 0] -|iyd jooydsaid 6181 ‘|e 19 oe

18} Apoq [e101 Jo ‘onjes Jybiay
-03-151em ‘|INg ‘syunip ABisus-ybiy jo

569

uondwnsuod ‘axeur Ja3em Ajiep uo sainseawl
109449 1uedIUbBIS OU PeY UOIUSAIIU| du3awodolyjue pue
*fouanbaiy uondwnsuod s|qeisban ‘uoidwnsuod Jajem
10} (L0°0 > ¢) uiod zz'0 pue Aousnb pue A4 S,uaJpjiyd se
-91 uondwinsuod 1Ny 1o} (S0°0 > d) Ydns ‘sawodIno [elol
3[eds [eulpio ulod-9 3y} uo 1299 ainsod -AeY3Q Y30q UO uol}
juiod /"0 JO SUI|9seq WO} seadul -X® spuofez pue pouad ow -USAJ31UI [EUONLINU
ueaw :(L0'0 > d pue 50°0 > d) ael panaiyde Kioayy butuies] -9 e JaAo ‘Yoed paziwopuel paseq-jooydsaid e Ko-¢ 0c(T107)
A4 Ul auldseq woJy abueyd juediyiubis d)eISPO A|jenJed [_IDOS S,eANpUBY Y T ‘SUOISSS G 191SND  JO S1D39Y3 Y3 ssasse 0] pabe ualp|iyd £/€ [ 39 }pog 3
UoUAAIRIUI
SaA1a(qo 1ONJISU0D Jo Aouanb uonednpa
sbuipuiy Jofey seiq JO Sy  JO JUSWLARIYY /AI09Y) [eiolARYSg  -244 pue Yibua  ubissp Apnis  uoniInu Jo 3AIRRIQO 9|dwes Apnis FERIIEIETEN

[9A3] [ooydsaid 3Y) Je SUOIIUIAIDIUI UOIRINPS UORMINN # 3/gD]

Nutrition Reviews® Vol. 76(8):553-580



Downloaded from https://academic.oup.com/nutritionreviews/article/76/8/553/5003346 by Universidade do Porto user on 13 June 2021

(panunuod)

punoy sem siaydes} Jo syuased
10} $310S ||B49A0 UO JO JUSWUOIIAUD
|OOUIS 3Y} UO 179)43 OU “JISIASMOH "3103S
(YT L=200 :D%S6 ‘59°0 :Apoq uew
-NY 169°7-L1"L ‘1D%S6 ‘€6°L ¥d ‘SLL
=Z1'0 'D%S6 €6°0 321p) d1idads Jusu
-odwod pue (50°5—8'L ‘1D%S6 ‘Sv°E)
||RJ9A0 104 ‘S240DS Siigey pue ‘sapnl
-133e ‘9bpajmouy s,uslpjiyd paseald

-Ul UOIIUSAIIUI DY} “JBdK [00YDS | JaYY
UOIUIAIDIUI DY} Jayje
panIasqo das|s pue ‘as121axa ‘saweb
J91ndwod buife|d 1o UOISIASID)
Buiydiem juads swn ‘||Ng ul sabueyd
ON *(£0°0 = d) 36pajmouy [euonLy
-nu pasea.nul Ajpuedyiubis (IN Ajuo)
UOI3USAIRIUI YUM dnoio “(£0°0 = d)
dn-mo||0} 18 3 60/ 0} duljaseq 1e
M 6£TS WoJj ‘(Yd pue JN) UonusAIL)
-Ul 2J13U3 YLM D)| 413U U] UIS SM
elul AB1aua Ajiep ur uofdNpal Jued
-Jlubis ‘sainsesw auldseq 104 paisnf
-pe sisAjeue eiiur ayy uj *(L0°0 > d)
abe pue abpajmouy |euoninu

JO [9A3] U9aMIS( UOIIRIDOSSe JURdIIUbIS
(10000 > d) (s3utod
6'L1) 3591 350d 03 (syujod GQL) 3593
21d wouy Apuedyiubis asos syuaied o)
Huowe abpajmouy| [eUOIIINU 10} $310DS
uea|\ “(S0°0 > d) DI ul Ajpaysew panoid
-W1 ‘(UOIIUSAIDIUL DY} JaYR %0°E9 01
dUI|3se( 18 95°79) SIIMAIIIE J00PINO Ul
yed Bupyey pue (UOIUIAIDIUL DY) IR
9%€'C6 01 3UI[95e] 18 90’ L6) ISepfealq

Bunes se yons Joineyaq a)A1sa4| AYyyesH
(500> d) (%8'LL SA %E6L)
Jauup buunp uoisiAgal buiydiem
pue ‘(97'ST SA %S'£1) 4duuip Buunp
Buikeld ‘(9521 SA %S'6) S|eaw buunp

Suonow
Buibeuew 1oy
uondNAsul Jo

4oL pue (Apoq

uewny pue

'Vd 191p) Juau A g—¢ pabe uaipjiyd
-odwiod weih ul siolneyaq Ayyeay
-0id Jad uon Jo uonisinboe ayy jo

uopowoud yyeay  -dniisul Jo Y 07 s101ed1pul buiroadwi

panalyde ul Sjopow |ednai 2eak djwap ut j|s weibolid ay3 jo A g-¢ 1o(€L07)
MO Aj|enued -oayi-suely pue S -ede | buung 1DY 191snD Adediya ayy a1enjeas o] pabe ualpjiyd z90z  [e 12 OAjeUdd
9)
pue ‘(3N Ajuo)  |3eis| ul sgey a4nsi3|
uopnuaAIRUl  pue Buies s,ualpfiyd
‘(¥d snid IN)  usuebuspury anoidwi
IM QL UOIIUSAIRIUI 01 weiboud uon 00(5107)
panalyde 10} 399M 1IN} :sdnoub ¢ -U3AJI1U] Ue JO SSau Koy ‘e
91eI3PO Ajjenied K109Yy3 ON  19d UOSS3| BUQ YUM DY 49ISND -dAIIIYD Y} Ssasse 0] pabe ualp|iyd 07  BASD-IauId]

uaipjiys ul

3DUEISISSE 3P “(%/'8L SA %891) 191P suqey Aresaip Ayyjeay

SNOUOJOUOW “(9%8" Lt SA 9%/"L€) Sydeus 9jowoud 01 pue sua

Ay3jeayun Joj D) pue H| UsaMIq panaiyde ow g Joy -yebispuny ul N Jo K9-¢ (0107
S9OUIIRYIP JULIIUBIS ‘UONIUSAIRIUI 1504 MO AjjenJed foayroN  Ayruow duQ 104 1edwi syl 1enjeas o] pabe ualpiyd 6181 ‘le19 nH
(500 >d) 6t°0 :dn
-MOJ|0} 1 pue {790 :€ Jeak 18 [16°0 7
UoUIAIUL
S9AI29(q0 1ONJISU0d jo fouanb uonednpa

sbuipuyy Jofey

Seiq Jodsly Jo Juswandlydy  /AIody) [elolneyag  -dJ4 pue Y3bua]  ubisap Apnig  uonLINu Jo 3ARR[GO

a|dwes Apnis FEBIIEIETEN

panunuo) 4 3/qo]

Nutrition Reviews® Vol. 76(8):553-580

570



: T
c = =
. 9 = =2°
PRI .
Eg=>co mg
SELS8e2_¢x
ES5®8S=5m™
2 EGTSTLA e
4l I < = CoEw
jo)} o X< &a [
c §u0"’ VvV v o
= = [} Q
5 O.Lgol24 &3
g -f858L4°%
= gf‘;:$0\°m8
o TR 9 £
T U O S Ym=¢
< DL >Smao S
= = © X O “n
oY 5 >®8 ¢
Q - ®V Tl G
£Y9gcqcica
2cvEow® ]
co=2o8E DY
QJZ\JO\Q.'—B{U
""—ng
= N4 Y o + w
D cwO 5= U
-_EUONmQ._Qu
(9
wv
.S
2 L
“—
2 B
o
=
.
S
-
c 9
v >
£ =
Lo |9
Y9 >
Z o Q
o] =
<< v
<C
~
=
f
2
< G
=2
T =
wv
= P
‘;O o
T v o
e =
[] L
o [}
=
\
(] L o
< c| .5
269 9€E
© = 7]
c > Cc v O o
s O g| o™
< w2
285|200
252355
9] £ §B&L
- =
c C)
o
D c <
] c £
© =)
5 |&3%
S 23T
Fl= >
+— QJH
A IR
£
c s, 0 =
o [T =
= =229y
h=d =] (e
= wu<_cg
S5 < £ ®cav g
c 9 2 oo g c
=] 2 c QU5
SR LccacL s
v S = [ e
25 |ERSSSE
F=a) E\_E = 35
b Yrc- ET @
() ] 2 o= C
= SZ3ELES
() oUCO‘iuu
'_
—_ >
@ S
g - <
[<]
] [
[ =
> o D
Ee) o ©
z &5
v et
< ™M T
(1) e
S ~
(=
"E
c
O |wn [<P.
o g LR
< | a
v |2 2 S
I BREE
R | =

Nutrition Reviews® Vol. 76(8):553-580

completion of CMH program

Abbreviations: BMI, body mass index; CG, control group; CMH, Color Me Healthy; FV, fruit and vegetable; IG, intervention group; NE, nutrition education; PA, physical activity; RCT, randomized

controlled trial; SCT, Social Cognitive Theory; SLT, Social Learning Theory; thsp, tablespoon; tsp, teaspoon.

diseases. This approach was used to allow for the di-
verse range of reported statistics, outcomes, and mea-
surement units.*’

RESULTS

A total of 41 studies describing nutrition education
interventions focused on children and published be-
tween 2009 and 2016 were assessed for their effective-
ness on the basis of reported evidence that the
interventions met their stated primary research objec-
tives. A majority of the studies (73%; n = 30) were con-
ducted outside the United States, while slightly more
than one-fourth of the studies (27%; n=11) were con-
ducted within the United States. Most of the studies
(63%; n=26) targeted elementary school children
(Table 2), while 8 (20%) targeted secondary school chil-
dren (Table 3) and 7 (17%) targeted preschool children
(Table 4).

A total of 19 studies (46%) met their primary re-
search objectives, as evidenced by their reported results,
while another 19 studies (46%) partially met their stated
objectives and 3 studies (7%) did not meet their stated
objectives. Seventeen of the 41 studies were informed
by theory but were not theory driven. There was no
convincing difference between the studies that used the-
ory as compared with those that did not use theory.

Successful nutrition education interventions in
elementary schools

Successful interventions targeting elementary school
children engaged parents by means of face-to-face ses-
sions, identified specific behaviors to be modified, and
assured fidelity by training teachers or recruiting
trained experts to deliver the intervention. In addition,
they allowed adequate dosage, with an intervention du-
ration of at least 6 months, and used age-appropriate
activities.

Parental engagement. Although engaging parents in the
interventions was a common factor in both successful
and unsuccessful interventions, half of the successful
interventions engaged parents on a face-to-face basis in-
stead of simply sending information  to
parents.”>***7*>7** For example, Muros et al’’ con-
ducted 6 nutrition classes for parents in addition to the
activities provided for children in the 3 groups that re-
ceived nutrition education (nutrition education, nutri-
tion education plus physical activity, and nutrition
education plus physical activity plus provision of 2 L of
extra virgin olive oil per week so that parents could sub-
stitute olive oil for the usual oil consumed). After the
intervention, the children’s cholesterol intake was
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significantly decreased in all 3 groups (P=0.000,
P=0.001, and P=0.000, respectively), bringing the
cholesterol values closer to the stated recommendations
of less than 300 mg/d. In contrast, studies that engaged
parents remotely by providing websites, assigning
homework, or sending written materials such as news-
letters did not report achieving their objectives.***”**?
For example, the study by Morgan et al’” provided 3 se-
ries of newsletters that focused on the health benefits of
eating fruits and vegetables and included strategies for
increasing fruit and vegetable intake at home. This in-
tervention did not succeed in increasing either vegeta-
ble or fruit consumption (P=0.22 and P=0.23,
respectively). Similarly, 8 (57%) of the studies that tar-
geted elementary school students but did not engage
parents at all were not successful in achieving their
objectives.3’29’34’36’39’41’45’46 For example, Moss et al®®
conducted an intervention that aimed to increase
knowledge and consumption of fruit and vegetables
among 3rd-grade students. They reported improved
knowledge of fiber (P < 0.001) and vitamins and miner-
als (P < 0.05), but they did not find a significant change
in consumption of fruit and vegetables.

Specific and measurable behavioral outcomes. Similarly,
identification of a specific desired behavioral outcome
was  critical in  achieving  stated  objec-
tives,?>28212337:384043.4447 Bor example, Kristjansdottir
et al’® aimed to increase fruit and vegetable intake in
the intervention group by at least 20%. Participants in
this study increased their intake of fruits and vegetables
by 54%. Other common behavioral outcomes identified
were to improve fruit and vegetable preferences*>**>%;
to increase knowledge about nutrition®>**** and physi-
cal activity’"*>*%; and to improve health-related param-
eters such as physiological and/or anthropometric
measurements.”>** In contrast, interventions designed
with broad goals that were not specific to a behavior
were not successful in achieving their objec-
tives,2427:29:30:35,:39:41:45:46 1 instance, the intervention
by Steyn et al™” aimed to promote physical activity and
healthy eating habits among the participants. Although
dietary diversity increased, physical activity and fruit
and vegetable consumption did not. The intervention
was not specific to the desired behavioral outcomes of
increased physical activity and improved eating habits.

145

Fidelity of interventions. The importance of implement-
ing the interventions as intended by using a standard-
ized protocol to ensure fidelity was critical among
successful interventions targeting elementary school
children. Successful interventions either trained existing
teachers or engaged nutrition experts in the implemen-
tation of the intervention,>®?%33?7:38404274447 Ry

572

example, in the study by Cunningham-Sabo and
Lohse,” food educators received for 30 hours of train-
ing to teach cooking and tasting lessons for the inter-
vention. This study significantly increased the
preferences of fruits and vegetables (P=0.012 and
P=0.001, respectively) and improved attitudes toward
cooking (P=0.02). Conversely, interventions that lacked
proper training for the implementers compromised fi-
delity and were unsuccessful.>***>*****! For instance,
although the study by Battjes-Fries et al** provided an
introductory workshop as well as manuals and materials
for the teachers, a standardized protocol for implemen-
tation to ensure fidelity was lacking. Teachers were
given options to implement the intervention over
2 weeks, 1 week, or even a semester. As a result of the
lack of a standardized implementation plan, only one-
third of the intervention was implemented, leaving the
other two-thirds of the intervention uncompleted and,
therefore, unsuccessful.

Adequate duration of intervention (at least 6 months). In
addition to fidelity, an adequate nutrition education
dosage or intervention period of 6 months or more was
predictive of success for most of the successful interven-
tions (67%; n=g).28:3337:38:4042-44 g, example, the in-
tervention carried out by Parmer et al*® focused on
increasing fruit and vegetable knowledge, preferences,
and consumption among 2nd-grade children for a du-
ration of 7 months. The results showed significant im-
provement in nutrition knowledge (P < 0.01) and taste
ratings (P < 0.001) in the intervention group compared
with the control group. In contrast, the 8 studies (57%)
that spent less than 6 months on the intervention did
not meet or only partially met their stated objec-
tives,>272930:34-3646 gy example, a 1-time (135 min) in-
tervention study by Mittman et al®* among 7- to 14-
year-old children and their parents did not achieve its
stated objective of increasing fruit and vegetable intake
in any of the assessment periods. Instead, fruit and veg-
etable intake showed a significant decline between base-
line and the 2 follow-up assessments.

Age-appropriate activities. Finally, successful interven-
tions targeting elementary school children used
age-appropriate activities,22:26:28:31,37,38,40,42,44,47 Age-
appropriate activities at the elementary school level in-
cluded cooking and/or tasting sessions’>***’; a
learning-through-playing approach based on age or

40,44,47 . 2838, . .
grade ; gardening sessions™””°; training classes in

physical activity’”**; the use of posters, masks, and

songs’"*%; and the use of vocabulary and mathematics
questions based on nutrition-related issues.”**" In par-
ticular, the intervention carried out by Keihner et al’’

designed different activities based on grade level

Nutrition Reviews® Vol. 76(8):553-580
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For example, 4th-grade students were asked to search
for a nutrition-related word and write a composition
about its qualities and health benefits, while the 5th-
grade students completed a word scramble and pre-
pared a group oral report about food qualities and
health benefits. This study significantly increased stu-
dents’ knowledge of fruits and vegetables (P < 0.05) and
self-efficacy toward eating fruits and vegetables
(P <0.001), while interventions that implemented a sin-
gle intervention within a wide age range without dis-
criminating according to age were not successful in
achieving their objectives,>®?*272%393%3%46 Eqor exam-
ple, Herbert et al*® evaluated the effectiveness of their
intervention in changing behavior and physical activity
habits among children aged 7 to 11 years. This interven-
tion, which included a 15-minute lecture on different
nutrition topics, a 10-minute physical activity warm-up,
and a 35-minutes aerobic exercise and fitness game,
provided the same activities for all age groups.
Although the intervention group showed a significant
reduction in the consumption of french fries and chips,
there was no significant increase in either the consump-
tion of vegetables or physical activity in comparison
with the control group.

Successful nutrition education interventions in
secondary schools

The successful nutrition education interventions that
targeted secondary school children added policy and
environmental changes to the intervention, used age-
appropriate activities that included technology, identi-
fied specific behaviors, aligned activities with their
stated objectives, offered the intervention frequently
(such as weekly or biweekly), engaged parents on a
face-to-face basis, and trained implementers to ensure
fidelity.

Environmental and policy changes. Change of environ-
ment was a factor in 3 of the 8 successful interventions
in this category.***>>” It was effective in increasing
healthy food choices, changing attitudes, or reducing
weight as measured by body mass index (BMI). For ex-
ample, an intervention by Campos Pastor et al*® pro-
vided a daily balanced breakfast composed of a dairy
product, fruits, cereals, nuts, and a sandwich with pro-
tein content; a prescribed well-balanced diet; and les-
sons on dietary and lifestyle recommendations for
students, family members, and teachers. After the inter-
vention, the authors observed decreases in the preva-
lence of overweight and obesity (P <0.001) and the
prevalence of metabolic syndrome (P <0.001).
Similarly, a study by Singhal et al> that introduced en-
vironmental and policy-level change in the school

Nutrition Reviews® Vol. 76(8):553-580

cafeterias replaced soft drinks and high-calorie foods
with healthful Indian foods. At the 6-month follow-up
assessment, a significant reduction was found in the
proportion of children who consumed soft drinks (from
26.3% to 11.2%; P < 0.001) and energy-dense unhealthy
foods (from 16.1% to 7.2%; P=0.03). Likewise,
Maatoug et al>® encouraged the snack stores in schools
to replace sugary snacks with healthful snacks and en-
couraged students to include fruit, vegetables, or dairy
products in their meals by offering incentives. After the
intervention, students in the intervention group signifi-
cantly increased their intake of fruit and vegetables
(P=0.04).

Age-appropriate activities. Similar to the interventions
conducted among elementary school children, interven-
tions that used age-appropriate activities among sec-
ondary school children were more likely to achieve
their objectives. Age-appropriate activities in secondary
school included role play, peer-led discussions, student
health fairs, sports games, the use of cosmetic content—
based nutrition education, and the use of technology,
such as surfing the internet or using a multimedia
CD.*>%%% For example, the intervention developed
by Dehdari et al*’ focused on frequency and nutrient
intake during breakfast, using the theory of Pender’s
Health Promotion Model. Students were divided into
small groups to surf the internet, design posters, or cre-
ate role play about aspects of breakfast consumption.
Other activities included strategies to overcome the per-
ceived barriers to eating a healthy breakfast. The results
of the intervention showed significant increases in per-
ceived benefit, perceived self-efficacy, positive activity-
related affect, interpersonal influences, situational
influences, commitment to a plan of action, and weekly
frequency of breakfast consumption in the intervention
group compared with the control group (P < 0.05). In
addition, the use of age-appropriate topics relevant to
secondary school children was effective in changing be-
havior. For instance, Somsri et al’* compared the effec-
tiveness of a cosmetic content-based nutrition
education with that of a health content-based nutrition
education in promoting fruit and vegetable consump-
tion. After the intervention, knowledge scores, attitude
scores, and the amount and variety of fruits and vegeta-
bles consumed in the cosmetic content-based nutrition
education group significantly increased compared with
baseline (P < 0.001).

Aligning objectives with activities. Alignment of interven-
tion activities with the stated objectives and the desired
outcome was critical for the success of interventions
among secondary school children.***>>*~>> For example,
the intervention developed by Viggiano et al> assessed
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the effectiveness of the game Kaledo in improving nu-
trition knowledge and in promoting long-term healthy
dietary behavior in adolescents. The intervention fo-
cused on the use of Kaledo, a board game that repre-
sents a journey through daily meals of the
Mediterranean diet. After 6 months of the intervention,
the results showed a significant improvement in the
children’s nutrition knowledge, physical activity, food
habits, and BMI z score in the intervention group com-
pared with the control group (P < 0.001).

Adequate duration of intervention (at least 6 months).
Adequate dosage and frequency of exposure were im-
portant factors among successful secondary school
interventions. Six of the 8 successful interventions pro-
vided weekly or biweekly sessions that lasted between
30 and 60 minutes.***>**">> For instance, Campos
Pastor et al*® designed a 45-minute program that was
implemented biweekly for 1 academic year. Significant
decreases in the percentage of students who were over-
weight (P < 0.001) and who improved their glucose and
triglyceride levels (P < 0.001) were observed in the in-
tervention group.

Parental engagement. Similar to findings in effective ele-
mentary school interventions, 4 of the 8 successful
interventions involved face-to-face interaction with
parents.**>*>> For instance, the study by Singhal et al’’
engaged parents by providing a day-long health camp
led by a trained nutritionist. At the 6-month follow-up
assessment, significantly more students from the inter-
vention group brought lunch from home that included
fruit (P < 0.001) as compared with the control group.

Fidelity of interventions. As noted with the elementary
school interventions, accurate implementation of inter-
ventions is critical to ensure fidelity. Among the sec-
ondary school interventions, all 8 interventions were
implemented by trained nutritionists, researchers, or
teachers and reported using a standardized format.**~>°

Successful nutrition education interventions in
preschools

Successful nutrition interventions in preschoolers tar-
geted specific behaviors, aligned activities with the
stated objectives and expected behaviors, engaged
parents on a face-to-face basis, and provided hands-on
activities. Similar to successful interventions in the
other age groups, effective preschool interventions in-
cluded age-appropriate activities, ensured fidelity by
providing training to teachers, and offered short but
frequent sessions to accommodate the short concentra-
tion span of preschoolers.

574

Specific and measurable behavioral outcomes. Targeting
specific behaviors to modify was one of the characteris-
tics commonly observed among the successful interven-
tions.”*®%* For example, Hoffman et al’® planned a
2.5-year intervention that included knowledge, prefer-
ence, and consumption of fruits and vegetables. More
specifically, their results showed a significant increase
in fruit and vegetable intake, ie, 1.5 tablespoons of fruit
(P<0.0001) and 1.5 teaspoons of vegetables during
lunch (P =0.005) for the duration of the project.

Aligning objectives with activities. Successful interven-
tions strongly aligned their objectives with the activities
implemented.’”>%¢%¢!
ined the effect of nutritional education on children’s
breakfast patterns. The intervention included teaching
parents the benefits of breakfast for children and the
methods of breakfast preparation. The lessons were ac-
companied by visual aids such as pictures and food
models of breakfast items and an illustrated book for
children. Parents received brochures with example of
breakfast meals. This intervention resulted in a signifi-

. 57
For instance, Gao et al’’ exam-

cant increase in both the frequency of breakfast intake
(P=0.02) and the selection of more nutrient-dense
breakfast meals (P < 0.001) in the intervention group
compared with the control group. In contrast, 2 inter-
ventions that partially met their objectives did not align
their stated objectives with the activities.”>*® For exam-
ple, De Bock et al’® conducted an intervention aimed to
improve fruit, vegetable, and water consumption and to
decrease anthropometric measurements such as BMI,
waist circumference, waist-to-height ratio, and total
body fat. The intervention activities were focused on
fruits and vegetables as snacks and the importance of
drinking water. Although the intervention significantly
increased the intake of fruits and vegetables (P < 0.05
and P<0.01, respectively), there was no significant
change in daily water consumption, BMI, waist-to-
height ratio, or total body fat.

Parental engagement. As observed among successful
interventions in elementary and secondary schools, 5 of
7 studies that targeted preschoolers in this review in-
cluded parental engagement on face-to-face basis, with
hands-on activities in addition to lectures.”>*”>*~®" For
example, De Bock et al®® created hands-on activities in
which parents and children interacted in activities such
as preparing fruit and vegetable snacks. These strategies
significantly increased the intake of fruits (P < 0.05)
and vegetables (P < 0.01).

Fidelity of interventions. To ensure fidelity, all successful
nutrition education interventions provided training to
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58,60-62 56,57,59

teachers or health professionals to imple-
ment the interventions. For instance, Lerner-Geva
et al®® provided training for teachers. By the end of the
intervention, children showed significantly increased
nutritional knowledge (P =0.03).

Age-appropriate activities. Although age-appropriate
interventions were important in all age groups, they
were critical in the preschooler age group.”® °"%* Age-
appropriate activities in preschool included learning
through a story book®””’; using role models through
play acting, posters, or videos®®%; exploring with the
senses’”; and playing games or coloring sheets with
peers.”” For instance, the intervention conducted by
Witt and Dunn®® consisted of hands-on, 30-minute
weekly lessons. It included the use of music, exploration
of the senses, colors, and imaginary trips to promote
the consumption of fruits and vegetables. The interven-
tion was delivered in short but frequent sessions to
accommodate the short concentration span of pre-
schoolers. As a result, there was a significant increase
between baseline and the 3-month follow-up in the con-
sumption of fruit snacks (by approximately 20.8%;
P <0.001) and vegetables snacks (by approximately
33.1%; P < 0.01). In contrast, a study by Pefialvo et al®'
designed to promote healthy behaviors in preschool
children included activities to teach correct manage-
ment of emotions to develop protective behaviors
against abuse of tobacco, alcohol, and drugs. At the end
of the intervention, no significant improvement in this
component was observed. In the current systematic re-
view, the discussion of tobacco, alcohol, and drugs was
not considered age-appropriate for preschool children.

DISCUSSION

The purpose of this systematic review was to identify
factors characterizing studies published between 2009
and 2016 that were successful in achieving their stated
objectives in nutrition interventions among children. In
order to capture age-based strategies, studies were
grouped and reviewed according to their targeted age
groups: preschool, elementary, and secondary school
children. Seven overarching factors emerged as critical
to successful nutrition education among children: (1) a
multicomponent (involving teachers and parents), mul-
tilevel (including the schools and the home) approach;
(2) adequate duration of intervention and frequency of
exposure; (3) parental engagement; (4) age-appropriate,
hands-on experiences; (5) fidelity as ensured by training
of the implementers and standardization of the protocol
among all groups; (6) environmental change to impact
knowledge (upstream outcome) and then behavior
(midstream outcome); and (7) proper alignment
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between the stated objectives, the intervention, and the
desired outcome, which is needed to affect weight or
BMI (downstream outcome). The findings of the cur-
rent systematic review are based on critical analysis of
these factors. The use of behavior theories in the studies
reviewed was not associated with success of interven-
tions, perhaps because other factors mentioned above
were more critical or because the majority of the studies
that used theory were informed by theory but were not
theory driven. However, a review by Murimi et al** that
looked at factors associated with successful interven-
tions among adults found that interventions were more
likely to succeed if they were theory driven. Theory-
driven studies use the specific theory constructs in the
methodology, intervention, and assessment, while
theory-informed studies might identify the theory that
informs their studies but may not use all its constructs
throughout the study.*

Multicomponent and multilevel interventions

Effective nutrition education is a complex undertaking
that calls for a systematic and comprehensive assess-
ment of the determinants of—as well as the barriers
to—the desired outcome to inform the intervention.**
This review found that nutrition education interven-
tions with a comprehensive, multicomponent, and mul-
tilevel approach were more likely to achieve their stated
objectives in all age groups. For example, a majority of
the preschool interventions that were successful utilized
both teachers and nutrition experts to implement the
interventions in school settings and engaged the parents
to extend the intervention to the home.”® ** In addition
to incorporating multiple components, they included
several levels of intervention, such as knowledge, tasting
sessions, and skills building.”>***"** These findings
confirm the finding of a systematic review by Colquitt
et al,” who concluded that multicomponent interven-
tions in preschool children were associated with a re-
duction in overweight or obesity. Similarly, the current
review found that nutritional interventions in elemen-
tary schools were more likely to meet their objectives
when they were multifaceted, had a high frequency of
exposure, were delivered by nutritionists or trained
teachers, and engaged parents. This confirms the find-
ings of a review by Van Cauwenberghe et al,’® namely
that multicomponent interventions that include im-
proved availability of fruit and vegetables, a nutrition
education curriculum delivered by teachers, and at least
some parental involvement can improve intake of fruits
and vegetables.
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Duration and frequency of exposure

Health-related behavior change is a complex process
that includes new behaviors to learn and undesired
behaviors to reduce. This process often requires time to
learn new skills, identify resources, practice the new be-
havior, and identify support to sustain the new behav-
ior.”” In addition to including multiple levels and
multiple components, this current review found that
reviewed interventions were more likely to meet their
stated objectives when they were implemented for more
than 6 months and offered frequent exposures, such as
weekly or biweekly. This finding was in agreement with
the results of a systematic review performed by Murimi
et al** on nutrition education for adults, which found
that interventions implemented for more than 5 months
were more likely to meet their stated goals. Similarly, a
systematic review by Ling et al®® found that increasing
the length of an intervention or including a long-term
follow-up of at least 12 months might help to identify a
delayed intervention effect.

Parental engagement

Although most school children spend most of their day
time at school, significant health and dietary behaviors
are acquired long before school age and are enforced
daily either by parental modeling, feeding style, or avail-
ability of the desired food choices during breakfast or
dinner.®” It is therefore critical for interventions target-
ing children to incorporate both the school and the
home environment to be effective in promoting a sus-
tainable healthy lifestyle.”” This systematic review found
parental engagement in all 3 age groups to be critical
for successful interventions aimed at modifying dietary
behavior or weight loss. The majority (n=21) of the
studies did not engage parents, and other studies en-
gaged parents by passive methods (n=6) such as pro-
viding them with written information or directing them
to a website.*»*”*1?23>%% Successful studies were more
likely to engage parents actively, ie on a face-to-face ba-
sis, by offering them nutrition classes’”***>% or
health fairs*>****°'; requiring them to accompany their
children during cooking, tasting, or nutrition education
sessions”>**°*7; or allowing them to be part of the pro-
gram’s staff.”®** This was especially critical in the inter-
ventions that targeted preschool students.’>*”>"~%!
These findings are congruent with the results of a meta-
analysis performed by Ling et al,*® who concluded that
interventions providing skills training and behavioral
change strategies aimed at parents were associated with
improvement of children’s BMI in preschool. Similarly,
a systematic review by Loveman et al’’ demonstrated
that, when interventions with multiple components (ie,
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diet, physical activity, and behavior) were delivered to
the parents of elementary school children, children’s
body weight improved by significantly decreasing an
average of 0.1 in BMI z score at the longest follow-up
period (9-12 months) (P=0.04). Similarly, Meiklejohn
et al”” found significant changes in anthropometric
measures among adolescents when parents were en-
gaged. More importantly, active parental engagement
compensated for short intervention durations, as dem-
onstrated by a review conducted by Neimeier et al,'
who found that children and adolescents’ actual BMI
reductions were greater in interventions that engaged
parents, even when controlling for the duration of
interventions. In addition, the duration of interventions
and parent participation both contributed indepen-
dently to intervention success rates."”

Age-appropriate and experiential learning

The pool of interventions in the current review repre-
sented a wide age range, from preschool to high school
age. The wide difference in age implies a wide differ-
ence in cognition, abstract thinking, and skills, among
others.">™"® It was therefore critical for this review to as-
sess the design of the interventions on the basis of age
appropriateness. The results of this assessment showed
that interventions applying age-appropriate and/or ex-
periential activities were more likely to be successful.
For example, Hoffman et al®® and Witt and Dunn®
designed studies to increase the consumption of fruits
and vegetables among preschoolers by implementing
age-appropriate activities such as the use of role models
(cartoons, teachers, coaches) and activity-based lessons
that included tasting, imagining, and color associations
with fruits and vegetables. Hoffman et al>® significantly
increased the consumption of fruits and vegetables, and
Witt and Dunn® significantly increased the consump-
tion of fruit and vegetable snacks. The findings of this
systematic review concur with those of Dudley et al,”>
who concluded that experiential learning strategies
were associated with the largest effects across studies
that reported outcomes of reduced food consumption
or energy intake, increased fruit and vegetable con-
sumption or preference, and increased nutritional
knowledge. Similarly, all elementary school interven-
tions that met their stated objective applied interactive
education and hands-on experiences in teaching physi-
cal  activity and  healthy  eating  behav-
iors,>>26:28:31,33,37,38404274447 A pyong secondary school
children, age-appropriate activities that led to successful
interventions included the use of topics important to
adolescents. For example, the cosmetic content-based
nutrition intervention by Somsri et al>* (a nutrition ed-
ucation intervention that explained the benefits of fruit
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and vegetable consumption for the skin, body shape,
body weight, and other aspects of body image) was
more effective in increasing fruit and vegetable con-
sumption than the health-based intervention.

Fidelity of interventions

Fidelity in intervention ensures that all intervention ac-
tivities are executed as planned in the methods. In this
review, studies that had high fidelity were more likely to
succeed in achieving their stated objectives, ie, approxi-
mately 82% (n=31) of the interventions that met or
partially met their objectives trained existing teachers or
engaged nutrition and physical activity experts in the
implementation of the interventions. These findings are
in agreement with a review by Ross et al”* and Ling et
al,® who found that providing preschool teachers with
a health promotion opportunity to enhance their health
knowledge increased healthy behaviors, reduced stress,
and increased the fidelity and quality of the
intervention.

Environmental changes for upstream and midstream
outcomes

The results of this review found that environmental
changes were critical in achieving stated objectives
among interventions that targeted secondary school stu-
dents. For example, 3 of the 7 successful interven-
tions*****?  were effective in increasing positive
attitudes toward increasing fruit and vegetable con-
sumption and reducing either weight as measured by
BMI or unhealthy food choices such as carbonated
drinks, burgers, pizzas, and french fries. Environmental
changes included providing a standardized breakfast for
students during the duration of the intervention and
prescribing a well-balanced diet. These resulted in a sig-
nificant decrease in the prevalence of overweight and
obesity  (P<0.001) and metabolic syndrome
(P<0.001).*® Similarly, a study by Singhal et al> that
implemented an environmental and policy-level inter-
vention by replacing sugar-added beverages with
healthful Indian foods was successful in reducing the
consumption of sugar-added beverages and increasing
the consumption of healthful alternatives. Other sys-
tematic reviews have found environmental and/or pol-
icy interventions to be effective in changing behavior.
For example, a systematic review by Silveira et al”
showed that school environmental change to ensure an
uninterrupted supply of fruits and vegetables in schools
allowed children and adolescents to have access to these
foods, thereby increasing the feasibility of incorporating
fruits and vegetables in their diet. Similarly, a systematic
review by Mercado et al’® found studies that addressed
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the school or community environment were successful
in decreasing the BMI of participants. Examples of envi-
ronmental strategies included modification of food
served in schools and creation of safe walking routes to
schools. Another environmental strategy, the Delicious
and Nutritious Garden intervention, included cooking
and taste testing reported a significant increase in the
number of fruits and vegetables ever eaten, in vegetable
preferences, and in fruit and vegetable asking behavior
at home.

Activities based on stated objectives and targeted
expected outcomes

The importance of setting realistic objectives and plan-
ning activities aligned with the objectives and the de-
sired behavior was critical in studies that were
successful in achieving their objectives. Nutrition edu-
cation interventions that succeeded had clear alignment
between the stated objectives, the desired outcome, and
the implemented activities. For example, in the study by
Gao et al,”’ the objective of the program was to promote
consumption of a healthy breakfast for children. To
achieve their objectives, the authors addressed both the
children, who had a role in consuming the breakfast,
and the parents, who had a role in preparing the break-
fast. The intervention included educating children
about the benefits of eating breakfast and educating
parents about the methods of breakfast preparation.
This intervention resulted in a significant increase in
the number of times children ate breakfast and the se-
lection of more nutrient-dense breakfast choices in the
intervention group. Another example is provided by
Singhal et al,”* whose study among adolescents focused
on the benefits of physical activity and healthy foods
such as fruits, vegetables, and dairy and the harmful
effects of junk foods. The study promoted healthy life-
styles among the adolescents by engaging them in activ-
ities such as planning their own lunch, planning healthy
diets daily by themselves, and listing healthy alternatives
to high-calorie foods. The intervention significantly
lowered the consumption of carbonated drinks and
energy-dense foods and significantly increased fruit in-
take during lunch. Other systematic reviews found simi-
lar findings. For example, a review by Murimi et al*>
found that studies whose objectives, activities, and de-
sired outcomes were aligned were more likely to be suc-
cessful. Similarly, a systematic review by Silveira et al’”®
concluded that interventions using structured activities
aligned with specific objectives to provide knowledge
about the benefits of maintaining a healthy diet were
more likely to be successful.

This review has 2 limitations. First, only articles
published in English were considered. Therefore, it is
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possible that some recent and important findings pub-
lished in languages other than English were left out.
Second, this review was limited by a lack of adequate in-
formation in the methods and results of some articles.
This hindered the ability to properly evaluate the con-
tributions and effectiveness of specific components of
nutrition education interventions, including the use of
theory and the dosage of interventions (frequency and
duration). Despite these limitations, the strength of the
current review lies in its analysis of several factors that
contributed to the success of various types of interven-
tions. This is different from previous reviews that fo-
cused primarily on the analysis of a single type of
intervention and the related outcome.

CONCLUSION

This review indicates that nutrition education interven-
tions are more likely to be successful in achieving their
objectives when experiential activities such as gaming,
gardening, and cooking demonstrations are incorpo-
rated and when specific dietary behaviors are targeted
for modification. In addition, interventions that en-
gaged parents through face-to-face interaction and de-
livered extensive training for external experts and
teachers to enhance fidelity were more likely to achieve
their objectives. While all the successful interventions
reported an increase in participants’ knowledge, inter-
ventions were more likely to be successful in changing
behavior when the duration of the intervention was
more than 6 months.

Studies that delivered interventions within a period
of less than 6 months, used intervals of more than
2 weeks between lessons, or delivered a single-dose edu-
cational intervention were less likely to be successful in
achieving their objectives. Similarly, interventions that
delivered passive education programs for parents, such
as providing a web link or written material, did not
benefit from that component of parental involvement.
In addition, interventions were less likely to meet their
stated objectives if they broadly promoted healthy eat-
ing in general without targeting a specific behavior or
did not ensure fidelity but just provided tool kits with-
out specific guidance on the usage of the material in-
stead of training the teachers directly. While most
interventions were successful in improving knowledge,
attitudes, and behavioral measures, downstream varia-
bles such as BMI, waist circumference, and percent
body fat, when used as outcome measures, did not
show any meaningful improvement without the use of
multiple components and long durations.

This systematic review demonstrates the impor-
tance of designing an age-appropriate intervention of
adequate duration (at least 6 months) to change

578

behavior in all age groups of school children.
Researchers planning to implement interventions
among preschool children are encouraged to design
short but frequent sessions to accommodate the short
attention span of preschoolers, to include hands-on ac-
tivities, and to work with parents, preferably on a face-
to-face basis. A combination of adequate dose (duration
of at least 6 months) and trained implementers is criti-
cal for elementary school children, while the use of
technology and age-appropriate topics is important for
secondary school children. Although the use of theory
did not determine the success of the interventions ana-
lyzed in this review, it is important to note that most of
the interventions were only informed by a theory but
were not designed and driven by theory. As indicated
by a previous systematic review on nutrition education
in adults, theory-driven interventions are more likely to
be successful.”?
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