Systematic Review

ILSI Europe Systematic Review: The Impact of Digestible
and Nondigestible Carbohydrate Consumption for Toddlers
(1-4 Years) in Relation to Health Outcomes

Bartlomiej M. Zalewski ®', Gisela A. Weiss 27, Cristina Campoy ®*°®’, Tamas Decsi®, Elisabetta Di
Profio °'°, Renaud Mestdagh'', Maryam Rakhshandehroo @'?, Hania Szajewska @',

Stephan Theis ®'?, Elaine E. Vaughan ®'#, Elvira Verduci ®'°, Ching-Yu Chang @ '®*

'Department of Pediatrics, The Medical University of Warsaw, 02-091 Warsaw, Poland; 2Yili Innovation Center Europe, 6708 WH
Wageningen, The Netherlands; 3Europe Research Center—National Center of Technology Innovation for Dairy (China), 6708 WH
Wageningen, The Netherlands; *Department of Pediatrics, School of Medicine; >EURISTIKOS Excellence Centre for Pediatric Research,
University of Granada, Granada, Spain; ®BioSanitary Institute of Granada (Ibs-Granada), Granada, Spain; “CIBERESP Spanish Research
Network on Epidemiology and Public Health, National Institute of Health Carlos I, Madrid, Spain; 8Department of Pediatrics, Faculty of
Medicine, University of Pécs, Pécs, Hungary; *Department of Health Science, University of Milan, Milan, Italy; '°Department of Dietetics
and Clinical Nutrition, Maggiore della Carita Hospital, Novara, Italy; 11CargiII R&D Centre Europe BV, B-1800 Vilvoorde, Belgium; 2Danone
Research and Innovation, 3584 CT Utrecht, The Netherlands; "> BENEO/Suedzucker Group, 67283 Obrigheim, Germany; '*Sensus (Royal
Cosun), 4704 RA Roosendaal, The Netherlands; '*Metabolic Disease Unit, Department of Pediatrics, Vittore Buzzi Hospital, University of
Milan, Milan, Italy; "®International Life Sciences Institute, European Branch, 1200 Brussels, Belgium

*Corresponding author: Ching-Yu Chang, International Life Science Institute, European Branch, 1200 Brussels, Belgium
(Publications@ilsieurope.be).

Context: Early dietary habits play a crucial role in shaping long-term health out-
comes. Understanding the effects of different carbohydrate types on physiological
markers is essential for developing evidence-based nutritional quidelines for tod-
dlers. Objective: The aim was to systematically evaluate the impact of both diges-
tible and nondigestible carbohydrate intake during early childhood (1-4 years of
age) on various health outcomes, including growth patterns, metabolic parame-
ters, and the development of risk of cardiovascular diseases. Data Sources:
PubMed, Embase, and CENTRAL databases were searched up to April 2022 to iden-
tify studies investigating carbohydrate consumption in toddlers. Data Extraction:
The types of carbohydrates consumed, their sources, and their associations with
growth parameters and metabolic markers were extracted. Thirty-one publications,
including 18 cohort studies and 2 randomized controlled trials, were included.
Data Analysis: The risk of bias was assessed using the Mixed Methods Appraisal
Tool. A narrative synthesis was performed, with a visual summary table of the
direction of effects. Conclusion: In toddlers, the negative impact on health risks
later in life is more pronounced for digestible dietary carbohydrate intake in liquid
forms, such as sugar-sweetened beverages and fruit juice, compared with solid
forms. Higher nondigestible carbohydrate (dietary fiber) intake during early child-
hood showed a beneficial trend on later lipid profile. Further studies are required to
comprehensively assess the effect of digestible and nondigestible carbohydrate
intake in toddlers on cognitive and psychomotor development, infections, bowel
function, and gut microbiota.
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Graphical abstract

What is the impact of digestible (DC) and non-digestible carbohydrates (NDC)
consumption in toddlers (1-4 years) in relation to health outcomes?
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INTRODUCTION

Despite substantial advances in understanding the role
of dietary digestible and nondigestible carbohydrates
(DCs and NDCs, respectively) in adult health, there is
less research on their impact in young children for both
short- and long-term health outcomes. In Europe, types
of carbohydrates allowed in infant and follow-on for-
mula are regulated.' Upon the introduction of solids
into the infants’ diet, ideally all types of carbohydrates
may be introduced, mainly through fruits and vegeta-
bles.>* The European Food Safety Authority (EFSA) rec-
ommends that 45%-60% of an adult’s energy intake
should come from carbohydrates, based on their effect
on body weight and blood lipids, with consideration of
practical factors. This recommendation has been
extended to children aged 1-3years.>® The intake of
added/free sugars is recommended by the European
Society for Paediatric Gastroenterology, Hepatology, and
Nutrition (ESPGHAN) not to exceed 5% of energy
intake in children aged 2 years and older, and to be even
lower in children younger than 2 years, with the specific
recommendation to replace food groups like sugar-
sweetened beverages (SSBs) and fruit juices with water.”
However, physiological responses to different types
of carbohydrates can vary. The review includes studies

1100

on various carbohydrate sources, including liquid forms
such as SSBs and fruit juice, to provide a comprehensive
overview of carbohydrate intake in pediatric popula-
tions. However, it is important to note that these liquid
sources may present unique metabolic responses and
confounding factors that limit their ability to fully rep-
resent total DC intake.

In this review, we categorize carbohydrates into 2
main types: “digestible carbohydrates” (ie, carbohy-
drates digested and absorbed in the human small intes-
tine) and “dietary fiber,” which are NDCs passing to the
large intestine. This definition of dietary fiber also
includes lignin, as per the EFSA opinion.*

Nutritionally, carbohydrates can be differentiated
according to their distinct effects on physiology and
metabolism.® Glycemic carbohydrates, which are carbo-
hydrates digested and absorbed in the human small
intestine with a subsequent increase in blood glucose,
provide carbohydrates to body cells, mainly in the form
of glucose. They include monosaccharides (ie, glucose,
fructose), disaccharides (ie, sucrose, lactose), malto-
oligosaccharides, and polysaccharides (ie, starch). In
contrast, nonglycemic carbohydrates pass undigested to
the large intestine and with no increase in blood glu-
cose. These include dietary fibers and other NDCs.
Nondigestible ~ carbohydrates include non-starch
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polysaccharides (ie, cellulose, hemicellulose, pectin),
oligosaccharides (ie, fructo-oligosaccharides [FOS],
galacto-oligosaccharides [GOS]), and resistant starch.
Essentially all NDCs we refer to can be characterized as
dietary fiber.* The EFSA established an adequate intake
(AI) of dietary fiber for children aged 12 to 48 months
based on the role of dietary fiber in bowel function.* An
Al of 10g per day has been proposed for young chil-
dren; however, many European children fall short of
this target, with mean dietary fiber intakes ranging from
approximately 6 to 15 g per day.’

Different types of carbohydrates have varying
impacts on the human body. For example, some mono-
and disaccharides such as glucose or sucrose provide
rapid energy, while dietary fiber and NDCs play a role
in improving bowel habits or glycemic response.”
Nondigestible carbohydrates may also play a role in
shaping the intestinal microbiota, which is increasingly
recognized as important for child health.® Early-life
nutrition and the development of gut microbiota have
been linked to noncommunicable diseases, such as car-
diovascular disease, obesity, type 2 diabetes, and meta-
bolic dysfunction-associated fatty liver disease later in
life.”'® There is increasing evidence that intake of diet-
ary fiber over time may play a role in the prevention of
diseases such as type 2 diabetes, cardiovascular health,
and colorectal cancer.'"'?> While this evidence has
largely been established in adult populations, in young
children there may be immediate physical, well-being,
and mental effects impacting them into adulthood."
More than 10 years ago, an International Life Sciences
Institute (ILSI) review on the role of DCs in infants and
toddlers pointed out the limited number of carbohydrate-
intake studies and the lack of information about starch
intake in children younger than 4years.'* Similarly, a
recent ILSI workshop identified a lack of scientific data
on how common foods affect glucose and insulin levels in
children."” Given the anticipated limited number of stud-
ies focused on this age group, we have chosen to evaluate
both DC and NDC usage in toddler foods to provide a
more robust evidence base for informing public health
strategies, rather than diluting the findings across separate
reviews. The selection of health outcomes of interest was
made by experts from a cross-disciplinary team, focusing
on key aspects of toddler health. Children aged 1 to 4
years old experience rapid growth, with substantial
changes in both body and brain size (growth outcomes),'®
while their immune system is still in the process of matur-
ing (infection outcomes)."” These early years are also
critical for establishing healthy body composition and
metabolic regulation, influencing outcomes such as obe-
sity, glucose homeostasis, and lipid profiles. This period
often marks significant dietary transitions, such as the
shift from breastfeeding or formula feeding to solid foods,
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which can substantially affect health outcomes, including
bowel function, immune development, and gut micro-
biota composition.'® Both the American Academy of
Pediatrics (AAP)'® and the World Health Organization
(WHO)® recommend breastfeeding alongside comple-
mentary foods for up to 2years or longer, as desired by
the mother and child. Human milk, a source of both lac-
tose and nondigestible human milk oligosaccharides, con-
tinues to be consumed by a significant proportion of
children in this age group and may influence immune
system development and gut microbiota composition.
The aim of this paper is to systematically review the cur-
rent evidence on the impact of both DCs and NDCs in
toddler nutrition, focusing on children aged 12-
47 months with respect to the prespecified health out-
comes of interest. Our objective was to identify existing
evidence gaps and determine the additional research
needed to enhance understanding of the impact of carbo-
hydrates on toddlers.

METHODS

This report adheres to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
2020 guidelines.”' The review protocol was predeter-
mined and agreed upon during the ILSI Europe Dietary
Carbohydrates and Early Nutrition and Long-Term
Health Task Force meetings in April/May 2022.
Although the review protocol was not formally regis-
tered or published, the methods for each stage of this
systematic review were predetermined and agreed
upon. The inclusion criteria were established following
the PI(E)COS (Population, Intervention/Exposure,
Comparison, Outcomes, Study design) framework
(Table 1), as follows:

* Population. Studies involving presumably healthy chil-
dren from general populations were included, while
those involving only children with specific diseases/
conditions, such as diarrhea or obesity, were excluded.
The selected age range was 12-47 months, chosen due
to limited research available on this population. When
studies with mixed age groups were included, at least
50% plus 1 of the participants had to be in the target
age group to be considered.

* Intervention/exposure. DCs and NDCs.

* Comparison. Different amounts of DC and NDCs, or a
control group.

* Outcomes. To be included in this systematic review,
studies had to report at least 1 of the health outcomes
(including children, adolescents, adults) listed in
Table 1.

* Study design. Randomized controlled trials (RCTs) and
prospective cohort studies (PCs) were included in this
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Table 1. PI(E)COS Inclusion Criteria

Parameter Criterion

Population Children

Intervention/Exposure Digestible and nondigestible carbohydrates at age 12-47 months

Comparison Comparison of levels/different amounts of digestible and nondigestible carbohydrates;

control group
Outcomes (short- and/or long-term)

1. Growth (weight, length, head circumference)

2. Infections (diagnosis of infection rather than specific measurements of infection)

3. Bowel function (stool frequency/consistency; constipation, diarrhea)

4. Cognitive and psychomotor development

5. Obesity/overweight/body composition

6. Glucose metabolism/homeostasis (including fasting plasma glucose [FPG], insulin, glycated
hemoglobin [HbA1c], C-peptide, others)

7. Lipids (low-density-lipoprotein cholesterol [LDL-C]/high-density-lipoprotein cholesterol
[HDL-Cl/triglycerides [TG/total cholesterol [TC])

8. Gut (fecal) microbiota
Randomized controlled trial, prospective cohort study

Study design

systematic review. Reviews focusing on studies of inter-
est were excluded, although references were searched.

Search Strategy

The search for eligible studies was conducted using 3
main electronic databases (PubMed, Embase, and
CENTRAL) up until April 2022. The reference lists of
included studies were checked. In addition, relevant sys-
tematic and non-systematic reviews that were excluded
during the screening process were searched manually.
Experts in the field were contacted for potential studies.
No language restrictions were applied. The search strat-
egy is provided in Table SI.

Selection Process and Data Collection

Covidence (Melbourne, Australia), a web-based collabo-
ration software platform, was used for the literature
search, with 2 out of the 7 reviewers (B.M.Z., R M., E.D.
P, GAW.,, ST, E/V,, MR\) independently screening
titles and abstracts. For the purposes of this review, pub-
lications written in languages other than English were
excluded. The full texts of potentially eligible studies
were evaluated independently by 2 reviewers (B.M.Z.
and 1 other author). Any disagreements regarding eligi-
bility criteria were resolved through discussion until a
consensus was reached. All reviewers agreed on the final
set of included studies. The extraction process was done
independently by 2 reviewers (B.M.Z. extracted data
from all included papers; double extraction was carried
out by 1 of the other reviewers). The following informa-
tion was collected: author’s name, year of publication,
study design, population, description of exposure, out-
come measures and definitions, results, and information
necessary to assess risk of bias.
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Quality Assessment

Assessment of the risk of bias of included studies was
conducted independently by pairs of reviewers (B.M.Z.
and 1 other author) using the Mixed Methods Appraisal
Tool (MMAT; version 2018).>* In cases of disagreement
among reviewers, resolution was sought through discus-
sion with other reviewers. Interventional studies were
assessed based on the criteria of appropriateness of ran-
domization, comparability of baseline groups, outcome
data completeness, blinding, and adherence to assigned
intervention (questions 2.1-2.5). For observational
studies, sample representativeness, outcome appropri-
ateness and completeness, exposure measures, the pres-
ence of controlling for potential confounding factors, as
well as administration of the intervention/exposure
(questions 3.1-3.5) were considered (for details, see
Table S2A and S2B).

Data Analysis

Narrative synthesis was performed to summarize the
findings of included studies. A meta-analysis was con-
sidered, although not conducted due to differences in
exposure definitions, effect measures, and timing used
across the included studies. Characteristics and details
of all included studies are presented in Table2.>™>> A
visual summary of the direction of effects for the differ-
ent outcomes assessed in the studies is presented in
Table 3.7

RESULTS

Figure 1 shows a flow diagram of the literature search
and study selection process. A total of 13207 records
were obtained after applying the search strategy (Table
S1). Of these, 184 full texts were screened, leading to the

Nutrition Reviews® Vol. 83(6):1099-1132


https://academic.oup.com/nutritionreviews/article-lookup/doi/10.1093/nutrit/nuae212#supplementary-data
https://academic.oup.com/nutritionreviews/article-lookup/doi/10.1093/nutrit/nuae212#supplementary-data
https://academic.oup.com/nutritionreviews/article-lookup/doi/10.1093/nutrit/nuae212#supplementary-data
https://academic.oup.com/nutritionreviews/article-lookup/doi/10.1093/nutrit/nuae212#supplementary-data
https://academic.oup.com/nutritionreviews/article-lookup/doi/10.1093/nutrit/nuae212#supplementary-data

(panunuod)

Ayl-gie (Lzz=u

‘€0°L€0°L *ID %56 0L'T=4H0

‘[pe) Aysaqo |eujwopge

pue (LZz=U'00°L ‘LT'L ‘1D %S6

'66'7 =40 "fpe) Ausaqo Jo sppo

9y} sawi} € Jsow|e pey ‘3)114d)

159MO| 3y} yum patedwod ‘A G-

18 uondwnsuod gss dAIRRINWIND
40 3|11 3s9ybiy Y3 Ul 4P|y

abe
Aue 1e 7|INg pue sabeianaq 19ams
JO 9ye1ul UsaMIaq diysuoneal oN

08¢ = U !(sasAjeue |eu

-Ipnyibuoy) Z|Ng 10 9% ut abueyd

A-£=T yum K7 1e eyl 1aqy
‘1ebns-pappe UaaIM1aq UOILDOSSe ON

0ge=u

!(s9sAjeue [euod3s-5504d) A 7 Je

ZIWg 10 49% yum K 7 1e axelur Jaqy
‘1ebns-pappe UsaIM1aq UoNeDOSSe ON

dn-mojjo4 Jo A g

Buunp (0ge€=u 611 ‘08°0 :ID %56
‘86°0 = YH ‘fpe) Juswdojarap WALl

(Apognue juaisisiad

Aue 10§ 76ZE = U '80°L ‘980 :ID %S6
'96'0 = YH ‘fpe) Anunwwioine 13(s|

yum

P1eID0SSE 10U SeM oW 7| 1e 13qly
3|qnjos A1eIaIp JO [9A3] YeIUl BYL

|0>0304d pazip

-lepuejs {sI9ydJeasas paulel|
(31uaiad Yrpe<
90UJ2JWINDIID 1SIeM)

K1-8 1e A11saqo |euiwopqy
Ay1-8

18 (ZIWg as 7<) Ausaqo

|0>0304d pazip

-lepuejs ‘sIaydJeasas paulel|
(sasAjeue jeu

-ipnubuoy) A £°¢ ‘Az 1e ZINgG

|030304d pazip

-lepueis sI19ydieasal pauiel|

A £~ 10 ZINg U1 dbuey)
(SesSaUNdIY1 plojuIys)

A [=T ye 499 u1 3buey)

Az 7ING

A7 e 49%
K G jo ueipaw e 03 dn
(e1911D | 107 UOI1IRIDOSSY
J119qgelq ueduawy)

WALl jo swdojarsg
(SHSIA 9AIINDISUOD 7
uo salpogiueoine paddas
J0 3duasaid) £ G Jo ueipaw
e 0} dn Ayunwwioine 13|sl

pawuuod Judisisiad Auy

owglie

Buruuibaq usiA yoea

1e J3Ylow 3y} 01

044 3y1 passisiuiwpe
[9uuosiad pauies]

(pa1epijen)

oW € 15e| I9A0 D44
aAneyuenb-lwas y

uennalp Aq A £'¢ pue
Z 18 [|e2a1 A1elaIp Y-

(dwoy 1e A1wey

3y} bunisia uennap

Aq pamoj|oy) sauaied

AQ painseaw spiodal
Kieya1p p-¢ paybram

(j]9uuosiad Apnis
paules} Aq pamalnaJ)
syuased Aq pain
-seaw ow 9 AIaAd
usyl pue ‘owr z| sem
PIIy> 3y3 [aun ‘ow 9
wouy burels ow g
KI9A3 pi10d31 pooy p-¢

AG-1 1e 5955
J0 uoixdwinsuod aAize|INWINY
(s921n[ 3jqereban
10 1InJ} [eANYRU BUIPN|IX3)
1ebns yum Jajem palonely pue
SYULIP 3INJJ [BIDISWIWOD ‘SEPOS
Jo jeiul Ajiep Jo wins :gss
SYULp
1JOS pue S|eIPI0d/SYULIP 1N}
‘ad1nl ainjip ‘31nf %001 ‘syiw
paJoAe} :s96BISAS] 199MS
(AB1aud pajewiss |ero1 uon
-lodoud pue sweib) £ /¢ pue
7 18 s9beIaAI] 199MS JO eI
sa|qe1aban pue ‘uniy
‘|ea13d> wiouy Jaquy A1eiaip :4aqi4
sdniAs 1nyy
‘95011X3p [RISAID pue ‘35043
-Xap snoJpAyue ‘sassejow
‘f3uoy ‘aso1oniy pinbi|
"J9U9199MS 35010NU4 ‘dniks
eoued ‘dniks sidew ‘dniAs
jew ‘dnifs ulod 35031on4)
-ybiy ‘spijos dniAs-uiod ‘dniks
ulod ‘Jebns mes ‘zebns umolq
1ebns 3lym :si1ebns pappy
£z 1@ 9yelul J3qly “ebns pappy

(weib 13d xjejul snonupuod)
ow | 1e axejul Jaqly 9|qn|os

€00
—8661 :Pa)NIdal sies \
ODIXa|\ :A\_uc:ou

A y1-yuig by
[Tg=u

paviodas
10U :paUNIIAI SIBIA
eljessny :A1unod)
K G-t :(9buey) aby
Arereory=u
‘Azresig=u

000t
—G861 :PoMUNIIDI SIBIA
Auew.an :A13uno)
K /- 9by

(Burjdwes
9JUSIUIAUOD) 08E = U

0L0¢
—$00T :PUNIIAI SIeI A
Auewan
pue ysn :A13uno)
ow 86 by
8see=u

ONA\AJ:G

INIW313 91d

-wies 3dUIUSAUOD)

110y0d aAdadsoud
(9107) |e 19 |ei03ue)

<z(L2Y HSIYNON
uo paseq)

110y0d aAdsoud
/(8107) |2 12 BuIAg

»z(APNIS @TYNOQ)
110y0d aAdadsoud

‘(8007) |e 19 uaxAng

¢o(APms xaail)
110y0d aAdadsoud

(5107) |e 10 uIR|Iafag

s)nsay

(3sa433u1 o)
sainseaw awodnQ

spoyiaw uond3j|0d>
-ejep ‘aansodxy

uospedwod
pue uonuaaidul/ainsodxy

uonejndod
pue buas Apnys

ubisap {(1eak) Apnis

S3IPNIS PApNU| 3y} JO SdsURRIRY) *Z 3|qeL

1103

Nutrition Reviews® Vol. 83(6):1099-1132



(panunuod)

SUOI1eIIUIIUOD
pidi| poojq yum axelul
Jebns jo suoleosse Juediubis oN
:siskjeue a1epeARNy
SUOI1eIIUIDUOD
pidi| poojq yam uoreposse
Kue sey aye1ul J19q1 1eY1 9DUSPIAS ON
lebns 1o yoies jo
sayeju| paisnfpe-ABiaua yum paie
-1D0sse Jou INg “(F0" =d 9L°0— =)
ow g| 1e yejul alespAyoq
-1ed |10} paisnfpe-ABisus yum pale
-posse A[aA1ebau sem onel J-1aH:DL
ow g| e Jebns Jo ydJels jo sexeul
paisn(pe-ABiaua yum pajedosse
jou ow | g Je s|9Ad| D-1d7 Pue >-1aH
(€0 =d ‘510 =) Jebns jo sayeul
paisnfpe-Abisus yum Ajpanisod pue
(10" =d ‘£1°0— =) d1eIpAyoqsed
|e101 JO sayelul parsnipe-Abisus
Yum pajerosse Ajpanebau sem ]
ow gl e (l0'=d:Tl'0—=1)
Y2Jels pue (70" =d ‘v1'0— =4)
a1eIpAyoqied [e10} JO SayjeIul
paisn(pe-ABiaua ay1 yum pajeld
-osse A[aAnebau sem ow | € e WybIsH
ING Yim
(40 >}de| J0) suoneosse uo yodal oN
:sisA|eue a1eueAlun
(PLz-g€1L =u) skog
dn-moj|04 ow-9 18 S3W03IN0 [ed
-19wodoiyiue painsesaw uj abueyd
Aue yum pa3enosse 10U sem aul|
-aseq je siebns pappe jo »jeiul ybiy

9G =u!sg =d

‘€1'0 = ¢ ‘lpe ‘zym ur abueyd oN
lS=ul/0=d

“1y'0 = ¢ “fpe ‘zIng ul aseany|
s =Uulso >d

'9%°0 = ¢ ‘pe ‘ZHM u1 aseaiduy|
:yim dn Mmo||04 OW-9 Je paje|dosse
SeM aul[aseq 1e sgss Jo el ybiy

|020304d pazip
-Iepuels ‘SI9YdJeasas paulel|
ow | € 1e ||Ng pue
1ybiay pue ‘(bunsejuou)
J-1QH:DL >-1a1 >-1aH DL

|0>0304d pazip

-lepuels {sIaydJeasal paulel|
ow /°/¢ ‘dn-moj|o4

e uaJp|Iyd Jo abe sbesany
ZINg

‘Z¥YM ‘ZHM u1 36uey ow-9

ow g| 1e (3siuon
-LINU YyUM passnd
-sip pue) Juaied Aq
pauiodas piodai Kie
-191p pajybiamun p-¢

(s1ayrow

Aq panodai-§|3s)

dn-mo||o} ow-9 pue

aullaseq e sj|edas
K1ewlp Y-z ino4

ow g 1e dejul (sapueyddes
-Kjod ydaeis-uou) 1aquy ‘ebns
‘yaJels ‘1eipAyoqsed [e10|

(uelpaw
3yl anoqe anjen £I19A3) YbIH
pauyap
Jayuny Jou siebns pappy
(a21nf1n14 %001 dpnput
Jou pip) duifaseq e gss YbiH
(xe3ul ey JO 9 se)
auyaseq e siebns pappe ybiH

661
—1661 :paUNIIAI SIBIA
)N Aunod

(dn

-MO|[0}) Ow L€ (3ul]
-9seq 1e) ow 8| :aby
68e=U

paviodas
10U :pa}INIIAI SIBIA
VSN :A1unod
I21e] OW 9~
dn-moj|o} ‘auljaseq
e ow 77| @by
(Burjdwes
9DUSIUSAUOD) /9 =U

5z(OVdS1V) (dnoib

po133|95 A|wopuel)

140y0d aAddsoud
“(1007) [e 19 umo)

,(Apms
[DIM] ua1piyd
pue ‘sjueju|
‘UBWONN 1o}
weiboid uonuinN
|eyuswa|ddng)
110y0d 3Adadsoud
‘(¥107) Ie 32 zapteyd

s)nsay

(3sa433u1 o)
sainseaw awodnQ

spoyjaw uonI3j|0d>
-ejep ‘aansodxy

uospedwod
pue uopuaiui/ainsodxy

uonejndod
pue buas Apnis

ubisap {(1eak) Apnis

panunuo) *z3jqel

Nutrition Reviews® Vol. 83(6):1099-1132

1104



(panunuod)

(tos=u

w>_w>_uuoo_mw\_ 9'=d “mo.o umo.o

1D %56 10°0— = ¢ [pe‘ot' =d

'€TL'6Y°0— D %S6 ‘L£0 = ¢ “[pe)

A8 1e ||Ng 11paid Jou pip owi gL

Je sajelpAyoqued woiy ABIaud |e10)
JO 95 Se ||am se dyejul aelpAyoqle)

(Pv6L =U‘6EG €0°L 1D

%56 ‘9€°7 =40 "[pe) slswnsuod

-uou yum pasedwod A gy pue

‘G'¢ ‘'z 9be 1e siswnsuod Jenbal
ut £ ¢y 18 A1S3Q0 JO SPPO Pasealdy|

AT 18 ZINg uesw “[pe
Jejiwis ut paynsal AZ 1e (p/dss 40
buines | <) uondwnsuod gss J9ybiH
(0092=u) Az 10 (2¥'L
L0 1D %S6 'LO°'L =4O ‘fpe) Aus
-990 10 (¥Z°L *08°0 :ID %56 ‘0'L =HO
‘[pe) 1ybIamIano yum palernosse
Jou a1om Az 1e (p/gss Jo buinies
1<) uondwnsuod gss Jo sajes JaybiH
owgl 1e
eyul Jebns yum paredosse KAl
-1sod Ajpuedyiubis-uou ones D-1aHDL
:siskjeue a1epeARNy
SUOI1eIIUIDUO0D
pidi| poo|q yum uoleposse
Kue sey ayeul Jaqly 12yl 3dUIPIAS ON
ow g| 1e 3yeiul Jebns ‘yoiels
Y3M Pale|dosse Jou Sem ow | €
1e oiel >-TQH:DL D-1a1 D-1aH DL
159491U1
JO syuaunu pue ‘[Ng Wybiay yum
(40 >}de| J0) suoieosse uo yodal oN
:sisk|eue aieeAlun
(S£1-601 = U) SHID

|0>0104d

pazipiepuels ‘siaydieasal

paulesy Aq spew syusw
-ainseaw >lpwodosyiuy
A8 1B 3dUIBJWINDI 1SIeAN
£g1e |Ng

|030304d pazip
-lepuejs {s19YdJeasal paules]
(000z DAD ‘a1
-uadsad Y156< [ING) ANsed0
K5 18 AUsaqo
|0>0104d pazip
-lepuejs {sIaydJeasas paulel|
(000t
2@D) Ausaqo se paulyap
‘a|nuadiad Yg6< IINg
(000z >AD)
1yb1amiano se pauyap
‘ajnuadiad Y1s8< INg
Kz 18 A1saqo/ybramiang
AzezINg

uenialp Aq paxdayd
ow g| 1e spJodeal
Aieyaip p-¢ paybrom

K5t pue
‘'S¢ ‘gz 1R Jayrow
9y Aq pa3ajdwod D44

Ky ‘A Z 10 S10SS9s58

pauies Aq swoy

JI9Y1 Ul paM3IA
-191Ul 2J9M Sjudied

(SYuLp 1os pue ‘syuLp
1INy ‘seipJod ‘adinf) ow g|
1e ) eyul s9beISASq Y|IW-UON
ow g| 1e saieipAyoqied
wouy A613U3 |e10) JO dbeIUIIID
ow g| 1e jeyul AeipAyogied
papnpx3
21am ‘93In( abuelo Jo s|dde
%001 ‘63 ‘s21n( 1n1y 3ind
(s)uup abuelo pue yound
1n4} ‘63) SyuLp palone|}
-}INJ} pUe S}uLp pajeuoqied
J9Ip-uou Jo Jeinbai ‘b3 ‘sebns
pappe sey eyl junip e :gss
(Im/sawinl 9—< sldwns
-uo2 Jejnbal) sjeaw usaM1dq
uondwnsuod gss jo Aouanbaiy

sypeus/s|eaw je uondwnsuod
4SS Ou uuLIpUOU/UINbaLu|
Sydeus/sjesw
J9Y3 1e $gSS 19y uLp Jeinbay
2Inf 1nyy
%001 10U dJe 1Ry} SHULIP 1Ny
1o syuup suods ‘dod epos :sgss
AT 18 3eul 9SS

6661
—/661 :p21NIIDI SIBIA

eljessny A1unod)

(dwodno e A Q)
ow g|-| :(abues) aby
we=u

200t
—-8661 :P1NIIAI SIRIA
epeue) :A1unod)
AG'H-6'Z :(9buel) aby
6L =u

L0 Ul ulog uaip
-JIY> :paUNIBI SIBIA

vsn A1unod)

L£(APN3s SdvD
13y uo paseq)
140y0d aAdsoud

‘(1107) Ie 33 uspien

oc(udwdojarsg
PIIYD Jo Apms
[euipnyibuo)
10Y0d 3Aadsosd
‘(£007) |e 19 slogn@

6z([9-S1D3] Loyod
yuig A3nIng
|euipniibuo
pooyp|iy) Ape3)
140yo0d aAdsoud
‘(€102) |e 12 190g3Q

s}nsay

(3sa493ul Jo)
saJnseaw awod3nQ

Spoy1aw uomd3||0d
-ejep ‘aansodxy

uosiedwod
pue uonuaAiuI/aInsodx3

A G-z :aby
0096 =Uu
uonejndod

pue 6unas Apms

ubisap !(1eak) Apms

panupuo) ‘z3|qey

1105

Nutrition Reviews® Vol. 83(6):1099-1132



(panunuod)

(917 = u A|dAdadsal ‘g =4
‘TO'0F00°0— Pue ‘l"=d ‘€00
F¥0'0— = ¢ ‘fpe) A/ 18 49% 03
paiejas 10U sem 7 pue | usamiaq
9ye1ul ul 3bueyd 4o A | e e
Qlz=uy=d
9007500 = ¢ ‘fpe) A2 18 ZING
19ybiy e 03 pajejal Jou sem 3yl
40 Je3A pu0d3s 3y} ul eyul JSYLIH
Olz=uto=d
010F570— =4 fpe) AL 10 ZING
JaMo| 01 paiejal A | 1e ayeiul JaybiH

1S199MS
pue sabeianaq wouy Jebns pappy
(9Lz=u AjpAn

-3dsal ‘g0 =4 ‘L0'0 F 000 =S

¥ ¢ pe pue 'y’ =4 200 F LO'0—

= ¢ [pe) £ £ 1e 499 03 paiejas

10U 219M 31| JO 4B pu0Ids Y}
ul eul ul abueyd 1o £ | 1e ye|

(917=U'60'0=d ‘S ¥0°0

F£00 = ¢ ‘fpe) £ abe 1e Z|INg

13yb1y e 01 paiejal aq 01 papual Y|
JO Je3A pu0d3s 3y ul el JoybiH

(9lz=u%0 =d‘as

90'0FZL'0- = ¢ "fpe) A2 1 ZING
1Mo 01 paiejal A | 1e ayeiul JaybiH
:9)ejul Jebns-pappe |eyo

sasA|eue ‘[pe/fpeun uj A g 18 9dU3I3y

-WwndJId 1SIEM/[NG YHM paieidosse

10U 2J9M OW @ 1B S eIl SULp
PauR12aMS 10 $96RISAI( H|IW-UON

sasAjeue ‘[pe/fpeun

ul A8 18 9dUIJWNDII ISIEM YIIM

P31e1D0SSe 10U Sem oWl 8| 1e sdielp
-fyogaed> wouy ABIaud |10} JO 9 YL

(o€ =u'68 =d ‘¥6'€ ‘€S v~

1D %86 '670— =g pel0'=d

¥TS 650D %56 16T =)

juswisnipe Jsye Juediubis

UleWaJ Jou pIp A g 1B DUIJWNDID

1SIEM Y)IM SUOIIRIDOSSE pue oW 8|
Je yjejul 1eipAyYyogsed anjosqy

|0>0104d

pazipJepuels !s19Yd1easal

paultes} Aq apew syuaw
-aInseaw duyawodoiyiuy

K/ abe e

(SjUdWIBINSEIW SSAUNDIYL
Plojunis) 48% pue ZINg

uennaip
Aq paypayd spiodal
Kieya1p paybram p-¢

weasd 32| pue ‘wel ‘d3e|
-0d0Y ‘Apued sadinf 1nyj pue
SYULIP 1Os 13Ip pue Jejnbal
wouj Jebns pappe :s199Ms pue
sabelanaq wouy Jebns pappy
sdnifs 1nyy
pue ‘95041xap |e1sAId ‘95013
-X3ap snoipAyue ‘sassejowl
‘fA3uoy ‘as03nuy pinby
‘J9U319IMS 35031oNJ4 ‘dniks
edued ‘dnihs sidew ‘dniAs
Jew ‘dnifs ulod 3501on4)
-ybiy “spijos dniAs-uiod ‘dnihs
ulod ‘zebns meu ‘iebns umouq
‘1ebns auym :ebns pappy
KZ—-1 ulyum abueyd
e se pue £ | Je passasse ayejul
sadA} Jebns-pappe ualayid

(syuup 1jos pue
‘SYULIP 3INYy ‘S|eIPIOd) OW 8|
1e 3)e1ul SULP PAUSIIIMS

oLot
—0661 :PoNIIDI SIBIA
Auew.ao :A13uno)
K/ 01 ow ¢ :aby
(Burjdwes
9DUBIUIAUOD) 9|7 =U

-<(APNIs 1¥YNOQ)
10y0d aAdadsold

‘(1107) |2 39 35qUIeH

s)nsay

(3sa433u1 o)
sainseaw awodnQ

spoyjaw uonI3j|0d>
-ejep ‘aansodxy

uospedwod
pue uopuaiui/ainsodxy

uonejndod
pue buas Apnis

ubisap {(1eak) Apnis

panunuo) *z3jqel

Nutrition Reviews® Vol. 83(6):1099-1132

1106



(panunuod)

(ow 9¢ pue y7
1B 9DURIIYIP OU INq ‘Ow 8t Jo abe
dU1 1R ‘TL =d ‘%W SA %SE pue
90" =d ‘%ET SA %) 1 INOYUM
SA uonedilsuod yum uaipjiyd Aq
PaWNSU0D SIPLIEYIIESIP pUB -OuoW
wouy 9, AB1sus Jaybiy pue sapi
-1eyddesAjod woly 95 ABISUD J9MOT
2duasaylp dnoib-usamiaq
10} 6" <4 (p/Bb6F AS) P/B 8L SA (P
/66F as) p/B L1 el Jaqy A1esaiq
:(fpeun) uonedisuod Inoyum
SA YlIM OW 87 PUB ‘€ H 1@ UaIp|IyD
(sasAjeue |euon
-395-55042) abe awes ay1 1e ybram
$592X3 JO ANjIqeqoid paseasdul
Ue Y}IM PIJeIDOSSe J0U SeM
ow | 1e Jaqu pue ‘saydJels ‘siebns
|eanieu ‘siebns 9a1) Jo uondwnsuo)
(18=ugL'=4d:S0°L
"8L°0 :1D %56 06'0 = YO [pe) 1314
(L8=u'GL"=d 97’1 96'0
1D %56 ‘0L°L = YO "[pe) saydsers
(18=U'Sy'=d'09°L :T80"D
%56 ‘v1°L = YO ‘[pe) siebns jeinien
10w Qg
1e JybIam ssadxe jo Aujigeqoid
paseaJdul ue Ylim pajeidosse Jou
SeM OW 7| e J3ql} pue ‘saydiels
‘siebns [einjeu jo uondwnsuod
(18=U'10=d STl
‘€0°L 1D %56 *€L°L = HO ‘fpe) ow og
1€ 1yBIaM SS30X3 JO YSU paseasdul
Ue Y)IM pajeIdosse Sem ow 7|
1e s1ebns 334y Jo axeyul Jaybiy ay |

(9ssL=u

‘saskjeue “fpe) £ G 1e A11saqo

/3ybramiano pue £g°z 1e axeiul
Apued UaaM19q UOIIRIDOSSE ON

oW 8¢ ‘€ ‘iz 1e salleuuoly
-sonb paausp-iualed Aq
uol1edi}suod uo uoljewiou|

|0>0304d

pazipJepueis ‘s1ayd1easal

paules} Aq apew syusw
-2Insesw du3awodoiyiuy

ow o€ e (z+

< ZHM) Ausaqo Jo (z+

S ZHM > L+) ybramiano
se pauyap 1ybiam ssadx3

(3yb1am ssadx3 yum
SA 1NOYLIM) oW € 18 ZHM

(Splodai

dul Jsutebe parep

-1jeA 219m £ G 1e syodal)

syualed Aq papodal
b1y pue 1ybram s,uaipjiyd

(uoniuysp 93104

ysel AHSaqQ [euolreusdlu])
K G 1e Asaqo/aybramiang

Janibaed Lrewnd Aq
pauleiqo D44 sAnel
-nuenb-jwas palepijep

suennalp
pautely z Aq pjay
syuaied Yum SMIIA
-19)ul pazipiepuels
ybnoiyy ow z|

1e ||eda. A1eIp Y-z v

K6z 1e syualed
ay) £q paiajdwod D44

(as) uesw

‘ow 7| 1e 9yeu| (sapleyd
-JES|p pue -ouow pue sapl
-leyddesAjod) saieipAyoq.ed

wouy 9 AB1sua aqy A1eyLiq

(Asuoy pue

Jebns ‘a1ej0d0yd pue ‘[spoob
payeq ‘sunasiq ‘s|easad
1Sep{eaIq PIUSIAIMS] S|
PauUR19aMS ‘[SYuULIp YOS ‘sadInf
passacoid pue ysaiy] syuup
Kiebns ‘syassap Aliep paua
-199Ms ul) siebns 2314 ‘([4no}y
‘eised ‘peaiq ‘1] $|eald pue
N[1w “s9]qe1aban ‘syniy sjoym
ul) siebns |einjeu :sa1eipAy

-0qgJed ajdwis Jo uonedyIsse|)

owgl
1e (paulap Jou) axelul 1aqi4
owi 7| 1e yelu] saydies Lagly
‘siebns |einjeu ‘siebns 3314

(49A3U YMm/awiny
L> YMm/sau g—| “m/sawi
¢ ‘Aiep) £ 'z 3e aeyur Apue)

900¢
—2007 :pNIDI SIBIA
SpuelRYIaN
dy]l :A1unod
ow gy :3by
otve=u

paiels
10U :paUNIIaI SIBSA
uteds :£13uno)

ow g 031 yuiq :aby
1g=u

6661
pue /661 Uaamiaq
uloq :paXNIII SIEIA

uapams :A1unod)
K 6—6'z :(obues) aby
¥9/8=U

(Apms Yy
uoIRIBUID) 10Y0d
9AIdadsoud {(€£107)

|e 12 buor ap-aya1y

333:& sesus4a(q)
10yod aAdadsoud
(6102) |e 19 JpJer

cc(ApNis S1gv)
110y0d aAdadsold

:(8007) |e 18 snnH

s}nsay

(3sa493ul Jo)
saJnseaw awod3nQ

Spoy1aw uomd3||0d
-ejep ‘aansodxy

uosiedwod
pue uonuaAiuI/aInsodx3

uonejndod
pue 6unas Apms

ubisap !(1eak) Apms

panupuo) ‘z3|qey

1107

Nutrition Reviews® Vol. 83(6):1099-1132



(panunuod)

‘[pe :dn-moj|0} Jo A 7 J3)je 9590
1o Jybramiano awedaq aulaseq je
ua.p|1yd 1YHI9MIIA0-UOU 1By} JUIAD
3y} Ul SOI1e) SPPO YUM paleidosse
KjoA1nisod a19m (epos Jou INQ) sgSS
||e pue S}ULIp }NJ} JO S3YeIUI duljdseq
4SS 112 40} :T0°=d ‘100
1357200 = ¢ “pe :zing suiaseq
yum paiepposse Ajpuedyiubis pue
AjdAsod 21am (SYULIp 3nJy 30U INQ)
SGSS |[e pue epos Jo sayeul auldseg
(Looz=u
60" =d) S|Ib Ul paAIasqo sem onel
J13yb1y spiemol puaiy e ‘Janamoy
‘sfoq ul ow €1 1e jeIul IS Yyum
pajeldosse jou sem (uonisodwod
Kpoq) A9 1e ones pioukb:pioipuy
(s|1b pue sfoq) ow ¢ 1e el gis
Y1IM paleldosse Jou sem A9 1e 49%
spb pue sfoq L/sz=u
(£T°0 000+ *1D %56 ‘10
=abueyd 7yH ‘fpe) A9 abe e 9|1
2J9M oW €1 1e xelul gI5 ybiy yum
sfoq Inq ‘A9 1@ ZYM ‘ZING YyHm
uoIePOSSe ou sem a1ay1 ‘skoq uj
(AjpAndadsal ‘61" pue 60' = d) ZVH
pue 7y Jaybiy yum paieposse
9 03 Papus) pue (€7°0 :00°0+
‘L1'0=2buey> 7|ng fpe) K9 pue
(ST010°0 11D %56 ‘€10 = dbueyd
ZIWg “fpe) A (2071001
%56 ‘1°0 = abueyd Z|Ng fpe) A¢
(0€°010°0 11D %S6 ‘510 = dbueyd
ZIWg “fpe) A7 3e ZIWg s9ybiy
Yum pajeosse Ajpuediubis sem
ow g1 Je el gs Jaybuy ‘spib uj
J-1a7 D1 yum axeiul g3s Jo suon
-epOosse juediiubls ou aiam aIdy|
el g3S
JO 9|113) 1S9MO] SA 3s3yb1y 40} 1 0°0
‘670~ ‘1D %56 S TL'0— :D-1aH
‘ST0°10°0— D %S6 QS TL'0+ =Dl
jeul gs 4aybiy yum uaipjiyd

sainpadoud
piepueis yum aduepiodde
ul payybiam syuedpied ||y
(000z DAD)
(Ausaqo :3[1usdied Yy156<
NG “3ybramiano :3|iusdiad
y158< IWg) A7 Jaye asaqo
10 1ybramiano bujwodag
(sasA|eue |euon
-335-55042) dulaseq 1e Z|Ng

|0>0304d

pazipiepuels ‘siaydieasal

pautesy £q apew spusaw
-ainseaw >lpwodosyiuy

A9

1B OW €| U9dMID] Ol1el 1e}
plouAB:ploipue uj adualYIQ

A9

pue ow €| UaaMIaq (ueds
¥XQ) 49% Ul duaiayiq

A9

e pue oW gy—§ | U3dMIS]
9UIRYIP ZVH ZYM ‘ZING

|020104d

pazipiepuess ‘s1aydieasal

pautesy £q spew spusw
-2Inseaw dupwodoiyiuy
£91e spidi

Qui[aseq e
SI9M3IAIR1UI paulel)
Aq paureiqo (D44

poo spiy 320|g) D44

Janibased fiewnd Aq
paulelqo ‘D44 3Ane:
-uenb-|was pajepljep

owegl e
Janbaed Lrewnd Aq
pauieiqo ‘D44 sAnel
-nuenb-jwas pajepiep

Keiads uead( ‘(sn “4adday
1@ bunay) yound ueliemen
‘(SN “pre ainuIy) D-1H ‘(SN
‘sobesanag wbiag Auung)
wb113@ Auuns ‘(s ‘oDisdad)
apeJoley ‘(SN ‘zulsH yery)
piy-|o0y Buipnppur) syulp
N4} ‘(epos 131p buipn|dxa) epos
UL 3N} pue
epos bujuiquod Aq paulap gss

SYuULp suods ‘SyuLp Yos
‘SOPRUOW)| ‘S9}RIIUIIUOD INJ)
‘sdInf 1nyy Buipnppul sgss :sgds

Jw gL = buinas |
(1
/sbuinas g1 ybiy Hm/sbul
-AJISS @ :WINIpaW Hm/sbuinIds
€ IMOJ) oW €| e delul g3s

(debns pappe yum
sadIn( 1nJy pue sadinf Jnuy
%001 Buipnpul sgss) :sgds

ow €1 e 9yeiul g3s

vsn :A1unod

(0zL=ukg'ozL=uU
Ky loll=U¢)
uoie|ndod sjoym

40 %899 ‘Aus e Ay

—¢ pabe uaip|iyd 26y

(leutpnyibuoy
‘duyaseq 1e uaip
-1y 1yb1emiano-uou)
§/z=u(sdysuon

-e[24 dUI|dsL) G9E = U

900t
—2007 :PoNIIDI SIBIA
SpuepIayIaN
ay] Anunod)
Kog-ow ¢g| :aby
LLeg=u

900¢
7007 :po1NId3I SIBIA
SpuejayIaN
3y :A1unod
Kg-ow ¢| :aby
Syoc=u

ge(¥3l01d Yyjeay
|eaus 1o0412Q)
Hoyod m>_uuwam

-04d 1(8007) |e 12 Wi

ochpMs

Y uoljesausn)

110Yy0d AN}

-33dsoud {(q5102)
ERERIENT-IEER

,s(kpmis

Y uol1eIauaD)

10yod aAn

->adsoud {(e5107)
ERERIENZNIEER

s)nsay

(3sa433u1 o)
sainseaw awodnQ

spoyjaw uonI3j|0d>
-ejep ‘aansodxy

uospedwod
pue uopuaiui/ainsodxy

uonejndod
pue buas Apnis

ubisap {(1eak) Apnis

panunuo) *z3jqel

Nutrition Reviews® Vol. 83(6):1099-1132

1108



(panunuod)

Aol
1e ugnsut “>-1@7 D1 ‘sas-IW44 ‘sas
-IW4 ‘ZINgG pue £ | e ayelul spueyd

-JesIp pue -ouow JO UOI1eIDOSSe ON
KoL e (pssg=u
10°0— Y00~ :ID %S6 ‘SAS £0°0—
= ¢ "lpe) D-1QH samo| yum paje
-IDOSSe pue (85 =U %0'0 1100 *ID
%56 '5AS 200 = ¢ ‘pe) o1 Jaybiy
YHM poajeidosse sem A | 1e 9yejul

dpleyddesip pue -ouow JaybiH
KQL 18 S|aA9)
ujnsul >-1@7 ‘2-1aH D1 ‘sas-IW44
‘SAS-IWA ‘ZING yum £ | e axejul

91eIpAyoqied |10} JO UOIIRIDOSSE ON
(8YST=U %00 {100 :ID %56 ‘el
o1eipAyoqued saybiy p/b oL 49d sas
700+ =4¢ ‘fpe) KoL 1 DLJO S|
-A3] J13yb1y yum paeposse sem £ |

1e 9yeyul eipAyogsed [e1o01 Jaybiy v
K/abueyd |\g sem sawodIno

91 U3YM ||nu paulewss synsal ||y
8 =dEL0‘LL0— D

%56 ‘A/91 100 = ¢ "[pe) epos 131q -
S6'0=d ‘(80°0 ‘800~

1D %56 *£/9100'0— = ¢ “[pe) epos -
87 =d (10°0 :£0°0~ 1D %56

‘K791 €0°0— = ¢ “Ipe) syuup uni4 -
87 =4 0T°0:L00- 1D

%56 ‘A/q1 L0'0 = ¢ [pe) [ unug -
{(SyEL = U) p/sd
-uno uj sayeul 03 pajejal Ajpuedyiu

-Bis 10u sem abueyd yb1am [enuuy

6LEL=U

€6 =4d'00:35°L00 = ¢ fpe
:yb1am ui sbueyd |enuue pue

A6 1e (p/B) 1314 Jo SNeul [e10}
U99M13q Uolie|al Juediiubis oN

G9€ = U sgSS
1240} £O°L *LOL ‘1D %S6 ¥0°'L = HO

|020104d

pazipiepuels ‘sisydieasal

paules} Aq apew syusw
-2inseawl u_waoao‘_r_u:/\

(KoL

pue 9 Hmv S|9A9| Uljnsul pue

spidi| poojq (KoL pue |

UooM]a( Sluswainseaw JO
swujod awi JuaJRYIP 8) ZING

(KoL pue 91esas W44
'Sas IW4) uomisodwod Apog

sj0d030.d
pazipJepueis buisn
paJnseaw ‘(z| Aq payd
-13{NW U3Y1 ‘SyIuow ui [ea
-19)u1 dwiy dy1 Aq papiaIp
Z NSIA pue | 3ISIA 1e ybiam
u1 9duIaYIp) abueyd b
K/abueyd |Ng
K7abueyd 1ybiap

[suuosiad pauiesy

AQ dUop SUSWINSEIN
(£/6%)

1yb1am ui sbueyd |enuuy

s||edal
Y-#¢ 93443 1sujebe
pa1epijen ‘1anibaled
Krewnd £q pauieiqo

‘D44 aAneyuenb-1WaS

K67 18 (paep
-1|eA se payodai)
044 aAneuenb-1wWag

K6°7 18 JaYylow woly

pauieiqo (pajep

-1|eA se payodai)
044 aAneuenb-1Wag

oW 6°7| e passasse
sayejul sapueyddeskjod

‘sapueydesIp pue sapueyd

-desouow ‘91eipAyog.ed [e10]

(epoS 9110[ed-MO] 10 -0U

||e) epos 131p ‘(epos 191p-uou

Kue) epos ‘(yound yiniy pue

dpeuows|) Yuup HnJy {(s3Inf

UNJY %001 13Y30 pue ‘dinf
9|dde ‘@2in[ abueio) 32N 1ni4

ow 71-9 Jaye

dn-mojjoj buunp pue auj|

-9seq 1e {(p/sbulAISs) syuup

}InJy ‘epos 131p ‘epos ‘a31nf 1ni4

ow z1-9 Ja)e dn-mojjoy bul

-Inp pue aujaseq 1e (p/b) 19914

(1nl 3114 95001 Buipnpxd
ybnoyye {(sn ‘Aesds ueadp)

900¢
—7007 :po1NId3I SIeIA
SpuelYIaN
ay] :Anuno)
Kg-ow ¢| :aby
€L5E=U

8661
~G661 PRUNIDAL SIBIA
VSN :A1unod

(k6T
:ueaw) A G—g :2by
SyEL=u

ow -9

dn-moj|o} Yum ‘8661
—G661 [PRUNIAL SIBIA
vsn :A1iunod
(K6'z uesw) A gz :aby
6LEL=1U

Kz e

dn-mojjo} yum ‘€00Z
—700 :P1NIDI SIBIA

1 (APMS
Y UoIeISUID)
110y0d aAdadsoud

(0202) |e 12 uaknbN

op(weiboid

JIM B103ed Y1ON)

110y0d aAddsoud
“(¥002) |2 32 AgmaN

cc(weboud

JIM e103ed Y1oN)

110yo0d aAddsoud
{(€002) |2 32 AgmaN

s}nsay

(3sa493ul Jo)
saJnseaw awod3nQ

Spoy1aw uomd3||0d
-ejep ‘aansodxy

uosiedwod

pue uonuaaidlul/aInsodxy

uonejndod
pue 6unas Apms

ubisap !(1eak) Apms

panupuo) ‘z3|qey

1109

Nutrition Reviews® Vol. 83(6):1099-1132



(panunuod)

£115900/3yBIaMIIA0 Ul 3dUBIBYIP ON
(50" > ) d21In[ yuep Ajpusisisuod
OYM UJp|IYd Joj A 7 18 Z|Ng JomoT]
:sask|eue [eUOI1DIS-5S01D
0568 =1U
(EL'=d '€8'1-€6°0 ‘1D %56 -0€'L
4O "[pe) A pue gz usamiaq Asaqo
10U INQ (L0"=d *65°L “90°L 1D %56
‘0€°L *4O fpe) A pue z usamiaq
1yb19MIA0 JO Sppo paseasdul
pey A z 1e siajquup dInf unyy senbay
0568 =U
(90" =d) A pue 7 usamiaq
ZVM 30U Inq * (00°0+ = d) A pue
7 U99M13q 7VH Paseadap {000+
= d) A pue 7 U9aM1aq U3}
-JIp ZIWg paseasnul :A 7 1e siajuup
921n( 3inJy 3uanbaijul sA Jeinbay

yl=u

‘(umoys jou eiep) A g 1e ybram

-1I9A0 JNOYNM JO Y}IM UIP[IYD

ut £ | 1e 9yeyul sajespAyoqied

0) pJebas ul 9dUIBYIP OU sem
I3 sishjeue disiboj sjdinwi uj

(A]3A0adsas

‘0T 'S8 ‘89" = puai1 10} ¢)

sawod1no £ 9 abe 1e A11s9qo/1ybiam

-19A0 JOsM '4SS ‘ZINg 10j ow 8|

1B 9YeJUl 3S9MO]| 3Y} YyUm pased

-Wod eul gss ybiy/wnipaw sy
U93MIaq uolleOSSe Juediiubis oN

4SS 1o

$9102s Z|ING YUM 10U Inq (S5 =U

9’1 TO'L *1D %56 ‘60°L =YY

‘[pe) A9 1e Ausaqo/aybram

-1910 JO ysu Jaybiy yum Kjuo pare

-1D0SSe 2IIM (SIUSWIDUI P/JW-00 1L
Se pPa|9pow) ow g| 1e saxyelul gss

Aol

1B S9WO0DIN0 Y3 Jo Aue yum pajerd
-osse Jou £ | 1e ayejul apueyddeskjod

spoylaw pazip
-lepuels buisn siaydieasal
pauiely Aq pauieiqo swuaw
-ainseaw ybram pue wbi1aH
awn
awies 3y} 1e snyeis A1Isaqo
/AYB1amiano se ||am se ‘abe
awies 3y} 1e Z|Ng pue uon
-dwnsuod 221nf 3n4) %001
JO s9sA|eue [euoI}35-5501)
K pue 7 usamiaq
£1159q0/3yBIaMIBA0 JO XSIY
K pue z usamiaq :ZvH
Ay=T:79M
K pue z usamiaq :Z|Ng
sjo>0304d
pazipJepueis ‘jjeis
paulely Aq syusawiaInsespy
(3ybramiano se
pauap—SsaAInd eldyde)
-pugjjoy Jo 3]1USS Yip6<
SA—1YbBISMISAO0 INOYUM
Se paulap—sa|Iud Y106>)
£ G 1e snieis 3ybramianQ

s]05030.4d pazipiepuels
‘ye1s pauresy Aq a1ed1dnp
ul paule1Co J4IM (Del|l
-eidns pue Jejndedsqns
‘sdadiq ‘sdad14y) sassau
Y21yl PIOJUDIS $ pUe SlusW
-2Inseaw uewodoiyiuy
(OHM Yyum aduepliodde
ur gs L<) pauiquod Aus
-9q0 pue 1yb1amiano ‘A9 1y
455 pue ZINg ‘A9 1y

Janibased few
-ud yum malaRul
paisisse-11ndwod)

A1 1e
uennalp pautes Aq
paulelqo D44 waN-9| |

(044 w6
paJ31SIUIWIpPe-}|3S)
ow g| e Janibaied

Arewnd s,pjiyd ayL

92In( 3inyy adesb

/31dde/abuelo 9,001 :22In( 1ni4

(p/Buinias | < ‘p/buinias
1>) A 1e {(s1axquup Jeinbai se
pazii0631ed s|esw usamiag e

In[ bupjuup) A7 1 :A§ pue

Az 1e uondwnsuod 3dinf 1ni4

A | 1e 3jeiul sajeaphyoqied

(e

[eqay ‘ea1 wnwiayjuesAiyd
‘191em A3}4eq ‘3l1) SHUUp |euon
-pe.} pue ‘syuup paseq-efos
‘SYULIP (W painynd ‘syuLp
paljew se ||om se sebns
pappe yum sad1inf uniy pabe
-}pedas Ajuo pue ‘syuip paieu

-0qJed-Uuou ‘pareuodied :sgss
ow gl 1e el gss

L00T
uloq :paynIIAI SIeIA
vsn :A1unod
K G-t :(9buey) aby
0568 =U

1661 :Po3NIdRI SIeIA
Ajey :f1uno)

A g—yuuq by
(Asie/pl) LLL=u

oLoz
—6007 :P2NIIDI SIBIA
alodebuis :A13uno)H
Kg-ow g| :aby
s =u

wp([9-S1D3]

uoyo) yuig ‘Apnig

|euipnubuo]

pooypjiy) Ape3)

140y0d aAdsoud
‘(9102 1213 Aayays

e HOY0d
anpadsoid
{(0007) |e 32 1uol|beds

2(APNIs 01SND)
10402 3Aadsosd

“(6107) [2 32 yenp

s)nsay

(3sa433u1 o)
sainseaw awodnQ

spoyjaw uonI3j|0d>
-ejep ‘aansodxy

uospedwod
pue uopuaiui/ainsodxy

uonejndod
pue buas Apnis

ubisap {(1eak) Apnis

panunuo) *z3jqel

Nutrition Reviews® Vol. 83(6):1099-1132

1110



(panunuod)

6688 =U
000+ >d°LLL
LT D %S6 LY L =HO T 9|13} 404
000+ >d9lC
L9°L A1) %56 48l =HO :L 9|13} 404
HEMIVEIETETRY )
‘9 eyul Jaql 1saybiy) € (11491 Woly
uaJp[Iyd yum paledwod sjools piey
aney Aj[ensn, 01 A|3y1| se 931m}
1SOW(e DI9M | SIS} Ul UIP[IYD
‘oW 7§ 1B SsaupJey |001S YUm pale
-1D0SSe 249M HeIUI I3l JO SIID]L
£8'0 %90 1D %56 ‘'SL0=40
‘[pe :uonedisuod 1ua1sisIad
€11 '€8°0 1D %S6 '£6'0 =HO ‘[pe
:uopiedinsuod pooyp|iyd (A9>) Ajeg
ST'L ‘26'0 °1D %56 ‘L0°L = HO ‘fpe
:uonednisuod pooyp|iyd (A9<) a1e]
:(9dua4931 se uonedns
-U0d JO YsU MOJ) Loy = U ‘KQL-t 18
uoniediisuod jo susened [euipniib
-uo| pue Az 1e ayeul Jaqy ul abuey)
060 ‘720 :1D %56 :C8'0 =4O
“fpe :,A|[ensn, Aouanbaly |003s pieH
£€6°0 ‘8°0 :D %56 ‘S8'0 = HO ‘fpe
1, Sowndwos, Aousnbaly [003s pieH
:LSY6—L 19 = U (3dUaJs)al
se 5]001s piey ou) A gz 1e Aouanb
-9l [001s pley pue A g 1e yeiul 41aqi4
(90 '80°0 D
%56 :9¢'0 = ¢ ‘[pe :syunowe 3bue
%6€°0°£0°0 1D %56 ‘€0 = ¢ [pe
:sjunowe wnipaw) pooypiyd-pIn -
(95°0°L0°0:D
%56 ‘87°0 = ¢ ‘[pe :syunowe 3bue
'TE0L0°0:1D %S6 ‘910 = ¢ “fpe
:sjunowe wnipaw) pooypjiyd Ajeg -
:buunp zing Jaybiy
pey £ | 1e 921n[ jo syunowe abue)
pue wnIpaw yueip oym uaipjiyd
(850L =U TS =d) A1 318 ZTM Yum
pa3eId0sse Jou sem el adInf 1ni4

(49nau

‘S9WI12WOS ‘A|jensn sj001s

pJey se) ow g e syualed
Aq pauodai ssaupiey |001s

.Ul Jaqy
JO 2Jnsesaw snonuIu0d Jy}
ul 3bueyd gs-1 e 1o} sppo
[elwoun|nw uj abueyd
e se pajuasaid aJe s1nsay
£$6'SL'S9'SS 'S Y
sabe 1e (suodas [euaied)
ow 7| ise| buunp uon
-ed13suod |y Jo duIsaId
IS4
1e £ouasisuod pue Aouanb
-9J4 |003S UO 341RUUONSIND

sj02030.1d pazipiepueis

buisn (£ z°/ :ueipaw)

pooypjiy2-piw pue (K ¢
:uepaw) AlJea buunp z|ng
K110 ZIM

(syuased
9yl Aq paiajdwod
-J|9s) ow 8¢ 1e D4

Ja1ed utew Aq ‘(1aqu
Huruieuod spooy 0}
sasuodsal) Az 1e D44

A1 1e (e1ul dInf
10} pajepl|eA jou)
044 aAneuenb-1wag

(p/B) STT > € 3 £6>T
IR > 4L > | 3L > L0
ow g€ 1e erul a4

Kz 1e 3yelul 4aqi4

In[ 96001 Sem pauodal
92In[ 3Y3 J3YIBYM Je3]d 10N
(zo91<)
able| {(zo G1-8) wnipaw
{(zo /-1 ‘Z0 () [|ews :p/SIUNOWY
Al
1e (321 95001 49Y10 pue dIn[
abuelo) ayeul dInf uniy Ajleqg

ow gy :(9bue) aby

—6661 :PaINIDBI SIEDA

661

—1661L :PaHNIdI Jes )\

N :Anunod 4»(APN1S DVdSTY)
110y0d aAdadsoud

yrse=u (9107) |e 18 Jojke)

661

~1661 :PaUNIIAI SIEIA
pue|bug :A13uno)
K 0L-M  :(2buel) aby
(K11e) pSeeEL=u

op(APNIS DVdSTY)
140y0d aAdsoud

‘(0z07) |2 30 uidde]

00T
o (BAIA

VSN Aunod) 13[014) MOY0d

s}nsay

(3sa493ul Jo)
saJnseaw awod3nQ

Spoy1aw uomd3||0d
-ejep ‘aansodxy

uosiedwod
pue uonuaAiuI/aInsodx3

pue 6unas Apms

Kg—-| by 9AId3dsoud {(5107)
L=y |e 19 9||1ASUU0S
uonejndod

ubisap !(1eak) Apms

panupuo) ‘z3|qey

11

Nutrition Reviews® Vol. 83(6):1099-1132



(panunuod)

21910316 Ajuaisisiad yum pajeposse
sem £ | 1e ayeiul adinf 1niy 1aybiH

91 D-1aH ‘INg Yum paieid

-0SSe 10U SeM Inq (ZSZ=U 50" >d

10— =¢ fpe)KoL-£3e DL

yum pajeposse Ajasianul ‘Ajpuedyiu
-Bis sem A —¢ 1e eyul Jaqy Aiersig

(91 2-1aH D1 spidif yum

pa31e1D0SSe 10U Sem Ing (ZSz=U

50" >4 ‘01'0— = ¢ ‘fpe) KoL~/ 38

ING Yum paleldosse A|asianul Ajpued
-Jlubis sem A p—¢ 1e el 9s0Idng

$G€ = U (sashjeue

[BUOI1D3S-55040) A 7 1B p/19ams | >

yum pasedwod uaym (A|3Andadsal

‘91' ‘010 11D %56 ‘96'0 = HO pue

LS°L 670 11D %S6 '£2°0=40) AT

1e YBI9MIDAO JO SPPO 3sealdul Jou
pIp p/uondwnsuod s}ams | < 10 |

(yse=u

66'L :L¥°0 21D %56 :L6°0=4HO

‘[pe) Az 1e 1ybramiano jo sppo

aseasdul 1ou pip Az 1e uondwns
-uod ou sA p/uondwnsuod epos | >

(PSE=U L0 ‘EV'L 11D %56

‘6€°€ =40 ‘fpe) Az 18 Wybramiano

40 sppo paseasnul A z 1e uopdwns
-u0d ou sA p/uondwnsuod epos | <

(08€L =U'200 ‘700

1D %56 '00'0— = ¢ ‘pe) £91e 5aS

uinsul :(886L =U:10°0 ‘00— ‘D
%S6 ‘00'0— = ¢ fpe) A9 1e SAS 4%

IYUM paiend

-osse Ajpuediyubis Jou sem ow 'L
1e jelul 1aqy Lielalp “fpe 1aybiH

(€8€L =U"000— ‘¥0'0—

‘1D %56 -20'0— = ¢ "fpe) Sas O1

19MOJ :(S8EL = U H0°0 ‘10°0 ‘1D %S6
‘€00 = ¢ "pe) S@S D-1aH 42ybIH

:YlIM pa3e[D0SSe sem oW 67|
1e jelul Jaqy Lielalp “fpe 1aybiH

passasse YY1 pue ‘1yys
‘1A :Ausodipe |euiwopqy

sj0d030.d
pazipiepuess jje1s
poaules} >o_ Sluswainseaiy
(Kzg:ueaw) AQL—£
12 D] “D-1QH DL bunsey-uoN
(K78 :ueaw) oL~/ 1@ NG

sjod030.4d

pazipiepuels :jjeis
paulesy Aq syuawiaINsea|y

A 1e ([o00z Dad] 3N
-uadiad |Ng Y1s6<) Asaqo

A9 1e 55 uinsuj
£91e 505 49%
£91e (91 ©>-1QH) spidn

Amuenb abesane ay1

Jo K |~ 1e (siayjow
Aq pauodal) D44

1npe Alew

-1ad Y3 YUM SMIIA

-19jul duoyda|al pue

JUBWIAINSEIW JISBM

91e|d yum ‘sia1

-U3d 3y} Je sydeus

pue sjeaw 419y}

a1e Aay3 se ualippiyd

3y} JO UOIIRAIDSO

P3Ip Ag pauleiqo
[|e231 A1eaIp Y-z

uoidwnsuod s19aMs
pue epos uaipjiyd
Buipiebas suonsanb
J129ds yum ow 7
1B PIM3IAIIUI SIBYIOWN

ow g7l jo abe
uelpaw 3e Janibaled
Arewnd Aq pauieiqo
‘D44 paepijeA sAie)
-luenb-jwas wal-1 |17

w0z 10 Z0y = BulAISS |
(uonjuyap ou ‘buinds

| 4ad) A |~ 1e 3yeyul dinf uni4

(Ree
:ueawl) A y—¢ 1e Jaqy A1eyIq
(Ree

:ueaw) A p—¢ 1e 9so4dns £1eiadiq

ow {¢ e uondwns

-uod (31|np ued Jo ‘weasd 32|

‘9yed ‘s3 002 ‘Apued) Ss19aMg
(1> ‘1< 'auou) ow ¢
e uopdwnsuod (,a1]-au4ds
10 B]0D 20D, BPOS A|leq

(undad
pue ‘sso|n||@31way ‘asojn|(ad

‘uubl) ‘63 ‘buipnpul ‘sswkzua
9Ansabip uewny Aq a|qnsabip

10U 3Je 1Ry} sjusuodwod
|lem |19 ueyd) Jaqyy Alelaig

(p/6 1 43d) paisn(pe
-AB1aua ‘axeiul Jaqy Lielaiqg

VSN :A1unod
A¢1-| 2by
€8L=U

9661
—-G661 PIUNIAI SIBIA
vsn :A1unod)

AoL-L

01 dn-pamojjo} ‘(A 6'€
:ueaw) A y—¢ :2by
6Ls=u

€00T
—2007 :poNIIDI SIBIA
VSN :A1unod
A z-ymng a6y
yse=u

900t

—2007 :PoNIIDI SIBIA
SpuepayIaN

9yl :Anunod

Kg-ow g~ :2by
(sasAjeue uy

S66l-vLlEL) TEOT=U

1c(AIA 333(01d)
10yod dAIadsS
-01d {(1Z07) e 39 N

os(3foid

uels Ay|eaH)

1040 3Adadsosd

{(8007) ouiqoais
pue swel|jim

ey (Apnis
(SODVWYHD)
Seuljes jo uaIpjiyd
pue SIaYlo| Jo
JUBWISSASSY Y}|eaH
9y} J0j J1UD)D)
110y0d 3Adadsoud
*(9007) |e 18 Jouep

g (APNIS Y
uolelauan) 1oyod
aADadsoud {(9107)

[e 19 [35s(ID uep

s)nsay

(3sa433u1 o)
sainseaw awodnQ

spoyjaw uonI3j|0d>
-ejep ‘aansodxy

uospedwod

pue uopuaiui/ainsodxy

uonejndod
pue buas Apnis

ubisap {(1eak) Apnis

panunuo) *z3jqel

Nutrition Reviews® Vol. 83(6):1099-1132

1112



(panunuod)

[0J3U0 SA (100" > d) eay!
-lelp (pauiodal) ssa| “dnoib S04 ay3 u)
(50" <d) 0ga>
-e|d pue S04 U33aMII( Je|IWIS S|00IS
ay3 Jo Aouaisisuod pue Aouanbaid -
:buiag-||oMm pue 3duRIS|O]
Kjuo pouad uoneiusw
-9|ddns ay31 buunp !1'S 4 !S°L @S
FTLsAGL ASF L AQ paseanap
Ajpuediiubis-uou S|aA3| BIPLISO) -
L">d*£0as ¥ 6/nd
0t60] 0°6 SA 8'0 AS F b/n4D °'6o|
G'6 ueaw e Aq paseasdul Ajpued
-jlubis-uou S|9AI| elRBJOPHIG -
'8z@
1e ‘ogade|d BuIAIRIRI Q| SA UBIP|IYD
paz1u0j0d Q| ul ‘dnoib S04 Y1 u|
(L =d) ua1341p 10U dposida eayl
-Jeip J9d p/suo11ed3)ap 4O Jaquinp
(KjaAnpadsal ‘00°0+ = 4 pue
10" =d) dnoib ogade|d sA SO4 9y}
ul pouad ow-9 Jad skep eayuelp jo
Jagwinu dA13EINWND U] UOIIdNP3IJ SB
[]oMm se aposida a|buls Jad eayuielp
JO uofieINP Ul UoIdNPaJ JuRdIUBIS Y
:A1epuodas
0l'=d 1uaid}
-yip Apuedyiubis-uou pouad ow-9
13d saposida |eaydielp Jo JSqUINN
(pawmodal ou
an|eA 4 ‘sdnosb uaamiaq 9duaiay
-Jip edyubis ou) uieb yblam-Apog
A€| pue g 1e sqs ease
(9€9=U"10"=d‘0L°0:L0°0 1D %S6
‘p/buinias | 4ad syuun gs 500+ =
g ‘fpe) 1yvL pue (9€9=u ‘€0’ =d
'60°0 “00°0 ‘1D %56 ‘p/buinsds
L 43d suun @s 50'0+ = ¢ "fpe) Lvvs
(9g9=u
000+ =d *€L°0 *€0°0 1D %56
‘p/buinias | 4ad syun Qs 80°0+
= "[pe) K¢| pue g 1e 5QS ease | YA

:burag-jjam pue swordwiAs
9DURJI|0] [BUIISIIUIO0IISED)
(cvQ)
pouad uoneiusws|ddns
-150d 9y1 JO pud ay1 1e ()
‘(p ¢ ¥ 8zq) pouiad uonel
-uswi|ddns ay3 jo pus ay1
18 (€) ‘(P z+81Q) pouad
uofeyuswsa|ddns ay3 jo 3|p
-prw a3 ut () ‘(8 [a] Aep)
pouad uoneAsasqo ayy
JO pud 3y 1e (1) :spouad
1@ p3129]|0 oM SisAjeue
|ed160jo1Ia10eq 10} S|001S
(6/n42
0lHo| @S F ueaw) buunynd
BIA S|001S Ul SUNOD |elIs1dey

aposida eayl

-leip Jad p/suonedajap Jo

Jaqunu ‘sposids [eayJlelp

9|buis Jo uoneinp ‘pouad

ow-9 Jad uoneinp eayl
-IeIp :S3W023IN0 AIePUOIS

saposids

eayJlielp ul uolnpal ‘ow 9

Buunp Aep puodas K1ana

uieb 1ybiam Apoq ul Jusw
-anoidwi :sawodino Arewlid

AglL
pue g je sueds yxa £q

(¢ Aep)
pouad 1no-uni p-G| pue ‘(8¢
Kep) syuLp 10 spooy 01 pappe
9SOP | Ul (ULIXapOl[ew) 0gad
-e|d Jo (95032n.4061|0) SOA
p/b z jo uonejuswsa|ddns
— P LZ Aq pamojjo} ‘(p 8) ul-uny

ow 9 1o}

p/asodn|b pappe jo 6 | yum

uolIn|os awes paAiddal dnolb
ogade|d ay3 ul uaIpIyd 5/

owg

104 p/SO4 40 67 yum uonn

-]0S J1U0JOS| JO W 0§ PIAIDIAI
- dnoib 504 a1 Ut ud4p|IYd G/

yuow 1sed

3y3 1910 Aep abeiane
ue ul uondwnsuod
92In[ 314} JueUl JO

payidads
10U :paMUNII3I SIBSA
duel :Auno)
ow g|—/ :(dbuel) aby
(S€jono) oz =u

124 :(£007) B 19
1udng-elobijepm

S00¢

—$00T :PUNIDI SIBIA

ysape|bueg :A13unod)
(ow oy

:ueaw) ow 65-6¢ by
(AMunwwod

wnjs ueqin) S| =u

26104 (9002)
[e 39 BANWENEN

00¢
—6661 :PRUNIIAI SIEIA

s}nsay

(3sa493ul Jo)
saJnseaw awod3nQ

Spoy1aw uomd3||0d
-ejep ‘aansodxy

uosiedwod
pue uonuaAiuI/aInsodx3

uonejndod

pue 6unas Apms ubisap !(1eak) Apms

panupuo) ‘z3|qey

1113

Nutrition Reviews® Vol. 83(6):1099-1132



“ZHM 2105 Z 96e-104-1yb1am ‘7Y ‘sapliadA|BL) ‘D] 1|0421s3]0Yd [e101 )] ‘Apnis BunoA dy3 Ul sa1aqeiq JO SIUBUIWISID( |BIUSWUOIIAUT BY] ‘AQ@3L ‘onssi asodipe |[euiwopge [e1o} ‘| Yy 1

‘uonieziuebiQ YieaH PO ‘QHM ‘anssiy asodipe [esadsIA ‘[ YA {paisnfpeun ‘fpeun {2103s z Yybua|-104-3ybiam ‘7 2103s z 3yBiay-1oj-3ybram

!snyjj[ow sa13qelp | 9dAY ‘WA LL ‘SP|OJuUS JO WS ‘4SS ‘9beIaASq paullaams Jebns ‘gss ‘sa103s S uapuadapul-abe pue -xas ‘sqs ‘@besanaq bujuieiuod-iebns ‘gds ‘anssiy asodipe jeujwopge
SNO3URINIQGNS ‘| VS H{SU dAIIR|D1 “YY ‘[el1 P3[|0JIU0D pPazIWopuUel ‘| )Y ‘o11el SPPO ‘YO ‘|0431s9j0yd uidloidodi|-AliIsuap-mo| “)-7Q7 ‘ones piezey ‘YH ‘o1a1sajoyd uidroidodi|-Alisusp-ybiy
‘3-1QH ‘sopueyddesobijo-01on1y ‘S04 xapul ssew 1e} ‘||N4 ‘ireuuonssnb Aouanbaiy-pooy ‘D44 Xepul ssew 33.14-1e) ‘44 103(0id Ss1uedIX0] [PIUSWIUOIIAUT 0] 0DIX3|A Ul 3insodx] 9y Ajieg
‘INJWIT3 ‘Answondiosqge Ael-x ABisua-jenp ‘yxa ‘Apnis paubisaq Ajjeurpnubuo duswodolyiuy pue [euoiinN punwuod ‘@1vNOQd ‘suun bujwio-uojod ‘n4D ‘UoUIASI4 pue [013u0)
35e351(] 10§ S12IUDD) (D) 2405 Z |Wg ‘ZING Xapul ssew Apoq ‘|Ng ‘abeiuadiad ey Apoq ‘499% ‘UaIp|iy) pue siusled Jo Apnig [eulpnibuo UOAY DY dSTY ‘paisnipe “[pe isuoneirsiqqy

(100" > d) dnoub |013u0d

9yl yum pasedwod se dnoib 504

3y3 ut Jamo| Apuedyiubis sem eayl

-lelp ‘Juawiealy d3olque buuinbal
S9SEISIP SNOII™UI JO JdquInu dY] -

S9SS9U||1 JO SOUILINII0
‘(son01g13Ue) UOIEdIPAW
JO 3asn () ‘1aA8) ‘|esnjal
Buipasy ‘omadde ss3)
‘Buriwon ‘uonenbinbai
‘sniej4 ‘uied ‘buneo|q (7)
‘2dA£1 |0031s pue Jaquinu (1)

s)nsay

(3sa433u1 o)
sainseaw awodnQ

spoyjaw uonI3j|0d>
-ejep ‘aansodxy

uospedwod
pue uopuaiui/ainsodxy

uonejndod
pue buas Apnis

ubisap {(1eak) Apnis

panunuo) *z ajqel

Nutrition Reviews® Vol. 83(6):1099-1132

1114



(panunuod)

(¥4
pue | usamiaq ayeul
1ybiy) Az 16 ZING ¥
(K1 18 el
1yby) A7 1 ZINGW
(A1 12 eI

18ybiy) K7 1e 490 < > (L107)
— — :siebns pappy — — — ERERHCIETH
(abueyd £ /-7
KT 18) ZING '49% < > ,2(8002)
awos — — :A 7 1e siebns pappy — — — [e 19 uaAng
:Apms @TYNOQ
(e1eueANINW
‘ow | ¢ 1e) spidi] < >
Jow gl
Je yelul salelp
-Ayoqued [e10} ‘Ydiers
(e1eURAINW oW | €
1e) (sj1b) D-1aHDL
¥ ‘(skoq) D-1aH:DL
‘2-1aH D-1a1L < >
:ow g| e Jebng
(9101RAIUN lOW | €
1e) D-1QH:DL D-1d1
‘-1QH ‘(SH1B) D1 < >
(skoa) DLW
:ow g| 1e Jebng ow [€1eybioH < >
ow € 1e D)-TaHOL :ow g| 1e siebng
>-1aH D101 L < > ow g
;0w g| 1e ydieis 1e (sp1b) ybisH < >
ow L 1e (sb) (skoq) ybIIHWY
D-1aHDL D-1a1 ;0w gl e yiels
‘J-1QH ‘(suib) D1 < > ow |§
(skod) >-1AH:DLA ow g e|Ng < > 1e (sp1b) ybIaH < >
(skoa) D1A ow gl (skoq) ybIIHWY (OVdSTv)
ow gl je siebns ‘youeys ow gl mNA 1002)
Mo — 1e sajeiphyoged [e1o| ‘sa1epAyoqied |e1o] — — e sajespAyoqued [e10] |e 18 uImo)
ow g Jaye ZNg < >
ow 9 Jaye ZHM < > ow 9 Jaye Zym < >
ow g oWzl OIM) (FLo2)
awos — — -Z1 1e siebns pappy — — je siebns pappy |e 33 zapiey)
sajeipAyoqied d1wadk|H
sajeipAyoqaed a|qnsabiq
uonisodwod Apoq uoipuny
e)0IqONDIN spidi] -ogejaw asodn|n  “ybramiano ‘Ausaqo |omog uoiaju| ymmouo
?duaiayaa Apnis
45l Jo sty 2159191U1 JO SBWO02INQ pue ainsodx3

S3IPNIS PIPNJDU| 3Y} Ul PassIssY S1I947 JO uondall(d *€ d|qel

1115

Nutrition Reviews® Vol. 83(6):1099-1132



(panunuod)

£0L-/ 05(8007)
19] D-1aH 21 < > AOL-£ 30 INGA ouiqons
awog — A -€ 18 3s0.ons A1eralq — A -€ 18 350.0ns A1eralq — pue sweljjim
Kz e Aissqo < >
0w 7 (9007)
Mo — — — 1@ uondwWNsuOd S199MS - | 39 Jautep
K G 1eybramiang < >
K1 (0000
awos — — — 1e ye1ul sa1elpAyoque) —  [e3131uojjbess
AoLieol
21412 1aH DL < >
w6zl
1e sapueyddeskjod
Ao0L 10310101 <>
A01 18 D-1QH 'OLV
0W6°T| e sap! Aol
-1eyddesip pue -OUO\ 1@ ZIN44 ‘ZING < >
KoLie Aol e ulnsu) < > K0l e ZING < >
J-1a1D-1GH DL < > oweTL oweTlL
D1V 1e sapueyddeskjod 1e sapueyddeskjod
I0WE'ZL  pue -Ip pue -ouow pue -Ip pue -ouow 1»(0207)
Mo — 1e sajeipAyogied [e1o] ‘sajespAyoqued [elo]  ‘salespAyoqued |ejo] — — |e 39 uaknbN
ow gy ‘9¢
'z 1e uonedisuod
JO 9dudsald —/+
ow |
1e sapueyddesjod c(€L0T) |e
awos — — — —  pue-Ip pue -ouopy — 19 buor ap ayary
:Apnis Yy uonessusn
owzl e ZHM < >
owgl e
saydJeys ‘siebns |einiep
owzl e zHm < >
oW 0 18 ZHMV »(6100)
awos — — — owg| 1esiebns a314 — 1219 Ipier
A6 1e Aus
-3qo/aybramiang < > £(6007)
awog — — — kg7 1e el Apue) — |e 33 snnH
K81 M < >
Agie|ng < >
owg| (110D
MO — — — 1e yelul sayelpAyoaque) — |e 32 uspiep
uonisodwod Kpoq uonduny
e101qODIN spidi] -oqejaw asodn|n  “ybramiano ‘Aysaqo |omog uorndayu| Yoo
?duaiayal Apms
JSeld Jo sty L152133Ul JO sdWOINQ pue ainsodx3

panuiuo) °g ajqeL

Nutrition Reviews® Vol. 83(6):1099-1132

1116



(panunuod)

sfoq
urf9le zing < >
SHIb ur K9
pue 'y ‘e ‘T1e ZING W ZYMY ‘ZVHA
Ajuo sjnb :£91e SpIb u|
ur £9 1e onles ploukb VM < >
pue ploipue 1aybIHV ‘ZVHA
‘K9 1e 499% < > :£9 1e sfoq u|

:ow g1 1e adinf
— — —  }nJy pue sgss paxiy

£91eD1071JL < >
£91e>-1aH 'OLY

:ow gl e adinf
- 3nJy pue gss paxiy

0£(dS107)
|e 1o Sio)ewla9T

ow g e ddinf ,6(85107)
MO —  MNnJy pue sgss paxiy — — — — |2 19 SIayewIIR]
:Apnis Y uoneiduan
Ag1eom <>
Agieng < >
Jow gl
1e 0Inf 1Ny pue sgss 1£(1107)
Mo — — —  paxiw pue Ajuo sgss — — |e 19 uapien
K-z 1@ Asaqo Vv
‘Kz 3e Asaqo < >
K- 18 WYbIIMIBAO W
‘A7 18 ybIaMIBAQ < >
Ay-zie Ap-z 10 ZYMVY
ZING ¥ 'AZ 1R ZING A Ap-7 10 ZYHVY +(9107)
MO — — — Az 1e 21nf 1ni4 — Az 1e 30Inf3in14 [e 39 AIaydys
Kz 1e Auseqo < >
Az 1eybramiang < >
Azyezing < > 2(€L07)
MO — — — A7 1@ 5gSS — — |e 19 19093
Apms g-s113
A5 1e Aisaqow
Ksy 0£(£007)
MO — — —  puBR’‘G’E ‘ST IR SGSS — — |e 13 siognQg
Ay1-8
1e AUS9qO [euUIWOPqY'Y
Ay1-g1e Ausaqow 02(9107)
MOT — — — L g-1 1e A|uo sgss — — |e 19 Jeacjue)
Are'ziezing < >
K€ 'z yeddn( (8107
awos — — —  )NnJj pue sgss paxiW — — |e 12 awifg
a3Inf 3nyy pue sgss
sisejsoawioy
pue wsi| uonisodwod poq uonouny
ejolqonIN spidn] -oqejaw asodn|n “‘ybramiano ‘Aysaqo |omog uondaju| ymouo
?duaiajal Apnis
g5elq Jo ysiy L159493Ul JO SBWO02INQ pue ainsodx3

panunuo) °g ajqey

1117

Nutrition Reviews® Vol. 83(6):1099-1132



(panuinuod)

K0L-v 18 uonedns
-U0D JO 9dUasSald A

Agzae

>ucwum_mc0u pue

£>uanbaly 0015 A ,(0200)
MO — — — — Az 1e eyl 4aqiy — |e 13 uidde]
ow L ¢ 1e )-1aHDL
2-131 - 1aH 2L < > ow g le|Ng < > ow L€ 3e by < > z(1007)
Mo — ow gl 1e el Jaqi4 — ow gl 1e el Jaqi4 — ;0w 8| 1e el Jaqi4 [e 19 UIMO)
:Apnis DYdSTY
19qy Lreyaig
sajeipAyoqued 3|qnsabipuon
owgl-9 ow z|-9 Jaye
Jaye abueyd |Ng < > abueyd ybim < >
:K G-z 1@ 5955 hs-T 0(¥000)
awos — — — 321nf 3inu4 — 1e 5gSS ‘ainf 1ini4 [e 13 AQMaN
dn-moj|o4
joowo9 laye 7ZINg ¥
dn-moj|o4 dn-moj|oy Jo
joowo9 sye ZHM v ow g Jaye Zym < > (7107)
dwos - — — ow -7l 1e gss - :ow -zl 1e gss [e 19 Zapley)
:Apnis H1m
Az 10 Auseqo v +(9007)
Mo — — — Az 10 gss — — |e 13 Jausepy
AgL'hgae
Ausodipe [euwopqy v
Mo — — — AL 3e 90Inf uniy — — (120T) [2 13 N
ArrRrgrezing w
ALezim < > &(5102)
MO — — — A1 3e d2Inl 114 — —  |e 13 9||IAsuu0s
:Apn3s pafoad eAIp
K9 1e Ausaqo
10 ybraminov'y
£91e 455 ‘ZINgG < > 2(6100)
awos — — — :ow 8| e gss — — |e 1@ yend
dn
Mmoj|o4 jo Az 1aye Auis
-9q0 10 ybremianQ y
Ay-€10ZING W
Mo — — — K p-€ 18 5955 — — :(8007) 1230 wir]
sisejsodwoy
pue wsi| uonisodwod £poq uomnduny
e101qODIN spidn] -oqejaw asodn|n  ‘ybramiano ‘Aysaqo |omog uoia3yu| ymolio
aduaiayal Apnis
JSeld Jo sty L159133U1 JO sOWOdINQ pue ainsodx3

panunuo) °g ajqeL

Nutrition Reviews® Vol. 83(6):1099-1132

1118



(panunuod)
AoL
-£1eD-1QH D1 < > 05(8007)
Ol A AoL-£1e NG < > ouiqoas
awos A€ 1e 9yelul J3q14 —  Ap-g 10 eI JaqIH — — pue sweljjim
£91e
9J02S Z ujjnsu| < >
£91eD] D-1AHA owezl  K93e 100 Z 49% < > r(9107)
Mo :0W 671 18 el Jaqi4 1B el JaqI oW 7| 1e eIl Jaqi4 — —  |e 313 3ssip uep
ow gy ‘9¢
‘¥z 18 uonedisuod
Jo dudsald < >
ow | <«(€107) Ie
awos — — — 1e 3ye1ul 13q14 — 19 buor ap ayany
:Apms Y uonesauan
ow 71-9 Jaye
abueyd ybIIM < > (DIM) ((€002)
awog — — — — 1A 6°7 1@ e1Ul Jaql4 |e 18 AgmapN
ow o¢
1e ybram ssadxg < >
owgl
10 1yblam ssadxg < > »e(6107)
awos — — — — :ow 7| e 19qi4 |e 39 IpJer
abueyd £ /-7 +z(TVYNOQ)
Kz zng '49% < > (8002)
awos — — A 1e 9yeIUl J3q14 — — |e 39 udyAng
Ago1dn
Auunwuwioline
BISHNGLLS >
owy| (SL00)
Mo — 1e 3yjelul 13q14 — — —  |e1d uspafag
ow gy
Je (uonednsuod)
ssaupJey |001S A
‘ow gg 49107)
awos — — — 1e ayelul 13q14 — |e 19 J0]Ae]
sisejsoawioy
pue wsi| uonisodwod poq uoipduny
2)OIqODIN spidn] -ogejaw asodn|n  “ybramiano ‘Aysaqo |omog uoaju| ymmouo
?duaaja1 Apnis
oSelq Jo sy -159193UI JO SBW02INQ pue ainsodx3

panunuo) ° ajqey

1119

Nutrition Reviews® Vol. 83(6):1099-1132



*91025 Z Y1bUa|-104-1yb1am ‘ZM ‘USJp|IYyD pue ‘syuejul ‘USWOp

J1oj weiboid uonuiny [eyuswsa|ddng [eads DI (2103S Z JYBISY-I0J-1YBIIM ‘ZHAA DOUIRJWINDID ISIBM “DAN 31035 Z 3be-104-1ybram ‘Zy M ‘Sopuadk|buy ‘D] {[0191sajoyd 210} D] ‘snij[dw
sa1aqelp | 2dA) ‘WALL ‘SPIOfUDIS JO wins ‘4SS ‘abeIanaq pausleams-1ebns ‘gss {[eLi pajjoiauod paziwopuel ‘[ Y ‘oia3sajoyd uivoidodi-Alsusp-mo| “)-1@7 ‘Jo1aisajoyd uiaioidodi-Aysusp
-yb1y “J-1QH ‘21025 Z Xapul Ssew 1ej ‘Z[|\4 ‘2103s Z Xapul ssew 3344-1e} ‘Z||N44 Hoyo) yuig ‘Apnis [euipniibuo pooypjiyd Aje3 ‘g-s1o3 ‘Apnis paubisag Ajjeuipniibuo douswodolyiuy
pue [euoniINN punwuoq ‘1¥YNOQ 21035 Z g ‘ZIWg Xapul ssew Apoq ‘|Ng ‘abeiuadiad e} Apoq ‘49% ‘UaJp|iyD pue siuaied jo Apnis |euipnibuo UOAY ISV :SuoneiAIqqy

« 1191 3,ues, 1o ou,

UM PI3MSUB 3I9M SUOIISIND G— usaym ,ybiy, PaJSpISU0d Sem Seiq JO YSH |[IDAO £,|[93 J,ued, 10 ,0U, YIM PIISMSUE I9M SUOSIND €—7 USYM ,SUI3dU0D SWOS,, JO SB PIIIPISUOD Sem selq
JO S [|BISAO /,[|91 J,UBd, 1O ,0U, YUM PIIIMSUR SBM UOIISINb | S UsyM Selq Jo Ysii ,M07, (92S PUe YZS 3|gel 33s) |00] [esieiddy SpoyIs|y PaXIN 943l UO Paseq :JUuSWssasse SeIg-Jo-ysiy,
‘synsal buiIpuod —/+ (< > :9bueyd ou/uonLIDOSSE ou {(S0° < 4 ‘@duediiubisul [ednsnels imouie Aeib) W (50" > 4 ‘@duediiubis [ed1siels ‘molle

¥2e|q) W :193)43 ([e1PyRUIG-10U) SAEBAU (S0 < d ‘@duediiubisuou [ednsiels ‘modle Aeib) A {(S0° > 4 ‘eduedyiubis [ed11siiels (mole 3oe|q) A 193443 (9ARIs0d) [eRlaUSg—UO0NIRIIP 19947,

pst (P Lz d04

Buunp juswieas] ogadeld

Jnoignue 1o uopeyusw

p 8z buunp puuinbal -9|ddns sapueyd

uled [eujwopge S95BISIP Snoly ->es061]0-03on.4

P 8T pue ‘Aous)  -d3jul 4O JISGWINN A 40 p/6 7) (1DY)

1@ S|9A3] BIPMISOD -sisuod ‘Aouanb pgz buunp ¢(£007) |2 39
SWOS pue eLd1eqoPLIg A — — — -21) [001S < > s9posida [eayiiel] A — j91dng-eiobijep

(ow 9 Joy

w 9 buunp ogade|d Jo uon

ow9 saposids |eays -eyuawsa|ddns

Buunp Aouanb  -Jeip jo uoneing A sapleyddesobi|o

-91} 10015 < > w9 buunp  ow g buunp 3duaIvy  -01dn4 Jo p/b 7)

ow 9 buunp eayl saposida jeays  -wndu wue ‘ybray (104) ,<(9002)
MO — — — — -leip jouoneing A -JeIp JO JSqUINN A ‘uieb Wb/ < > e 38 eanweyeN

sise}soswoy
pue wsj| uonisodwod Kpoq uonduny
e101qODIN spidi -oqejaw asod>n|n  ‘yybramiano ‘Aiisaqo |omog uorndayu| Yoo

?duaiayal Apms
JSeld Jo sty L152133Ul JO sdWOINQ pue ainsodx3

panuiuo) °g ajqeL

Nutrition Reviews® Vol. 83(6):1099-1132

1120


https://academic.oup.com/nutritionreviews/article-lookup/doi/10.1093/nutrit/nuae212#supplementary-data
https://academic.oup.com/nutritionreviews/article-lookup/doi/10.1093/nutrit/nuae212#supplementary-data

[ Identification of studies via other methods }

[ Identification of studies via databases and registers
—
& Records identified from:
= Databases and registries Records removed before Records identified from
é’; (n=13207): »| screening (n=6988) references of identified
€ - Pubmed (n = 5532) Duplicate records removed systematic reviews and
3 - Embase (n = 5277) by automation tool (n = 6988) screened (n = 514)
= - Central (n = 2398)
- ¢
Records screened »| Records excluded as irrel
(n=6219) (n = 6549)
l v
Reports assessed for eligibility Reports sought for retrieval
= (n=184) (n =56)
o
e
O
(7]
Reports excluded (n = 153):
- Only abstract /no full text
available (n = 21)
- Wrong population (n = 43)
- Wrong intervention/
exposure (n = 20)
v - Irrelevant outcome (n = 13)
- Study design (n = 56)
= Studies included in review
b (n=20)
o Reports of included studies
= (n=31)

From: Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ 2021;372:n71. doi:

10.1136/bmj.n71

Figure 1. Flow Diagram of the Literature Search and Study Selection Process. Reproduced from reference 21

inclusion of 20 studies. The results of these studies were
published in 31 papers,”>* including 2 RCTs*>* and
18 prospective cohort studies.”>>' Among the included
studies, data from 6 prospective studies resulted in 17
publications included in this review: the Avon
Longitudinal = Study of Parents and Children
(ALSPAC)*****’; the Early Childhood Longitudinal
Study, Birth Cohort (ECLS-B)****; the Dortmund
Nutritional ~and  Anthropometric = Longitudinally
Designed Study (DONALD)***%; the Generation R
Study’>>”*"*%; Project Viva*>’'; and the Special
Supplemental Nutrition Program for Women, Infants,
and Children (WIC).?”*>* Authors of these studies
reported different exposures and outcomes in their pub-
lications. Therefore, we analyzed available data with a
referral to the main study. Sample sizes of the included
studies ranged from 20 to 13954 at baseline, with 2
cohort studies of fewer than 200°*** and 1 RCT with
fewer than 40 participants.”® Various definitions of
exposures and outcomes, whenever reported, were used
in the original studies. The age of children at the time of
outcome assessment varied from 1 year up to 14 years
of age, and was within 2-6 years in most of the studies.
The timing of outcomes assessment varied from imme-
diate (in cross-sectional analyses) to short-term (up to
2-3years of follow-up) and long-term (>3years of
follow-up) in longitudinal analyses. The number of chil-
dren available for analysis differed based on outcomes
of interest, as follows:

Nutrition Reviews® Vol. 83(6):1099-1132

1. Growth: 4 prospective cohorts, n = ~12900
(ALSPAC,*® ECLS-B,* Generation R,*® WIC***)
and a single RCT,” n =150

2. Infections (2 RCTs),*>> n =170

3. Bowel function (ALSPAC,*** n = ~9500;
Generation R,*® n=2420; 2 RCTs,”>* n=170)

4. Cognitive and psychomotor development: no studies
identified

5. Obesity/overweight/body composition (assessed in
almost all [17] studies, with the exception of 1 pro-
spective cohort, The Environmental Determinants of
Diabetes in the Young [TEDDY] study and 2
RCTs),>*> n = ~27300

6. Glucose metabolism and homeostasis: 2 studies
(Generation R,*"*** TEDDY study), n = ~4700

7. Lipids: 3 studies (ALSPAC,”® Generation R,*”*"*®
Healthy Start Project™), n = ~3200

8. Gut microbiota, n =20 (RCT)>*

References to the 153 excluded papers, with accom-
panying reasons for exclusion, are reported in Table S3.

Risk-of-Bias Assessment

Details of MMAT assessment of risk of bias of observa-
tional studies (Table S2A) and of interventional studies
(Table S2B) are presented in the supplementary materi-
als. For the observational studies, only 1 study was con-
sidered as having a low risk of bias in all domains
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(TEDDY?®). In others, a high risk of bias was present in
at least 1 domain. In the sample representativeness,
most of the included studies had a low risk of bias.
Nevertheless, very small samples, convenience sampling
method, or unrepresentativeness of the sample reported
by the authors resulted in a high risk of bias for 5 stud-
ies, 8 publications.***"**>?*34% Exposure data were
collected mostly through a parental questionnaire and,
in some instances, by 24-hour dietary recall*>*”**** or
by interview.*®**?**+4%%0 The assessment of dietary
intake varied in terms of (1) tools used by the authors of
included studies (validation mostly not done/or
reported) and (2) process of acquiring data (parental
self-report vs interviews by trained assessors). Outcome
data were measured by trained staff, with standardized
protocols in most of the studies, with 4 exceptions of
parental self-report.’>*>***” Incomplete outcome data
were an issue in 5 studies (7 publications®”>"*2?8-40-20),
In most of the publications, adjustment for confounding
factors in the analyses of our interest was done, with 3
exceptions.”>>>*” In 14 of the 31 included publications,
potential confounding of infant feeding had been con-
sidered and breastfeeding duration was included as a
covariate in statistical analyses,>>>*2%31,32:35737:41,42,46-49
Breastfeeding duration was analyzed as an independent
variable but not analyzed as potential confounders in 2
publications.*>** Authors of 1 study estimated breast-
milk intake via measuring the duration of breastfeed-
ings in minutes, but did not include it as confounding
factor in their analysis.25 In 2 publications, children
who were still being breastfed at baseline were
excluded.*”*”> The intake of human milk was not
addressed by authors of 12  publications.””
30,33,34,38,39,44,505153 Among RCTs, 1 was of low risk of
bias in almost all domains.”® In the second, appropriate-
ness of randomization and provision of blinding were
unclear, with a high risk of bias considered due to
incompleteness of outcome data availability.>

Digestible Carbohydrates

The effects of DC exposure were investigated in 17 stud-
ies, resulting in a total of 24 publications,**~>%0~4>49-31
Investigators of all studies addressed the outcomes of
obesity, overweight, and body composition, and some
of them addressed growth,27’28’36’44, bowel function,*
glucose metabolism and homeostasis,*' and blood lip-
ids.?®?*7*1°% The studies demonstrated generally “some”
to “low” risk of bias. The authors used a variety of defi-
nitions of their studied exposures if defined at all. In
this section, we have categorized exposures into 3 main
groups: (1) total carbohydrates, mono- and disacchar-
ides (including “sugars,” “diet sucrose,” “natural sug-

>

ars,” as these terms typically align with mono and/or
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disaccharides), and  polysaccharides  (including
“starch”); (2) added sugars, free sugars, and sweets con-
sumption are grouped into the latter category, as they
typically refer to specific sources or forms of sugars in
the diet, often involving sugars added during food proc-
essing or the overall amount of sugars not naturally
present in foods like fruits and vegetables; and (3) a sub-
group of carbohydrates in liquid form in which large
quantities are consumed very quickly (ie, SSBs and fruit
juice intake).

Total Carbohydrates, Mono- and Disaccharides, and
Polysaccharides

Growth. In the ALSPAC study, a weak correlation was
observed between increased energy-adjusted total car-
bohydrate (r = -0.14, P=.02) and higher energy-
adjusted starch consumption (r = -0.12, P=.01), but
not sugar (mono- and disaccharides), at 18 months and
a subsequent decrease in height among boys, whereas
no correlation was identified for girls’ height at
31 months.”®

In summary, a weak correlation between total carbo-
hydrate or starch intake at 1.5 years and reduced height
in the short-term (~2.5years) was observed, solely in
boys.
Bowel Function. In the Generation R Study
(n=2420),>> with some risk of bias, lower intake (in
terms of energy percentage) of polysaccharides and
higher intake of mono- and disaccharides at 14 months
were associated with the presence of constipation
among children aged 48 months (but not at 24 and
36 months).

In summary, there is conflicting evidence on an asso-
ciation between mono-, di-, and polysaccharides intakes
after the first year of life and constipation patterns from 2
to 4 years.

Body Mass Index, Body Composition, Risk of Overweight
and Obesity. In the prospective cohort from the
Childhood Asthma Prevention Study (CAPS) compris-
ing 362 children, the carbohydrate intake at 18 months
was not a predictor for body mass index (BMI), nor did
it influence waist circumference at 8 years, in adjusted
analyses.”’ Similarly, in the ALSPAC study (n not
reported), no association was observed between elevated
total carbohydrate, increased sugar, or starch intake at
18 months and BMI at 31 months.”® In a smaller pro-
spective study (n=81), the intake of natural sugars or
starches at 12 months showed no association with excess
weight, defined as weight-for-height z score (WHZ)
greater than +1 z score. This lack of association was
observed in both cross-sectional (at 12 months) and
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prospective (at 30 months) analyses.** In the Generation
R Study (n = ~3100-3500, depending on the analysis),
no associations between total carbohydrates, mono- and
disaccharides, as well as polysaccharides with BMI z
score (BMIZ), and body-composition measures (fat
mass [FM] z score and fat-free mass [FFM] z score) at
10years were noted.*’ In a prospective cohort from
Italy (n= 147),%8 carbohydrate intake (in total) at 1 year
was not associated with overweight (defined as >90th
percentile of the Rolland-Cachera curve) at 5vyears.
Finally, in the Healthy Start Project study,” which
included 252 children, dietary sucrose (disaccharide)
consumption at age 3-4years was inversely associated
with BMI at 7-10 years.

In summary, no significant associations between
total carbohydrates (including mono- and disaccharides,
as well as polysaccharides) and immediate and later
reported outcomes of BMIZ, body-composition measures
(FM z score and FFM z score), and the prevalence of
overweight were noted in most of the identified studies.

Glucose Metabolism and Homeostasis. The Generation R
Study was the only study to provide information on the
intake of total carbohydrates and its various subcatego-
ries (monosaccharides, disaccharides, and polysacchar-
ides) at 1lyear, demonstrating no association with
insulin levels at 10 years.*'

In summary, there was no observed association
between total carbohydrates intake at 1year (including
its subcategories) and insulin levels at 10 years.

Blood Lipids. In the Generation R Study,*' the intake of
total carbohydrates and mono- and disaccharides at
1year was associated with elevated triglyceride (TG)
concentrations at 10years. The intake of mono- and
disaccharides alone was linked to lower high-density-
lipoprotein cholesterol (HDL-C) levels. However, no
associations were found between total and mono- and
disaccharides intake at 1 year and subsequent total cho-
lesterol (TC) or low-density-lipoprotein cholesterol
(LDL-C) levels. Polysaccharide intake at 1year was not
associated with any subtype of lipids at a later age. In
the univariate analyses of the ALSPAC study,”® some
weak correlations (r<0.3), exclusively observed in
boys, indicated associations with total carbohydrate
intake at 18 months (with lower TC and a higher TC:
HDL ratio at 31 months) and sugar intake (mono- and
disaccharides associated with higher TC levels at
31 months). However, no associations were identified
between starch (polysaccharide) intake and lipid com-
ponents at 31 months. Subsequently, in the multivariate
analysis, a negative association between sugar intake at
18 months and HDL-C at 31 months was observed spe-
cifically in girls (P=.05), with no other correlations
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identified for total carbohydrate, sugar, and starch
intake in this group. Additionally, in the Healthy Start
Project study,” which included 252 children, dietary
sucrose (disaccharide) consumption at the age of 3-
4 years was not associated with any of the lipid compo-
nents at 7-10 years.

In summary, the largest study, with a low risk of
bias, indicated some associations between elevated early
carbohydrate intake and subsequent higher TG levels, as
well as lower HDL-C, while 2 smaller studies showed lim-
ited or no such associations.

Added Sugars, Free Sugars, Sweets

Growth. The intake of added sugars at 12-24 months in
a limited sample (n=67) from the WIC study showed
no association with subsequent changes in weight-for-
age z score (WAZ) after 6 months.?’

In summary, there were no immediate weight
changes associated with added-sugars intake, as indicated
by a single small study.

BMI, Body Composition and Risk of Overweight and
Obesity. The intake of added sugars at 12-24 months in
a limited sample (n=67) from the WIC study showed
no association with subsequent changes in WHZ and
BMIZ after 6months.”” In the DONALD study
(n= 216—380),24’32 added-sugar intake was evaluated as
an exposure at 3 time points: at 1year, the change
within 1-2years, and 2years. The findings indicated
that higher added-sugar intake at 1year was associated
with lower BMIZ but not percentage of body fat (%BF)
at 7years. Changes in intake during the second year
showed a trend towards higher BMIZ, but no associa-
tion with %BF at 7 years. Moreover, added-sugar intake
at 2 years exhibited no association with %BF and BMIZ
both immediately (cross-sectional analysis) and longitu-
dinally, considering changes in these parameters
between 2 and 7 years. Free-sugars intake at 12 months
in 81 children showed a prospective association with
excess weight (WHZ > +1 z score) at 30 months, but
not in the immediate, cross-sectional analysis at
12 months.>* Two studies were found that examined the
relationship between sweets consumption and over-
weight/obesity status. In the first study involving 7356
children, consumption of less than 1 time per week vs
3-5 times per week of candies at 2.5 years was not asso-
ciated with overweight/obesity at 5years.”” In the sec-
ond study, daily consumption of 1 or more sweets
(including candy, cookies, ice creams, or pan dulce) at
24months did not increase the odds of overweight at
the same time, when compared with consuming less
than 1 sweet per day in 354 analyzed children.*
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In summary, among the included studies that
assessed added-sugar, free-sugars, and sweets intake early
in life, no significant immediate short-term or later effects
on growth, overweight, and obesity indices were noted.

Liquid Carbohydrates

Authors of 11 studies in 15 publications®>>*7313¢
78,40,42.44.4549.51 assessed SSBs and/or fruit juice intake
as an exposure of interest. It is important to note that
studies focusing solely on liquid carbohydrates may be
limited in scope, as they represent a specific type of DC
that may not fully reflect total carbohydrate or sugar
intake. Additionally, the liquid form of SSBs or fruit
juice introduces potential confounding factors, such as
rapid absorption rates and differing metabolic responses
compared with solid food sources. These limitations
should be considered when interpreting the findings of
studies involving liquid carbohydrates.

Sugar-Sweetened Beverages

The impact of SSBs as the only exposure was investi-
gated in 8 prospective cohort studies, comprising a total
of 9 publications,*®?7*~>1-38:40:424% The studies primar-
ily focused on assessing the effects of SSB intake on obe-
sity, overweight, and body composition, with only 1 of
them (in 2 publications) addressing growth

outcome.””*°

Growth. The authors of the WIC study found that
annual weight change in 1345 children remained unaf-
fected by the type of SSB intake,*’ and in a small sample
of 67 children aged 12-24 months, higher SSB intake
did not impact the WAZ after a 6-month period.*”

In summary, no association between SSB consump-
tion and child growth was observed, based on the results
of a single study with some concerns regarding the risk of
bias.

BMI, Body Composition and Risk of Overweight and
Obesity. A total of 8 studies examined the impact of SSB
intake (9 publications)%’zmg’3 138404249 y\ith the exclu-
sion of fruit juice from the definition. Of these, 6 studies
had a low risk of bias, based on the MMAT assess-
ment. 277313849 15y 3 gtudies (CAPS, n=362; ECLS-B,
n=7600; Growing Up in Singapore Towards healthy
Outcomes (GUSTO) cohort study, n=555),2342 no
significant effects on BMI and BMIZ were observed.
These studies assessed SSB exposure around the second
year of life, with outcomes evaluated immediately at
2 years, and prospectively at the ages of 6 and 8 years. In
the largest study involving 7600 children at the time of
outcome assessment,’ a cross-sectional analysis did not
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reveal any immediate effects of SSB intake on evaluated
BMIZ, overweight, or obesity at the age of 2years.
However, the GUSTO study (n=555) presented differ-
ent results based on the analytical methods used. In 1
analysis, when SSB intake at 18 months was modeled in
100-mL/d increments, an increased risk of overweight/
obesity at 6 years was observed. This effect was not seen
in relation to BMIZ or the sum of skinfolds (SSF). In a
separate analysis within the same study, when compar-
ing groups that were defined by varying levels of SSB
intake, no statistically significant associations were iden-
tified with BMIZ, SSF, or the risk of overweight/obesity.
Within the WIC study,”* no significant annual
change in BMI was observed among 1345 children.
Conversely, in a separate publication from the same
study, an increase in BMIZ and WHZ was reported
after a 6-month follow-up period in a small sample of
children. Nonetheless, a subset of the studies included
in this section, with a relatively smaller combined sam-
ple size of approximately n = 2400 at the time of out-
come  assessment,>®?%?% consistently  reported
negative (unbeneficial) associations with SSB intake. In
these specific studies, the consumption of SSBs during
early childhood (1-4years) was associated with subse-
quent outcomes such as abdominal obesity (at 8-
14 years),26 greater BMI (~5 years),38 obesity (at 2-
14 years), 263049

up).”® These discrepancies in results could not be
explained by the methodological differences.

In summary, no significant associations were found
between SSB intake and immediate outcomes of interest.
However, early SSB consumption during the ages of 1-
4 years was associated with unfavorable short- and long-
term effects on BMI, body composition, and obesity in a
subset of included studies, although discrepancies were
present in some other studies.

and overweight (~2years of follow-

Fruit Juice

The impact of fruit juice exposure was investigated in 3
studies, comprising a total of 4 publications, with “low”
to “some” risk of bias.*>***>>! All studies focused on
assessing the effects of fruit juice intake on obesity,
overweight, and body composition, with 2 studies
addressing growth outcome.*>**

Growth. In the ECLS-B study, which comprised 8950
children, those who regularly consumed fruit juice at
the age of 2 years (>1 serving/d) experienced a decrease
in height-for-age z score (HAZ) between 2 and 4 years,
accompanied by a trend towards higher WAZ, that
did not reach statistical significance (P=.06)."
Additionally, no association with annual weight change
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was observed in the 1379 children who consumed fruit
juice in the WIC study.*’

In summary, the findings from a single study with a
low risk of bias revealed a decrease in HAZ in children
between the ages of 2 and 4 years. No significant associa-
tion between fruit juice consumption and WAZ was
reported in both included studies.

BMI, Body Composition, and Risk of Overweight and
Obesity. Three prospective cohort studies, in 4 publica-
tions,*>*#*>*! evaluated the influence of fruit juice con-
sumption on BMI and the risk of overweight and
obesity. In the ECLS-B study, which involved 8950 chil-
dren, a cross-sectional analysis at the age of 2 years did
not reveal immediate differences in the risk of over-
weight/obesity but showed an association with lower
BMIZ among children who regularly consumed fruit
juice. However, in a prospective analysis, regular fruit
juice consumption at 2years was associated with
increased BMIZ and an elevated odds ratio of over-
weight between the ages of 2 and 4 years, although it did
not significantly influence the risk of obesity as com-
pared with infrequent/non-drinkers.** In the Viva proj-
ect, with a sample size of 783, no immediate
associations were observed in a cross-sectional analysis
of fruit juice intake at 1year and weight-for-length z
score (WLZ). However, higher fruit juice intake at
1 year was associated with increased BMIZ during early
and mid-childhood (at 3 and 7years, respectively), as
well as consistently greater visceral, subcutaneous, and
total abdominal adipose tissue, measured at 8 and
13 years in prospective analyses.*>" The 1379 children
participating in the WIC study did not demonstrate any
association between fruit juice consumption and annual
BMI changes.*’

In summary, no significant associations were found
between fruit juice consumption and immediate out-
comes of interest. Nevertheless, early fruit juice intake
around the age of 1 year was linked to unfavorable long-
term effects on BMI, body composition, and overweight
(excluding obesity).

SSBs (Including Fruit Juice in the Definition)

The effects of combined exposure of fruit juice and
SSBs were investigated in 3 studies, resulting in a total
of 4 publications.”*">**” The studies demonstrated a
generally low risk of bias, although 1 study had “some”
risk of bias.”” Investigators addressed the outcomes of
growth,36 body composition, BMIL?*>353 and lipid
profiles.””

Growth. In the Generation R Study, which involved
2371 children, it was observed that, in boys, a higher
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intake of sugar-containing beverages (SCBs) at
13 months was associated with increased height at the
age of 6years, with no significant impact on WAZ.
Conversely, in girls, there was a tendency for SCB intake
to be associated with both WAZ and HAZ at 6 years.”’

In summary, based on the results from the single
low-risk-of-bias study, there was no consistent pattern of
association between increased consumption of SCBs at
13 months and growth outcomes in the long term.

BMI, Body Composition, and Risk of Overweight and
Obesity. In a cohort of 362 children from Australia, the
association between non-milk beverage intake at
18 months of age and waist circumference at 8 years did
not maintain statistical significance after adjustment.’’
Similarly, in the Generation R Study involving 2001
children, no significant associations were found
between SCB intake at 13 months and body fat percent-
age at 6years, although there was a trend towards a
higher android:gynoid fat ratio in girls.’® In terms of
BMI outcome, most of the analyses reported no differ-
ences. Longitudinal analyses of BMIZ changes at 2 and
3.7 years in 426 children showed no significant relation-
ship with SSB, including fruit juice, intake.*’
Additionally, no differences were observed in prospec-
tive analysis of a second study that examined exposure
of non-milk beverage consumption at 18 months and
BMI at 8 years.”' In the Generation R Study, in a subset
of girls only, a higher SCB intake at 13 months was sig-
nificantly associated with consistently higher BMI at
ages 2, 3, 4, and 6 years (at age 6 years, BMIZ increase of
0.11).%

In summary, the majority of included studies did not
show a significant association between the combined
group of mixed SSBs and fruit juice and subsequent BMI
or body composition outcomes. Nonetheless, in a specific
subset of girls from a single study with low risk of bias, a
consistent and notable finding of unfavorable effects asso-
ciated with mixed SSB and fruit juice exposure was
observed. No studies assessed overweight or obesity as spe-
cific outcomes of interest.

Blood Lipids. An analysis of 1390 children from the
Generation R Study, with low risk of bias, indicated a
trend towards elevated concentrations of TG and
reduced HDL-C levels at the age of 6 years. This trend
was observed among children in the highest tertile of
SCB intake at 18 months, with no significant change in
LDL-C and TC levels.””

In summary, a trend was observed towards increased
TG and decreased levels of HDL-C at the age of 6 years in
a single, low-risk-of-bias study. This trend was seen
among children with the highest tertile of combination of
both SSB and fruit juice consumption at 13 months,
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compared with the group with the lowest intake. No asso-
ciations were noted in relation to TC and LDL-C.

Nondigestible Carbohydrates (Dietary Fiber)

The associations of NDC intake (dietary fiber) effects
were investigated in 7 prospective cohort studies (10
publications)®>?*2%343%39.46748:30 414 in 2 RCTs, in
which the FOS supplementation effects were compared
with placebo.”*?

Among these publications, 3 reported data from the
ALSPAC study.”®**®* The studies examined a wide
range of our outcomes of interest, including the follow-
ing: growth,”***** bowel function,”>*>*” BMI or body
composition,******>% glucose homeostasis and metabo-
lism,*>*® and lipid profiles.”®**®** Among these publica-
tions, 4 were assessed as having “low” risk of
bias,”>*****® while others had “some” risk of bias.
Additionally, 2 RCTs with “low” to “some” risk of bias
assessing the effects of FOS on growth, infection, bowel
function, and microbiota were reported separately.”>>*

Growth. In the WIC study, there was no observed asso-
ciation between total daily fiber intake and the annual
weight change in 1379 children, followed up after 6-
12 months from baseline.” Similarly, in a small Spanish
study involving 81 children, higher fiber intake at
12 months was not linked to increased probability of
excess weight. This was observed both immediately and
prospectively assessed up to 30 months.>* Furthermore,
in the ALSPAC study, fiber consumption at 18 months
was not found to be associated with height at
31 months.”®

In summary, there were no observed associations
between dietary fiber intake and all reported growth
outcomes.

Bowel Function. The ALSPAC study*®* provided
insights into bowel function and constipation-related
outcomes. Tertiles of fiber intake at 38 months were sig-
nificantly associated with parentally reported stool
hardness in the short term at 42 months. Children with
the lowest fiber intake were nearly twice as likely to
have “usually” hard stools compared with those with the
highest fiber intake.*” Furthermore, the study revealed a
significant association with hard stools at 2.5 years and
longitudinal patterns of constipation at ages 4-10 years,
specifically with lower fiber intake at 2 years. However,
the authors suggested that the early signs of constipa-
tion, such as hard stools, likely precede the weaning
period, and therefore, the observed association between
low fiber intake and constipation may not be directly
causal.*® In the Generation R Study, dietary fiber intake
at l4months was not associated with parentally
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reported constipation in children at 24, 36, and
48 months.>

In summary, reduced dietary fiber intake at the age
of 1-2years was associated with short-term endpoints,
such as the presence of hard stools; however, associations
with constipation patterns extending from ages 2 to
10 years were not consistently reported. Moreover, reverse
causality cannot be excluded.

BMI, Body Composition, and Risk of Overweight and
Obesity. In the Generation R Study, which involved
1380 children and assessed fiber intake at 12.9 months,
no association was found with the %BF z score meas-
ured by dual-energy X-ray absorptiometry (DXA) at
6years.”® Similarly, in the ALSPAC study (n=389),
fiber consumption at 18 months was not associated with
BMI at 31 months.”® Likewise, in the DONALD study
(n=1380) fiber intake at 2 years was not linked to BMIZ
both immediately in cross-sectional analysis or with
BMIZ changes between 2 and 7 years, and there were no
significant associations with changes in %BF between 2
and 7 years, as measured by skinfold thickness differen-
ces.”* Additionally, in the Healthy Start Project study,
which included 252 children, fiber consumption at the
later age of 3-4years was not associated with BMI
between ages 7 and 10 years.”

In summary, based on 4 PCs with some to low risk of
bias, no associations were consistently observed between
dietary fiber intake in children aged 1-4 years and both
immediate and later outcomes related to BMI or body
composition. No studies assessed overweight or obesity as
specific outcomes of interest.

Glucose Metabolism and Homeostasis. In the TEDDY
study, which included approximately 3300 children
with analyzed dietary fiber consumption at 12 months,
there was no observed association with the development
of islet autoimmunity or type 1 diabetes mellitus
(TIDM) during the 5-year follow-up period.”’
Similarly, in the Generation R Study, dietary fiber
intake at 12.9 months was not linked to insulin z score
at 6 years among 1380 children.*®

In summary, 2 PCs with low risk of bias, investigat-
ing particular outcomes, did not identify any associations
between dietary fiber intake at approximately 1 year of
age and the development of T1DM, islet autoimmunity,
or with insulin z score during the 5-6 years of follow-up.

Blood Lipids. In the ALSPAC study, dietary fiber intake
was assessed in a randomly selected group of children
(214 boys and 175 girls), and no association was found
with TC, LDL-C, HDL-C, or the TC:HDL-C ratio at
31 months.”® In the Generation R Study, higher fiber
intake among 1380 children at 12.9months was

Nutrition Reviews® Vol. 83(6):1099-1132



associated with increased levels of HDL-C and lower
TG z score concentrations at 6years.® A beneficial
effect was also noted in the Healthy Start Project study,
which included 252 children, in which dietary fiber con-
sumption at the age of 3-4years was associated with
decreased TC levels between ages 7-10 years, although
it had no effect on HDL-C or TG levels.”

In summary, a generally beneficial trend of higher
dietary fiber intake in children at ages of approximately
1-4 years and its association with later lipid levels among
the included studies (which exhibited “low” to “some”
risk of bias) was reported.

Nondigestible Carbohydrates (Dietary Fiber—RCTs)

The only 2 RCTs identified assessing effects of FOS,
both exhibiting “low” to “some” risk of bias, involved
different populations. The first trial included 150
children aged 25-59 months from an urban slum com-
munity in Bangladesh,”® and assessed impact on body-
weight gain and reduction in diarrheal infections as
primary outcomes. The second involved 20 children
attending daycare centers in France with a median age
of 12-14 months that studied impact on stool micro-
biota, gastrointestinal tolerance symptoms, and well-
being (eg, use of medication).” These trials assessed the
effects of a daily dose of 2 g of FOS or oligofructose sup-
plementation for varying durations of 6 months or
21days and compared the effects with a placebo
control.

Growth. In the cohort of urban slum children receiving
FOS or placebo, 1 of the primary outcomes of interest
was the improvement in body-weight gain over a 6-
month supplementation period, and this did not exhibit
a statistically significant difference (no P value
reported).”> Measurements of height or arm circumfer-
ence also did not change. There was also no change in
growth reported for the healthy daycare children.”

In summary, based on 1 RCT with low risk of bias,
no substantial variations (ie, improvement in growth
indices) were observed between the FOS supplementation
and placebo groups after a 6-month supplementation
period.

Infection. The RCT with the urban slum children
reported lack of a statistically significant effect on the
number of diarrheal episodes (mean: 1.3 vs 2.0 in FOS
and placebo groups, respectively, and a trend for a dif-
ference, P=.10). However, there was a significant
reduction in the cumulative duration of these episodes
(3.3 days in the FOS group vs 6.3days in the placebo
group; P=.01) over the 6-month supplementation
period. In the 20 healthy daycare children, although not
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the primary objective of the study, the authors did
observe a statistically significant decrease in the occur-
rence of infectious diseases requiring antibiotic treat-
ment, as well as a reduced incidence of reported
diarrheal episodes during the 21 days of the supplemen-
tation period within the oligofructose-supplemented
group.”

In summary, based on 2 RCTs with low to some risk
of bias, a statistically significant difference was observed
in reducing the number of infections in the short term,
but not over an extended duration between the FOS-
supplemented and placebo groups.

Bowel Function. In both RCTs, with urban slum chil-
dren or healthy children in daycare, an evaluation of
bowel function was done. A significant reduction in the
mean duration of diarrheal episodes by more than half a
day was reported for the urban slum children in the
FOS group.> This reduction could be potentially signif-
icant for individuals. In the healthy daycare children,
the number of episodes of diarrhea, flatulence, and
vomiting were significantly lower in the oligofructose
group compared with the control group. No statistically
significant differences were observed in terms of stool
frequency and consistency.”

In summary, based on results from a single RCT
characterized by a low risk of bias, a potentially clinically
significant reduction in the duration of diarrhea was
noted in the FOS-supplemented group.

Gut Microbiota. The single study investigating this out-
come in healthy children in daycare revealed that, dur-
ing the 21-day supplementation period with 2 g per day,
there was an observable trend (P <.10) in the oligofruc-
tose group towards an increase in bifidobacteria levels
and a decrease in Clostridia levels when compared with
the placebo group based on bacteriological analysis.”

In summary, differences in microbiota patterns did
not reach statistically significant levels observed after a
21-day supplementation of FOS compared with a placebo
among children in a daycare setting.

DISCUSSION

Summary of Evidence

In this review we aimed to systematically evaluate the
impact of both DC and NDC intake during early child-
hood (1-4 years of age) on various health outcomes. We
identified significant associations in certain interven-
tions/exposures, while many other dietary exposures
did not appear to have a substantial impact on immedi-
ate or long-term health outcomes.
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The intake of DCs, encompassing total carbohy-
drates, mono- and disaccharides, and polysaccharides,
was not significantly associated with short-term or later
outcomes related to growth, body composition, and the
risk of overweight, indicating that these macronutrients,
in isolation, may not have a pronounced direct impact
on child health outcomes as previously speculated.
However, the review indicated some associations
between elevated early carbohydrate intake and subse-
quent higher TG levels, as well as lower HDL-C, in the
largest study with a low risk of bias. Notably, early expo-
sure to DCs in their liquid form of SSBs and fruit juice
between the ages of 1 and 4 years was linked to unfavor-
able long-term effects on BMI, body composition, and
the risk of obesity. Specifically, the early consumption
of SSBs was associated with negative long-term health
impacts, although these findings were not consistently
observed across all studies. Similarly, early fruit juice
intake was related to adverse long-term outcomes for
body composition and an increased risk of overweight,
albeit not affecting obesity rates directly.

Conversely, our review found no significant imme-
diate adverse effects of SSB and fruit juice consumption
on health outcomes, such as growth and immediate
BMI changes, suggesting that the detrimental impacts of
these beverages may manifest more significantly over
time.

Nondigestible carbohydrates, as dietary fiber or
soluble fiber intake from various food sources and FOS
supplementation, showed no observed associations with
growth indices, gastrointestinal tolerance symptoms,
BMI, body composition, the development of T1DM,
islet autoimmunity, or alterations in insulin z scores,
highlighting a potential area for further investigation
due to their importance in digestive health and metabo-
lism. Supplementation with FOS/oligofructose in RCT's
was associated with a reduction in the duration of diar-
rheal days and episodes and with fewer infections.

Strength and Limitations

The strengths of this review process are in the use of a
standardized procedure and the broad inclusion criteria,
with prioritized outcomes selected by multiple experts
from a cross-disciplinary team. The wide range of
included studies resulted in a post hoc exposure assess-
ment, which, while practical, may have introduced sub-
jectivity in the grouping of studies. Defining subgroups
after study inclusion could increase heterogeneity
within the newly formed subcategories and inadver-
tently increase the risk of confirmatory bias.”*
Furthermore, certain dietary assessment methods used
in the included studies may not adequately distinguish
between exposures of interest (eg, natural vs added
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sugars), potentially leading to misclassification within
subgroups. We hypothesized that the identification of
only a small number of studies would limit the ability to
adequately address our research objectives. Thus, this
idea of post hoc grouping was implemented to enhance
the relevance of the findings for public health practice
and policy, as the subcategories we established (eg,
liquid carbohydrates, dietary fiber) reflect practical con-
siderations. Moreover, a liquid carbohydrate subgroup
was distinguished as it promotes positive energy balance
due to incomplete compensation of energy intake when
compared with sugars in solid form.”> We did not iden-
tify any studies conducted in middle- or low-income
countries, where food behaviors have undergone signifi-
cant nutritional transitions in recent years, including a
dramatic increase in SSB consumption beginning at
early ages.”

In this review, the evaluation of causality is limited,
since almost all included studies are observational pro-
spective cohorts. In addition, in some cases, the data
were extrapolated from a main study not specifically
designed to investigate the effects of the consumption of
specific foods (eg, SSBs or fruit juice) on health
outcomes.

Moreover, in both DC and NDC studies, the meth-
ods for dietary assessment varied widely across studies
(food-frequency questionnaire, 24-hour recall, and 3-
day diary; some of which were not standardized). It
should be noted that different methods to measure diet-
ary fiber, DCs, including their liquid form and espe-
cially in children’s diets, may have some effects on the
results of the prospective cohort studies described. The
included studies assessed a range of health outcomes,
from constipation to blood lipid levels. While most
analyses were longitudinal, there were differences in the
participants’ age at follow-up, and some analyses were
cross-sectional. With regard to DCs, the terminology
used to refer to “added sugar” is often not further
defined, with some studies limiting their assessment to
specific food items like candy and sweets. Last, the por-
tion size of liquid carbohydrates was not always defined,
with intake based on weekly or daily frequency rather
than precise quantities. These methodological discrep-
ancies prevented the possibility of conducting a meta-
analysis. While the risk of bias was low in most studies,
concerns arose regarding sample representativeness,
incomplete outcome data, and inconsistent adjustments
for confounding factors, particularly the duration of
breastfeeding. Among the RCTs, 1 study exhibited low
risk of bias, whereas the other raised concerns regarding
randomization procedures and outcome reporting.
These limitations should be carefully considered when
interpreting the findings of this review.
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Agreement and Disagreement With Other Studies or
Reviews

Digestible Carbohydrates. Reviews of DC intake beyond
SSBs in toddlers aged 1 to 4 years and related health out-
comes are scarce. The WHO commissioned a review”’
on the influence of increased dietary sugar intake on
childhood overweight and obesity. The authors reported
positive and negative associations for 15 and 4, respec-
tively, out of 23 included cohort studies. Most of these
23 cohort studies related to SSB intake and included
children and adolescents. Only 2 of them®>** evaluated
sugar intake in children between 1 and 4 years old and
both reported a negative association. Another, more
recent WHO-commissioned systematic
assessed the consumption of unhealthy foods, including
2 studies on added sugar or sweetened foods in children
from 2 to less than 5years and found insufficient evi-
dence of an increase in BMI, %BF, or risk of over-
weight/obesity, concurring with the findings of the
present study for children aged 1 to 4 years. A previous
systematic review found positive associations between
SSB consumption and BMI> However, the review
included both longitudinal and cross-sectional studies
and therefore no causal associations can be drawn.
Another systematic review that estimated the effect of
SSB intake in children and adolescents reported an
increase in BMI by 0.07 (95% CI: 0.01, 0.12) for each
additional daily serving of approximately 300mL of
SSBs using a random-effects model. However, it has to
be considered that, in this systematic review, the
reported heterogeneity was high (I° = 91.6%,
P <.001).° Recently, WHO performed a meta-analy-
sis”® on SSB consumption and effects on BMI, body
composition, and risk of overweight and obesity among
children under 10years of age and found a positive
association between SSB consumption and body fat and
BMIZ. However, the results should be interpreted with
caution because the systematic review included a sub-
sample of studies reporting a high bias risk. Last, a sys-
tematic review and meta-analysis on 100% fruit juice®’
consumption in childhood and adolescence and BMI
change concluded that, in children ages 1 to 6 years, a 1-
serving (170 to 220 mL) increment was associated with
a 4% increase in BMI percentile (95% CI: 0.008 to
0.167) and not associated with BMIZ increase in chil-
dren ages 7 to 18 years.

review"®

Nondigestible Carbohydrates (Dietary Fiber). We high-
light findings from other reviews on NDCs; however,
due to age differences, these findings remain indirectly
related to the population assessed in our review. One
systematic review and meta-analysis focused on the
potential role of prebiotics in the prevention of acute
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infectious diseases in children aged 0-24 months.®*
Based on the pooled analysis of 3 studies, a significant
reduction in the number of infectious episodes requir-
ing antibiotic therapy was observed in the prebiotic vs
the placebo group. In 2017, experts reviewed the effects
of fiber and prebiotics on functional gastrointestinal
disorders and the microbiome in children.®® One of the
main conclusions, that nutritional strategies with fiber
or prebiotics may support gastrointestinal health in chil-
dren,” aligns well with the observations made in the
present review.

Recent data, such as those presented by Basuray
et al,* demonstrate that increasing dietary fiber intake
in pediatric populations can lead to improved metabolic
outcomes, including better glycemic control and
enhanced satiety. Although these studies involve slightly
different populations, the findings offer valuable
insights into how dietary fiber can play a crucial role in
mitigating risk factors for pediatric obesity, such as
excess adiposity. These results further emphasize the
importance of addressing the “fiber gap” in children to
improve long-term health outcomes.

Implications for Practice/Research

To date, SSB consumption has been examined in chil-
dren or adolescents only by comparing groups (con-
sumers vs non-consumers). Randomized controlled
trials or long-term studies following toddlers into ado-
lescence and adulthood are needed to test whether
unhealthy patterns of liquid carbohydrate intake in tod-
dlers could have a long-term unfavorable impact on
health outcomes, dietary patterns, and taste preferences.
There are also no RCTs so far studying the impact
of total or specific dietary fibers on parameters such as
overweight, lipid metabolism, and improved bowel
habit/constipation issues in young children. Dietary
fiber might be expected to have some effect on bowel
habit in children, notably preventing or improving con-
stipation issues,®” as this is one of the reasons dietary
fiber is recommended at a certain level for adults.*®
Nondigestible oligosaccharides appear to support a stool
softening effect in infants.”” Two of the 3 cohort studies
suggest there might be some association of dietary fiber
with softer stool consistency, although it was suggested
that the hard stools may precede and predict later fiber
intake.*”*” Tt could be interesting to study the fiber/
NDC levels and the intestinal microbiota from infants
to young children to investigate this latter hypothesis.
Further intervention studies, including mechanistic
aspects such as analysis of the gut microbiota and their
genome and metabolites, may support our understand-
ing of the impact of total and different types of dietary
fiber on bowel habits and infections in young children.
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The current literature provides little information
on health effects of total DCs or consumption of mono-
and disaccharides from food during toddlerhood.
Added-sugar intake in children is mostly studied in the
form of SSBs. To create a more robust evidence base in
regard to DCs in their solid form, high-quality epide-
miological studies are needed that are designed to assess
their effects during toddlerhood on disease risks and
risk of overweight/obesity. As it is speculated that SSBs
induce excessive energy intake by not promoting satiety
compared with the equivalent amount of sugar in solid
form,” it could also be of interest to compare the energy
compensation of young children after the consumption
of sugar in its solid and liquid form.

Opverall, there is a lack of studies, particularly RCTs,
to comprehensively assess the effect of DC and NDC
intake in toddlers on infections, bowel function, gut
microbiota, as well as on cognitive and psychomotor
development, glucose homeostasis, lipid metabolism,
and other crucial health outcomes, both in the short
and the long term.

CONCLUSION

The negative impact on body weight and the risk of
being overweight is less evident for total DCs and sugars
in solid form compared with sugar intake in liquid
forms, such as in SSBs and/or fruit juice. This finding is
based on a relatively small number of studies.

The important finding emerging from our results is
that the consumption of SSBs and fruit juice between
the age of 1 and 4 years could have a negative impact on
health outcomes later in life. These findings collectively
emphasize the importance of monitoring and reducing
SSB intake in toddlers to potentially mitigate the risk of
altered body composition and potential associated
health outcomes later in life. Therefore, dietary advice
should be offered to parents that stresses the signifi-
cance of reducing frequent exposure to these types of
drinks in early life.

It is noteworthy that a general beneficial trend of
higher NDC/dietary fiber intake in children at ages 1-
4 years on later lipid levels was reported. Further studies
are required to comprehensively assess the effect of DC
and NDC intake in toddlers on cognitive and psycho-
motor development, infections, bowel function, and gut
microbiota.
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