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ABSTRACT

Background: During the Pregnancy and Birth to 24 Months Project,
the USDA and Department of Health and Human Services initiated
areview of evidence on diet and health in these populations.
Objectives: The aim of these systematic reviews was to examine
the relation of 7) never versus ever feeding human milk, 2) shorter
versus longer durations of any human milk feeding, 3) shorter versus
longer durations of exclusive human milk feeding prior to infant
formula introduction, 4) feeding a lower versus higher intensity of
human milk to mixed-fed infants, and 5) feeding a higher intensity
of human milk by bottle versus breast with food allergies, allergic
rhinitis, atopic dermatitis, and asthma.

Methods: The Nutrition Evidence Systematic Review team con-
ducted systematic reviews with external experts. We searched
CINAHL, Cochrane, Embase, and PubMed for articles published
between January 1980 and March 2016, dual-screened the results
according to predetermined criteria, extracted data from and assessed
the risk of bias for each included study, qualitatively synthesized the
evidence, developed conclusion statements, and graded the strength
of the evidence.

Results: The systematic reviews numbered 1-5 above included 44,
35, 1, 0, and O articles, respectively. Moderate, mostly observational,
evidence suggests that /) never versus ever being fed human milk
is associated with higher risk of childhood asthma, and 2) among
children and adolescents who were fed human milk as infants, shorter
versus longer durations of any human milk feeding are associated
with higher risk of asthma. Limited evidence does not suggest
associations between /) never versus ever being fed human milk and
atopic dermatitis in childhood or 2) the duration of any human milk
feeding and allergic rhinitis and atopic dermatitis in childhood.
Conclusions: Moderate evidence suggests that feeding human milk
for short durations or not at all is associated with higher childhood
asthma risk. Evidence on food allergies, allergic rhinitis, and atopic
dermatitis is limited. ~ Am J Clin Nutr 2019;109(Suppl):7725—
799S.

Keywords: breastfeeding, human milk, food allergy, atopic dermati-
tis, allergic rhinitis, asthma, infant, toddler, child, systematic review
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Introduction

Pregnancy and the period from birth to 24 mo (B-24) are
sensitive windows during which diet has a particularly strong
influence on the life course health trajectory (1). The USDA
and Department of Health and Human Services planned the
Pregnancy and Birth to 24 Months (P/B-24) Project to begin
examining evidence relating diet during pregnancy and the first
2 y of life with growth and health outcomes throughout the life
span (2-4).

The systematic reviews (SRs) in this article examine the
relationships between infant milk-feeding practices and food
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allergies, allergic rhinitis, atopic dermatitis, and asthma. Accord-
ing to the National Institute of Allergy and Infectious Diseases,
food allergy affects ~5% of children and ~4% of adults in
the United States; however, its prevalence is increasing (5).
The Institute reports that atopic dermatitis affects ~30% of the
population (6), and the CDC reports that ~8% of the population
suffers from asthma (7) and from hay fever (8). Although all
atopic diseases can affect quality of life, the prevention of food
allergy and asthma is particularly important because these can be
life-threatening diseases.

The purpose of this article is to summarize the results of 5 SRs
conducted to answer the following questions:

* What is the relationship between never versus ever feeding
human milk and food allergies, allergic rhinitis, atopic
dermatitis, and asthma?

* What is the relationship between shorter versus longer
durations of any human milk feeding and food allergies,
allergic rhinitis, atopic dermatitis, and asthma?

* What is the relationship between shorter versus longer
durations of exclusive human milk feeding prior to the
introduction of infant formula and food allergies, allergic
rhinitis, atopic dermatitis, and asthma?

* What is the relationship between feeding a lower versus
higher intensity, proportion, or amount of human milk to
mixed-fed infants and food allergies, allergic rhinitis, atopic
dermatitis, and asthma?

* What is the relationship between feeding a higher intensity,
proportion, or amount of human milk by bottle versus by
breast and food allergies, allergic rhinitis, atopic dermatitis,
and asthma?

Methods

The Nutrition Evidence Systematic Review (NESR) team
(previously the Nutrition Evidence Library, or NEL), which
consisted of analysts and librarians who were trained in SR
methodology and had advanced degrees in fields such as
nutrition and library science, collaborated with a group of
subject matter experts, called a Technical Expert Collaborative
(TEC), to complete SRs using methods that are described in
detail in this supplement (9). TEC members provided individual
input on SR materials developed by the NESR staff but did
not provide formal group advice or recommendations to the
government.

Scope of the systematic review

TEC members specified the target population, exposures and
comparators, outcomes, critical confounding variables, and key
definitions for the SRs according to the analytic framework
shown in Figure 1. In the SRs, “infant milk-feeding practices”
referred to the feeding of human milk or infant formula
(or a combination). TEC members chose to use the term
“human milk feeding” instead of “breastfeeding” for precision.
“Breastfeeding” may be understood to mean feeding human
milk at the breast when, in fact, feeding method was rarely
distinguished by the authors of studies included in the SRs. TEC
members intended to examine the feeding of human milk whether
or not it was fed at the breast.
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For the comparison of never with ever feeding human milk,
TEC members did not define any minimum amount for “ever
feeding human milk.” Likewise, for the comparisons of shorter
with longer durations of any and exclusive human milk feeding,
TEC members did not define thresholds for “shorter duration” or
“longer duration.” They examined all comparisons of never with
ever feeding human milk (or vice versa) and of shorter with longer
durations (or vice versa) as defined by the authors of the studies
included in the SRs.

The SR question pertaining to the duration of exclusive human
milk feeding only examined exclusive human milk feeding
preceding the introduction of infant formula. It did not examine
the duration of exclusive human milk feeding preceding the time
of introduction of complementary foods and beverages (e.g., 4
compared with 6 mo). This was done to avoid overlap with
another SR in the P/B-24 Project that examined the timing
of the introduction of complementary foods and beverages
and its relationship with food allergies, allergic rhinitis, atopic
dermatitis, and asthma (10).

Literature search, screening, and selection

The librarians developed a literature search strategy that used
exposure terminology but not outcome terminology (available at
https://nesr.usda.gov) so that one search could be used to identify
literature in support of SRs examining infant milk-feeding
practices with several different outcomes (4). The librarians
conducted a broad search in CINAHL, Cochrane, Embase,
and PubMed using the search date range of January 1980-
March 2016. The search excluded articles published before 1980
because the US Congress passed the Infant Formula Act in 1980,
which established nutrient requirements for commercial infant
formulas in the United States and thus health effects associated
with formula consumption before 1980 might be different (11).

TEC members defined inclusion and exclusion criteria a priori
(Table 1), which NESR analysts used to dual-screen the search
results and the results of a manual search of the references of
included articles and existing SRs. TEC members reviewed the
search terms and list of included articles to ensure completeness
of the body of evidence.

Data extraction and risk-of-bias assessment

NESR analysts assembled a table of systematically extracted
data from each article included in the SRs (i.e., study character-
istics, sample characteristics, exposures and outcomes, risks of
bias, and funding sources). Two NESR analysts independently
completed the NEL Bias Assessment Tool for each article to
identify the risks of bias (9) (https://nesr.usda.gov).

Evidence synthesis, conclusion statement development, and
grading the strength of the evidence

NESR analysts and TEC members engaged in a series of
conference calls to review, discuss, and synthesize the evidence
by age group. TEC members examined both significant and
nonsignificant associations (e.g., ORs and Cls) for a thorough
synthesis of the evidence. To answer the SR questions, conclusion
statements were carefully constructed to accurately reflect the
synthesis of evidence. Conclusion statements do not draw
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Systematic review questions:

Giingor et al.

1. What is the relationship between never vs. ever feeding human milk and food allergies, allergic rhinitis, atopic dermatitis, and asthma?

2. What is the relationship between shorter vs. longer durations of any human milk feeding and food allergies, allergic rhinitis, atopic dermatitis, and asthma?
& What is the relationship between shorter vs. longer durations of exclusive human milk feeding prior to the introduction of infant formula and food allergies,
allergic rhinitis, atopic dermatitis, and asthma?
4. Wheat is the relationship between feeding a lower vs. higher intensity/proportion/amount of human milk to mixed-fed infants and food allergies, allergic
rhinitis, atopic dermatitis, and asthma?
&, What is the relationship between feeding a higher intensity/proportion/amount of human milk by bottle vs. by breast vs. and food allergies, allergic rhinitis,
atopic dermatitis, and asthma?
i (. . 2\
B roue 2t Ahoos Key Definitions
» Human milk feeding: feeding human milk alone or in combination with infant
I formula and/or complementary foods or beverages such as cow’s milk
» Human milk: mother’s own milk provided at the breast (i.e., nursing) or
Exposures expressed and fed fresh or after refrigeration/freezing. Donor milk (e.g.,
1. Never feeding human milk banked milk) is not examined in this review.
2. Duration of any human milk feeding among infants fed « Exclusive human milk feeding: feeding human milk alone and not in
human milk combination with infant formula and/or complementary foods and beverages
3. Duration of exclusive human milk feeding prior to the such as cow’s milk; inclusive of WHO definitions of “exclusive” and
introduction of infant formula “predominant” breastfeeding, which permit limited quantities of (a) drops or
4. Intensity/proportion/amount of human milk fed to mixed- syrups containing vitamins, minerals, or medicines, (b) water and water-
fed infants (i.e., both at a given point in time and over a based drinks such as sweetened water and teas, (c) fruit juice, (d) oral
period of time) rehydration salts solution, and (e) ritual fluids!
5. Greater intensity/proportion/amount of human milk fed by « Infant formula: commercially-prepared infant formula meeting FDA and/or
bottle Codex Alimentarius international food standards
~ » Mixed feeding: feeding human milk and infant formula but not complementary
Comparators \ foods or beverages such as cow’s milk
1. Ever feeding human milk (i.e., any amount of human milk |\ + Complementary foods and beverages: foods and beverages other than
feeding) \ human milk or infant formula (liquids, semisolids, and solids) provided to an
2. Longer durations of any human milk feeding \ infant or young child to provide nutrients and energy
3. Longer durations of exclusive human milk feeding prior to \
the introduction of infant formula \
4. Higher intensity/proportion/amount of human milk fed to \
mixed-fed infants \ . J
5. Greater intensity/proportion/amount of human milk fed by \ o N
breast Critical Confounders
v \‘ » Race/ethnicity
» SES (e.g. WIC, education/income)
Endpoint Health Outcomes ‘| .+ Smoking
«Incidence, prevalence, and severity of food allergies (e.g., \| ¢« Mode of delivery (i.e., vaginal, cesarean section)
peanut, milk, shellfish, wheat) J « Type of infant formula; timing and type of complementary foods/beverages
«Incidence, prevalence, and severity of allergic rhinitis Ve - - Family history of atopic allergic diseases
«Incidence, prevalence, and severity of atopic dermatitis + Daycare use/other non-mother caregiver situations
«Incidence, prevalence, and severity of (e.g., hospitalization + Number of siblings/family design
for) asthma + Urban vs rural setting
*Frequency of asthma attacks S Animals/pets/farming y

FIGURE1 Analytic framework for the systematic reviews on infant milk-feeding practices and food allergies, allergic rhinitis, atopic dermatitis, and asthma
throughout the life span. This framework illustrates the overall scope of the project, including the population, exposures, and comparators and outcomes of
interest. It also includes definitions for key terms and identifies key confounders considered in the systematic review. ! WHO. Indicators for assessing infant and

young child feeding practices: conclusions of a consensus meeting held

6-8 November 2007 in Washington D.C. Geneva (Switzerland): WHO; 2008. FDA,

Food and Drug Administration; SES, socioeconomic status; WIC, Special Supplemental Nutrition Program for Women, Infants, and Children.

implications, nor should they be interpreted to be dietary
guidance. The strength of the evidence underlying each
conclusion statement was graded strong, moderate, limited,
or grade not assignable according to the NESR grading rubric
(9) (https://nesr.usda.gov), which takes into consideration
the internal wvalidity, consistency, adequacy, impact, and
generalizability of the evidence. Finally, TEC members identified
research recommendations.

Results

The literature search yielded 31,335 articles, and the bodies
of evidence for the 5 SRs on infant milk-feeding practices and
food allergies, allergic rhinitis, atopic dermatitis, and asthma
comprise 73 articles. A table of articles excluded during full-
text screening, with the rationale for exclusion, is available at
https://nesr.usda.gov.

None of the included articles examined the intensity, pro-
portion, or amount of human milk fed to mixed-fed infants
or fed by bottle versus by breast, and only 1 article (12)
examined the duration of exclusive human milk feeding prior
to the introduction of infant formula. Additional information
about these 3 SRs is available at https://nesr.usda.gov. Herein,
we present evidence for the remaining 2 SRs:

* What is the relationship between never versus ever feeding
human milk and food allergies, allergic rhinitis, atopic
dermatitis, and asthma?

e What is the relationship between shorter versus
longer durations of any human milk feeding and
food allergies, allergic rhinitis, atopic dermatitis, and
asthma?
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http://www.NEL.gov
https://nesr.usda.gov
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TABLE 1 Inclusion and exclusion criteria established for the selection of studies to include in the systematic reviews on infant milk-feeding practices and
food allergies, allergic rhinitis, atopic dermatitis, and asthma!

Category

Inclusion criteria

Exclusion criteria

Study design

Publication status

Language

Date range

Source of foods,
beverages, or
nutrients

Study setting

Study participants

Age of study
participants

Size of study groups

Health status of study
participants

Randomized controlled trials; nonrandomized controlled
trials; prospective cohort studies; retrospective cohort
studies; case-control studies

Published in peer-reviewed journals

Published in English

Published 1980-December 20152

Human milk: mother’s own milk (MOM), i.e., human milk fed
at the breast or expressed and fed fresh or after
refrigeration/freezing; infant formula: commercially
prepared infant formula meeting FDA (87) or Codex
Alimentarius (88) food standards

Countries listed as Very High or High on the 2014 Human
Development Index? (86)

Human participants; males, females

Exposure age: infants (0—12 mo), toddlers (12-24 mo);
outcome age: infants (0—12 mo) and toddlers (12-24 mo)
for food allergies, allergic rhinitis, and atopic dermatitis,
and children (2-12 y), adolescents (13—18 y), and adults
(=19 y) for all outcomes

Studies with > 30 participants per study group or a power
analysis indicating that the study is appropriately powered
for the outcome(s) of interest

Studies done in generally healthy populations; studies done in
populations where infants were full term (>37 and 0/7 wk

Cross-sectional studies; before-and-after studies; uncontrolled
studies; narrative reviews; systematic reviews;
meta-analyses

Gray literature, including unpublished data, manuscripts,
reports, abstracts, and conference proceedings

Published in languages other than English

Published prior to 1980

Human milk from third parties (e.g., banked/donor milk);
infant formulas that are not commercially prepared or that
do not meet FDA (87) or Codex Alimentarius (88) food
standards

Countries listed as Medium or Low on the 2014 Human
Development Index (86)

Nonhuman participants (e.g., animal studies, in vitro studies);
hospitalized patients, not including birth and immediate
postpartum hospitalization of healthy infants

Outcome age: infants (0—12 mo) and toddlers (12-24 mo) for
asthma outcomes, only, as outcomes in this age group may
represent transient recurrent wheeze (89)

Studies with <30 participants per study group with no power
analysis indicating that the study is appropriately powered
for the outcome(s) of interest

Studies that exclusively enroll participants with a disease or
the health outcome of interest; studies done in hospitalized

gestational age); studies done in populations with elevated
chronic disease risk, or that enroll some participants with a

disease or with the health outcome of interest

participants (except for birth and immediate postpartum
hospitalization of healthy infants) or malnourished
participants; studies in exclusively preterm infants
(gestational age <37 wk), exclusively infants who have low
birth weight (<2500 g) or exclusively infants who are small
for gestational age

IEDA, Food and Drug Administration.

2In 1980 the Infant Formula Act was passed (11) and December 2015 was when the literature search was performed.
3When a country was not included in the Human Development Index ranking, country classification from the World Bank was used instead.

Never versus ever feeding human milk and food allergies,
allergic rhinitis, atopic dermatitis, and asthma throughout
the life span

Forty-four articles met the inclusion criteria for this SR
question (12-55). None examined food allergies or atopic
dermatitis in adolescence or adulthood, allergic rhinitis in age
groups other than childhood, or asthma in adulthood, and TEC
members concluded that the scant evidence with methodologic
limitations was insufficient to determine whether never versus
ever being fed human milk is associated with food allergies from
birth through childhood (13-17), allergic rhinitis in childhood
(18, 19), or asthma in adolescence (20). Additional information
about these topics is available at https://nesr.usda.gov. Evidence
about asthma in childhood and atopic dermatitis from birth
through childhood is presented below.

Asthma in childhood.

Twenty-one articles presented evidence about never versus
ever being fed human milk and asthma in childhood (17-19, 21—
38) (Table 2). The evidence differed between the studies that

included children only and the studies that included children as
well as adolescents.

Evidence in children only. Nineteen articles examined asthma
in children only (17-19, 21-36). These articles presented
evidence from 14 prospective cohort studies (18, 19, 21, 22, 25,
26,28, 29, 31-36), 1 additional cohort study with prospective and
retrospective analyses in separate articles (17, 30), 1 nested case-
control study (27), and 1 case-control study with unique evidence
across 2 articles (23, 24) (i.e., there were 17 independent studies
in total). Data about infant milk-feeding practices were collected
from parent report by questionnaire, interview, or diary, and
studies compared infants who never consumed human milk with
infants ever fed human milk (17, 19, 21-25, 29-31, 34, 36), fed
human milk for heterogeneous ranges of duration (18, 26-28, 31—
33, 35), and fed human milk exclusively for >3 mo (25) or until
weaning (36). Asthma outcomes were based on medical record
(23-25, 27, 30), clinical assessment (19, 26, 29), parent report of
a diagnosis or symptoms (17-19, 22, 28-30, 32-36), and parent
report via the validated instrument (56) from the International
Study of Asthma and Allergy in Childhood (ISAAC) (18, 31).


https://nesr.usda.gov
http://www.NEL.gov

tingor et al.

G

7765

(panunuo)))

(€6'S ‘811 :1D

%S6) ¥9°T YO :9UNaseq I8 1943

SuIZooym ou pue BWYISE OU [PIM

orduresqns oy ur £ g—9 a3e £q
BUWIYISE JO QOUIPIOUT ATIR[AWND A-G

(9%°S *8T'1 1D %S6) ¥9°C

MO :QUI[aseq e BWISt Ou y)Im

ordures [ny oy ur £ g—9 a3e £q

AN :Aoruye/poey

K $—1 oureseq
quiaseq je Surzoaym
s ordwresqns 2y} ur g6
‘QuIfaseq Je SuIzaaym oYM
ordwresqns oy ur Ozge
‘QUITasEq I8 BUIYISE JNOYIIM

(HIQ)

(81

QUON. BUWIISE JO 9OUIPIOUT dATIR[NWIND A-G owr 9< Jg SA Jg ON ordwes [[ny oy ul 6L Ly = u uopams 110409 9A1dadso1g 8007 ‘uossie]
AN Aoruyio/eoey
K y—¢ :ourpaseg
(8T°C°09°0 1D %S6) L1'1 S[oNU0d LGy “(Bwuyse
MO L [1-6 01 p—¢ 95e WOl BwIyIse JudISuLL], JUQISUET) [IIM ()] | ‘BwUyIse
(10T °$8°0 :ID %56) 0€'T 49 astsiod Yiim $6g) Apms (¥2) 100T
MO K [[—6 01 H—¢ 938 WOl BwWyIse JUSISI QUON. Jo uoneanp Aue "sA Jg ON €661 ) WOIJ Sased H(p = U epeue) [01u0d-ase)) ‘pIeATy-dueju]
AN Kotuyiaeoey
(€1°T°20°1 1D %S6) K p—¢ :ouraseq (€2) €661
QUON. L¥'1 MO A p—¢ 238 e ewysy A9 SA 49 ON S[ONU0D /G ‘SASBD /Gy = U epeue) [onuo2-ase) pIeARy-duejuy
Q0BI IAYIO %G~
1'0>d ‘790 40 ‘UROLIDWY URISY 956 T~
[BWYISE (1M UIP[IYO Suowe oul ()9 0} 7 Woly ‘UBDLIOWY UBOLIJY 9] ~
JISIA WOOI AduaSIow? 1o uonezife)dsoy ewyisy ‘oruedsTy 1930 95/ ~ ‘syuared
SN wIog-SM) T Y UedIXoN
‘06°0 YO PWyISE YA UIP[IYd Suowe ow ()9 9/~ ‘yuared uloq-usiooy
10 84 Je euyse JoJ ourorpawr uonduosard Suryey, 1 < UM URDTXOA!
SN ‘07°0— = ¢ ewyise yim uaIp[Iyd uowre %G T~ ‘@M dtuedsig-uou
oul ()9 0} $g WOIJ $YOLIIE BWIYISE JO JoquInN 9% €S~ KIoTUYIo/RIBY
(LO'T°0L°0 1D YuIq :oureseq (g-ST108) (4]
%S6) L8'0 4O 0w ()9 95 £q sisouSerp ewyisy QUON. A sa g4 0069 = U vsn 10y0d 2Andadsolq S10T “WRW[IH
oredsiy
%€T'8 Yor[q doruedsTH-uou
%8T L1 “Nym dtuedsIy-uou
6% L HAoTuygIo/Eoey
S00>d ‘(LIT0=4S) MIq :ourfeseq
SN “(czco=4S9) LETO = ¢ (rewnse (Koueyur ut
€20°0 = ¢ :(ewnsa ATurej-urgm Anurey-usamiaq opduwresqns ApuaIoyIp pay sSurqrs <o'1) (310Y0D) 661
ordwresqns Surqis) £ $1— e ewyIsy Surqis) £ y1— 1 ewyIsy odwresqns Surqrs yuepiodsip ynox jo Apms
SN “%68'S 'SA %S6'L S0'0 > d “(901°'0 =4S) 1920 oy ut ¢/ /[ ‘o(duresqns [euIpnysuo
:(orduresqns Sur[qis Juepiodsip) £ y1— e = ¢ (9ewnse A[ruwej-usomioq Surqis oY) ur g1¢L [euoneN)
BUIYISE IIM J€ 10U "SA Jg siuejul Jo uontodoid ordwes [[ny) £ 1 18 eWYISY JAd ou sa Jgq ordwes [ny oy ur ££78 = u vSn 110409 9A19ads01g (LE) ¥10T ‘ud[oD
SN ‘%¥€ "SA 917 :(s1souSerp) £ / £q ewpse (Surqrs 10 juared)
M g 1oAdU SA Jg JoAd syuejul Jo uontodoid K1oys1y A[rurey 95001 ST
SN AN Aorugo/eoey
9507 "SA 9%¢¢ (odar syuared) £ £ £q ewpse [)I1q Quljeseqg
M g Joadu ‘sA Jg JoAd sjuejul jo uontodoid QUON. Ad 19AAU "SA Jg 1oAT cSp=u SN (H0Y0d dA1dds0I] (61) €661 ‘Ung
AN Aotuyia/eoey
AN Xo§
MIq :ourfeseq (MOD (10
(N ®1Ep) SN £ (] 18 BLuyIse Jo sisouserp Juorn)) QUON. JOU "SA ] QAISN[OXH cLEI=u N 110409 9A10ads01q S00T ‘peysIy
BWIYISE YIIM SUOTIRIOOSSE JUBIYIUSISUON BUIYISE ;oImsodxa y[rur uewny sonsLoRIRyd 9[dwes 9[qrION Anuno) (a1qeordde uaym (o)

)M SUONBIOOSSE JUBOYTUSIS

SUIPOSY J10AD "SA JOAON

QuWEU 1I0Y0J/ApMIs)
usisop Apmg

Teak ‘T0UINe ISIL]

| POOYPIIYD UI BWISE PUE Y[IUL UBWINY SUIPIJ JOAS SNSIOA IOASU USIMIaq dIYsuone[or Ay SUIUIEXD OUSPIAY T HTAVL



7778

Infant milk-feeding practices and atopic diseases

(panunuo)))

QUON
(00°T 0L°0 :ID %S6) $8°0 “¥H K §—C e ewyIsy

(€01 *LS°0 1D %S6) LL'O
O (£ 95 wnwIxew) pooypyIyo ur BWyISy

(L6'0°69°0 1D
%56) T80 “¥H A 6= 1B BUISy
QUON

QUON
(T6°0°¢5°0
1D %$6) 0L°0 MO (£ 0 23¢e

g 10AQU 'SA OW €< Jg
A€ 19ASU "SA oW ¢—() 4

g ou 'sa ow 9< Jg

AN :Aotuyiaeoey
K 7> oureseq
6678 = U
(s1opour)
K1oysty A[ruey 9568 SRy
AN “%iu«—:—uu\uuﬂm
AN XeS
yuIq :ourjaseq

(@dd ADSIN) (80
epeue) 110409 2A1302ds01 010T ‘IZPOPIA

QUON winwirxew) pooypyIyd ul Buylsy A€ ou ‘sa ow 9> Jg S[ONUOD €€Q ‘SASLI G/ = U epRUR) [OIIU0D-3SBI PAISIN (L2) 600T ‘TN
(8SH'T°L8T0
11D %S6) £25°0 MO A 9 e rwyse J1B10[ Y QUON. M0 A9 SA M 9Z< A9
(§59°0 °€60°0 *ID %56)
QUON. LYT0 2O K 918 ewIyIsE JISIY AM 0 A9 SA M GT—Cl dd
AN Koruyioaoey
(€00°T SPT°0 g ouraseg (OSYATAD)
1D %S6) $8€°0 MO A 9 18 rwyIsE 110y QUON. AM 0 A9 SAM TT-T A9 L8E=1U SPUBLIOYION (MO0 aAnadso1d (92) 110T ‘seeN
(61°€ *S€°0 1D %S6) SO'T “¥H L T1
0] 9< WOIJ BUIISE J0J SUOISSTIIpE [eyidsoy orqng
(T6'T “PL0 1D %S6) 611 ¥H £ 9 01 ow
€< wWoIj pwyIse 10j suoisstwpe [eydsoy s1qng
06T 790 11D %S6) T1'T *¥H £ 9
0) < wWolj euyise Joj suoissiwpe [eydsoy oriqng
(0S¥ “+9°0 1D %S6) 69'T *¥H A ¢ 01 owr
€< wolJ ewyIse 10J suoissiupe [eydsoy orqng
(861 ‘280 1D %S6) LT'1 “gH A ¢ 01 ow
€< WoIj pwIyIse 10j suolsstwpe [eydsoy orqng QUON A 1oAdU 'sA owl €< JgH
(€8°T “T#°0 11D %S6) L8'0 “¥H A Tl
0) Q< WOIJ BUIYISE 10J suolssiwpe [eydsoy orqng
(SET°6L°0 :TD %56) €0'T *¥H A 9 01 owr
€< wolj ewyise JoJ suoissiupe [eydsoy orqng
(€571 °$8°0 1D %S6) ¥1'1 “qH L9
0] 7< WOIJ BUIISE JOJ SuoIssTupe [eydsoy orqng
(ST'T“TE0 11D %S6) £9°0 “¥H :A T 01 ow
€< wWoIj pwIyIse 10j suoisstwpe [eydsoy orqng A9 I1oAdu AN :Aoruye/eoey (310y0D) YPIIg
(E7'T °L8'0 :1D %S6) TI'T “¥H A T 01 ow SA OW £> JgH I0 suwm jo ustA [erewsod 1511y sourfaseg L66T JO USIPIIYD)
€< wolj ewyise 10J suorssiupe [eydsoy orqng QUON 3uof Aue 1oy 4d A[renteq 10€8 = U Suoy Suoy 110402 aAndadsolg (62) 9107 ‘Sunog
(TLETITT IO %S6)
80t MO :oulfaseq 18 JuIZodym
1M INg ‘BUWYISE OU YIIM
orduresqns oy ur £ g—9 23e £q
BUWIYISE JO dOUIPIOUT dANR[AWND A-G
BUIYISE [)IM SUOTIBIDOSSE JUROYTUSISUON ruylse Z2msodxa Y[ uewny sonsL)oeIRyd o[dwes 9[qeioN Anuno) (orqeoridde uoym (3o1)
[IIM SUOTIBIOOSSE JUBOYTUSIS SUIPA9J 10AD "SA TOAON Qureu 110yod/Apmis) Teak ‘T0UINe ISIT]

ugisep Apms

(ponuuo)) T ATAVL



tingor et al.

G

778S

(panunuo)))

QUON
90°0=d
‘BT OTID %S6) ST 240 K $1-9 1B ewyIsy

QUON
(1T°TcTo
1D %S6) 69°0 MO A 9 PUE  UsMIEq BUIISY

(6'0°6°010
%56) 9°0 40 A $1-9 1B BWYISY
QUON.

$00=d (0T ‘501D
%S6) L0 40 A $1-9 & eWIsy

I OU "SA oW () IF

Ad ou 'sA ow 9< Jg

Jg ou 'sA ow 9—(0) 49

ueory
ouand 9001 :Koruy)o/0ey
K 41-9
:o3uer) £ (0] :ueQw :QuIreseq
S[ONUO0D 819 ‘SASLI GOG = U
AN :Aoruye/poey
YuIq :oureseq

vsn
puRLIDZIIMS
‘AueuiIon

[01U02-358))

(HINLSVD

(8¢) S10C
‘IeZe[eS-SeSOy

(9

(€97 °T€°0 11D %S6) TT'1 MO A 1v ewysy SuoN ow 9< g "SA g 19N geg=u ‘90ueL ‘puBluUL] 110y02 2A13dso1d #10T ‘HOnALIQ
(LTT IS0 1D %S6) LL'0 -JO :Adoye jo K1oisty
Aprurey yyim ordwesqns ur £ 0] 93e 03 dn ewysy
(€T1°LT0
1D %S6) 850 ~JO :Kdoje jo Aroysty K[ruuey
ou ym opdwesqns ur £ (] 25e 01 dn ewysy
(60°T “€5°0 1D %S6) 9L°0 MO A 01 Aq ewnpsy QuoON dg ousaow czz< 49
(€TT°6¥°0 1D %S6) LL'0 *¥O :Adoje jo L10151Y]
Apurey s opdwresqns ur £ o1 98¢ 03 dn ewy)sy
(99T 650
1D %56) ST'T ¥O :Adoje jo Kro1s1y A[rurey
ou yim opdwesqns ur £ (] o5e 01 dn ewysy
(SE'T°19°0 1D %S6) 06°0 MO A 01 Aq ewpsy QUON oI OU "SA OW GT'T> A
(PT°T°€5°0 1D %S6) 8L°0 ¥O :Adoje jo K10151Y
Aqrurey yim opduresqns ur £ 0] 93e 01 dn ewysy AN Amoruyia/eoey
(Ss'1TH0 quIq -oureseq
10 %$6) 08°0 MO :Adore jo 10181y A[ruuey AN Adore
ou ym ojdwresqns ur £ o] 95e 03 dn WSy Jo K10381Y A[Twuey noyyim (NOLVAS)
(E1°T°65°0 1D %S6) 18°0 MO A 01 Aq ewpsy QUON A4 Ou 'sA Jg 1oAg pue i sofdwesqns ‘pe6 = u N 110402 2An02dso1q (1€) €10T ‘nIRMN
1910 % OMym
%9% NORIQ % 1S -KIdIuYIa/TY
(120 TS0 1D %56) 19°0 *40 g aurseq (IT/SHIAN)
QUON :(y10dor [euroyewn) £ ¢ e BWYISY A 10A9U 'SA g JOAT €L08=1U vSn 110405 9A102ds01d (L) ¥00T “JoU[IA
yor[q oruedstH-uou (dT/SHIAN)
%0’ St “oNym oruedsTH-uou sIsAeue oy uo
(921 “0L°0 1D %56) %0°SS Kidruyio/pey Surpuadop 11010d
+6°0 4O :(MITAI 1IRYD [RITPAW 2A1ddsOn1 (L6°0 ‘670 1D %S6) 89°0 4O YuIq :aurjaseqg aanoadsonal
wouiy 1odar uerorsAyd) £ ¢ £q ewysy :(1odar reuroyew) A ¢ £q ewuyIsy Ag ou sa g €88¢ =u vSn 10 2An0adsoIg (0€) 100T “TRINA
AN Aotuyia/oey
RINEEN
(91T *0€°0 *1D YuIq :ouraseq (SdvD) (60)
%66) 6S°0 O :A G e eWYISE JUILIND J[qBqOI] QUON A€ 10ASU "SA g JOAT 91§ =1u erfensny H0y0d An2adsold L00T ‘TYBYSIYIIAL
BUIYISE YIIM SUOTIBIOOSSE JUBIYTUSISUON BUIYISE ;omsodxa Y[rw uewny sonstI)oeIeyd opdures ojqeIoN Anuno) (a1qeoridde uoym (Jo1)
)M SUONBIOOSSE JUBOYIUSIS SUIPISY J10AD "SA JOAON Qureu 110yod/Apmis) Teak ‘ToUIne ISIL]
ugisop Apmg

(panunuo)) ¢ ATAVL



7798

Infant milk-feeding practices and atopic diseases

(panunuo)))

(SE T~ "0S°0~ 1D %S6) 08'0~ YO

:s1oyjow O1319[[e PIm dpdwresqns ur £ § Je vWYISY
0T T~ ‘0¥'0~ 1D %S6) $9°0~ 4O

:s1oyjow d151a[[e Yim oidwesqns ur £ £ je ewyisy
(0€ T~ *St'0~ 1D %S6) SL'0~ 4O

:s1oyjow o1319[Te YPim drduresqns ut £ g Je ewsy
(SO I~ 01’0~ 1D %S6) 09'0~ YO

:s1oyjow d131a[[e Yim oiduresqns ur £ ¢ Je ewyIsy
(SE'T~*0S°0~ ‘1D %S6) $8°0~ ~4O

:s1oyjow O1319[[e PIm dpduwresqns ul £ § je eWISY
(0T T~ *SS°0~ 1D %S6) SL'O~ "JO s1oyiour

o131oq[euou s ofdwesqns ur £ 4 je BWYISY
(S0 1~

09°0~ 1D %S6) 08'0~ IO A ¢ & ewyIsy
(!

290 :1D %S6) L8'0 YO A 8 £q priyse oruory)

(SL'0~ *SE'0~ D %S6)
050~ O :sIoyowr d13Id[[eUOU
i ofduresqns ur £ § e ewyIsy
(96°0 ‘#1701 %S6) §9°0 YO A
8 Aq euyse ooy ((08°0 ‘14°0
IO %S6) LS0 YO K § 18 ewsy
(S6°0~ *Sr'0~ “ID %S6)
69’0~ YO :sIoyiow dISId[[e-uou
s ordwesqns ur £ £ Je ewysy
(060~ ‘0S50~ ‘1D
%S6) §9°0~ O K L e BWISY
(SL'0~ *SE'0~ ID %S6)
050~ O :sIoyowr d13Id[[eUOU
i opduresqns ur £ g e ewyIsy
(080~ ‘St'0~ 1D
%S6) 09°0~ O A 9 & BWSY
(00T~ *0S°0~ *ID %S6)
0L°0~ YO :sIayiow d13Id[[euou
yim opdwesqns ur £ ¢ je ewyISy
(060~ *SS0~ 1D
%S6) 05'0~ O A G e ewyIsy
(06'0~ "SE'0~ 1D %S6)
GG’ 0~ YO :sIeyjow JISIoe
s ordwesqns ur £ ¢ e vwWyISY
(00"~ "0S°0~ ‘1D %S6)
0L 0~ “JO :sIoyour JISId[[eUou
s ordwesqns ur £ ¢ e vWYISY
(S8°0~ ‘050~ 1D
%S6) §9°0~ *JO A € 16 BWyISY

Ag ousaym 9 < 49

AN :Aotuyiaeoey

YuIq :ouraseq
s1agjowr
o131aqe ynm ordwresqns ay)
ur //§ ‘sioyjou dI3I9[[euou
ym opduwresqns oy ur €7

(VIAVId) (€€)

(60T “19°0 :ID %S6) T80 ~JO A § 1 ewyIsy QUON Jg OU'SANM 91— g9 ‘opdures [y oy ur gy g = u SPUB[ISYION 110405 9A103dso1d 6007 ‘SudOYdS
('€ °9°0 11D %S6) ¥'1 MO A $1-9 1 ewysy QUON dgoursaowgi< 49
('€ °9°0 {1 %S6) §'1 MO K y1-9 1 ewysy QUON dg ousaow 7101 A9
(T'ST €0 1D %S6) 6T *40 A $1-9 e ewypsy QUON dg oursaow (-8 A9
(0°€°6°0 \ID %S6) 9'1 MO A $1-9 1 ewWyIsy QUON A€ ou 'sA owr 8-9 4g
(8'1°T°0 1D %S6) 9°0 MO K y1-9 1 ewysy QUON A€ Ou 'SA oW 9—f Jg
(€7°9°0 11D %$6) 60 MO A F1-9 1 ewysy QUON A€ ou'sA oW -7 Jg

BWIYISE M SUOTIRIOOSSE JUROYIUSISUON euwuyjse Z2msodxa Y[ uewny sonsL)oeIRyd o[dwes 9[qeIoN Anuno) (orqeordde uoym (Jox)

(IIM SUOTIBIOOSSE JUBOYIUSIS SUIPa9) 1049 'SA TOADN Qureu 110yod/Apnis) Ief ‘IoyINe 111

uSisop Apmg

(ponuyuo)) T ATAVL



tingor et al.

G

780S

“de[1940 10U 0p STD 9y Inq $dnoI3 FUIP9Y USIMIIQG SIOUIISHIP OU 1M 1Y) 18y} PAJEIS sioyne Apmig,

“UOIRZIWOPURI 0 PAJR[AIUN SIE YS SIY} 10§ ISAINUI JO BIRP Y} I9AIMOY S[BLN) PI[[ONUOD PIZIWOPUEI B WOoLj pI[dwes sem 1oyod YL

“BSIOA QOIA IO Y[IUW UBWINY SUIPID JOAD SNSIOA JOAIU SSAIPPE YOI “OOUIPIAR JO APOq Ay} UT Papn[dul sAPNIS A} JO SIOYINE dY) Aq pauyap se ‘samsodxs,
“MTAQI OTIBWIA)SAS S {UONILINN] JO QUINPU] Y} 9AISQ) 0} BUIISY PUB BUWIAZOH JO APMIS ‘NOILVHS 90UIJaI ‘JoI ‘UIP[IYD) UI BUWIISY JO UONUIAIJ
‘DSVATYA ‘ASI9[[V 9IA Pue BWIISY JO 9OUIPIOU] PUB UONUAI ‘VIAVIJ SIudwuoiaug [emny ur Apn§ AS19[y Isuredy uonodold ‘MANLSVd iparodarjou YN ‘dn-mo[[o] [euIpmiSuo] [66] put A9AING Yol JUBJU] PUE [BUINBIA
[euoneN 8861 ' T/SHIAN :1MoyoD 1uawdo[aad pooypliy) A[TeH [INOK pue UIP[IYD) Jo APmg [BUIpPMISU0 [EUONEN UeIpeue) ‘qOH ADSIN JUSIA JO 2[ST ‘MOT SUIpas) e[NULIOJ/Paj BAWLIO] 41 HOY0D) YuIg ApmS [euIpmisuo|

pooyp[ryD Alreq ‘g-STOH ‘SUIPI9jIseaIq SAISN[OXa/PajIsealq A[PAISN[OX g ‘YI[edH pue sulpping ur ssoudweq ‘Hg SAPMIS UONUSARIJ BUIISY POOYPIYD ‘SAVD ‘SUIPIJISLaIq/pajisealq g UIIOYJO0D UOISSAITAI ‘¢ |

QUON
(%1°9T ‘BE'LI
D BS6) %LIT SA (%HO0T ‘BT LT 'ID %S6)

W %YET %601

‘1D %S6) %1°TL 'SA (%0°0C

BTLLID %S6) %981 A L Kq
euryise Jo Apiqeqord ofejudorod

A9H 'sA SuIpady apog

AN Aotuyia/eoey
YuIq :oureseq

(Apmg Surpeag
ueIuy 99pun(y) 9¢)

92981 :A £ Aq ewnpse jo Ajiqeqoid a3ejuadiod QUON A9 renaed “sa Surpagy onog SpS=u SN 110409 aAndadsold 8661 ‘UOS[IA
AN :Aoruye/poey
AN Xo§

(80°T “6L°0 :1D %S6) T6'0 MO A ¢ £q ewypsy QUON dg ousaow ¢< 4g YuIq :ouraseq (S€) 800

(60T “€8°0 *ID %S6) 96'0 YO A G £q prusy QUON g ousaowr ¢—¢'0 49 yyy'ec =1u SPUEBLIOYION 110402 2An2adsoiq ‘Ipreatsfiog uea
AN :Aotuyiaeoey
YN Xo§
(L8°0°80°0 ‘1D YIq -oureseq

QUON %S6) £€°0 4O K §'9 18 eyISY J4 ou s Jg oy =1u uredg 10y0d 2An0adso1q (#€) 900 ‘10Aung

BWIYISE 1M SUOTIRIOOSSE JUBOYIUSISUON ruIyISE Z2msodxa Y[ uewny sonsL)oeIRyd ojdwes 9[qeIoN Anuno) (orqeordde uoym (Jox)

)M SUOIIRIOOSSE JUBOYIUTIS SUIPa) 19AD "SA JOAIN Jweu 110Yyod/Apnis) Iea£ “10UINE ISIL]

uSisop Apms

(ponunuo)) ¢ ATAVL



781S

Infant milk-feeding practices and atopic diseases

(panunuo)))

(Burqrs 10
wwared [ <) Aroysty Ajruey 95001 ST
AN :Koruyia/eoey
yuIq oureseyq

((22]

SN ‘%0 "SA %G 91 JO 1eA 1SI ) UI BUWIAZIF QUON A€ 19AU “SA g IoAH 18y =U SN (Hoyod aAnadsorq 8861 ‘AIINSTA
(Burqrs 10
juared [ <) K103sty A[rurey 94001 ST
AN :Adruye/eoey
RINREN
yuIq :oulpaseq
AMZ mumﬁv SN K T e BWAZO QUON Ad PIM g "SA duoe 4 6gElr=u duel] mﬁOJOQ 0>EU®Q,AO.HQ Amﬁv 7661 J@ENE
AN :Koruya/eoey
S0°0 > d ‘%8691 SA %TE'E AN Xo§
:our T 181y o) Sunmp snneuLrap ordoje MIq ourjaseq 4IEH Pa[[01u0d (€1) €102
QUON UM 4] pIepues ‘sa Jg siuejur jo uoniodoid A prepuess 'sa jgq YOl =u aurenyn POZIWOPUBIUON ‘OUOUYYBA]
O ‘¢~
1D %S6) TI'0 ;X DIM TS 01 (0 WOLJ BWozoF
9¢
‘9°€= 11D %S6) 850 1o X M GE—LT WOIJ BWAZIH
99 °¢1-
1D %S6) 68°0 1z X DM 9T 01 § WOIJ BWAZOH Cm
WeTe €1< A9) s19pagy Isealq
11D %S6) LLO X DIM €] 01 YIq WOl BWazog QUON. *SA () sTopady apog
SN ‘QIN
1D %S6) ST'0 “¢ X DIM TS 01 Of WOLJ BWAZOH
SN “(IN
1D %S6) TO0 *¢ X DM 6¢ 01 LT WOIJ BWAZOH
SN ‘(AN AN Korugio/eory
1D %S6) TS'T 1z X DM 9T 01 § WOLJ BWAZOH AN Xo§
SN “(IN (Im €1> 4€) stourom HIq :ourfeseq
1D %S6) 9€7T 1o X DM €] 0) YUIq WOIJ BURZOY QUON  AIEd SA () SIOpad) Aoy L19=1u SN 110400 9An0adsord  (Th) 0661 “OIMOH
1L°0=4d “(9€'T '€9°0 ‘1D %S6)
€6°0 4O :A 7 £q rwozoa paytodar A[[euren
LY0=d (SETLY0
IO %S6) ST'T YO A T Aq snpewiap oqIsiA AN :Aruyio/eey
68'0=d ‘(LV'1 ‘¥9°0 1D MIq -ourfoseq
9%66) L6°0 MO :A 7 Aq pwazos pasouseIp-10100Q QUON A€ 10AU "SA Jd JOAT y9=u N 110400 9Anoadsord (1) 100T ‘SHIeH
€000 =d (€61 ‘'ST'T ‘1D %S6) 611
QUON O 0w §] pue 9 udMIaq snneurep d1dory Jgousaow g1 < 49
9000 =d (L8 I1°1 1D %S6) v¥'1
QUON MO 0w § pue 9 UIMIRq snieuLIap d1dory Agousaow 7[> 49
1000 =d “(F8'1 “L1'T 1D %S6) L¥'1
QUON. MO 0w §] puk 9 usam)dq snneuLap drdory Ad ou ‘s ow 9> Jg (UOLIILIO UOISN[OXI) Ol
6000 =d ‘(L1 80T 1D %S6) LE'T 9 Aq snnewrap ordoje Yim 95() SRy
QUON O 0w 8] pue 9 udeMIdq snnewIep d1dory JAd ou 'sAa ow 7> g9 AN :AoTuyo/eoey
6¥0°0 =d (951 ‘00'1 ‘1D %S6) ST'1 yu1q :dureseq (sD4.L) o)
QUON O 0w § pue 9 UaMIRq snieuLIap d1doly Agou saow [> Jg LI0T=1u uemIe], 110109 2A192dso1g 110¢ ‘Sueny)
(Surqrs
10 jJuared) K103sty A[rwey 95001 ST
SN ‘%0¥ AN Kiorugio/eory
'SA 9,G¢ sout 7] Aq swordwAs ewozod im Jgq A9 Iq ourfeseq
JIOAQU "SA QWIT) QWIOS Je g sjuejur Jo uontodoig QUON JOAQU “SA QWIT) QWOS 1B g gy =u SN H0y0d 2an0adso1q (6£) 6861 ‘ung
snnewop J1doje YIm SUOTIBIOOSSE JUBOYTUSISUON SOeUIop ;omsodxa [T uewny SonsTIAOEIRYD ojdures o[qeIoN Anuno) (aqeordde uoym (Jo1)
o1doje yim suoneIdosse JuedyIuSIg SUIP9) JOAQ "SA JOAON Qureu 1I0Yod/Apnis)  Ieak ‘IoyIne ISIL]
u3isop Apmg

(oW £, 03 yMIq woiy sppeuuap d1doje pue Y[ uewny SUIPady JOAS SNSIOA JOAU UdMIR] diysuone[al oy SUIUILEXD UpiAg € A TdVL



tingor et al.

G

782S

(panunuo)))

(08T “1L°0 1D %S6) €1°1 94
:ow g Je snneuwrap o1doje Jo 2duapIour ow-g |

(2T0'T°06°0 1D %S6) €T ~qd
:ow 7] Je snneulap o1doje Jo 9ouapIoul ow-g |

L1070

10 %S6) $8°0 O A ¢ 01 dn snneuwep drdory
(LST°1T°0
IO %S6) TH0 4O oW £ < ISUO Yim SIUBJuT

Jo opdwresqns ur owr 4 03 £ WoIy LwWzod d1doyy
(#¥'1°8T°0 1D

9%66) $9°0 MO :0W ] 0) () WoIj ewazdd didory
(0T~ ‘TO~ 1D %S6) L'0~ 4O :our

+]—L 0) OW 9—Y}IIq WOIJ LWz 91doje ULy
F' 1~ T0~ 1D

9%66) 90~ JO oW ] 0) £ woIj ewazdd didory
(€91 ‘v€°0
IO %S6) $L0 IO ‘0w £ < IISUO Im SIuBjul

Jo orduresqns ur ow ] 0) £ woij ewazod didory
@170 1D

9%66) TL'0 O :0W ] 0] () WoIj ewazod o1doyy
(I'T~ “TO~ 1D %S6) §'0~ YO 0w

11—/ 0} OW 9—Y1IIq WOIJ LWz d1doje JuaLmody
(I'T~ €0~ 1D

9%66) 90~ JO oW ] 0) / WoIj ewazod didory
(€T~ F0~ IO %S6)

L0~ 2JO :oul g 0] YIq Wolj ewazo 21dory
rTiLEO
IO %S6) $6°0 O 0w £ < IISUO Yim SIUBJuL

Jo ordwresqns ur ow ] 0) £ woij ewazod didory
(69'T ‘870 1D

9%66) 06°0 O 0W [ 0] () WoIJ ewazdd d1doyy
(LT~ TO~ 1D %S6) 9°0~ ~JO :our

11—/ 0} OW 9—Y}IIq WOIJ LWz d1doje ULy
(ST~ 70~ 1D

9%66) 80~ JO :0W ] 0) £ WoIj ewazod didory
(6T~ F0~ IO %S6)

60~ “JO :0u g 0] YMIq WOoIj ewazd 21dory
(80T“LTO
IO %S6) SL0 O 0w £ < IISUO im SIuBjul

Jo orduresqns ur ow ] 0) £ woij ewazod drdory
(9€°T *€€0 71D

9%G66) L9°0 O :0W ] 0] () WoIj ewazod d1doyy
(€T~ 00~ 1D %S6) ¥'0~ ¥O 0w

+]—/ 0} OW 9—Y1IIq WOIJ LWz d1doje ULy
(€1~ ‘€0~ 1D

9%66) 90~ JO oW ] 0) £ WoIj ewazdd didory
(ST~ ‘€0~ IO %S6)

L0~ 2O 0w g 0) YMIq WoIj ewazod d1doyy

QUON.

QUON

QUON

QUON.

QUON.

QUON.

QUON|

S OU 'SA SY[IW IDUIO/IF

A4 ou ‘sa Afuo g

ow 9< g "SA Jg TOAN

Ad Ioadu
‘SA OW 9< ¢ JUBUTWOPAI]

Ad Ioadu

'SA OW 9— g JUBUTWIOPAI]

A€ 1oA0u

'SA OW $—¢ g JUBUIWIOPAI]

A€ 1oA0u
‘SA oWl 7> ¢ jueurwopald

AN :AoTue ey
YMIq ourjaseqg
96L =u

AN :AoTua ey
YMIq :ourjaseqg

€8 =u

AN -Aruyio/eoey
YIq :ouraseqg
08s =1u

Aren
PUB[IOZ)IMS
‘KuetIon

‘QoueI] ‘pueuUL

uredg

110409 9A10ddso1g

(9%)
P10 ‘1zzeied

(HINLSVD) ((43)
110409 9A10ddso1g

$10T ‘HONALIO

(103014 VIANID) (St)
110100 u>uoun_moﬁ

T10T ‘S?[BIoON

snnewop J1doje YIm SUOTIBIOOSSE JUBIYTUSISUON

SOIeULIOp
s1doje yim suoneroosse JuedyIusig

;omsodxa [T uewny
SUIP9) JOAQ "SA JOAON

sonstIAOeIRYD ojdwes o[qeIoN

Anuno)

(orqeoridde uaym (Jor)
Quieu 1I0Y0d/Apnis)  IeaK ‘IOyIne ISIL]
udisop Apmg

(panunuo)) ¢ HTIVL



783S

Infant milk-feeding practices and atopic diseases

(panunuo)))

(LT'TTT0 1D %S6) 0L°0 “JO ‘ewWse yrm
s1oyow Pim dpduresqns ut A g 11y oY) Ul BWAZOT

(8€'T¥E0

IO %56) 89°0 YO ‘euwyIse ou ‘ATid[e YA
s1oyow Pim dpduwresqns ut A g 11y oY) Ul BWAZOT

(611070

1D %S6) 69°0 MO BwyIse ou ‘ATIo[[e ou PIM

s1oyow PIm dpduwresqns ut £ g 115 oY) Ul BWAZOT QUON g IoAdU “SA oWl 6—/ g
(@r v ¥1°0 '1D %S6) OF'T YO “euyse qim
s1oyjow Y drduwresqns ut £ g ISIY oY) Ul BWOZdg
(ILTer0
IO %S6) 98°0 O ‘BWISE ou ‘ATId[e Yiim
s1oyow Pim dpduresqns ut A g 11y oY) Ul BWAZOT
(0T1 0
1D %S6) 1L°0 “JO ‘ewyise ou ‘ASId[[e ou YIim
s1oyow Pim dpduwresqns ut A g 11y oY) Ul BWAZOT QUON g I19AdU “SA oW 9— g
(8L°€ TS0 *ID %S6) 6€'T YO ‘PuIypse qim
s1oyjow Y dfduresqns ut £ g ISI oY) Ul eUWOZIg AN :AoTuyo/eoey
(LS'T°CS0 YuIq -outjeseq
1D %66) 06°0 O BWYISE ou ‘ASIo[TE YPIM BUIYISE YIIM sIoyow (Pim dpduresqns
s1oyjow Y dfduresqns ut £ g ISI oY) Ul eUWOZIg oy ur £ [ ‘ewryise ou/ASIo[[e yim
(I€T°19°0 stoylow i dfduresqns oy ur 769 (110yoDd
1D %S6) 06°0 ~YO ‘Bwyse ou ‘AT1d[[e ou YIm ‘euuyse ou/ASIA[E OU IM SIAYIOW g VIvVO) (6%)
s1oyjow Yy dfduresqns ut £ g ISIY oY) Ul BWOzZdg QUON Ad 1oa0u 'SA owl ¢—0 9 yiim opdwesqns oy ut 8¢S ‘9167 = U SPUBLIOYION 110400 9An0adso1g L00¢ ‘s1opliug
(S1°90
1D %66) 0°'T 4O :Tedk 151y ay) Sulnp ewozog QUON A IoAQU "SA OW €1< 4G
(€1°60
1D %S6) 80 YO :Ieak )s1y oY) Sunnp ewozog QUON A€ IoAdu “SA oWl 7/ A9
(€170
1D %S6) 8'0 “MO 18k IsIy oY) SuLINp BWAZOT QUON Ad JoAdU 'SA oWl 9—] Jg AN Koruyioeoey
(81760 MIq -ourfeseq (102lo1g OdId) (8)
1D %S6) €T O Jedk 151y oY) Sunnp ewozog QUON A€ 10ASU "SA Jd JOAT 9L6=1u wniSpeg 110400 9Anoadsord /00T ‘IIAYOBLIES
SN ‘BTEL SA %E'TT
:K 7 1e snnewIop o1doje Jo 90UPIOUT ATIR[NUND) QUON A€ 10AQU 'SA OW 6< g
SN “%TE1 'SA %6°L1
A 7 e snneurap o1doje Jo 20uapIour 2ANE[NWND) QUON ¢ I9AU ‘SA OW > 01 9 g
SN “BTEL SA %1°TT (1910 %9°L 'YSDHNL, %1 “UeWIoD
:K 7 1e sneurop o1doje Jo 9oUSPIOUT dATIR[NWUND) QUON g JoAdU ‘SAOW 9> 0} € I %006 :KN[euoneu) YN :ANOTuYo/e0ey
SN “BTEL "SA %S'LT MIq -ourfeseq (L¥) S00T
:K 7 1e snnewrop o1doje Jo 90uSpIoUl ATIR[NUNY) QUON A€ 10AU "SA OW ¢> Jg cog=1u Auewron 110400 9An0adsorg JOUIBQUAIOY
(T1'T°16°0 11D %S6) 6€'1 Y ow ( 49
:owl 7T Je snneurap o1doje Jo 20uapIour ow-g | QUON 'SA oWl < SY[TW 1oUIo/J g
(P81 °2L°0 1D %S6) ST 94 ow (49
:ow 7] Je snnewop drdoje Jo aouapIour ow-g | QUON SA OW H— SY[IW YO/ g
(STT'6'0 :1D %S6) 9F'T *dd
ou g Je snnewop o1doje Jo 9ouapIour ow-g | QUON oW () g ‘SA ow G< A[uo Jg
(SET0L'0 1D %S6) 8T'1 44 ow
:ow 7] Je snneulap d1doje Jo 9ouapIoul ow-g | QUON 0 A9 'sA owl $—] A[uo Jq
snneuop o1doje IIM SUONRIDOSSE JUROYIUSISUON sneuLIOp ZAmsodxa Y[ uewny sonsL)oeIRyd 9dwes a[qeloN Anuno) (arqeordde uoym (Jox)

o1doje IIm SUOTIBIOOSSE JUBOYTUSIS

SUIPa9y 1042 "SA JOAON

ureu 110y09/Apns)
udisop Apmis

IeaK “I0U)NE ISIL]

(ponunuo)) € AIIVL



t al.

ingor e

G

784S

*dnoi3 uostedwod PaZIOPURIUOU & PAasn YS SIY} 10§ JSAIUI JO BIEP AU} “IOAIMOY [BLI} PI[[ONUOD PIZIWOPURI B sem APmIS,

“UOTRZIWOPUEI 0} PAR[AIUN SIE YS SIY} J0J 1SAIAUI JO BIEP Y} “IAIMOY S[BLN) PI[[ONUOD PIZIWOPUEI B WOy PI[dWes sem 1oyod YL,

“BSIOA QOIA 10 Y[IW UrWINy SUIPID 19AS SNSIOA I9ASU SSIIPPE YOIM “QOUIPIAS Jo APoq AU} UT PIpN[OUL SAAPNIS Ay} Jo s1oyIne ay) £q pauyap se ‘sainsodxy,
*Kpmy§ 11040)) YIIg UBMIB], ‘SOE.L SMITAI ONBWR)SAS Y ‘90UIISJAI JoI ‘SAFII[Y PUB BWYISY JO S0UILNIO() Y} UO SIOJOBJ [BJBULIdJ JO OUIN[UT 3y} U0 Apm§ 2A10adso1g 903fo1d OdId ‘siuswuoIiaug [eiy ur Apni§ 3191y jsuredy
uonoNoid ‘FYNLSVd parodar 0u YN uonmnsuo) dNdudn pue A[KISYIT YIESH pue JudIed ‘PlIyd HoyoD YuIg v IVO IAIquY OIPIJA A BIOUBINT ‘VIANI (SUIP9) B[NULIOJ/PIJ-R[NULIOY I ‘SUIPISJISLaIq/pajIselq e,

(FT'T *8€°0 1D %56) 89°0 4O *(ow

$—¢ o3e) uorsnpour Apms Je snneuop o1dory
(S6' '¥€°0 *ID %S6)

0¢'1: JO :A 7 18 (passasse) snneutrop ordory
(60'1 ‘0¥°0

1D %S6) 99°0 MO :A 7 Aq (31oder juared) vwezog
(99°S *¥1°0 ‘1D %S6)

8G'T MO :A 7 18 (passasse) snneurap drdory
(0T'T 910

1D %S6) $L°0 24O :A 7 £q (31odar juared) ewozog
(L9'8 *LL'0 1D %S6)

8G°7 MO :A 7 e (passesse) snnewtdp drdory
(SE'T°650

1D %S6) L8°0 4O :A 7 Aq (11odar juared) ewazog
(I¥'C 1570 1D %S6)

111 4O £ 71 (passasse) snneutap ordoly
(€€'T°SL0TD

9%66) 00'T MO :A 7 £q (31odarjuared) ewozog
(S1°1°T8°0

1D %S6) LL°0 YO :0uW 7] PUB { UdIM)Q BWAZIT
(TI'1°LS°0 1D

9%66) 08°0 O :2J1] Jo 183K IsIy FuLINp LWzZOq
(€1 °99°0 1D

9%66) $6°0 MO :2J1] Jo Jeak 11y SuLnp ewozog
(9¥'1°99°0

1D %S6) 86°0 MO OW 7] PUR { UdOMIOq BUIDZOT
(PET1L0°1D

9%66) 86°0 O 1] JO 18K 18Iy SULINp BUIDZOT
(LL'T°96°0 ‘1D %S6)

0€'T YO :(ow ¢—() ewazoo jo Judwdoaadp ALreq
(1T €570 :ID %S6) L9'T MO euIyse yim

s1oylow Pim dpduresqns ut A g 11 9Y) Ul BUIAZOT
(6T1°1€°0
IO %S6) €9°0 O ‘Bwyse ou ‘ATId[e Yiim

s1oylow Pim dpduwresqns ut A g 11y oY) Ul BUAZOT

QUON

QUON.

QUON

QUON.

QUON
QUON
QuUON

QUON

QUON.
QUON
(68°0 °6T°0 1D %S6) 150

YO ‘ewyse ou ‘ASIo[[e O IIM SISYIou
m ordwesqns ur £ g 18Iy Y} Ul BWIzZOg

Ad 10Ad "SA g JOAIN

€I 19ASU “SA OW < Jg

g 19AU "SA OW 6—/, 49

g I0AU SA OW 9— g

Ad 1oAU "SA oW ¢—() 49

A 10AQU 'SA OW < g

A€ 10AQU "SA oWl /< g

Ad JoAdu ‘SA oWl 9— Jg

A€ 10AdU "SA OW ¢—() Jg

A I0ASU "SA g J0AT

Ad 19AdU "SA oWl 6 < g

AN :Koruyia/eoey
JeW 9,19 :XdS
(owr
H—¢ o3urI) OW G ‘URIPOU :QUI[Aseq
S[ONUOD [Gf “SASRD |Gy = U

AN Koruyiaeoey
MIq -ourfaseq
yeye =1u

AN :Kortuyia/aoey
YMIq :ourjaseqg
Soyg =u

Arear [onuod-ese) (1) 910T ‘e,
(1040)
g vIvos) (19)
SPUBLIYIDN 110402 aAndadsold 8007 ‘s1opfiug

snneurop J1doje YIm SUOTIBIOOSSE JUBOYTUSISUON

SOewIop
o1doje yim SUONEIOOSse JUBOYIUSIS

;omsodxa Y[ uewny
SUIPooy 10AD “SA JOAON

sonstIoeIRYD ojdues o[qeIoN

(oqo)
g vIvos) 09)
SPUBLIOYION 11005 9A10adso1g L00g ‘s1opliug
Anuno) (orqeoridde uaym (3o1)

Qureu 1Joyod/Apnis)  Jeak ‘Joyine IsIny

ugisop Apmg

(ponuuo)) € ATAVL



Infant milk-feeding practices and atopic diseases

785S

TABLE 4 Evidence examining the relationship between never versus ever feeding human milk and atopic dermatitis in childhood!

Significant
Study design Never vs. ever  associations
First author, year  (study/cohort name feeding human  with atopic Nonsignificant associations with
(ref) when applicable) Country Notable sample characteristics milk exposure?  dermatitis atopic dermatitis
Bergmann, 2002 Prospective cohort Germany n =939 Ever BF vs. None Atopic eczema through 7 y: OR: 1.615
(52) (MAS) Baseline: birth never BF (95% CI: 0.933, 2.795)
Sex NR
Race/ethnicity: NR
Risk: “risk enriched” 38% family
history (>2 first-degree relatives
or IgE concentrations)
Burr, 1993 (19) Prospective cohort? UK n =453 Ever BF vs. None Proportion of infants ever BF vs. never
Baseline: birth never BF BF with eczema at age 7 y: 37% vs.
Race/ethnicity: NR 35%, NS
Risk: 100% family history (parent
or sibling)
Larsson, 2008 Prospective cohort Sweden n=4779 No BF vs. None 5-y cumulative incidence of eczema by
(18) (DBH) Baseline: 14y BF >6 mo age 6-9 y: OR: 0.64 (95% CI: 0.33,
Race/ethnicity: NR 1.24)
Mihrshahi, 2007 Prospective cohort®  Australia n=>516 Ever BF vs. None Eczema at 5 y: OR: 1.38 (95% CI:
(29) (CAPS) Baseline: birth never BF 0.61,3.12)
Sex: NR
Race/ethnicity: NR
Risk: 100% family history of
asthma (parent or sibling)
Nwaru, 2013 (31) Prospective cohort UK n =934, 770 in subsample withno  Ever BF vs. None Eczema up to age 10 y: OR: 1.06 (95%
(SEATON) eczema by 6 mo, 131 in never BF CI: 0.83, 1.35)
subsample with eczema by 6 mo Eczema up to age 10 y in subsample
Baseline: birth with no eczema by 6 mo: OR: 1.22
Race/ethnicity: NR (95% CI: 0.91, 1.63)
Eczema up to age 10 y in subsample
with eczema by 6 mo: OR: 0.87
(95% CI: 0.51, 1.49)
BF <2.25 mo None Eczema up to age 10 y: OR: 1.12 (95%
vs. never BF CI: 0.84, 1.51)
Eczema up to age 10 y in subsample
with no eczema by 6 mo: OR: 1.25
(95% CI: 0.87, 1.79)
Eczema up to age 10 y in subsample
with eczema by 6 mo: OR: 0.95
(95% CI: 0.50, 1.81)
BF >2.25 mo None Eczema up to age 10 y: OR: 1.04 (95%
vs. never BF CI: 0.81, 1.35)
Eczema up to age 10 y in subsample
with no eczema by 6 mo: OR: 1.23
(95% CI: 0.90, 1.68)
Eczema up to age 10 y in subsample
with eczema by 6 mo: OR: 0.83
(95% CI: 0.46, 1.50)
Orivuori, 2014 Prospective cohort Finland, France, n =853 Never BF vs. None Atopic dermatitis up to 4 y: OR: 0.83
(32) (PASTURE) Germany, Baseline: birth BF >6 mo (95% CI: 0.40, 1.69)
Switzerland Race/ethnicity: NR
Purvis, 2005 (53)  Prospective cohort* New Zealand n =550 BF <6 mo vs. Atopic dermatitis  None
(ABC Study) Baseline: birth never BF at3.5y: OR:
Race/ethnicity: NR; 100% New 6.12 (95% CI:
Zealanders of European descent 1.22,30.7)
Risk: ~50% born SGA
BF >6 mo vs. Atopic dermatitis None
never BF at3.5y: OR:
12.0 (95% CTI:
2.62, 54.8)
Sariachvili, 2010  Nested case-control ~ Belgium n = 252 cases, 305 controls Ever BF vs. None Eczema up to age 4 y: OR: 0.77 (95%
(54) (PIPO Project) Baseline: birth never BF CI: 0.50, 1.18)
Race/ethnicity: NR
Zutavern, 2004 Prospective cohort UK n =604 Ever BF vs. None Eczema by age 5.5 y: OR: 0.71 (95%
(55) Baseline: birth never BF CI: 0.47, 1.1)

Race/ethnicity: NR

'ABC, Auckland Birthweight Collaborative; BF, breastfed/breastfeeding; CAPS, Childhood Asthma Prevention Study; DBH, Dampness in Buildings and Health; IgE,
immunoglobulin E; MAS, Multicentre Allergy Study; NR, not reported; PASTURE, Protection Against Allergy Study in Rural Environments; PIPO Project, Prospective Study on
the Influence of Perinatal Factors on the Occurrence of Asthma and Allergies; ref, reference; SEATON, Study of Eczema and Asthma to Observe the Influence of Nutrition; SGA,

small for gestational age; SR, systematic review.

2Exposures, as defined by the authors of the studies included in the body of evidence, which address never versus ever feeding human milk or vice versa.

3The cohort was sampled from a randomized controlled trial; however, the data of interest for this SR are unrelated to randomization.

4The cohort was sampled from a case-control study; however, the data of interest for this SR are unrelated to case/control status.
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TABLE 5 Evidence examining the relationship between shorter versus longer durations of any human milk feeding and allergic rhinitis in childhood!

Study design

First author, year  (study/cohort name

Notable sample

Shorter vs. longer
duration of any

human milk feeding
2

Significant associations

Nonsignificant
associations with

(ref) when applicable) Country characteristics exposure with allergic rhinitis allergic rhinitis
Codispoti, 2010 Prospective cohort USA n = 80 African Americans, BF duration (mo) Allergic rhinitis at age 3y Allergic rhinitis at age 3
61) (CCAAPS) 218 non-African in African-American y in the non—African-
Americans subsample: OR: 0.8 American subsample:
Baseline: birth (95% CI: 0.6, 0.9) OR: 1.0 (95% CI:
Race/ethnicity: 22.2% 0.96, 1.1)
African American, 77.8%
non—African American
Risk: 100% family history
(> 1 parent)
Kramer, 2007 Cluster RCT? (PROBIT)  Belarus n=13,889 Experimental group None Ever had hay fever
(60) Baseline: birth (higher rates of any symptoms by 6.5 y:
Race/ethnicity: NR BF measured at 3, 6, OR: 1.1 (95% CI: 0.6,
9, and 12 mo) vs. 1.9)
control group Hay fever symptoms in
the past 12 mo at 6.5
y: OR: 1.0 (95% CI:
0.6, 1.8)
Larsson, 2008 Prospective cohort Sweden n=4779 BF duration <3 mo None 5-y cumulative
(18) (DBH) Baseline: 14y vs. >6 mo incidence of rhinitis
Race/ethnicity: NR by age 6-9 y: OR:
0.96 (95% CI: 0.63,
1.46)

5-y cumulative
incidence of any
rhinitis symptoms by
age 6-9 y: OR: 0.80
(95% CI: 0.59, 1.07)

BF duration 3-6 mo None 5-y cumulative
vs. >6 mo incidence of rhinitis
during by age 6-9 y:
OR: 0.94 (95% CI:
0.69, 1.29)

5-y cumulative
incidence of any
rhinitis symptoms
during by age 6-9 y:
OR: 1.03 (95% CI:
0.84, 1.25)

Nwaru, 2013 (63)  Prospective cohort Finland n=3112 Total BF <5 mo None Allergic rhinitis at 5 y:
(DIPP) Baseline: birth vs. >9.5 mo OR: ~1.3 (95% CI:
Race/ethnicity: NR ~1.0, ~1.8)
Risk: 100% high-risk Total BF 5-9.5 mo None Allergic rhinitis at 5 y:
genotype for T1ID vs. >9.5 mo OR: ~1.2 (95% CI:
~0.9, ~1.5)
Sandini, 2011 Prospective cohort* Finland n =891 BF duration >2 mo None Allergic rhinitis at 5 y:
(64) Baseline: birth vs. <2 mo OR: 1.87 (95% CI:
Race/ethnicity: NR 0.55, 6.36)
Risk: 100% family history
(>1 parent)
von Kobyletzki, Prospective cohort Sweden n=73124 BF <6 mo vs. > 6 mo None 5-y cumulative

2012 (62) (DBH)

Baseline: 1-2 y
Race/ethnicity: NR

incidence of rhinitis
by age 6-7 y: OR:
1.02 (95% CI: 0.73,
1.43)

IBF, breastfeeding/breastfed; CCAAPS, Cincinnati Childhood Allergy and Air Pollution Study; DBH, Dampness in Buildings and Health; DIPP, Type 1 Diabetes Prediction
and Prevention; NR, not reported; PROBIT, Promotion of Breastfeeding Intervention Trial; RCT, randomized controlled trial; ref, reference; SR, systematic review; T1D, type 1

diabetes.

2Exposures, as defined by the authors of the studies included in the body of evidence, which address shorter versus longer durations of any human milk feeding or vice versa.

3Cluster RCT of an intervention to promote prolonged duration and exclusivity of breastfeeding rather than an RCT of breastfeeding per se.
4The cohort was sampled from an RCT; however, the data of interest for this SR are unrelated to randomization.
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Statistically significant associations were reported by 9 studies
across 11 articles (17, 18, 23, 24, 26-28, 30, 33, 34, 36). The
studies provided consistent evidence of an association between
never versus ever being fed human milk and higher asthma
risk and suggested that the predominant difference between
the statistically significant and nonsignificant associations was
statistical power.

Seven of the studies that found significant associations were
prospective cohort studies. Specifically, Larsson et al. (18)
compared children never fed human milk with children fed
human milk for >6 mo and found higher odds of asthma during
the 5-y observation period in the full sample of children with
no asthma at baseline (1-4 y of age; OR: 2.64; 95% CI: 1.28,
5.46) and in subsamples of children who did and did not have
wheezing at baseline [OR (95% CI): 4.08 (1.21, 13.72) and 2.64
(1.18, 5.93), respectively]. Maas et al. (26) found lower odds of
allergic asthma at 6 y of age when being fed human milk for 12—
25 wk was compared with not being fed human milk (OR: 0.247;
95% CI: 0.093, 0.655); and when the exposure was being fed
human milk for 1-11 wk, the upper limit of the CI was 1.003.
A comparison of being fed human milk for >26 wk with not
being fed human milk had a nonsignificant association in the
same direction with a wide CI indicative of suboptimal statistical
power. Midodzi et al. (28) reported a lower HR for asthma at 2—
5 y of age when children who were fed human milk for >3 mo
were compared with those who were never fed human milk (HR:
0.82; 95% CI: 0.69, 0.97). Further, when the exposure was being
fed human milk for 0-3 mo, the upper limit of the CI around the
nonsignificant association was 1.00. Miller et al. (30) and Milner
et al. (17) examined the same cohort. In prospective analyses,
ever being fed human milk was associated with lower odds of
asthma by maternal report at (17) and by (30) 3 y of age [OR (95%
CI): 0.61 (0.52, 0.71) and 0.68 (0.49, 0.97), respectively]. When
Miller et al. (30) used physician reports from a retrospective
medical chart review to determine whether children had been
diagnosed with asthma by 3 y of age, the association was in the
same direction but was not statistically significant (OR: 0.94;
95% CI: 0.70, 1.26). The authors described several plausible
reasons for the discrepancy between maternal report and medical
records, including response rate (i.e., the presence of maternal
report when medical providers did not respond), health care
utilization (i.e., the presence of maternal report when a medical
record did not exist due to socioeconomic factors), and medical
coding (e.g., for ease, providers may have coded reactive airway
disease as asthma in medical charts); however, an additional
explanation is that the analyses in both articles were unadjusted
and may have been prone to confounding. Scholtens et al. (33)
examined asthma in the full sample and subsamples of children
with allergic and nonallergic mothers. The full-sample analyses
found lower odds of asthma in 3-, 5-, 6-, 7-, and 8-y-old children
(ORs between 0.50 and 0.65) and lower odds of chronic asthma
by 8 y of age (OR: 0.65; 95% CI: 0.44, 0.96) in children fed
human milk for >16 wk than in those not fed human milk, and
the association at 4 y of age was in the same direction but not
statistically significant. The subsample analyses of children with
nonallergic mothers were very similar, although chronic asthma
by 8 y of age was not assessed. In the subsample analyses of
children with allergic mothers, the associations were in the same
direction but not statistically significant, with the exception of
a lower odds of asthma at 3 y of age. Sunyer et al. (34) found
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that children fed human milk had lower odds of asthma at 6.5
y of age than children never fed human milk (OR: 0.33; 95%
CI: 0.08, 0.87). Wilson et al. (36) reported that the percentage
probability of asthma by 7 y of age was higher in children never
fed human milk (18.6%; 95% CI: 17.2%, 20.0%) than in children
who were exclusively fed human milk (12.1%; 95% CI: 10.9%,
13.4%). However, a comparison of never with partial feeding of
human milk was not statistically significant.

In a nested case-control study, Martel et al. (27) examined a
sample in which ~85% of both cases and controls had mothers
with a history of asthma and found lower odds of childhood
asthma up to 10 y of age when being fed human milk for <6
mo was compared with never being fed human milk (OR: 0.70;
95% CI: 0.53, 0.92). When being fed human milk for >6 mo was
compared with never being fed human milk, the upper limit of
the CI was 1.03.

Finally, in a case-control study, Infante-Rivard et al. (23)
compared never with ever being fed human milk and reported
higher odds of asthma at 3—4 y of age (OR: 1.47; 95% CI: 1.02,
2.13). When the study examined asthma that persisted from 3—4
y of age to 9—11y of age, and transient asthma that was present at
3-4 y of age but not at 9-11 y of age (24), the associations were
in the same direction but had wider CIs indicative of suboptimal
statistical power [OR (95% CI): 1.30 (0.85,2.01) and 1.17 (0.60,
2.28), respectively].

The majority of nonsignificant associations were consistent in
direction with the significant associations (22, 24, 26-31, 33, 35),
suggesting that never being fed human milk was associated with
higher risk of asthma, and some of the nonsignificance was due
to inadequate power. The minority of nonsignificant associations
were discrepant (19, 25, 32) or did not report point estimates so
direction could not be assessed (21). Some of the nonsignificant
associations were from unadjusted analyses (19, 21, 35) and may
have been prone to confounding.

Evidence from studies including both children and adolescents
together. A prospective cohort study (37) and a case-control
study (38) examined asthma in children and adolescents together.
Both studies reported statistically significant associations, but the
evidence was inconclusive. Colen et al. (37) found a significant
association between ever compared with never being fed human
milk and higher risk of asthma at 4-14 y in the full sample (B:
0.261; SE: 0.106; P < 0.05) and also among the subsample of
children who were siblings (8: 0.237; SE: 0.117; P < 0.05). Of
note, they also conducted a within-family analysis of siblings
with discordant exposures (i.e., 1 sibling was fed human milk
and the other was not), and this analysis found no difference in
the proportion of siblings fed human milk compared with not
being fed human milk who had asthma at 4-14 y, suggesting
that residual confounding explained the significant difference
observed in the between-family analyses. The case-control study
by Rosas-Salazar et al. (38) reported conflicting results. When
compared with children and adolescents never fed human milk,
the children and adolescents fed human milk for <6 mo had lower
odds of asthma (OR: 0.7; 95% CI: 0.5, 1.0; P = 0.04). On the
other hand, there was a nonsignificant association between being
fed human milk for >6 mo and higher odds of asthma that had a
wide CI with a lower limit of 1.0.

To summarize, all 9 studies with statistically significant
associations in childhood suggested that never versus ever being



788S

fed human milk was associated with higher risk of asthma (17,
18,23, 24,26-28, 30, 33, 34, 36). The nonsignificant associations
provided further evidence of a relationship between never being
fed human milk and asthma in childhood because they were
mostly consistent in direction with the significant associations
(22, 24, 26-31, 33, 35), and some of the analyses appeared to
be underpowered. The evidence from studies examining children
and adolescents together was mixed (37, 38), and it was difficult
to determine whether or not the heterogeneous associations were
due to the inclusion of adolescents in the samples because
evidence in adolescents alone was scant.

Atopic dermatitis from birth to 24 mo.

Sixteen articles presented inconclusive evidence on never
versus ever being fed human milk and atopic dermatitis during the
B-24 period (12, 13, 32, 39-51) (Table 3). The small number of
significant associations was inconsistent in direction. Ivakhnenko
et al. (13) found that a larger proportion of infants fed infant
formula than fed human milk had atopic dermatitis by 18 mo
of age (16.98% compared with 3.92%, P < 0.05), whereas
Chuang et al. (40) found that being fed human milk for durations
of <1, <2, <6, <12, and >12 mo (compared with not being
fed human milk) was associated with higher odds of atopic
dermatitis between 6 and 18 mo of age (ORs between 1.25 and
1.49). In a third study, Snijders et al. (49) found that being
fed human milk for >9 mo (compared with never being fed
human milk) was associated with lower odds of eczema by 2
y of age in a subsample of children whose mothers had no
allergies or asthma (OR: 0.51; 95% CI: 0.29, 0.89). However,
the significant association was limited to 1 (49) of the 3 articles
by Snijders et al. (49-51) about the study, and to 1 of the 12
relevant analyses in the article. The nonsignificant associations
were also inconsistent in direction, with no discernible trend in
the direction of the point estimates (12, 32, 39, 41-48). In addition
to the mixed evidence, TEC members had concerns about the
specificity of the diagnosis of atopic dermatitis during the B-24
period.

Atopic dermatitis in childhood.

Eight prospective cohort studies (18, 19, 29, 31, 32, 52,
53, 55) and 1 nested case-control study (54) examined the
relationship between never versus ever being fed human milk
and atopic dermatitis in childhood (Table 4). Data about infant
milk-feeding practices were collected by diary, questionnaire,
and interview. Infants never fed human milk were compared
with infants categorized as ever fed human milk (19, 29, 31,
48, 52, 55) or fed human milk for heterogeneous ranges of
duration (18, 31, 32, 53). Atopic dermatitis was defined based
on parent responses to items from the ISAAC questionnaire (18,
31, 54), parent report of a physician’s diagnosis (29, 32, 55),
a positive Scoring Atopic Dermatitis (SCORAD) score (32), or
physical examination plus parent-reported case history (19, 29,
52, 53). Bergman et al. (52), Burr et al. (19), and Mihrshahi
et al. (29) examined atopic dermatitis in at-risk or “risk-
enriched” samples based on family history or immunoglobulin E
(IgE) concentrations. The comparisons of interest by Sariachvili
et al. (54), Larsson et al. (18), and Burr et al. (19) were
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unadjusted, whereas the remaining studies considered a range of
confounders.

Most of the associations between never versus ever feeding
human milk and atopic dermatitis in childhood were nonsignif-
icant. The samples in the studies by Bergman et al. (52),
Mihrshahi et al. (29), and Orivuori et al. (32) may have been too
small for sufficient statistical power to examine the comparisons
of interest for this SR, as they had wide Cls around their
nonsignificant associations. The only study with statistically
significant associations was by Purvis et al. (53). However,
the associations from this study may not be generalizable
because the study was originally intended to examine differences
between infants born small and appropriate for gestational age
and recruited a sample in which about half of the participants
were born small for gestational age (although the study authors
noted that this was accounted for in the statistical analysis).
In the remaining studies, the nonsignificant associations were
inconsistent in direction.

Shorter versus longer durations of any human milk feeding
and food allergies, allergic rhinitis, atopic dermatitis, and
asthma throughout the life span

Thirty-five articles met the inclusion criteria for this SR
question (14, 18, 32, 37, 52, 54, 57-85). None of the articles
examined food allergies, allergic rhinitis, or atopic dermatitis in
adolescence or adulthood; and TEC members concluded that the
scant evidence with methodologic limitations was insufficient to
determine whether or not the duration of any human milk feeding
was associated with food allergies from birth through childhood
(14, 57, 58), allergic rhinitis during the B-24 period (59), or
asthma in adulthood (79, 80). Additional information about these
topics is available at https://nesr.usda.gov. Evidence on allergic
rhinitis in childhood, asthma in childhood and adolescence,
and atopic dermatitis from birth through childhood is presented
below.

Allergic rhinitis in childhood.

One cluster randomized controlled trial examined the relation-
ship between shorter versus longer durations of any human milk
feeding and allergic rhinitis in childhood (Table 5). Kramer et
al. (60) presented evidence from the Promotion of Breastfeeding
Intervention Trial (PROBIT), a cluster randomized controlled
trial of an intervention to promote prolonged duration and
exclusivity of human milk feeding among mothers who chose
to feed human milk. Study pediatricians collected human milk-
feeding data at well-baby medical appointments. The intervention
group had higher rates of human milk feeding than the control
group measured at 3, 6, 9, and 12 mo. There was no association
between group status and ever having hay fever symptoms or
having hay fever symptoms in the previous 12 mo, which were
assessed by study pediatricians through the use of the ISAAC
questionnaire (56).

There were also 4 prospective cohort studies that presented
evidence across 5 articles (18, 61-64) (Table 5) [unique evidence
from the Dampness in Buildings and Health (DBH) study was
presented by Larsson et al. (18) and von Kobyletzki et al. (62)].
Two of the studies examined high-risk cohorts (based on family
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history of allergic disease) (61, 64), and a third study examined
children who were at risk for type 1 diabetes (63). Data about
the duration of human milk feeding were collected by parent
questionnaire and assessed as a continuous variable by Codispoti
et al. (61) and as heterogeneous categorical variables by the
other studies (18, 62-64). Allergic rhinitis was defined based on
parent responses to items from the ISAAC questionnaire (18, 61—
63), parent report of physician diagnosis (18), or positive skin-
prick test or allergen-specific IgE concentration >0.7 kU/L plus
a history of symptoms (64). The comparisons of interest in 2
studies were unadjusted (18, 62, 63), and the remaining studies
considered a range of confounders (61, 64).

Nearly all of the associations across the 4 prospective cohort
studies were nonsignificant, with no discernible trend in the
direction of the point estimates. The only statistically significant
association was that reported by Codispoti et al. (61), who found
that a longer duration of human milk feeding was associated with
lower risk of allergic rhinitis in 3-y-old African Americans (OR:
0.8; 95% CI: 0.6, 0.9). There were no comparable analyses in
other studies in this body of evidence that would allow TEC
members to examine whether this association is typical among
African American children.

Asthma in childhood and adolescence.

One cluster randomized controlled trial examined the rela-
tionship between shorter versus longer durations of any human
milk feeding and asthma in childhood (Table 6). In the PROBIT
(described previously), Kramer et al. (60) found no significant
association between group status and ever having asthma by 6.5
y, which was assessed by study pediatricians through the use of
the ISAAC instrument.

There were also 17 prospective cohort studies that presented
evidence across 18 articles (18, 32, 37, 62-67, 69-75, 77, 78)
(Table 6) [unique evidence from the DBH study was presented
by Larsson et al. (18) and von Kobyletzki et al. (62)] and 2
case-control studies (68, 76). Data on human milk feeding were
collected by interviews, diaries, or questionnaires given to parents
and assessed as a continuous variable (37, 66, 69, 73, 74, 77) and
heterogeneous categorical variables (18, 32, 62-65, 67, 68, 70—
72, 75-78). The outcome was usually based on parent report of
morbidity or physician diagnosis, or a combination of the 2 (18,
32,37,62,63,69,72,74,75,77,78), although a few studies used
physician diagnosis (66, 67, 73) or accessed medical records (64,
69).

Statistically significant associations were reported by 6
prospective cohort studies (18, 37, 63, 70, 74, 78). With 1 excep-
tion (37), these studies provided consistent evidence of an inverse
association between the duration of any human milk feeding and
asthma risk in children and adolescents and suggested that the
predominant difference between the statistically significant and
nonsignificant associations was statistical power.

Specifically, in the study by Hovland et al. (78) a larger
proportion of the participants who never had asthma (n = 322)
were fed human milk for >4 mo than participants who had
asthma; however, the difference was only significant with the
subsample of participants with asthma in remission during
puberty (10-16 y of age; OR: 0.22; 95% CI: 0.08, 0.65) and not
in the subsamples with asthma during puberty. Kull et al. (70)
examined shorter compared with longer durations of exclusive
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plus additional partial human milk feeding. Being fed human
milk for >3 mo after 3-4 mo of exclusive human milk feeding
and being fed human milk for >5 mo after >3 mo of exclusive
human milk feeding (i.e., longer durations) compared with being
fed human milk for 02 mo after 0—2 mo of exclusive human milk
feeding (i.e., a shorter duration) were associated with lower odds
of asthma at 4 y of age [OR (95% CI): 0.44 (0.21, 0.87) and 0.43
(0.25, 0.74), respectively]. The nonsignificant associations were
in the same direction but had wider Cls, indicative of suboptimal
statistical power. In the DBH study, Larsson et al. (18) and von
Kobyletzki et al. (62) examined the 5-y cumulative incidence of
asthma by age 6-7 y (62) and by age 6-9 y (18) in a sample of
children who did not have asthma at baseline and in subsamples
of children who did (18) and did not (18, 62) have wheezing at
baseline. In the subsample of children with wheezing at baseline,
Larsson et al. (18) found higher odds of asthma in children fed
human milk for <3 mo and for 3-6 mo compared with >6
mo [OR (95% CI): 2.11 (1.12, 3.00) and 1.84 (1.09, 3.11),
respectively]. In analyses of the full sample and the subsample
with no wheezing at baseline, the nonsignificant associations
were in the same direction and had wide CIs, indicative of a
lack of statistical power (18, 62). In a sample with high risk
for type 1 diabetes, Nwaru et al. (63) found higher HRs among
children fed human milk for <5 mo and 5-9.5 mo compared
with >9.5 mo [HR (95% CI): 1.91 (1.21, 3.02) and 1.97 (1.28,
3.02), respectively]. Silvers et al. (74) examined the duration of
any human milk feeding as a continuous variable and found lower
odds of asthma at 3 and 4 y of age as the number of months of
human milk feeding increased [OR (95% CI): 0.94 (0.91, 0.97)
and 0.96 (0.92, 0.99), respectively]. At 5 y of age, the upper limit
of the CI was 1.00, and at 6 y of age the CI included the null.
Colen et al. (37) conducted the only prospective cohort study with
a statistically significant association that showed that a longer
compared with a shorter duration of any human milk feeding was
associated with higher risk of asthma. It examined asthma from
4 to 14 y using a between-family estimate from the full sample
as well as a within-family estimate from a subsample of sibling
participants. In the full sample, each additional week of feeding
human milk tended to increase asthma; however, the effect size
was small (8: 0.004; SE: 0.002; P < 0.05) and a nonsignificant,
and similarly small, effect size was found in the sibling subsample
analysis.

Statistically significant associations were also reported by
both case-control studies (68, 76), which provided additional
evidence of an inverse association between the duration of any
human milk feeding and asthma risk in children and adolescents.
Karunasekera et al. (68) reported that being fed human milk
for <6 mo compared with >6 mo was associated with higher
odds of asthma at age 1-10y (OR: 2.0; 95% CI: 1.2, 3.2), and Al-
Mousawi et al. (76) reported that being fed human milk for >2 mo
compared with <2 mo was associated with lower odds of asthma
at age 8-15y (OR: 0.54; 95% CI: 0.30, 0.96).

To summarize, 7 of § studies with statistically significant
associations had findings that suggested that shorter versus longer
durations of any human milk feeding are associated with higher
relative risk of asthma in childhood and adolescence (18, 63,
68, 70, 74, 76, 78), and the remaining study found a small
positive association between duration and asthma (37). In these
studies, and across most of the observational studies in the body
of evidence, the nonsignificant associations provided further
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Infant milk-feeding practices and atopic diseases

evidence of an inverse relationship between the duration of any
human milk feeding and asthma because they were consistent in
direction with the significant associations (18, 62, 64-67, 70, 71,
73-75, 78) and some of the nonsignificance could be attributed
to inadequate power. The minority of studies had nonsignificant
associations that were discrepant (32, 60, 72, 77) or did not
report point estimates, so that direction could not be assessed
(69).

Atopic dermatitis from birth to 24 mo.

Eight articles presented inconclusive evidence on shorter
versus longer durations of any human milk feeding and atopic
dermatitis during the B-24 period (32, 57, 59, 64, 81-84)
(Table 7). Kramer et al. (84) provided compelling evidence from
the PROBIT (a cluster randomized controlled trial described
previously) that the experimental group had lower risk of atopic
dermatitis at 12 mo of age than the control group (OR: 0.54;
95% CI: 0.31, 0.95). However, evidence from 7 observational
studies (32, 57, 59, 64, 81-83) was inconsistent with evidence
from the PROBIT study. Miyake et al. (82) found that feeding
human milk for >6 mo, compared with <6 mo, was associated
with significantly higher odds of atopic dermatitis in the absence
of parental atopic history (OR: 3.39; 95% CI: 1.20, 12.36),
and evidence from the remaining studies lacked statistical
significance and had point estimates that were inconsistent
in direction. Furthermore, TEC members had concerns about
reverse causality and the specificity of detecting atopic dermatitis
during the B-24 period.

Atopic dermatitis in childhood.

One cluster randomized controlled trial examined the rela-
tionship between shorter versus longer durations of any human
milk feeding and atopic dermatitis in childhood (Table 8). In
the PROBIT (described previously), Kramer et al. (60) found no
association between group status and ever having eczema by 6.5
y, which was assessed by study pediatricians through the use of
the ISAAC instrument.

There were also 6 prospective cohort studies that presented
evidence across 7 articles (18, 32, 52, 64-66, 85) (Table
8) [Bergmann et al. (52, 65) presented evidence from the
Multicentre Allergy Study (MAS) across 2 articles] and 1 nested
case-control study (54). Data on human milk feeding were
collected by parent report via interview, questionnaire, or diary.
The duration of human milk feeding was assessed as a continuous
variable (52, 54, 66, 85) and heterogeneous categorical variables
(18, 32, 52, 54, 64, 65). Atopic dermatitis was defined based on
parent responses to items from the ISAAC questionnaire (18, 54);
by parent report of a physician’s diagnosis or a positive SCORAD
score (32); and by physical examination plus parent-reported case
history (52, 65, 66), a positive skin-prick test on >1 occasion (64,
85) or an allergen-specific IgE concentration >0.7 kU/L (64).
Bergmann et al. (52, 65), Sandini et al. (64), and Kusel et al.
(85) specifically recruited high-risk or “risk-enriched” samples
based on a combination of family history of allergic disease and
IgE concentrations. The comparisons of interest by Sariachvili
et al. (54), Larsson et al. (18), and Kusel et al. (85) were
unadjusted, whereas the remaining studies considered a range of
confounders.
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Most of the associations between the duration of any human
milk feeding and atopic dermatitis in childhood were nonsignif-
icant. The only study with statistically significant associations
was the MAS. Bergmann et al. (52) found a positive association
between the duration of any human milk feeding (assessed as a
continuous variable) and atopic eczema through 7 y of age (OR:
1.029; 95% CI: 1.002, 1.057) and between being fed human milk
for >2 mo, compared with <2 mo, and higher odds of atopic
eczema through 7 y of age (OR: 1.384; 95% CI: 1.025, 1.869).
However, the significant associations were limited to 1 (52) of
2 articles (52, 65) with data from the MAS, and to 2 of the 10
relevant analyses in the article.

Discussion

TEC members graded the evidence underlying their conclu-
sions about /) never versus ever being fed human milk and
asthma in childhood and 2) shorter versus longer durations of any
human milk feeding and asthma in childhood and adolescence as
moderate (Table 9) after considering the adequacy, consistency,
impact, generalizability, and internal validity of the evidence.
Seventeen studies examined never versus ever being fed human
milk and asthma in children, and the statistically significant
associations all showed that never being fed human milk was
associated with higher risk of asthma (17, 18, 23, 26-28, 30, 33,
34, 36, 62). Similarly, 20 studies examined the duration of any
human milk feeding and asthma in childhood and adolescence
and, with 1 exception (37), the statistically significant associa-
tions showed that shorter versus longer durations were associated
with higher risk of asthma (18, 63, 68, 70, 74, 76, 78). The
majority of nonsignificant associations were also consistent in
suggesting higher risk with never versus ever feeding human
milk and shorter versus longer durations of any human milk
feeding (18, 22, 24, 26, 27,29-31, 33, 35, 62, 64-67, 70, 71, 73—
75, 78), and some of the inconsistency in statistical significance
may be explained by insufficient statistical power resulting in
wide CIs (18, 24, 62, 64, 75). Evidence was consistent despite
heterogeneous independent variables resulting from not defining
“longer,” “shorter,” or “ever” for the SRs and instead including
all relevant comparisons. However, the consistency was limited to
observational studies because the single experimental study had
a nonsignificant association (60).

In the NESR grading rubric, the impact of the evidence takes
into consideration the directness with which the study designs
examined the link between the exposure and outcome of interest
in the SR question, and the clinical significance of the evidence.
Although some studies’ original objectives were not explicitly
stated, most studies described objectives related to examining the
link between feeding human milk and asthma. Six studies with
evidence about shorter versus longer durations of human milk
feeding and asthma in childhood (18, 62-64, 71, 73, 75) and 4
studies with evidence about never versus ever being fed human
milk and asthma in childhood (18, 19, 26, 29, 62) were indirect.
Regarding clinical significance, asthma affects the quality of life
for millions of children in the United States and can be life
threatening (7). Therefore, even small decreases in the risk for
asthma have the potential to be of public health importance.

The generalizability of the evidence to US populations had a
few limitations but was sound overall. There were 2 US studies
of shorter versus longer durations of any human milk feeding
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TABLE 7 Evidence examining the relationship between shorter versus longer durations of any human milk feeding and atopic dermatitis from birth to 24

mo'

First author, year

Study design
(study/cohort name

Notable sample

Shorter vs. longer
duration of any human

Significant associations

Nonsignificant associations with

(ref) when applicable) Country characteristics milk feeding exposure>  with atopic dermatitis dermatitis
Hesselmar, 2010 Prospective cohort Sweden n=184 Median duration of None Eczema by 6 mo: 8 mo (IQR: 6.0,
(57) (ALLER- Baseline: 1-3d partial BF (mo) in 9.5) vs. 7 mo (IQR: 4.5, 9.0),
GYFLORA) Race/ethnicity: NR participants with and P=0.619
Risk: 80% family without eczema Eczema by 18 mo: 6.7 mo (IQR:
history (>1 parent) 6.0, 9.0) vs. 7.2 mo (IQR: 4.0,
10.0), P =0.818
Kerkhof, 2003 Nested case control Netherlands n =76 cases, 228 BF duration (wk) None Expected probability of atopic
(81) (PIAMA) controls dermatitis at 12 mo: NS (data
Baseline: birth NR)
Race/ethnicity: NR
Risk: 100% family
history (mothers)
Kramer, 2001 Cluster RCT? Belarus n=16491 Experimental group Atopic eczema by 12 mo:  None
(84) (PROBIT) Baseline: birth (higher rates of any OR: 0.54 (95% CI:
Race/ethnicity: NR BF measured at 3, 6, 0.31, 0.95)
9, and 12 mo) vs.
control group
Kull, 2002 (59) Prospective cohort Sweden n=23791 Partial BF >6 mo vs. <6 None Atopic dermatitis by age 2 y: OR:
(BAMSE) Baseline: birth mo 0.88 (95% CI: 0.72, 1.05)
Race/ethnicity: NR
Miyake, 2009 Prospective cohort Japan n=763,313 in the Partial BF >6 mo vs. <6  Atopic eczema at 16-24 Atopic eczema at 16-24 mo
(82) (Osaka Maternal subsample with mo mo among children among children without
and Child Health negative parental without suspected suspected atopic eczema at 2-9
Study) atopic history, and atopic eczema at 2-9 mo: OR: 1.66 (95% CI: 0.99,
450 in the subsample mo in the subsample 2.92)
with positive parental with negative parental Atopic eczema at 16-24 mo
atopic history atopic history: OR: 3.39 among children without
Baseline: birth (95% CI: 1.20, 12.36) suspected atopic eczema at 2-9
Race/ethnicity: NR mo in the subsample with
positive parental atopic history:
OR: 1.33 (95% CI: 0.72, 2.55)
Orivuori, 2014 Prospective cohort Finland, n=23853 BF <3 mo vs. >6 mo None Atopic dermatitis up to 2 y: OR:
(32) (PASTURE) France, Baseline: birth 1.15 (95% CI: 0.69, 1.89)
Germany, Race/ethnicity: NR BF 3-6 mo vs. >6 mo None Atopic dermatitis up to 2 y: OR:
Switzer- 1.05 (95% CI: 0.65, 1.70)
land
Sandini, 2011 Prospective cohort* Finland n=23891 BF >2 mo vs. <2 mo None Atopic eczema at 2 y: OR: 1.77
(64) Baseline: birth (95% CI: 0.52, 6.02)
Race/ethnicity: NR
Risk: 100% family
history (>1 parent)
Silvers, 2009 (83) Prospective cohort New Zealand n = 1011 BF duration (mo) None Ever had eczema by 15 mo: OR:

(New Zealand Baseline: birth
Asthma and Race/ethnicity: 14.6%
Allergy Cohort) Maori

1.00 (95% CI: 0.98, 1.03)

'BAMSE, Swedish abbreviation for Children, Allergy, Milieu, Stockholm, Epidemiology; BF, breastfeeding/breastfed; NR, not reported; PASTURE, Protection Against
Allergy Study in Rural Environments; PIAMA, Prevention and Incidence of Asthma and Mite Allergy; PROBIT, Promotion of Breastfeeding Intervention Trial; RCT, randomized
controlled trial; ref, reference; SR, systematic review.

2Exposures, as defined by the authors of the studies included in the body of evidence, which address shorter versus longer durations of any human milk feeding or vice versa.

3Cluster RCT of an intervention to promote prolonged duration and exclusivity of breastfeeding rather than an RCT of breastfeeding per se.
4The cohort was sampled from an RCT; however, the data of interest for this SR are unrelated to randomization.

and asthma in childhood and adolescence; however, they lacked
racial and ethnic diversity. In addition, 1 sample was high risk
for type 1 diabetes and the evidence of interest for this SR did
not include any corresponding model adjustments (63). There
were 5 North American studies with evidence on never versus
ever feeding human milk and childhood asthma, and the 2 US
studies used racially and ethnically diverse samples. Across both
bodies of evidence, the samples were from countries that were
high or very high on the Human Development Index (86), and
therefore had a level of human development likely generalizable
to the United States.

There were some concerns about internal validity. Infant milk-
feeding research can be prone to detection bias because infant
milk-feeding data are often collected through the use of parent-
reporting methods that may not be valid and reliable; however,
most studies collected these data prospectively, which reduces
recall bias. Confounding can arise because differences between
feeding groups are rarely mitigated by randomization (due to
ethical issues around allocating infants to be fed less or no human
milk) and infant-feeding decisions can be strongly socially
patterned. However, most studies adjusted for confounding
variables deemed important and feasible to control, although the
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TABLE 8 Evidence examining the relationship between shorter versus longer durations of any human milk feeding and atopic dermatitis in childhood'

Study design Shorter vs. longer duration
First author, year (study/cohort name Notable sample of any human milk feeding Significant associations  Nonsignificant associations with
(ref) when applicable) Country characteristics exposure” with atopic dermatitis atopic dermatitis
Bergmann, 2000 Prospective cohort ~ Germany n =880 BF >6 mo vs. <6 mo None Atopic dermatitis at 3-6 y: OR: 1.410
(65) (MAS) Baseline: birth (95% CI: 0.959, 2.072)
Sex: NR

Race/ethnicity: NR

Risk: “risk enriched” 38% family
history (>2 first-
degree relatives or IgE

concentrations)
Bergmann, 2002 Prospective cohort ~ Germany n =939 BF duration (mo) Atopic eczema through 7 None
(52) (MAS) Baseline: birth y: OR: 1.029 (95% CI:
Sex: NR 1.002, 1.057),
Race/ethnicity: NR P =0.034
Risk: “risk enriched” 38% family BF >1 mo vs. BF <1 mo None Atopic eczema through 7 y: OR:
history (>2 first- 1.187 (95% CI: 0.854, 1.648)
degree relatives or IgE BF >2 mo vs. BF <2 mo Atopic eczema through 7 None
concentrations) y: OR: 1.384 (95% CI:
1.025, 1.869)
BF >3 mo vs. BF <3 mo None Atopic eczema through 7 y: OR:
1.192 (95% CI: 0.899, 1.580)
BF >4 mo vs. BF <4 mo None Atopic eczema through 7 y: OR:
1.292 (95% CI: 0.991, 1.685)
BF >5 mo vs. BF <5 mo None Atopic eczema through 7 y: OR:
1.273 (95% CI: 0.977, 1.658)
BF >6 mo vs. BF <6 mo None Atopic eczema through 7 y: OR:
1.183 (95% CI: 0.907, 1.543)
BF >7 mo vs. BF <7 mo None Atopic eczema through 7 y: OR:
1.318 (95% CI: 0.988, 1.759)
BF >8 mo vs. BF <8 mo None Atopic eczema through 7 y: OR:
1.294 (95% CI: 0.943, 1.776)
BF >9 mo vs. BF <9 mo None Atopic eczema through 7 y: OR:
1.318 (95% CI: 0.943, 1.842)
Grandjean, 2010 Prospective cohort ~ Denmark n =464 BF duration (mo) in participants None 9.5 mo (IQR: 6, 12) vs. 9.9 mo (IQR:
(66) Baseline: birth with current or past history of 6,12), P =0.63
Race/ethnicity: NR atopic dermatitis by 5 or 7 y vs.
no allergy
Kramer, 2007 Cluster RCT? Belarus n=13,889 Experimental group (higher rates None Ever had eczema by 6.5 y: OR: 1.0
(60) (PROBIT) Baseline: birth of any BF measured at 3, 6, 9, (95% CI: 0.5, 1.8)
Race/ethnicity: NR and 12 mo) vs. control group
Kusel, 2005 (85) Prospective cohort  Australia n=198 BF duration (wk) in participants None ~22.2 wk (95% CI: ~19.7, ~25.0)
Baseline: birth with nonatopic eczema vs. vs. ~26.0 wk (95% CI. ~23.7,
Race/ethnicity: NR atopic eczema by 5y ~28.5), P =0.06
Risk: 100% family history (>1
parent)
Larsson, 2008 Prospective cohort ~ Sweden n=4779 BF 3-6 mo vs. BF >6 mo None 5-y cumulative incidence of eczema
(18) (DBH) Baseline: 14y by 6-9 y: OR: 0.90 (95% CI: 0.71,
Race/ethnicity: NR 1.15)
BF <3 mo vs. >6 mo None 5-y cumulative incidence of eczema
by 6-9 y: OR: 0.88 (95% CI: 0.64,
1.23)
Orivuori, 2014 Prospective cohort  Finland, France, n =853 BF <3 mo vs. BF >6 mo None Atopic dermatitis up to 4 y: OR: 1.14
(32) (PASTURE) Germany, Baseline: birth (95% CI: 0.71, 1.85)
Switzerland ~ Race/ethnicity: NR BF 3-6 mo vs. BF >6 mo None Atopic dermatitis up to 4 y: OR: 1.25
(95% CI: 0.79, 1.98)
Sandini, 2011 Prospective cohort*  Finland n=2891 BF >2 mo vs. BF <2 mo None Atopic eczema at 5 y: OR: 2.70 (95%
(64) Baseline: birth CI: 0.79,9.16)
Race/ethnicity: NR
Risk: 100% family history (>1
parent)
Sariachvili, 2010 Nested case-control ~ Belgium n = 252 cases, 305 controls BF >4 mo vs. BF <4 mo None Eczema up to age 4 y: OR: 0.97 (95%
(54) (PIPO Project) Baseline: birth CI: 0.67, 1.41)
Race/ethnicity: NR Mean BF duration (wk) in cases None Eczema up to age 4 y: 13.8 wk
vs. controls (SE = 0.8) vs. 15.0 wk (SE = 0.8),
P =027

'BF, breastfeeding; DBH, Dampness in Buildings and Health; IgE, immunoglobulin E; MAS, Multicentre Allergy Study; NR, not reported; PASTURE, Protection Against Allergy Study in
Rural Environments; PIPO Project, Prospective Study on the Influence of Perinatal factors on the Occurrence of Asthma and Allergies; PROBIT, Promotion of Breastfeeding Intervention Trial;
RCT, randomized controlled trial; ref, reference; SR, systematic review.

2Exposures, as defined by the authors of the studies included in the body of evidence, which address shorter versus longer durations of any human milk feeding or vice versa.

3RCT of an intervention to promote prolonged duration and exclusivity of breastfeeding rather than an RCT of breastfeeding per se.

4The cohort was sampled from an RCT; however, the data of interest for this SR are unrelated to randomization.
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TABLE 9 Systematic review questions, conclusion statements, and grades of the evidence supporting the conclusion statements

Systematic review questions

Conclusion statements

What is the relationship between never versus ever
feeding human milk and food allergies, allergic
rhinitis, atopic dermatitis, and asthma throughout
the life span?

Moderate evidence suggests that never, in comparison to ever, being fed human milk is
associated with higher risk of childhood asthma. (Grade: moderate)

Limited evidence does not suggest a relationship between never versus ever being fed human
milk and atopic dermatitis in childhood. (Grade: limited)

Evidence about the relationship between never versus ever being fed human milk and atopic
dermatitis from birth to 24 mo is inconclusive, and there is insufficient evidence to
determine the relationship of never versus ever being fed human milk with food allergies
throughout the life span, allergic rhinitis throughout the life span, asthma in adolescence or
in adulthood, and atopic dermatitis in adolescence or in adulthood. (Grade: grade not

assignable)
What is the relationship between shorter versus
longer durations of any human milk feeding and
food allergies, allergic rhinitis, atopic dermatitis,
and asthma throughout the life span?

Moderate evidence, mostly from observational studies, suggests that, among infants fed
human milk, shorter versus longer durations of any human milk feeding are associated with
higher risk of asthma in childhood and adolescence. (Grade: moderate)

Limited evidence does not suggest a relationship between the duration of any human milk

feeding and allergic rhinitis or atopic dermatitis in childhood. (Grade: limited)

Evidence about the relationship between shorter versus longer durations of any human milk
feeding and atopic dermatitis from birth to 24 mo is inconclusive, and there is insufficient
evidence to determine the relationship of shorter versus longer durations of any human
milk feeding with food allergies throughout the life span; allergic rhinitis from birth to 24
mo, in adolescence, or in adulthood; asthma in adulthood; and atopic dermatitis in
adolescence or in adulthood. (Grade: grade not assignable)

What is the relationship between shorter versus
longer durations of exclusive human milk feeding
prior to the introduction of infant formula and
food allergies, allergic rhinitis, atopic dermatitis,
and asthma throughout the life span?

What is the relationship between feeding a lower
versus higher intensity, proportion, or amount of
human milk to mixed-fed infants and food
allergies, allergic rhinitis, atopic dermatitis, and
asthma throughout the life span?

What is the relationship between feeding a higher
intensity, proportion, or amount of human milk by
bottle versus by breast and food allergies, allergic
rhinitis, atopic dermatitis, and asthma throughout
the life span?

assignable)

assignable)

There is insufficient evidence to determine the relationship between shorter versus longer
durations of exclusive human milk feeding prior to the introduction of infant formula and
food allergies, allergic rhinitis, atopic dermatitis, and asthma throughout the life span.
(Grade: grade not assignable)

There is no evidence to determine the relationship between feeding a lower versus higher
intensity, proportion, or amount of human milk to mixed-fed infants and food allergies,
allergic rhinitis, atopic dermatitis, and asthma throughout the life span. (Grade: grade not

There is no evidence to determine the relationship between feeding a higher intensity,
proportion, or amount of human milk by bottle versus by breast and food allergies, allergic
rhinitis, atopic dermatitis, and asthma throughout the life span. (Grade: grade not

specific adjustment variables varied between studies. Reverse
causation can be a major concern because parents may decide, or
receive medical advice, to continue or discontinue feeding human
milk based on infants’ symptoms and because atopic disease in
parents or older siblings may influence parents’ feeding decisions
as they try to prevent asthma. However, the majority of studies
found no baseline differences in family history of atopic disease
between groups or included family history of atopic disease as an
adjustment variable (18, 22-25, 27-29, 31-34, 36, 60, 62-65, 67,
68, 70, 73-78). Attrition bias, due to high attrition, differential
attrition, or both, may have existed among some of the studies
in the body of evidence (18, 22, 27, 31, 33, 36, 37, 62, 65, 66,
71, 77, 78); however, these studies were not more concentrated
among the studies with significant compared with nonsignificant
associations.

TEC members graded the evidence underlying their conclu-
sions on /) never versus ever being fed human milk and atopic
dermatitis in childhood, 2) longer versus shorter durations of
any human milk feeding and allergic rhinitis in childhood, and
3) longer versus shorter durations of any human milk feeding
and atopic dermatitis in childhood as limited (Table 9). Evidence

underlying all 3 conclusion statements was consistent, with
nonsignificant associations across all but 1 of the observational
studies in each body of evidence (52, 53, 61). Furthermore,
the inconsistency may be explainable because the significant
associations were found in /) a study that may have had limited
generalizability because approximately half of the participants
were born small for gestational age (53), 2) a subsample analysis
of African Americans (61) with no similar analyses that TEC
members could examine to assess whether the association was
typical in African Americans, and 3) a study with 11 comparisons
across 2 articles (52, 65) that may have been prone to multiple
comparison bias.

The evidence underlying all 3 conclusion statements had
limitations related to adequacy, impact, generalizability, and
internal validity. The bodies of evidence were small (9, 5, and
8 studies, respectively), and some samples may have been too
small for sufficient statistical power to examine the comparisons
of interest (29, 32, 52, 64, 65). Regarding impact, the evidence
does not suggest relationships between never versus ever being
fed human milk and atopic dermatitis in childhood or between
the duration of human milk feeding and allergic rhinitis or
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atopic dermatitis in childhood, and with no relationship there
would be no clinical significance. There are some doubts about
generalizability to US populations because there was only 1 US
sample with evidence about the duration of any human milk
feeding and allergic rhinitis in childhood and it lacked racial and
ethnic diversity (61), and there were no US samples with evidence
on the duration of any human milk feeding or never versus ever
being fed human milk and atopic dermatitis in childhood. In
addition, in the evidence base for shorter versus longer durations
of any human milk feeding and allergic rhinitis, 1 sample was
from a cohort at risk for type 1 diabetes (not atopic disease) and
the comparison of interest for this SR was not adjusted for any
type 1 diabetes risk—related variables (63). Finally, the evidence
had internal validity limitations because, as previously described,
detection and selection bias may pervade infant milk-feeding
research and some studies had high or differential attrition (18,
31, 52,53, 62, 65, 66, 85).

Research recommendations

TEC members identified several research recommendations.
There was insufficient evidence to answer 3 of the 5 SR questions
(Table 9). In addition, there was evidence to answer 2 of the 5 SR
questions for specific age groups but not throughout the life span.
Therefore, studies need to be designed and conducted to examine
these gaps in evidence. Studies with representative US samples
are needed to confirm current evidence. Researchers should move
toward collecting infant-feeding data consistently using validated
methods. We propose that researchers study the duration of
human milk feeding among infants fed human milk (i.e., assess
infants who were never fed human milk separately from humans
who were fed human milk). Another consideration is that there
may be a large degree of overlap between current literature
examining the duration of exclusive human milk feeding (which
may terminate with complementary feeding) and the timing of
introduction of complementary foods and beverages. However,
the degree of overlap is difficult to ascertain because infant-
feeding variables often lack explicit and clear definitions. Precise
information about what infants are fed needs to be collected
and presented more consistently by the research community.
Infant-feeding research will continue to rely on observational
designs; however, researchers should endeavor to minimize
bias through sound research design and conduct. For example,
baseline differences in critical confounding variables should be
assessed between comparison groups, and statistical adjustments
should be made, as necessary. Studies of outcomes in the B-24
population should also address temporality. Finally, researchers
should incorporate effect modification into their study design
whenever possible (e.g., family history of atopic disease)
because different environmental and biological characteristics
may modify the impact of infant milk-feeding practices on the
outcomes.
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