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Abstract

Background: Human milk (HM) transforming growth factor beta (TGF-p) is critical for
inflammation regulation and oral tolerance promotion. Previous reports suggested
that variations in HM TGF-p levels are associated with allergic outcomes.

Objective: We undertook a systematic review (PROSPERO 2017 CRD42017069920)
to reassess the evidence on the relationships between HM TGF-$ and allergic out-
comes in children.

Methods: Electronic bibliographic databases (MEDLINE, EMBASE and Cochrane
Library) were systematically searched. Two independent reviewers screened refer-
ence lists, extracted the data and assessed risk of bias using the National Institute for
Clinical Excellence methodological checklist.

Results: A total of 21 studies were identified. Sixteen studies assessed relationships
between HM TGF-p and risk of eczema; 14, allergic sensitization; nine, wheezing/
asthma; six, food allergy; three, allergic rhinitis/conjunctivitis. Five cohorts (5/18,
28%) reported a protective effect of TGF-1, while 3 (3/10, 30%) suggested in-
creased risk of allergic outcomes development and 1 (1/10, 10%), a protective effect
of TGF-p2 on eczema. Meta-analysis was not possible due to significant heterogene-
ity in methodology, age of outcome assessment and differing statistical approaches.
71% (15/21) of studies carried a high risk of bias.

Conclusion and clinical relevance: In contrast with previous findings, we did not
find strong evidence of associations between HM TGF-f and allergic outcomes.
Differences in studies' methodology and outcomes do not allow unconditional rejec-
tion or acceptance of the hypothesis that HM TGF- influences the risk of allergy de-
velopment. Future studies on diverse populations employing standardized methods,
accurate phenotyping of outcomes and evaluation of the effect of TGF-$ in combina-

tion with other HM immune markers, microbiome and oligosaccharides are required.
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1 | INTRODUCTION

Human milk (HM) is the main source of nutrition during early life, a
critical period of metabolic and immune programming. It is well known
that HM consists of essential macro- and micronutrients, vitamins, an-
tibodies and many other bioactive factors, essential for the growth and
development of a newborn infant® and for protection against infec-
tions.? However, there is conflicting evidence on the protective role of
breastfeeding in relation to the development of allergic sensitization
and allergic diseases.® Indeed, children bearing the greatest burden of
these increasingly prevalent conditions in modern environment.*
Transforming growth factor beta (TGF-p) is a regulatory cyto-
kine possessing pleiotropic functions and is involved in physiological
and pathological processes including embryogenesis, immune reg-
ulation and inflammation.®> Three TGF-p isoforms (TGF-p1, TGF-p2
and TGF-3) are present in HM with TGF-p2 being a predominant
type. TGF-fB concentration varies considerably throughout lacta-
tion, with highest levels detected in colostrum’* followed by a rapid

9-11 36,12,13

decline by 4-6 weeks of life”™" and a continuing decline by

614

and months post-partum. There has been an increasing interest

in the role of HM TGF-p as a key immunoregulatory factor that pro-

615 3ssists with mucosal repair in the neonatal

motes IgA production,
gastrointestinal tract,® acts as a co-factor helping in the generation
of immune regulatory immune responses®’ and influences the neo-
natal gut microbiome.*® To date, the most comprehensive review of
human studies was conducted a decade ago by Oddy and Rosales,*’
reporting an association between TGF-§ levels in HM and reduced
risk of immunological outcomes in children in two-thirds of the stud-
ies. The authors suggested that the presence of HM TGF-f may play
an important role in gut immunity functioning and maturation, lead-
ing to the subsequent promotion of oral tolerance, thus reducing

t.? High heterogeneity between the

the risk of allergy developmen
studies was highlighted, with maternal atopic status or dietary in-
tervention during pregnancy and/or lactation suggested as the main
reason.

Despite suggested immunological benefits, the role of TGF-f in
allergy prevention remains controversial. Discrepant findings may be
partially related to the differences in milk collection methodology,
sample storage and differences in laboratory approaches. In addi-
tion, studies employed different criteria for allergic predisposition
of infants, definition of outcome, method of outcome assessment,
environmental influence?® and ethnicity.?!

The importance of the links between HM composition and aller-
gic disease development has received significant attention recently,
and objective assessment of existing evidence is timely. The aim of
this systematic review is to summarize current knowledge on associ-
ations between HM TGF-p and atopy/allergy development.

2 | METHODS

This systematic review is reported in accordance with the rec-
ommendations set forth by the Preferred Reporting Items

for Systematic Reviews and Meta-Analyses (PRISMA) state-
ment.?2 Methods were published a priori (PROSPERO 2017
CRD42017069920, available from: http://www.crd.york.ac.uk/
PROSPERO/display_record.php?ID=CRD42017069920)
6th of July 2017).

on the

2.1 | Search strategy

An extensive electronic search of MEDLINE, EMBASE and
Cochrane Library was performed on the 7 June 2017, using both
free text and MESH terms. The search strategies are provided as
supplementary material (Table S1). At a screening stage, further
studies were traced through cross-checking of reference lists from
identified relevant papers.

The relationships between TGF-$ concentrations in HM (includ-
ing colostrum, transitional milk, mature milk) and allergic diseases
were studied. The primary outcome variables included atopic der-
matitis/eczema, food allergy, asthma, allergic rhinitis, allergic con-
junctivitis, allergic sensitization (skin prick test [SPT] and/or specific
immunoglobulin E [slgE] measurement) and serum immunoglobulin

concentrations in infants and children.

2.2 | Eligibility criteria and selection of articles

Studies of all designs were included if the following criteria were
met: (a) Reported original data; (b) Clinical study of mother-infant
dyads; (c) The study had an epidemiological design: observational
studies, that is pregnancy cohort study, birth cohort study, human
prospective study or randomized controlled trial, during pregnancy
or lactation and interventional studies; (d) Included a quantitative as-
sessment of TGF-B in HM; and (e) Investigated associations between
HM TGF-$ and at least one allergic disease or allergic sensitization
in the child. We excluded reviews, conference abstracts, editorials,
letters to the editor, case reports and/or case series.

All included papers were transferred into EndNote reference
manager. To reduce potential selection bias, two independent inves-
tigators (EK and ZG) reviewed all titles and abstracts identified by
the search for inclusion. Then, EK and ZG independently reviewed
full texts of all publications selected for data extraction. Any dis-
agreements were resolved through discussion involving an addi-
tional reviewer (DM) and other co-authors if needed, until consensus
was reached.

2.3 | Data extraction

The data from each study were extracted in duplicate, tabulated
and included author and year of publication, descriptive informa-
tion concerning the study design, country and setting, baseline
characteristics of the study population, methodology of milk sam-
pling, timing of sample collection, method of assessment of TGF-§
concentration, outcome definition, age of outcome assessment, de-
tails on statistical analysis and overall TGF-p association with health

outcome.
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2.4 | Quality assessment

The risk of bias was assessed in duplicate (EK and ZG) using the
National Institute for Clinical Excellence (NICE) methodological check-

list for cohort studies,? and a final score was obtained by consensus.

3 | RESULTS

3.1 | Synthesis

Based on the search strategy, a total of 353 titles were identified and
215 relevant abstracts were screened for eligibility (Figure 1). Of these,
26 met the inclusion criteria and were eligible for full-text assessment
with 21 papers (reporting results from 20 study populations) included
in our systematic review. One cohort study generated two publica-

2425 and the results were summarized according to the study pop-

tions,
ulation, rather than by publication. Five studies were excluded as they
did not assess any of the identified outcomes: one examined the effect
of probiotic administration on the risk of eczema development and al-
lergic sensitization only, without reporting the results on association
with HM TGF-p,%° two studies investigated TGF-B in isolation from any

2728 and two studies assessed association between

allergic outcomes,
TGF-B and immunological but not allergic outcomes in infants.’*'> Due
to a limited number of studies reporting immunological outcomes, the
scope of this systematic review is limited to allergic outcomes. However,
as our initial search included search terms relevant for immunological

outcomes, these are presented in a separate subsection.

WILEY-2%

3.2 | Description of the studies

Twenty-one studies included in this systematic review have been
published between 1999 and 2017 and can be grouped into two main
categories in accordance with the design: (a) interventional*01327-31
and (b) observational®21:242532-41 (Taple 1). All included interven-

10,11,31 12,13,29,30

tional studies administered either single or multiple

strains of probiotics for various durations during pregnancy®*® and/

29-31 with exception of one study, which administered ei-

or lactation
ther formula or pasteurized H M.%? However, the analyses of interven-
tional studies were undertaken within the studies without assessing
the association between intervention and allergic outcomes in chil-
dren. Ten studies measured TGF-p1,11:2425:30.33:34.36-39.41 {\6 investi-
gated TGF-2,'2%’ 6 looked at both TGF-p1 and TGF-p2610:21:31,3240

and two studies assessed all three TGF-g isoforms.*>%°

3.2.1 | Participants characteristics

Study populations included participants from 15 countries,
with most research conducted in Scandinavia: seven studies in
Finland®122%31.37.3%40 4n( three in Sweden'®?%%2; three in United
Statesz4’25'34’36; threein ItaIy35'38; and onein Australia,11 Denmark,33
Estonia,?! France,®” Germany,®” New Zealand,*° Norway,'® Russia,*®
Switzerland,®” the Netherlands*! and United Kingdom.%®

Sample size ranged from 22%8 to 610 participants®’ while the
maximum number of HM samples reached 685.12 Most of the studies

followed children up to the age of 24 months, and the maximum age

Records identified through
database searching
(n=1353)

Additional records identified
through other sources
(n=0)

Eligibility Screening Identification

Included

FIGURE 1 PRISMA diagram of the
systematic search and included studies
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of follow-up was 72 months.%” Thirty-five percent of cohorts (7/20)
recruited participants at high risk of allergy development (Table 1).

3.2.2 | Stage of lactation

Colostrum was collected within 0-4 days,®10:12:21:29:30.32,35,38-40 .5, _

sitional milk (TM) 5-14 day511'13'36 and mature milk (MM) between

15 days and 6 months post-partum.®10-13:21,24.2530-34.3841 Fioht co-

h0r.t56,10,12,21,30,32,35,38

measured TGF-B levels in paired colostrum
and MM samples. Of the remaining cohorts, three assessed TGF-f
levels in colostrum??3%4%: one in TM3¢; two in TM and MM13 and

seven in MM .24,25,31,33,34,36,37,41

3.2.3 | Methodology of human milk sample
collection and storage

The time of sample collection (time of the day, and pre- or post-breast-
feed) differed between the studies. Approaches to the sample col-
lection varied with following sampling procedures reported: at the
beginning of breastfeed,'*** during breastfeed (from the contra-lat-
eral breast),35'41 at the end of breastfeed“; 2 hours after the previous
breastfeed as a full breast expression or first two ounces®*; and pooled
samples from two breastfeeds if milk volume was low.'? Collection of
the samples throughout the day also varied, with four studies reporting

24,36,38,41

morning collections and 16 not specifying the time. In three

19,24,25,41

cohorts, HM was collected using electric breast pump while

10,11,21,32,35,38

others used manual expression or collected the drip from

contra-lateral breast during a breastfeeding session.3>4!

21,32 or

Upon collection, the samples were either immediately frozen
maintained at room temperature from 30 minutes up to 1,242530 43638
and 12 hours®>4° until transported to the laboratory, with most of the
studies not fully specifying the storage/transit conditions. Identified
differences in HM samples preparation methodology included: cen-

10,19,24,25,32-35,38,41

trifugation of the samples before or after freez-

ing®1113:21.29-31.39.40 5 differences in acid treatment of the samples.

3.2.4 | Measurement of TGF-f in human milk

Sixteen of 21 studies used enzyme-linked immunosorbent assay
(ELISA) to quantify TGF-p levels in HM. Other techniques included:
immunoassay,'? multiplex assay,'® custom-made multiplex assays,>*
electro-chemiluminescence® and quantikine immunoassay.*® There
was a considerable heterogeneity in reported TGF-f concentrations,
which made quantitative synthesis (meta-analysis) not possible.
Lower levels of detection for TGF-p1 differed among the studies
varying from 7 pg/mL ** to 30 pg/mL3%3%38 and 60 pg/mL?"*? using
ELISA, while detection levels for TGF-$2 were 60 pg/mL using both
ELISA?Y%? and immunoassay.*?

3.2.5 | Statistical analyses

Studies included in this systematic review can be classified based
on statistical methods used to address the research aim. Statistical

approaches included: (a) univariate methods such as tests for groups
comparison and univariate analysis of the variance (ANOVA); (b)
classical multivariate regression to assess the association between
risk factors and health outcome(s) adjusting for a number of con-
founders; and (c) more advanced techniques such as least absolute
shrinkage and selection operator (LASSO), principal component
analysis (PCA) and causal mediation. Most of the studies performed
univariate analysis with 15 studies carrying out only ANOVA and/or
tests for group comparison such as t test, chi-square test, Fisher's
exact test and Mann-Whitney U test. ANOVA was performed in six
studies to assess time effect, treatment effect and/or the interaction
effect on risk factors among groups. Ten studies performed multi-
variate logistic regression to estimate the association between risk
factors and health outcome after adjusting for potential confound-
ing factors, while three studies used more advance methods with
two of them reporting detailed information on sensitivity analysis
(Table S2). Eighteen studies did not report sample size power cal-
culation, and none provided information on proportion of missing
values among variables and methods used to handle missing values.

Some studies reported “trends,” not supported by the sta-
tistical analysis results (P values > 0.05)102129 3pd only three

studies?*?>34 accounted for multiple comparisons. Half of the stud-

jes1011:13.24.25.33-37 4 4jysted for potential confounders, including age,
delivery mode, atopic status, length of breastfeeding, use of probi-
otics, site of collection, HM collection time, total storage time until
analysis, introduction of food during the first year of life, paternal

history of allergic diseases and presence of older siblings (Table S2).

3.2.6 | Allergic health outcomes measured

Health outcomes were

SiS,6'10-13'21'29_32'34'38'39

defined by clinical
424,35,36,41

diagno-

parental repor and question-

naires with further clinical evaluation by the medical doctor33:3740
or based on well-validated instruments, such as “The International
Study of Asthma and Allergies in Childhood” (ISAAC) study ques-

tionnaire,?® Hanifin and Rajka criterial®2%33

and UK Working party
criterial®™330 for eczema. A single study obtained information on
eczema diagnosis using both questionnaires with further evalua-
tion by medical doctor, while wheezing was reported by parents.41

Among health outcomes measured in this review, 16 (80%) pop-
ulation studies assessed the association between TGF-f concentra-
tion and risk of eczema, 9 (45%) asthma and/or wheezing, 6 (30%)
food allergy development, 3 (15%) allergic rhinoconjunctivitis and 14

(70%) allergic sensitization (Table 1 and Table S3).

3.3 | TGF-p and development of allergic diseases

Overall, 60% of study populations in the review (12/20) showed no
associations with HM TGF-p, 5/20 (25%)—protective effect and 3/20
(15%)—higher risk of allergy development (Table 1 and Table S3;
Figure 2). TGF-B1 showed either no or some protective effect (5/18,
28%) on infant allergic outcomes, while conflicting results coming from
TGF-B2 studies, with 3 studies (3/10, 30%) reporting high risk of allergy
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FIGURE 2 Matrix of associations
between TGF-f (cumulatively isoforms
1, 2 and 3) in human milk and allergic
outcomes at different age of outcome (n=5) Q
assessment. Horizontal lines indicate

age of outcome assessment, and vertical (n!}o) Q
lines indicate allergic outcomes. Blue
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development and 1 (1/10, 10%)—protective effect of TGF-B2 (Figure 3).
TGF-p3 showed no associations with allergy development or allergic
sensitization.?®3° Five out of 15 individual health outcomes assessed at
children below 2 years of age were associated with TGF-$ in HM. Out
of 30 individual health outcomes assessed at 2 years of age and beyond,

only three were associated with the levels of TGF-f in HM (Figure 2).

3.3.1 | TGF-g and eczema

No consistent association was found between HM TGF-$ and devel-
opment of eczema. Among 15 studies,®10-13:21,24,30,31,33,35,37,38,40,41
only two reported higher risk of eczema development in children
exposed to HM with higher TGF-p2 levels. According to Munblit
et al, infants receiving higher levels of mature milk TGF-2 were at
higher risk (OR, 1.04; 95% Cl, 1.01-1.06) of eczema development
at 6 months.> Notably, Kuitunen et al reported no association be-
tween TGF-B2 in colostrum and eczema, but higher TGF-$2 con-
centration in mature milk was associated with eczema at 2 years of
life.? For TGF-p1, Kalliomaki et al found higher concentrations in
colostrum of mothers of infants with post-weaning onset of eczema

compared with those with no and pre-weaning onset of disease.®

3.3.2 | TGF-p and food allergy

No association between TGF-p in HM and development of food
allergy was reported.®1343>3%40 Only one study reported signifi-
cantly higher concentration of TGF-p1 in colostrum of mothers of
infants with non-IgE-mediated cow's milk allergy (mean 1162; 95%
Cl 881-1531 pg/mL) than in IgE-mediated cow's milk allergy (589;
413-840) and healthy individuals (807; 677-963 pg/mL).%’

3.3.3 | TGF-p and allergic sensitization

Among 20 cohorts,111:13:21,29-32,34,3537.39-41 14 jnyestigated rela-

tionship between HM TGF-$ and allergic sensitization with only

two reporting protective effect and one associated with high risk.
Bottcher et al found lower levels of TGF-p2 (<701 pg/mL) in co-
lostrum of mothers of non-sensitized children at 24 months of
age (OR, 0.3; 95% ClI, 0.1-0.9), although higher levels (>1400 pg/
mL) were not associated with an increased risk of sensitization at
6 months of age (OR, 5.0; 95% Cl, 0.9-27; P = 0.06).2° Saarinen et
al®? reported weak negative correlation between the concentration
of colostrum TGF-p1 and SPT diameter to cow's milk (r = -0.23;
P =0.02), B-lactoglobulin (r = =0.35, P = 0.01) and stimulation index
to a-casein (r = -0.28, P = 0.04) measured in infants with cow's
milk allergy at the time of the challenge. In the study of Joseph
et al, among non-atopic mothers HM TGF-B1 concentrations were
lower for those infants classified as allergen-specific slgE (1347,
1134-1600 vs 1651, 1427-1910 pg/mL, respectively, P = 0.047)
but among atopic mothers concentrations for these infants were
higher (2161, 1868-2499 vs 1525, 1347-1726 pg/mL, P = 0.001),
with no significant difference in concentration when stratified by
positive SPT.2* Orivuori et al reported no consistent results at 4
and 6 years; however, at 6 years adjusted logistic regression models
for IgE cut-off of 3.5 kU/L, but not for 0.35 and 0.7 kU/I, showed a
significant difference (aOR, 95% Cl: Q1, 0.40, 0.18-0.90, P < 0.05;
Q2,0.26,0.11-0.61, P < 0.01).%

3.3.4 | TGF-p and asthma/recurrent wheezing

Seven studies investigated associations between HM TGF-p and

3740 or recurrent wheezing.2>333%3¢41 Most of the

either asthma
studies reported no significant findings with only two detecting a
protective effect of TGF-p1. In adjusted analyses, Soto-Ramirez et
al found that infants exposed to higher levels of TGF-p1 in mature
HM had a lower risk of development of asthma-like symptoms at 6
and 12 months (RR = 0.31 [0.13-0.76] and 0.26 [P = 0.01], respec-

).2> Similarly, Oddy et al found a smaller percentage of wheeze

tively
in infants that received a higher dose of TGF-f1 through transitional

HM (P = 0.02).%¢
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Orivuori et al., 2014
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FIGURE 3 Summary of associations between different isoforms of transforming growth factor beta in human milk and allergic outcomes
in children. Coloured boxes show significant positive (green) or negative (red) association between TGF-f and particular allergic outcome.
*Allergic outcomes in this study were combined for the purpose of statistical analyses

3.3.5 | TGF-g and allergic rhinitis/allergic
rhinoconjunctivitis

The association between HM TGF-f levels and allergic rhinitis and/
or allergic rhinoconjunctivitis was assessed in one cohort only, with

no significant associations found.*°

3.3.6 | TGF-p and immunological outcomes

Although our systematic review is focused on allergic outcomes, the
initial search included search terms for immunological outcomes, so

we provide an overview of the existing studies approaching this topic.
Ogawa et al studied associations between TGF-p1 and TGF-p2 in co-
lostrum of healthy mothers and serum IgA in newborns during the
first month of life.r Notably, an increase of serum IgA in infants from
birth to 1 month of life correlated with levels of both TGF-$1 (r = 0.38,
P =0.005) and TGF-B2 (r = 0.45, P < 0.001), while increase of IgM mar-
ginally correlated only with TGF-B2 (r = 0.28, P = 0.04) suggesting that
colostral TGF-B may serve as the stimulus for IgA production in new-
born infants. In line with this notion, Saarinen et al found a positive
correlation between TGF-p1 in colostrum and both, IgA antibodies
to B-lactoglobulin (r = 0.204, P = 0.04) and IgG antibodies to a-casein
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(r = 0.237, P = 0.02) in infants prone to cow's milk allergy (CMA).%
Moreover, the size of SPT to cow's milk (CM) (r = -0.228, P = 0.02)
was negatively associated with the level of TGF-p1, indicating that
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FIGURE 4 Risk of bias in studies assessing association between
TGF-f concentration in human milk and allergic outcomes using the
National Institute for Clinical Excellence methodological checklist.
“+ green,” low risk of bias; “-, red,” high risk of bias; “?, yellow,”
unclear risk of bias

TGF-p1 may inhibit IgE-mediated reactions to CM. Comparatively,
TGF-B2 concentration in colostrum has been reported to associ-
ate with specific IgA responses to dietary antigens at 3 months of
age (P = 0.048).% In contrast, Prokesova et al investigated changes
in the immune system of children genetically predisposed to aller-
gic diseases reporting no significant differences in concentrations
of TGF-p in colostrum and mature HM of allergic mothers compared
with non-allergic mothers.'* Although differences in concentrations
of serum cytokines (IL-4, IL-10, IFN-y) between the groups of healthy
and high-risk infants were reported, no analysis was conducted to
test for associations between concentrations of HM TGF-p and these
immunological outcomes.’ The latter study, while reporting TGF-p
concentrations in mature HM beyond the first month of lactation, did
not differentiate between TGF-p isoforms. Difference in methodol-
ogy, study design and immunological outcomes assessed does not

allow for an appropriate analysis of these data.

3.4 | Risk of bias

All the studies included in this systematic review were evaluated for
their quality, with most being of a medium quality (Figure 4). High
risk of bias was detected in 15 studies (71%). The main issues iden-
tified were attrition, selection and detection bias, including lack of
adjustment for potential confounders and the use of self-reported
guestionnaires as a tool for allergic outcomes assessment.

It is worth noting that asthma diagnosis at the age below
3 years is not the most reliable outcome as most children with
“early wheeze” do not develop subsequent asthma.*> We also
considered any allergic outcome based on non-validated question-
naires without following clinical examination by doctor as a high
risk of bias. We acknowledged any adjustments for known con-
founders performed by the authors, but there is no clear guidance
which adjustments are imperative. Attrition bias was calculated
for all participants as it is not always clear if the same participants
provided samples and completed the follow-up; high attrition bias

was considered as <75%.

4 | DISCUSSION

In this systematic review, we summarized findings of 21 studies from
20 cohorts of associations between human milk (HM) TGF-f and al-
lergic outcomes in infancy and childhood. Data from included stud-
ies showed no strong association between any isoform of TGF-p in
HM and atopy/allergy development. Twelve new studies were iden-
tified1013.21,24.25,29,33-35,37 g o the last systematic review," but evi-

dence remains limited, due to high heterogeneity between studies,
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which makes any quantitative synthesis impossible. We used robust
methods to search and synthesize evidence, provided critical analy-
sis, identified several key strengths and limitations in the current lit-
erature and highlighted the unmet needs. In this paper, we provide
a comprehensive overview of relationships between the levels of
TGF-B in HM and allergic outcomes.

Although it was not possible to perform a meta-analysis, qual-
itative synthesis suggests that there is insufficient evidence of
TGF-B influence on atopy/allergy development. Out of 15 studies,
only three found significant associations between TGF-f and ec-
zema, three out of 14 with allergic sensitization, two out of nine with
wheezing/asthma and none out of five linked TGF-p with IgE-me-
diated food allergy development. These results, however, do not
completely exclude the possibility of TGF-p to impact allergic dis-
eases development as a protective or negative effect was reported
in some studies, with TGF-p1 being predominantly related to a pro-
tective effect and TGF-p2 associating with a higher risk of allergic
disease. Studies differed in methods applied and outcomes reported,
and in addition to methodological heterogeneity, most of the studies
carried a high risk of bias; thus, results should be interpreted with
caution.

Across a limited number of studies suggesting associations
between the levels of HM TGF-f and allergic outcomes, opposite
effects are generally reported for TGF-p1 and TGF-p2 isoforms.
TGF-p1 is mainly associated with the protective effect, while TGF-
B2 is linked with a higher risk of atopy/allergy development. There
are some data suggesting that TGF-p acts as a bi-functional reg-
ulator, with its context-dependent nature of activities confirmed
in a variety of biological responses and cell systems.*® All TGF-p
isoforms share a characteristic structure and are highly pleiotro-
pic, but each isoform is linked with specific functions, therefore,
may exert different effects. While TGF-f2 presents in much higher
concentrations, accounting for up to 95% of TGF-f in HM, it is less
potent than TGF-p1.*4*¢ TGF-p1-deficient mice were linked with
the neonatal inflammatory disease,*” whereas TGF-p2,3-deficient
mice present with developmental defects.*®° This indicates that
HM TGF-p isoforms may indeed have differential effects on allergy
development.

Human milk contains a plethora of immune moderators,50
which may have synergistic and/or antagonistic effects to TGF-p,
thus subsequently influencing the risk of atopy/allergy develop-
ment. A recent study has investigated the effect of the immu-
nological milieu of HM including 28 cytokines, chemokines and
growth factors on development of cow's milk allergy. The authors
reported interactions between the immune markers and showed
that networks of HM regulatory and pro-inflammatory cytokines
including TGF-p1, IL-1p, IL-6 and IL-10 are associated with toler-
ance to cow's milk development.’® These findings suggest that
narrowing research to single components could result in conflict-
ing and even misleading findings and suggests that HM studies
should implement a more holistic approach given the links be-
tween development of the immune system and both the gut mi-
crobiome®? and HM oligosaccharides (HMO).>3

We found a high degree of heterogeneity between studies,
with differences in methodology (sample collection, storage and
processing), populations (general population and high risk), out-
come definition, age at outcome assessment and approaches to
statistical analysis being the most important contributors. Lack
of standardized protocols of HM sample collection, storage and
processing is an important issue, influencing the quality of HM re-
search,’* associated with heterogeneity and not allowing for quan-
titative synthesis.

Previous research linked a number of physiological and envi-
ronmental factors with the changes of TGF-p levels in HM. Stage
of lactation and time of sample collection,’ circadian and seasonal
variations,”>>° time prior to freezing and length of sample storage,”’
differences in laboratory techniques,’® ethnicity,>* residency,?* ma-
ternal Iifestyle,35 smoking,37 diet,58 infection®? as well as depression

and anxiety®®¢°

were found to be a confounders and appear to im-
pact TGF-p concentrations, thus possibly impacting health outcome
development. Very few studies collected sufficient information and
accounted for the duration and exclusivity of breastfeeding. The
absence of this information prevents in-depth analysis of the dose-
dependent effect. Although examination of associations between
colostrum concentrations of HM components and infant outcomes is
usually straightforward, the investigation of relationships with con-
centrations in mature HM is more problematic, given the variability
in breastfeeding patterns and volumes of HM consumed during the
lactation.®! Our systematic review highlights pitfalls in HM research,
with results not being data adjusted for known confounding factors
in many studies up to date with only a few using multivariate statis-
tical analysis (Table S2).

Differences in statistical methods applied largely contributed to
the results of this review, with a large variety of strategies employed,
yet lacking comprehensive approach and consistency. The issues
associated with carrying out multiple hypothesis tests were rarely
considered leading to a high risk of false-positive results, and missing
data were common but not dealt with, possibly resulting in under-
and/or over-estimation of association between the exposure and the
outcome.®? Adjustment for potentially important confounding fac-
tors may play an important part in identifying associations between
levels of TGF-B and infant allergic outcomes but 6 studies did not
report any adjustment. With heterogeneity in sample collection and
processing, another important factor making meta-analysis impos-
sible was data reporting, with some presenting adjusted and others
non-adjusted data. In some studies, data were not reported, partic-
ularly if associations were not found to be significant. The different
designs of the studies, for example observational and interventional,
make it difficult to compare the results, as potential influence of the
intervention cannot be excluded.

Health outcome definitions significantly varied between the
studies contributing to heterogeneity. Some studies used less re-
liable measurements such as infant itchy rash,®® scratching®* or
asthma-like symptoms.25 Reliability of these outcomes is a matter
of discussion as parental-reported allergic outcomes are not always
accurate and the possibility of overdiagnosis cannot be ruled out.
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It has been previously shown that mothers tend to over-report ec-
zema in their children.®® It should be noted that most of the studies
verified parental reports by physician assessment or used well-
validated tools, such as the ISAAC questionnaire®* or eczema UK
Working party criteria.®> However, ISAAC questionnaire is more
appropriate for eczema assessment in older children with infants/
toddlers being a target population in most of the reviewed studies.
Wheeze, often reported as a health outcome, is not equivalent to
asthma as it is hard to confirm it with objective measurements in
infants and toddlers.

We also observed a marked difference in the age of health out-
come assessment across the studies, ranging between 6 months and
6 years of age; thus, results cannot be extrapolated at older chil-
dren. Thirty percent of individual health outcomes assessed in chil-
dren below 2 years of age were associated with TGF-p in HM, while
only three out of 30 health outcomes at 2 years of age and beyond
were found to be linked with TGF-p levels (Figure 2). This makes the
impact of HM TGF-$ on allergic outcomes improbable, and even if
it exists in selected populations, it is highly unlikely that it extends
beyond 2 years of age. There is a definite need in development and
use of validated instruments in conjunction with objective measure-
ments to produce a more reliable data on the associations between
HM TGF- and allergic outcomes.

Atopic march theory suggests that allergic diseases progress from
inflammatory skin manifestations, such as eczema during infancy, to
asthma and allergic rhinitis in later childhood.®® It has been demon-
strated that many “early wheezers” do not subsequently develop
persistent asthma.*? There may even be an inverse relationship be-
tween early infection-induced wheeze and subsequent asthma.®” It
should be noted that most of the studies assessing asthma included
in this systematic review were realistically measuring wheeze rather
than asthma, as age at health outcome assessment does not allow for
appropriate asthma diagnosis. Apart from the Orivuori et al diagnos-
ing asthma at 6 years of life,*” no other study measured this health
outcome beyond the age of 4 years. Considering lack of studies re-
porting doctor-diagnosed health outcomes, there is a need in further
larger prospective cohorts as part of the international collaboration
and multi-centre studies, using well-validated instruments and stan-
dardized definitions, assessments of allergic outcomes and a consid-
erable follow-up to evaluate the persistency of allergic symptoms
and association with HM TGF-p concentrations.

The most recent systematic review®’ provided an overall mea-
sure of the effect of HM TGF-B on immunological outcomes in in-
fants and children and reported that eight out of 12 studies showed
a positive association between either TGF-p1 or TGF-p2 concen-
trations and a reduction in allergy-related outcomes. These results
are in conflict with our findings, which may be explained by the dif-
ference in systematic review inclusion criteria. Oddy and Rosales
reviewed all the studies reporting any immunological, biochemical
and/or clinical outcomes, including those assessing associations be-
tween maternal allergic status and HM TGF-f concentration, while
this paper reviews associations between HM TGF-$ and atopy/al-
lergy development in offspring only.

WILEY- 2

5 | CONCLUSION

Transforming growth factor beta is an important immunological fac-
tor involved in inflammation regulation. Biological effects of HM
TGF-p on allergic outcomes during infancy and childhood need to
be further elucidated. Although several associations have been ob-
served between HM TGF-f and allergic outcomes, our updated sys-
tematic review did not find strong evidence of association between
the levels of TGF- in HM and atopy/allergy development. Studies
would benefit from an investigation into any dose-dependent effect,
with an apparent lack of studies measuring exact amounts of breast
milk consumed, in addition to immuno-active molecules measure-
ment. Reliable assessment of eczema and asthma in infants and har-
monization of health outcomes across the studies are of a particular
importance. In addition, there is a need for international collabora-
tion and multi-centre studies to achieve larger sample size and high
level of homogeneity in generated data. Future studies should em-
ploy standardized, validated methods, accurate phenotyping of out-
comes, use of comprehensive and consistent statistical methods to
enable meta-analyses. Implementation of a more holistic approach,
assessing multiple immune markers level, HMO and microbiome

would improve the quality of the research in the field.
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TABLE S1. Search strategies.
Embase Classic+tEmbase <1947 to 2017 June 7> (via Ovid)

1 dlergy/ or hypersensitivity/ or immunoglobulin/ or immunoglobulin & or immunoglobulin al/ or immunoglobulin a2/ or immunoglobulin e/ or
secretory immunoglobulin/

2 (alergy or alergic diseases or allerg* or immun* outcomes or eczema or atopic dermatitis or itchy rash or allergic rhinitis or hay fever or food
alergy or food hypersensitivity or asthma or wheeze or respiratory hypersensitivity or eosinophilic esophagitis or g serum level or immunoglobin
blood level or immunoglobulin level or immunoglobulin serum level or plasmaimmunoglobulin or serum gammaglobulin or serum immune
globulin or IgA or IgA1 or IgA2 or immunoglobulin A or IgE or immunoglobulin E or secretory immunoglobulin).mp. [mp=title, abstract, heading
word, drug trade name, original title, device manufacturer, drug manufacturer, device trade name, keyword, floating subheading word)]

food alergy/ or hypersensitivity/
asthma/ or alergic asthmal

wheezing/

3

4

5

6 eczemal or dermatitis/
7 lor2or3or4or5or6

8 transforming growth factor/ or transforming growth factor beta/
9

(Transforming growth factor beta or transforming growth factor betal or transforming growth factor beta2 or transforming growth factor beta3
or TGF beta or TGFbeta or TGF-beta or TGF*).mp. [mp=title, abstract, heading word, drug trade name, original title, device manufacturer, drug
manufacturer, device trade name, keyword, floating subheading word]

10 8or9
11  colostrum/
12 human milk.mp. or breast milk/

13  (breast milk or breast milks or human milk or milk or breast milk human or mature milk or colostrum or early milk or transitional milk).mp.
[mp=title, abstract, heading word, drug trade name, original title, device manufacturer, drug manufacturer, device trade name, keyword, floating
subheading word]

14 1l1lorl12or13



15 (child* or infant* or boy* or girl* or newborn*).mp. [mp=title, abstract, heading word, drug trade name, original title, device manufacturer,
drug manufacturer, device trade name, keyword, floating subheading word] (3306386)

16 child/
17 infant/
18 newborn/

19 15o0r16o0r 17 or 18
20 7and10and 14 and 19

Cochranelibrary

1. “allergy” or allergic diseases or allerg* or immun* outcomes or “eczema” or “atopic dermatitis” or itchy rash or *“allergic rhinitis” or “hay fever”
or “food allergy” or food hypersensitivity or “asthma” or “wheeze” or respiratory hypersensitivity or eosinophilic esophagitis or Ig serum level or
immunoglobin blood level or “immunoglobulin” or immunoglobulin level or immunoglobulin serum level or plasma immunoglobulin or serum
gammaglobulin or serum immune globulin or “IgA” or IgA1 or IgA2 or “immunoglobulin A” or “IgE” or “immunoglobulin E”

2. “Transforming growth factor beta” or “transforming growth factor beta 1” or “transforming growth factor beta 1 level” or “transforming growth
factor betal” or “transforming growth factor beta 2” or “transforming growth factor beta 3” or TGF beta or TGFbeta or TGF-betaor TGF*

3. “breast milk” or breast milks or human milk or milk or breast milk human or colostrum® or “colostrum” or mature milk or transitional milk
4. child* or “child” or infant* or “infant” or boy* or girl* or newborn* or “newborn”

5. #1 and #2 and #3 and #4

Ovid MEDLINE(R) Epub Ahead of Print, In-Process & Other Non-Indexed Citations, Ovid MEDLINE(R) Daily and Ovid MEDLINE(R)
<1946 to Present>

1 hypersensitivity/ or conjunctivitis, allergic/ or dermatitis, atopic/ or eosinophilic esophagitis/ or food hypersensitivity/ or respiratory
hypersensitivity/ or asthma/ or rhinitis, allergic/ or urticaria/ or immunoglobulins/ or serum globuling/ or Immunoglobulin E/ or blood
immunoglobulins.mp. or immunoglobulin amp. or Immunoglobulin A/

2 (allergy or allergic diseases or alerg* or immun* outcomes or eczema or atopic dermatitis or itchy rash or alergic rhinitisor hay fever or food
allergy or food hypersensitivity or asthma or wheeze or respiratory hypersensitivity or eosinophilic esophagitis or g serum level or immunoglobin
blood level or immunoglobulin level or immunoglobulin serum level or plasmaimmunoglobulin or serum gammaglobulin or serum immune
globulin or IgA or IgA1 or IgA2 or immunoglobulin A or IgE or immunoglobulin E).mp. [mp=title, abstract, original title, name of substance word,



subject heading word, keyword heading word, protocol supplementary concept word, rare disease supplementary concept word, unique identifier,
synonyms|

3 lor2
4 transforming growth factor betal or transforming growth factor betal/ or transforming growth factor beta2/ or transforming growth factor beta3/

5 (Transforming growth factor beta or transforming growth factor betal or transforming growth factor beta2 or transforming growth factor beta3
or TGF beta or TGFbeta or TGF-beta or TGF*).mp. [mp=title, abstract, origina title, name of substance word, subject heading word, keyword
heading word, protocol supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms|

6 4or5

7 Milk, Human/ or Colostrum.mp. [mp=title, abstract, original title, name of substance word, subject heading word, keyword heading word,
protocol supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms|

8 (breast milk or breast milks or human milk or milk or breast milk human or colostrum* or mature milk or transitional milk).mp. [mp=title,
abstract, original title, name of substance word, subject heading word, keyword heading word, protocol supplementary concept word, rare disease
supplementary concept word, unique identifier, synonyms]

9 7or8
10 adolescent/ or child/ or child, preschool/ or infant/ or infant, newborn/ or infant, low birth weight/ or infant, postmature/ or infant, premature/

11 (child* or infant* or boy* or girl* or newborn*).mp. [mp=title, abstract, origina title, name of substance word, subject heading word, keyword
heading word, protocol supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms|

12 10or11
13 3and6and9and 12



TABLE SlI. Statistical analyses of association TGF- 3 in HM and allergic outcomes.

Study Statistical analyses of association between groups and between TGF-3 Data expression Data transformation and adjustment to
in HM and aller gic outcomes and outcomes potential confounders
reported
Interventional studies
Rautava  The Student t-test for comparison of values between groups for normally distributed Mean (95%Cl) NR
200232  data Median (IQR)
Mann-Whitney U-test for comparisons between groups for data of skewed
distribution. The Chi-sguared test for comparisons of proportions between groups.
Bottcher  Mann-Whitney U-test for unpaired analyses. Mean (range) Study treatment (placebo or L. reuteri)
2008 1° Spearman's rank order correlation coefficient test for correlations analyses. OR (95% ClI) Maternal atopy
Multiple logistic regression and ANOV A for analyses of multivariate relationships. r Na/K ratios
Huurre Mann-Whitney U-test, w2 test, the t-test for the baseline and clinical characteristics. GM (95% ClI) * L ogarithmically transformed
2008 *° The association between infant sensitization and TGF-p tertiles (T1, T2 and T3) was  Probiotic/placebo NR
given descriptively. ratios (95% Cl)
Prescott ~ Mann-Whitney test for differences between the groups for non-parametric data. Median (IQR) Factors with potential confounding effects were tested by
2008 3 Chi-square or Fisher’s exact test for differences between the groups for dichotomous = correlation analyses.
data. Spearman or Kendall’s Tau for correlations. NR
Kuitunen  Mantel-Haenszel method for the association between HM variables and alergic GM (95% Cl) * Logarithmically transformed
20122 outcomes by the ages of 2 and 5 years in the treatment groups separately. OR (95% ClI) Assessed separately by treatment group if Breslow-Day
The Breslow-Day test for evaluation whether the association is different in the test indicated interaction
probiotic group from that of the placebo group.
Ismail The Student’s t-test for normally distributed continuous data. Mean (SEM) * Skewed data log10-transformed
2013 Mann-Whitney U-test was for skewed data. GM (95% Cl) Treatment group
Chi-squared test or Fisher’s exact test for categorica data. Median (IQR) Maternd alergic status
Logistic regression analyses.
Simpson  Wilcoxon matched-pairs signed-rank test for comparison of the concentration at 10 Median (IQR) Materna atopy
2016  daysand 3 months. RR Maternal smoking during the first year of life
Linear regression for effect of probiotic supplementation on TGF-3 concentrations. Presence of older siblings
Causal mediation analysis (paramed) for HM cytokines which were found to be
altered by probiotic supplementation.
Observational studies
Kaliomaki The Fisher exact test or chi-squared test for differencesin contingency tables. Median (IQR) NR
1999°%  TheKruskal-Wallis test for comparisons between the groups. %
The Mann-Whitney U-test and Wilcoxon signed-rank test for comparisons between2 r
unpaired and paired groups, respectively.
Spearman rank correlation for correlation between 2 variables.
Saarinen  ANOVA was used for multiple comparisons. Mean (95%Cl) * Logarithmically transformed
1999 * 2-tailed Student’s t-test for comparisons between groups. r Maternal atopy tested, NS
Spearman rank correlation test for correlations between measurement from colostrum
samples and from infants with CMA.
Bottcher ~ Mann-Whitney U-test rank test for groups comparison. Median, NR
2003 = Spearman’s rank order correlation coefficient test for correlations. Frequency (%) in



Oddy
2003

Savilahti
2005 %

Rigotti
2006 %

Snijders
2006 4

Tomicic
2010 %

Soto-
Ramirez
2012 %

Joseph
2014 %

Orivuori
2014 ¥

Jepsen

The chi-sgquare test for categorical variables, and Fisher’s exact test for when the
expected frequency for any cell waslessthan 5.

Spearman nonparametric tests for correlation coefficients between cytokines.
Contingency tables and the chi-square test for relationship between breastfeeding and
wheezein the first year of life. The relationship of the concentration of each cytokine
in milk to wheeze was assessed by dividing the concentrations into tertiles with trend
chi-square tests.

Logistic regression analyses to determine the odds for any wheeze associated with
cytokine dose in milk.

A final categorization of concentration and duration of breastfeeding was calculated
to reflect short or long duration of feeding (divided at the median in weeks) and low
vs. medium-high cytokine concentration.

Multivariate stepwise logistic regression analysis by the forward selection method.
Associations with symptoms of atopy and verified atopy were studied among the
whole study group, those with long or short breast-feeding, and those with or without
family history for atopy.

Independent samples t-test for normally distributed variables and the Mann-Whitney
U-test for variables not normaly distributed for the differences between two
unpaired groups.

ANOVA for comparisons of concentrations between groups.

Logistic regression analysis for association between cytokines and infant’s atopic
manifestations.

Extreme values of concentrations of cytokines were not excluded as these did not
influence the results.

Mann-Whitney U test for unpaired analyses.

Spearman’s rank-order correlation coefficient test for correlation analyses.

The 2-test for categorical variables, and the Fisher’s exact test for when the expected
frequency for any cell was5.

Intra-class and Spearman correlation for associations of serum and whey immune
markers.

Log-linear regression for associations between immune markers and asthmarlike
symptoms at age 6 months and ever asthma-like symptoms in the first year of life
(supplemental material).

GEE was applied to predict repeated occurrence of asthma-like symptoms in infants
at ages 6 and 12 months. In addition, models excluding infants who had both wheezy
bronchitis and asthma-like symptoms were also ran.

Chi-square tests for subgroup comparisons of participant characteristics for binary
and categorica variables. Wilcoxon Rank Sum (WRS) test cytokine levels
comparison.

Student's t-tests for comparison of continuous variables.

Logistic regression model for each atopic phenotype with the log-transformed
TGFP1 values and the variable of interest (infant race/ethnicity or maternal atopy),
along with the interaction term.

Linear regression for association between levels of HM TGF-B1 and exposures
occurring up to month 2 of age.

Uni-/multivariate smoothed plots based on generalized additive regression modelling
for graphica display of significant associations of dose variables and health
outcomes.

Cox regression for the association between cytokine levels with age at onset of

groups

Mean (95%Cl)
OR (95%Cl)
h

GM (95% Cl)
OR (95%Cl)

Median (range)

Mean (SD)
OR (95%Cl)

Median (range)
rho

RR (95%Cl)

GM (95% Cl)
OR (95%Cl)

GM (95% ClI)
Quintiles

HR (95% Cl)

Maternal characteristics: smoking at 1 year (any vs.
none), education (<12 vs. >12 years), history of
physician-diagnosed asthma (yes vs. no)

Offspring characteristics: sex, gestational age (<37 vs.
>37 weeks), birth weight (<6 Ibsvs. >6 |bs), exposure to
other children (presence of any older siblings or
attendance at daycare with other children before 3
months)

* L ogarithmically transformed
NR

The two groups of mothers were comparable for aging,
alimentary habits, and pregnancy course.

NR

Recruitment group (conventional vs. aternative)

Time interval between birth and HM collection (days)
Total storage time in freezer until analysis (days)
Maternal characteristics: age, alergic history, season of
breast milk collection, use of probictics, infection
(during week of HM collection)

Offspring characteristics: number of older siblings

NR

Maternal characteristics: race, age at pregnancy, smoking
during pregnancy, household cigarette use at ages 6 and
12 months, maternal history of asthma, eczema, rhinitis,
consumption of antibiotics during pregnancy, vaginal
infections/pelvic conditions during pregnancy

Offspring characteristics: gender, any respiratory
infections at ages 6 and 12 months, season of birth

** FDR adjustment

* Logarithmically transformed

Maternal characteristics: atopic status

Offspring characteristics: race/ethnicity

* L ogarithmically transformed

Centre as fixed effect, general farming variable (living
on afarm vs. not), multiplicative interaction terms,
breastfeeding duration as a confounder and as a
multiplicative interaction term, TGF- B1 dose variable

* Logarithmically transformed



2016 18

Soto-
Ramirez
2016

Munblit
2017 %

eczema and recurrent wheeze during the first 3 years of life.

Principal component analysis (PCA) was used to decompose the complex data set
into fewer dimensions, reflecting the immunological intermediator correlation
structure, and to extract patterns that describe the predominant variations in HM
immune mediator levels.

To avoid the effect of reverse causdlity, a sendgtivity analysis was performed
excluding all children with eczema diagnosis before end of exclusive breastfeeding.
Ordinal logistic regression for the effect of probiotics.

Wilcoxon matched-pairs signed-rank test for comparison of concentrations at 2 time
points.

Linear regression for effect of probiotic supplementation on TGF-3 concentrations.
Causal mediation analysis (paramed) for breast milk cytokines which were found to
be altered by probiotic supplementation.

GEE adjusting for within-participant effects using the regular maximum likelihood
method for determination of the role of TGF- in scratching at ages 6 and 12 months.

Univariate analysis and correlation matrix, followed by multivariate analysis which
included modelling, using least absolute shrinkage and selection operator (LASSO)
and generalized linear model (GLM).

Median (IQR)
OR (95%Cl)
RR (95%Cl)

Median (IQR)
OR (95% Cl)

Delivery mode

Household income

Maternal eczema history

Filaggrin mutation

Household dog at birth and exclusive breastfeeding
length

** FDR adjustment

* Logarithmically transformed

Maternal characteristics: race, age at pregnancy, marital
status, smoking during pregnancy, household cigarette
use a ages 6 and 12 months, maternal and paternal
history of eczema, consumption of acetaminophen during
pregnancy, and vagina or urinary infections during
pregnancy

Offspring characteristics: gender and season of birth

** FDR adjustment

* Binary variable-transformed (detectable vs.
undetectable)

Levels of growth factorsin colostrum and HM,
detectability of cytokinesin colostrum and HM,

site of collection, colostrum collection time,

maternal atopic status, delivery type, infant gender

ANOVA, analysis of variance; Cl, confidence interval; CMA, cow’s milk allergy; FDR, false discovery rate; GEE, generalized estimating equation; GLM, generalized linear model; GM, geometric mean; HM, human milk; HR,
hazard ratio; IQR, inter-quartile range; LASSO, least absolute shrinkage and selection operator; NR, not reported; OR, odds ratio; PCA, principal component analysis, RR, relative risk; SD, standard deviation; SEM, standard

error of the mean; TGF-B, transforming growth factor beta; WRS, Wilcoxon Rank Sum.



TABLE SllI. Associations between TGF-f3 in human milk and allergic outcomes in children

Reference Ageat TGF-B isoform and Associations between human milk TGF- and aller gic outcomes
outcome time
assessment of collection
Eczema (interventional studies)
Rautava 2002 2y.0 TGF-B1,2 (MM) 3mo NS (data not shown)
Bottcher 2008 *° 2yo0 TGF-1,2 (C) 3d NS (data not shown)
TGF-f1,2 (MM) 1 mo NS (data not shown)
Prescott 2008 ** 2y.0 TGF-1 (C) 3-7d NS (data not shown)
TGF-B1 (MM) 1and 3 mo NS (data not shown)
Kuitunen 2012 *? 2yo TGF-B2 (C) 0-3d NS: OR, 1.05; 95% ClI ,0.61-1.79
AtopicE2y.0 NS: OR, 1.16; 95% Cl, 0.57-2.34
2y.0 TGF-f2 (MM) 3 mo 1 TGF-B2 (MM) - thigher risk of E by the age of 2 years (OR, 2.30; 95% ClI, 1.34-3.94)
AtopicE2y.0 NS: OR, 1.51; 95% Cl, 0.77-2.96
Ismail 2013 * lyo TGF-B1 (TM) 7 d No E (451.3 (330.4725.4)) vs. E (450.4 (357.2798.7)): NS, P= 0.7, aP = .9
TGF-B1 (MM) 28d No E (284.9 (200433.6)) vs. E (269.3 (200366.0): NS, P = 0.7; aP = 0.6
Simpson 2016 *° 2y.0 TGFB1-3(TM) 10d NS (data not shown)
TGF 1-3 (MM) 3 mo NS (data not shown)
Eczema (observational studies)

Kalliomaki 1999 ° lyo TGF-B1,2 (C) 0d 1TGF-B1 - thigher post-weaning onset of E compared with no onset (P = .0056) and pre-weaning onset (P = .0008);
1 TGF-B2 - thigher post-weaning onset of E compared with pre-weaning onset (P = .015) and compar able to nonatopic control
subjects.

TGF-B1,2 (MM) 3 mo NS
Savilahti 2005 © 4y.0 TGF-f1,2 (C) 1-4d NS (data not shown)
N m 1y.0 TGF-B1 (MM) 1 mo NS:

Snijders 2006 Low (2.0-166.9 pg/ml): 20R, 1.0; 95% CI, reference; n = 30
Middle (166.9-248.4 pg/ml): aOR, 1.14; 95% Cl, 0.59-2.10; n = 32
High (248.5-1536.8): aOR, 1.00; 95% Cl, 0.53-1.91; n = 28
P-valuefor trend: aOR, 1.00; 95% Cl, n =299

Rigotti 2006 % 6 mo TGF-f1 (C) 3d 4/6 infants who developed E received milk with no TGF-B1 in both C and MM. No statistical analysis has been performed.

9 TGF-1 (MM) 1 mo
Tomicic 2010 % 2y.0 TGF-B1,2 (C) 0-4d NS (data not shown)
TGF-B1,2 (MM) 1 mo
Orivuori 2014 ¥ 2y.0 TGF-B1 (MM) 2 mo NS: aOR, 0.86; 95% Cl, 0.65-1.14.
al NS (a0R, 95% Cl): Q1, 1.00; Q2, 0.95, 0.48-1.90; Q3, 1.12, 0.58-2.16; Q4, 0.64, 0.30-1.34; Q5, 1.00, 0.50-1.98.
4y.0 NS: aOR, 0.83; 95% Cl, 0.63-1.08.
al NS (a0R, 95% Cl): Q1, 1.00; Q2, 0.77, 0.40-1.51; Q3, 1.13, 0.60-2.12; Q4, 0.87, 0.45-1.71; Q5, 1.10, 0.57-2.09.
Jepsen 2016 3y.0 TGF-B1 (MM) 1 mo NS: HR 0.89; 95% Cl, 0.72-1.10; P = 0.29; aHR 0.91; 95% Cl, 0.74-1.12

Soto-Ramirez 2016 ®

Munblit 2017 *

Scratching 1y.o

6 mo.

TGF-g1 (MM) 21d

TGF-B2 (C) 0-6 d

NS

TGF-B1 level 2774.63: RR, 0.71; 95 % CI, 0.48-1.05
Level 438.28-774.63: RR, 0.98; 95 % Cl, 0.73-1.31
Level <436.28 - reference.

NS: aP = 0.66



TGF-B2 (MM) 1 mo 1TGFB2 (MM) - thigher risk of E (aOR, 1.04; 95% ClI, 1.01-1.06)

NS: aP = 0.087
TGF-B3 (C) 0-6 d NS: aP = 0.17
TGF-B3 (MM ) 1 mo NS: aP = 0.66
Atopic sensitization (interventional studies)
Rautava 2002 2 2y.0 TGF-1,2 (MM) 3 mo NS (data not shown)
Bottcher 2008 *° 2y.0 TGF-B1(C) 3d NS (data not shown)
1TGF-B2 (C) [<701**] LAS during first 2 years: OR, 0.3; 95% CI, 0.1-0.9
TGFB2 (C) [>1400] ASat 6 months: NS: aOR, 5.0; 95% Cl, 0.9-27
TGF-f1,2 (MM) 1 mo NS (data not shown)
Huurre 2008 * 1ly.0 TGF-B2 (C)0d NS (data not shown)
Prescott 2008 3 2y.0 TGF-f1(C) 3-7d NS (data not shown)
TGF-B1 (MM) 1and 3 mo NS (data not shown)
Ismail 2013 ** ly.o TGF-1 (TM) 7d NS (data not shown)
TGF-f1 (MM) 28d NS (data not shown)
Simpson 2016 2 2y.0 TGF f1-3(TM) 10d NS (data not shown)
TGF B1-3 (MM) 3mo NS (data not shown)
Atopic sensitization (observational studies)
Saarinen 1999 *° lyo TGF-B1(C) 1-4d 1TGF-B1 (C) - 1SPT to CM (r =-0.228, P = .02); 1Sl toA-casein (r = -0.282, P = .04) and 1Sl to B-lactoglobulin (r =-0.347, P =
.01);
NS: sigE to CM (r =-0.138, P = .18); Sl to B-casein (r = -0.241, P = .08).
Bottcher 2003 * 2y.0 TGF-B1,2 (C) 0-4d NS (data not shown)
TGF-41,2 (MM )1 mo NS (data not shown)
Savilahti 2005 © 4y.0 TGF-p1,2 (C) 1-4d NS (data not shown)
N “ 2y.0 TGF-B1 (MM) 1 mo NS:
Snijders 2006 Low (2.0-166.9 pg/ml): aOR, 1.0; 95% Cl, reference; n = 17.
Middle (166.9-248.4 pg/ml): aOR, 1.19; 95% Cl, 0.52-2.74; n = 21.
High (248.5-1536.8 pg/ml): aOR, 0.51; 95% Cl, 0.21-1.24; n = 12.
P-value for trend: aOR, 0.13; 95% ClI, n = 200.
Tomicic 2010 ? 2y.0 TGF-f1,2 (C) 0-4d NS: In Sweden (median, 486; range, 240-1400 pg/mL, in non-sensitized vs. median 586; range, 365-1156, in sensitized infants; P = .11).
Joseoh 2014 # 3y.0 TGF-1 (MM) 1 mo LGM in non-atopic mother s of infants with elevated vs. not elevated sIgE (1347 vs. 1651 pg/ml respectively, P = .047)
e tGM in atopic mother s of infants classified as aller gen-specific I gE (2161 vs. 1525 pg/ml respectively, P = .001).
Orivuori 2014 ¥ 4y.0 TGF-B1 (MM) 2mo NS: aOR, 1.10; 95% Cl, 0.85-1.42.

Based on IgE cut-off 0.35Ku/l:
All NS (aOR, 95% Cl): Q1, 1.00; Q2, 1.10, 0.60-2.01; Q3, 1.03, 0.56-1.91; Q4, 1.46, 0.79-2.70; Q5, 1.76, 0.93-3.32.
All other cut-offs/ages: NS, P > .05.
6y.0 NS: aOR,1.05; 95%-Cl, 0.82-1.36.
Based on IgE cut-off 0.35Ku/l:
All NS (aOR, 95% Cl): Q1, 1.00; Q2, 0.75, 0.41-1.35; Q3, 1.04, 0.56-1.93; Q4, 0.84, 0.46-1.53; Q5, 1.02, 0.55-1.89.
Based on IgE cut-off 3.5 kU/l (aOR, 95% ClI): Q1, 0.40, 0.18-0.90; Q2, 0.26, 0.11-0.61.
All other cut-offs/ages: NS, P > .05.

Munblit 2017 * 6 mo TGF-1-3(C) 0-6d NS (data not shown)
TGF-B1-3 (MM) 1 mo

Asthma/wheezing (observational studies)

Oddy 2003 * Asthma-like TGF-B1 (TM) 14d NS (P =.18).
symptoms 1y.o0 tDose of TGF-B1 (TM) - tlower risk of wheeze (%) (P =.017), relationship islinear (P =.006 trend x2).
t Dose of TGF-B1 (TM) - Ilower risk of wheeze (OR, 0.22; 95% ClI, 0.05-0.89).
Savilahti 2005 © Ady.o TGF-f1,2 (C) 1-4d NS (data not shown)
Snijders 2006 W2y.0 TGF-f1 (MM) 1 mo NS:

Low (2.0-166.9 pg/ml): aOR, 1.0; 95% Cl, reference; n = 24.
Middle (166.9-248.4 pg/ml): aOR, 1.21; 95% Cl, 0.61-2.93; n = 28.
High (248.5-1536.8 pg/ml): aOR, 1.13; 95% Cl, 0.57-2.23; n = 28.
P-value for trend: aOR, 0.73; 95% CI, n = 299.



Soto-Ramirez 2012 Asthmalike TGF-81 (MM) 21d 1TGF-B1 (MM, 4™ and 3% quartile levels) - lower risk of asthma-like symptoms (RR, 0.31; P = .01 and 0.26, P = .002
symptoms 1y.o respectively).
Orivuori 2014 ¥ Adyo TGF-p1 (MM) 2 mo NS: aOR, 0.77; 95% Cl, 0.47-1.27.
All NS (aOR, 95% Cl): Q1, 1.00; Q2, 0.57, 0.18-1.84; Q3, 0.43, 0.12-1.50; Q4, 0.53, 0.15-1.87; Q5, 0.65, 0.21-2.02.
ABy.0 NS: aOR, 0.92; 95% Cl, 0.62-1.38.
All NS(aOR, 95% ClI):Q1, 1.00; Q2, 0.90, 0.37-2.20; Q3, 0.43, 0.15-1.24; Q4, 0.83, 0.32-2.13; Q5, 0.70, 0.27-1.82.
18 W 3y.0 TGF-f1 (MM) 1 mo NS: HR, 0.91; 95% Cl, 0.68-1.23; P = .54; aHR, 0.90; 95% ClI, 0.66-1.22
Jepsen 2016
Munblit 2017 % W 6 mo TGF-2 (C) 0-6 d NS: aP = 0.283
TGF-p2 (MM) 1 mo NS: aP = 0.090
TGF-B3(C) 0-6d NS: aP = 0.193
TGF-B3 (MM) 1 mo NS: aP = 0.283
Food allergy (interventional studies)
Rautava 2002 * CMA 2y.0 TGF-f1,2 (MM) 3 mo NS (data not shown)
Food aller gy (observational studies)
Saarinen 1999 ¥ CMA 1y.0 TGF-f1 (C) 1-4d L TGF-B1 (Cinfantswith later development of 1gE-mediated cMa) - 1 NON-I gE-mediated CMA (t = 2.57, P = .012).
Thelevel of control subjectsdid not differ from both groups.
Savilahti 2005 © CMA 4y.0 TGF-f1,2 (C) 1-4d NS (data not shown)
Jowph 2014 % 3yo TGF—B]‘ (MM)1 mo TGF’B]- M MAmong non-black infants) = FA VS. N0 FA: NS (P = .081); SPT+ tood alergens VS. SPT-: NS (P =.064)
Munblit 2017 * 6 mo. TGF-2 (C) 0-6 d NS: aP = 0.91
TGF-p2 (MM) 1 mo NS: aP = 0.98
TGFB3(C)0-6d NS: aP = 0.49
TGF-3 (MM) 1 mo NS aP = 0.91
Allergic rhinitis/conjunctivitis (obser vational studies)
Savilahti 2005 © ARC4y.0 TGF-f1,2 (C) 1-4d NS (data not shown)
Studieswith combined aller gic outcomes (inter ventional studies)
Kuitunen 2012 ***Z  AID 2y.0 TGF-B2 (C) 0-3d NS: OR, 1.05; 95% CI, 0.62-1.76
AID 5y.0 NS: OR, 1.08; 95% Cl, 0.66-1.77
AtD 2y.0 NS: OR, 1.31; 95% Cl, 0.66-2.62
AtD 5y.0 NS: OR, 1.06; 95% Cl, 0.63-1.79
AID 2y.0 TGF-$2 (MM) 3 mo 1 TGF-B2 (MM) - thigher risk of allergic disease by the age of 2 years (OR, 2.23; 95% CI, 1.33-3.74)
AtD 2y.0 NS :OR, 1.74; 95% ClI, 0.90-3.37
AID5y.0 NS: OR, 1.36; 95% Cl ,0.84-2.21
AtD 5y.0 NS: OR, 1.04; 95% Cl, 0.62-1.73
Studieswith combined aller gic outcomes (observational studies)
Bottcher 2003 % E2y.0 TGF-B1,2(C) 0-4d NS: the number of positive samples or the levels of the cytokinesin C or MM and the devel opment of either allergic symptom (P-values:
TGF-$1,2 (MM) 1 mo 14 - .99)
A2y.0 14 -.99).
ARC 2y.0

A, asthma; AID, allergic diseases; AtD, ‘atopic’ diseases; aHR, adjusted hazard ratio; aOR, adjusted odds ratio; aP, adjusted P-value; AR, alergic rhinitis; ARC, alergic rhinoconjunctivitis, AS, allergic sensitization; C,
colostrum (0-4 days); Cl, confidence interval; CM, cow’s milk; CMA, cow’s milk allergy; D, days; DNS, data not shown (not presented in the paper); E, eczema; FA, food alergy; FDR, false discovery rate (adjusted); GM,
geometric mean; HR, hazard ratio; IQR, inter-quartile range; MA, multivariate analysis, MM, mature human milk (2 weeks and later); MO, months; NA, non-applicable; NR, not reported; NS, non-significant; OR, odds
ratio; Q, quintile; RR, relative risk; SD, standard deviation; Sl, stimulation index — expression of proliferation (median counts per minute incorporated in the presence of the antigen divided by median counts per minute
incorporated in the absence of the antigen); SPT, skin prick test; slgE, specific IgE levels, TGF-, transforming growth factor beta; TM, transitional milk (5-14 days); W, wheezing.

“1” — stands for increased and “1” — stands for decreased levels or reduced risk of TGF-f or disease/parameter; * Age, up to which outcomes were assessed; ** All concentrations are pg/ml; *** This study analyzed eczema
separately and also combined allergic diseases for the analysis (eczema, food alergy, allergic rhinitis and asthma) and atopic (IgE-associated) allergic diseases.
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