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IMPACT STATEMENT
What is already known on this topic
Partially hydrolyzed infant formulas are designed to prevent allergy development in infants
with a family history of allergy. However, their actual efficacy in allergy prevention remains
controversial.
What this study adds
In this study, the use of partially hydrolysed formula was not related to a lower risk of
eczema, food allergies or respiratory symptoms compared to regular formula. Even, our
results suggest that partially hydrolyzed formulas might be related to a higher risk of food
allergy and respiratory symptoms development up to 2 years or age.
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Abstract
Background and objectives. Partially hydrolysed formulas (pHF) are recommended in nonbreastfed infants with familial history of allergy to prevent allergy development. However,
recent meta-analysis does not provide strong support for their protective effect. The present
work assesses the links between 2-month infant formula use and the incidence of eczema,
respiratory symptoms or food allergies (FA) up to 2 years of age.
Methods. The nationwide ELFE birth cohort is a population-based study from mainland
France. Infant feeding (breast milk only, partially-hydrolysed formula with (pHF-HA) or
without a hypoallergenic label (pHF-non-HA) and non-hydrolysed formula (nHF)) was
reported at 2 months. Eczema, FA and respiratory symptoms such as wheezing and asthma
were reported at 2 months, 1 year and 2 years. Infant with prior FA at 2 months were
excluded from analyses.
Results. Among 11,720 infants, those who received only breast milk at 2 months were at
lower risk of eczema at 1 year than those who received nHF (OR[95% CI]=0.78[0.65-0.94] in
non-at-risk infants; 0.86[0.75-0.98] in at-risk infants). The use of pHF-HA, compared with
nHF, at 2 months was related to higher risk of wheezing at 1 year in at-risk infants (1.68[1.242.28]), and higher risk of FA at 2 years both in non-at-risk infants (3.78[1.52-9.41]) and in atrisk infants (2.31[1.36-3.94]).
Conclusions. In this nationwide study, pHF-HA use was not associated with a lower risk of
any of the studied outcomes. Quite the reverse, it was associated with a higher risk of
wheezing and FA. This should be confirmed in further studies.
Keywords
Infancy, breast feeding, formula feeding, partially hydrolysed formula, eczema, wheezing,
asthma, food allergy

7

MAIN TEXT
Introduction
Allergic diseases have become a public health problem. Several studies have reported
increases over time in the prevalence of allergic diseases1-5, with many factors, ranging from
genetic to environmental characteristics, linked to allergic events6. Early nutrition is one of
the modifiable factors frequently mentioned in association with food allergies (FA) and other
allergic diseases7-10.
Current guidelines on infant feeding recommend exclusive breast feeding for the first 6
months of life, or at least 4 months,10,11 and introduction of complementary foods not before 4
months but not delayed after 6 months, even for allergenic foods12. Although the overall
benefits of breast feeding on children’s health and development are clearly established, its
specific benefit for allergy prevention remains controversial13-15.
Furthermore, the use of infant formula with documented preventive effect against allergy
development is recommended for the first 4 months among non-exclusively breast fed infants
with a familial history of allergy (i.e., with at least one parent or sibling with an allergy
history)10.
Regarding formula based on partially hydrolysed protein (pHF), even if some systematic
reviews highlighted a modest protective effect16,17, other meta-analyses do not provide strong
support for the existence of benefit on allergy prevention18,19 and the recent Cochrane Review
found no evidence to support the use of these pHF compared to cow’s milk protein formula to
prevent allergic diseases among non-exclusively breast fed infants20.
Recently, the Swiss Society of Paediatrics withdrawn the guideline of pHF use among nonexclusively breast fed infants with familial history of allergy21 and an updated clinical report
from the American Academy of Pediatrics concluded to a lack of evidence regarding the
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protective role of pHF or extensively hydrolysed formulas (eHF) in the prevention of atopic
diseases22.
Moreover, recent data suggest that pHF are more widely used than recommended in current
guidelines23. Some of these pHF have an “hypoallergenic” label without documented
preventive effect against allergy development, as a clinical trial supporting the protective
effect of a specific infant formula with HA label will be mandatory only from 202024. Thus, it
is difficult for parents to distinguish infant formula with documented preventive effect across
the large range of available infant formulas with HA label. Finally, only a minority of infants
receiving such a formula had familial history of allergy23.
In this context, the aim of this study was to examine the associations between the use of pHF
in infancy, in real-life conditions of use, and the incidence of eczema, respiratory symptoms
or FA in toddlerhood, with a particular focus on infant formula with a HA label.
Subjects and methods
Study design
This analysis is based on data from the ELFE (Etude Longitudinale Française depuis
l'Enfance) study, a multidisciplinary nationwide birth cohort including 18,329 children born
in 2011 in 320 participating maternity units among a random sample of 349 in mainland
France25. Inclusion began in April 2011 and took place during 25 selected recruitment days
over four waves of four to eight days each that covered all four seasons. Inclusion criteria
were as follows: singleton or twins born after 33 weeks of gestation, to mothers aged 18 years
or older and not planning to move outside of metropolitan France in the next 3 years.
Participating mothers had to provide written consent for their own and their child’s
participation. Fathers signed the consent form for the child’s participation when present at
inclusion or were informed about their rights to oppose it. The ELFE study was approved by
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the Advisory Committee for Treatment of Health Research Information (Comité Consultatif
sur le Traitement des Informations pour la Recherche en Santé), the National Data Protection
Authority (Commission Nationale Informatique et Libertés), and the National Statistics
Council.
Data collection
Infant milk feeding
Parents were interviewed by telephone at 2 months post-partum on various subjects including
infant milk feeding (only breast milk, only infant formula, combination of breast and formula
milk). Parents using formula for feeding were asked to report its brand and name. Formulas
were then classified as previously described23. The different groups of infant formula reported
in the ELFE study are formula based on non-hydrolysed proteins (nHF), partially hydrolysed
proteins, extensively hydrolysed proteins, and free amino acids (AAF); the latter two types
being specifically designed for treatment of cow’s milk protein allergy (CMPA)26. By
definition, infant formula with a HA label were based on partially hydrolysed proteins.
However, in France, some infant formulas without the HA label (pHF-non-HA) also
contained partially hydrolysed proteins, probably with a lower level of hydrolysis. As the HA
label suggests a protective effect on allergy development, we decided to consider separately
pHF according to the claim of a HA label.
Infants receiving both breast milk and formula were classified according to the type of
formula they received. Exclusively breast fed infant were considered as a separate group.
Allergic events
During the 2-month telephone interview, parents reported any medical diagnosis of cow’s
milk protein allergy (CMPA) and if the infant had had eczema or wheezing since birth.
During the 1-year interview, they reported medical diagnosis of eczema and wheezing from
the last follow-up. During the 2-year interview, they reported medical diagnosis of eczema,
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wheezing, and asthma attack in the last 12 months, as well as medical advice to avoid certain
foods due to FA. At the 2-year follow-up, a questionnaire was also sent to the child’s primary
care physician, including diagnosis of FA as well as the method used to confirm food
sensitization (IgE or skin test).
Other variables
Data collection of familial characteristics has been previously presented23. The large data
collection allows accounting for the main risk factors of allergy-related diseases, in particular
familial history of allergy, child’s sex, C-section delivery, maternal smoking during
pregnancy, any breastfeeding duration, collective care attendance, siblings, city size
(considered as a proxy of air pollution). Age at complementary food introduction 27 was not
considered in the main analyses, as it could not formally be considered as a confounding
factor, but it was introduced as an additional adjusting variable in sensitivity analyses.
Details on the data collection process are available in supplementary method 1.
Study sample
The sample selection was described in Figure 1. In particular, the main analyses were based
on complete cases and, in order to limit reverse causation bias, all reported CMPA cases at 2
months were withdrawn from all analyses on association between infant feeding and child’s
health.
Statistical analyses
To provide representative descriptive statistics of births in 2011 in France, the descriptive
analyses (allowing rates and prevalence estimations) were weighted to take the inclusion
procedure, attrition, and biases related to non-consent into account. Weighting also included
calibration on margins from the state register's statistical data and from the 2010 French
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National Perinatal Study for the following variables: age, region, marital status, migration
status, education level, and primiparity28. This weighting was calculated at each follow-up.
Families selected in our analyses were compared with their non-selected ELFE counterparts
by Chi-2 tests.
As infant feeding guidelines differ according to familial allergy history, all analyses on
association between infant feeding and allergy-related symptoms were stratified by this
variable.
Bivariate associations between infant feeding and allergy-related symptoms were assessed by
Chi-2 tests.
Multivariate associations between infant feeding and allergy-related symptoms were assessed
by multinomial logistic regressions, with nHF as the reference group. The main analyses
(Model 1) were adjusted for age at first attendance at collective care arrangement, first
physician seen after discharge, maternal education level and age at first child, parental place
of birth, family monthly income per consumption unit, size of town of residence, maternal
smoking status, passive smoking, gestational age at birth, sex, mode of delivery, any
breastfeeding duration, number of people per room living in the household, recruitment wave,
maternity unit size and level, and mother’s region of residence. Among infants with familial
history of allergy, analyses were also adjusted for the allergic relative (parents or sibling).
Because the pHF-non-HA group was too small to conduct stratified analyses for FA
according to family history of allergy, these infants were excluded from FA analyses.
Several sensitivity analyses were conducted to address the potential bias issues and are
detailed in supplementary method 2.
All analyses were carried out with SAS software version 9.4 (SAS Institute, Cary, NC, USA).
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Results
The families selected in our analyses were compared with their non-selected ELFE
counterparts for the complete case analysis as presented in Supplementary Table 1. Briefly,
the non-selected women were younger and had a lower education level and lower family
income than the women included in these analyses.
Table 1 presents the sample characteristics according to 2-month milk feeding, and Table 2
the weighted prevalence of allergy-related symptoms.
Infant milk feeding and incidence of allergy-related symptoms at 1 and 2
years
Supplementary Table 2presents the bivariate analyses of 2-month milk feeding and eczema,
FA or respiratory symptoms at 1 and 2 years.
Eczema
Compared to nHF, infants without family history of allergy who received only breast milk at
2 months were at lower risk of eczema at 1 year. Compared to nHF, the use of pHF-HA was
related to higher risk of eczema at 1 year among infants with familial history of allergy
(Figure 2). These associations disappeared after exclusion of infants with allergy-related
symptoms reported at 2 months (model 2). After exclusion of infants using several infant
formulas up to 2 years (model 3), the association between pHF-HA and eczema at 1 year
among infants with familial history of allergy was less pronounced but remained significant.
Compared to nHF, the use of pHF-HA was related to higher risk of eczema at 2 years among
infants with familial history of allergy only after exclusion of infants using several formulas
up to 2 years.
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Food allergy
Compared to nHF, the use of pHF-HA was related to higher risk of FA reported at 2 years,
regardless of family allergy history. In our sensitivity analysis to address the potential
indication bias, results were reinforced after exclusion of infants with allergy-related
symptoms reported at 2 months, among infants with no family allergy history, but no more
significant among infants with family allergy history. After exclusion of infants using several
infant formulas up to 2 years, results were reinforced among infants with family allergy
history, but no more significant among infants with no family allergy history (Figure 2).
When physician-reported diagnosis of FA was considered, the association between the use of
pHF-HA (compared to nHF) and FA was not significant but a similar trend was observed (OR
[95% CI]=1.45 [0.43 – 4.84], p=0.55 for physician-reported FA without use of IgE or skin
test to confirm FA; OR [95% CI]=2.78 [0.92 – 8.38], p=0.069 for physician-reported FA with
use of IgE or skin test to confirm FA).
Wheezing
Compared to nHF, the use of pHF-HA was related to higher risk of wheezing at 1 year among
infants with family allergy history only. These findings were reinforced after exclusion of
infants with allergy-related symptoms reported at 2 months or using several infant formulas
up to 2 years (Figure 3). Compared to nHF, the use of pHF-HA was related to higher risk of
wheezing at 2 years among infant with a family history of allergy only after exclusion of
allergy-related symptoms reported at 2 months.
Asthma attack in the second year of life
In our main analysis, as well as in the sensitivity analysis conducted among infants
consuming the same infant formula up to 2 months, infant feeding reported at 2 months was
not related to asthma attack reported at 2 years. However, in the sensitivity analysis excluding
infants with allergy-related symptoms reported at 2 months, compared to nHF, the use of
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pHF-HA was related to higher risk of asthma attack reported at 2 years among infants with
family history of allergy (Figure 3).
Sensitivity analyses
Further adjustment on age at complementary feeding introduction (Figures 2 and 3, model 4)
did not modify the association between the used of pHF-HA and the health outcomes
considered in our analyses.
In analyses restricted on whey-based pHF, regardless of HA label, findings were consistent
with those from the main analyses (Supplementary table 4), suggesting that the type of
hydrolysed proteins used in infant formulas was not the main determinant of the association.
In analyses considering infant feeding assessed at 4 months instead of 2 months, results were
consistent with main analyses, except marginal changes (Supplementary table 4), suggesting
that the timing of use of infant formula in these first months of life was not the main
determinant of the association .
Finally, in analysis using multiple imputations to deal with missing data on potential
confounders, results were consistent with those from the complete-case analysis
(Supplementary table 4).
Discussion
In this nationwide French birth cohort, comparisons of different levels of protein hydrolysis
showed that pHF-HA was not associated with a lower risk in any of the studied allergyrelated symptoms and was even associated with a higher risk of eczema and wheezing at 1
year in infants with family allergy history, and with a higher risk of FA at 2 years whatever
the family history of allergy.
Even if the protective association of breastfeeding against atopic diseases development is not
consistent through studies, a recent meta-analysis highlighted a protective effect of any type
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of breastfeeding on asthma in older children and of exclusive breastfeeding from 3 to 4
months on eczema up to 2 years14. This benefit may come from the immunomodulatory role
of breastmilk29. Our results on allergy-related symptoms are in line with these findings, with a
lower risk of eczema at 1 year in infants who received only breast milk at 2 months.
Regarding the protective effect on allergic diseases of protein hydrolysis in infant formula, the
German Infant Nutritional Intervention (GINI), conducted among at-risk children30, showed a
lower risk of atopic dermatitis during the first 3 years of life among the children who received
a whey-based pHF in their first 4 months, compared to those receiving nHF, but did not
highlight any protective effect on other allergic manifestation (allergic urticarial, FA with
manifestation in the gastrointestinal tract or asthma)30 . Contrary with this trial, we did not
highlight a lower risk of eczema related to the used of pHF. As our study was conducted in
real conditions of use, we had to consider all types of pHF-HA together whereas the GINI
trial was based only on whey-based pHF. The specific hydrolysis process and the types of
hydrolysed proteins (whey or casein) may modulate immune system tolerance19,31. However,
most pHF-HA used in the ELFE study were whey-based and the information regarding the
types of hydrolysed proteins could not be obtained for the others. In sensitivity analyses
conducted only on whey-based pHF, results remained similar.
The absence of a protective association between the use of pHF-HA and allergy-related
symptoms is in line with the recent Cochrane review20, but this is the first study showing a
higher risk of wheezing and FA associated with the use of pHF-HA and these findings need to
be confirmed in further studies. In particular, respiratory symptoms examined in the present
study could have infectious origins. However, in France, “infant asthma” is defined as “any
dyspneic episode with wheeze which has occurred at least 3 times since birth, regardless of
age at onset, outbreak cause or history of atopy” 32. Frequent wheezing in early childhood
may then reflect higher susceptibility to respiratory allergies and asthma later in life33,34.
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The ELFE study provides prospective data from a broad, representative sample of births in
2011 in mainland France. The large sample size ensures statistical power for all the different
outcomes and allows accounting for the main risk factors of allergy-related diseases. We have
to acknowledge the risk of selection bias inherent to observational studies and complete case
analyses. To address the issue of reverse causation and indication bias, we performed several
sensitivity analyses and findings were not strongly modified. In particular, we found higher
risk related to the use of pHF-HA among both at-risk and non-at-risk infants. Parental reports
of eczema, FA, and respiratory symptoms do not achieve the same precision level as clinical
examination, even if widely used35,36, and may lead to overestimation of allergy-related
symptoms. However, our questions on respiratory symptoms were adapted for younger
children from the questionnaire of the International Study of Asthma and Allergy in
Childhood (ISAAC)37. Noteworthy, we conducted sensitivity analyses on physician-reported
diagnoses of FA and results were consistent.
Finally, as parental-reported cases of CMPA were only collected at the 2-month interview,
this time point was the only one allowing the exclusion of prior FA cases, necessary to
account for the temporality criterion. To address the issue of duration of use of a specific
infant formula, not available in our study, we conducted two sensitivity analyses, one
excluding infant changing infant formula in the first 2 months of life and one considering 4month milk feeding instead of 2-month milk feeding. In both analyses, findings remained
consistent.
Conclusion
A working group consensus concluded the paucity of data unable pHF to be recommended as
second choice for infant feeding when breast feeding is not possible38. In this nationwide
cohort, the use of pHF-HA at 2 months was not associated with a lower risk of any of the
studied allergy-related symptoms up to 2 years and was even associated with a higher risk of
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wheezing, FA and, to a lesser extent, eczema. These findings must be confirmed in other
studies worldwide but raise questions about the harmlessness of the large-scale pHF use and
contribute to the debate around the accuracy of recommending pHF as a way of preventing
allergy development in non-breastfed at-risk infant 39,40.
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Table 1: Sample characteristics according to 2-month milk feeding, in the complete case sample (N = 11,720)

N
Maternal age at first delivery (y, mean (SD))
Maternal master degree (% (n))
Family income per consumption unit (€, mean (SD))
Both parents born in France (% (n))
Maternal smoking during pregnancy (% (n))
Never smoker
Smoker only before pregnancy
Smoker only in early pregnancy
Smoker throughout pregnancy
No passive smoking (% (n))
Residence in rural area (<2000 inhab, % (n))
C-section delivery (% (n))
No parental history of allergy (% (n))
Sibling history of allergy (% (n))
No sibling
No history of allergy in siblings
History of allergy in siblings
Boys (% (n))
Gestational age (weeks, mean (SD))
Breastfed at 2 months (% (n))
No change in formula milk from birth (% (n))
Treatment for GERD reported at 2 months (% (n))
Age at complementary feeding introduction (months,
mean (SD))

nHF
7149
27.3 (4.7)
16.1% (1150)
1650 (1585)
84.3% (6027)

pHF-non HA
239
27.4 (4.5)
16.7% (40)
1639 (865)
84.1% (201)

pHF-HA
251
28.2 (4.6)
21.5% (54)
1860 (864)
89.2% (224)

Breast milk only
4081
28.2 (4.2)
28.4% (1161)
1752 (1272)
80.3% (3278)

84.3% (6027)
7.6% (541)
4.5% (320)
3.7% (261)
72.6% (5192)
23.9% (1707)
19.1% (1364)
51.2% (3661)

84.1% (201)
7.9% (19)
4.2% (10)
3.8% (9)
73.6% (176)
21.3% (51)
24.3% (58)
43.1% (103)

89.2% (224)
5.2% (13)
3.6% (9)
2% (5)
76.1% (191)
22.3% (56)
15.5% (39)
28.7% (72)

80.3% (3278)
7.7% (316)
7% (287)
4.9% (200)
82.7% (3377)
21.2% (866)
14.3% (584)
46.8% (1910)

46.9% (3354)
40.3% (2884)
12.7% (911)
50.5% (3612)
39.2 (1.5)
24.2% (1729)
53.2% (3805)
24.3% (1735)

46.9% (112)
36% (86)
17.2% (41)
52.7% (126)
39.1 (1.6)
20.1% (48)
22.2% (53)
61.1% (146)

48.6% (122)
31.5% (79)
19.9% (50)
61% (153)
39.3 (1.3)
40.2% (101)
74.1% (186)
16.3% (41)

39.5% (1611)
45.4% (1851)
15.2% (619)
50.8% (2074)
39.4 (1.3)
100% (4081)
100% (4081)
10.5% (430)

5.2 (1.1)

5.0 (1.2)

5.3 (1.1)

5.7 (1.0)

nHF: non-hydrolysed formula; pHF-non-HA: partially hydrolysed formula without hypoallergenic label; pHF-HA: partially hydrolysed formula
with hypoallergenic label. Infants receiving both breast and formula milk were classified according to the infant formula consumed.
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Table 2: Prevalence of allergy-related symptoms up to 2 years

N
Parental reported of medical diagnosis of eczema
Parental report of respiratory symptoms
Wheezing
Asthma attack in the previous 12 months
Parental report of food allergy
Medical diagnosis of CMPA
Medical advice of food eviction due to allergy
Physician report of food allergy (sub-sample, n=7258)
No allergy
Medical diagnosis without use of IgE or skin test
Medical diagnosis with use of IgE or skin test
Weighted prevalence % (n). "/": no data collected

2 months
15,460
16.1% (2495)

1 year
13,384
17.8% (2387)

2 years
12,363
18.5% (2291)

6.7% (1028)
/

27.3% (3650)
/

18.7% (2317)
6.1% (757)

1.5% (227)

/

/
4.1% (511)

/
/
/

/
/
/

97.1% (7046)
1.7% (125)
1.2% (87)
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Figure legend
Figure 1: Sample selection

Footnote: Description of the successive steps by which infants were excluded to reach the
complete case analysis sample size. CMPA: Cow’s milk protein allergy; eHF: extensively
hydrolysed formula; AAF: amino acids formula

23
Figure 2: Adjusted associations between 2-month milk feeding and the incidence of eczema
at 1 and 2 years and of food allergies at 2 years with non-hydrolysed formula as reference.

Legend: nHF: non-hydrolysed formula; pHF-non-HA: partially hydrolysed formula without
hypoallergenic label; pHF-HA: partially hydrolysed formula with hypoallergenic label. Infants
receiving both breast and formula milk were classified according to the infant formula consumed.
Values are adjusted odds-ratio (95%CI) from multinomial logistic regressions, with nHF as the

reference group, adjusted for parental allergy history, sibling allergy history, age at first
attendance at collective care arrangement, first physician seen after discharge, maternal
education level and age at first child, parental place of birth, family monthly income per
consumption unit, size of town of residence, maternal smoking status, passive smoking,
gestational age at birth, sex, mode of delivery, any breastfeeding duration, number of people
per room living in the household, recruitment wave, maternity unit size and level, and
mother’s region of residence. Among infants with familial history of allergy, analyses were
also adjusted for the origin (parents or siblings) of this familial history of allergy. Infant
receiving pHF-non-HA were excluded from analyses on food allergy and from Model 3, due
to the limited sample size.
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Figure 3: Adjusted associations between 2-month milk feeding and the incidence of wheezing at 1
and 2 years and of asthma at 2 years, with non-hydrolysed formula as reference.
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Legend: nHF: non-hydrolysed formula; pHF-non-HA: partially hydrolysed formula without hypoallergenic
label; pHF-HA: partially hydrolysed formula with hypoallergenic label. Infants receiving both breast and
formula milk were classified according to the infant formula consumed. Values are adjusted odds-ratio
(95%CI) from multinomial logistic regressions, with nHF as the reference group, adjusted for

parental allergy history, sibling allergy history, age at first attendance at collective care
arrangement, first physician seen after discharge, maternal education level and age at first child,
parental place of birth, family monthly income per consumption unit, size of town of residence,
maternal smoking status, passive smoking, gestational age at birth, sex, mode of delivery, any
breastfeeding duration, number of people per room living in the household, recruitment wave,
maternity unit size and level, and mother’s region of residence. Among infants with familial history
of allergy, analyses were also adjusted for the origin (parents or siblings) of this familial history of
allergy. Infant receiving pHF-non-HA were excluded from analyses on food allergy and from
Model 3, due to the limited sample size.

26

APPENDICES
Supplementary method 1: Data collection process regarding adjustment variables
Familial allergy history was collected at the 2-month interview. Parents and siblings were
considered to have a history of allergy when they were reported to ever have eczema, asthma, or
hay fever. Family history of FA was unfortunately not collected. Parental history of allergy was
treated as a four-category variable: 1/ no parental history of allergy, 2/ history of maternal allergy
only, 3/ history of paternal allergy only and 4/ both parents with history of allergy. Sibling history
of allergy was considered as a three-category variable: 1/ no sibling, 2/ sibling with no history of
allergy, 3/ at least one sibling with a history of allergy. Total breastfeeding duration was computed
prior to the present analyses, from all interviews and questionnaires from birth to 2 years 23.
Maternal smoking status during pregnancy (never smoked, only before pregnancy, only in early
pregnancy, throughout pregnancy) and maternal exposure to second-hand smoke (none, outside
home, at home, both outside and at home) were collected at delivery. Mode of delivery, child’s sex,
twin birth, and gestational age were collected from the medical record. Total breastfeeding duration,
i.e. period during which the infant received breastmilk regardless of exclusivity, was computed
from all questionnaires from birth to 2 years of age. Age at first attendance to a collective childcare
arrangement (3 children or more on site) was collected in the 1-y interview and considered as a
four-category variable (≤4 months, >4 to 8 months, >8 to 12 months, never attended at 12 months).

Supplementary method 2: Details regarding sensitivity analyses
To address the indication bias issue, a first sensitivity analysis (Model 2) was conducted after
exclusion of infants with symptoms related to allergic diseases (wheezing, eczema or treatment for
gastroesophageal reflux disease (GERD)) reported at the 2-month follow-up. A second sensitivity
analysis (Model 3) was conducted only among infants without any change in infant formula from
infant formula introduction to the 2-month follow-up.
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To account for other aspects of infant feeding, a third sensitivity analysis (Model 4) was conducted
in the sample as the main analysis but further adjusted for age at complementary food introduction.
Results from these 3 additional models are displayed on figure 2 and figure 3.

At the 2-year interview, a physician questionnaire was available. Physician could report whether FA
was diagnosed and, when relevant, whether IgE or skin test was used for this diagnosis. As the
physician-questionnaire was not completed for all children, it was not considered in the main
analyses but only in sensitivity analyses. Physician-report of FA was considered as a 3-category
variable (no allergy, without use of IgE or skin test to confirm FA, with use of IgE or skin test to
confirm FA). The sample size did not allow stratifying the analysis on family allergy history but we
adjusted for both parental and sibling history of allergy.

As the only pHF with documented efficacy regarding the prevention of allergy-related symptoms
was whey-based 41and consumed in the first 4 months of life, two additional sensitivity analyses
were conducted The first one was restricted to whey-based pHF, regardless of HA label, at 2
months. The second one assessed the associations between infant feeding at 4 months and allergyrelated symptoms, but data collection did not allow excluding cases diagnosed between 2 and 4
months but only those reported at 2 months.

To deal with missing measurements in sociodemographic variables, we conducted multiple
imputations using the SAS software. We assumed that data were missing at random and generated
five independent datasets with the fully conditional specification method (MI procedure, FCS
statement, NIMPUTE option), and then calculated pooled effect estimates (SAS MIANALYSE
procedure). Further details are available in supplementary table 3.

28
Supplementary Table 1: Comparison of families included in the ‘complete case’ analysis with
other families in the ELFE study (Chi2 test comparison, Student t-test comparison)
Included
Non-selected
Feeding at birth
Breast milk only
65.7% (7773) 53.3% (3388)
Formula milk only
25.1% (2971) 32.7% (2079)
Breast and formula milk
8.9% (1053) 13.5% (860)
Other milk
0.2% (24)
0.4% (23)
Breast and other milk
0.0% (4)
0.0% (2)
Sex
Girl
49.1% (5803) 47.8% (2967)
Boy
50.9% (6026) 52.2% (3241)
Gestational age
<37 WA
4.4% (523)
7.6% (463)
[37 - 41] WA
81.4% (9629) 80.1% (4895)
>41 WA
14.2% (1677) 12.3% (751)
Mode of delivery
Vaginal
82.5% (9757) 78.8% (4651)
C-section
17.5% (2072) 21.2% (1255)
Maternal age
<25 years
10.3% (1216) 18.4% (1177)
[25 - 29] years
32.4% (3835) 31.7% (2026)
[30 - 34] years
36.9% (4367) 30.1% (1922)
>34 years
20.4% (2411) 19.9% (1270)
Education level
Below secondary school
5.8% (682) 13.7% (628)
Secondary school
13.1% (1547) 19.1% (876)
High school
18.3% (2160) 19.8% (910)
2-y university degree
23.5% (2781) 17.7% (812)
3-y university degree
18.9% (2232) 12.9% (594)
5-y university degree or more
20.5% (2427) 16.8% (771)
Parental country of birth
Both parents born in France
83.0% (9822) 68.5% (3225)
Mother born in France only
7.6% (897) 12.4% (585)
Father born in France only
5.3% (631)
8.4% (397)
No parent born in France
4.0% (479) 10.7% (502)
Maternal smoking
Never smoker
56.6% (6694) 58.3% (3582)
Smoker only before pregnancy
24.9% (2940) 18.5% (1136)
Smoker only in early pregnancy
3.8% (452)
4.3% (265)
Smoker throughout pregnancy
14.7% (1743) 18.9% (1164)
All p-value <0.0001, except for sex (p-value = 0.11)
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Supplementary table 2: Bivariate analyses of 2-month milk feeding and allergy or respiratory symptoms at 1 and 2 years (Chi2 test comparison)
Eczema
Food allergy
1 year
2 years
2 years
No
Yes
p
No
Yes
p
No
Yes
p
Infants without familial history of allergy
2-mo infant feeding
0.04
0.86
.004
Breast milk only
33.8% (1477) 29.3% (218)
34.4% (1325) 35.2% (240)
34.3% (1520) 31.9% (45)
nHF
63.5% (2774) 66.9% (497)
62.6% (2412) 62.1% (423)
62.8% (2786) 62.4% (88)
pHF-non-HA
1.6% (69)
2.6% (19)
1.9% (73)
1.5% (10)
1.9% (83)
1.4% (2)
pHF-HA
1.2% (51)
1.2% (9)
1.1% (43)
1.2% (8)
1% (45)
4.3% (6)
Infants with familial history of allergy
2-mo infant feeding
.0005
0.69
.004
Breast milk only
37.1% (1886) 34% (455)
37.7% (1743) 38.1% (475)
37.3% (2098) 40.4% (120)
nHF
58.2% (2960) 58.8% (788)
57.3% (2649) 56.1% (700)
57.6% (3241) 51.9% (154)
pHF-non-HA
2.1% (107)
2.8% (38)
2.3% (105)
2.4% (30)
2.4% (134)
1.7% (5)
pHF-HA
2.6% (130)
4.4% (59)
2.8% (129)
3.4% (42)
2.8% (156)
6.1% (18)
Wheezing
1 year
No
Infants without familial history of allergy
2-mo infant feeding
Breast milk only
33.5% (1292)
nHF
63.5% (2446)
pHF-non-HA
1.8% (69)
pHF-HA
1.2% (45)
Infants with familial history of allergy
2-mo infant feeding
Breast milk only
37.4% (1668)
nHF
58.1% (2589)
pHF-non-HA
2.1% (95)
pHF-HA
2.4% (106)

Yes

p

No

2 years
Yes

0.63
31.9% (403)
65.4% (825)
1.5% (19)
1.2% (15)

No

0.59
34.7% (1313) 33.6% (252)
62.3% (2359) 63.5% (476)
1.9% (72)
1.5% (11)
1.1% (40)
1.5% (11)

.0001
34.2% (673)
59% (1159)
2.5% (50)
4.2% (83)

p

Asthma
2 years
Yes

.004
34.6% (1520) 32.1% (45)
62.5% (2748) 62.1% (87)
1.8% (81)
1.4% (2)
1% (45)
4.3% (6)

0.84
37.7% (1725) 38% (493)
57.2% (2616) 56.6% (733)
2.3% (107)
2.2% (28)
2.8% (129)
3.2% (42)
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p

.003
37.6% (2098) 40.7% (120)
57.3% (3197) 51.5% (152)
2.3% (130)
1.7% (5)
2.7% (153)
6.1% (18)
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Supplementary Table 3: Details regarding multiple imputations
Variable
Type of variable

Maternal employment
Wave of recruitment
Parental country of birth
Mother's region of residence
Maternal age at delivery
Gestational age
Parity
Predominant breast feeding duration
Maternity unit level
Sibling history of allergy
Infant feeding at 2 months
Maternity unit size
City size
Maternal highest diploma
Change in infant formula reported at 2
months
Diagnostic of CMPA at 2 months
Wheezing at 2 months
Eczema at 2 months
Sex
GERD treatment at 2 months
People living in the household
Parental history of allergy
Maternal education level
Maternal age at first delivery
First physician seen after discharge
Maternal smoking during pregnancy
Any breast feeding duration
Birth weight
Delivery mode
Family monthly income per consumption
unit
Second-hand smoking
Wheezing at 1 year
Eczema at 1 year
Age at first attendance to collective care
Wheezing at 2 years
Asthma at 2 years
Eczema at 2 years
Food allergy at 2 years
Physician-reported food allergy at 2 years

Binary
Categorical (4
categories)
Categorical (4
categories)
Categorical (9
categories)
Continuous
Continuous
Continuous
Continuous
Ordinal (3 categories)
Ordinal (3 categories)
Ordinal (4 categories)
Ordinal (5 categories)
Ordinal (4 categories)
Ordinal (6 categories)
Binary
Binary
Binary
Binary
Binary
Binary
Continuous
Ordinal (4 categories)
Ordinal (5 categories)
Continuous
Categorical (5
categories)
Categorical (4
categories)
Continuous
Continuous
Binary
Continuous
Ordinal (4 categories)
Binary
Binary
Ordinal (4 categories)
Binary
Binary
Binary
Binary
Binary

Model used to
predict missing
data
No missing data

Missin
g
values
0%

No missing data

0%

No missing data

0%

No missing data
No missing data
No missing data
No missing data
No missing data
No missing data
No missing data
No missing data
No missing data
Logistic regression
Logistic regression

0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%

Logistic regression
Logistic regression
Logistic regression
Logistic regression
Logistic regression
Logistic regression
Linear regression
Logistic regression
Logistic regression
Linear regression
Multinomial
regression
Multinomial
regression
Linear regression
Linear regression
Logistic regression
Linear regression
Logistic regression
Logistic regression
Logistic regression
Logistic regression
Logistic regression
Logistic regression
Logistic regression
Logistic regression
Logistic regression

0%
0%
0%
0%
0%
0%
0%
0%
0%
1%
1%
1%
1%
1%
2%
2%
4%
14%
14%
14%
19%
19%
19%
20%
53%
30
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Physician-reported respiratory allergy at 2
years

Binary

Logistic regression

53%
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Supplementary table 4: Sensitivity analyses (whey-based pHF, infant feeding at 4 months, multiple imputations) on eczema and food allergy.
Eczema
Food allergy
1 year
2 years
2 years
Without familial
With familial history
Without familial
With familial
Without familial
With familial history
history
history
history
history
Whey-based pHF
Infant feeding
0.03
0.07
0.90
0.80
0.005
0.002
Breast milk
0.78[0.620.94[0.790.95[0.760.95[0.801.00[0.73only
0.98]
1.12]
1.19]
1.12]
0.79[0.49-1.28]
1.38]
nHF
1[Ref]
1[Ref]
1[Ref]
1[Ref]
1[Ref]
1[Ref]
pHF-non-HA
1.69[0.951.29[0.850.99[0.500.98[0.623.02]
1.97]
1.97]
1.57]
pHF-HA
0.76[0.341.49[1.050.76[0.321.17[0.792.61[1.531.70]
2.11]
1.82]
1.73]
3.98[1.59-9.97]
4.47]
Infant feeding at
4 months
0.50
0.004
0.30
0.90
0.01
0.0005
Breast milk
1.12[0.810.99[0.791.05[0.771.01[0.801.30[0.86only
1.53]
1.26]
1.45]
1.27]
1.66[0.86-3.19]
1.96]
nHF
1[Ref]
1[Ref]
1[Ref]
1[Ref]
1[Ref]
1[Ref]
pHF-non-HA
1.33[0.841.41[1.011.46[0.910.92[0.632.10]
1.99]
2.34]
1.34]
pHF-HA
1.30[0.581.69[1.210.59[0.211.13[0.784.51[1.581.97[1.092.87]
2.36]
1.69]
1.65]
12.83]
3.57]
Multiple
imputations
Infant feeding
Breast milk
0.80[0.670.86[0.760.99[0.871.10[0.86only
0.95]
0.98]
1[0.85-1.18]
1.14]
0.91[0.64-1.31]
1.41]
nHF
1[Ref]
1[Ref]
1[Ref]
1[Ref]
1[Ref]
1[Ref]
pHF-non-HA
1.59[0.991.21[0.840.73[0.401.04[0.692.54]
1.76]
1.36]
1.54]
pHF-HA
0.96[0.501.39[1.010.96[0.461.18[0.843.19[1.18-8.60]
2.54[1.5132
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1.86]
1.90]
1.99]
1.64]
4.27]
Values are adjusted odds-ratio (95%CI) from multinomial logistic regressions, with nHF as the reference group, adjusted for parental allergy history,
sibling allergy history, age at first attendance at collective care arrangement, first physician seen after discharge, maternal education level and age at
first child, parental place of birth, family monthly income per consumption unit, size of town of residence, maternal smoking status, passive smoking,
gestational age at birth, sex, mode of delivery, any breastfeeding duration, number of people per room living in the household, recruitment wave,
maternity unit size and level, and mother’s region of residence. Among infants with familial history of allergy, analyses were also adjusted for the
origin (parents or siblings) of this familial history of allergy. Infant receiving pHF-non-HA were excluded from analyses on food allergy and from
Model 3, due to the limited sample size.
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Supplementary table 5: Sensitivity analyses (whey-based pHF, infant feeding at 4 months, multiple imputations) on respiratory symptoms.
Wheezing
Asthma
1 year
2 years
2 years
Without familial
With familial
Without familial
With familial
Without familial
With familial
history
history
history
history
history
history
Whey-based pHF
0.0
0.3
0.4
0.8
Infant feeding
0.30
4
0
1
0
0
Breast milk
0.94[0.810.93[0.750.99[0.840.99[0.620.90[0.68only
0.85[0.71-1.03]
1.09]
1.16]
1.17]
1.58]
1.18]
nHF
1[Ref]
1[Ref]
1[Ref]
1[Ref]
1[Ref]
1[Ref]
1.08[0.730.51[0.230.89[0.551.10[0.330.82[0.38pHF-non-HA
0.76[0.42-1.39]
1.61]
1.14]
1.43]
3.69]
1.74]
1.56[1.121.32[0.661.03[0.702.54[0.861.09[0.61pHF-HA
0.97[0.53-1.80]
2.15]
2.65]
1.52]
7.50]
1.95]
Infant feeding at 4
0.1
0.8
0.6
0.3
0.8
months
0.01
0
0
0
0
0
Breast milk
0.88[0.710.91[0.670.87[0.690.95[0.490.98[0.67only
0.82[0.63-1.06]
1.08]
1.24]
1.09]
1.84]
1.43]
nHF
1[Ref]
1[Ref]
1[Ref]
1[Ref]
1[Ref]
1[Ref]
1.37[1.000.83[0.501.11[0.780.45[0.111.25[0.74pHF-non-HA
0.54[0.33-0.87]
1.87]
1.38]
1.59]
1.91]
2.12]
1.11[0.800.78[0.320.95[0.652.46[0.710.90[0.48pHF-HA
1.60[0.82-3.11]
1.53]
1.91]
1.39]
8.53]
1.67]
Multiple
imputations
Infant feeding
Breast milk
0.93[0.830.95[0.791.04[0.910.99[0.710.89[0.73only
0.94[0.82-1.08]
1.05]
1.13]
1.18]
1.38]
1.09]
nHF
1[Ref]
1[Ref]
1[Ref]
1[Ref]
1[Ref]
1[Ref]
1.25[0.880.74[0.420.95[0.641.41[0.590.85[0.45pHF-non-HA
0.79[0.49-1.27]
1.77]
1.30]
1.41]
3.33]
1.60]
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pHF-HA

1.04[0.61-1.78]

1.62[1.212.16]

1.33[0.692.57]

1.20[0.861.67]

2.65[1.106.42]

1.23[0.722.11]

Values are adjusted odds-ratio (95%CI) from multinomial logistic regressions, with nHF as the reference group, adjusted for parental allergy history,
sibling allergy history, age at first attendance at collective care arrangement, first physician seen after discharge, maternal education level and age at
first child, parental place of birth, family monthly income per consumption unit, size of town of residence, maternal smoking status, passive smoking,
gestational age at birth, sex, mode of delivery, any breastfeeding duration, number of people per room living in the household, recruitment wave,
maternity unit size and level, and mother’s region of residence. Among infants with familial history of allergy, analyses were also adjusted for the
origin (parents or siblings) of this familial history of allergy. Infant receiving pHF-non-HA were excluded from analyses on food allergy and from
Model 3, due to the limited sample size

35

36
Supplementary material 1: Items used to define parental-report of eczema, respiratory symptoms
and food allergies in the ELFE study
 2-month interview
o Has a doctor diagnosed an allergy to cow’s milk proteins? Yes/No
 1-year interview
o Has your child been diagnosed with eczema? Yes/No
o Has your child had wheezing in the chest in the past 12 months? Yes/No
 2-year interview
o Has your child had any eczema flare-ups in the last 12 months? Yes/No
o On the advice of a doctor, have you stopped giving your child certain foods owing to
a food allergy?
o Has your child had at least one episode of wheezing in the chest in the last 12
months? Yes/No
o Has your child had any asthma attacks in the last 12 months? Yes/No
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