N

N

LC-PUFA enrichment in infant formula and
neurodevelopment up to age 3.5 years in the French
nationwide ELFE birth cohort
Pauline Martinot, Moufidath Adjibade, Marion Taine, Camille
Davisse-Paturet, Sandrine Lioret, Marie-Aline Charles, Blandine de

Lauzon-Guillain, Jonathan Y Bernard

» To cite this version:

Pauline Martinot, Moufidath Adjibade, Marion Taine, Camille Davisse-Paturet, Sandrine Lioret,
et al.. LC-PUFA enrichment in infant formula and neurodevelopment up to age 3.5 years in the
French nationwide ELFE birth cohort. European Journal of Nutrition, 2022, 61 (6), pp.2979-2991.
10.1007/s00394-022-02863-6 . hal-03694022

HAL Id: hal-03694022
https://hal.inrae.fr /hal-03694022

Submitted on 13 Jun 2022

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.inrae.fr/hal-03694022
https://hal.archives-ouvertes.fr

10

11

12

13

14

15

16

17

18

19

20

21

22

LC-PUFA enrichment in infant formula and neurodevelopment up to age

3.5 years in the French nationwide ELFE birth cohort

Pauline Martinot®, Moufidath Adjibade®, Marion Taine®, Camille Davisse-Paturet®, Sandrine

Lioret®, Marie-Aline Charles*®, Blandine de Lauzon-Guillain®*, Jonathan Y. Bernard®*

 Université de Paris, Centre for Research in Epidemiology and StatisticS (CRESS), Inserm,
INRAE, F-75004 Paris, France

® Unité mixte Inserm-Ined-EFS ELFE, Ined, F-75020 Paris, France

¢ Singapore Institute for Clinical Sciences (SICS), Agency for Science, Technology and

Research (A*STAR), Singapore, Singapore

*Blandine de Lauzon-Guillain and Jonathan Bernard contributed equally to this work.

Corresponding author :
Blandine de Lauzon-Guillain,
INSERM CRESS —Eq6 EAROH,
16 avenue Paul Vaillant Couturier,
94807 Villejuif Cedex, France.
Tel.: +33-145-595-019.

E- mail: blandine.delauzon@inserm.fr


mailto:blandine.delauzon@inserm.fr

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

Declarations

Ethical approval

The ELFE study received approvals from the Advisory Committee for the Processing of
Information for Health Research (Comité Consultatif sur le Traitement des Informations pour
la Recherche en Santé: CCTIRS) and National Data Protection Authority (Commission
National Informatique et Libertés: CNIL) and the National Council for Statistical Information

(CNIS).

Consent to participate

Participating mothers had to provide written consent for their own and their child’s
participation. Fathers gave signed consent for the child’s participation if present at inclusion
or were informed about their rights to oppose it.

Funding source

The present study is part of the InfaDiet project, funded by an ANR grant (InfaDiet project,
grant no.: ANR-19-CE36-0008).

The ELFE study is a joint project between the French Institute for Demographic Studies
(INED) and the National Institute of Health and Medical Research (INSERM), in partnership
with the French blood transfusion service (Etablissement francais du sang [EFS]), Santé
publique France, the National Institute for Statistics and Economic Studies (INSEE), the
Direction générale de la santé (DGS, part of the Ministry of Health and Social Affairs), the
Direction générale de la prévention des risques (DGPR, Ministry for the Environment), the
Direction de la recherche, des études, de 1’évaluation et des statistiques (DREES, Ministry of
Health and Social Affairs), the Département des études, de la prospective et des statistiques
(DEPS, Ministry of Culture), and the Caisse nationale des allocations familiales (CNAF),

with the support of the Ministry of Higher Education and Research and the Institut national de



47

48

49

50

51

la jeunesse et de I’éducation populaire (INJEP). Via the RECONALI platform, it receives a
government grant managed by the National Research Agency under the “Investissements
d'avenir” programme (ANR-11-EQPX-0038).

The funders had no role in the study design, data collection and analysis, decision to publish,

or preparation of the manuscript.



52

53

54

55

56

57

58

59

60

61

62

Conflict of interest/Competing interests

The authors declare no competing financial interest.

Availability of data and material

The data underlying the findings cannot be made freely available for ethical and legal
restrictions imposed because this study includes a substantial number of variables that
together could be used to re-identify the participants based on a few key characteristics and
then used to access other personal data. Therefore, the French ethics authority strictly forbids
making these data freely available. However, they can be obtained upon request from the

ELFE principal investigator. Readers may contact marie-aline.charles@inserm.fr to request

the data. The code book and analytic code will be made available upon request pending

application and approval.


mailto:marie-aline.charles@inserm.fr

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

Abstract

Purpose: For decades, consistent associations between breastfeeding and children’s
neurodevelopement have been attributed to breastmilk content in long-chain polyunsaturated
fatty acids (LC-PUFAs). However, the beneficial effect of LC-PUFA enrichment of infant
formula on neurodevelopment remains controversial. This study examined the association of
LC-PUFA enrichment of infant formulas with neurodevelopment up to age 3.5 years.
Methods: Analyses were based on 9,372 children from the French nationwide ELFE birth
cohort. Monthly from 2 to 10 months, parents declared their infant’s feeding mode, including
breastfeeding and the name of the infant formula, which allowed for identifying formulas
enriched in arachidonic (ARA), eicosapentaenoic (EPA) and/or docosahexaenoic (DHA)
acids. Neurodevelopment was assessed at age 1 and 3.5 years with the Child Development
Inventory (CDI-1 and CDI-3.5); at 2 years with the MacArthur-Bates Communicative
Development Inventories (MB-2); and at 3.5 years with the Picture Similarities subtest of the
British Ability Scale (BAS-3.5). Associations were assessed by linear regression adjusted for
any breastfeeding duration and main confounding factors, including socioeconomic
characteristics.

Results: One third of formula-fed infants consumed LC-PUFA—enriched formulas. Most of
these formulas were enriched in both DHA and ARA, and about 10% of infants consumed
formula further enriched in EPA. LC-PUFA enrichment of infant formula was not associated
with neurodevelopmental scores at age 1 (CDI-1, -0.16 [-0.39, 0.07]), age 2 (MB-2, 0.78 [-
0.33, 1.89]), or age 3.5 (CDI-3.5, -0.05 [-0.27, 0.17]; BAS-3.5, -0.93 [-2.85, 0.98]).
Conclusion: In the ELFE study, LC-PUFA enrichment of infant formula was not associated

with neurodevelopmental scores up to 3.5 years.
Keywords. Long-chain polyunsaturated fatty acids, infant formula, neurodevelopment,

birth cohort
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Introduction

Breast milk is considered the most appropriate food for the infant’s optimal development, not
only because its nutritional composition varies according to the child’s needs [1] but also
because of its benefits for later health and development [1], including language and cognition
[2-4]. More specifically, breastfed children have higher cognitive scores than never-breastfed
children: numerous studies found better language and motor development among breastfed
than non-breastfed children, with a dose—effect relationship for both any and exclusive
breastfeeding duration [2-7]. If causal, these consistent associations between breastfeeding
and neurodevelopment are thought to be explained in part by the long-chain polyunsaturated
fatty acids (LC-PUFASs) contained in breast milk [8,9]. This hypothesis is supported by
studies of premature newborn babies, in which two major LC-PUFAs, arachidonic acid
(ARA) and docosahexaenoic acid (DHA), were discovered as crucial for retinal and neuronal
cell development [9,10].

According to these elements, in 2016, the European Food Safety Authority (EFSA) registered
LC-PUFAs as essential components to be mandatorily added to all infant and follow-on
formulas from 2020, amending previous EFSA regulation [11]. Yet, this last recommendation
is still debated in the scientific literature because to date, there remains no conclusive
evidence of beneficial health effects for infants [12] and DHA enrichment may need to be
combined with AHA enrichment [12]. Some experts have also warned that fatty-acids—
enriched infant formulas may increase metabolic disorders and overweight prevalence among
infants [13].

One meta-analysis of randomised controlled trials (RCTs) found that LC-PUFA
supplementation improved cognitive scores of infants [14]; however, another more recent
meta-analysis found this effect in pre-term but not full-term infants [9,10]. None of these

meta-analyses highlighted a beneficial effect of LC-PUFA supplementation on cognitive
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abilities later in childhood [9,15]. A Cochrane review included more specifically RCTs with
LC-PUFA enrichment of infant formula among full-term infants but did not highlight any
effect of this enrichment on neurodevelopment (language, memory, visual-spatial abilities,
attention) at an early age or on visual acuity development [15]. More recently, a systematic
review of RCTs did not highlight any beneficial effect of LC-PUFA enrichment of infant
formula on cognitive function among children aged 2.5 years or older [16].

In this context, this study examined, under real conditions of use, the associations between
LC-PUFA enrichment of infant formula and children’s neurodevelopment up to age 3.5 years

in a large birth cohort.

Materials and Methods

Study design and population

The present analysis was based on data from the Etude Longitudinale Frangaise depuis
I’Enfance (ELFE) study, a nationwide birth cohort that included 18,329 children born in 2011
in a random sample of 349 maternity units in metropolitan France [17]. Inclusion took place
during 25 selected days spread over four waves (one per season) of 4 to 8 days each. Inclusion
criteria were children born after 33 weeks of gestation to mothers aged 18 years or older and
who were not planning to move outside of metropolitan France during the following 3 years.
Participating mothers had to provide written consent for their own and their child’s
participation. Fathers gave signed consent for the child’s participation if present at inclusion
or were informed about their rights to oppose it. The ELFE study received approvals from the
Advisory Committee for the Treatment of Information on Health Research (Comité
Consultatif sur le Traitement des Informations pour la Recherche en Santé), the National
Agency Regulating Data Protection (Commission Nationale Informatique et Libertés), and the

National Statistics Council (Conseil National de I’Information Statistique).
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Infant feeding methods

Data on infant feeding were collected during face-to-face interviews during the maternity
stay, by phone interview at the 2-month and 1-year interviews, and by Internet/paper
questionnaire each month from 3 to 10 months after delivery. At every time point up to 10
months, parents reported their infant’s feeding method (breast or formula milk) as well as the
name and brand of the infant formula used when relevant [18]. From these monthly data, LC-
PUFA-enriched infant formulas were identified, and infants were classified as receiving
breast milk only, regular infant formula, or LC-PUFA-enriched infant formula. Infants
consuming both breast milk and infant formula at a given month were classified according to
the formula used (regular or LC-PUFA-enriched). Any breastfeeding duration was also
calculated as previously described [19] and classified as never, <1 month, 1 to 3 months, 3 to
6 months, >6 months.

Children’s neurodevelopment

Children’s neurodevelopment was assessed during the 1-, 2- and 3.5-year phone interviews
and the face-to-face interview at the 3.5-year home visit.

At the 1- and 3.5-year follow-ups, an adapted version of the Child Development Inventory
(CDI-1 and CDI-3.5) was used to assess the child's overall development by the parental report
[20,21]. The CDI-1 includes 6 domains of development (social, self-help, gross motor skills,
fine motor skills, expressive language, language comprehension), and the CDI-3.5 includes
two additional domains (characters and numbers). For each item, the child earns 1 point when
the ability is acquired and O when it is not. Scores for all items were summed for an overall
CDI score ranging from 0 to 50 at 1 year and from 17 to 62 at 3.5 years.

At the 2-year follow-up, the child's language development was assessed by using the short

French version of the MacArthur-Bates Communicative Development Inventory (MB-2) [22]:
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from a list of 100 words, parents reported those used spontaneously by their child. The score
ranged from 0 to 100.

At the 3.5-year follow-up, a trained investigator directly administered the Picture Similarities
subscale of the British Ability Scale (BAS-3.5) to the child during the home visit [23]. The
subscale assesses fundamental aspects of pictorial reasoning abilities. The BAS-3.5 is scored
by complex manual scoring, most scales scored with a multi-point system. In the present
study, we used percentiles of the score adjusted for the child’s exact age.

Family and children characteristics

Mothers were interviewed in the maternity ward for medical information about their
pregnancy and their newborn, their demographic and socioeconomic and lifestyle-related
characteristics, and their eating habits during pregnancy. Information was complemented with
obstetric and paediatric medical records. At 2 months post-partum, mothers and fathers were
interviewed by phone, and more details on demographic and socioeconomic characteristics
were collected.

Parental demographic and socioeconomic characteristics studied were maternal age at
delivery (18-24, 25-29, 30-34, >35 years); number of older children in the household (no
sibling, one sibling, at least two siblings); maternal migration status (“majority population”,
which included women born with a French nationality from two French parents [within or
outside of France]; “descendants of migrants” including women born in France with at least
one non-French parent; and “migrants” including women not born in France and without
French citizenship at birth); maternal education level (up to lower secondary, upper
secondary, high school graduate, 3-year university degree, at least 5-year university degree);
employment status during pregnancy (employed, unemployed, not in the labour force; e.g.
housewife, student, disabled, retired); and monthly household income per consumption unit

(<€750, €751-1,111, €1,112-1,500, €1,501-1,944, €1,945-2,500, >€2,500). From the postal
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code of residence, the region of residence (Paris region, north, east, Paris Basin — East, Paris
Basin — West, west, southwest, southeast, Mediterranean) and city size (rural area, urban area)
were determined.

Maternal health characteristics included self-reported height and pre-pregnancy weight used
to calculate pre-pregnancy body mass index (BMI) (<18.5, 18.5-24.9, 25.0-29.9,
>30.0 kg/m?) and maternal smoking status (never smoker, smoker only before pregnancy,
smoker only in early pregnancy, smoker throughout pregnancy).

During the maternity stay, mothers completed a semi-quantitative food frequency
questionnaire (FFQ) on their diet during the last 3 months of their pregnancy [24]. In the
present analyses, we used the frequency of fish consumption (continuous variable) as well as
the consumption of dietary supplementation with LC-PUFAs during pregnancy (binary
variable).

Newborn characteristics collected from the medical record were child sex, gestational age and
birth weight. Birth weight categories (small, adequate or large for gestational age) were
defined according to the French Audipog reference curves [25]. The 2-month questionnaire
collected the type of physician consulted for the first visit after delivery (paediatrician, other
child doctor, general practitioner, other including emergency).

At the 1-year interview, the mother indicated the frequency (never or seldom, sometimes,
often, always) of some activities with their child: playing, reading books, drawing, speaking,
tickling/massage. The modal value of these activities was used to estimate a maternal
stimulation score.

Sample selection

Parents who withdrew their consent within the first year and requested deletion of their data
(n=57) were excluded from the study. In the present analysis, we randomly selected one twin

out of two (n=287) to avoid family clustering. We excluded children not followed at the 2-
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month interview (n=1,696) and those exclusively breastfed at 2 months (n=5,045), without
sufficient data on the infant formula used at 2 months (n=667), or without any data on
neurodevelopment from 1 to 3.5 years (n=1,205). The main analyses involved 9,372 children
and complete-case analyses 7,040 children (Figure 1).

Statistical analysis

Differences between excluded and included children were assessed with Student t test and
chi-square test for continuous and categorical variables, respectively.

To provide representative descriptive statistics of births in 2011 in Metropolitan France in
terms of the consumption of LC-PUFA-enriched formulas from age 2 to 10 months, the data
were weighted to take into account the inclusion procedure and biases related to non-consent
[26]. Weighting also included calibration on margins from the state register's statistical data
and the 2010 French National Perinatal study on the following variables: age, region, marital
status, migration status, level of education, and primiparity [27]. For descriptive statistics, this
weighting was calculated for the subsample that completed the 2-month interview and for the
subsample that completed the questionnaire on infant diet, at least once from 3 to 10 months.
For the main analyses, the weighting was calculated for the subsample included in the
multiple imputation analysis (as described below) and for the complete-case subsample.

To deal with missing data, multiple imputations were performed. We assumed data were
missing at random and generated five independent data sets using the fully conditional
specification method (MI procedure) and the calculated estimates of pooled effects
(MIANALYSE procedure; SAS software). Categorical variables were imputed by using a
multinomial model, with logistic regression for ordinal and binary variables and with linear
regression for continuous variables.

Unadjusted and adjusted associations between consumption of LC-PUFA—enriched formula

and child neurodevelopment were examined by simple and multivariable linear regression,

11



237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

253

254

255

256

257

258

259

260

261

respectively. The following potential confounding factors were identified from the literature,
then selected by using the directed acyclic graph method [28,29]: family characteristics
(maternal age, education level, migration status, employment during pregnancy, smoking
status, pre-pregnancy BMI, household income, number of older children, rural/urban area and
region of residence), maternal diet during pregnancy (fish intake, consumption of dietary
supplements with LC-PUFA), infant characteristics (sex, gestational age, birth weight
category, type of physician consulted after discharge), 2-month breastfeeding status, maternal
stimulation and variables related to study design (maternity size and recruitment wave).
Models were also adjusted for the child’s exact age at neurodevelopmental assessment, except
for analyses with BAS-3.5 as the outcome because it is already age-adjusted. The interaction
between gestational age and LC-PUFA enrichment was tested for each neurodevelopmental
score in the adjusted model. Because we found no evidence favouring an interaction (all p-
values for interaction term > 0.25), gestational age was considered a confounding factor and
not an effect modifier.

LC-PUFA enrichment of infant formula was examined first as a binary variable at the 2-
month follow-up (enriched/not enriched), then as a three-category variable according to LC-
PUFA types in the infant formula (not enriched, enriched with DHA/ARA only, enriched with
DHA/ARA and EPA). Finally, to account for the temporal evolution of LC-PUFA—enriched
formula consumption between 2 and 10 months, we identified groups of children with similar
longitudinal patterns of consumption by using the Nagin method for group-based trajectory
modelling [30] with the TRAJ procedure from SAS software. These trajectories were
modeled among children who consumed infant formulas during at least 2 time points from 2
to 10 months. Analyses based on these trajectories were adjusted for any breastfeeding
duration instead of 2-month breastfeeding status.

Sensitivity analyses

12
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Sensitivity analyses were conducted on the subsample of never-breastfed infants. Moreover,
to deal with the issue of change in infant formula from birth to the 2-month interview, we
conducted a sensitivity analysis on the subsample of children without any change in infant
formula up to 2 months. To deal with selection and attrition bias, we conducted a sensitivity
analysis using weighted data, according to the weighting method described previously. This
weighting was calculated for the subsamples with data for both infant formula used at the 2-
month interview and neurodevelopmental outcomes. Finally, because the main analyses used
multiple imputation to deal with missing data, all analyses were replicated with the complete-
case sample.

All analyses involved using SAS 9.4 (SAS Institute Inc., Cary, NC, USA). P<0.05 was

considered statistically significant.

Results

As compared with children excluded from the analysis, included children were more
frequently the firstborn of the household (46.5% vs 42.9%), born to older mothers (mean [SD]
age 30.9 [4.8] vs 30.7 [5.2] years), who were employed during pregnancy (73.7% vs 66.7%)
and had a higher education level (40.8% vs. 35.2% with at least a 3-year university degree).

The characteristics of included children are in Table 1.

LC-PUFA-enriched formula’s consumption

The weighted prevalence of formula-fed infants consuming DHA-enriched formula was very
stable for the 2- to 6-month infant formula period (35% to 38%) and decreased to about 12%
for the 7- to 10-month follow-on formula period (Figure 2).

For most infants, DHA enrichment was combined with ARA enrichment and therefore we
were not able to define two distinct groups for these enrichments. About one third of infants

consuming DHA/ARA-enriched formulas also received EPA. The weighted prevalence of
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formula-fed infants consuming EPA-enriched formula was very stable for the 2- to 6-month
infant formula period (9% to 11%) and decreased to about 4% for the 7- to 10-month follow-
on period.

Three distinct longitudinal trajectories of LC-PUFA-enriched formula consumption were
identified (Figure 3: non-consumers [65%], regular consumers until age 6 months only
[28%], regular consumers throughout the first year [7%]).

LC-PUFA—enriched formula consumption and neurodevelopment

In unadjusted analyses (Table 2), 2-month LC-PUFA-enriched formula consumption was
related to higher MB-2 score at 2 years but not other neurodevelopmental scores from age 1 to
3.5 years. Neither the 2-month LC-PUFA enrichment category nor the 2- to 10-month
trajectories were related to neurodevelopmental scores from age 1 to 3.5 years. Similar
associations were found in the sensitivity analyses based on complete cases (Supplementary
table 1), except that consumption of DHA/ARA/EPA-enriched formula at 2 months was
related to lower CDI scores at 1 year but not other neurodevelopmental scores from 2 to 3.5
years.

In adjusted analyses, the positive association between 2-month LC-PUFA-enriched formula
consumption and MB-2 score was no longer significant (Table 2), except among infants
consuming the same formula from birth or from breastfeeding cessation (Table 3). Neither
the 2-month LC-PUFA enrichment category nor the 2- to 10-month trajectories were related
to neurodevelopmental scores from 1 to 3.5 years (Table 2). On complete-case analysis, the
negative association between consumption of 2-month DHA/ARA/EPA-enriched formula
and CDI-1 score was still significant after adjustment for potential confounders
(Supplementary table 1), except among infants consuming the same formula from birth or
from breastfeeding cessation (Supplementary table 2).

Weighted analyses (Table 2) showed similar findings.
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Discussion

In the nationwide ELFE birth cohort, one third of formula-fed infants consumed an LC-
PUFA-enriched formula. Most formulas were enriched in both DHA and ARA, and about
10% of infants consumed a formula further enriched in EPA. In our study, we did not find any
association between DHA/ARA-enriched formula consumption in infancy and
neurodevelopmental scores up to 3.5 years. We even found a negative association between
EPA enrichment and neurodevelopmental score at 1 year, but this association was not
significant after excluding infants who received different formula types before age 2 months,
which suggests a reverse causation bias.

In line with our results, the latest Cochrane review did not highlight a significant effect of LC-
PUFA enrichment of infant formulas on children’s neurodevelopment (language and
memory) in full-term infants [15], whereas consistent associations between breastfeeding and
neurodevelopmental scores were reported [2,31]. However, meta-analyses examining
breastfeeding were mainly based on observational single studies instead of RCTs, and all
studies were compared together regardless of child age and the tool used to assess
neurodevelopmental outcomes; in contrast, the Cochrane review summarized findings of
studies performed at similar ages and using similar tools [15].

Some meta-analyses tried to differentiate the potential influence of LC-PUFA
supplementation by gestational age and highlighted the benefit of such supplementation
among pre-term infants only [9]. In the present study, we did not highlight any moderating
effect of gestational age on the association between LC-PUFA enrichment and
neurodevelopmental scores. In a recent review on the effects of LC-PUFA enrichment of
infant formula on cognitive function among children aged 2.5 years or older, no beneficial
effect of such enrichment was found neither among pre-term infants, nor among term-infants

[16]. Another issue could be the dose of LC-PUFA enrichment that is rarely taken into
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account in meta-analyses. In the RCT showing the strongest beneficial effect of LC-PUFA
enrichment, the association between DHA enrichment and neurodevelopmental outcomes did
not appear to be linear [32]. In the ELFE study, the DHA content in LC-PUFA-enriched
infant formulas was quite low (mean 11 mg/100 kcal) and none reached the lower limit
mentioned in the new European regulations (20 mg/100 kcal). The European Academy of
Paediatrics suggested that DHA enrichment must be combined with ARA enrichment [12],
and this was the case for most enriched formulas in the ELFE study. Finally, we cannot
exclude that the association between breastfeeding and neurodevelopment was explained by
aspects of breastfeeding other than LC-PUFA composition, such as mother—child interaction.
Even if the evidence of the benefit of LC-PUFA enrichment of infant formula on the child’s
neurodevelopmental scores remains controversial, the LC-PUFA supplementation during this
period seemed to affect biological markers, with higher LC-PUFA levels in erythrocytes
among supplemented children, which suggests that enrichment at a high level has potential
biological effects [33,34].

The ELFE study found an early but transitory negative association between EPA enrichment
and neurodevelopmental scores. Similar transitory and unfavourable effects of LC-PUFA
enrichment were highlighted for DHA on the early neurodevelopmental score in some RCTSs,
but the unfavourable effects did not persist at older ages, as in the present study [32,35].
Despite efforts to account for potential confounders, we cannot exclude that this association is
due to differences in other components of the diet not accounted for in the present study or to
differences in the home/childcare environment [36-38]. A recent review concluded that the
long-term effect of LC-PUFA enrichment of infant formula on cognition is highly uncertain
and included potential large benefits but also large harm [16], underlying the need of more

robust evidence excluding long-term harm .
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Finally, cognitive research into child neurodevelopment provided us with insights into periods
of greater neuroplasticity and development. Indeed, rather than fatty acids provided in the first
months after birth, as implemented in our study, fatty acid intake would be of crucial
importance during the third trimester of pregnancy, when a surge of cerebral synaptogenesis
and photoreceptor development occurs [39,40]. This observation may explain why meta-
analyses were more conclusive for supplementation among pre-term infants [9].

The ELFE cohort is a nationwide birth cohort study conducted from 2011 onward in
metropolitan France. Its prospective design limits memory bias for both exposure and
outcome assessment. Data collection also allowed for a detailed assessment of infant diet:
from the name and brand of all infant formulas consumed by infants from the ELFE study, we
were able to identify specific types of LC-PUFAs (DHA, ARA and EPA) contained in infant
formula and the monthly assessment allowed for characterising longitudinal trajectories of
such enrichment. About 80% of infants consuming LC-PUFA-enriched formula were
exposed to these formulas for up to 6 months, whereas about 20% were exposed to them
throughout the first year. However, we were not able to calculate the precise daily intake of
each LC-PUFA. Moreover, infants consuming both breast milk and infant formula were
classified according to the formula used, leading to a potential underestimation of LC-PUFA
intake for these infants. The sensitivity analysis excluding ever-breastfed infant suggested that
this potential classification bias had a minor influence on our findings. To assess
neurodevelopmental outcomes, parents completed validated instruments to allow for
international comparisons. Even though using parental questionnaires may have introduced
biases, including social desirability bias and imprecision, our results with parental
questionnaires were similar to those obtained with the Picture Similarities test from the BAS-
3.5, which was administered by a trained investigator in a face-to-face interview with the

child. The very large sample and the collection of detailed socio-demographic or economic
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data ensure good statistical power and favour control for potential confounders, even if
residual confounding may not be excluded. Despite the number of variables considered in our
models, the variance of neurodevelopmental scores explained by our models remains quite
low (R-square ranging from 5% for BAS-3.5 to 16% for CDI-1). Finally, the sample
considered for the present analysis was based on a higher rate of privileged families than the
initial ELFE sample, which could limit the generalization of our results. However, sensitivity
analysis based on weighted data, accounting for selection and attrition biases, provided

similar findings, which suggests that these biases had limited impact on our results.

Conclusions

In a nationwide birth cohort conducted in France in 2011, one third of formula-fed infants
consumed a formula enriched in LC-PUFAs. Most of these infants benefitted from
enrichment in both DHA and ARA and a minority also in EPA. We were not able to highlight
any positive association between this enrichment and child neurodevelopment up to 3.5 years
at the rather low doses of formula enrichment in the French market in 2012-2013. Further
studies are warranted to determine the potential effects of LC-PUFA enrichment on other

health outcomes.
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