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Abstract

Background: The new European regulations require the enrichment of formulas with 

docosahexaenoic acid (DHA) because of the positive effects of long-chain polyunsaturated fatty 

acids (LCPUFAs) on neurodevelopment and visual acuity. In this observational study, we aimed 

to evaluate whether the consumption of LCPUFA-enriched formula was associated with the risk of 

infection and allergy in early childhood.

Methods: Analyses involved data from 8,389 formula-fed infants from the ELFE birth cohort. 

Formula enrichment was identified from the list of ingredients of the formula consumed at 2 

months. Infections (gastro-intestinal, lower respiratory tract [LRTI], upper respiratory tract) and 

allergies (wheezing, itchy rash, asthma medication, food allergy) from age 2 months to 5.5 years 

were reported by parents during follow-up surveys. Multivariable logistic regression models were 

used to assess associations between the consumption of LCPUFA-enriched formula and the risk of 

infection and allergy.

Results: Among formula-fed infants at 2 months, 36% consumed formula enriched with DHA and 

arachidonic acid (ARA), and 11% consumed formula additionally enriched with eicosapentaenoic 

acid (EPA). Enriched formula consumption was not associated with infection or allergy, except for 

an association between consumption of DHA/ARA/EPA-enriched formula and lower use of 

asthma medications. Furthermore, as compared with non-DHA/ARA/EPA-enriched formula, 

consumption of formula with high EPA content (≥3.2 mg/100 kcal) was related to lower risk of 

LRTI and lower use of asthma medications.

Conclusion:  This study suggests that consumption of DHA/ARA/EPA-enriched formula 

(especially those with high EPA content) is associated with a lower risk of LRTI and lower use of 

asthma medications.

Keywords: allergies, infant formula, infections, LCPUFA-enrichment

A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

INTRODUCTION

Allergic diseases and infections are the leading causes of morbidity in childhood. The prevalence 

of infections has decreased in recent years 1-3, but that of allergic diseases and asthma (both 

considered a major public health issue) has increased over the last decades 1, 4, 5. In addition to 

genetic predisposition, several modifiable factors are associated with risk of developing allergic 

diseases, including low microbial exposure, high exposure to air pollutants or cigarette smoke and 

inadequate early feeding practices 1, 6, 7. With regard to early feeding, the protective effect of 

breastfeeding on infections is well established 8, but its potential effect on allergic diseases is more 

controversial 8-12.

Breastmilk supplies all essential bioactive factors and nutrients, including long-chain 

polyunsaturated fatty acids (LCPUFAs), which have an important role in immune system 

development and regulation and in neurodevelopment, including neurotransmission, visual 

function and cognitive development 13-15. LCPUFA content in breastmilk varies according to the 

lactation period and maternal diet, with an average content of 0.37% of total fatty acids for 

docosahexaenoic acid (DHA), 0.55% of total fatty acids for arachidonic acid (ARA) and 0.10% of 

total fatty acids for eicosapentaenoic acid (EPA) 16-18. Several studies have examined the 

association between omega-3 (n-3) LCPUFAs level in breastmilk and risk of allergic diseases 

during infancy, but the findings remained inconsistent  19, 20. Several randomized controlled trials 

(RCTs) have also assessed the effect of prenatal or postnatal n-3 LCPUFA supplementation on 

allergy development, but the available systematic reviews on this topic found that evidence 

remains insufficient to recommend supplementation with n-3 LCPUFAs during pregnancy, 

lactation and early life to prevent the development of allergic diseases in childhood 19-23.

Exclusive breastfeeding is recommended for the first 6 months of life or at least 4 months 24, but 

several studies have shown a high level of non‐compliance with these recommendations 8, 25, 26. 

For non-breastfed or partially breastfed infants, a wide range of infant formula is available, 

especially in France 27. From scientific evidence suggesting beneficial effects of DHA on 

cognitive abilities 28-30  and to meet the nutritional needs of healthy infants, a European regulation 

(EU 2016/127) required that from February 2020, all infant and follow-on formula had to be 

enriched in DHA (20-50 mg/100 kcal, equivalent to 0.5-1% of total fatty acids). The European 
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Academy of Pediatrics further suggested that DHA enrichment had to be combined with ARA 

enrichment 31.

To our knowledge, only 4 studies of small sample sizes have specifically investigated the 

association between DHA/ARA enrichment of formula and infection or allergy in childhood 32-35. 

These studies support a beneficial effect of this enrichment on the incidence of diarrhea and some 

allergic and respiratory diseases 32-35. However, no study has examined the potential effect of EPA 

enrichment of infant formula on infection and allergy in childhood.

The purpose of this observational study was to evaluate among formula-fed infants the 

associations between the enrichment of infant formula with LCPUFAs (DHA, ARA and EPA) and 

the risk of infection and allergy in early childhood in a large French nationwide birth cohort. The 

infant formula consumed in the present study were those available on the market in France before 

the enforcement of the new European regulation on DHA enrichment of formula.

We hypothesized that (1) consumption of LCPUFA-enriched formula at 2 months of age is 

associated with a lower risk of infection and allergy up to 5.5 years; (2) the observed risk 

reductions is greater for high LCPUFA contents in the consumed formula.

MATERIALS AND METHODS

Study population

Our analyses were based on data from the ELFE (Étude longitudinale française depuis l’enfance) 

multidisciplinary nationwide birth cohort including children born in France in 2011 36. This study 

was designed to assess the impact of environmental exposures and socioeconomic and familial 

factors on children's development, behaviours and health. The design and protocol of the study 

have been described in detail elsewhere 37. Briefly, the study enrolled singletons or twins born 

after 33 weeks’ gestation, from mothers aged 18 years or older who were able to read French, 

Arabic, Turkish or English and were not planning to move outside of metropolitan France in the 

next 3 years.

All participating mothers provided written consent for themselves and their child. Fathers also 

signed the consent form for their child’s participation when present at inclusion or were informed 

about their rights to oppose it. The ELFE study was approved by the Advisory Committee for the 

Treatment of Health Research Information (Comité Consultatif sur le Traitement de l’Information 

en matière de Recherche en Santé [CCTIRS]), the National Agency Regulating Data Protection A
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(Commission National de l’Informatique et des Libertés [CNIL]) and the National Council on 

Statistical Information (Conseil National de l’information Statistique [CNIS]).

Data collection

Infant feeding

Infant feeding was collected at age 2 months by phone interview. For infants consuming infant 

formula, parents were asked to report the brand and product names of the mainly used formula. All 

formulas used in the ELFE study were then listed and classified as enriched in LCPUFAs 

(including DHA, ARA and EPA) or not according to the ingredient list and, when available, the 

nutrient composition. When these data were not available, we used data from another question that 

directly reported whether the formula was enriched or not with LCPUFAs. Parents were also 

asked to report the age at infant formula introduction, which was used to derive the duration of 

predominant breastfeeding. Infants who received both breastmilk and infant formula were 

classified based on the formula consumed. 

The enrichment level of the LCPUFA-enriched formula identified in this study ranged from 9.0 to 

20.3 mg/100 kcal for DHA and 2.1 to 3.3 mg/100 kcal for EPA. When nutrient composition was 

available, the level of DHA and EPA enrichment was classified as low or high according to the 

median calculated in the study population (10 mg/100 kcal, equivalent to 0.19% of total fatty acids 

for DHA; and 3.2 mg/100 kcal, equivalent to 0.06% of total fatty acids for EPA). The median 

value was used because only 1 infant who consumed LCPUFA-enriched formula had consumed a 

formula with a DHA content at the minimum dose now recommended by the European regulation 

(20 mg/100 kcal) and only 75 (3%) infants the dose used in most RCTs (17 mg/100 kcal). Linoleic 

acid and alpha-linolenic acid contents were also available and modeled as continuous variables.

Infection and allergy

Data on infection and allergy were collected by phone interviews at the 2-month and, 1-, 2-, 3.5- 

and 5.5-year follow-ups, each referring to events that occurred since the last follow-up. To define 

incident cases of infection and allergy from age 2 months to 5.5 years, only cases occurring after 

the 2-month follow-up were considered.
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In this observational study, infections were assessed by using 3 indicators: ever gastrointestinal 

infection, ever lower respiratory tract infection (LRTI) and ever upper respiratory tract infection 

(URTI), which were defined as follows:

- Ever gastrointestinal infection: parental report of at least one hospitalization for 

gastroenteritis/dehydration or one emergency consultation for 

diarrhea/vomiting/dehydration;

- Ever LRTI: parental report of at least one bronchiolitis event or one hospitalization for 

bronchitis, bronchiolitis or pneumopathy; 

- Ever URTI: parental report of at least 3 otitis events from birth, or at least 3 laryngitis events 

from birth or at least 3 angina events from birth, or one hospitalization URTI or one 

emergency consultation for otalgia.

With regard to allergies, we considered the following indicators to enhance international 

comparison with other birth cohorts from the LifeCycle consortium 38: ever wheezing, ever itchy 

rash, ever food allergy and ever use of asthma medications. Children were classified as with ever 

wheezing or ever itchy rash from age 2 months to 5.5 years if parents reported at least one episode. 

Children were classified as with ever food allergy from age 2 months to 5.5 years if parents 

reported at least once medical advice to avoid certain foods due to an allergy. ‘Ever use of asthma 

medications’ refers to at least one parental report of use of inhaled corticosteroids or 

bronchodilators at home or the hospital during the first 3.5 years of life (these data were not 

collected at the 5.5-year follow-up).

Infant and familial characteristics

Maternal and household characteristics were collected at the maternity and 2-month interviews. 

Birth characteristics were also collected from the medical records. Maternal and household 

characteristics considered in this study were defined as: age (< 25, 25–29, 30–34, ≥ 35 years), city 

size (rural, urban), region of residence (Paris region, North, East, Paris Basin–East, Paris Basin–

West, West, South-West, South-East, Mediterranean), education level (up to lower secondary, 

upper secondary, intermediate, 3-year university degree, at least 5-year university degree), 

employment status in early pregnancy (employed, unemployed, out of the labor force 

[student/housewife/retired/handicapped pension]), pre-pregnancy body mass index (<18.5, 18.5–

24.9, 25–29.9, ≥30 kg/m²), maternal allergy history (including eczema, asthma, or hay fever; A
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yes/no), smoking status (never smoker, smoker only before pregnancy, smoker only in early 

pregnancy, smoker throughout pregnancy), diet quality during pregnancy (measured by using the 

Probability of Adequate Nutrient intake based Diet quality index [PANDiet] score, which reflects 

nutrient-based reference guidelines adapted for pregnancy 39), n-3 fatty acids supplementation 

during pregnancy (yes/no) and household income per consumption unit (≤€750, €751–1111, 

€1112–1500, €1501–1944, €1945–2500, >€2500 /month).

The infant’s characteristics included: child’s sex, gestational age (in weeks), caesarean section 

(yes/no), birth weight, type of health professional for the first visit after delivery (paediatrician, 

other child doctor, general practitioner, other including emergency), age at introduction of infant 

formula (< 1 month, ≥1 month), presence of older siblings (no sibling, one sibling, at least 2 

siblings) and family history of allergy (neither parent nor sibling with allergy; at least one parent 

or sibling with allergy including eczema, asthma, or hay fever). Birth weight categories (small, 

adequate or large for gestational age) were defined according to the French Audipog reference 

curves 40.

Selection of the study sample

In the present study, we randomly selected one twin out of two (n=287) to avoid family clustering 

and excluded infants without data at the 2-month follow-up (n=1,696). Among the 11,244 infants 

who were not exclusively breastfed at the 2-month follow-up (eligible infants for this study), we 

excluded infants with insufficient detail on infant formula consumed at 2 months (n=667), those 

who had a medical diagnosis of cow's milk protein allergy reported at 2 months (n=193), and those 

with missing data for allergy or infection outcomes (n=1,995). Finally, our study sample included 

8,389 children (Figure 1).

Statistical analyses

Infants included in this study were compared to excluded eligible infants using chi-square test or 

Student t test as appropriate. Characteristics of the study population were presented according to 

LCPUFA enrichment of infant formula at the 2-month follow-up.

To provide national statistics on LCPUFA enrichment among formula-fed infants, data were 

weighted to account for inclusion procedure and biases related to non-consent 41. Weighting also 

included calibration on margins from the state register's statistical data and the 2010 French 

National Perinatal study 42 on the following variables: age, region, marital status, migration status, A
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level of education, and primiparity. This weighting was calculated for the subsample that 

completed the 2-month interview.

The associations between consumption of LCPUFA-enriched formula at age 2 months and the risk 

of infection or allergy were assessed with logistic regression models adjusted for potential 

confounders identified from the literature and validated with the directed acyclic graph method 43. 

All analyses were adjusted for maternal characteristics (age, education level, city size, region of 

residence, employment status in early pregnancy, pre-pregnancy body mass index, smoking status, 

diet quality during pregnancy and n-3 PUFA supplementation during pregnancy), household 

income, family history of allergy, infant characteristics (sex, gestational age, caesarean section, 

birth weight category, type of health professional for the first visit after delivery, presence of older 

siblings and age at infant formula introduction) and variables related to study design (recruitment 

wave and maternity size). Missing covariates data were handled by using the Hot Deck method, 

which consists of replacing the missing value by that for respondents with the same characteristics 
44.

In this study, interactions between consumption of LCPUFA-enriched formula and family or 

maternal history of allergy were not significant for any of the modelled outcomes. Therefore, we 

evaluated the associations in the whole sample.

Sensitivity analyses

To evaluate the potential presence of bias and test the robustness of our findings, several 

sensitivity analyses were performed. First, because infants consuming both breastmilk and infant 

formula may also benefit from LCPUFAs contained in breastmilk, analyses were conducted on the 

subsample of infants exclusively formula-fed at age 2 months (n=6,251). Then, to limit the 

potential effect of the reverse causation bias, analyses were conducted on the subsample of infants 

who were fed the same formula during their first 2 months of life (n=4,429). Our analyses were 

also repeated among infants without any infection or allergic disease before age 2 months 

(n=6,490).

Because our previous findings showed that the consumption of partially hydrolyzed formulas at 

age 2 months was associated with increased risk of wheezing and food allergy 45, we conducted a 

sensitivity analysis excluding all infants who consumed an infant formula with hydrolyzed 

proteins at age 2 months (n=364).A
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We also performed weighted analyses to assess the generalization of our results, using the 

weighting presented above.

In addition, instead of the Hot Deck method, we handled missing covariates data by using multiple 

imputations 46, 47. We assumed that data were missing completely at random conditionally to the 

set of variables included in the analysis and generated 5 independent datasets with the fully 

conditional specification method (MI procedure, FCS statement, NIMPUTE option). We then 

calculated pooled effect estimates by using the SAS MIANALYSE procedure. Further details are 

available in Supplementary table 1.

All statistical analyses were conducted using SAS 9.4 (SAS Institute Inc., Cary, NC).

RESULTS

Sample characteristics

Of the 8,389 children formula-fed at 2 months of age that we included in this study, 4,282 were 

boys. As compared with eligible infants who were excluded from the analysis (n=2,855), those 

who were included were more often born with adequate weight for gestational age (80.1% vs. 

78.4%; p=0.003), to an older mother (mean age 31± 4.9 vs. 29.4 ± 5.6 years; p<0.0001), with a 

higher education level (18.3% vs. 9.2% with a Master’s degree, p<0.0001) and a higher income 

(1,663 ± 977 vs. 1,356 ± 1,219 euros per consumption unit; p<0.0001) and were more likely to 

stop smoking before pregnancy (24.7% vs. 18.5%; p<0.0001).

At age 2 months, 36.8% (CI=35.5-38.1) of formula-fed infants consumed DHA-enriched and 

36.0% (CI=34.7-37.2) ARA-enriched formula. Since almost all of the DHA-enriched formulas 

were also enriched in ARA, we examined the effect of both DHA and ARA enrichment. 

Moreover, 11.3% (CI=10.4-12.2) of infants consumed a formula enriched in both DHA/ARA and 

EPA.

Table 1 presents the main characteristics of the study sample according to the type of formula 

consumed at age 2 months.

Enrichment of the formula consumed at age 2 months and risk of infection and allergy up to 

age 5.5 years

Consumption of DHA/ARA-enriched formula at 2 months of age was not associated with the 

occurrence of infection or allergy up to age 5.5 years (Tables 2 and 3). As compared with non-A
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DHA/ARA/EPA-enriched formula, the consumption of DHA/ARA/EPA-enriched formula was 

associated with a lower use of asthma medications up to age 3.5 years. We found no significant 

association between DHA/ARA/EPA enrichment and the occurrence of infections such as 

gastrointestinal infection, LRTI, URTI, nor with wheezing, itchy rash and food allergy up to age 

5.5 years.

As compared with non-DHA/ARA-enriched formula, the consumption of formula with low DHA 

content (<10 mg/100 kcal) was associated with a higher risk of LRTI and wheezing, whereas an 

opposite trend was observed with consumption of formula with high DHA content (Tables 2 and 

3). We found no significant association between DHA enrichment level and the other outcomes. 

As compared with non-DHA/ARA/EPA-enriched formula, the consumption of formula with high 

EPA content was associated with a lower risk of LRTI and a lower use of asthma medications. We 

found no significant association between EPA enrichment level and the occurrence of 

gastrointestinal infection, URTI, wheezing, itchy rash or food allergy up to age 5.5 years.  

We found no significant association for formula content of linoleic acid and alpha-linolenic acid in 

any model (data not shown).

Sensitivity analyses 

When restricting the analyses to exclusively formula-fed infants at age 2 months, the consumption 

of formula with high EPA content was also associated with a lower risk of LRTI, URTI and a 

lower use of asthma medications (Tables 2 and 3). 

In sensitivity analyses conducted to deal with the potential indication bias (including only infants 

without any change in formula up to age 2 months or without any infection or allergy up to age 2 

months [Supplementary tables 2 and 3]), the negative association between EPA enrichment and 

asthma medications or LRTI remained similar. In addition, as compared with non-DHA/ARA-

enriched formula, the consumption of formula with high DHA content (≥10 mg/100 kcal) was 

associated with a lower use of asthma medications (Supplementary table 3). In addition, among 

infants without any infection or allergy up to age 2 months, as compared with non-

DHA/ARA/EPA-enriched formula, the consumption of DHA/ARA/EPA-enriched formula was 

also associated with a lower risk of food allergy.
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Similar associations were observed for weighted analyses, analyses using multiple imputation to 

deal with missing data (Supplementary tables 4 and 5) and analyses among infants who did not 

consume infant formula with hydrolyzed proteins (data not shown).

DISCUSSION

In this observational study, one quarter of formula-fed infants consumed a formula enriched in 

DHA/ARA and just over one tenth consumed a formula additionally enriched in EPA. In the full 

sample, consumption of infant formula with low DHA content (<10 mg/100 kcal) was associated 

with a higher risk of LRTI and wheezing up to age 5.5 years, whereas an opposite trend was 

observed for high DHA content. The consumption of formula with high EPA content (≥3.2 

mg/100 kcal) was associated with a lower risk of LRTI and use of asthma medications up to age 

5.5 years. No significant association was found between LCPUFA enrichment and occurrence of 

gastrointestinal infection, URTI, itchy rash or food allergy up to age 5.5 years. Among exclusively 

formula-fed infants, the consumption of formula with high EPA content was associated with a 

lower risk of URTI.

Few studies have evaluated the association between the consumption of DHA/ARA-enriched 

formula and the risk of infection or allergy in childhood 32-35, and none has evaluated the effect of 

additional enrichment in EPA, which makes comparing our results difficult. In addition, the 

outcomes definition was quite heterogeneous across the studies, which suggests caution in 

comparing results.

Available studies suggest that consumption of DHA/ARA-enriched formula (17 mg /100 kcal for 

DHA and 34 mg /100 kcal for ARA) was associated with a lower incidence or delayed onset of 

bronchitis/bronchiolitis 34, 35. A similar trend was observed in the present study among infants who 

consumed formula with high DHA content (10-20 mg/100 kcal), but the association did not reach 

statistical significance (OR=0.88; 95% CI=0.76-1.02 for LRTI). Moreover, an additional 

enrichment of formula with high EPA content was associated with a lower risk of LRTI. As infant 

formula with high EPA content also had high DHA content in this study (mean DHA enrichment 

level=14.7 mg/100 kcal), the observed findings suggest that formula with DHA content close to 

the recommendations would have a better effect when it is additionally enriched with EPA.

Regarding URTI, we found no significant association with the consumption of DHA/ARA-

enriched formula. Currently available studies showed inconsistent findings, with one RCT which A
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highlights a protective effect of DHA/ARA enrichment on risk and delayed onset of URTI 33, and 

another that showed no significant association with URTI incidence 35.

Although a previous observational study 34 found that DHA/ARA enrichment of infant formula 

was associated with a lower risk and delayed onset of diarrhea requiring medical attention, we 

were not able to highlight any association between this enrichment and gastrointestinal infections. 

This lack of association could be due to the cases definition (diarrhea requiring medical attention 

vs. hospitalization for gastroenteritis/dehydration or emergency consultation for 

diarrhea/vomiting/dehydration) and the type of outcome investigated (gastrointestinal infections 

[yes/no] and not age at first episode).

Finally, in agreement with the DIAMOND study 32, the consumption of DHA/ARA-enriched 

formula was not associated with the risk of itchy rash. However, a protective effect of DHA/ARA 

enrichment was found for allergic illness or skin allergic illnesses in children without a maternal 

history of allergy 32. One observational study also found that consumption of DHA/ARA-enriched 

formula was associated with a lower risk of having an increased number of eczema episodes, but 

not with its incidence 34.

Although the literature focused mainly on DHA, our findings suggest that EPA could also play an 

important role. Indeed, DHA and EPA are both n-3 LCPUFAs and are important for growth, 

development and many aspects of health including cell function and inflammation 48-52. 

The new European regulation now requires the enrichment of all infant and follow-on formula in 

DHA, whereas the enrichment in ARA and EPA remains optional. The European Academy of 

Pediatrics further suggested that DHA enrichment had to be combined with ARA enrichment 31. 

Our results suggest that EPA enrichment could also be of great interest, as even with sufficient 

ALA in infant formula, the conversion capacity of ALA to EPA is very limited 51. However, 

further well-designed studies are needed to examine the potential benefits of such enrichment.

The ELFE cohort is a nationwide study of birth in 2011 in metropolitan France (excluding very 

preterm babies). The detailed data on infant diet allowed for examining precisely, under real 

conditions of use, the effect of LCPUFA enrichment on infection and allergy in childhood. We 

have to acknowledge that health data were reported by parents and not validated by medical 

records, which could lead to a potential measurement bias. However, the items used were derived 

from international ones 4 to limit this bias. Moreover, the prospective design and the availability of A
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repeated data on health-related outcomes in childhood limited memory bias. The very large sample 

and the collection of detailed socio-demographic or economic data ensured large statistical power 

and favoured control for potential confounders. Furthermore, the interpretation of our findings 

should be done with caution as an arbitrary cut-off point (median LCPUFA content of formula) 

was used to classify infant formula consumed in this study as "low LCPUFA content" or "high 

LCPUFA content". Indeed, this methodological approach was used since very few infants 

consumed infant formula with the minimum dose used on the available RCTs (17 mg /100 kcal for 

DHA, n=75 infants) or that recommended by the European regulation (20 mg /100 kcal for DHA, 

n=1 infant). Further studies are needed to confirm the present results with less arbitrary cut-offs. 

We also performed several sensitivity analyses to examine the robustness of our results and to 

address selection and reverse causation bias. As findings remained stable across these sensitivity 

analyses, these potential biases, if any, should have a limited impact on our findings.

In conclusion, this observational study under real life conditions suggests that LCPUFA-enriched 

formula, especially those with additional enrichment with high EPA level was associated with a 

lower risk of LRTI, URTI and use of asthma medications. However, URTI, findings were 

inconsistent across analyses. Replication in other observational studies and larger well-designed 

RCTs using the recommended levels are needed to confirm these results.
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Table 1 Characteristics of the study population according to the type of formula consumed at 2 months, ELFE 

study (n=8,389) 
†
 

 No LCPUFA 

enrichment 

DHA/ARA only 

enrichment 

DHA/ARA/EPA 

enrichment 

 n=5,255 n=2,207 n=927 

Maternal age at delivery, years 30.9 ± 5.0 31.1 ± 4.8 31.0 ± 4.9 

Maternal pre-pregnancy BMI, kg/m
2 
  23.7 ± 5.1 23.5 ± 4.9 23.6 ± 4.7 

Mothers living in urban area, % (n) 75.9% (3,990) 77.1% (1,701) 80.6% (747) 

Mothers with at least a Master’s degree, % (n) 17.1% (901) 20.6% (455) 22.4% (208) 

Employed mothers, % (n) 73.7% (3,873) 78.4% (1,731) 75.8% (703) 

Monthly household income, euros 1610 ± 918 1738 ± 959 1783 ± 1272 

Maternal smoking, % (n)       

  Never smoker 53.7% (2,824) 54.5% (1,202) 56.9% (527) 

  Smoker only before pregnancy 24.3% (1,275) 25.7% (568) 25.1% (233) 

  Smoker only in early pregnancy  4.0% (212) 4.3% (96) 3.8% (35) 

  Smoker throughout pregnancy   18.0% (944) 15.5% (341) 14.2% (132) 

n-3 fatty acids supplementation during pregnancy, % (n) 11.0% (579)  13.4% (296) 11.1% (103) 

Maternal diet quality during pregnancy (PANDiet) 54.8 ± 9.0 55.0 ± 9.0 54.9 ± 9.1 

Caesarean section, % (n) 19.4% (1,022) 19.2% (423) 20.6% (191) 

Gestational age, weeks 39.2 ± 1.5 39.2 ± 1.5 39.2 ± 1.5 

Boys 51.8% (2721) 50.1% (1105) 49.2% (456) 

Birth weight, % (n)       

  Small weight for gestational age 10.0% (523) 10.1% (223) 10.6% (98) 

  Adequate weight for gestational age 79.9% (4,200) 80.4% (1,774) 80.6% (747) 

  Large weight for gestational age 10.1% (532) 9.5% (210) 8.8% (82) 

First born, % (n) 46.2% (2,426) 47.9% (1,057) 45.7% (424) 

Exclusively formula-fed at 2 months, % (n) 77.1% (4,052) 71.9% (1,587) 66.0% (612) 

First physician consulted after hospital discharge, % (n)       

  Paediatrician 34.5% (1,814) 40.1% (885) 38.8% (360) 

  Other child doctor 13.2% (696) 12.4% (273) 14.0% (130) 

  General practitioner 46.9% (2,463) 41.9% (924) 43.0% (398) 

  None/Other 5.4% (282) 5.6% (125) 4.2% (39) 

Family history of allergic diseases, % (n) 54.1% (2,844) 55.9% (1,234) 56.7% (526) 

Ever infection from age 2 months to 5.5 years, % (n)
 ‡
    

  Gastrointestinal infection
 
 13.2% (694) 13.5% (299) 13.9% (129) A
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  Lower respiratory tract infection 37.7% (1,981) 39.1% (863) 35.4% (328) 

  Upper respiratory tract infection 31.6% (1,661) 34.9% (771) 30.6% (284) 

Ever allergy or allergic symptoms from age 2 months to 

5.5 years, % (n)  

   

  Wheezing 41.7% (2,190) 44.9% (992) 40.3% (374) 

  Itchy rash 45.7% (2,403) 45.9% (1,012) 46.8% (434) 

  Food allergy 6.2% (327) 6.9% (153) 4.9% (45) 

  Asthma medication
 §
 41.2% (2,165) 44.1% (974) 38% (352) 

ARA arachidonic acid; BMI body mass index; DHA docosahexaenoic acid; EPA eicosapentaenoic acid; LCPUFA long-chain polyunsaturated fatty acids; 

PANDiet Probability of Adequate Nutrient Intake Dietary score 

† Values are means ± standard deviation unless indicated.  

‡ Infections that required emergency consultation or hospitalization. 

§ From age 0 to 3.5 years; data were not available at the 5.5-year follow-up. 

Table 2 Adjusted associations between consumption of LCPUFA-enriched formula at age 2 months and risk of 

infection in the overall sample and among exclusively formula-fed infants, ELFE study 
†
 

  Gastrointestinal 

infection 

Lower respiratory tract 

infection 

Upper respiratory tract 

infection 

 N OR [95% CI] NC OR [95% CI] NC OR [95% CI] NC 

Overall sample (n=8,389) 

LCPUFA enrichment        

 DHA/ARA        

  Not enriched 5255 1.00 [Ref] 694 1.00 [Ref] 1981 1.00 [Ref] 1661 

  Enriched 3134 1.06 [0.93; 1.21] 428 1.02 [0.93; 1.12] 1191 1.07 [0.97; 1.18] 1055 

 DHA/ARA/EPA        

  Not enriched 7462 1.00 [Ref] 993 1.00 [Ref] 2844 1.00 [Ref] 2432 

  Enriched 927 1.07 [0.88; 1.31] 129 0.89 [0.77; 1.03] 328 0.90 [0.78; 1.05] 284 

LCPUFA content
 ‡

        

 DHA        

  Not enriched 5255 1.00 [Ref] 694 1.00 [Ref] 1981 1.00 [Ref] 1661 

  DHA <10 mg/100 kcal 1433 1.06 [0.89; 1.26] 199 1.15 [1.02; 1.30] 587 1.13 [1.00; 1.28] 495 

  DHA ≥10 mg/100 kcal 1024 0.92 [0.75; 1.13] 122 0.88 [0.76; 1.02] 355 0.99 [0.86; 1.15] 333 

  Enriched but DHA content unknown 677 1.27 [1.01; 1.60] 107 0.97 [0.82; 1.15] 249 1.05 [0.88; 1.25] 227 

 EPA        

  Not enriched 7462 1.00 [Ref] 993 1.00 [Ref] 2844 1.00 [Ref] 2432 

  EPA <3.2 mg/100 kcal 295 1.21 [0.87; 1.67] 46 0.94 [0.74; 1.21] 108 0.90 [0.70; 1.17] 86 

  EPA ≥3.2 mg/100 kcal 560 0.94 [0.72; 1.22] 69 0.82 [0.68; 0.99] 188 0.86 [0.71; 1.04] 170 

  Enriched but EPA content unknown 72 1.61 [0.88; 2.94] 14 1.24 [0.77; 1.99] 32 1.28 [0.79; 2.07] 28 A
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Exclusively formula-fed infants (n=6,251) 

LCPUFA enrichment        

 DHA/ARA        

  Not enriched 4052 1.00 [Ref] 533 1.00 [Ref] 1515 1.00 [Ref] 1258 

  Enriched 2199 1.01 [0.86; 1.18] 288 1.01 [0.91; 1.13] 823 1.10 [0.98; 1.23] 733 

 DHA/ARA/EPA        

  Not enriched 5639 1.00 [Ref] 730 1.00 [Ref] 2124 1.00 [Ref] 1822 

  Enriched 612 1.17 [0.92; 1.49] 91 0.89 [0.74; 1.06] 214 0.80 [0.67; 0.97] 169 

LCPUFA content 
‡
        

 DHA        

  Not enriched 4052 1.00 [Ref] 533 1.00 [Ref] 1515 1.00 [Ref] 1258 

  DHA <10 mg/100 kcal 1139 1.03 [0.85; 1.26] 154 1.14 [0.99; 1.31] 459 1.17 [1.02; 1.35] 396 

  DHA ≥10 mg/100 kcal 635 0.83 [0.63; 1.09] 70 0.87 [0.73; 1.04] 217 0.94 [0.78; 1.13] 191 

  Enriched but DHA content unknown 425 1.22 [0.91; 1.62] 64 0.90 [0.73; 1.12] 147 1.16 [0.93; 1.44] 146 

 EPA        

  Not enriched 5639 1.00 [Ref] 730 1.00 [Ref] 2124 1.00 [Ref] 1822 

  EPA <3.2 mg/100 kcal 231 1.45 [1.02; 2.07] 41 0.98 [0.74; 1.29] 86 0.80 [0.59; 1.08] 62 

  EPA ≥3.2 mg/100 kcal 317 0.85 [0.59; 1.23] 36 0.77 [0.60; 0.98] 100 0.74 [0.57; 0.97] 84 

  Enriched but EPA content unknown 64 1.91 [1.03; 3.53] 14 1.22 [0.73; 2.02] 28 1.16 [0.69; 1.95] 23 

DHA docosahexaenoic acid; EPA eicosapentaenoic acid; LCPUFA long-chain polyunsaturated fatty acids; NC number of cases 

†
 Values are odd ratios (OR) [95% confidence intervals (CI)] adjusted for child characteristics (sex, gestational age, caesarean section, birth 

weight category, child’s physician type, presence of siblings, age at infant formula introduction), maternal and household characteristics (age, 

education level, city size, region of residence, employment status in early pregnancy, pre-pregnancy body mass index, smoking status, diet 

quality during pregnancy, n-3 PUFA supplementation during pregnancy, household income and family history of allergy) and ELFE study 

design variables (recruitment wave, maternity size). Separate logistic regressions for each outcome and LCPUFA variable. 

‡ 
DHA and EPA enrichment levels were classified by using the median value. 

 

Table 3 Adjusted associations between consumption of LCPUFA-enriched formula at age 2 months and risk of 

allergy in the overall sample and among exclusively formula-fed infants, ELFE study 
†
 

  Wheezing Asthma medications Itchy rash Food allergy 

 N OR [95% CI] NC OR [95% CI] NC OR [95% CI] NC OR [95% CI] NC 

Overall sample (n=8,389) 

LCPUFA enrichment          

 DHA/ARA          

  Not enriched 5255 1.00 [Ref] 2190 1.00 [Ref] 2165 1.00 [Ref] 2403 1.00 [Ref] 327 

  Enriched  3134 1.08 [0.98; 1.18] 1366 1.04 [0.95; 1.15] 1326 1.00 [0.91; 1.09] 1446 1.01 [0.84; 1.21] 198 A
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 DHA/ARA/EPA          

  Not enriched 7462 1.00 [Ref] 3182 1.00 [Ref] 3139 1.00 [Ref] 3415 1.00 [Ref] 480 

  Enriched 927 0.91 [0.79; 1.05] 374 0.84 [0.73; 0.97] 352 1.02 [0.89; 1.18] 434 0.73 [0.53; 1.00] 45 

LCPUFA content 
‡
          

 DHA          

  Not enriched 5255 1.00 [Ref] 2190 1.00 [Ref] 2165 1.00 [Ref] 2403 1.00 [Ref] 327 

  DHA <10 mg/100 kcal 1433 1.20 [1.07; 1.36] 658 1.13 [1.00; 1.28] 631 0.98 [0.87; 1.10] 654 1.12 [0.89; 1.42] 99 

  DHA ≥10 mg/100 kcal 1024 0.93 [0.81; 1.07] 415 0.88 [0.76; 1.01] 394 1.00 [0.87; 1.14] 474 0.80 [0.59; 1.09] 53 

  Enriched but DHA 

content unknown 

677 1.06 [0.89; 1.25] 293 1.14 [0.96; 1.34] 301 1.04 [0.88; 1.22] 318 1.09 [0.79; 1.50] 46 

 EPA          

  Not enriched 7462 1.00 [Ref] 3182 1.00 [Ref] 3139 1.00 [Ref] 3415 1.00 [Ref] 480 

  EPA <3.2 mg/100 kcal 295 0.90 [0.71; 1.15] 117 0.91 [0.71; 1.16] 117 0.91 [0.71; 1.15] 128 0.62 [0.34; 1.11] 12 

  EPA ≥3.2 mg/100 kcal 560 0.85 [0.71; 1.01] 218 0.73 [0.61; 0.88] 196 1.05 [0.88; 1.25] 267 0.80 [0.54; 1.17] 30 

  Enriched but EPA 

content unknown 

72 1.59 [0.99; 2.56] 39 1.64 [1.02; 2.64] 39 1.42 [0.88; 2.27] 39 0.63 [0.20; 2.03] 3 

Exclusively formula-fed infants (n =6,251) 

LCPUFA enrichment          

 DHA/ARA          

  Not enriched 4052 1.00 [Ref] 1664 1.00 [Ref] 1684 1.00 [Ref] 1816 1.00 [Ref] 239 

  Enriched  2199 1.05 [0.94; 1.17] 929 0.98 [0.88; 1.09] 905 1.03 [0.92; 1.14] 1012 1.03 [0.83; 1.29] 133 

 DHA/ARA/EPA          

  Not enriched 5639 1.00 [Ref] 2348 1.00 [Ref] 2354 1.00 [Ref] 2530 1.00 [Ref] 340 

  Enriched 612 0.94 [0.79; 1.12] 245 0.87 [0.73; 1.03] 235 1.15 [0.97; 1.36] 298 0.85 [0.58; 1.24] 32 

LCPUFA content 
‡
          

 DHA          

  Not enriched 4052 1.00 [Ref] 1664 1.00 [Ref] 1684 1.00 [Ref] 1816 1.00 [Ref] 239 

  DHA <10 mg/100 kcal 1139 1.16 [1.01; 1.33] 509 1.04 [0.91; 1.20] 484 1.00 [0.88; 1.15] 519 1.06 [0.81; 1.40] 72 

  DHA ≥10 mg/100 kcal 635 0.93 [0.78; 1.11] 251 0.86 [0.72; 1.02] 242 1.00 [0.84; 1.19] 288 0.85 [0.58; 1.25] 32 

  Enriched but DHA 

content unknown 

425 0.94 [0.76; 1.16] 169 1.02 [0.82; 1.25] 179 1.14 [0.93; 1.40] 205 1.22 [0.81; 1.83] 29 

 EPA          

  Not enriched 5639 1.00 [Ref] 2348 1.00 [Ref] 2354 1.00 [Ref] 2530 1.00 [Ref] 340 

  EPA <3.2 mg/100 kcal 231 0.98 [0.74; 1.28] 95 0.94 [0.72; 1.24] 94 1.04 [0.80; 1.37] 106 0.69 [0.36; 1.33] 10 

  EPA ≥3.2 mg/100 kcal 317 0.83 [0.65; 1.06] 117 0.72 [0.56; 0.92] 108 1.18 [0.94; 1.49] 158 1.04 [0.65; 1.68] 20 

  Enriched but EPA 

content unknown 

64 1.47 [0.89; 2.44] 33 1.50 [0.90; 2.48] 33 1.40 [0.85; 2.31] 34 0.50 [0.12; 2.07] 2 

DHA docosahexaenoic acid; EPA eicosapentaenoic acid; LCPUFA long-chain polyunsaturated fatty acids; NC number of cases 
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†
 Values are odd ratios (OR) [95% confidence intervals (CI)] adjusted for child characteristics (sex, gestational age, caesarean section, birth weight 

category, child’s physician type, presence of siblings, age at infant formula introduction), maternal and household characteristics (age, education 

level, city size, region of residence, employment status in early pregnancy, pre-pregnancy body mass index, smoking status, diet quality during 

pregnancy, n-3 PUFA supplementation during pregnancy, household income and family history of allergy) and ELFE study design variables 

(recruitment wave, maternity size). Separate logistic regressions for each outcome and LCPUFA variable. 

‡
 DHA and EPA enrichment levels were classified by using the median value. 
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Figure 1_Adjibade et al.

18,329 newborns
included in the ELFE

cohort

▪ Parental withdrawal of consent (n=57)
▪ Random selection of one twin (n=287)
▪ No follow-up at age 2 months (n=1696)
▪ Exclusive breastfeeding at age 2 months

(n=5045)

11,244 eligible
infants for inclusion

8389 children

▪ No detail on infant formula consumed at
age 2 months (enriched or not with
LCPUFA; n=667)

▪ Allergy to cow’s milk proteins reported at
age 2 months (n=193)

▪ Missing data for allergy or infection
outcomes (n=1995)
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Enrichment of infant formula with long-chain polyunsaturated fatty acids and risk of 
infection and allergy in the nationwide ELFE birth cohort 
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Amandine Divaret-Chauveau, Sandrine Lioret, Marie-Aline Charles, Blandine de Lauzon-Guillain 

Supplementary materials 

Supplementary table 1 Details of multiple imputation of missing data 

Variable Type of variable Model used to predict missing 
data 

Number (proportion) 
of missing values 

DHA enrichment of the formula Binary Logistic regression No missing data 

ARA enrichment of the formula Binary Logistic regression No missing data 

EPA enrichment of the formula Binary Logistic regression No missing data 

Ever lower respiratory tract infection Binary Logistic regression No missing data 

Ever upper respiratory tract infection Binary Logistic regression No missing data 

Ever gastrointestinal infection Binary Logistic regression No missing data 

Ever wheezing Binary Logistic regression No missing data 

Ever use of asthma medications Binary Logistic regression No missing data 

Ever food allergy Binary Logistic regression No missing data 

Ever itchy rash Binary Logistic regression No missing data 

Recruitment wave Categorical Discriminant function method No missing data 

Maternity size Ordinal Logistic regression No missing data 

Family history of allergic diseases Binary Logistic regression No missing data 

Sex Binary Logistic regression No missing data 

Maternal age Continuous Predictive mean matching method No missing data 

Older siblings Ordinal Logistic regression No missing data 

Maternal employment status Categorical Discriminant function method 2 (0%) 

City size Binary Logistic regression 2 (0%) 

Age at infant formula introduction Continuous Predictive mean matching method 3 (0%) 

Region of residence Categorical Discriminant function method 3 (0%) 

Physician type Categorical Discriminant function method 49 (0.6%) 

Caesarean section Binary Logistic regression 64 (0.8%) 

Maternal smoking Categorical Discriminant function method 100 (1.2%) 

Maternal pre-pregnancy BMI Continuous Predictive mean matching method 127 (1.5%) 

Gestational age Continuous Predictive mean matching method 132 (1.6%) 

Birth weight Continuous Predictive mean matching method 241 (2.9%) 

Monthly household income per CU Continuous Predictive mean matching method 247 (2.9%) 

Maternal education level Ordinal Logistic regression 294 (3.5%) 

Maternal diet quality during 
pregnancy (PANDiet) 

Continuous Predictive mean matching method 978 (11.6%) 

n-3 fatty acids supplementation 
during pregnancy 

Binary Logistic regression 1018 (12.1%) 

ARA arachidonic acid; BMI body mass index; CU consumption unit; DHA docosahexaenoic acid; EPA eicosapentaenoic acid; PANDiet 
Probability of Adequate Nutrient Intake Dietary score 



Supplementary table 2 Adjusted associations between consumption of LCPUFA-enriched formula at age 2 months 
and risk of infection among infants without any change in infant formula or infants without infection or allergy up to 
age 2 months † 

  Gastrointestinal 
infection 

Lower respiratory tract 
infection 

Upper respiratory tract 
infection 

 N OR [95% CI] NC OR [95% CI] NC OR [95% CI] NC 

Infants without change in infant formula up to age 2 months (n=4,429) 

LCPUFA enrichment        
 DHA/ARA        
  Not enriched 2689 1.00 [Ref] 325 1.00 [Ref] 960 1.00 [Ref] 786 
  Enriched  1740 1.11 [0.92; 1.34] 224 1.02 [0.90; 1.17] 632 1.07 [0.94; 1.23] 549 
 DHA/ARA/EPA        
  Not enriched 3769 1.00 [Ref] 464 1.00 [Ref] 1363 1.00 [Ref] 1138 
  Enriched 660 1.09 [0.84; 1.40] 85 0.94 [0.79; 1.13] 229 0.94 [0.78; 1.13] 197 
LCPUFA content  ‡        
 DHA        
  Not enriched 2689 1.00 [Ref] 325 1.00 [Ref] 960 1.00 [Ref] 786 
  DHA <10 mg/100 kcal 571 1.21 [0.92; 1.58] 81 1.11 [0.91; 1.34] 219 1.07 [0.87; 1.30] 173 
  DHA ≥10 mg/100 kcal 708 0.93 [0.71; 1.22] 76 0.91 [0.76; 1.09] 238 1.03 [0.86; 1.24] 223 
  Enriched but DHA content unknown 461 1.26 [0.94; 1.69] 67 1.11 [0.89; 1.37] 175 1.15 [0.93; 1.43] 153 
 EPA        
  Not enriched 3769 1.00 [Ref] 464 1.00 [Ref] 1363 1.00 [Ref] 1138 
  EPA <3.2 mg/100 kcal 221 1.27 [0.86; 1.87] 34 1.04 [0.78; 1.39] 80 1.00 [0.73; 1.35] 64 
  EPA ≥3.2 mg/100 kcal 431 1.01 [0.73; 1.38] 51 0.89 [0.72; 1.11] 146 0.90 [0.72; 1.12] 129 
  Enriched but DHA content unknown 8  0 0.90 [0.21; 3.84] 3 2.11 [0.52; 8.55] 4 

Infants without infections or allergies up to age 2 months (n=6,490) 

LCPUFA enrichment        
 DHA/ARA        
  Not enriched 4037 1.00 [Ref] 495 1.00 [Ref] 1380 1.00 [Ref] 1251 
  Enriched  2453 1.09 [0.94; 1.28] 319 1.08 [0.97; 1.21] 882 1.07 [0.96; 1.20] 818 
 DHA/ARA/EPA        
  Not enriched 5747 1.00 [Ref] 714 1.00 [Ref] 2015 1.00 [Ref] 1840 
  Enriched 743 1.13 [0.90; 1.42] 100 0.91 [0.77; 1.08] 247 0.92 [0.78; 1.09] 229 
LCPUFA content  ‡        
 DHA        
  Not enriched 4037 1.00 [Ref] 495 1.00 [Ref] 1380 1.00 [Ref] 1251 
  DHA <10 mg/100 kcal 1129 1.06 [0.87; 1.30] 145 1.24 [1.08; 1.42] 440 1.16 [1.01; 1.34] 390 
  DHA ≥10 mg/100 kcal 798 0.96 [0.76; 1.23] 91 0.93 [0.78; 1.09] 261 0.96 [0.81; 1.14] 254 
  Enriched but DHA content unknown 526 1.38 [1.06; 1.78] 83 1.02 [0.84; 1.24] 181 1.06 [0.87; 1.29] 174 
 EPA        
  Not enriched 5747 1.00 [Ref] 714 1.00 [Ref] 2015 1.00 [Ref] 1840 
  EPA <3.2 mg/100 kcal 240 1.29 [0.89; 1.86] 37 1.02 [0.78; 1.35] 84 0.99 [0.74; 1.32] 73 
  EPA ≥3.2 mg/100 kcal 449 0.98 [0.72; 1.33] 53 0.80 [0.65; 1.00] 139 0.85 [0.69; 1.05] 135 
  Enriched but EPA content unknown 54 1.75 [0.86; 3.55] 10 1.49 [0.86; 2.59] 24 1.32 [0.75; 2.30] 21 

DHA docosahexaenoic acid; EPA eicosapentaenoic acid; LCPUFA long-chain polyunsaturated fatty acids; NC number of cases 
† Values are odd ratios (OR) [95% confidence intervals (CI)] adjusted for child characteristics (sex, gestational age, caesarean section, birth weight category, 
child’s physician type, presence of siblings, age at infant formula introduction), maternal and household characteristics (age, education level, city size, region 
of residence, employment status in early pregnancy, pre-pregnancy body mass index, smoking status, diet quality during pregnancy, n-3 PUFA 
supplementation during pregnancy, household income and family history of allergy) and ELFE study design variables (recruitment wave, maternity size). 
Separate logistic regressions for each outcome and LCPUFA variable. 
‡ DHA and EPA enrichment levels were classified by using the median value. 



Supplementary table 3 Adjusted associations between consumption of LCPUFA-enriched formula at age 2 months and risk 
of allergy among infants without any change in infant formula or infants without infection or allergy up to age 2 months † 

  Wheezing Asthma medications Itchy rash Food allergy 

 N OR [95% CI] NC OR [95% CI] NC OR [95% CI] NC OR [95% CI] NC 

Infants without change in infant formula up to age 2 months (n=4,429) 

LCPUFA enrichment          
 DHA/ARA          
  Not enriched 2689 1.00 [Ref] 1074 1.00 [Ref] 1061 1.00 [Ref] 1188 1.00 [Ref] 146 
  Enriched  1740 1.01 [0.89; 1.15] 709 1.02 [0.90; 1.16] 706 0.99 [0.87; 1.12] 784 1.08 [0.82; 1.41] 102 
 DHA/ARA/EPA          
  Not enriched 3769 1.00 [Ref] 1527 1.00 [Ref] 1536 1.00 [Ref] 1672 1.00 [Ref] 217 
  Enriched 660 0.93 [0.78; 1.11] 256 0.77 [0.65; 0.92] 231 1.01 [0.85; 1.19] 300 0.81 [0.55; 1.20] 31 
LCPUFA content  ‡          
 DHA          
  Not enriched 2689 1.00 [Ref] 1074 1.00 [Ref] 1061 1.00 [Ref] 1188 1.00 [Ref] 146 
  DHA <10 mg/100 kcal 571 1.09 [0.91; 1.32] 243 1.08 [0.90; 1.31] 238 0.95 [0.79; 1.14] 250 1.35 [0.93; 1.95] 40 
  DHA ≥10 mg/100 kcal 708 0.92 [0.77; 1.10] 273 0.82 [0.69; 0.99] 253 1.00 [0.85; 1.19] 323 0.83 [0.56; 1.23] 33 
  Enriched but DHA 
content unknown 

461 1.06 [0.86; 1.30] 193 1.32 [1.07; 1.62] 215 1.03 [0.84; 1.26] 211 1.13 [0.74; 1.73] 29 

 EPA          
  Not enriched 3769 1.00 [Ref] 1527 1.00 [Ref] 1536 1.00 [Ref] 1672 1.00 [Ref] 217 
  EPA <3.2 mg/100 kcal 221 1.01 [0.76; 1.35] 88 0.93 [0.69; 1.24] 84 0.90 [0.68; 1.20] 92 0.72 [0.36; 1.44] 9 
  EPA ≥3.2 mg/100 kcal 431 0.88 [0.71; 1.09] 163 0.69 [0.55; 0.86] 142 1.05 [0.86; 1.29] 203 0.83 [0.52; 1.33] 21 
  Enriched but EPA 
content unknown 

8 2.26 [0.53; 9.64] 5 2.07 [0.49; 8.81] 5 2.06 [0.48; 8.94] 5 2.56 [0.3; 21.99] 1 

Infants without infections or allergies up to age 2 months (n=6,490) 

LCPUFA enrichment          
 DHA/ARA          
  Not enriched 4037 1.00 [Ref] 1567 1.00 [Ref] 1577 1.00 [Ref] 1706 1.00 [Ref] 226 
  Enriched  2453 1.12 [1.01; 1.25] 1024 1.05 [0.95; 1.17] 988 1.00 [0.90; 1.11] 1053 0.94 [0.75; 1.18] 132 
 DHA/ARA/EPA          
  Not enriched 5747 1.00 [Ref] 2307 1.00 [Ref] 2297 1.00 [Ref] 2430 1.00 [Ref] 328 
  Enriched 743 0.92 [0.79; 1.08] 284 0.84 [0.72; 0.99] 268 1.06 [0.90; 1.24] 329 0.67 [0.45; 0.98] 30 
LCPUFA content  ‡          
 DHA          
  Not enriched 4037 1.00 [Ref] 1567 1.00 [Ref] 1577 1.00 [Ref] 1706 1.00 [Ref] 226 
  DHA <10 mg/100 kcal 1129 1.30 [1.13; 1.49] 506 1.17 [1.02; 1.34] 481 0.98 [0.85; 1.12] 477 1.07 [0.80; 1.42] 67 
  DHA ≥10 mg/100 kcal 798 0.92 [0.78; 1.08] 300 0.84 [0.71; 0.99] 283 0.96 [0.82; 1.13] 339 0.71 [0.49; 1.04] 34 
  Enriched but DHA 
content unknown 

526 1.10 [0.91; 1.33] 218 1.17 [0.96; 1.41] 224 1.10 [0.91; 1.32] 237 1.02 [0.69; 1.52] 31 

 EPA          
  Not enriched 5747 1.00 [Ref] 2307 1.00 [Ref] 2297 1.00 [Ref] 2430 1.00 [Ref] 328 
  EPA <3.2 mg/100 kcal 240 1.03 [0.79; 1.35] 96 0.98 [0.74; 1.28] 94 1.00 [0.76; 1.30] 101 0.55 [0.27; 1.14] 8 
  EPA ≥3.2 mg/100 kcal 449 0.80 [0.65; 0.99] 160 0.70 [0.57; 0.87] 145 1.04 [0.85; 1.27] 199 0.77 [0.48; 1.22] 21 
  Enriched but EPA 
content unknown 

54 1.65 [0.95; 2.85] 28 1.82 [1.05; 3.16] 29 1.57 [0.91; 2.72] 29 0.32 [0.04; 2.35] 1 

DHA docosahexaenoic acid; EPA eicosapentaenoic acid; LCPUFA long-chain polyunsaturated fatty acids; NC number of cases 
† Values are odd ratios (OR) [95% confidence intervals (CI)] adjusted for child characteristics (sex, gestational age, caesarean section, birth weight category, 
child’s physician type, presence of siblings, age at infant formula introduction), maternal and household characteristics (age, education level, city size, region 
of residence, employment status in early pregnancy, pre-pregnancy body mass index, smoking status, diet quality during pregnancy, n-3 PUFA 
supplementation during pregnancy, household income and family history of allergy) and ELFE study design variables (recruitment wave, maternity size). 
Separate logistic regressions for each outcome and LCPUFA variable. 
‡ DHA and EPA enrichment levels were classified by using the median value. 



Supplementary table 4 Adjusted associations between consumption of LCPUFA-enriched formula at age 2 
months and risk of infection (analyses using multiple imputation and weighted analyses), ELFE study † 

 Gastrointestinal 
infection 

Lower respiratory 
tract infection 

Upper respiratory tract 
infection 

 OR [95% CI] OR [95% CI] OR [95% CI] 

Analyses using multiple imputation (n=8,389) ‡ 

LCPUFA enrichment    
 DHA/ARA    
  Not enriched 1.00 [Ref] 1.00 [Ref] 1.00 [Ref] 
  Enriched  1.06 [0.93; 1.21] 1.02 [0.93; 1.12] 1.07 [0.97; 1.17] 
 DHA/ARA/EPA       
  Not enriched 1.00 [Ref] 1.00 [Ref] 1.00 [Ref] 
  Enriched 1.08 [0.88; 1.32] 0.89 [0.77; 1.03] 0.90 [0.78; 1.05] 
LCPUFA content §    
 DHA       
  Not enriched 1.00 [Ref] 1.00 [Ref] 1.00 [Ref] 
  DHA <10 mg/100 kcal 1.06 [0.89; 1.26] 1.15 [1.02; 1.30] 1.13 [1.00; 1.28] 
  DHA ≥10 mg/100 kcal 0.92 [0.75; 1.14] 0.88 [0.76; 1.01] 0.99 [0.85; 1.14] 
  Enriched but DHA content unknown 1.27 [1.01; 1.59] 0.97 [0.82; 1.15] 1.05 [0.88; 1.24] 
 EPA       
  Not enriched 1.00 [Ref] 1.00 [Ref] 1.00 [Ref] 
  EPA <3.2 mg/100 kcal 1.21 [0.87; 1.68] 0.94 [0.74; 1.21] 0.90 [0.70; 1.17] 
  EPA ≥3.2 mg/100 kcal 0.94 [0.72; 1.23] 0.82 [0.68; 0.99] 0.86 [0.71; 1.04] 
  Enriched but EPA content unknown 1.62 [0.89; 2.96] 1.22 [0.76; 1.97] 1.27 [0.79; 2.06] 

Weighted analyses (n=8,351) 

LCPUFA enrichment    
 DHA/ARA    
  Not enriched 1.00 [Ref] 1.00 [Ref] 1.00 [Ref] 
  Enriched  1.07 [0.90; 1.26] 1.06 [0.94; 1.19] 1.13 [1.00; 1.27] 
 DHA/ARA/EPA    
  Not enriched 1.00 [Ref] 1.00 [Ref] 1.00 [Ref] 
  Enriched 1.23 [0.95; 1.60] 0.89 [0.74; 1.07] 0.96 [0.79; 1.17] 
LCPUFA content §    
 DHA    
  Not enriched 1.00 [Ref] 1.00 [Ref] 1.00 [Ref] 
  DHA <10 mg/100 kcal 1.08 [0.87; 1.33] 1.15 [0.98; 1.34] 1.16 [0.99; 1.35] 
  DHA ≥10 mg/100 kcal 1.00 [0.76; 1.32] 0.97 [0.80; 1.16] 1.11 [0.92; 1.34] 
  Enriched but DHA content unknown 1.14 [0.87; 1.49] 1.00 [0.81; 1.23] 1.09 [0.89; 1.35] 
 EPA    
  Not enriched 1.00 [Ref] 1.00 [Ref] 1.00 [Ref] 
  EPA <3.2 mg/100 kcal 1.36 [0.91; 2.03] 0.88 [0.64; 1.20] 0.96 [0.69; 1.34] 
  EPA ≥3.2 mg/100 kcal 1.13 [0.79; 1.61] 0.89 [0.69; 1.13] 0.92 [0.72; 1.17] 
  Enriched but EPA content unknown 1.46 [0.69; 3.09] 0.94 [0.50; 1.78] 1.37 [0.71; 2.64] 

DHA docosahexaenoic acid; EPA eicosapentaenoic acid; LCPUFA long-chain polyunsaturated fatty acids 
† Values are odd ratios (OR) [95% confidence intervals (OR)] adjusted for child characteristics (sex, gestational age, caesarean section, birth 
weight category, child’s physician type, presence of siblings, age at infant formula introduction), maternal and household characteristics 
(age, education level, city size, region of residence, employment status in early pregnancy, pre-pregnancy body mass index, smoking status, 
diet quality during pregnancy, n-3 PUFA supplementation during pregnancy, household income and family history of allergy) and ELFE 
study design variables (recruitment wave, maternity size). Separate logistic regressions for each outcome and LCPUFA variable. 
‡ Five databases imputed from available data (only missing covariates were handled). 
§ DHA and EPA enrichment levels were classified by using the median value. 



Supplementary table 5 Adjusted associations between consumption of LCPUFA-enriched formula at age 2 
months and risk of allergy (analyses using multiple imputation and weighted analyses), Elfe study † 

 Wheezing Asthma 
medications 

Itchy rash Food allergy 

 OR [95% CI] OR [95% CI] OR [95% CI] OR [95% CI] 

Analyses using multiple imputation (n=8,389) ‡ 

LCPUFA enrichment     
 DHA/ARA     
  Not enriched 1.00 [Ref] 1.00 [Ref] 1.00 [Ref] 1.00 [Ref] 
  Enriched  1.08 [0.98; 1.18] 1.04 [0.95; 1.14] 0.99 [0.91; 1.09] 1.01 [0.84; 1.22] 
 DHA/ARA/EPA         
  Not enriched 1.00 [Ref] 1.00 [Ref] 1.00 [Ref] 1.00 [Ref] 
  Enriched 0.91 [0.79; 1.05] 0.84 [0.73; 0.97] 1.02 [0.89; 1.18] 0.73 [0.53; 1.00] 
LCPUFA content §     
 DHA         
  Not enriched 1.00 [Ref] 1.00 [Ref] 1.00 [Ref] 1.00 [Ref] 
  DHA <10 mg/100 kcal 1.20 [1.06; 1.35] 1.13 [1.00; 1.27] 0.98 [0.87; 1.10] 1.12 [0.89; 1.42] 
  DHA ≥10 mg/100 kcal 0.93 [0.81; 1.07] 0.88 [0.76; 1.01] 0.99 [0.87; 1.14] 0.81 [0.60; 1.09] 
  Enriched but DHA content unknown 1.05 [0.89; 1.24] 1.13 [0.96; 1.34] 1.03 [0.88; 1.22] 1.09 [0.79; 1.52] 
 EPA         
  Not enriched 1.00 [Ref] 1.00 [Ref] 1.00 [Ref] 1.00 [Ref] 
  EPA <3.2 mg/100 kcal 0.90 [0.71; 1.15] 0.91 [0.71; 1.16] 0.91 [0.72; 1.16] 0.62 [0.34; 1.11] 
  EPA ≥3.2 mg/100 kcal 0.85 [0.71; 1.02] 0.74 [0.61; 0.89] 1.04 [0.87; 1.24] 0.81 [0.55; 1.18] 
  Enriched but EPA content unknown 1.56 [0.97; 2.52] 1.62 [1.00; 2.60] 1.42 [0.88; 2.27] 0.63 [0.20; 2.01] 

Weighted analyses (n=8,351) 

LCPUFA enrichment     
 DHA/ARA     
  Not enriched 1.00 [Ref] 1.00 [Ref] 1.00 [Ref] 1.00 [Ref] 
  Enriched  1.06 [0.95; 1.19] 1.05 [0.93; 1.17] 0.94 [0.84; 1.05] 1.05 [0.83; 1.33] 
 DHA/ARA/EPA     
  Not enriched 1.00 [Ref] 1.00 [Ref] 1.00 [Ref] 1.00 [Ref] 
  Enriched 0.92 [0.77; 1.10] 0.83 [0.69; 0.99] 0.93 [0.78; 1.11] 0.77 [0.51; 1.16] 
LCPUFA content §     
 DHA     
  Not enriched 1.00 [Ref] 1.00 [Ref] 1.00 [Ref] 1.00 [Ref] 
  DHA <10 mg/100 kcal 1.15 [0.99; 1.34] 1.12 [0.96; 1.30] 0.92 [0.80; 1.06] 1.24 [0.92; 1.67] 
  DHA ≥10 mg/100 kcal 0.97 [0.81; 1.15] 0.90 [0.75; 1.07] 0.93 [0.79; 1.11] 0.87 [0.58; 1.29] 
  Enriched but DHA content unknown 1.02 [0.84; 1.24] 1.12 [0.92; 1.37] 0.99 [0.81; 1.22] 0.92 [0.63; 1.34] 
 EPA     
  Not enriched 1.00 [Ref] 1.00 [Ref] 1.00 [Ref] 1.00 [Ref] 
  EPA <3.2 mg/100 kcal 0.88 [0.64; 1.20] 0.85 [0.63; 1.14] 0.87 [0.65; 1.17] 0.99 [0.47; 2.08] 
  EPA ≥3.2 mg/100 kcal 0.86 [0.69; 1.08] 0.74 [0.59; 0.93] 0.96 [0.77; 1.19] 0.68 [0.43; 1.06] 
  Enriched but EPA content unknown 1.77 [0.97; 3.23] 1.58 [0.86; 2.90] 1.07 [0.57; 1.99] 0.44 [0.11; 1.73] 

DHA docosahexaenoic acid; EPA eicosapentaenoic acid; LCPUFA long-chain polyunsaturated fatty acids 
† Values are odd ratios (OR) [95% confidence intervals (OR)] adjusted for child characteristics (sex, gestational age, caesarean section, birth 
weight category, child’s physician type, presence of siblings, age at infant formula introduction), maternal and household characteristics (age, 
education level, city size, region of residence, employment status in early pregnancy, pre-pregnancy body mass index, smoking status, diet quality 
during pregnancy, n-3 PUFA supplementation during pregnancy, household income and family history of allergy) and ELFE study design 
variables (recruitment wave, maternity size). Separate logistic regressions for each outcome and LCPUFA variable. 
‡ Five databases imputed from available data (only missing covariates were handled).  
§ DHA and EPA enrichment levels were classified by using the median value. 
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