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Background: Over the past decades, the preterm birth rate has increased, mostly due to a rise in late and moderate preterm (LMPT, 32–36 weeks gestation) births. LMPT birth affects 6–7% of all births in the United Kingdom and is associated with increased morbidity risk after birth in infancy as well as in adulthood. Early life nutrition has a critical role in determining infant growth and development, but there are limited data specifically addressing LMPT infants, which was the rationale for the design of the current study.

Objective: The Feeding Late and Moderate Infants and Growth Outcomes (FLAMINGO) study aims to improve understanding of the longitudinal growth, nutritional needs, and body composition of LMPT infants as well as their microbiome development and neurodevelopment. In addition, having a nested non-inferiority trial enables evaluation of the nutritional adequacy of a concept IMF with large milk phospholipid-coated lipid droplets comprising dairy and vegetable lipids. The primary outcome of this RCT is daily weight gain until 3 months corrected age.

Methods: A total of 250 healthy LMPT infants (32+0–36+6 weeks gestational age) with birth weight 1.25–3.0 kg will be recruited to the cohort, of which 140 infants are anticipated to be enrolled in the RCT. During six visits over the first 2 years of life, anthropometry, body composition (using dual energy X-Ray absorptiometry), feeding behavior, and developmental outcomes will be measured. Saliva and stool samples will be collected for oral and gut microbiota assessment.

Discussion: The FLAMINGO study will improve understanding of the longitudinal growth, body composition development, and feeding characteristics of LMPT infants and gain insights into their microbiome and neurodevelopment.

Study Registration: www.isrctn.com; Identifier ISRCTN15469594.
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INTRODUCTION

Worldwide, the rate of preterm birth (<37 weeks gestation) is increasing (1, 2), and this represents an important burden on health care systems (3). In some countries, rates of preterm birth exceed 10–15%, but in all countries, the major contributors are births between 32 and 36 weeks' gestation (1), so-called late and moderately preterm infants (LMPT). Compared with full-term born infants, LMPT infants are more likely to require feeding support and specific medical management after birth as well as having increased risks of infections, hypoglycemia, jaundice, and delayed breastfeeding along with a range of other feeding issues (4–6). In later infancy, LMPT infants have higher rates of poor growth, feeding difficulties, and behavioral problems compared with those born at full term, and there are also data to show higher rates of adverse metabolic programming in adulthood (4, 5, 7–9).

Breastfeeding results in better outcomes during infancy as well as throughout the life course for infants born both term and preterm. Recent studies in LMPT infants show important associations between breastfeeding at discharge and a range of later feeding and behavioral issues and strongly suggest that greater efforts must be made to support and enhance breast milk exposure in these infants (10–13). Initiation and successful breastfeeding rates in LMPT infants are still lower than in infants born full term (6); therefore, many LMPT infants also receive formula milk in addition to breastfeeding or are exclusively formula fed. However, there are no detailed studies of breastfeeding success (i.e., duration of any or exclusive breastfeeding) in the first few weeks and months in LMPT infants. Studies are, therefore, needed that determine factors that impact breastfeeding success, including maternal factors, such as pre-existing morbidities (e.g., diabetes), pregnancy-associated medical illness (e.g., hypertension, placental dysfunction), labor and delivery factors (e.g., reason for preterm delivery, mode of delivery, etc.), demographic factors (e.g., maternal age, socioeconomic status etc.), and infant factors, such as admission to the NICU, length of hospital stay, and requirement for additional nutrition or feeding support. A better understanding of such factors associated with breastfeeding success informs the design of prospective trials that aim to improve longer-term infant and child outcomes. Despite the many studies exploring nutritional requirements, growth, body composition, and numerous other health outcomes in VPT infants, there are virtually no prospective trials and few observational studies in those born LMPT. The role of nutrient enrichment or supplementation that is widely promoted for VPT infants to improve cognitive outcomes is uncertain in those born LMPT (14). Moreover, rapid growth promotion and/or catch-up in weight in early life might adversely affect later metabolic outcomes (15, 16), and the balance of risks and benefits for cognitive and metabolic outcomes might differ substantially between VPT and LMPT infants. Limited studies suggest that formula-fed LMPT infants achieve higher fat mass and higher fat mass percentage at 36 weeks compared with breastfed infants (14), which might relate to their observed higher risks for obesity and metabolic problems in adulthood (5, 16). Importantly, there are no consistent controlled trial data to show a cognitive benefit of nutrient enrichment in the post-discharge period in otherwise well LMPT infants. Current practice in our unit is to use a standard term formula in which breast milk is not available even for LMPT infants weighing <2.5 kg at birth although feeding practices mean that most LMPT infants may take several days to achieve full enteral feeds and, therefore, meet estimated nutrient intake recommendations. However, there is substantial variation in feeding practices for LMPT infants, reflecting the lack of evidence on which to base nutritional recommendations (17, 18). This variation in current nutritional practices in part reflects uncertainty around how best to establish good linear growth that might support more appropriate lean mass accretion and brain growth against the potential metabolic and cardiovascular longer-term risks associated with excessive infant weight gain (9, 19). A better understanding of feeding practices and their relation to growth, body composition, and brain development in LMPT infants is, therefore, of key importance to develop evidence-based nutritional guidelines for this high-risk population.

When mothers are unable to or choose not to breastfeed, there remain important uncertainties around optimal formula milk composition, and this is especially important in higher risk populations, such as those born LMPT. Breast milk substitutes should aim to provide nutritional and functional properties as close as possible to those of human milk, reflecting appropriate levels of macronutrients and micronutrients as well as functional ingredients to optimally support growth and development of infants.

Lipids are a key constituent of all mammalian milks, and there are important variations in quantity and quality between human and cow milk–based infant formula. Lipids are the main energy source for the infant. In breast milk, lipids are mostly present as triacylglycerols (20) in the core of large lipid droplets enveloped by a three-layered membrane mainly consisting of phospholipids, membrane-specific proteins, and cholesterol (20–22). Compared with breast milk, standard infant formula shows distinct differences in overall fatty acid composition (23) and the structure of triglycerides (24) as well as the physical properties of its lipid droplets, i.e., being smaller in size and having proteins as a main emulsifier (lacking a membrane) (20–22), which are likely to affect lipid digestion and metabolism in infants (25–27). A concept infant milk formula (IMF) has been developed with physical properties of lipid droplets closer to those in human milk (28) (i.e., large lipid droplets with milk phospholipids adhering to the interface and containing a mixture of dairy and vegetable lipids). In a proof-of-concept study in adult men aimed to evaluate the metabolic effects of the concept IF, earlier peak concentrations of glucose and insulin were observed after consuming the concept IF, and postprandial triacylglycerol concentrations tended to increase faster compared with consuming a standard IF (29). In murine nutritional programming models, this concept IMF was shown to prevent excessive adiposity and adverse metabolic outcomes (30–32) as well as improved specific cognitive behaviors (33). Hence, it is postulated that this concept IMF may bring the physiological properties of IMF closer to those of human milk. In a recent randomized double-blind equivalence trial, this concept IMF supported adequate growth, was well-tolerated, and safe for use in healthy term infants (34). Given the indications for suboptimal metabolic and cognitive development with LMPT birth, it is postulated that this concept IMF could support adequate growth and development in LMPT infants when breast milk is not available.

The aim of the FLAMINGO cohort study is to collect data and improve understanding on the longitudinal growth, body composition, and feeding characteristics as well as their microbiome and cognitive development. In addition, the aim of the nested non-inferiority RCT is to evaluate the nutritional adequacy of a concept IMF, including weight gain primarily and other anthropometric parameters and gastrointestinal characteristics in comparison to a control commercial formula.



MATERIALS AND METHODS


Study Aims and Objectives

Despite the fact that LMPT infants have higher rates of short- and longer-term morbidities, there is no strong evidence to guide nutritional management if mothers do not breastfeed or are unable to provide a sufficient volume of breast milk. In addition, breastfeeding rates in LMPT infants are frequently lower than in term-born infants, and a better understanding of why this occurs may enable improved support. A greater understanding of the feeding characteristics and growth of this population can also provide background knowledge to support nutritional recommendations. This study aims to (1) assess feeding characteristics and growth patterns in LMPT infants during the first 2 years using an observational, prospective cohort study design and (2) evaluate growth of infants, defined as daily weight gain until 3 months-corrected age, fed with a concept IMF comprising large, milk phospholipid-coated lipid droplets containing a mixture of dairy and vegetable lipids in a randomized, controlled, double-blind, and non-inferiority trial nested within the cohort.



Setting

The FLAMINGO study will be conducted at the Royal Victoria Infirmary (RVI) in Newcastle upon Tyne, in accordance with good clinical practice. The study was reviewed by the North East–York Research Ethics Committee and received approval by the NHS Health Research Authority (IRAS project ID: 237542) and is registered at ISRCTN (ISRCTN15469594).

In addition, eligible infants for the intervention study who are born in other nearby hospitals will be referred to the lead site for consideration of enrollment. These infants should live within a reasonable traveling distance to the leading site, determined after discussion with health care teams and parents to be a radius of ~12 miles. Local teams will identify formula-fed infants who are eligible for the RCT and ask families' consent to be referred to the lead site where the trial will be discussed in detail and enrolled after parental consent.



Subjects and Study Design

Eligible infants are medically stable breast, formula, or mixed milk fed meeting the following inclusion criteria: (a) born between 32+0–36+6 weeks gestation, (b) birth weight between 1.25 and 3.0 kg, (c) enrolled in the study before they reach 4 weeks after the term equivalent age (TEA), and (d) written informed consent. Following low recruitment rates to the RCT, the initial criteria of a birth weight between 1.25 and 2.5 kg and an enrollment window prior to TEA were adapted after 9 months of the study starting to increase the upper limit for birth weight from <2.5 to <3 kg and an enrollment age increased from prior to term to prior to 4 weeks after TEA. We exclude infants who have congenital or medical problems likely to affect growth, by which there are significant child protection concerns or parental substance misuse. Infants already participating in other interventional studies involving investigational or marketed products likely to impact growth and nutrition are not eligible nor are cases in which parents are unable to comply with the study procedures.

This prospective cohort study was designed with careful consideration of the UNICEF Baby Friendly Initiative (35), aiming to fully support maternal wishes to breastfeed. For this purpose, we designed a 2-step enrollment for participation in the RCT. Parents of all eligible LMPT infants are invited initially to join the FLAMINGO cohort, and there is no discussion of the RCT element. Subsequently, and only if parents independently disclose that their intention is to formula feed their baby and when the infant is solely or pre-dominantly formula fed (no more than one breast feed per day offered) before 4 weeks corrected age, the possibility to take part in the RCT is discussed. In addition to the cohort inclusion criteria, the RCT inclusion criteria includes (a) age at randomization <4 weeks after TEA, (b) pre-dominantly formula feeding (no more than 1 breastfeed a day), and (c) additional second written consent by the parents or legal guardian. Infants who require a special diet other than a standard cow's milk formula are not eligible. This 2-step enrollment approach was developed in conjunction with infant feeding support staff and parents. Breastfed infants will serve as a reference group for the RCT intervention groups. Only those infants whose mother is still fully breastfeeding at TEA and meeting all other inclusion criteria are included in this reference group. No complementary feeding is recommended before 3 months corrected age in any of the feeding groups.

Following signed informed consent for the intervention study, the infant is randomized using an online platform (www.sealedenvelope.com) and assigned to either a standard term formula milk (control) or the intervention formula. Both formulae have similar taste and nutrient concentration with the only difference being the fat globule structure as previously described. The formula milk is coded using letters A, B, C, or D with two letters for each type of milk, meaning that the research team and families are blinded to study group allocation. Parents are provided with the formula and are asked to use it until 6 months corrected age. Stratification will be applied for multiple births (multiple or singleton) and for gestation (32–33 or 34–36 weeks).

In total, five different feeding groups are expected to become apparent in this FLAMINGO cohort study: a breastfeeding reference group, a group of predominantly formula-fed infants whose parents declined participation in the RCT, a group of mixed-fed (combining formula and breast feeding at TEA) infants who were not eligible for the RCT, and the two groups of formula-fed infants randomized to receive one of the intervention formulas.



Products Used in FLAMINGO

The intervention formulas are isocaloric (66 kcal/100 ml); contained similar amounts of protein (1.3 g/100 mL), lipids (3.4 g/100 mL), and scGOS/lcFOS pre-biotic mixture (9:1, 0.8 g/100 mL); and were manufactured per good manufacturing practices (ISO 22000) and compliant with Directive 2006/141/EC on the composition of infant formulas.

The key differences between the study IMFs were the following: (1) the size of their lipid droplets, (2) the coating of their lipid droplets, and (3) the origin of their lipid sources. The control IMF is a vegetable oil–based standard IMF containing lipid droplets with a volume-based mode diameter of 0.5 μm and proteins as main emulsifiers. The concept IMF (Nuturis, patent EP2825062A1; Nutricia Research) contains a mixture of vegetable (52%) and dairy lipids (48%), including milk phospholipids, introducing a 3-fold increase of sn-2 palmitic acid compared with the control IMF (36% compared with 12% of total palmitic acid). The lipid droplets in the concept IMF have a volume-based mode diameter of 3–5 μm and an interface pre-dominantly composed of milk phospholipids following an adapted production process (28).



Supplementation

The FLAMINGO population includes infants who are low birth weight (<3 kg) and LMPT. Although these babies have increased needs for iron and vitamin D, in many hospitals, LMPT infants do not receive routine follow-up and may not receive advice on supplementation following discharge. The international recommendations are to supplement breastfed infants with vitamin D from birth and all other infants after the age of 1 year (36, 37). The study formulae are adequately supplemented with vitamin D, but breastfed infants in the study require supplementation. This is provided as Dalivit 0.3 ml/day containing 280 IU of vitamin D or DDrops 0.5 ml/day containing 400 IU. From 6 months corrected age, all breastfed infants are recommended to continue supplementation with vitamin D using suitably available products.

The control and intervention formulae have similar concentrations of iron, 0.53 mg/100 ml and 0.52 mg/100 ml, respectively, providing ~1 mg/kg/day. To achieve the recommended intake of 2 mg/kg/day, infants in the study are treated as per current recommendations (37) and supplemented with 1 ml of ferrous federate from 2 to 3 weeks of age (equivalent to 5.5 mg of elemental iron) until ~6 months when most are receiving two solid feeds per day.



Data Collected


Demographic, Clinical, and Anthropometric Data

Clinical and growth data is collected at enrollment and at clinic visits organized at TEA at 3, 6, and 12 months and 2 years corrected age (Figure 1). Demographic and other data are extracted from the infant's medical record, measurements obtained by trained research staff, and direct parental interview of feeding practices. Figure 1 shows a summary of the enrollment, the anticipated numbers of recruits and design of the FLAMINGO intervention design, and the information collected during follow-up.
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FIGURE 1. Enrolment approach and study design of the FLAMINGO intervention study. BF, breastfed; FF, formula fed; CA, corrected age; RCT, randomized controlled trial; IMF, imfant milk formula; DXA, dual energy X-Ray absorptiometry; IGSQ, infant gastrointestinal symptoms questionnaire; BEBQ, baby eating behavior questionnaire; FFQ, food frequency questionnaire; CEBQ, children eating behavior questionnaire; PARCAr, parent report of children's abilities-revised.


We record the infant's gestation, birth weight, gender, significant medical history (e.g., confirmed sepsis, NICU admission), medication use (antibiotics, etc.), minor malformations (e.g., inguinal hernia), parental post-code (to calculate the deprivation index) (38, 39), infant age at entry in the cohort and intervention study, age at start of the study product, and age at discharge from hospital. At the clinic visit interview, parents produced the vaccination history, use of medication, or supplements and duration of any fever episodes and duration thereof. We use the maternal notes, interviews, and measurements with the parents in the clinic to collect or record parental height; weight and BMI; medical background; pregnancy; and delivery history; maternal use of antibiotics, pre-biotics, probiotics, or long-chain polyunsaturated fatty acids (LCPUFA); and maternal smoking.

At each clinic visit, we measure the infant's weight; length or height; head circumference; mid-upper arm circumference; thigh circumference; and (from visit 2) skinfolds in four areas (biceps, triceps, subscapular, and supra-iliac). These are performed by the research staff, using the same technique as per the WHO guidance (40). Anthropometry has been shown to offer a reliable evaluation for adiposity and obesity in pediatric populations (41, 42).



Dual Energy X-Ray Absorptiometry (DEXA) Scan

Before TEA and at 3 months corrected age, while the infant is asleep and without the use of any sedation, body composition is assessed using DEXA scans. DEXA uses a very low radiation scan with a dose of ~0.002 msV, which is much lower the radiation of a conventional chest X-ray and has been widely used in term and preterm infants to assess body composition. We use a research grade GE Lunar iDXA with encore v12 software for analysis. A specialized pediatric module is used to produce both raw densitometry information and body composition data for analysis and trending following standardized scanning techniques. We determine fat mass (g), fat free mass (g), bone mineral density (g/cm2), bone mineral content (g/cm), fat free mass index (kg/m2), fat mass index, fat mass percentage, and fat free mass percentage (43).



Safety and Gastrointestinal Tolerance

Gastrointestinal tolerance is assessed by the Infant Gastrointestinal Symptoms questionnaire (IGSQ). The IGSQ is based on previous questionnaires on gastrointestinal reflux, and several studies show it has high validity, reliability, and accuracy (44). To evaluate safety of the intervention formulas for babies in the RCT, parents are also asked to report any serious adverse effects that could be related to the study products for the first 12 months and to complete a 7-day diary before every visit until 6 months corrected age. The latter records typical infant complaints, such as cramps, nappy rash, regurgitation, and vomiting, the type and frequency of stooling (watery, soft, formed, or hard), and the number of feeds and amount of formula used every day.



Feeding Characteristics

During each visit, we record the onset and duration of any breastfeeding, exclusive breastfeeding, exclusive formula feeding, type of formula, and feeding with the study product. We assess the child's eating behavior with the Baby Eating Behavior Questionnaire, the Children Eating Behavior Questionnaire, and a Food Frequency Questionnaire. The Baby Eating Behavior Questionnaire is used at TEA and 3 months corrected age. It is designed and validated for infants exclusively fed with milk, assessing their behavior regarding satiety, slow feeding, enjoyment, and responsiveness to food (45) and has been validated showing good feasibility and acceptable internal reliability for the latter three (46, 47). It is based on the Children Eating Behavior Questionnaire, which is used at 6 months corrected age and examines 8 scales of the child's eating behavior and has been found consistent and reliable to be used in large studies (48, 49). The Food Frequency Questionnaire is used at 6 and 12 months corrected ages and is used to estimate nutritional intake although this is acknowledged to be unreliable in breastfed infants (50, 51).



Neurodevelopment

The neurodevelopment of all infants is assessed at 24 months using the PARCA-R questionnaire (52). This is a parental questionnaire that has been validated against the Bayley assessment and has shown good concurrent and external validity, high sensitivity, and overall good diagnostic utility with reference values for normal development adjusted for age and gender (52–54).



Biological Samples

Stool samples and oral swabs are collected at all clinic visits from enrollment until 12 months corrected age. If it is not possible to collect samples during the clinic visit, parents are provided with a stool kit to collect a sample at home and return by routine post. Oral swabs are collected using sterile, polystyrene, DNA-free, and RNAse-free (PurFlock Ultra 6' sterile DNA-Free) swabs that are certified to have <25 μg of human DNA and be suitable for PCR assays and DNA testing. The samples are briefly stored at −20°C until they are collected on a weekly basis and stored at −80°C. In accordance with previous work (55), stool and oral swabs are analyzed using the V4 region of the 16S rRNA gene sequencing to determine the bacterial genera. The gut microbiota in infants has been the subject of research, playing a role in immediate and long-term health outcomes, such as atopy, infections, and neurodevelopment (56–60). Pre-maturity and medical procedures related to it, e.g., tube feeding, antibiotics, prolonged hospital stay, etc., are found to be associated with different intestinal microbiota composition in late preterm compared with term infants (61, 62), which may increase the risk for subsequent health outcomes. Any samples that are not analyzed within the study are stored in the Great North Neonatal Biobank at Newcastle University for future studies (HTA license no. 12534, Ethics approval 15/NE/0334, IRAS 161883).




Statistics

The primary outcome of the nested intervention study is the daily weight gain (g/d) from enrollment until 3 months corrected age. Non-inferiority is demonstrated when the lower bound of calculated two-sided 90% confidence intervals (CI) is above the non-inferiority margin. We compare the above daily weight gain of the infant receiving the concept IMF (intervention) and those receiving standard formula (control) using one-sided t-tests.

The evaluation of non-inferiority in daily weight gain as a primary objective of the RCT is based on the paucity of evidence on body composition development and the lack of data regarding the impact of feeding interventions on growth for this population. The American Academy of Pediatrics (AAP) recommends that a clinically relevant difference regarding adequate weight gain for a term infant is 3 g/day for the first 3 months of life (63). There are no equivalent European or British recommendations. We considered the above daily weight gain for the first 3 months as relevant and assumed a SD of 6 g/day based on existing data (64).

To establish non-inferiority using a margin of −3 g/d and an SD of 6 g/d, a significance level (α) of 5%, a difference of zero, and a power of 80%, a total of 50 eligible infants are needed per arm in the trial. Assuming a dropout rate of 30%, we plan to continue to recruit infants to the cohort study until ~140 subjects have joined the RCT.

Existing data for our hospital show that, in LMPT infants, ~30% are exclusively or pre-dominantly breastfed at hospital discharge. Based on previous studies, we anticipate recruiting ~70 infants who are exclusively breastfed, another 40 infants who are mixed or formula fed and whose parents declined participation in the RCT, and enrolling 140 infants into the RCT, creating a total cohort of ~250 infants. This cohort size is assumed to be sufficient to properly evaluate feeding characteristics and growth patterns in this population of LMPT infants. Previous studies exploring growth outcomes in term and late preterm infants have shown that such size of the cohort can allow extracting conclusions (34, 65, 66).

The intervention study is a non-inferiority trial, and therefore, the analysis per protocol will be performed. We will compare the characteristic of the infants with and without sufficient data. We expect these to be similar and do not anticipate that the above analysis should introduce attrition bias.

Finally, the anthropometric measurements will be cross-validated with the DEXA findings using linear regression, aiming for a high degree of correlation with this methodology (42, 67).




DISCUSSION

The American Academy of Pediatrics (AAP) recommends a postnatal growth for preterm infants similar to intrauterine fetal growth. Given the typical weight loss in the 1st days of life, such an outcome would require a substantial catch-up growth, which may increase the risk of obesity and other metabolic problems in later life. In LMPT infants, there are increased risks of being underweight in early life. Santos et al. found that late preterm babies are 2.57 and 3.36 times more likely to be underweight compared with term infants at 12 and 24 months, respectively, while Gupta et al. found an odds ratio of being underweight of 4.1 at 12 months (65, 68). However, LMPT birth is associated with higher rates of adverse metabolic programming in adulthood (4, 5, 7–9), potentially originating from a suboptimal early life development (excessive weight gain). Balancing any potential benefits of achieving a postnatal growth velocity similar to fetal growth against the risks of a too rapid weight gain remains an important area of active research. Specifically, the AAP recommendation refers primarily to weight gain and may not reflect the need for a more holistic approach to growth quality, including an assessment of linear and head growth and body composition. Compared with term infants, LMPT infants have a higher risk of increased fat mass for the same weight (42, 43, 69). However, there is a lack of good quality data regarding the longitudinal changes in anthropometry in LMPT infants (70).

There is wide variation in practice regarding the nutritional management of the LMPT population (17, 19). Examples of this variation include different types of feed for LMPT infants, offering either caloric and nutritional intake similar to the term infants or higher concentration of calories and nutrients by breast milk fortifiers or enriched formulas (12, 13, 17, 19). For these reasons, we designed the study aiming to determine nutritional practices, growth, and body composition as well as cognitive development of LMPT infants. It is of paramount importance to ensure that when breastfeeding does not occur, infants are fed with the most suitable products supporting optimal growth and development. To this end, optimalization of the level and quality of macronutrients and functional ingredients in infant nutrition have been and still are focus areas in pediatric research over the past decades. Previous studies suggest that lipid quality has important effects on growth, metabolism, body composition, and cognitive outcomes (29–31, 33, 34). The nested RCT aims to collect data on the growth adequacy of infants on a standard term formula as well as a concept term formula with lipid droplet characteristics closer to the fat globules in human milk.

We acknowledge that the chosen study design has important limitations. First, as for many longitudinal studies, frequent clinic visits in otherwise healthy infants up to the age of 2 years may discourage some families from participating, especially those from economically deprived areas and/or single parents. This may also be more challenging for parents of twin/triplet babies who represent a significant proportion of LMPT births. In addition, the change of the inclusion criteria necessitated by low enrollment rates may lead to inclusion of a more heterogenous sample in a population that is heterogenous by nature.

Using a 2-step enrollment approach may bring additional challenges as parents may ask why this was not explicit at initial cohort enrollment, and it is possible that this more time-consuming approach decreases consent rates to the RCT further. However, we designed this approach carefully to ensure that the Breastfeeding Friendly Initiative would not be interrupted (35), accepting that some eligible formula-fed babies who could be invited in the intervention study are missed. It is also likely that parents of some LPMT infants who are formula fed but otherwise stable may be reluctant to change the formula for their babies. Despite these challenges and our strong support for the advantages of breastfeeding, we considered it important to conduct an RCT exploring the adapted lipid quality of formula milk understanding the potential health benefit particularly for this more vulnerable population.

Previous studies suggest that lipid quality has important effects on growth, metabolism, body composition, and cognitive outcomes (29–31, 33, 34), and there is an important obligation to ensure that when breastfeeding does not occur, infants are fed with the most suitable products. The results from the FLAMINGO study will provide detailed data on LMPT infants' anthropometry, growth, nutrition, and eating behavior for their first 2 years of life and provide additional insights into factors relating to duration of breastfeeding and breast milk exposure.
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