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controlled trial, RCT). Observational studies can demon-
strate  associations  between the nutritional intervention 
and later outcome but cannot establish causality, whereas 
randomized trials are regarded as the ‘gold standard’ in 
terms of demonstrating causality and underpinning clin-
ical practice. The ‘pharmaceutical-style’ approach of us-
ing RCTs to test safety and efficacy was first applied in 
the field of infant nutrition in the 1980s  [1]  and is now ac-
cepted as the preferred approach for evaluating novel nu-
tritional interventions, including, notably, the modifica-
tion of or addition of novel ingredients to breast milk sub-
stitutes.

  Over the past 3 decades, there has also been a shift in 
the focus of research in infant nutrition from meeting 
nutritional requirements and avoiding deficiency states 
towards optimizing clinical outcomes, both short-term 
and long-term. This approach necessitates identifying 
appropriate outcome measures for both safety and effi-
cacy, and also introduces the additional challenges of lon-
ger-term follow-up of study participants  [2] .

  Choice of Safety Outcomes 

 The most appropriate safety outcome will vary de-
pending on the population group and intervention, and it 
is sometimes difficult to distinguish whether an outcome 
is primarily measuring safety or efficacy. In studies in-
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 Abstract 

 Data on clinical safety and efficacy are ideally collected in a 
randomized clinical trial or, failing this, an observational 
study. Suitable outcomes vary depending on the interven-
tion and population group, and certain outcomes such as 
growth may test both efficacy and safety. The use of growth 
as an important safety outcome has some limitations since 
it is currently not clear what represents an ‘optimal’ growth 
pattern. Several issues currently make the conduct and inter-
pretation of infant nutrition trials challenging. These include 
difficulties in recruiting exclusively formula-fed infants, par-
ticularly given the emotive nature of infant feeding; the in-
volvement of industry leading to real or perceived conflicts 
of interest; increased regulation and bureaucracy; and par-
ticular issues with long-term follow-up studies, notably co-
hort attrition. This paper addresses the implications of these 
issues and some potential solutions. 
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 Clinical safety assessment in infant nutrition is gener-
ally performed in the context of a clinical study or trial, 
which can be observational or experimental (randomized 
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volving preterm infants, common short-term clinical 
safety outcomes (more often referred to as ‘adverse out-
comes’) include indicators of sepsis, feed tolerance, and 
necrotizing enterocolitis or death, as well as biochemical 
and hematological measurements  [3, 4] . Indicators of feed 
tolerance may also be used in healthy term infants, to-
gether with infection or atopy  [5] . However, perhaps the 
most widely used indicator of safety is infant growth – and 
this is frequently also used as a measure of efficacy  [3–6] . 
Although the general concept that infants receiving a new 
intervention should broadly show a ‘similar’ pattern of 
growth to infants receiving an existing form of nutrition 
seems reasonable, the concept that an intervention is ‘safe’ 
provided the average growth of study infants does not dif-
fer by more than 0.5 standard deviations (SD) compared 
to a reference or control group is open to debate, since the 
optimal growth pattern during infancy is not certain. 
Whereas in the past, concern would most likely have been 
generated if an intervention group showed slower growth 
than the control group, with recent focus on the potential 
disadvantages of more rapid infant growth for later car-
diovascular health and obesity  [7–12] , this perspective has 
changed; an intervention that results in slower growth 
than seen in a control group might now be considered 
beneficial. The conclusions drawn from any growth com-
parison will also depend on the reference group used – for 
example, breast-fed infants or those fed a ‘standard’ for-
mula – and also on the growth reference used to generate 
standardized (indicated in SD) growth scores. Although 
widely discussed and used to determine or justify sample 
size in randomized nutritional intervention trials, it is im-
portant to appreciate that the selection of 0.5 SD as the 
effect size required to establish or exclude a biologically or 
clinically important difference between groups is essen-
tially arbitrary and also open to debate.

  Randomized Trials in Infant Nutrition – Practical 

Issues 

 Although accepted as the gold standard for evaluating 
any novel nutritional intervention, there are a number of 
issues regarding the design, implementation and evalua-
tion of RCTs in the field of infant nutrition.

  Design 
 Healthy term infants cannot be ethically or feasibly 

randomized to be breast-fed or formula-fed, thus pre-
cluding (in most situations) the use of a RCT for assessing 
the safety of an intervention against the ‘gold standard’ 

for infant feeding. Consequently, the clinical safety test-
ing of new interventions generally involves a randomized 
comparison between infants who receive the intervention 
(for example, a supplemented formula) versus those who 
receive the ‘standard’ diet (for example, an unsupple-
mented formula). It is considered good practice to include 
a reference group of breast-fed infants, who follow the 
same protocol as far as possible, but without randomiza-
tion, necessitating adjustment for confounding factors in 
any subsequent comparison of outcomes with those of 
the formula-fed randomized groups.

  In current practice, given the emotive nature of infant 
feeding, recruiting and randomizing formula-fed infants 
shortly after birth, without jeopardizing (or, perhaps 
more importantly, being seen to jeopardize) breastfeed-
ing can be challenging. The key issue is at what point a 
mother can be considered to have unequivocally decided 
not to breastfeed, making her eligible for randomization 
to a breast milk substitute, particularly in the situation 
where a free supply of the study formula is provided. 
Many study protocols, particularly those involving 
healthy term infants, require infants to be exclusively for-
mula-fed to be eligible for randomization, to avoid com-
promising any ongoing breastfeeding. With increasing 
rates of ‘mixed’ breast- and formula-feeding early in the 
postnatal period, recruitment of exclusive formula feed-
ers has become ever more challenging in some settings.

  Role of Industry 
 Many, if not the majority, of clinical safety assessments 

in infant nutrition involve products developed and pro-
duced by companies that manufacture infant formulas. 
The majority of these studies also receive financial sup-
port from the company, although the precise nature of 
the support can vary. At one extreme, the company may 
provide a research grant to support the study plus a sup-
ply of the product being tested, with little or no involve-
ment in the study conduct, data analysis or subsequent 
dissemination of data. At the other extreme (less com-
mon in the field of infant nutrition but perhaps more so 
in pharmaceutical research), the company may essential-
ly commission a research group to conduct the study, 
maintaining day-to-day control over the conduct of the 
study, data analysis and write-up. Industry involvement 
naturally raises the issue of conflict of interest, and intro-
duces yet more controversy to an already emotive field.

  A further issue in the relationship between academics 
and industry relates to time scales, which frequently differ 
for fundamental parameters such as planning and con-
ducting research studies and publishing or releasing data.
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  Regulatory Aspects 
 Clinical research has become ever more time con-

suming in recent years with increasing requirements for 
regulatory approvals, and frequent changes in require-
ments over short periods of time. Although require-
ments vary between countries, in most settings this is 
now perceived as a significant issue by researchers and, 
in some cases, represents a disincentive to conducting 
new studies.

  Long-Term Follow-Up 
 Although the later health effects (both good and bad) 

of early nutrition are generally acknowledged as impor-
tant outcomes and long-term follow-up is encouraged, 
this introduces an additional set of problems, including 
cohort attrition with time  [2] . This is recognized to be a 
problem in both RCTs and observational studies. Loss to 
follow-up varies depending on a number of factors in-
cluding the duration of follow-up, population, invasive-
ness of proposed tests, and degree of inconvenience to the 
subject. The statistical consequences of attrition – main-
ly effects on study power, bias, and generalizability – have 
been recently reviewed, with proposals for how these is-
sues might best be addressed and discussed when the re-
sults of these studies are published  [2] . The alternative – 

setting fixed levels for what constitutes an ‘acceptable’ 
follow-up rate (for example, 80% used to indicate a high-
quality study for evidence-based medicine  [13] ) – is like-
ly to render many long-term studies non-viable, since 
they may effectively be unpublishable.

  The Future 

 Suggestions aimed at resolving some of the issues 
raised above are given in  table 1 ; most are not new, and 
the fact that they have not, to date, been realized, perhaps 
indicates the difficulty of implementing seemingly sen-
sible ideas in practice. However, action is certainly re-
quired if high-quality clinical efficacy and safety data are 
to be collected in future in this field.
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Table 1. S uggestions for resolving difficulties in conducting infant nutrition research studies and trials

Problem Suggested solution(s)

Lack of clear guidance on requirements
establishing safety and efficacy

Greater consensus and guidance on study requirements including suitable safety for
outcomes, sample sizes, number of studies required or number of subjects to be studied.

Lack of consistency in study outcomes
and methodology

Greater standardization of data collection and outcome measures between studies. The use 
of a common data set – including the outcomes to be measured and how they are
measured (proposed in a position paper by the ESPGHAN committee on nutrition in 2001 
[14]) would facilitate systematic reviews and meta-analyses.

Conflict of interest with industry 
(real or perceived)

More explicit reporting of the details of these relationships at the time a study is published. 
More explicit support and guidance from funding bodies and universities for acceptable 
working relationships between academics and industry might also reduce the perception 
that such associations are shameful or inherently flawed.

Time-consuming and complicated 
regulatory processes

Simplify the regulatory processes required to set up and conduct trials.

Attrition in long-term follow-up 
studies

Need for consensus on whether long-term studies should be conducted when follow-up 
rates are likely to be low (<80%), on the basis that the data can be subsequently pooled for 
meta-analysis. 
If this is considered desirable, mechanisms must be developed to ensure such data are
published, with suitable caveats regarding interpretation. The development of a grading 
system for the quality of long-term follow-up studies, including parameters such as
follow-up rate and risk of bias, might be helpful in this respect.
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