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Randomized clinical trials of early nutritional interventions in infants are necessary to
establish safety and efficacy of supplementation of infant formulas with LCPUFAS for
term and preterm infants. Such trials pose significant methodologic difficulties when
applied to infants because of the rapidly changing development of the infant’s central
nervous system and its interdependence with multiple environmental factors. Current
assessments of infant cognitive development in the first year of life lack stability and
predictive relationships to later outcomes. Thus, intervention trials need to extend
beyond the first two years of life. Small sample sizes, high attrition rates, and lack of
attention to confounding variables known to be related to child outcomes are
additional problems in the majority of studies to date, especially for preterm
populations. Attention to selection and attrition biases and the roles of mediating and
moderating factors in affecting intervention effects are also necessary to determine the
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benefits vs risks of LCPUFA supplementation of infant formula.
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The issue of whether long-chain polyunsaturated
fatty acids (LCPUFAS) should be added to infant
formula is currently one of the most controversial
in infant nutrition. In particular, two of these fatty
acids, arachidonic acid (AA) and docasohexaenoic
acid (DHA), are incorporated into the central ner-
vous system during development and are thought
to be particularly important for brain and retinal
development [1]. Because these two essential nutri-
ents are absent from manufactured infant formulas,
but abundant in breast milk, it is plausible to
consider that formula-fed infants might be cogni-
tively disadvantaged from ‘deficiencies’ of AA and
DHA. Indeed, many studies indicate that breast-
milk-fed infants are apparently advantaged in cog-
nitive outcomes in comparison to formula fed
infants [2].

Preterm infants have been of particular concern,
since the accumulation of DHA in the brain and
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retina occurs most rapidly in the perinatal period
[3] and the preterm infant’s supply of AA and
DHA from the mother is limited by parturition.
Due to these concerns, numerous research studies
have been conducted over the past decade to
attempt to discern whether early fortification of
infant formula with AA and DHA leads to signifi-
cant, long-term growth, visual and intellectual
benefits to preterm and/or term infants. To date,
studies have been inconclusive, but because AA
and DHA supplementation now occurs routinely in
manufacture of European and Asian formulas [4],
and because there is also significant pressure to add
these nutrients to formula in North American
markets, determination of the safety and efficacy of
these supplements has acquired some urgency. For
a detailed synthesis and review of relevant
research, the reader is referred to a volume by
Dobbing [1].

Coincident with these controversies, the applica-
tion of the Randomized Clinical Trial (RCT) to
assess the effects of an intervention in infancy has
become the standard, and the preferred method of
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understanding the impact of a treatment on devel-
opmental outcome. Such trials have been widely
used in adult studies to establish efficacy of treat-
ment interventions, but have only recently been
applied to studies of infants on a large scale, with
the multi-site Infant Health and Development
Program for low birthweight infants considered
seminal [5]. The establishment of the NICHHD
Neonatal Intensive Care Unit Network in the
1980s [6] similarly has initiated numerous RCTs to
increase evidence-based clinical practice, including
such investigations as the use of dexamethasone in
ventilator-dependent preterm infants and Vitamin
A supplementation for extremely-low-birthweight
infants. The value of the RCT in establishing
treatment efficacy in infants has thus been clearly
established, along with the complexity of meth-
odologic issues inherent in their conduct [7].
Because of an explosion of knowledge recently in
scientific areas relevant to infant development,
RCTs initiated during the infancy period to assess
the effects of adding LCPUFAS to infant formulas
can benefit from knowledge obtained from decades
of research on infant development. These broad
areas which inform current studies include research
on continuity and discontinuity of typical infant
development [8], early educational and therapeutic
interventions for at-risk infants [5], and behavioral
teratology studies of fetal alcohol, drug, and
environmental contaminant exposure [9].

The RCT seeks to establish the safety and
efficacy of an intervention and must document a
reliable  (statistically  significant)  association
between the intervention and outcome, with cau-
sality inferred through this relationship as well as
through the time order, (i.e. the causal factor must
precede the effect), and through demonstration that
the relationship of the intervention to the outcome
is not due to some other factor [10]. To demon-
strate such a relationship generally requires appro-
priately large and representative cohorts for study,
accurate information about all factors important to
the intervention model, high cohort retention, and
measurements of the intervention and outcome
variables which are accurate, valid, and consistent
with the intervention model. While the application
of RCTs to evaluation of infant formula supplemen-
tation may appear simple, in fact, achievement of
experimental design requirements in infancy
studies is particularly difficult. This difficulty stems
from a number of issues inherent in infant devel-
opmental research, including the lack of predictive
relationships between infant behaviors and later
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cognitive functioning; the absence of valid, reliable
measurements of infant cognitive processes;
the rapid, discontinuous developmental shifts
occurring in infancy; and the powerful influence of
numerous extraneous competing factors on devel-
opmental outcome which must be controlled.
These difficulties are exacerbated in studies of
preterm infants, for whom lipid supplementation is
of special concern. In this paper, I will outline
selected methodologic issues important to consider
in conducting and evaluating studies of dietary
supplementation on developmental outcomes in
infants.

Neurobiological advances have informed our
understanding of the long, continuous, and orderly
sequence of brain development, a process which is
highly dependent on specific genetic factors and
environmental supports for normal functioning
[11]. Nutritional factors have been demonstrated to
be among the most important factors, as consid-
ered by the increased occurrence of neural tube
disorders with folic acid deficiency in the early
period of prenatal development [12]. The sequence
of central nervous system development is precise,
complex, and extensive, occurring from days after
conception until years after birth. During the third
trimester, cell differentiation predominates, includ-
ing cell death, synaptogenesis and myelination,
with significant cortical development and pruning
continuing postnatally, all dependent on environ-
mental, including nutritional factors [13]. Thus,
deficiencies in essential fatty acids may detrimen-
tally affect important neurobiologic processes,
especially for preterm infants, impacting on central
nervous system development. Such deficiencies
may have variable effects on later intellectual
development dependent on their timing, severity,
and duration as well as their interaction with other
environmental and genetic factors [14,15]. This
rapidly changing brain organization, strongly inter-
dependent with the infant’s caregiving environ-
ment as predicted by transactional models makes it
difficult to infer effects from an early nutritional
intervention, given the known plasticity of brain
organization in infancy.

Measurement instruments

The wuse of infant intellectual outcomes as
dependent measures in evaluating the efficacy of
early nutritional interventions is a relatively new
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phenomenon which recognizes the relationship
between fetal and postnatal brain organization and
later cognitive functioning. Prior nutritional studies
focused primarily on physical parameters, such as
mortality, growth, and stool consistency. In such
studies, physical properties which are easily
observable, well-defined, and operationally precise,
can be measured reliably. Because psychological
research measures implied, less clear, hypothetical
constructs (such as intelligence) the choice and
timing of the assessment are critical and pose
significant methodologic problems in infancy
studies. To meet standards for clinical trials, an
assessment instrument must be standardized, reli-
able, and valid. Standardization requires the devel-
opment and publishing of uniform procedures in
administering and scoring a test, including
comparable testing conditions, detailed directions,
scoring procedures, and examiner training require-
ments. Normative samples should have represen-
tative racial/ethnic, gender, socioeconomic, and
geographic diversity [16]. The establishment of a
normative group is particularly important since test
performance is judged on empirical data to assess
normal vs deviant performance. Since norms
change over time, they must be periodically
updated or the assessment instrument will yield
invalid information on the rate of deviant perform-
ance. For example, an upward drift in Bayley
Mental Development scores became apparent in
population based studies in the 1980s, leading to
restandardization of the scale in 1993 [17]. The
restandardized scale resulted in mean scores 12 to
15 points, (or >0.75 of a standard deviation) lower
than the old scale. These differences likely led to
significant underestimations of developmental
delay in very low birthweight outcome studies
prior to 1992 [6].

Reliability refers to the consistency of a
measurement. The range of fluctuation in an
infant’s developmental test scores limits the extent
to which performance can be considered reflective
of intellectual ability vs error variance. Validity
refers to whether or not the assessment measures
the construct it is supposed to measure, and is
highly dependent on reliability. Although later
childhood IQ scores are very stable, all infant
assessments prior to 18—24 months of age have
relatively low stability, with correlations declining
with younger ages [18,19], and would be consid-
ered inadequate for adult clinical trials [20]. Predic-
tive validity refers to the test’s relationship to later
outcomes, important because skill measurement in

395

infancy would be irrelevant if it were unrelated to
child functional outcomes.

Because visual and cognitive functions have
been primary outcomes of interest in nutritional
intervention studies, the majority of studies to date
have relied on a small number of infant measures,
each of which have specific limitations in interpret-
ing findings. The Bayley Scales of Infant Develop-
ment [21], useful for 1 to 42 month old infants,
have been the primary outcomes because of ubig-
uitous use, extensive standardization and documen-
tation of psychometric properties. The Mental
Scale yields a global standard score, representing
the cumulative achievement of the infant across a
number of diverse skills, including attention, prob-
lem solving, language, and social abilities. This
conglomerate score may be insensitive, however,
to even major deficits in a particular function, since
higher functioning in one domain may mask defi-
cits in another. Despite their widespread use, the
Bayley Scales have been particularly criticized
because of their low predictive validity to later I1Q
prior to 2 years of age, except for the very low
scores achieved by the most compromised infants
[22]. Moreover, the mental scale is unacceptable for
use with infants who have physical handicaps
because of its reliance on motor skills for task
performance, a difficulty which may affect
significant numbers of infants in preterm
studies. Whether such infants are excluded from
cognitive outcome data, tested with alternative
measures, or assigned the lowest scores may
have variable consequences for interpretation of
study results.

Despite poor predictive validity for individual
infants, the Bayley Scales have proved sensitive to
differences in at-risk infant groups even in the first
year of life, discriminating outcomes on the basis of
cocaine exposure, alcohol exposure, failure to
thrive, very low birthweight, PCB exposure, and
iron deficiency [23—27]. The predictive power of
the re-normed Bayley Scales in the first year of life
awaits documentation, although there is some evi-
dence that sensitive and specific detection of devel-
opmental delay remains elusive in the young infant.
In our studies of a large cohort of cocaine-exposed
vs non-exposed infants, the 1993 Bayley Scales
indicated almost no incidence of cognitive delay at
12 months in the sample (2%) [23], but by 2 years
the overall rate was 12% and by 4 years, about
20%, suggesting continued insensitivity of the
scales in the first year of life to detection of individ-
ual deficits. The re-normed scales have also been
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criticized as unsuitable for preterm infants because
changes in establishing baseline performance may
inflate scores of preterm infants [28].

Given current data, it is imperative that longitu-
dinal outcome studies of nutritional interventions
extend at least until 18—22 months of age, since
findings are not generalizable to later outcomes
until then [8,19]. For very low birthweight groups
for whom nutritional interventions have been
specifically targeted, even older ages may be
required before reasonable generalizability of ben-
efit can be inferred, due to the standard practice of
‘correcting’ for prematurity in infant developmental
testing. With 3 to 4 months prematurity,
gestational-age-corrected scores can have signifi-
cant error variance prior to 2 years of age when
chronologic age scores are widely used. To date,
few LCPUFA intervention studies have follow-up
samples to at least 18 months of age, with the work
of Lucas and colleagues [29] and Birch and
colleagues [30] the exceptions.

Because standardized infant developmental tests,
such as the Bayley Scales, have poor predictive
validity in the first year of life, other measures have
been developed which are conceptualized as tap-
ping into more discrete areas of functioning under-
lying intellectual abilities, such as attention, visual
perception, memory, and information-processing
speed [20]. The methodology for establishing
infants” visual preferences has produced a number
of promising alternative assessments of infant cog-
nition using visual habituation and paired-
comparison tasks to measure visual recognition
memory [18,31]. Some of these alternative assess-
ments of cognitive processes, such as measurement
of visual novelty preference and duration of look-
ing time, have been used in studies of LCPUFA
supplementation [32,33,34]. Such tasks have been
shown to have better predictive validity to child-
hood IQ measures than standard sensorimotor
assessments in the first year of life [18,22].

Such tasks are plausible candidates to demon-
strate potential mechanisms underlying develop-
mental differences related to early fatty acid nutri-
tion. Both animal [33] and human [32] studies have
found differences in look duration based on
LCPUFA status. Differences in novelty preferences
have also been found in human preterm studies
[34]. Of these promising experimental tasks, how-
ever, only the Fagan Test of Infant Intelligence
(FTII) [35] meets minimal clinical trial standards for
psychometric adequacy. Even so, there are signifi-
cant deficiencies in its psychometric properties

L. T. Singer

which preclude firm conclusions from being drawn
about intervention effects. These include poor
short-term reliabilities, the need for multiple admin-
istrations over ages to produce stability and the
lack of standard scores. Further, much of the
predictive validity data reported is based on vary-
ing test items rather than for the test as currently
published and constructed [36]. Even these predic-
tive correlations are only modestly higher than
those for the Bayley Scales, thus raising questions
about clinical utility.

A further issue is the use of derived measures,
either as part of the FTII, or in other experimental
paradigms, such as the measure of look duration
which has been construed to reflect information
processing speed, an important component of intel-
ligence measures at other ages. Derived measures
are statistically weak because they cannot be
assumed to have the psychometric properties of
the ‘parent’ measure [37]. While of heuristic and
exploratory interest, derived or experimental
measures should not be used as primary outcomes
in intervention studies.

A growing number of infant assessments are
currently being developed which hold promise as
candidates for use in early intervention studies [38].
These tasks vary in age-appropriateness, level of
analysis, and technological advancement. Assess-
ments of vagal tone, cortical electrophysiology, cry
analysis, learned expectancies, and the A not B task
will undoubtedly be considered in further research
studies, but they remain experimental in nature
[39,40]. Two of the more psychometrically devel-
oped assessments potentially useful in identifying
specific benefits of an intervention at early ages
include the MacArthur Communicative Develop-
ment Index [41], and the Preschool Language
Scale-3 [42].

Timing of assessments

Numerous considerations affect the timing of data
collection points in an RCT of infants. One of the
most important is the choice of the time of testing
for group differences using instruments based on
changes in normal development. Behavioral
research is often characterized by measurement
scales with unequal intervals, producing ‘floor’ or
‘ceiling’ effects [43]. In addition, there is both wide
variability in infant skill development within
normal ranges, but also high canalization of
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developmental skills. The vast majority of infants
sit up, smile, talk, and walk, for example, within a
relatively short time period. Thus, it is difficult to
detect language delay in a 12 month old infant,
since most infants at that age will have little
variability in their skills. Further, some infant
assessments have small ranges of age within which
infants can be validly tested. The FTII, for example,
has 2-week age windows within which an infant
can be assessed for each version of the test with
exposure to the familiar stimulus decreasing by
seconds at each age, while the Bayley Scales have
age-normed scores and can be used from 1—42
months.

Practical considerations of timing infant assess-
ments include the need for comparability to other
studies, family burden, research costs, and infant
capacity. Infants cannot sustain attention for long
periods of time, necessitating that the researcher
choose tasks carefully.

As noted above, even minimal confidence in
study outcomes is not possible until infants reach
18 months of age, while correlations of about 0.50
are found between infancy tests to later IQ at 2—3
years when symbolic thinking and language skills
predominate test content [22]. Assessment to
school ages would be necessary to detect more
subtle, but functionally important intervention
problems or benefits, such as the prevention of
specific learning disabilities or attention deficit
disorder, which are independent of IQ. Very low
birthweight infants of average 1Q for example,
nevertheless were found to have higher rates of
learning problems at 9 years of age in comparison
to term children [44]. At school age, a wider range
of outcomes can be reliably assessed, thus
detecting differences not apparent at earlier ages,
sometimes referred to as ‘sleeper’ effects.

Confounding, mediating and
moderating variables

One of the strengths of the RCT is its use of
randomization to control extraneous variables
which may spuriously affect the relationship
between the intervention under study and out-
come. Child developmental outcomes are affected
by a large number of factors likely to be related to
infant nutritional status which need to be consid-
ered before attributing benefits or deficits to a
specific nutritional intervention [45]. Randomiza-
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tion theoretically controls for these extraneous
variables and for selection biases associated with
entry into a study [7]. For example, mothers who
choose to enroll in a nutritional intervention study
may be more motivated, more sociable, psycho-
logically healthier, and more educated than those
who do not. In evaluations of AA and DHA effects
on infants, it has been difficult to separate the
effects of the nutritional differences between breast
milk and formula from the effects of socioeconomic
and intellectual advantages of mothers who breast
feed [46,47].

With randomization, confounding of interven-
tion groups can still occur, especially with smaller
sample sizes. However, even with large sample
sizes, demonstration of group equivalence is
important for all variables which might reasonably
relate to the outcome under study. For example,
despite a large sample size and randomization, one
study [34] found differences in home environment
quality confounded with their intervention groups.
Identification of potential confounders should be
made a priori based on their demonstrated relation-
ships to study variables. Accurate measurement of
confounders can aid in identifying the true relation-
ships between the nutritional intervention and
outcome, since, if randomization does not ‘work’,
statistical control can be used. Other strategies
which address confounders prior to study include
exclusion, matching, and stratification.

Numerous factors which relate to child develop-
mental outcome or IQ have been identified as
confounding variables which need to be considered
in RCT’s of infant nutritional interventions. These
include socioeconomic status, parental education,
race, income, maternal 1Q, age, psychological
status, parity, marital status, child gender, and
number of children in the home. The quality
of the home environment, including maternal
warmth and responsivity, have also been
implicated in child developmental outcomes
independent of sociodemographic factors [48,49].

The importance of assessing fetal exposure to a
number of potentially teratogenic substances has
been demonstrated. Tobacco, alcohol, and mari-
juana use are not uncommon in pregnant women
(with rates of 8-64%) [50] and, dependent on
duration and severity of use, may affect infant
growth and development [51,52,53]. Confounded
with geographic location and age cohorts, sub-
stances such as cocaine, heroin, methamphetamines,
and ‘club’ drugs may also be used by pregnant
women. Little is also known about the prevalence
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of use of prescribed drugs, such as antidepressants
and anti-anxiety drugs, during pregnancy or the
effects of these drugs on child outcomes [54].
Infants exposed prenatally to fluoxetine were at
higher risk for pregnancy complications such as
preterm delivery, feeding difficulties, and jitteriness
[55]. The depression and anxiety conditions for
which such medications are prescribed are common
in women of childbearing age and known to exert
their own negative effects on fetal development
through changes in the hypothalamic—pituitary—
adrenal axis, and on postnatal development
through less optimal maternal caregiving interac-
tions [56]. Women with postpartum depression
(estimated at 10—15% in controlled studies) may be
less likely to breast feed [54]. They may be more
likely to enter into RCT’s because of worry about
their infants, or alternatively less likely to enroll
because of other depressive symptoms, such as
sadness or disinterest. However, to date, no study
of LCPUFA supplementation has assessed this
factor.

Confounding factors in preterm
studies

In addition to the factors noted above, studies of
preterm and VLBW infants pose additional meth-
odologic problems because of the constantly
changing medical care practices of neonatal inten-
sive care units and the many medical and neuro-
logic conditions associated with prematurity which
have relationships to cognitive outcomes. These
include gestational age, birthweight, intrauterine
growth retardation, multiple birth, the presence of
patent ductus arteriosis, septicemia, bilirubinemia,
apnea, retinopathy of prematurity, necrotizing
enterocolitis  (NEC), and  bronchopulmonary
dysplasia (BPD) or chronic lung disease [25].
Direct effects on cognitive outcomes are found
with neurologic complications, such as intraven-
tricular hemorrhage, periventricular leukomalacia,
meningitis, seizures, asphyxia, and various forms of
hypoxic-ischemic main injuries [6]. Because these
numerous perinatal complications may cluster non-
randomly and with other sociodemographic fac-
tors, large sample sizes are needed as well as clear
documentation of their incidence across study
groups. Infants with BPD, for example, tend to be
smaller and sicker than their VLBW counterparts
[25], making it problematic when BPD has been
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used as an outcome in LCPUFA interventions [57].
Some confounding factors prevent enteral feeding,
effectively excluding infants from the feeding pro-
tocol and restricting generalizability. Because of the
large sample sizes needed to control for confound-
ing factors, often multiple sites are needed for
preterm studies, creating additional size require-
ments due to practice variations and other differ-
ences across sites. One study estimated a needed
recruitment sample size of 470 to detect a 0.5
standard deviation difference in Bayley outcomes
across 7 sites [34].

The importance of accurate measures of all
variations in practice cannot be underestimated. For
example, early studies suggested postnatal steroid
interventions to be safe for preterm infants, while
recent randomized trials have indicated their associ-
ation with cerebral palsy at 4% years [58]. Con-
founding factors may also differ in their effects
across various developmental domains as well. We
found no effect at 3-years-of-age of patent ductus
arteriosis on cognitive outcome of preterm
infants [25], but found a significant relationship to
language outcome at the same age [58].

Mediating vs moderating variables

A special consideration is whether important vari-
ables related to outcome are designated as con-
founding vs mediating or moderating [60]. Failure
to consider these characteristics can lead to over or
underestimation of the effects of an intervention.
Mediating variables form part of the causal chain
between the intervention and the outcome, while
moderators are characteristics which change the
effect of an intervention. Thus, hypothetically, if
early nutritional intervention reduced the incidence
of BPD or necrotizing enterocolitis in preterm
infants, and these conditions were considered con-
founding variables, their control in analyses would
obscure the effects of the intervention. When
considered as mediators, however, it can be dem-
onstrated that the intervention led to a reduced
incidence of BPD or NEC which, in turn, led to
better developmental outcomes. An example of a
moderating variable can be found in the Infant
Health and Development study which demon-
strated strong intervention effects on 1Q except for
the subgroup of infants who weighed less than
1500 grams [5]. Such moderating effects should be
explored in nutritional intervention studies, since
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effects of supplemental LCPUFAS may vary by
infant characteristics such as birthweight.

Selection bias and attrition

As noted above, characteristics of women who
enter nutritional trials are likely to be different from
those who do not enroll. Researchers need to
delineate as much as possible the demographic or
other characteristics of infants and their parents
who selected out of study. This is particularly
important in studies in which feeding conditions
include women who breast feed given the over-
riding influences of education, income, intelligence,
and caregiving characteristics associated with
breast feeding in some countries.

Similarly, attrition is a serious problem for longi-
tudinal studies because it is usually non-random
[61]. In fact, a number of studies demonstrate that
dropout is selective [62,63]. Estimates of attrition
need to be considered in determination of power
analyses and sample size. Attrition tends to
increase over time, a particular difficulty for early
infant interventions which require years of
follow-up to determine outcomes. The effects of
attrition are of concern when sample sizes are so
reduced that adequate power is lost. However,
attrition may produce misleading effects even when
statistical power is good. For example, in a RCT of
term infants supplemented with LCPUFAs, reten-
tion rate at 18 months was 71%, with only 18-20
infants per study group [30]. With such small
sample sizes, the intervention effects could poten-
tially be influenced by a few outliers retained or
lost to follow-up. High retention rates are neces-
sary to have confidence in findings. The NICCHD
network requires an 80% retention rate to 18
month follow-up [6]. Even that rate may be too low
for firm conclusions about intervention effects to be
made. In one study [64] increasing the follow-up
retention from 89% to 96% from 18 months to 7.5
years detected a significant neurodevelopmental
impairment difference between study groups that
could have been found at the earlier age had
retention been better.

Examiner confounds

Few published studies of early nutritional interven-
tions have addressed the effects of the examiner.

399

While such effects are important to consider in all
studies, examiner effects are potentially more prob-
lematic in infant studies since infants require more
personal interactions from the examiner during
assessment [16]. Both study participants and exam-
iners must be ‘blinded’ or ‘masked’ to intervention
status to prevent beliefs about the intervention
effects from affecting the examiner’s ratings of
infant performance [65]. Examiner characteristics
such as enthusiasm also can affect infant perform-
ance but can be minimized by consistent training
and establishment of inter-examiner reliabilities
prior to study initiation. Continued maintenance of
reliabilities at regular intervals throughout the
study is also needed to prevent examiner ‘drift’
[66]. When multiple sites are needed, this problem
is magnified. The use of a standard training pro-
cedure for examiners at all sites, with continued
monitoring is necessary [67]. The number of exam-
iners in any study should be noted and the effects
of examiner differences on outcome should be
examined statistically.

Summary

The use of the randomized clinical trial to assess
the safety and benefits of LCPUFA supplementa-
tion in infant formula on cognitive development
poses special methodologic problems when applied
to infancy interventions. The randomized clinical
trial must document a reliable association between
the intervention and outcome with causality
inferred through this relationship as well as
through the time order. Few infant assessment
instruments meet standards for use in clinical trials.
Currently available assessments to measure infant
cognitive abilities lack adequate stability and pre-
dictive validity, requiring longitudinal follow-up of
interventions into beyond the second year of life to
establish safety and efficacy. Timing of data collec-
tion points is also critical because of the rapid
growth of infant developmental skills in the first
two years of life. Numerous confounding factors
known to relate to child developmental outcome
must be controlled through measurement exclusion
matching or stratification. Medical complications
which cluster non-randomly are also an issue in
preterm studies which require larger sample sizes to
accommodate for control of medical covariates and
often must be conducted over multiple sites. Failure
to consider whether covariates are mediating or
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moderating variables can also lead to over- or
underestimation of the effects of an intervention.
Selection and attrition biases and examiner effects
need also to be considered if valid findings are to
be obtained.
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