4.1

The newborn infant

Introduction

It is universally acknowledged that size at birth is an important indicator
of fetal and neonatal health in the context of both individuals and
populations. Birth weight in particular is strongly associated with fetal,
neonatal, and postneonatal mortality, and with infant and child morbidity
(1, 2).

Size at birth reflects two factors: duration of gestation and rate of fetal
growth. It must therefore be considered with respect to gestational age,
otherwise the increase in size that occurs with age will lead to severe
confounding of growth and maturity. In general, bigger babies are more
mature babies and — since it is well known that immature infants
(particularly extremely preterm infants, i.e. those born at < 32 weeks) are
at much higher risk for mortality, morbidity, and impaired development —
failure to consider gestational age leads to major problems in
interpretation that can hinder decision-making at both clinical and public
health levels (3).

Growth is defined as an increase in size over time, and documentation of
increasing size thus requires two or more serial measurements. During
fetal life, however, serial measurements are feasible only with ultrasound
and have not proved to be sufficiently valid or precise (ultrasound
estimation of fetal weight has a high coefficient of variation) to serve as
a standard for assessing fetal growth (4). Moreover, ultrasound
measurements are not truly anthropometric and are thus beyond the scope
of this report.

Body size is obviously proportional to age, not only in the fetus but
throughout childhood until the time of skeletal fusion. Thus an infant’s
size at birth reflects the average growth rate for that infant from
conception to birth, although not necessarily a steady rate, since there
may have been periods of rapid and slow growth. Problems will arise,
however, if the distribution of size at birth of different infants born at
different gestational ages is used to make inferences about “normal” fetal
growth. It is important to stress the limitations of a cross-sectional
approach based on different infants, and to question how well any chart
derived in this way reflects the longitudinal growth of fetuses of the same
gestational age (5). There is some evidence that preterm infants are
somewhat smaller than fetuses of the same gestational age who remain in
utero (6-8). This may partly reflect the fact that some of the determinants
of fetal growth and length of gestation overlap: pre-eclampsia, for
example, and other hypertensive disorders that impair fetal growth also
increase the risk of preterm delivery (9, 10). Although this overlap may
reflect shared underlying biological mechanisms, it is common practice
in modern obstetrics for labour to be induced in mothers in whom poor
fetal growth has been diagnosed. Thus if infants whose delivery is
induced because of retarded growth are not excluded from the data, their
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smaller size for gestational age will reduce the average size of all infants
born at that age (/7).

At the other end of the gestational age spectrum, there is also some (albeit
more indirect) evidence that fetuses who remain unborn post-term may
not have grown at the same rate as those born earlier. Fetal size is
considered to be one of the determinants of the onset of labour, and the
flattening (or even negative slope) of some fetal growth curves after 40
or 41 weeks of gestation may reflect both the slowing of growth due
to placental insufficiency (as demonstrated by the presence of oligo-
hydramnios, placental grade III, meconial amniotic fluid, or abnormal
Doppler indices), and the earlier birth of faster-growing fetuses.

This inherent problem of deriving fetal growth standards from
anthropometric measurements of newborn infants may have less
relevance to the first 20-24 weeks of gestation, when elective, induced
abortions are performed for indications unrelated to fetal growth (i.e. for
reasons other than chromosomal or other genetic abnormalities of the
fetus). This should not affect measurements of fetal weight or other body
dimensions provided that abortion is induced by means of prostaglandin
or hysterotomy rather than saline (which dehydrates the fetus). The
situation changes, however, when all fetuses are included, since a large
number of births during weeks 20 to 24 are spontaneous and probably
related to factors that do affect fetal growth. From week 24 onwards,
however, it should be kept in mind that fetal growth curves based on
anthropometric measurements of different infants born at different
gestational ages may not be valid, particularly pre- and post-term.

The determinants of fetal growth have been the subject of considerable
research (2, 9, 12-17), and it is now clear that, despite some of the areas
of overlap alluded to above, these differ considerably from the etiological
determinants of gestational duration (10, 12, 15-19). In particular,
maternal stature, prepregnancy weight, and energy intake during
gestation all have important influences on the rate of fetal growth (9,
12-17), but much less, if any, effect on the duration of gestation (10, 12,
15-19). Genetic (including racial) and inter-generational effects also bear
primarily on fetal growth (12, 20-24); cigarette smoking affects both
fetal growth and gestational duration, but the effect is considerably
greater on the former (9, 10, 12, 19). Only a few other determinants, such
as infections (25, 26), maternal cocaine use (27, 28), and prepregnancy
and gestational hypertension (particularly severe pre-eclampsia) (9, 10)
also affect both outcomes.

Impairments in fetal growth can have adverse consequences in infancy
and childhood in terms of mortality, morbidity, growth, and performance
(1, 2, 29). It has even been suggested that restriction of fetal growth may
increase the risk of ischacmic heart disease, hypertension, obstructive lung
disease, and diabetes in adulthood (30, 31). This is an important area for
future follow-up studies of growth-retarded infants or, where reasonable
perinatal information is available, for retrospective cohort studies.



4.2 Using anthropometry in individual newborn infants

Weight-for-gestational-age at birth is often used to categorize an
individual infant as having experienced normal, subnormal (small-for-
gestational age or intrauterine growth retardation), or supranormal
growth in urero. The classification most frequently used is: small-for-
gestational-age (SGA or IUGR), appropriate-for-gestational-age (AGA),
and large-for-gestational-age (LGA), although, strictly speaking, SGA
and IUGR are not synonymous (33). Some SGA infants (e.g. those born
to short mothers) may merely represent the lower tail of the “normal”
fetal growth distribution, while other infants who have been exposed to
one or more growth-inhibiting factors may actually meet the criteria for
AGA (e.g. those born to tall, well nourished cigarette-smokers). In
individual cases, however, it is usually very difficult to determine
whether or not the observed birth weight is the result of true in utero
growth restriction, and classification of an infant as IUGR is therefore
based on the established cut-off for SGA. In fact, the higher the SGA rate,
the greater the likelihood that SGA is a result of IUGR.

Various criteria (i.e. cut-off points) have been used as the dividing lines
between these three categories. Those most commonly used are based on
percentiles of a distribution of birth-weight-for-gestational-age derived
from an accepted reference population; the 10th percentile is used most
frequently as the cut-off between SGA and AGA, and the 90th percentile
between AGA and LGA. Other definitions, such as < -2 or > +2 standard
deviations (Z-scores) from the reference mean, have also been applied.
One recent approach has based the classification on relative weight (the
so-called fetal growth ratio or, more correctly, “relative birth weight
ratio”), in which the birth weight of an infant is expressed as a fraction or
percentage of the mean birth weight (again derived from some reference
population) for that infant’s gestational age (32). Thus, infants who
weigh < 85% of the mean can be classified as SGA, and those weighing
>115% of the mean as LGA. These latter definitions are analogous to
those used to classify under- and overnourished populations of older
children and adults. However, although 85% of the mean birth weight at
term is very similar to the 10th percentile, for preterm infants this cut-off
could represent a much higher percentile. If this principle is applied
across a range of gestational ages, the prevalence of SGA and LGA will
vary with maturity. The use of 85% of the mean as a cut-off point
therefore cannot be recommended for use without evidence that the
coefficient of variation for birth weight remains fairly constant at
different gestational ages.

Regardless of which definition is used, the classification of a newborn
as either SGA or LGA has implications for diagnosis, prognosis,
surveillance, and treatment. SGA infants are more likely to have
congenital anomalies (34), and the observation that an infant is growth-
retarded often prompts a more careful physical examination or even
laboratory tests such as karyotype determination to ascertain whether
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such an anomaly is present. Laboratory cultures of biological samples
and serological tests of the mother and infant may occasionally reveal a
previously unsuspected intrauterine infection. The diagnosis of SGA may
also prompt closer examination of the placenta and reveal evidence of
infarction, single umbilical artery, velamentous insertion of the cord, or
previously unsuspected disease in the mother.

Regardless of the cause of the growth retardation, a severely growth-
retarded fetus or infant is at markedly increased risk of death, hypogly-
caemia, hypocalcaemia, polycythaemia, and neurocognitive complications
of pre- and intrapartum hypoxia (i.e. in utero malnutrition is associated
with in utero deprivation of oxygen) (2, 35). Close monitoring of blood
glucose, calcium, haematocrit (erythrocyte volume fraction), and
circulatory adequacy in the neonatal period will allow timely intervention
and should reduce the risk of adverse secondary sequelae. Diagnosis of
SGA should also prompt actions to support breast-feeding and — in
affluent populations where weaning foods are hygienically safe — may
indicate the need for instituting a high-energy diet to maximize the
potential for catch-up growth in the first few postnatal months. Over the
long term, growth-retarded infants may exhibit permanent mild deficits
in growth and neurocognitive development (2, 29).

The diagnosis of LGA can also be important for the individual infant.
Large infants are at increased risk of birth trauma (including clavicular
fracture and brachial plexus injury), and of asphyxia secondary to
obstructed labour. The most common concern is maternal diabetes, which
may or may not have been diagnosed before or during pregnancy; here,
too, monitoring (particularly for the development of hypoglycaemia)
may be important to permit prompt institution of glucose therapy and
thus prevent adverse sequelae.

Various proportionality indices have been used to relate different
dimensions of fetal growth, particularly among growth-retarded infants.
The most commonly used of these is Rohrer’s ponderal index, which is
defined as 100 times the birth weight (in grams) divided by the cube of
birth length (cm’). Infants with high ponderal indices are relatively heavy
for length (or, equivalently, relatively short for weight); those with low
ponderal indices are thin, with low weight-for-length. Although the
ponderal index at birth is usually evaluated with reference to the
gestational age of the SGA infant, it may be preferable to refer it to birth
weight (32). Since body proportions change during the course of
gestation, proportionality for size may provide a better index than
proportionality for age for assessing how growth following the onset of
some growth-inhibiting influence is distributed among different body
compartments, compared with its distribution in infants who continue to
grow normally.

Several publications have developed the concepts of proportionate (also
called Type 1, symmetric, or “stunted”) and disproportionate (Type 2,
asymmetric, or “wasted”) growth retardation (36-38), although the



importance of the distinction is still under discussion. Body
proportionality at birth may capture information about the timing of
growth retardation as well as the nutritional status of the newborn. Much
of the discussion about the effect of timing of onset of IUGR on body
proportionality has been based on early data from Streeter (39) and more
recent data from Gruenwald’s report on body weight, length, and
placental and organ weight (40), both of which are in agreement with
the diagrammatic velocity curves published by Tanner (4/). Recent
evidence indicates that proportionality among TUGR infants is strongly
confounded by the severity of the growth retardation or deficit in
nutritional status (32) and that, given reliable estimates of gestational
age, disproportionate IUGR infants tend to be more severely growth-
retarded than their proportionate counterparts. Analysis of data thus
requires that the severity of IUGR be controlled. For example, data from
Canada demonstrate that, once severity has been accounted for,
proportionality appears to be of little if any etiological (9) or prognostic
(35) importance; in the latter study, however, an independent increased
risk of stillbirth was associated with a high length-for-weight ratio
(OR 1.24, 95% CI 1.03-1.48).

A recent small study that used three ultrasound measurements to monitor
the fetal growth pattern of 71 SGA infants (most of them with adequate
ponderal index), concluded that, given the birth weight and gestational
age of the newborn, body proportionality (e.g. ponderal index) does not
contribute further to the judgement of fetal growth rate (42). On the other
hand, several large studies from different populations support the
independent association between indicators of body proportionality at
birth and a number of important neonatal or infant health outcomes. In
the USA, Conlisk (43) studied the risk of neonatal mortality for
proportionate and disproportionate infants using stratified analysis
by 400-g groups and logistic regression analysis to control for birth
weight. The results showed that both black and white disproportionate
infants are at higher risk of mortality at lower birth weights than
proportionate infants, but at lower risk at birth weights above 2400 g
(black) and 2800 g (white). Interaction of birth weight and proportionate
groups was significant for both blacks (P=0.05) and whites (P=0.04).
The effect of birth weight on mortality was significantly greater for
disproportionate than for proportionate infants at birth weights < 2200 g
(black) and < 2600 g (white); risk was lower at higher birth weights.

In a cohort of 5539 term newborns studied in Argentina (44), an
increased risk of postnatal morbidity was demonstrated in infants who
were SGA and of low ponderal index (LPI) compared with the groups of
normal birth weight and of SGA/adequate ponderal index (API), adjusted
for sex, birth weight, gestational age, and hospital of birth. A study of
3450 term SGA infants in Guatemala (45) again demonstrated that, after
adjusting by birth weight, the risk of neonatal morbidity was higher in the
SGA/LPI than in the SGA/API group. In both developing and developed
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countries, SGA newborns estimated to have experienced slow head
growth before the 26th week of gestation (as documented by serial
ultrasound measurements) and those with API at birth (indicating
proportionate retardation of growth in weight and length) have
consistently demonstrated the lowest developmental performance during
childhood (46-49).

Finally, Williams et al. (50) classified IUGR infants by their ponderal
index at birth and followed them up at 7 and 18 years of age to study their
blood pressure patterns. At age 7 years, sex- and weight-adjusted systolic
and diastolic blood pressure were significantly higher in those who were
classified TUGR/APIL. By age 18, the mean adjusted systolic blood
pressure was 121.8 mmHg (16.2 kPa) in the [UGR/API group compared
with 118.8 mmHg (15.8 kPa) in the IUGR/LPI group (P=0.13; n=29). No
differences were observed in diastolic blood pressure.

Proportionality indices may well prove to be useful for predicting outcome
in SGA babies, particularly where there is no reliable information on
gestational age, but further research is clearly needed on this subject.

Where valid assessment of gestational age is unavailable (as in many
settings in developing countries), size at birth, and particularly birth
weight, can be used as the basis for decisions regarding surveillance and
referral of small infants. Birth weight below 2500 g (LBW) is a reason-
able cut-off for instituting surveillance and/or referral for the detection
and treatment of early complications of preterm birth or [UGR. However,
it should be noted that, because of “rounding”, the prevalence of LBW
will be underestimated. In settings with a very high prevalence of fetal
growth retardation, a locally determined lower cut-off (e.g. <2250 g or
<2000 g) may be preferable to avoid overwhelming the health care
system with mildly growth-retarded infants who are at lower risk for
serious adverse sequelae. Local cut-offs and the methodology for their
selection have already been discussed in section 2.

Surveillance of LBW, preterm infants for complications should include
monitoring of oxygenation and respiratory status (including the signs
and symptoms of respiratory distress syndrome and neonatal apnoea),
indications of neonatal sepsis (e.g. apnoea, poor feeding, vomiting,
jaundice), and neurological -complications possibly caused by intra-
ventricular haemorrhage (coma, seizures, apnoea, or focal neurological
deficit). Where adequate surveillance and treatment are not possible
locally, or the response to treatment is unsatisfactory, infants should be
referred to an appropriate health care establishment. Surveillance and
referral are even more important for very-low-birth-weight (VLBW)
infants, i.e. those with birth weights below 1500 g, who are usually
extremely preterm.

Table 11 summarizes the recommendations for the use of anthropometric
measures in individual newborn infants.
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Neonatal anthropometric assessment in populations

The prevalence of SGA (based on a common reference population) can
be used to select populations that should be targeted for interventions.
Fetal growth is clearly influenced by maternal size, health, and nutrition;
data consistently show larger fetuses (particularly at term) in developed
countries than in developing countries (9). When SGA rates are
unavailable, the prevalence of LBW can be used as a proxy. Preterm birth-:
rates also appear to be higher in developing countries (57, 52) and among
poor populations in developed countries (2), although most of the
difference in the incidence of LBW between developed and developing
countries is due to a disproportionately high incidence of LBW/SGA
(52). However, SGA prevalence is preferable both for targeting and for
assessing response, because few interventions have been found to prevent
preterm birth.

Recommended cut-off levels for triggering public health action have not
been established, but it seems reasonable to target those populations with
double the prevalence (i.e. >20% for SGA and >15% for LBW) found in
developed countries. Population-wide interventions might include
nutritional supplementation, antismoking campaigns, and malaria
prophylaxis. Within a given population, response to intervention can be
assessed by monitoring SGA rates (or VLBW and LBW if gestatlonal age
is not available) over time.

Targeting of interventions and assessing response can also be based on
LBW and VLBW rates used not as proxies for SGA but as indicators of
the need for health care facilities to treat the complications of SGA or
preterm birth. LBW and VLBW rates in excess of 15% and 2%,
respectively, suggest a population at high risk for fetal and infant
mortality and morbidity, and for long-term adverse effects on childhood
growth and performance. Trends in developed countries over the past
20 years show that, with no reduction in the prevalence of LBW and
VLBW, fetal and infant mortality can be dramatically reduced by optimal
care of such infants. Momtorlng overall and birth- Welght specific fetal
and infant mortality is therefore essential in assessing' the response to
interventions.

Anthropometric assessment of newborn infant populations is an
important research tool for studying the determinants and consequences
of impaired (or excessive) fetal growth. Although many of the
determinants (maternal height, prepregnancy weight, gestational weight
gain, smoking, etc.) and early consequences (stillbirth, birth asphyxia,
neonatal hypoglycaemia and hypocalcaemia, etc.) probably retain their
importance across different populations, their prevalence varies
considerably and so, therefore, does their public health importance as
reflected by the etiological fraction (population attributable risk).
Moreover, specific local factors may play an important etiological role
that would justify new epidemiological studies in settings where novel



risk factors are suspected, such as maternal tobacco-chewing, exposure to
indoor smoke, malaria or other tropical diseases, and HIV infection.

Similarly, although the immediate, life-threatening sequelae of severe
TUGR are probably similar in all populations, the longer-term
consequences for child growth, development, and performance may
differ across populations because of interaction with adverse postnatal
influences in disadvantaged populations, including socioeconomic and
nutritional factors as well as the level of medical care available.
Investigation of such environmental factors and of interventions that
reduce adverse health sequelae should receive high priority in developing
countries where the prevalence of SGA is high.

Anthropometric assessment of newborn infants can also be important
in the context of nutritional surveillance. Periodic assessment of a
population over time may reveal changes in the prevalence of SGA (or
LBW as a proxy) that could signal the effects of famine, epidemic
infectious disease, or other adverse environmental circumstances.

Table 12 summarizes the uses of anthropometric measurements for
assessment in populations.

4.4 Selection of anthropometric indicators

4.4.1 Gestational age

Although the assessment of gestational age does not come under the
heading of anthropometry, it is mentioned first because any size-for-age
measurement requires a reasonably valid and precise measure of age.
In most cases, particularly in developing countries, gestational age is
assessed by calculating the number of completed weeks since the
beginning of the last menstrual period (LMP). Because of potential
difficulties with maternal recall and biological problems such as delayed
ovulation, early non-menstrual bleeding wrongly interpreted as a period,
and undetected miscarriages (i.e. without bleeding), gestational age
calculated on this basis is often erroneous, particularly at the extremes of
the gestational age distribution (i.e. preterm and post-term) (53).

Early (<20 weeks) ultrasonic measurement of the biparietal diameter
(and/or femoral length, crown-rump length, or abdominal circumference)
could be considered the “gold standard” for assessment of gestational age
(53-56). Unfortunately, rigorous evaluation of this “better” assessment in
randomized controlled trials has failed to reveal any benefit to maternal
and perinatal health (57-60), and it cannot be recommended for routine
use in all pregnant women. Other methods, such as assessment of fundal
height or quickening, are often used in clinical practice to confirm
(or discredit) LMP-derived gestational age. Physical or neurological
examination of the newborn infant has also been commonly employed in
hospitals in both developed and developing countries, although this has
been found to produce significant overestimates of gestational age for
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very preterm infants (67/-63). Nevertheless, these methods, particularly
in some of their simplified versions (64, 65), could be most useful for
assessing gestational age of infants weighing >1500 g at birth in large
field evaluations where other methods are not available (45).

4.4.2 Birth weight

The most widely used anthropometric indicator of size is birth weight,
for which mechanical and electronic scales provide reasonably valid and
precise readings. As discussed above, most diagnostic classifications of
fetal growth for both individuals and populations are based on birth-
weight-for-gestational-age.

4.4.3 Birth length

Birth length is another indicator of neonatal size, which can be used when
birth weight is not available and which frequently provides useful
additional information, since some infants with low weight-for-age may
be of relatively normal length at birth. Several authors have argued that a
discrepancy between weight and length deficits may be of etiological and
prognostic importance. However, birth length is measured far less
precisely than birth weight (32), owing to variations in posture and
muscle tone among newborn infants, and considerable training is
required to obtain reasonably reproducible measurements.

4.4.4 Birth head circumference

Birth head circumference-for-age can be measured more reproducibly
than birth length (32, 66), although the presence of head moulding
(particularly after a difficult or forceps-assisted delivery) may affect the
measurement. As with birth length, head circumference (as an indicator
of brain volume) may provide important diagnostic and prognostic
information beyond that provided by birth weight alone.

4.4.5 Proportionality indices

The most commonly used index of neonatal body proportionality relates
birth weight to birth length: Rohrer’s ponderal index = 100 times the birth
weight (in grams) divided by the cube of birth length (cm’). Other
proportionality indices that relate head circumference to length, for
example, or chest circumference to length have been studied occa-
sionally, but further research would be needed to show that they offer any
advantage over the indicators already mentioned.

4.4.6 Other measurements

Skinfold thickness has been used to assess newborn adiposity, but the
determinants and consequences of variation in this measurement have not
been shown to differ from those of the anthropometric indices discussed
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in the foregoing paragraphs. Since measurement of skinfold thickness is
relatively imprecise, it is not currently recommended for purposes of
routine assessment.

In developing countries, where scales may be unavailable for measuring
birth weight, other anthropometric measurements — including chest, arm,
thigh, and calf circumferences — have been used as proxy measures of
newborn size (67-70).

Arm and chest circumferences were considered as sutrogates for birth
weight in a recent multicentre WHO study of 400 births (67). Both
indicators demonstrated high correlation coefficients with birth weight
and high positive predictive values for LBW. The use of chest
circumference alone is recommended, however, because it is simpler to
measure and because little additional information is provided by the arm
measurement. Cut-offs of 29 and 30 cm are suggested, with <29 cm for
the identification of “highly at risk” and 229 but <30 cm for “at risk”
newborns. Studies in India (69, 70) have evaluated the usefulness of calf
circumference of the newborn as a proxy indicator for birth weight;
results showed a strong correlation between the two. The sensitivity of
calf circumference for identification of LBW infants is as high as 95%,
compared with 80-85% for other measurements, while specificity is
similar to that of other measurements, i.e. 80%. Using a cut-off of 10 cm,
it was possible to identify 98% of infants with birth weights below 2.5 kg
Thus, calf circumference can be also used as a simple screening tool for
LBW.

A recently published report established interesting data on abdominal
circumference at birth; small circumference was associated with raised
serum concentrations of low-density lipoprotein cholesterol in adult life
71).

Reference data for size at birth
Criteria for evaluating existing references

Over the past 40 years, many investigators have proposed reference data
as standards for assessment of fetal growth by clinicians, public health
practitioners, and researchers. Most data have come from North America
or western Europe, but have varied considerably in terms of sample size,
representativeness (some being hospital- or clinic-based and others
population-based), racial and socioeconomic characteristics of the
population studied, sex stratification (unisex or sex-specific references),
inclusion or exclusion of multiple births and of infants with major
congenital anomalies or intrauterine infections known to reduce fetal
growth, and methods for assessing gestational age. Unfortunately, few
investigators have attempted to relate these reference data (or deviations
therefrom) to subsequent infant and child mortality, morbidity, and
performance.



Clear trade-offs in sample size, representativeness, and validity of
gestational age estimates are involved in choosing between hospital- and
population-based sources of reference data. For example, data derived
from a single hospital centre are likely to be based on relatively small
sample sizes that may or may not be representative of the larger
population of infants to whom the references are to be applied.
Differences between one hospital (or even one delivery room) and
another in calibration of balances, terminal digit preference, and
rounding practice may lead to small differences in birth weight
distributions. On the other hand, data quality control for gestational age
measurement is often better than for population-based measurements. In
most older references, gestational age was based on maternal recall of
LMP, whereas many recent references have modified the LMP estimates
by prenatal clinical assessment, exclusion of infants with improbable
birth weights for their gestational age, or, more recently, early (before 20
weeks) ultrasound measurement of the fetal biparietal diameter and/or
other body dimensions.

References derived from geographically-based populations usually rely
on information provided by birth certificates; these have the advantages
of large sample populations and improved representativeness. The large
numbers are essential for reasonably precise estimation of birth weight
(and other anthropometric measurements) at very early gestational ages,
particularly in the tails of the distribution (e.g. SGA and LGA).
Unfortunately, quality control of assessment of gestational age is often
much poorer than in studies based on a single hospital. Misleading
interpretations are likely unless it is recognized that data for pre- and
post-term births are less likely than data for term infants to provide valid
indications of average growth in utero.

These trade-offs in sample size, representativeness, and validity of
gestational age estimation are highlighted in discussion of specific
reference data in section 4.5.3. The references discussed do not comprise
a complete list, but represent a selection of those most frequently used
or mentioned by clinicians and researchers, or those with one or more
noteworthy characteristics.

4.5.2 Size at birth in early gestation

The most frequently cited early fetal growth reference is that for length
(and length velocity) suggested by Tanner (47) in his textbook on human
growth. Despite Tanner’s statement that “between 18 and 28 weeks, there
are almost no useful data”, several earlier and more recent studies based
on prostaglandin and hysterotomy abortions appear to provide pertinent
and valid information (72-74). Tanner’s curves, which he describes
as “diagrammatic, based on several sources of data”, include detailed
information from Gruenwald (40) and suggest a slowing of length growth
velocity by 20 weeks; other published studies, however, are extremely
consistent in showing no fall-off in velocity of linear growth (length,
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biparietal diameter) and continued exponential growth in weight from
6 or 8 weeks until well into the third trimester. Nevertheless, it is clear
from ultrasound measurements of biparietal diameter and crown-heel
length, as well as from anthropometric data on preterm newborns, that
length reaches 70% of its mean value at term by 26-28 weeks, while only
32% of the term weight is achieved by this time. Although the evidence
is fairly meagre, no large sex- or race-specitfic anthropometric differences
are apparent in the first two trimesters.

4.5.3 Size at birth in later gestation

138

Tables 13 and 14 summarize the relevant characteristics of selected fetal
growth references published in the literature. One of the earliest
references for later gestation is based on all births that occurred during
1947 in Birmingham, England, for which sex, birth weight, and
gestational age of the babies were known (n = 16749) (75). Because it is
population-based, the original reference sample (a/l Birmingham births
for 1947) is probably representative, at least of urban England at the time.
Unfortunately, however, the fact that gestational age was unknown for
nearly 25% of that original sample may have biased the curves upwards
if those infants were undergrown relative to those included in the
reference, whose gestational age was known. Moreover, gestational age
was apparently based on maternal recollection of LMP. The sample size
is reasonable, but the small number of births at low gestational age leads
to considerable instability of the curves at those gestations. Although the
curves are sex-specific, they are not restricted to singletons, and infants
with congenital malformations are not excluded.

A second reference that is still in common use, particularly in the United
Kingdom, is based on the weight of 46 703 singleton births in Aberdeen,
Scotland, from 1948 to 1964 (76). Its advantages over the earlier
reference (75) include a larger sample size, restriction to singleton births,
fewer infants of unknown gestational age, and correction of uncertain
gestational ages (in completed weeks) on the basis of available obstetric
information. It also provides separate references according to parity. (As
discussed below, it is clear that average birth weights are lower in first
than in subsequent births, but less clear whether birth-weight-specific
mortality, morbidity, and other health outcomes differ according to parity
and therefore whether parity-specific references should be used.)

Perhaps the most widely used reference is that of Lubchenco et al.
(77, 78), which is derived from a single hospital and constructed from
weights, lengths, and head circumferences of 5635 liveborn Caucasian
infants of white and Hispanic mothers of predominantly low socio-
economic status living at moderately high altitude near Denver,
Colorado, USA. Multiple births were included, but infants with
incompatible birth weight/gestational age combinations were excluded.
Gestational ages are based on LMP and reported to the nearest week. The
appeal of this reference is twofold: the published graphs are easy for



HON! 8J8A8S

‘sereqeIp feuls)

SJBYI0 PUE  -BUI ‘S8IBWIOUR
‘8ousJRJUINDID [elUSBUOD Jolew

pesy ‘Uibus|  ‘syuig edpnw £O61-656 | epeue) (€8) uea o
008 {dIN) >eom isaisoN SUON  ‘ublem yuig SYICINS alYM ‘Uegin feydsoy | ‘lealuojy %% Jaysn
Mg Bugosge S096 | Ales o)
(dNT pe1oeLIoo) suoHRLIO)BU s0561 o VSN ‘an
zel el oM jseiesN BUON  WBlem yuig  ‘syuig edyniy [peyosds tou]  fendsoy | ‘alouwifed  (L8) pemuanin
vO/Md
Lidireduioou,
‘selegeIp oedsiy
aousis) [eulsiewl pue sliym
-Wwnauo peay ‘Mg Bunoaye ‘snyels olou
puUe ‘LpBUs|  SUOHEULOHEW  -0080/008 MO|  |961-8561 vSN ‘00 (82 °22)
GE9 G (dINT) >eem iseiseN SUON  ‘WiBlem yuig SUMIAINS ‘epnie yoiH  jendsoy | JeAURQ fe 19 0oUBYOgNT
SuoileuLIOfeWw
[e104 ‘syMIqiis
pereieoeWl Y96 L-9v6 L
(dNT PaULLUIOD) 'sypig ediynu syuig jslliz/iterel] 94)
€02 97 seempesidwon  Aled xeg  yblem yulg  pue erewniboy) SHYM ‘UegIN 40 %06 ‘Usspledy e 18 Uoswoy |
(dNT) sxfeam 61 PUEBUg  (G/) UmOBMON
By 9l peieldwon X8 WbpMm yuig BUON SHYM ‘UBqN syuig Iy ‘weybuiug B uosgl
u ‘syoslans
JO "ON abe [BUONBISEY) UOCHBOIIRIS SIUSWISINSES|A SUOISNOXT  solslsIoBRYD 80JnN0g UuoIeo0T aouslsleyY

SOISLISIOBIBYD BJEP 90UdIBJ81 YIMob [Bja) pa1oa)as 1o uosuedwod v
el e|geL

139



SUORBUIO) B
Jolew ‘apng Bun
B0USIBJINDIID -108)E Suoied)d

29

pesy -woo Aoueubaid LR6L-2/61 ‘|e 18 uosseMIN
{dINT pBULUOD) pue ‘yibus|  'syuig ofdiynuw aNym  SyLIg |[e Jo '(98)
08229  Sfeam peridwo) xoQ  'WyBlem yuig ‘syuigng  Ajueuiwopeld %6/ AulesH USpeMS  "fe 19 90USIMET
snels
{dINT pe1o8LIoD) OILIOUOOBO00S 1 /BL-G/B1 SN
/98 GBL  Sgem pejejdioD BUON  WYyBlem yuig SUMICINS  pue se0BJ PEXI SUMIT Iy “"euljofeD ULON (g8) pineq
UHig ojdiynw
"SA UOe|BUIS
‘BlYM snels
(N1 peyoBLI00) oedsiH OJLIOU0080I00S  9/61-0.61 VSN ¥8)
908 88¢ ¢ Seempsjeldwoy  -uou Xes  ybiem yuig QUON pue sedel pexIN syud IV BIUIOHED  [E 10 SWEIM
rvisduwejoe-a1d
‘solewour (snyels
BUUSBUOD  DJWIOUOD80I00S
'SUMIQ yoseig  MOJ) »oelq pue
Aed pue pue s|diynwi (shyels ojuuou
‘0Bl 'X8s 10} 'syuIgs  -0080100s UBIY)  6961-2961 ¥SN 'HO €s)
22,08 (dWNT) >eem 1seiesN  SUORO8LI0D WBiem yuig wnpuedsiuy aUyM ‘uequn eudsoy | ‘puesrsD ‘e 18 Jauuaig
snjels O1lou
(N PeLLILIOD) syuig e[dninuw - -00801008 UBIY 9961 -6G6 | vSN 'dO €9
G683 69 >o3M 1seJesN xeS  ybem yuig SYMIHNS  ‘elym ‘ueqlny  sjeudsoy g ‘pUEB[HIOd [e Jo uosgeg
U ‘syo8lgns
10 "ON ofe [euolelsSer) UONEDIBIS Sluswainsesiy SUOISN|OXT  sofisusloeIeyD 20IN0S uoIesoT QouUBIsiRY

(ponupuod) | sige|

140



£60 01} 1 (syodal ueoisAyd Jo uImy snjels
[euleyew Po1oslioo) "sA LUolelbuls , OILIOLIODROIO0S 886 1-986 | (55)

sx@em pae|dwoD xes  Wblem uulg SYMIQIIS  pue s8d81 POXIN SyHIa Iv BRELRD B o 9ponaly

u ‘syoelgns I
4O "'ON abe [eUOlI}SeY) UOIEDIIIRIIS SJUSLIBINSEa|N sSUoISNOXg  sofsUBloRRYD 80IN0g uonenoT aollalgjey

(panunuos) 1 elqeL

141



6oce

¥607 E€1GE 9862  S00% /182 0SkE 89/Z 691l 6192 198L 612k SP9L 2OLL 8.9 © ouedsiH
-uou ‘A
9/2F S99¢ 980 ¥SI¥ vESE vp6g  L6GE OL6Z 8/2¢ /2.2 6/6L 8¥EL  L99L ¥8LL 29/ g oluedsiH #8)
-UOU ‘M '[B 19 SWEIIlAA
(€)
000F OLYE 0882 0/8€ 082€ 0G/Z 0628 0892 06L¢ 0052 OK8L OLEL 0991 0GkE  0/Z lelsnO  *[e 18 Jsuualg
(€8)
g8zy B8l9S BE0E  SYOY 8vbe 0882 vIvE /692 £/LZ  €SvZ 198L 1SSl L69E 8LLL  S69 leler)  ‘[e 18 uosged
(28) ueeON
£158 08YvE 6852 WAt EHHE Jesen0 %2 daysn
GHrs 0228 9/82 OLLL 5201 eeAO (L8) plemusnis
oV8e 0lZS 0892 0Z/E 09LE 0€92 GESS 092 0961 0882 S/9L 0S2h  0SGL OFkbk  0/8 o (82210
GE6E OLES 0€/2 088 062€ 00/Z G8EE Gv/Z SOLZ 082z 09/ 028l 0/Sk 5021  GI6 g oousyogNT
0Z0F OLYE 0S8Z 0£6€ 0PSS 08/¢ 08¥E 0682 0.2¢ 0992 0061 0.2l ) (9/)
0Zgr 06GE 0l0S OLLy OBYE 0262 08SE 0S62 08¢ 019z 0861 09¢l g ‘[e 18 uoswoy|
L8YE 82Ve 9662 42581 Q0821 B (G/) UMOSHMON
48298 BGGE +/80¢ 9961 29T g R UOSID)
9lI%606 9ll%0S o__ﬁo,r B1%06 9l%0S SlI%0F 9l1%06 °l1%0S dllh0lL  9l%06 911%0S 91%0L  ®li%06 ©ll1%0S m:&of LLNIBIS moc@ﬁmm
SHBOM ¢F = VD S3eaM OF = VD SH8eM gE = VO SMSeM 87 = VO

SH8M 2E = VO

(vo) obe |euone)sab 4o} (swelb ul) JyBlom Yuiq Jo uosiiedwiod :ejep asualajal Yimoub [eja) payod|as

71 elqeL

142



"sydedfs wolj perewise aiem siybiem yuiq ‘sejiuesied essu) o) 'sejiuenist U106 PUB UIO | 10} Sa/ge) ou senff uonealgnd psug |,

"enjen uesiy

UM = pp 'SUID = © ‘shog =g,

00cy 029e 006 000V QEvbe OLBZ 0986 0S¢ 0lgz 0282 06ZL 0SSl O2¥L 00LL 008 5 (88)
OZby 068 002€ OLLF 089 080 0SPE 0882 00SZ 0952 OLBL 0OV 08kl 06LL 088 g [e1e opngay
aZelo 490Ge 69/2 £681 (0/0L 9} 8

‘819 UOSSEMIN

0188 9798 5282 gl P61 @Sk d 199)

‘e j@ a0usIMET

0O/ly 1GGE 0962 0E6E 08EE 08¢ 0eve ¢L8g 0022 0¥3Z 684L 0268l 098l /0Ll OpS IB18AO (98) JpIneq
2%06 M%0S oN%0L  Bl%06 8lI%0S SI%0L  o%06 el%0S 8l1%0L  2%06 el%0S 91%01  8l%06 9lI%0S 8lI%0] LAUnens 2ouslBleY

SHEOM 2¥ = VD) SYeOM OF = VD SHEOM 9F = VD) EMECTURANER VD] S)8OM B¢ = VO

(penuuoo) ¥ | el

143



144

clinicians to use, and birth weight/gestational age categories are related
to neonatal mortality (79) and long-term morbidity (80). Despite

_recognition that the curves are considerably lower than the other

references under discussion, because of the low socioeconomic status of
the reference sample and the fetal growth-restricting effect of high
altitude, they continue to be used by many clinicians and researchers.

Gruenwald (81) developed a birth weight reference from singleton births
in the late 1950s and early 1960s, based on a combination of data on 1232
surviving infants obtained in an earlier study and on 12500 consecutive
births at a single hospital in Baltimore, Maryland, USA. Estimation of
gestational age (to the nearest week) was based on corrected LMP; the
modest sample size results in few births at early gestational ages.
Gruenwald was one of the first investigators to note the apparent bimo-
dality of the birth weight distribution in preterm infants and to attribute
this to errors in gestational age assessment based on LMP. He was able to
smooth the reference curves for early gestational ages by basing them on
the predominant distribution at each gestational age, which suggested
that the higher, second mode was the result of underestimation of true
gestational age in a significant proportion of the births alleged (on the
basis of LMP) to be preterm.

Usher & McLean (82) based their reference curves on liveborn,
singleton, white infants at a single hospital in Montreal. Gestational age
to the nearest week was estimated on the basis of LMP. The sample size
was only 300, and there was no separation of the sexes. Although
consecutive births were used for higher gestational ages during a single
year (1959), recruitment of subjects continued for four additional years to
increase the numbers of infants born at low gestational age. Despite its
very small sample size, this study has the advantages of including birth
length, head and chest circumference, and a variety of proportionality
indices, and of relying on a single trained observer using standardized
measurement techniques.

One popular American birth weight reference is based on nearly 40000
singleton, liveborn, Caucasian infants of middle-class mothers delivering
in two maternity hospitals in Portland, Oregon, USA, in 1959-1966 (83).
Gestational age was calculated to the nearest week from maternal recall
of LMP. Birth weight distributions at early gestational ages did not
exhibit true bimodality, but were positively skewed.

A study of 30722 singleton, liveborn infants without malformations at
a single hospital in Cleveland, Ohio, USA, from 1962 to 1969 (75)
provides another popular American birth weight reference. Breech
deliveries and infants of mothers with pre-eclampsia were excluded. All
gestational ages were based on LMP and reported to the nearest week.
The sample was about half white and half black; most white, but few
black, mothers were private patients. Sex- and race-specific references
are not provided, but “correction factors” are given to adjust the single
curve for these variables.



A more recent multiracial birth weight reference has the dual advantages
of being population-based and of using an extremely large sample (more
than two million births in California over the study period 1970-1976
(84)). Gestational ages are reported in completed weeks; a computer
algorithm was used to adjust any that seemed suspicious (those
associated with high birth weights belonging to a second mode, as
previously reported (817)). Curves are presented separately for singleton
boys and girls (Figs. 18 and 19) and for multiple births (Fig. 20). Race-
specific curves are not presented, but data are provided for non-Hispanic
whites. A distinctive feature is the availability of neonatal mortality at
various gestational ages and birth weights.

In a population-based reference of all live births 1975-1977 in North
Carolina, USA, a computer algorithm was again used to correct
underestimated LMP-based gestational ages (in completed weeks) of
preterm infants (85). However, this approach resulted in the exclusion of,
rather than adjustment for, infants whose birth weights appeared to
correspond to a second (higher) mode. The resulting curves are unisex
and not race-specific.

A recently published Swedish reference (86, §7) is based on birth weight,
length, and head circumference measurements in 362280 “healthy”
Swedish infants born 1977-1981. Stillbirths and multiple births were
excluded, as were infants with congenital malformations and those
whose mothers had growth-inhibiting complications of pregnancy. One
major advantage of this reference is that gestational age (in completed
weeks) was based on LMP only when the LMP estimate was in
agreement (+2 weeks) with the results of ultrasound or other clinical
assessment. Statistical techniques were used to transform the skewed
distributions of birth weight into normal distributions and to derive
objectively smoothed curves. However, the exclusion of infants whose
mothers experienced pregnancy complications appears to have resulted in
reference curves that are somewhat higher at term than the others under
discussion. Moreover, there is no information on perinatal viability in the
various birth-weight-for-gestational-age categories.

Over one million births in Canada from 1986 to 1988 have provided
another recent reference (88). Gestational ages in completed weeks were
reported by mothers or, in Quebec, by the attending physicians, and
thus reflect ultrasound and other obstetric estimates as well as LMP.
Exclusion from the analysis of infants with birth weights more than two
interquartile ranges above the 75th percentile or below the 25th percentile
reduced the otherwise falsely clevated 90th percentile curves for preterm
infants. No statistical or other smoothing procedures were used.

Two additional references are currently under development. In Montreal,
Usher and colleagues are deriving a new reference based on more recent
births at the same hospital as their earlier reference (82), but using a
much larger sample size and sex stratification. Most importantly, data are
being restricted to infants whose gestational age, estimated by LMP, has
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Figure 18 ‘
Birth weight percentiles and perinatal mortality rates (per 1000} for single female
births®

Note: The mean birth weight-gestational age combination is marked with a black dot. Down the right-
hand side are the birth-weight-specific rates for all gestational ages, and across the top are the
gestational-age-specific rates for all birth weights. The birth-weight/gestational-age-specific
mortality rates, computed on the basis of 2-week gestation and 250-g weight intervals, are
plotted within the square corresponding to the appropriate intersection of the birth-
weight/gestational-age grid. For example, the perinatal mortality rate for infants weighing
between 3251 and 3500 g and of 40 and 41 completed weeks of gestation is 3.1. The perinatal
mortality rate for the birth-weight group 3251-3500 g for all gestational ages is 4.0 per 1000,
and the perinatal mortality rate for the 40- to 41-week gestational age group for all birth weights

is 5.0.
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2 Reproduced from reference 84 with permission from the American College of Obstetricians and
Gynecologists.
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Figure 19

Birth weight percentiles and perinatal mortality rates (per 1000) for single male

births®

Note: For explanation, see Fig. 18.
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Figure 20
Birth weight percentiles and perinatal mortality rates (per 1000) for multiple births®

Note: For explanation, see Fig. 18.
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been confirmed (+7 days) by ultrasound, early in the second trimester.
This reference would be most applicable to infants whose mothers are
confident of their menstrual dates and those whose gestational age has
been determined by early ultrasound. However, the routine use of
ultrasound is rare in developing countries and may decrease in developed
countries in the light of recent published clinical trials that have shown it
to produce no improvement in perinatal outcomes (57-60).

A very different, but equally valuable, approach is being taken by Yip and
colleagues (unpublished data) at the Centers for Disease Control in the
USA. Sex-, race- and altitude-specific references are based on vital
records of singleton, socially advantaged infants for the whole USA over
the period 1980-1987; this is highly advantageous in terms of both
sample size and representativeness. Problems with determining
gestational age are dealt with by a regression approach that allows
extrapolation of growth curves from newborns of higher gestational ages
to those (such as preterm deliveries) whose gestational ages have been
overestimated.

Despite the many differences in calendar time, population characteristics,
exclusions, and methods of estimating gestational age, the similarities
among the various references are more striking than their differences
(Tables 13 and 14). Several distinct patterns emerge. Girls weigh less
than boys, even at 28 weeks of gestation, and the difference increases
with advancing gestational age. The references of Lubchenco et al. (77,
78) and Brenner et al. (73) begin to lag behind the others by 32 weeks. In
the former, the lag is probably caused by the growth-restricting effect of
moderately high altitude, although low socioeconomic status may also
play a role (probably mediated, at least in part, by maternal cigarette
smoking). (The high 10th percentile values at 28 weeks suggest a
systematic overestimate of gestational age.) In the latter case, the lag is
probably due to the large proportion of black infants born to mothers of
low socioeconomic status. The low 10th percentile values at 28 and 32
weeks in the reference from North Carolina (83) probably reflect the
algorithm-induced exclusion of higher-weight infants at those gestational
ages. Birth weights in the recent Swedish (86, 87) and Canadian (88)
references do not exceed those of the other tabulated references until
term; higher post-term birth weights may reflect the increasing
availability of obstetrically confirmed gestational ages in those countries.

Conclusions

Because the effects on fetal growth of differing sex, race, and exposure to
growth-promoting and growth-inhibiting environmental influences do
not appear to diverge until the late second or early third trimesters, any
of the recently published early-gestation reference curves (or a meta-
analysis based on several of them) could be used for developing a single
fetal growth standard up to at least 24-26 weeks (72-74). In later
gestation, however, the existing curves differ to some degree. The fact
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that growth varies according to fetal sex and race, and maternal height,
weight, parity, gestational nutrition, cigarette smoking, and numerous
environmental influences does not necessarily mean that separate curves
are required for each specific combination of these determinants. Indeed,
the recent suggestion that fetal growth curves should be “customized”
according to maternal determinants (89) simply begs the question as to
whether an infant who is small for age because the mother is short is
“equivalent” to an infant who is small because the mother is from India,
was thin before pregnancy, or smoked cigarettes during pregnancy.

Until more is known about determinant-specific fetal and child health
outcomes, the use of determinant-specific growth curves may result in
“controlling” out the adverse effects of growth-inhibiting influences
during gestation, and lead to the under-identification of individual infants
and populations in need of intervention. Such specific curves are
therefore not recommended. Moreover, regional and international
comparisons are facilitated by the use of a single reference (or, at most,
a small number of references) for fetal growth.

The case for sex-specific curves, however, appears unassailable. Starting
at about the third trimester, female fetuses are, on average, smaller than
male fetuses. All else being equal, however, the prognosis for mortality
and morbidity of girls is better than that of boys born at the same weight-
for-gestational-age.

Many investigators have also argued for race-specific curves. Several
within-country studies have shown that, before 34-36 weeks’ gestation,
black infants are larger than white infants; thereafter the pattern reverses
(2, 90-92). A similar pattern was recently reported among Hawaiian,
Filipino, and Japanese infants (93). However, most of these studies have
relied on gestational age estimated from LMP, and it is therefore possible
that some gestational ages before 36 weeks may have been
underestimated in black infants, although a very recent study of native
and immigrant Chinese infants with gestational age confirmed by early
ultrasound shows a similar trend (Wen SW, Kramer MS, unpublished
data).

Although it has not been possible to distinguish nature from nurture in
explaining the differences in mean birth-weight-for-gestational-age
between different racial groups, it is difficult to imagine any
environmental influence that would lead to faster growth early in the
third trimester and slower growth later on. Unless evidence is produced to
the contrary, differences in the rate of growth at different periods of
gestation seem likely to be genetically determined. Such differences
appear to support the case for race-specitic curves, although a multiplicity
of standards would hinder comparison at the international level. As
Goldenberg et al. have shown (94), differences in method of assessing
gestational age, socioeconomic status, and altitude, use of singleton
versus multiple births, and inclusion versus exclusion of stillbirths or



infants with congenital anomalies are probably far more responsible than
race for the differences between the existing reference curves.

In summary, race-specific references should not be used where race is
associated with other risk factors, such as poor nutrition or low
socioeconomic status. Current knowledge does not confirm large genetic
differences in birth weight among various populations and therefore does
not support the use of separate, race-specific reference curves.

Further research is needed to identify those determinants of fetal growth
that influence mortality, morbidity, and performance independently of
their effects on growth. Although it is quite clear that the use of sex-
specific reference curves is justifiable, additional research is needed
using large populations and ultrasound confirmation of gestational age to
assess whether infants of different races born at a particular weight-for-
gestational-age are at substantially different risks for important health
outcomes. Similar research is needed for infants born to mothers of
different parity and stature, to determine whether infants who are born
small because their mothers are primiparous or of short stature are at the
same risk for adverse sequelae as those of equivalent size who are small
because their mothers have pre-eclampsia or smoke cigarettes. Until the
answers to those questions are available, the use of a single, sex-specific
international reference has much to recommend it.

Although none of the reference curves published or under development
meets all desirable criteria (Table 13), several appear to come close. The
best are probably those from California (84), Sweden (86, 87), and
Canada (88) (see Table 15). The Canadian reference is the most recent,
but there are irregularities in extreme percentiles at low gestational ages
because no smoothing technique was used. The Swedish reference is
slightly dated, but the statistically smoothed curves and presentation of
means plus and minus multiples of the standard deviations make it quite
useful for the diagnosis of SGA and LLGA. As this is based on a selected
“healthy” population (of mothers and newborns) it could be of value
when a growth chart from a population that has achieved a high level of
its growth potential is needed for purposes of international comparison.

The Committee considered that the multiracial reference of Williams et
al. (84) represents the best option presently available. Of the total births,
9.9% were blacks, 25.8% whites with Spanish surnames, 59.2% non-
Spanish whites, and 5.1% other non-white minorities. The reference is
well known, it is based on a large sample size at the lower end of the
gestational age distribution, and it is comparable to many other candidate
curves. More importantly, perhaps, it provides data on the relationship
between birth-weight-for-gestational-age and neonatal mortality
(unfortunately, not presented by sex). Thus, the criteria for diagnosis of
SGA and LGA can be based on perinatal risk rather than arbitrary
statistical cut-offs, as well as on considerations of cost that will
ultimately determine the proportion of newborns for whom interventions
can be made available (see section 2).
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Table 15

Comparison of three selected reference data sets for newborn infants

Criteria

Williams et al. (84)

Lawrence et al. (86)
Niklasson et al. (87)

Arbuckle et al. (88)

Years of data collection 1970-1976

Sample size

Representativeness

Validity of
gestational age

Smoothed for
suspicious GAs

Race

Socioeconomic status

Stratification by sex
Multiple births

Congenital
malformations

Maternal pathologies
and intrauterine
infections

Quality of data source

Relates reference data

to outcome

From a population
where neonatal care
and outcomes are
“reasonably good”

Level of current use

2 288 806

Population-based

LMP and clinical
estimation

Yes

Multiracial (9.9% black,
25.8% Hispanic whites,

59.2% non-Hispanic
whites, 5.1% other)

All births
Yes
Stratified

Included

Included

Birth registration
certificate
Yes

Yes

Wide

1977-1981
362 280

Population-based, of
“healthy” newborns

LMP in agreement
with ultrasound and
clinical estimation

Yes

Single-race
(Swedish)

High

Yes
Excluded
Excluded

Excluded

Birth registration
certificate
No

Yes

Very limited

1986-1988
1110093

Population-based

LMP, ultrasound,
and clinical
estimation

No

Multiracial
(9% *“visible

. minorities”)

~ All births

Yes
Stratified

Included

Included

Birth registration
certificate
No

Yes

Very limited -

Reference curves for singleton boys and girls, as well as multiple births,
are provided in Figs 18-20.

The way in which a reference is interpreted and the clinical and public
health decisions that will be based upon it are probably more important
than the choice of reference. Criteria for diagnosis of SGA or LGA
should be based on evidence of increased risk for mortality, morbidity, or
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4.7
4.7.1

impaired performance. Future research should therefore attempt to
identify a range of fetal growth associated with optimal long-term health
outcomes, as well as ranges associated with specific adverse outcomes.
These results may lead to the use of cut-offs other than the traditional
10th and 90th percentiles, these new cut-off points may vary with
gestational age. New references should provide the 3rd, 5th, 10th, 15th
and 25th percentiles so that health planners and practitioners can identify
the portion of the population they need to work with, and should also
present the information according to Z-scores (e.g. -3, -2, -1, 0 (mean),
+1, +2, and +3) since the Z-score system will probably be more widely
used in the future. Where management decisions for individual infants
are based on their size for age, available options for intervention should
be rigorously tested and shown to do more good than harm. Similarly,
public health policy-makers should ensure that interventions designed to
“improve” an abnormal fetal growth distribution are truly beneficial to
mothers and their infants.

Based on all the above considerations, recommendations for specific
activities and future research are made in section 4.7.

Recommendations
General

1. Any of the recently published data on early gestation can be used up
to 26 weeks.

2. No “customized” curves or curves specific to particular determinants
of birth weight should be used.

3. The birth-weight-for-gestational-age, sex-specific, single/twins curve
developed by Williams et al. (84) is recommended. The 10th percen-
tile of the curve should be used for the classification of SGA.

4. Race-specific curves are not currently recommended for most
situations. However, the appropriateness of using race-specific
reference data for some populations with low infant mortality should
be evaluated.

4.7.2 For individuals

1. Percentiles of a distribution of birth-weight-for-gestational-age are
recommended as the ideal indicator, with cut-offs at the 10th (SGA)
and 90th (LGA) percentiles.

2. Where gestational age is unavailable, birth weight <2500g is
recommended as the LBW cut-off. However, in settings with a very
high prevalence of SGA, a cut-off of <2250 g or even <2000 g can be
applied to avoid overwhelming the health services. A cut-off of
<1500 g is recommended as the VLBW cut-off for identifying
newborn infants who should be given highest priority for referral to
higher levels of care.
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3.

If scales are unavailable and birth weight cannot be determined, chest
circumference should be measured; newborns with chest circum-
ference <29 cm should be designated as “highly at risk” and those
with circumference =29 cm but <30 cm as “at risk”. It should be
noted, however, that this measure has been validated only in terms of
its relationship to birth weight and not to perinatal outcomes.

4.7.3 For populations

1.

Prevalence of SGA in excess of 20% is recommended as the cut-off
for triggering public health action. In the absence of information
on gestational age, prevalence >15% of either LBW or chest
circumference < 29 cm may be used as a proxy cut-off.

As indicators of the need for health facilities (rather than as a proxy
for SGA), LBW prevalence exceeding 15% and VLBW prevalence
exceeding 2% are recommended.

Birth-weight-specific fetal and infant mortality should be monitored
for evaluating response to interventions.

4.7.4 For WHO

The Expert Committee recommends that WHO should promote the
research needed in the following areas:

1.

Assessment and development of fetal growth reference data suitable
for international applications.

Birth weight coefficients of variation by gestational age.

. Further development of the LBW/SGA databank at present organized

by WHO.

Assistance to Member States in improving their reporting systems for
data on birth-weight-for-gestational-age.

. Producing the means and SDs (Z-scores) from the reference of

Williams et al. (84).

4.7.5 For Member States
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The Expert Committee recommends that Member States should:

1.

Encourage the systematic collection of population-based data on
birth-weight-for-gestational-age (or its proxy indicators).

Implement simplified data collection systems for all deliveries.

Encourage the collation of birth weight records and infant death
certificates to - relate birth-weight-for-gestational-age data to
population-based outcomes.



4.7.6 For future research

The Expert Committee recommends research to:

1. Explore how risk factors that affect fetal growth influence newborn
mortality, morbidity, and performance, independently of fetal growth
effects.

2. Explore further the relationship between maternal morbidity and
newborn anthropometric measurements.

3. Explore the association between size and proportionality at birth and
long-term physical and developmental outcomes, including health
conditions into adulthood.

4. Explore the association between birth-weight-for-gestational-age and
newborn outcomes in developing countries.
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