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Conventional birth weight standards obscure fetal growth
restriction in preterm infants
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Background and objective: It has been suggested that fetal growth restriction (FGR) is associated with fetal
maturation so that, compared with appropriately grown preterm infants, mortality and some neonatal
morbidities may be reduced. The evidence for this is conflicting, and severe FGR has been shown to be
harmful. In addition excessive growth has also been shown to be associated with poorer outcomes. As
preterm infants are often also growth restricted, centiles for birth weights are distorted and may conceal the
degree of growth restriction in a given infant. This study investigated whether using estimated fetal weights
(EFW) might reveal the effects of hidden FGR.
Population and methods: Using a 25-year database of preterm admissions to a single neonatal unit the ORs
for mortality and neonatal morbidities for z scores for birth weight above and below the mean were computed
and compared with those computed for z scores for EFW.
Results: In 7898 infants born at less than 35 weeks’ gestation, the OR for mortality was lowest for birth
weights between 1 SD and 3 SD above the mean, but was lowest for EFW between 22 SD and 0 SD below
the mean. For periventricular haemorrhage, increasing FGR below the mean reduced the OR with both birth
weight and EFW. Apparent reductions in OR for septicaemia, chronic lung disease, persistent ductus
arteriosus and necrotising enterocolitis with birth weights of .1 SD above the mean were not seen with EFW.
FGR of .23 SD was associated with increased OR for necrotising enterocolitis with both birth weight and
EFW.
Conclusion: Using fetal growth rather than birth weight standards gives a better indication of the incidence
and role of FGR in neonatal disease.

T
he association between fetal growth restriction (FGR) and
neonatal mortality has been long recognised,1–3 together
with an association with a reduced incidence of some

morbidities such as respiratory distress syndrome1 and cerebral
haemorrhage,4 but an increased incidence of other morbidities
such as chronic lung disease.1–3 Long-term morbidity such as
cerebral palsy is also more common in infants born with FGR,
although this seems to be less marked in the preterm.5

More recently it has been shown that although infants with a
birth weight below the mean are more vulnerable, the birth
weight associated with the lowest mortality is 1 or 2 SD above
the mean.6 The same ‘‘reversed J-shaped’’ distribution in birth
weight has been reported for risk of cerebral palsy in infants
born at term and preterm.5 Higher risk is associated both with
FGR and with a birth weight well above normal, although it is
uncertain whether the deviant growth is the cause or result of
the disability. It also seems that this effect is more marked in
male fetuses. How far this phenomenon applies to the preterm
with respect to mortality and morbidity in the neonatal period
is unclear.

As very preterm infants probably have greater FGR than more
mature infants at birth, birth weight standards for these infants
are likely to be distorted by this when compared with estimated
growth standards derived from ultrasound measurements on
fetuses going on to be born at term.7 8 This study therefore used
a large database of neonatal outcomes to explore the relation-
ship of FGR with mortality and morbidity in preterm infants,
using both birth weight and estimated fetal weight standards.

POPULATION AND METHODS
Over the past 25 years, a database has been prospectively
maintained, derived from the clinical records of all infants born
alive at 34 weeks’ gestation or less and admitted to the Mersey

Regional Neonatal Unit at Liverpool Maternity Hospital and later
Liverpool Women’s Hospital, Liverpool, UK. The anonymised
record includes year of birth, birth weight, gestation, sex, whether
from a multiple birth, where booked for delivery, and clinical
interventions, mortality and morbidity data. The main function of
this database has been for audit and annual reports.

The z score (SD score) for birth weight for each infant in the
database was computed using data from the Child Growth
Foundation9 for mean (SD) birth weight for each gestation and
sex. The infants were then grouped by z score into those 1.99 to
1.00, 2.99 to 2.00 and 3.00 SD or more below the mean, and those
1.00 to 1.99, 2.00 to 2.99 and 3.00 SD or more above the mean.
Infants with scores between 20.99 and 0.99 SD formed the
comparison group. The odds ratio (OR) and its 95% CI was
computed using logistic regression for mortality and each
neonatal morbidity in all z score groups compared with the
comparison group.

Each infant’s z score was again computed for estimated fetal
weight rather than actual birth weight using published ultra-
sonically estimated fetal weights and their standard deviations
for each gestation and sex.10 Using logistic regression in a similar
way as before, the ORs and 95% CI were again computed for
mortality and each neonatal morbidity in all the z score groups,
compared with the comparison group. The estimated fetal weight
data were obtained from serial fetal ultrasound measurements
made in 86 women in four Scandinavian centres. Between 9 and
11 measurements were made on each woman, and only the data
from women having an uncomplicated pregnancy and subse-
quently delivering a normal term infant were included. The
measurements used were biparietal diameter, abdominal dia-

Abbreviations: FGR, fetal growth restriction; NEC, necrotising
enterocolitis; OR, odds ratio; PVH, periventricular haemorrhage
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meter and femur length. Fetal weight was then calculated using a
formula developed by Persson and Weldner.11 The best fit for the
data was found using a fourth degree polynomial equation.
Separate fitted curves were produced for male and female. The SD
was calculated cross-sectionally for each week of gestation. The
data were normally distributed, and in the reference curves a
uniform SD of 12% was adopted. These data are currently used for
comparing estimated fetal weights on our fetal medicine unit.

RESULTS
Between 1 January 1980 and 31 December 2004, 7898 infants
born at less than 35 weeks’ gestation were admitted to the
Mersey Regional Neonatal Intensive Care and Special Care
Units at Liverpool Maternity Hospital (later Liverpool Women’s
Hospital). Table 1 shows the characteristics of this cohort.

Figure 1 shows the distribution of z scores for birth weight
and for estimated fetal weight. The z scores for birth weight
were normally distributed (mean 0.1 (SD 0.92)), but those for
estimated fetal weight were markedly skewed to the left (mean
20.6 (SD 1.13)) indicating that the birth weight data for
preterm infants used contained weights from a large proportion
infants with ‘‘hidden’’ FGR. Healthier and better grown infants
progressed to term rather than been born preterm. When the
cohort was divided by gestation into two groups (below
28 weeks and 28 weeks and above) a similar distribution of z
scores was seen, but with higher ORs at the extreme limits for
the higher gestation group. Table 2 shows the ORs for mortality
and neonatal morbidities by z score groups for birth weight and
for estimated fetal weight.

The OR for mortality, whether including lethal malformations
or not, was highest for the most growth-restricted group of
infants with birth weight more than 3 SD below the mean.
Significantly lower mortality was found in the group with birth
weight between 1 SD and 3 SD above the mean. Mortality among
those infants with birth weight of more than 3 SD above the
mean did not differ significantly from that in the group with birth
weight around the mean. The ORs for mortality when estimated
fetal weight were used showed a different pattern, with highest
mortality at more than 3 SD above or below the mean. Excluding
malformations left only a weight of more than 3 SD below the
mean associated with a higher mortality.

FGR of more than 21 SD appeared to be significantly
protective against periventricular haemorrhage (PVH), with
an OR of 0.54 (95% CI 0.36 to 0.81) for more than 23 SD
whether birth weight or estimated fetal weight was used. On
the other hand, FGR significantly increased the risk of
necrotising enterocolitis (NEC) in infants with birth weight of
more than 22 SD below the expected mean, or more than
23 SD below estimated fetal weight. For infants with birth
weight of more than 1 SD above the expected mean,
significantly lower ORs were seen for septicaemia, chronic lung
disease and persistent ductus arteriosus, the effects being most
marked with the heaviest infants. These reductions in ORs were
not seen when estimated fetal weight were used.

DISCUSSION
FGR has long been recognised as increasing the risk of mortality
and morbidity in preterm infants but above-average weight has
not usually been considered to convey an advantage. In this study,
extreme FGR was associated with a doubling of the likelihood of
mortality, with the lowest risk being associated with birth weight
between 2 SD and 3 SD above the expected mean. At even higher
birth weights, the OR for mortality increased again. This probably
reflects the likelihood of abnormality in this group, possibly
associated with hydrops fetalis or maternal diabetes. Removal of
cases in the category of known lethal malformation (which
included some with hydrops fetalis) did not alter this finding.

Underestimation of gestational age could have allowed more
mature infants to be included, whose higher weights would make
them seem to be 3 SD or more. However, it is unlikely to be the
case as this category would then have had a lower than expected
mortality, as higher gestation infants are less likely to die.
Although the mortality of males was much higher than of females
703/4437 (15.8%) vs 430/3461 (12.4%), respectively, the effect of z
score of the birth weight was similar in both sexes. Preterm
infants of 28 weeks’ gestation or more had higher ORs for
mortality at the extremes of z score, which probably represents a
mortality effect, very preterm fetuses with extremes of growth
simply not surviving to be born alive and not appearing in the
data. When the z scores for estimated fetal weight were examined
a similar pattern of mortality was seen, but with significantly

Table 1 Characteristics of the study cohort. Values are n
(%)

Number in cohort 7898
,28 weeks’ gestation 1634 (20.7)
,1000 g birth weight 1669 (21.1)
Male 4437 (56.2)
Multiple pregnancy 1959 (24.8)
Delivered by caesarean section 3863 (48.9)
All deaths 1133 (14.3)
Deaths from lethal malformations 119 (1.5)
Ultrasound scan evidence of periventricular
haemorrhage

1873 (23.7)

Sepsis (positive blood culture) 1873 (23.7)
Chronic lung disease (O2 at 28 days) 1036 (13.1)
Persistent arterial duct (clinical diagnosis) 886 (11.2)
Necrotising enterocolitis (radiographic or surgical
diagnosis)

319 (4.0)
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Figure 1 (A) Distribution of birth weights by z scores. (B) Distribution of
estimated fetal weights by z scores.
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higher mortality only at more than 23 SD and +3 SD. This effect
has been described before and is attributed to an adverse effect of
excessive weight gain on perinatal mortality.6 Removing deaths
due to malformations reduced the OR, suggesting that they play a
part in determining this excess mortality.

The OR for PVH was reduced significantly with greater degrees
of FGR, and this effect was also seen when estimated fetal weight
was used. A reduction in PVH with FGR has been described
previously12 13 and tentatively ascribed to alterations in prostanoid
production and cerebral blood flow caused by in-utero hypoxia.
However, others have found a trend to an increase of PVH in
infants with FGR.14 The use of the term PVH can be criticised for
being a generic term for several conditions visible on cranial
ultrasound scanning including germinal matrix haemorrhage-
intraventricular haemorrhage, parenchymal infarction and prob-
ably early periventricular leukomalacia. The data in this study
were collected over 25 years, a period during which scanning
technology and the classification of the appearances has changed
considerably, making more precise definition unreliable.

NEC has been recognised to be associated with FGR for some
time, especially when intrauterine Doppler scans show signs of
circulatory compromise, such as reversed diastolic flow in
umbilical or fetal blood vessels.2 8 15 16 The ORs for NEC in this
study ranged from 3.44 (1.97 to 6.02) in infants more than
23 SD below mean birth weight to 0.28 (0.04 to 2.03) in those
3 SD or more above it. The small number of cases meant that
the confidence limits were wide, but the trend across the
weight groups was highly significant (x2 for trend 31.5,
p,0.001). This seems to indicate that the relationship between
z score birth weight and NEC is not just with FGR—being larger
than average carries a protective advantage, perhaps through a
reduced risk of infection. However, when estimated fetal
weight was used, only the OR for weights below 23 SD were
significantly associated with NEC.

An increased risk of septicaemia, chronic lung disease and
persistent ductus arteriosus has been shown to be associated with
FGR in several studies.1–3 12 17 However, in the present cohort,
rather than an increased risk with FGR, a decreased risk was
found with increasing birth weight at a given gestation. As these
three outcomes are seen in infants surviving for at least a few
days there could have been a mortality effect, that is the smallest
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What is already known on this topic

N Fetal growth restriction is associated with increased
mortality and morbidity in both term and preterm infants.

N Considerably above average fetal growth is also
associated with increased mortality in term infants, and
increased rates of cerebral palsy in term and preterm
infants.

What this study adds

N The pattern of mortality and neonatal morbidity asso-
ciated with weight is different when estimated fetal weight
rather than birth weight standards are used in preterm
infants.

N Use of fetal growth standards rather than birth weight
standards in neonatal care could give a better indication
of the incidence and role of fetal growth restriction in
neonatal disease.
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infants may have died before they could develop these
morbidities. When only survivors were considered, however, the
ORs were essentially unchanged, suggesting that this is not the
case. These effects may be spurious, as when estimated fetal
weight was considered they were no longer significant, and only
severe FGR was associated with higher ORs for septicaemia and
chronic lung disease.

Most published studies on the epidemiology of neonatal
mortality and morbidity have used birth weight rather than
estimated fetal weight, despite the latter having been available for
many years. As seen in the present study, this can produce
apparently spurious associations, due to the cohort of preterm
infants having a high proportion of infants with FGR. The range of
estimated fetal weight used in this study is derived from a single
publication,andothersmaydifferslightlybutwillprobablybeinthe
same direction. Also, the reason for FGR was not considered, and
this may have altered some of the findings. FGR in normotensive
women has been shown to be associated with a higher perinatal
mortality than FGR in hypertensive women.18 Using fetal growth
standards in neonatal care for preterm infants could indicate the
true incidence of FGR and its role in neonatal disease.

Competing interests: none declared.
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