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Abstract Descriptive population-based birthweight stan-
dards possess low sensitivity in detecting infants with growth
impairment. A prescriptive birthweight standard based on a
‘healthy’ subpopulation without risk factors for intrauterine
growth restriction might be superior. We created two
birthweight standards based on live born, singleton infants
with gestational age 24-42 weeks and born in
The Netherlands between 2000 and 2007. Inclusion criteria
for the prescriptive birthweight standard were restricted to
infants without congenital malformations, born to healthy
mothers after uncomplicated pregnancies. We defined small-
for-gestational-age (SGA) as birthweight <10th percentile and
assessed the ability of both standards to predict adverse neo-
natal outcomes. The prescriptive birthweight standard identi-
fied significantly more infants as SGA, up to 38.0 % at
29 weeks gestation. SGA infants classified according to both
standards as well as those classified according to the prescrip-
tive birthweight standard only, were at increased risk of both
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major and minor adverse neonatal outcomes. The prescriptive
birthweight standard was both more sensitive and less specif-
ic, with a maximum increase in sensitivity predicting
bronchopulmonary dysplasia (+42.6 %) and a maximum de-
crease in specificity predicting intraventricular haemorrhage
(—26.9 %) in infants aged 28-31 weeks.

Conclusion: Prescriptive birthweight standards could im-
prove identification of infants born SGA and at risk of adverse
neonatal outcomes.

What is Known:

* Descriptive birthweight standards possess low sensitivity in detecting
growth restricted infants at risk of adverse neonatal outcomes.

« Prescriptive standards could improve identification of very preterm small-for-
gestational-age (SGA) infants at risk of intraventricular haemorrhage.

What is New:

* Prescriptive standards identify more preterm and term SGA infants at
risk of major adverse neonatal outcomes.

« Late preterm and term SGA infants classified according to the
prescriptive standard are at increased risk of minor adverse neonatal
outcomes with potentially harmful implications.

Keywords Small for gestational age - Intrauterine growth
restriction - Reference standards - Sensitivity and specificity -
Perinatal mortality and morbidity

Abbreviations
aOR  Adjusted odds ratio
BPD  Bronchopulmonary dysplasia

cPVL Cystic periventricular leukomalacia
GA Gestational age

HIE Hypoxic ischemic encephalopathy
IRDS  Infant respiratory distress syndrome
IUGR Intrauterine growth restriction
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IVH Intraventricular haemorrhage

NEC  Necrotising enterocolitis

PRN  The Netherlands Perinatal Registry
ROP  Retinopathy of prematurity

SGA  Small-for-gestational-age
Introduction

Intrauterine growth restriction (IUGR) is etiologically associ-
ated with various maternal, foetal and placental factors [6, 19,
30, 31]. Infants who have experienced IUGR are at higher risk
of neonatal mortality and morbidity [10, 16, 32, 34, 41].
Moreover, they may be at increased risk of long-term adverse
outcome, such as neurocognitive impairment, poor school per-
formance and short stature [23, 27, 28]. Associations between
TUGR and chronic diseases in (early) adulthood, such as cor-
onary heart disease and type 2 diabetes mellitus, have also
been described extensively [1]. There exists no universally
agreed means of diagnosing IUGR. Small-for-gestational-
age (SGA), often defined as birthweight below the gender-
specific 10th percentile for gestational age (GA), is commonly
used as a surrogate [2].

To distinguish between normal birthweight and birthweight
deviation, reference values are required. In the absence of
exclusion criteria regarding risk factors for [UGR, a reference
is descriptive. A descriptive reference allows application to
other neonates to establish whether or not their measurements
are typical of the reference group. In the presence of exclusion
criteria regarding risk factors for [IUGR, a reference is pre-
scriptive. A prescriptive reference constitutes a model to
which a neonate should conform and indicates how growth
should progress [4, 43].

It is well known that descriptive references possess low
sensitivity in detecting IUGR [5]. It is less evident that a pre-
scriptive standard is superior. The one study we identified had
limited statistical power [13]. Studies that compared descrip-
tive birthweight references to prescriptive foetal growth refer-
ences consistently showed the benefits of the latter, i.e. supe-
riority in detecting morbidity and mortality [5, 25, 29, 42].
However, foetal growth references differ from neonatal
birthweight references in many methodological aspects and
it is not evident that their prescriptive nature alone accounts
for their superiority.

Considering the far-reaching consequences of IUGR, it is
important to interpret birthweight for a given gestational age.
The present study was initiated because of the observation of
major discrepancies between the diagnosis of [IUGR made in
utero and the neonatal classification based upon descriptive
birthweight standards. Inspired by previous studies, we
hypothesised that prescriptive birthweight standards are supe-
rior to descriptive birthweight standards [5, 13, 25, 29, 42].
The aim of this study was to investigate to what extent a
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prescriptive birthweight standard based on a subpopulation
free of risk factors for IUGR could improve the identification
of infants born SGA at risk of adverse neonatal outcomes.

Materials and methods
Study design

We performed a two-phase retrospective cohort study. Firstly,
we developed descriptive and prescriptive birthweight stan-
dards and classified neonates as either SGA or non-SGA ac-
cordingly. Secondly, we assessed the associations between the
two SGA definitions and adverse neonatal outcomes and eval-
uated the birthweight standards in terms of diagnostic
performance.

Study population

Data were extracted from the perinatal database of
The Netherlands Perinatal Registry (PRN), which is a linked
database of medical registries from four professional organi-
sations that provide perinatal care. Among the items reported
are maternal demographics and medical conditions, pregnan-
cy complications and details concerning labour, birth and neo-
natal outcome, most of which are registered as diagnostic
codes. Although participation is not 100 %, the database can
be considered as an unbiased representation of the total pop-
ulation in The Netherlands [38, 40].

We included infants with GA between 24 and 42°° weeks,
who were alive at the onset of labour and were born in
The Netherlands between January 1, 2000, and December
31, 2007. In over 95 % of the pregnancies, GA was certain,
either confirmed by or based on early ultrasound. To construct
descriptive birthweight standards, infants with missing GA,
birthweight or gender data were excluded. In accordance with
the current Dutch birthweight standards, we also excluded
multiple pregnancies [40]. To construct prescriptive
birthweight standards, we further restricted the inclusion
criteria to infants without congenital malformations, born to
healthy mothers after pregnancies without suggested risk fac-
tors for impaired foetal growth, and, in case of prematurity,
after spontaneous onset of labour (Fig. 1).

For the second phase of our study, we selected a sample
group, consisting of neonates who were born in hospitals that
take part in both the obstetric and paediatric registration.
Sampling was necessary to assure that infants without record-
ed adverse neonatal outcomes could indeed be considered
healthy, instead of being falsely labelled as such due to incom-
plete registration. We extended the sample by adding (low
risk) births attended by midwives if the mothers’ postal codes
were equal to those of mothers who gave birth in one of the
selected hospitals. More details are provided in Fig. 1.
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All infants, born in The Netherlands, 1,474,454

between 2000 and 2007

Exclusions?
No guaranteed health status®
_______ GA <24 weeks or >42 weeks
Ante partum stillbirths
Missing GA/birthweight/gender data
Outliers
Sample group 962,700
Exclusions?
| GA <24 weeks or >42 weeks 50,637
Ante partum stillbirths 11,317
Multiple pregnancies 57,266
Total infants excluded: 113,970
Eligible study population 1,360,484
Missing data?®
Missing GA 17,644
— Missing BW 952
Missing gender 1164
Total infants with missing data: 18,584
Removal of outliers 3607
Remaining study population 1,339,360
(descriptive birthweight standard)
Restrictive exclusion criteria®
All congenital malformations 37,522
Maternal diseases/risk factors® 62,128
— Obstetric complications® 234,174
latrogenic prematurity® 37,412
Total infants excluded: 268,407
‘Healthy’ subpopulation 1,070,953

(prescriptive birthweight standard)

Fig. 1 Flow diagram of study participants. “More than one exclusion
criterion or missing data variable may apply to the same pregnancy.
"Health status was considered unknown when infants were born in
hospitals that did not participate in the paediatric registration. “Pre-
existent hypertension; pre-gestational diabetes mellitus; ‘other’ systemic
diseases; cardiovascular disorders with haemodynamic consequences;
thromboembolic disorders; respiratory disorders; epilepsy treated with
anticonvulsants; malignant diseases; anaemia (haemoglobin level
<9.6 g/dL (<6.0 mmol/L)); recurrent urinary tract infections; substance
abuse; medication use. ‘Gestational hypertension; proteinuria; pre-
eclampsia; eclampsia; placenta praevia; placental abruption;
TORCHES; disorders of pregnancy ‘not otherwise specified’. “Primary
caesarean section or induction of labour <37 weeks GA

Selected neonates were classified as SGA or non-SGA (i.e.

birthweight<p10 or birthweight>p10), separately according
to both birthweight standards.

Data analysis

Baseline characteristics were analysed using descriptive sta-
tistics and presented in an appropriate manner.

We used Tukey’s method to exclude outliers; observations
were excluded if birthweight was more than twice the inter-
quartile range below the first quartile or above the third quar-
tile [22]. The LMS method was adopted to calculate
birthweight percentiles [8]. The curves were smoothed using
penalised B-splines. For more details, we refer to Appendix 1
(online supplementary material). Model fit was evaluated by
visual assessment of the smoothed versus empirical percen-
tiles (online supplementary Fig. S1).

In the absence of a gold standard, the standards were evalu-
ated by their ability to ‘predict’ adverse neonatal outcomes
associated with IUGR. Early perinatal mortality was defined
as death within 7 days postpartum, including intrapartum death.
Late perinatal mortality was defined as death between 8 and
28 days postpartum. Low 5-min Apgar score was defined as an
Apgar score of <3 at 5 min postpartum [9]. The diagnosis of
sepsis was established by a positive blood culture and/or based
on clinical symptoms. Infant respiratory distress syndrome
(IRDS) was diagnosed based on clinical and radiographic find-
ings according to Giedion [15]. Bronchopulmonary dysplasia
(BPD) was diagnosed in infants requiring oxygen supplemen-
tation beyond 36 weeks postconceptional age. Intraventricular
haemorrhage (IVH) and cystic periventricular leukomalacia
(cPVL) were diagnosed based on classic sonographic findings
and classified according to Papile and De Vries, respectively
[11, 35]. Necrotizing enterocolitis (NEC) was diagnosed based
on a combination of clinical, laboratory and radiographic find-
ings and staged according to Bell’s classification [3].
Retinopathy of prematurity (ROP) was diagnosed based on
fundoscopic examination and classified according to interna-
tional classification [21]. Hypoxic ischemic encephalopathy
(HIE) was diagnosed based on clinical presentation, presence
of seizures and duration of symptoms and graded according to
Sarnat’s classification [37]. Hypoglycaemia was defined as a
blood glucose level <2.5 mmol/L (45 mg/dL).
Hyperbilirubinaemia was diagnosed when phototherapy was
required. Hypothermia was defined as a body temperature
<35.5 °C (95.9 °F). Polycythaemia was defined as a venous
haematocrit >0.65.

Because the risk of adverse outcomes decreases substan-
tially with increasing GA, we conducted separate analyses for
different GA strata.

We performed multiple logistic regression analyses to relate
each outcome variable to growth status (SGA versus reference
category ‘non-SGA’). Various potential confounders were iden-
tified and included in the model if statistically significant at the
0.05 level (two-tailed Wald test) [24]. We estimated adjusted
odds ratios (aORs) and 95 % confidence intervals for each
SGA definition. The diagnostic performance of both standards
was assessed in terms of sensitivity and specificity and com-
pared using McNemar’s test for matched binary data [17, 18].

Statistical analyses were performed with SAS 9.2 software
(SAS Institute, Inc., Cary, NC, USA).
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Results

During the study period, 1,474,454 infants were born in
The Netherlands. We excluded 113,970 (7.7 %) records be-
cause of inappropriate GA (i.e. <24 or >42™° weeks),
antepartum stillbirth, multiple pregnancy or missing data.
Subsequently 3607 (0.3 %) outliers were excluded. The re-
maining study population comprised 1,339,360 live births
(Fig. 1).

To obtain a ‘healthy’ subpopulation, another 268,407
(20.0 %) infants were excluded. In general, the exclusion rate
decreased with increasing GA (online supplementary
Tables S1 and S2). The principal cause of exclusion was ma-
ternal hypertension, defined as a diastolic blood pressure of
>90 mmHg. The final healthy subpopulation comprised 1,
070,953 records (Fig. 1).

Baseline characteristics are shown in Table 1. Compared to
the healthy subpopulation, the excluded records comprised
more nulliparous women (53.9 versus 43.8 %), preterm births
(13.9 versus 3.9 %), low birthweights (<2000 g, 5.8 versus
0.6 %) and hospital deliveries (93.0 versus 55.3 %).

Figure 2a, b shows gender-specific 10th, 50th and 90th
percentiles for both birthweight standards. The difference be-
tween the standards decreases both with increasing GA and
with increasing birthweight. The maximum difference be-
tween the two 10th percentiles is 312 and 362 g for boys
and girls, respectively (GA 31 weeks). Consequently, the
heaviest SGA infants according to the prescriptive birthweight
standard may be at most 362 g heavier than the heaviest SGA
infants classified according to the descriptive birthweight stan-
dard. At 39 weeks GA, the two standards agree almost per-
fectly, as do the 97.7th percentiles (irrespective of GA; online
supplementary Tables S1 and S2). The overall percentage of
infants classified as SGA according to the descriptive standard
was =10 %. The prescriptive birthweight standard classified
significantly more (preterm) infants as SGA, up to 38.0 % at
29 weeks GA (p<0.0001; Fig. 2c¢).

Both SGA definitions were significantly associated with
multiple adverse neonatal outcomes (Table 2). All preterm
infants including those aged 247°-25"° weeks (online
supplementary Table S3) were at significantly increased
risk of low 5-min Apgar scores and early neonatal death,
irrespective of which standard was used. Infants aged
26"°-31"° weeks were at increased risk of late neonatal
death, BPD and ROP. The risk of developing NEC or
sepsis was increased starting from GA 28" weeks. The
risk of cPVL was decreased in infants aged 26°-27"
® weeks, but increased in infants aged 28" weeks and
older. Infants aged 26 °-31"® weeks were at decreased risk
of IVH, whereas infants aged 327°-36™ weeks were at
increased risk. The latter were also at increased risk of
minor adverse outcomes hypoglycaemia, hyperbilirubinaemia,
hypothermia and polycythaemia.
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Term infants (GA 37"°-39"? weeks) were at increased risk
of both early and late neonatal death, low 5-min Apgar score,
sepsis, HIE and hypoglycaemia, hypothermia,
hyperbilirubinaemia and polycythaemia (online supplementary
Table S3). Infants aged >39"° weeks were eliminated from fur-
ther analyses because there was no substantial difference between
the 10th percentiles.

To assess the additional benefit of using the prescriptive
birthweight standard, separate analyses were conducted for
those infants classified as ‘extra’ SGA (i.e. according to the
prescriptive birthweight standard only). The results are also
shown in Table 2. Overall, the additional benefit increased
with increasing GA. Interestingly, while the risk of IRDS
was significantly decreased in SGA infants aged 327°-36"
® weeks when classified according to the descriptive
birthweight standard (aOR 0.57 [0.49-0.67]), the risk was
significantly increased in extra SGA infants classified accord-
ing to the prescriptive birthweight standard only (aOR 1.30
[1.16-1.46]).

The diagnostic performance of the two standards was
assessed in terms of sensitivity and specificity and compared
using McNemar’s test (Fig. 3; online supplementary Fig. S2
and Tables S4 and S5). The prescriptive birthweight standard
showed significantly improved sensitivity, when compared to
the descriptive birthweight standard (generally p<0.0001).
The increased sensitivity was proportional to the relative in-
crease in the percentage of SGA infants, with the highest
sensitivity in the GA stratum with the highest SGA percentage
according to the prescriptive birthweight standard (GA 28—
317 weeks). As a result of the inversely proportional relation-
ship between sensitivity and specificity, the improved sensi-
tivity was accompanied by a significant decrease in specificity
(»<0.0001) that was also most apparent in infants aged 28—
317 weeks (Fig. 3).

Discussion

Our study shows that prescriptive birthweight standards could
improve the identification of SGA infants at risk of adverse
neonatal outcomes, when compared to descriptive birthweight
standards.

The two birthweight distributions we assessed were sub-
stantially different. Because risk factors for [IUGR were more
prevalent among preterm infants, comparatively many pre-
term infants did not fulfil the inclusion criteria of the prescrip-
tive birthweight standard. The difference between the pre-
scriptive and descriptive birthweight standard decreased with
increasing GA, reflecting the higher incidence of IUGR and
hence exclusion rate among preterm infants. Consequently,
we found that SGA rates were much higher in preterm neo-
nates when classified by the prescriptive birthweight standard.
These results were consistent with a similar study performed
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Table 1 Baseline characteristics
of the two populations and the

Study population  ‘Healthy’ subpopulation ~ Excluded records®

excluded records n (%) n (%) n (%)
Parity
Nulliparous 613,306 (45.8) 468,600 (43.8) 144,706 (53.9)
Multiparous 725,940 (54.2) 602,255 (56.2) 123,685 (46.1)
Missing 114 (0.0) 98 (0.0) 16 (0.0)

Infant’s gender
Male
Female

Gestational age (weeks)

687,281 (51.3)
652,079 (48.7)

545,601 (50.9)
525,352 (49.1)

141,680 (52.8)
126,727 (47.2)

>37 1,260,125 (94.1) 1,028,984 (96.1) 231,141 (86.1)
32-36 68,882 (5.1) 38,386 (3.6) 30,496 (11.4)
28-31 7667 (0.6) 2387 (0.2) 5280 (2.0)
24-27 2686 (0.2) 1196 (0.1) 1490 (0.6)
Mean (days) [SD] 2773 [12.7] 278.4 [10.9] 272.5[17.1]
Birthweight (g)
0-999 3458 (0.3) 928 (0.1) 2530 (0.9)
1000-1999 18,891 (1.4) 5866 (0.6) 13,025 (4.9)
2000-2999 222,030 (16.6) 157,532 (14.7) 64,498 (24.0)
3000-3999 892,873 (66.7) 739,162 (69.0) 153,711 (57.3)
4000+ 202,108 (15.1) 167,465 (15.6) 34,643 (12.9)
Mean (g) [SD] 3439.4 [571.3] 3485.0 [517.6] 3257.0 [719.8]
Place of delivery
Home delivery 336,448 (25.1) 326,875 (30.5) 9573 (3.6)
Midwife-assisted in-hospital delivery 158,064 (11.8) 149,188 (13.9) 8876 (3.3)
Hospital delivery 841,764 (62.9) 592,088 (55.3) 249,676 (93.0)
Missing 3084 (0.2) 2802 (0.3) 282 (0.1)
Maternal age (years)
<15 169 (0.0) 129 (0.0) 40 (0.0)
15-35 1,149,933 (85.9) 922,937 (86.2) 226,996 (84.6)
36+ 188,986 (14.1) 147,663 (13.8) 41,323 (15.4)
Missing 272 (0.0) 224 (0.0) 48 (0.0)
Mean (years) [SD] 30.4 [4.8] 30.4 [4.8] 30.6 [4.9]
Ethnicity
Dutch/other European 1,125,183 (84.0) 893,130 (83.4) 232,053 (86.5)
Other 205,953 (15.4) 170,273 (15.9) 35,680 (13.3)
Missing 8224 (0.6) 7550 (0.7) 674 (0.3)
Socioeconomic status
High 313,646 (23.4) 252,815 (23.6) 60,831 (22.7)
Middle 606,673 (45.3) 483,957 (45.2) 122,716 (45.7)
Low 402,120 (30.0) 320,903 (30.0) 81,217 (30.3)
Missing 16,921 (1.3) 13,278 (1.2) 3643 (1.4)

# Excluded based on the presence of risk factors for [UGR

by Ferdynus et al. [13]. Previous studies that compared foetal
growth standards to (descriptive) neonatal birthweight stan-
dards also reported similar results, supporting the hypothesis
that prescriptive birthweight standards might approximate
foetal growth standards [12, 29, 42]. So-called customised
standards adjust birthweight further by considering the

influence of supposedly physiological determinants of
growth, mostly maternal characteristics [14]. Although
customised standards have consistently shown improved pre-
diction of neonatal mortality and morbidity, the actual contri-
bution of maternal characteristics has been questioned [7, 20].
Moreover, several studies have demonstrated that maternal
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W Prescriptive BW-
standard

Gestational age (completed weeks)

Fig. 2 Descriptive and prescriptive 10th, 50th and 90th percentiles for
boys (a) and girls (b) and SGA rates in the sample group according to
both standards (c). * Forty-two weeks includes only infants born at GA

influences on foetal growth may not be purely physiological
[20, 44]. Because our database lacked information on most of
the commonly used variables, we were not able to investigate
whether customisation has an additional advantage over the
application of restrictive inclusion criteria.

In our study, SGA was significantly associated with many
adverse neonatal outcomes, including several minor adverse
outcomes with potentially harmful implications [34, 41]. In
general, associations were strongest when SGA was classified
according to the descriptive standard. Since these infants were
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42" weeks, whereas the other GAs include the entire week (e.g. 240 to
247 weeks). BW birthweight

the smallest infants classified by both standards, they may be
expected to be at greatest risk. However, extra SGA infants
classified according to the prescriptive birthweight standard
only were still at (significantly) increased risk of adverse neo-
natal outcomes. The additional benefit of the prescriptive
birthweight standard increased with increasing GA, reflecting
the shape of the ‘area between the curves’ and the (increasing)
number of subjects within succeeding GA strata. Similar to
Ferdynus et al., our results support the hypothesis that pre-
scriptive birthweight standards can improve the identification
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Table 2 Adjusted ORs and confidence intervals for separate GA strata
Adverse neonatal outcome GA 2627 weeks GA 28"°-317° weeks

SGA descriptive SGA prescriptive ‘Extra’ SGA® SGA descriptive SGA prescriptive

aOR" p aOR" p aOR® p aOR" p aOR"
Low 5-min Apgar score 1.52[1.03,2.24] 0.0343 1.49[1.11,2.00] 0.0077 1.34[0.95,1.90] 0.0988 1.69[1.27,2.24] 0.0003 1.36[1.10, 1.69]
Early neonatal mortality 2.55[1.87,3.48] <0.0001 2.30[1.81,2.93] <0.0001 1.94[1.45,2.59] <0.0001 1.81[1.40,2.35] <0.0001 1.36[1.12,1.66]
Late neonatal mortality 1.84[1.19,2.85] 0.0064 1.56[1.11,2.19] 0.0107 1.33[0.87,2.01] 0.1863 2.41[1.61,3.63] <0.0001 1.41[1.01,1.97]
Sepsis® 0.92[0.71,1.21] 0.5572  0.95[0.79, 1.14] 0.5454 0.96[0.77,1.19] 0.7183  1.55[1.35,1.77] <0.0001 1.32[1.21, 1.44]
IRDS 0.85[0.64, 1.13] 02557  0.99[0.81,1.20] 0.8946 1.07[0.85, 1.35] 0.5827  0.93 [0.81,1.06] 0.3571  1.09 [1.00, 1.19]
BPD 2.21[1.40,3.49] 0.0007 1.67[1.15,2.42] 0.0066 1.29[0.81,2.06] 0.2795 3.19[1.86,4.12] <0.0001 3.79 [2.65, 5.43]
IVH 0.57[0.41,0.80] 0.0010  0.53 [0.42, 0.66] <0.0001 0.55[0.42,0.71] <0.0001 0.85[0.69,1.04] 0.1108 0.82[0.72,0.93]
cPVL 0.24 [0.06, 0.99] 0.0485 0.63[0.35,1.14] 0.1286 0.85[0.45,1.61] 0.6191 1.60[1.02,2.50] 0.0404 1.19[0.86, 1.63]
NEC 1.30[0.86, 1.97] 02197 1.31[0.97,1.76] 0.0765 1.26 [0.88,1.79] 0.2066  3.36 [2.66,4.25] <0.0001 2.36[1.93,2.87]
ROP 1.60[1.22,2.31] 0.0015 1.31[1.03,1.66] 0.0269 1.11[0.83,1.49] 0.4909 3.17[2.40,4.19] <0.0001 2.38[1.88,3.02]
HIE n/a n/a n/a n/a n/a n/a n/a n/a n/a
Hypoglycaemia n/a n/a n/a n/a n/a n/a n/a n/a n/a
Hyperbilirubinaemia n/a n/a n/a n/a n/a n/a n/a n/a n/a
Hypothermia n/a n/a n/a n/a n/a n/a n/a n/a n/a
Polycythaemia n/a n/a n/a n/a n/a n/a n/a n/a n/a
Adverse neonatal outcome GA 28'°-31"¢ weeks GA 327°-36"° weeks

SGA prescriptive ‘Extra’ SGA® SGA descriptive SGA prescriptive ‘Extra’ SGA?

p aOR" p aOR® p aOR® p aOR® P
Low 5-min Apgar score 0.0048 1.19[0.93,1.52] 0.1784 2.34[1.90,2.88] <0.0001 2.09[1.74,2.51] <0.0001 1.60[1.24,2.08] 0.0004
Early neonatal mortality 0.0020 1.14[091, 1.44] 0.2539 2.15[1.75,2.63] <0.0001 1.97[1.64,2.36] <0.0001 1.55[1.20,2.01] 0.0008
Late neonatal mortality 0.0469 1.02[0.68, 1.54] 0.9257 1.89[1.11,3.23] 0.0198 1.52[0.93,2.47] 0.0949 0.94[0.44,2.00] 0.8678
Sepsis® <0.0001 1.23[1.12, 1.36] <0.0001 1.39[1.26, 1.54] <0.0001 1.47[1.35,1.59] <0.0001 1.45[1.31,1.61] <0.0001
IRDS 0.0534 1.13[1.03,1.24] 0.0121  0.57[0.49, 0.67] <0.0001 0.94[0.85,1.04] 0.2122 1.30[1.16, 1.46] <0.0001
BPD <0.0001 3.22[2.18,4.76] <0.0001 n/a n/a n/a n/a n/a n/a
IVH 0.0018 0.83[0.72,0.95] 0.0072 1.48[1.14,1.93] 0.0030 1.63[1.33,2.01] <0.0001 1.66[1.27,2.16] 0.0002
cPVL 0.2938 1.03[0.72,1.50] 0.8602 2.76[1.55,4.92] 0.0006 2.33[1.39,3.91] 0.0014 1.59[0.76,3.33] 0.2135
NEC <0.0001 1.76 [1.40,2.21] <0.0001 3.08 [2.34,4.05] <0.0001 3.53[2.74,4.55] <0.001 2.85[2.07,3.93] <0.0001
ROP <0.0001 1.90 [1.44,2.50] <0.0001 n/a n/a n/a n/a n/a n/a
HIE n/a n/a n/a 1.08 [0.71,1.66] 0.7163  1.46[1.08,1.99] 0.0149 1.77[1.22,2.57] 0.0028
Hypoglycaemia n/a n/a n/a 1.75[1.62, 1.89] <0.0001 1.54[1.45,1.65] <0.0001 1.29[1.19, 1.40] <0.0001
Hyperbilirubinaemia n/a n/a n/a 1.04[0.97, 1.11] 0.3087  1.13[1.08, 1.19] <0.0001 1.20[1.13, 1.28] <0.0001
Hypothermia n/a n/a n/a 2.38[1.87,3.03] <0.0001 2.20[1.79,2.71] <0.0001 1.77[1.34,2.34] <0.0001
Polycythaemia n/a n/a n/a 1.87[1.45,2.42] <0.0001 1.93[1.57,2.37] <0.0001 1.78[1.36,2.34] <0.0001

aOR adjusted odds ratio, /RDS infant respiratory distress syndrome, BPD bronchopulmonary dysplasia, /VH intraventricular haemorrhage, cPVL cystic
periventricular leukomalacia, NEC necrotizing enterocolitis, ROP retinopathy of prematurity, H/E hypoxic ischemic encephalopathy

 ‘Extra’ SGA refers to infants who were classified as SGA according to the prescriptive birthweight standard only

® Adjusted for infant’s gender (reference category ‘female’), ethnicity (‘Dutch/Caucasian’), maternal age (‘15-35 years’), socioeconomic status (‘middle
class’), parity (‘multipara’), multiple pregnancy (‘singleton’) and congenital malformations (‘absent’) if significantly associated at the 0.05 level (two-

tailed Wald test)

¢ Includes both perinatal infections and nosocomial infections. Overall, 7.04 % of the pregnancies was complicated by prolonged premature rupture of
membranes (>24 h). In preterm infants, this percentage was higher (24"°-25"¢ weeks: 22.6 %; 26 -27"¢ weeks: 17.1 %; 28" -31"¢ weeks: 16.5 %;
32936" weeks: 15.3 %) and comparatively more cases occurred in the non-SGA groups

of SGA infants at risk. Interestingly, we found that the risk of
having IVH was significantly decreased in infants aged 28"
317 weeks, whereas Ferdynus found an increased risk [13].
Results from other studies concerning the association between
SGA and adverse outcomes are similarly inconsistent. It is
likely that these inconsistencies arise at least partially from
differences in study methodologies, for example differences
in SGA definition, sample size and GA range [39]. Despite the

large sample size (n=127,584), Ferdynus et al. included rela-
tively few premature infants. As a result, the statistical power
of this study was limited and other results did not reach sta-
tistical significance [13].

Birthweight standards are inexpensive and convenient
tools that are used in clinical practise to identify infants who
exhibit signs of IUGR. As such, they can be viewed as screen-
ing tools, the performance of which is routinely expressed in
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terms of sensitivity and specificity [18]. The results presented ~ two standards performs best. While the prescriptive
in this study do not indisputably indicate that either one of the =~ birthweight standard was significantly more sensitive, the
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descriptive birthweight standard was significantly more spe-
cific. Ideally, a screening instrument has both high sensitivity
and specificity. In this particular setting, however, a false-
positive result (i.e. low specificity) does not result in unneces-
sary or potentially harmful treatment, whereas a false-negative
result (i.e. low sensitivity) means an increased risk of adverse
neonatal outcomes is not acknowledged. All considered, the
decrease in specificity may not be negligible but was deemed
less clinically relevant.

As stated in the Introduction, the (negative) influence of
IUGR is not only visible in early life but extends far into
adulthood. The so-called developmental origins hypothesis
postulates that undernutrition during foetal life and infancy
permanently changes gene expression and thereby establishes
body composition, functional capacity, setting of hormones
and metabolism and responses to adverse environmental in-
fluences later in life. The result is an increased risk of cardio-
vascular disease, hypertension, stroke and type 2 diabetes
mellitus [1]. Birthweight, as the ultimate outcome and quan-
tifiable result of foetal growth, might be able to function as a
starting point for risk assessment both early and later in life.

Strengths and limitations

One of the principal strengths of our study was the use of a
large population. This allowed us to investigate the associa-
tion between SGA and many adverse neonatal outcomes, and
across separate GA strata. Because we used the same statisti-
cal method to calculate birthweight percentiles for both pop-
ulations, we can attribute differences between the two stan-
dards to actual differences in birthweight distribution, thus
demonstrating the effect of applying restrictive inclusion
criteria.

Previous studies showed that despite the increased number
of SGA infants, the association with adverse neonatal out-
comes was still significant [13, 42]. By investigating extra
SGA neonates as a separate group, we demonstrated the ad-
ditional benefit of the prescriptive birthweight standard.
Furthermore, we acknowledged the trade-off between identi-
fying more SGA infants truly at risk, yet simultaneously in-
creasing the number of false-positive results [18].

The biggest challenge was to define the characteristics of a
healthy subpopulation. Our choice of exclusion criteria was
based on an extensive literature search. Its application was to
some (unknown) extent constrained by lacunas in the data-
base; information on some of the risk factors we identified
was either limited (e.g. smoking) or not available at all. If
more stringent exclusion criteria could have been applied, this
would have led to more removals, but not necessarily greater
precision in the calculation of standards [26, 36]. Conditions
that might have caused the opposite effect on growth (i.e.
macrosomia) were not excluded. Although this may have
caused some bias towards higher birthweights, since the upper

percentiles were not influenced by the exclusion of IUGR
infants, we assumed that excluding macrosomic infants would
not effect the lower percentiles. Because the exclusion criteria
concerned potential risk factors, it is possible that some
healthy infants were excluded as well. However, birthweight
distributions are more likely influenced by the inappropriate
inclusion of an unhealthy infant than by the inadvertent exclu-
sion of a healthy infant [33, 36].

Our study was limited by the need to select a sample group,
to assure that infants without recorded adverse outcomes
could indeed be considered healthy, instead of falsely being
labelled as such due to incomplete (paediatric) registration.
Aside from a distortion of the true ratios of hospital deliveries
versus home deliveries and midwife-assisted in-hospital de-
liveries, baseline characteristics did not differ between women
who were included in the sample and those who were not
(results not shown). The use of retrospective data has the ad-
vantage of enabling the inclusion of a large number of infants.
An obvious disadvantage is that the data were not collected
with this particular study in mind and in the interpretation of
our findings this has to be kept in mind. For example, the
database did not contain data about antenatal corticosteroid
treatment, which may be a confounder of the association be-
tween SGA and adverse neonatal outcomes. Fortunately, these
limitations may not be of major consequence, since our anal-
yses were executed on a matched sample and we were inter-
ested in the magnitude of the associations relative to each
other, aiming to find the ‘relatively’ best standard. Because
the current analyses were executed on a sample group of
which the majority of infants also served as the reference
population for the (two) birthweight standards, our findings
should be confirmed in an independent population. It is our
intention to repeat the analyses when we have a sufficiently
large independent sample.

Conclusion

To our knowledge, this study is the largest study comparing
descriptive versus prescriptive birthweight standards. We
demonstrated that birthweight standards, defined by a subpop-
ulation free of risk factors for [IUGR, could improve identifi-
cation of infants born SGA and at risk of several adverse
neonatal outcomes. Clinical management should not be based
on birthweight standards alone, and the results of this study
endorse this statement by proving that neither one of the two
standards performs great. However, for certain epidemiologi-
cal purposes, it is also important that a standard correctly
identifies infants born SGA, who may be at increased risk of
adverse outcomes. Descriptive references mistakenly classify
infants as non-SGA, which might, as a result, obscure or en-
hance the true association between potential risk factors and
SGA, or between SGA and (long-term) adverse outcomes.
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Improved understanding of these associations will aid in clin-
ical decision-making and care and might ultimately improve
both short-term and long-term outcome.

Our results provide the rationale for the development of
prescriptive birthweight standards for the Dutch population.
We believe the results also justify promotion of this concept in
other countries. Above all, we feel that clinicians and re-
searchers should be aware of the difference between prescrip-
tive and descriptive birthweight standards, and the implica-
tions their use can have for both clinical practise and research
outcomes.
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