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Abstract

Background: Postnatal growth of preterm infants does not match recommended
intrauterine growth, due to the initial weight loss that accompanies healthy body
composition rearrangements after birth. Thus, optimal postnatal growth for
preterm infants is currently unknown.

Objectives: (1) Collect longitudinal postnatal growth data of 30-36 week GA
preterm infants with unimpaired postnatal adaptation; (2) Develop regressions
that predict the growth trajectory such an infant will adjust to by days of life
7/14/21; (3) Extrapolate and validate the regressions downwards to 25 weeks.
Methods: Infants of 30—-36 week GA, born/admitted to 1/5 participating centres
between 2008-2012, who met pre-specified criteria for unimpaired postnatal
adaptation and who had at minimum 14 days of data were included. Day-specific
anthropometric data from birth to discharge were abstracted retrospectively. Z-
score regressions for days 7/14/21 were developed. Regressions were then
extrapolated to 25 weeks and validated using an independent study population.
Results: Of 6203 infants, 665 met the screening criteria. By day 14, infants
adjusted to stable growth trajectories that were 84+13% of the recommended
weight-for-age. Using the following predictors: GA, z-score at birth and hospital-
centre, regressions accurately predicted z-scores at days 7, 14 (n=665;
R?=0.939, 0.889) and 21 (n=333; R?=0.841). Validation using 25-29 week GA

infants (n=173) suggested models were also accurate within this age-range.
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Conclusion: These results provide robust estimates of a hypothesis of healthy
postnatal growth for preterm infants. Future steps include assessing long-term
outcomes in a randomized control trial and assessing the quality of growth using

body composition analyses.
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Introduction

Over the last few decades there have been many advancements in the
field of neonatal care, including the introduction of antenatal steroids, artificial
ventilation and artificial surfactant therapy. This has resulted in increased survival
rates of preterm infants, in that infants born as early as 24 weeks of gestation are
able to survive. The improvement of survival rates has shifted the focus of current
research to improve the long-term outcomes of these surviving preterm infants.

There is vast epidemiological evidence that intrauterine growth is
associated with the later-life health of the preterm infant. A commonly used
marker of poor intrauterine growth is low BW, because it is often a result of
nutritional restriction during fetal life. Low BW is associated with an increased risk
of developing many of the risk factors of cardiovascular disease in later life,
including high blood pressure and insulin resistance (Barker et al. 1993). This
suggests that the time period between birth and term corrected age is a critical
period for epigenetic modifications that predispose infants to later-life morbidities.
Thus, in order to optimize long-term outcomes of preterm infants, identifying and
promoting healthy early postnatal growth for infants born prematurely is a topic of

great concern for neonatologists.
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Background

Early postnatal growth and long-term outcomes: the dilemma

Low growth rates during early postnatal life may result in postnatal growth
restriction (PGR), which is commonly defined as a body weight below the 10™
birth weight percentile (BW%ile) by the time the infant is discharged (Velaphali et
al. 2011). In preterm and very low birth weight (VLBW, birth weight <1500 @)
infants, PGR has been associated with later-life development of chronic lung
disease, infection (Ho et al. 2003) and poor neurodevelopmental outcomes
(Latal-Hajnal et al. 2003). Thus, in order to prevent such adverse long-term
outcomes, rapid growth is promoted to erase the growth deficit by adjusting the
given nutrition. As a result, the neonate attains a body weight that is closer to the
recommended weight for their GA.

However, recent studies have also associated rapid growth during early
postnatal life in VLBW infants with an increased risk for later-life adiposity, insulin
resistance and cardiovascular disease (Jain et al. 2012). In LBW infants,
postnatal catch-up growth has similarly been associated with increased systolic
blood pressure at 3 years of age (Min et al. 2007). There is great epidemiological
evidence in literature that there is an association between catch-up growth in
preterm infants during early postnatal life and the development of cardiovascular

disease risk factors in later-life.
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In fact, studies on a cohort of preterm infants (mean GA: 31 weeks)
highlighted that although rapid early postnatal growth was associated with
reduced neurodevelopmental deficits (Lucas et al. 1998), it was also associated
with an increased risk for insulin resistance in the same cohort during
adolescence (Singhal et al. 2003). Similar associations have been established
elsewhere, emphasizing the importance of achieving early postnatal growth rates
that are neither too slow nor too fast. Thus, a delicately balanced postnatal
growth rate during this period is important for promoting optimal long-term health

outcomes for preterm infants.

DOHaD Hypothesis

The epidemiological evidence summarized above that LBW and rapid
catch-up growth during early postnatal life are associated with an increased risk
of developing CVD (Barker et al. 1986) and/or type 2 diabetes mellitus (Hales et
al. 1991) in later life, led to the development of the Developmental Origins of
Health and Disease (DOHaD) hypothesis. DOHaD states that prenatal and early
postnatal periods are “critical windows” during which environmental factors can
impact the aetiology of adult-onset diseases. The hypothesis is based on the
theory that the fetus that is exposed to a substrate-limited intrauterine
environment, marked by LBW, undergoes a predictive adaptive response
(Gluckman et al. 2007). The predictive adaptive response entails irreversible
adaptations such as tissue differentiation, ‘programming’ the neonate to increase

its likeliness of survival at the cost of sub-optimal health outcomes at later-life.



M.Sc. Thesis - P. Raja; McMaster University — Medical Sciences.

Further, these costs to an increased likeliness of survival may be amplified when

the fetus is abruptly exposed to a substrate-rich environment following birth.

Impact of nutrition on early postnatal growth

In accordance with the DOHaD hypothesis, an important environmental
factor during prenatal and postnatal life for the growth and health outcomes of
neonates is nutrition. Fetal and early postnatal nutrition play important roles in
determining the somatic status and postnatal growth pattern of the preterm infant,
which in turn programs the later-life health of the infant. Many epidemiological
studies and randomized trials have associated fetal under-nutrition with adverse
later-life outcomes. For instance, Barker et al. (1993) associated LBW, a marker
of fetal under-nutrition, with an increased risk for developing cardiovascular
disease risk factors as discussed above. Infants born during the Dutch Hunger
Famine who were exposed to severe maternal under-nutrition during gestation
have an increased risk for developing metabolic and cardiovascular disease in
later life. Similar to fetal nutrition, postnatal nutrition prior to term age has also
been associated with short-term and long-term health outcomes (Singhal et al.
2003).

The rate of postnatal growth of preterm infants can be adjusted upon
modification of the given nutrition. Studies that have investigated the effects of
various nutritional management strategies have successfully altered the preterm
infant’s short-term growth and predisposition to later-life morbidities. For instance,

early advancement of feeds has been positively associated with higher growth
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velocities during days of life 7 - 28 in 23 - 27 week GA infants (Martin et al. 2009).
Similarly, early administration of parenteral amino acids in extremely low birth
weight infants (ELBW, birth weight <1000 g) was associated with significantly
higher body weights, lengths and head circumferences at 36 weeks
postmenstrual age and a lower prevalence of suboptimal head growth at 18
months corrected age (Poindexter et al. 2006). Prospective observational studies
that implemented nutrition with high protein to energy ratios confirmed that it is
clinically feasible to significantly minimize or erase the growth deficit in very low
birth weight (VLBW, birth weight <1500 g) (Senterre et al. J Pediatr Gastroenterol
Nutr., 2011), and extremely preterm (EPT, <28 weeks GA) and very preterm
(VPT, 28-30 weeks GA) infants (Senterre et al. Acta Paediatrica, 2011).

More recently, it was shown that with the use of an electronic system that
provides up-to-date individual growth trajectories, the nutrition administered could
be modified to guide postnatal growth of preterm infants in a manner that allowed
the desired postnatal growth trajectories to be attained (Rochow et al. 2012). The
described study defined the desired postnatal growth trajectory as one standard
deviation score (SDS) below the BW%ile on which the infant was born. A lower
incidence of late-onset sepsis and mortality was observed in preterm infants
whose postnatal growth matched the desired trajectory. Although long-term
studies are needed to confirm that this represents optimal growth, the described
study proves that it is clinically feasible to adjust the postnatal growth of a

preterm infant to attain desired rates by adjusting the given nutrition.
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Current postnatal growth recommendations for preterm infants
The optimal postnatal growth of a preterm infant is currently unknown.

However the current recommendation is that the postnatal growth of the preterm

infant match the growth of an age-matched healthy fetus, in terms of both

guantity and quality of growth (American Academy of Pediatrics Committee on

Nutrition, 1985), (Canadian Paediatric Society, 1995). To date, this has been the
most logical approach and has been thought to promote conditions that allow for
optimal subsequent growth. During 23 — 27 weeks GA, the growth rate of the
fetus is approximately 21 g/kg/day, and by 35 — 37 weeks GA, the growth rate of
the fetus falls to 12 g/kg/day (Kramer et al. 2001). Thus, the nutrition
administered to preterm infants is often adjusted with the goal of attaining age-
appropriate growth rates which approximate the fetal growth rates.

Preterm infants of 23 — 27 weeks GA have been shown to consistently
grow below the current recommendations despite achieving growth rates that are
above the recommended intrauterine growth rate (15 g/kg/d) (Martin et al. 2009).
Similar cases of PGR in preterm infant and VLBW infant populations are
abundant (Ehrenkranz et al. 1999; Ziegler et al. 2002). However, due to major
improvements in neonatal care, it is becoming increasingly feasible to optimize
nutrition to attain postnatal growth trajectories that match intrauterine curves
(Senterre et al. 2011). Despite these major achievements, the long-term

metabolic outcomes of infants with such rapid catch up growth must be evaluated
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in the future to determine whether such rates are in fact optimal for the preterm

infant to attain.

Strategies for monitoring postnatal growth of preterm infants

Intrauterine growth charts

In order to abide by the American Academy of Pediatrics’ recommendation
of postnatal growth for preterm infants, clinicians utilize growth charts which
provide an approximation of fetal growth to monitor postnatal growth. There are
two types of charts that are commonly used: fetal growth charts and neonatal

anthropometric charts such as BW%ile charts.

Estimated fetal weight charts

Fetal growth charts are based on estimations of in utero fetal weights that
are used to calculate percentiles, which are plotted by the GA of the fetus at the
time of measurement. Fetal weight may be estimated by (1) applying biometric
measurements of the fetus that are obtained using either ultrasonography (more
commonly) or magnetic resonance imaging (Baker et al. 1994) to non-linear
regression models; (2) using volumetric methods that use either 2-dimensional
biometric measurements or 3-dimensional ultrasonography to obtain volumes of
body parts that are then applied to ratios that allow estimation of the whole-body
volume of the fetus; or (3) using customized regressions that include maternal
factors shown to impact fetal growth (Figueras et al. 2007; Gardosi et al. 2004;

Clausson et al. 2001).
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If multiple sonographic biometric measurements are obtained of an
individual fetus at different stages of the pregnancy, the resulting fetal growth
data represents longitudinal changes of the fetus while it is in utero. The
longitudinal nature of such EFW curves provides an advantage over other cross-
sectional intrauterine growth charts, such as BW%ile charts. Further, the
approximation of fetal growth can be based on fetuses from healthy pregnancies
that remain in utero for the entire length of a full term pregnancy, thereby
representing healthy unimpaired fetal growth standards.

A comprehensive review (Melamed et al. 2009) which evaluated the
accuracy of 26 different EFW models found that within the body weight range of
1000 — 4500 g, models which were based on 3 or 4 biometric indices produced
the most accurate estimations of fetal weight. Specifically, the most accurate

models were those published by Hadlock et al. (1985) and Woo et al. (1985):

Hadlock et al.:
Logio EFW =1.326 — 0.00326(AC)(FL) + 0.0107(HC) + 0.0438(AC) + 0.158(FL)

Woo et al.:
Logio EFW = 1.54 + 0.15(BPD) + 0.00111(AC)2— 0.0000764 (BPD)(AC)2

AC: abdominal circumference; FL: femur length; BPD: biparietal diameter
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Gender-specific reference EFW-for-age values using the Hadlock formula
have been published in a large French study (n = 9 577 fetuses), (Salomon et al.

2007) (Figure 1):
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Figure 1: Gender-specific EFW charts (Salomon et al. 2007) of 3rd,
10th, 50th, 90th, and 97th EFW percentiles for (a) males (n = 4 869),

and (b) females (4 708).
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Birth weight percentile (BW%ile) charts

The most commonly used growth chart to monitor postnatal growth of
preterm infants is the BW%ile chart. Such charts are constructed using cross-
sectional BW measurements of infants that are born at varying GAs. Percentiles
are then calculated from these BW values and are plotted by GA at birth. BWs
are used to estimate intrauterine growth because they provide an accurate value
that approximates the weight of the unborn fetus prior to delivery. In addition to
providing accurate measurements of weight, other advantages associated with
this method of monitoring postnatal growth are that BWs are easily measured,
allowing for reliable values and the inclusion of very large study populations.

A commonly used growth chart that is used in clinical practice is one by
Fenton et al. (2003). This chart was based on a systematic review and meta-
analysis on intrauterine and post-term growth during 1980-2002. The preterm
range of the growth chart used birth weight data from a large Canadian study by
Kramer et al. (2001). The Canadian references were based on a population size
of n = 676 605 infants born between 22 to 43 weeks of gestation during 1994 to

1996. BW%iles were presented as gender-specific values (Table 1).
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Table 1: Published gender-specific BW%ile values, means and standard

deviations for 22 to 43 completed weeks GA, for (a) males, and (b) females.

(Kramer et al. 2001).

A Gestational n* 3rd 5th 10th 50th 90th 95th 97th Mean 5D
' Age Percentile  Percentile  Percentile  Percentile  Percentile  Percentile  Percentile

22 82 338 368 401 490 587 627 659 501 111

23 114 406 434 475 589 714 762 797 5498 114

24 156 468 495 547 690 44 G902 940 67 125

25 202 521 557 617 795 981 1048 1092 8O0 147

26 234 571 614 BB 908 1125 1200 1251 Wl 178

27 254 627 677 763 1033 1278 1358 1416 1026 209

28 330 694 752 853 1173 1445 1532 1598 1159 241

29 392 780 B45 Ged 1332 1629 1729 1809 1312 273

30 467 BES 458 1059 1507 1837 18955 2053 1487 306

31 584 1012 1098 12549 1698 2069 2209 2327 1682 339

32 997 1164 1266 1444 1906 2319 2478 2614 1896 369

33 1368 1344 1460 1648 2127 2580 2750 2897 2123 3

34 2553 1552 1677 1866 2360 2851 3029 3184 2361 410

35 4314 1783 18907 2091 2600 3132 3318 3475 2607 425

36 Gedb 2024 2144 2321 2845 411 a4 3759 2855 443

37 19 965 2270 2384 2552 3080 3665 3857 4003 31 449

38 51947 24598 2605 2766 3290 877 4065 4202 3306 445

39 77623 2684 2786 2542 3465 4049 4232 4361 3459 445
4 112737 2829 24927 3079 3613 4200 4382 4501 3638 447
41 54 139 2926 3025 317 3733 4328 4512 4631 3745 459
42 B791 2960 3070 3233 3815 4433 4631 4773 3800 485
43 276 2954 3081 3249 3864 4528 4747 4941 3793 527

*Sample size at each gestational age after exclusions.
B . Gestational n* 3rd 5th 10th 50th 90th 95th 97th Mean 5D
Age Percentile  Percentile  Percentile  Percentile  Percentile  Percentile  Percentile

22 80 332 347 385 466 552 576 576 472 72

23 106 379 403 450 557 6649 706 726 564 43

24 148 424 456 513 6351 740 B34 BET 656 121

25 154 469 508 578 751 918 bE2 1060 7h4 152

26 191 516 562 645 B38 1060 113% 1247 860 186

27 188 569 624 717 976 1218 1313 1446 976 222

28 287 634 697 B2 1109 1340 1499 1657 1107 254

29 299 716 TRY B3 1259 1578 170 1885 1256 286

30 390 14 594 1022 1427 1783 1918 2121 1422 319

31 461 938 1026 1168 1613 2004 2150 2347 1604 M5

32 745 1089 1154 1346 1817 2247 23599 2578 1808 368

33 1055 1264 1369 15458 2035 24494 2664 2825 2029 389

34 2018 1467 1581 1768 2266 2761 2948 3097 2266 409

35 3391 1695 1813 1998 2506 3037 3242 3384 2512 426

36 8203 1935 2052 2227 2744 3307 3523 3660 2754 439

37 17 308 2177 2256 2452 2968 3543 3752 3886 2981 443

38 47 516 2406 2502 2658 3169 3738 3931 4061 3181 439

39 75 0eB 2589 2680 2825 3334 3845 4076 4202 3350 434

40 110738 2722 2514 24955 3470 4034 47212 4331 3486 434

41 52 063 2809 2906 3051 3376 4154 4330 4444 3588 439

42 470 ZR49 2954 a4 3655 4251 4473 4554 3656 448

43 277 2862 2975 3159 3717 4333 4445 4683 3643 459

* Sample size at each gestational age after exclusions.
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Longitudinal postnatal growth charts

To date, there have been four major studies that have used serial body
weight measurements over the first few weeks of life to develop longitudinal
postnatal growth curves. Studies led by Wright et al. (1993) and Ehrenkranz et al.
(1999) longitudinally analyzed the postnatal growth of VLBW infants (n = 205, n =
1660, respectively). In both studies, despite achieving postnatal growth rates that
were similar to intrauterine rates (14.4 — 16.1 g/kg/d), the infants did not attain a
position on the 50" BW%ile by discharge. However, a limitation to both studies
was that subjects were stratified by BW rather than GA, leading to heterogeneous
groups of infants with varying growth patterns (Moutquin et al. 2003). As a result
of selecting infants based on low birth weights, there was likely an over-
representation of SGA infants and IUGR infants in study populations of such
studies (Volpe et al. 2008).

In an attempt to overcome the limitation of analyzing heterogeneous
groups of preterm infants, studies have stratified preterm infants by GA.
Niklasson et al. (2003) analyzed the postnatal growth of very preterm (< 29
completed weeks of gestation) infants who were stratified by GA (n = 52) and
more recently, Horemuzova et al. (2011) analyzed the postnatal growth of
extremely preterm infants (< 26 weeks of gestation; n=162). It is important to note
however, that both of these studies had low population sizes and required the
infants to only meet the screening criteria of survival until term age. Thus, neither

of the published longitudinal postnatal growth curves for preterm infants
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represents a prescriptive standard to be met of postnatal growth for preterm
infants, but instead both provide a characterization of the growth pattern of very

and extremely preterm infants during early postnatal life.

Drawbacks of current strategies for monitoring postnatal growth of preterm
infants

The limitation of using EFW charts to monitor postnatal growth of preterm
infants, is that the ultrasound biometric measurements used to estimate fetal
weight are often inaccurate. The inaccuracy has been attributed to random errors
in volumetric methods and large intra- and interobserver variablitiy (Dudley et al.
2005). At low weights, ultrasonographic methods often over-estimate fetal weight,
while at higher weights that exceed 4000 g, the fetal weight is often under-
estimated (Melamed et al. 2009; Goetzinger et al. 2013). This lack of accuracy at
the extremes of weights has been suggested to be a result of the varying
porportions of the fetal head to abdomen in comparison to normal-weight fetuses
(Dudley et al. 2005). Additionally, due to cost barriers, studies that use such
methods use low study population sizes.

Although BW%ile charts are based on accurate measurements of body
weight, they are associated with their own unique drawbacks when used to
monitor postnatal growth of preterm infants. Firstly, the approximations of fetal
weight do not represent healthy intrauterine growth in the range of 22 weeks of
gestation to term-age. Preterm delivery is associated with fetal growth restriction,

and thereby, BW measurements between the 22 to 37 week GA range of preterm
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infants are more reflective of pathological growth (Cooke et al. 2007). In fact,
when BW%iles of a French population were compared to EFW curves of another
French population, it was evident that the BW%ile curves were significantly lower
than the EFW curves in preterm gestations (Salomon et al. 2007). Similar
comparisons and conclusions have also been reported elsewhere (Reeves et al.
2011). Secondly, growth is a longitudinal parameter, but the BWs are cross-
sectional data. As a result, such charts may be appropriate for assessing the size
of the infant at birth, but may be inappropriate for monitoring growth, which is a
longitudinal measure (Villar et al. 2010). Another limitation of both types of growth
references that estimate intrauterine growth, is that neither type takes into
consideration the physiological weight loss that occurs during postnatal
adaptation (Villar et al. 2010).

Lastly, two of the four longitudinal postnatal growth charts that are
currently available select infants based on low birth weight instead of GA, leading
to a selection bias of IUGR and SGA infants. Additionally, none of the published
longitudinal postnatal growth references that have correctly-stratified by GA have
evaluated maternal characteristics that may impair neonatal growth, have low
population sizes, are based on single-centre studies and/or do not select infants
that are free of congenital malformations and major clinical conditions that are
associated with impaired postnatal growth or later-life adverse health outcomes.
Thus, such growth charts provide only descriptive postnatal growth values of

preterm infants.
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Postnatal adaptation

Following delivery, the preterm infant must adjust to its new extrauterine
environment. During the first few days of life, there is a signficant reduction in
total body water, as the extracellular fluid compartment of the preterm infant
irreversibly contracts (Bauer et al. 1991). Appropriate for gestational age (AGA)
infants experienced a maximal postnatal weight loss on day 6 of life, and
regained their BW by day 14 of life (Bauer et al. 1993). More immature infants
experienced greater weight losses due to the higher porportion of total body
water (Modi et al. 2004). In fact, total body water content decreases from 90% at
24 weeks of gestation to approximately 75% by term age (Velaphi et al. 2011).
Small for gestational age (SGA) infants and infants with respiratory distress
syndrome have also been shown to take longer to regain their BW (Bauer et al.
1993; Modi et al. 1990). The period of postnatal adaptation from maximal weight
loss to BW regain (growth phase) was associated with increases in body solids
from day 6 to day 23 of life (Bauer et al. 1993), and was followed by a stable

growth phase.

Rationale

As neonatal medicine and nutritional strategies advance, the need for
standardized postnatal growth standards for preterm infants is increasing. The
first step toward developing a hypothesis of optimal postnatal growth for preterm

infants is to characterize the postnatal growth trajectories of the healthiest subset
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of preterm infants. ldeally postnatal growth references should be based on a
multi-centre approach, accurate GA estimates and serial growth measurements
of healthy preterm infants who require little to no postnatal support (Gardosi et al.
2004). Included infants should be free of congenital malformations and major
clinical conditions that are associated with impaired postnatal growth, as well as
not have undergone major surgery as it has been postulated that during acute
postnatal stress, infants divert protein and energy from growth to instead be used
for tissue repair (Vilar et al. 2010). Additionally, infants should be included based
on preterm delivery instead of using low birth weight as a proxy (Moutquin et al.
2003, Bertino et al. 2011) and the screening period should span the last decade
to reflect current neonatal care (Villar et al. 2010). Such postnatal growth
references could then be used to develop predictive regression models that
require clinical information available at birth to predict the postnatal growth
measure a healthy preterm infant would adjust to during and following unimpaired
postnatal adaptation on an individual-basis. Such longitudinal postnatal growth
references will improve upon the limitations of existing growth charts, and provide
a hypothesis of optimal postnatal growth for preterm infants that can be further

investigated in future studies.
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Overall research objectives

1. Describe body weight changes during and after postnatal adaptation of
preterm infants born between 30 — 36 completed weeks of gestation who
require minimal postnatal intervention, and who are admitted to either
McMaster University Medical Centre (2008-2012), St. Joseph’s Healthcare
Hamilton (2008-2011), Greifswald University Hospital (2008-2012),
Heidelberg University Hospital (2009-2011), or St. Michael’'s Hospital

(2009-2010).

2. Use the postnatal growth data obtained in Aim #1 to develop multiple-
linear regressions that predict the body weight that a preterm infant with
little/no postnatal support adjusts to by days 7, 14 and 21 of postnatal life.
Independent variables assessed will include clinical information available
at birth, such as: GA, BW, hospital centre, mode of delivery, gestation,

head circumference, and body length.

3. Validate the predictive models developed in Aim #2 by (A) apparent

validation, (B) internal validation (split-sample technique)
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4. Extrapolate the predictive models with the greatest accuracy into earlier
weeks of gestation (24-29 weeks) and validate using an independent study
population of preterm infants with little/no postnatal support who were born

between 24 — 29 completed weeks of gestation.

Overall hypotheses

The null hypothesis for Aim #1 is that there will be no difference between
postnatal growth trajectories and intrauterine growth trajectories during the 30 —
36 weeks GA range. However, preterm infants initially lose weight after birth, due
to the contraction of the extracellular fluid compartment during postnatal
adaptation. Thus, it is hypothesized that postnatal growth trajectories will be
lower than intrauterine trajectories. This hypothesis is also supported by clinical
observation and literature.

The null hypothesis for Aim #2 is that GA at birth, BW, hospital centre,
mode of delivery, single vs. multiple gestation, head circumference at birth and
body length at birth will not make statistically significant contributions to the
predictive models. However, literature supports that GA, BW, feeding practices
(which may differ between hospital centres), mode of delivery and gestation will
significantly impact the day 7, 14 and 21 predictive growth models. For instance,
it has been shown that from 30 weeks of gestation onwards, postnatal growth
trajectories of singleton vs. multiple gestation preterm infants diverged, where

singleton infants had lower body weights (Sankilampi et al. 2013).
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The null hypotheses for Aim #3 are that (A) applying the developed
predictive models on the same population used to construct it (30 — 36 week GA
preterm infants) will result in no statistically significant differences between actual
and predicted growth measures, and residual values that are clinically irrelevant;
(B) the same independent variables incorporated in the predictive models that
are based on all included 30 — 36 week GA preterm infants will remain significant
in the split-sample groups that will be used for internal validation and the
coefficient of determination will remain within 5% of those of the regressions
being validated.

The null hypothesis for Aim #4 is that preterm infants born at GAs between
24 and 29 weeks will adjust to the same trajectory that infants born between 30 —
36 weeks adjust to after postnatal adaptation is complete. Therefore, there will be
no statistically significant difference in predicted and observed postnatal growth
at days 7, 14 and 21 in infants born between 24 — 29 completed weeks, when
values are predicted based on regressions developed using the growth data of 30

— 36 week GA infants.
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Specific Aims

11

1.2

1.3

1.4

15

2.1

2.2

3.1

Describe postnatal growth of preterm infants (24 — 36 weeks GA) who
require minimal postnatal support, during postnatal adaptation period and

after stable growth is achieved.

Evaluate how postnatal growth trajectories compare to recommended
intrauterine growth trajectories using raw body weight values, z-scores,
and percentage of recommended weight-for-age values.

Evaluate how postnatal growth rates compare to recommended
intrauterine growth rates.

Explore how nutrition, ethnicity and gender affect early postnatal growth
Identify the differences in study population characteristics (ie. neonatal

classification, GA, BW) and nutritional practices between hospital centres

Using a stepwise-forward selection technique, determine which
independent variables are significant predictors of growth outcomes on
days 7, 14 and 21.

Evaluate the accuracy of each model using residual analyses.

Indicate the optimism of the apparent performance of the most accurate

predictive models, by determining whether there is a statistically significant
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3.4

4.1

4.2
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difference between predicted and actual values using a paired-samples t-
test.

Internally validate the most accurate predictive models using a split-
sample technique (compare relationship between dependent and
independent variables, R? values and residuals).

Explore limitations of the obtained predictive models, upon residual

analyses of various factors: GA at birth, gender and ethnicity.

Collect longitudinal growth data for 24 — 29 completed week GA preterm
infants who require minimal/ no medical intervention.

Validate most accurate predictive models in the extrapolated region (24 to
29 weeks) by assessing the statistical and clinical significance of the
residuals obtained when the regressions being validated are applied to an

independent study population of preterm infants of 24 — 29 weeks GA.
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Methods

Study Design

This study follows a multi-centre, longitudinal, descriptive design. Two
independent retrospective cohorts were used (Study population A and B), which
both comprised of low-risk preterm infants who required minimal to no medical
intervention during the postnatal adaptation period. Subjects were admitted to
one of the five participating centres: McMaster University Medical Centre
(MUMC; Hamilton ON, Canada), St. Joseph’s Healthcare Hamilton (SJH;
Hamilton ON, Canada), Greifswald University Hospital (GUH; Greifswald,
Germany), Heidelberg University Hospital (HUH; Heidelberg, Germany), and St.
Michael's Hospital (SMH; Toronto ON, Canada). All infants were fed according to
the nutritional guidelines at the corresponding centre. The study was approved by

each of the centres’ Research Ethics Boards.

SECTION A: Development of normative postnatal growth values for “low-

risk” preterm infants

Study population: Group A

The inclusion criteria for the Group A study population was that the infants
were admitted to one of the five participating hospital centres within the first 24
hours of life during the following screening periods: MUMC (2008-2012), SJH

(2008-2011), GUH (2008-2012), HUH (2009-2011), SMH (2009-2010), and that
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they had a GA at birth between 30 and 36 6/7 weeks. The infants were then
subjected to strict screening criteria to select the healthiest subset of infants from
the population.

Infants were excluded if there was antenatal alcohol/ drug/ cigarette use,
maternal diabetes mellitus, histological chorioamnionitis, if the infants had any
major pathology, had undergone major intracavitary surgery (except hernia
repair), there was a requirement for mechanical ventilation or continuous positive
airway pressure (CPAP) therapy for greater than 3 days of life, FiO, = 0.3
between 6-72 hours of life, nosocomial sepsis confirmed by positive blood culture
results, confirmed necrotizing enterocolitis (NEC), ileus, neuronal intestinal
dysplasia, esophageal atresia, pyloric hypertrophic stenosis, intestinal
invagination, intraventricular haemorrhage (IVH; level lll, V), periventricular
leukomalacia (PVL), hydrops fetalis and/or if the infant had not attained full
enteral feeding (defined as 120 mL/kg/d) within the first ten days of life. Exclusion
criteria were determined based on identifying morbidities that increased energy
expenditure, and/ or affected body composition, nutrition or growth of the infant.
For example, histological chorioamnionitis was used as an exclusion criterion
because it has been shown to result in poor postnatal growth for preterm infants
(<32 weeks GA) (Trevisanuto et al. 2013). Additionally, infants with uncertain
GAs (discrepancy between obstetric and pediatric estimates, or GA estimates

based on last-menstrual-period) and/or infants with <14 days of available health
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records were also excluded, to maintain the integrity of the longitudinal-nature of

the results.

Study population: Group B

The inclusion criteria for the Group B study population was that the infants
were admitted to MUMC or GUH during 2008-2012 within the first 24 hours of life,
and that they had a GA at birth between 24 and 29 6/7 weeks. The exclusion
criteria were modified to reflect the greater prematurity of this population. As
such, infants were excluded if there was antenatal alcohol/ drug/ cigarette use,
maternal diabetes mellitus, histological chorioamnionitis, if the infant had any
major pathology, required major intracavitary surgery (except for hernia repair),
required mechanical ventilation for greater than 3 days of life, FiO, = 0.3 within
the first 21 days of life, nosocomial sepsis confirmed by positive blood culture
results during the first 21 days of life, confirmed NEC, ileus, neuronal intestinal
dysplasia, esophageal atresia, pyloric hypertrophic stenosis, intestinal
invagination, IVH (level lll, 1V), PVL, and hydrops fetalis. Additionally, infants
were also excluded if the GA was uncertain.
Data abstraction

Paper and electronic health records were retrospectively scrutinized on-
site on an individual-basis for the screening criteria outlined above. For study
population A, GA, year of admission, day-specific anthropometric measurements
until discharge (body weight [g], body length [cm], head circumference [cm]),

nutritional information (day of life enteral feeds were begun, day of life full enteral
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feeds was attained), mode of delivery (vaginal vs. C-section), ethnicity of parents,
and single vs. multiple gestation information was collected. For study population
B, GA, year of admission, day-specific body weight data for the first 21 days of
life, nutritional information, mode of delivery, ethnicity of parents, and single vs.
multiple gestation information was collected. All patients were randomly allocated
a study number to maintain anonymity.

For the anthropometric measurements, body weight had been routinely
measured daily using a weight scale, and head circumference and body length
(crown-heel length) were both routinely measured using a measuring tape, once
a week at German centres and once during hospital stay at Canadian centres.
Trained healthcare professionals obtained all measurements. lllegible or
improbable values were omitted from data analysis, where growth measurements
were considered as improbable when they differed from the previous day’s

measurement by greater than 10%.

Characterizing postnatal growth trajectories

Infants were stratified by GA at birth into the following groups: 30, 31, 32,
33, 34 and 35 completed weeks. Day-specific body weight values were
approximately normally distributed and were plotted as a mean * standard
deviation for each infant group. The day of life that maximum weight loss
occurred and that BW was regained were determined based on the mean day-

specific body weight values of each infant group.
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SECTION B: Identifying trends in early postnatal growth

Comparison of postnatal and intrauterine growth

Infants were stratified by GA at birth into the following groups: 30, 31, 32,
33, 34 and 35 completed weeks. Day-specific body weight values were plotted as
a mean = standard deviation for each infant group. The values were plotted by
corrected GA at the middle of the respective completed week, as previously
recommended (Rochow et al. 2012). The resulting postnatal growth trajectories
were then superimposed on reference growth curves that approximate
intrauterine growth (gender-specific BW%ile charts and EFW charts). The
reference BW%ile values were re-plotted to correct for the systematic plotting
error described by Rochow et al. (2012) and to avoid the previously reported
artificial leftward shift of the growth curve.

The BW%ile values used to represent intrauterine growth in the present
study were obtained from gender-specific Canadian BW%ile charts (Kramer et al.
2001), which were used to develop the commonly-used Fenton growth charts
(Fenton et al. 2003) between the GA period: 22 and 43 completed weeks.
Intrauterine growth was also represented in the present study with EFW values
obtained from Salomon et al. (2007), because of its high population size and use
of accurate models to estimate fetal weight (Hadlock formula).

For quantitative comparison of postnatal growth trajectories and the
recommended weight-for-age values (BW%ile or EFW values), the comparisons

were expressed as z-scores, z-score differences from birth, and as percentages
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of the recommended weight-for-age. Gender-specific recommended weight-for-
age values were interpolated using an exponential model according to the
corrected age of the infant at the time of measurement, on a day-to-day basis
from the 50™ BW%ile values presented by Kramer et al. (2001) and EFW values
presented by Salomon et al. (2007). Z-scores, z-score differences and
percentages of the recommended weight-for-age were calculated using the
formulas described below. All values were calculated on an individual and day-to-

day basis.

Z-score = [observed body weight —recommended weight-for-age]/SD
Z-score difference = Z-score at day n of life - Z-score at birth

Percentage of recommended weight-for-age

= Observed body weight of infant / recommended weight-for-age

Of note, since EFW curves only exist for the GA range of 20 to 36 weeks,
postnatal growth measurements that corresponded to corrected ages beyond 36

weeks could not be compared to EFW references.

Postnatal growth rates were calculated using an exponential growth model
described by Patel et al. (2005) (see below), and compared to recommended
intrauterine growth rates calculated for each completed week from: BW%ile

charts (Kramer et al. 2001) and EFW references (Salomon et al. 2007). Growth
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rates were calculated for weeks two and three of postnatal life, and expressed as
mean * standard deviation. Thus, the presented postnatal growth values were
representative of a seven-day period [completed week] during periods of stable
postnatal growth.

PNG = [1000 * In (W, / W31)] / (Dn - D1)

PNG: postnatal growth rate [g/kg/d]
W: body weight [g]

D: day of measurement

Analysis of the differences between participating centers

The distributions of Group A BW, GA and z-scores at birth and day of life
14 were compared across hospital centres using a Kruskal-Wallis Test. In order
to further evaluate the differences between specific centres, Mann-Whitney U
Tests were used. Further, nutritional practices between centres were compared
by evaluating the difference in medians of the days of life that full enteral feeds
were administered to Group A infants between hospital centres. Full enteral feeds
was defined as 120 mL/kg/d. Differences in medians were identified using the
Median Test. All statistical analyses were performed using SPSS version 21.0

and differences were considered statistically significant at the 0.05 level.

Analysis of how factors affect postnatal growth
The effect of nutrition on postnatal growth was evaluated upon correlation

analysis of the z-score difference infants adjusted to by day 14 of life and the day
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of life full enteral feeds was administered. The effect of ethnicity and gender was
also evaluated using a one-way ANOVA. The following ethnic categories were
assessed: unknown, Asian, African, Caucasian, Caribbean, Mixed,

Mediterranean, Native and South American.

SECTION C: Development and selection of models to predict early

postnatal growth in “low-risk” preterm infants

Development of predictive models

A step-wise forward selection procedure was used to construct multiple
linear regression models to predict the body weight of Group A preterm infants on
days of life 7, 14 and 21. Body weight was expressed as a raw value, z-score, or
percentage of the recommended weight-for-age. The independent variables
(predictor variables) analyzed were: GA at birth, body weight at birth (expressed
as a raw BW value, z-score, or percentage of recommended weight-for-age),
hospital centre at which the infant was admitted and treated, gestation (singleton
vs. multiple gestation), mode of delivery, head circumference at birth and body
length at birth. The hospital centre was dichotomized into two groups based on
patterns in the advancement of enteral feeds, where the first group included
MUMC and SJH, which administered full enteral feeds (120 ml/kg/d) at a
statistically significant earlier date than the second category of hospital centres

(GUH, HUH, SMH).
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Predictive models were also developed using the described forward step-
wise selection procedure, where the categorical variable of hospital centre was
recoded as four separate variables, using MUMC as the reference variable
("dummy” coding). Each coefficient was associated with one of the four other
hospital centres (SJH, GUH, HUH, SMH, respectively). The pertinent coefficient
was set to one for each of the corresponding centres, while the coefficients that
corresponded to the other centres where the infant was not born/ admitted, were
set to zero (ex: SJH: Xsyu=1, Xcun=0, Xpun=0, Xsmn=0 vs. GUH: Xs;u=0 Xcun=1,
Xnun=0, Xsmn=0). This method categorized the centres based on all confounding
differences between centres.

GA was included as a predictor variable in all models tested, because of
the physiological understanding that the degree of prematurity affects the growing
capacity of the infant. The remaining predictor variables were included in the
multiple linear regression equation if they increased the R? value of the
regression by at least 0.01 and if the p-value associated with the variable was
less than 0.001. Therefore, terms that were non-significant or did not improve the

R? value by at least 0.01 were removed from the equation.

Evaluation of the accuracy of predictive models
Predictive models for days 7, 14 and 21 using each of the dependant
variables (raw body weight, z-score and percentage of the recommended weight-

for-age value) were compared based on R? values and range of residual values.
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Residual values were calculated as the difference between the predicted and

actual growth measure.

SECTION D: Validation of predictive models

Apparent validation
In order to identify if there was a statistically significant difference between
predicted and actual values, actual and predicted values of Group A infants were

analyzed using a paired-samples t-test at the 0.05 significance level.

Internal validation

Internal validation of the predictive models was completed using a split-
sample validation technique (Ma et al. 2013), in order to avoid a selection bias in
the study population used to develop the model (Mark et al. 2001). The data of
Group A subjects was randomly split into a training set and a validation set. Step-
wise forward selection was used again to develop predictive models for days 7,
14 and 21 that were based on the training and validation sets separately. The
relationship between the dependant variables and the independent variable was
evaluated for its significance in all models. Pearson correlation coefficients for
each of the three predictive models that were based on either the training set or
validation set were also determined. The model was accepted as validated if (1)
the relationship between dependent and independent variables was the same as

in the overall predictive models, and if (2) the Pearson correlation coefficients for
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each of the training and validation set models were within 5% of the coefficient of
the overall predictive models. Additionally, the predicted values of Group A
infants computed using the training and validation set models were also

compared for statistically significant differences using a paired-samples t-test.

Analysis of the effect of factors on the accuracy of predictive models

The effects of gender, GA and ethnicity on the accuracy of predictive
models were evaluated for day 7, 14 and 21 models. The difference between the
actual body weight value and predicted value (residual) was plotted for each
infant by the BW at birth. Additionally, residuals were also plotted by actual
values, where infants were categorized by gender and ethnicity. Trends of

inaccurate predictions were qualitatively assessed for each factor.

SECTION E: Extrapolation of predictive models downwards to 24 weeks

The validated predictive equations that were developed using Group A
subjects’ data were used to predict growth parameters of Group B subjects (GA:
24 — 29 weeks) on days of life 7, 14 and 21. The predicted growth measures
were then compared to the actual values for each Group B infant using paired-
sample t-tests. Residual plots were constructed for day 7, 14 and 21 predictive
models, where the residual range, mean and confidence intervals at the 95%

confidence level were plotted.
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SECTION F: Combining Groups A and B to develop overall regressions
Multiple linear regression models were also developed using the same
dependent variables and selection procedure that are described above, using the
entire study population (Group A and Group B combined). Apparent validation
was completed by using a paired-samples t-test to compare actual and predicted
growth measures for days 7, 14 and 21 of life. Additionally, residual plot analyses
were conducted and confidence intervals were plotted at the 95% confidence

level.
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Results

SECTION A: Development of normative postnatal growth values for

“low-risk” preterm infants

Selection of Group A and Group B subjects

Sample size was a direct reflection of the number of charts received and
the number of infants that satisfied our screening criteria. For Group A, a total of
6 203 preterm infants of GAs between 30 and 36 completed weeks were
screened, from which 705 infants met the screening criteria (Figure 2A). 665
infants were born at gestational ages (GA) between 30 and 35 completed weeks,
and of these, health records and growth data were available for a minimum of 21
days after birth for 333 preterm infants. Infants born between 36 — 36 6/7 (n = 40)
had BWs that were significantly lower than the 50" BW%ile, in comparison to
other GA groups of infants; average BW for 36 — 36 6/7 GA infants as a
percentage of the 50" BW%ile was 79.5% vs. 96.9% of 30 — 35 6/7 GA infants.
Thus, due to the selection bias of infants with lower BWSs, infants in the 36 — 36
6/7 GA group were excluded from subsequent analyses. For Group B, a total of
573 preterm infants with GAs between 24 and 29 completed weeks were
screened, of which 173 infants met the screening criteria (Figure 2B). Health
records and growth data were available for a minimum of 21 days after birth for

169 of these preterm infants.
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* 117 infants were transferred from MUMC to SJH before 14 days of life

MUMC: McMaster University Medical Centre HUH: Heidelberg University Hospital
SJH: St. Joseph’s Healthcare Hamilton SMH: St. Michael’s Hospital

GUH: Greifswald University Hospital

Figure 2: Screening process for all infants admitted to participating
hospital centres for selection of (A) Group A and (B) Group B study

populations.
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Study population characteristics

Table 2 presents demographic information of Group A (30 — 35 6/7 GA)
and Group B (24 — 29 6/7 GA) study populations. An approximately even gender
distribution was observed for both study groups. Of note, there were no 24 — 24
6/7 week GA infants who met the strict screening criteria for selecting preterm
infants born between 24 — 29 completed weeks who required minimal medical
intervention during the first 21 days of hospital stay. Additionally, there were a
greater number of C-section deliveries (77.5% vs. 55.9%) in the more premature
population of Group B, and the majority of births in this group were of singleton

gestation (91.3%).
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TABLE 2: Population characteristics of study populations Group A

(n =665) and Group B (n = 173). The frequency and percentage within Group A
and Group B infants were presented for the following categories: hospital centre
the infant was born/ admitted to, gender, GA (stratified by completed weeks),
mode of delivery, gestation and neonatal classification based on the 10™ and 90"
BW%ile cut offs for SGA, AGA and LGA classification.

Number, (%)
Group A Group B
MUMC 94 (14.1) 107 (61.8)

SJH 207 (31.1) -
Hospital centre GUH 45 (6.8) 66 (38.2)
HUH 271 (40.8) -
SMH 48 (7.2) -
Male 363 (54.6) 93 (53.8)
Gender Female 302 (45.4) 80 (46.2)
24 - 0 (0.0)
25 - 6 (3.5)
26 - 29 (16.8)
27 - 34 (19.7)
28 - 52 (30.1)
Gestational age 29 - 52 (30.1)
[completed weeks] 30 25 (3.8) -
31 56 (8.4) -
32 113 (17.0) -
33 138 (20.8) -
34 197 (29.6) -
35 136 (20.5)

Vaginal 194 (29.0) 38 (22.0)
C-section 372 (55.9) 134 (77.5)
Single 284 (42.7) 158 (91.3)

Mode of delivery

Gestation Mulple 262 (39.4) 63 (36.4)
Neonatal SGA 75 (11.3) 18 (10.4)
claseification AGA 562 (84.5) 151 (87.3)
LGA 28 (4.2) 4 (2.3)
MUMC: McMaster University SMH: St. Michael's Hospital
SJH: St. Joseph's Healthcare SGA: small for gestational age
Hamilton AGA: appropriate for gestational
GUH: Greifswald University Hospital age
HUH: Heidelberg University Hospital LGA: large for gestational age
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The ethnic distribution of included infants in Group A (30 — 35 6/7 week
GA) and Group B (24 — 29 6/7 week GA) are presented in Figure 3 A and B,
respectively. In Group A, 57.0% of included infants were Caucasian, while the
ethnicity of 32.5% infants was not indicated or illegible in health records. In Group
B, 53.2% of included infants were Caucasian, and the ethnicity of 38.7% of

infants was unknown.

A OAsian (4.1%)

B African (1.4%)
ECaucasian (57%)

B Caribbean (0.2%)

B Mixed (3.2%)
OMiddle-eastern (1.4%)
OUnknown (32.5%)

E Native (0.3%)

O South American (0.2%)

HAsian (3.5%)

B Caucasian (53.2%)
OMiddle Eastern (1.7%)
B Mixed (2.9%)

BUnknown (38.7%)

Figure 3: Ethnic distribution of included preterm infants of (A) Group A:

30 — 35 weeks GA, and (B) Group B: 24 — 29 weeks GA infants.
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Group A and Group B BWs were approximately normally distributed.
Means and standard deviations of body weights of all included infants were
stratified by GA and presented for the gestational period between 25 and 35
completed weeks (Table 3). It was observed that BWs for girls were lower than

BWs for boys for all GAs except 29 completed weeks.

TABLE 3: Overall and gender-specific birth weights over 25 — 35 completed
weeks of gestation, from combined study populations (Groups A and B).
Mean values and standard deviations of body weights reported were stratified by

GA [completed weeks] for all infants and for each gender separately.

Birth weights (g)

All (n = 836) Girls (n = 381) Boys (n = 455)

GA

(completed n Mean SD n Mean SD n Mean SD

weeks)

25 6 789 100 3 743 110 3 835 80
26 28 845 157 12 824 168 16 861 152
27 34 179 179 17 909 150 17 1098 157
28 52 1136 206 20 1122 160 32 1145 232
29 51 1229 251 27 1240 229 24 1218 278
30 25 1383 273 10 1268 269 15 1460 256
31 56 1650 298 27 1621 319 29 1677 280
32 113 1817 329 47 1785 322 66 1840 334
33 138 2013 352 55 1935 386 83 2064 320
34 197 2167 333 90 2151 341 107 2181 327
35 136 2299 379 73 2213 372 63 2399 366

GA: gestational age at birth [completed weeks]
SD: standard deviation
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Figure 4 presents anthropometric data of infants at birth. There was a
positive correlation between BW and GA (r = 0.650, n = 838, p < 0.001). Amongst
Group A infants (30 — 35 weeks GA), positive correlations were also observed
between GA and head circumference (r = 0.545, n = 489, p < 0.001) and body

length (r=0.419, n = 303, p < 0.001).
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Figure 4. Anthropometric measurements of Group A and B subjects on day

of birth. Group A subjects’ (A) Body weight (n = 838), (B) Head circumference

(n = 489), and (C) Body length (n = 303) were plotted by GA at birth.
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Longitudinal postnatal growth analysis

On average, preterm infants of GAs at birth between 30 and 35 6/7 weeks
(Group A) experienced maximal weight loss on day five of life. This maximal
weight loss corresponded to 5.7% of the BW. BW was subsequently regained on
average, by day 11 of life. Similarly, in the Group B study population (GA
between 25 0/7 and 29 6/7), on average, maximal weight loss occurred on day
five of life and BW was regained by day 12 of life. In contrast, the maximum
weight loss seen by day five of life in Group B corresponded to 9.4% of the BW.
Upon combining Group A and Group B infants, a negative correlation between
percent of BW lost and GA at birth was observed (r = 0.46, n = 838, p < 0.001).
Additionally, the mean postnatal body weights of each group of infants, when
stratified by GA at birth, were significantly different from each other on days 1, 5,
11 and 12 at the 0.05 significance level.

The postnatal growth rates of Group A infants calculated as an average
over a seven day period, over weeks two and three of postnatal life, ranged
between a minimum of 13.5 g/kg/d to a maximum of 16.9 g/kg/d over the 31 to 37
week gestation period (Figure 5A). The postnatal growth rates of Group B infants
over weeks two and three of postnatal life, ranged from a minimum of 10.3 g/kg/d
at 26 weeks corrected age to a maximum of 20.0 g/kg/d at 31 weeks corrected

age (Figure 5B).
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Figure 5: Postnatal growth rates of (A) Group A infants (30 - 35 weeks GA)
and (B) Group B infants (25 - 29 weeks GA). Growth rates are calculated using
an exponential growth model (Patel et al., 2011). Values are presented as a
mean + standard deviation, and are representative of a seven-day period during
the second and third week of postnatal life. Infants were stratified by GA at birth
in completed weeks, and the average postnatal growth rates were plotted by

corrected age (AVG).
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SECTION A: Summary of results

Upon application of the strict screening criteria to select for preterm infants
who required minimal medical intervention and who were not exposed to pre-
defined factors known to impair postnatal growth, only 11.4% of 30 — 36 week GA
infants and 30.2% of 24 — 29 week GA infants were eligible for the study.

On average, Group A and B infants experienced maximal weight loss on
day 5, however Group A infants regained BW by day 11, while Group B infants
regained BW by day 12. However the percentage of BW lost on the day of body
weight nadir was negatively correlated with GA at birth of the infant. Postnatal
growth rates of Group A infants during the second and third week of life
approximated 15 g/kg/d over the corrected age range of 31 to 37 weeks, while
postnatal growth rates for Group B infants ranged from 10.3 — 20.0 g/kg/d over

the 26 to 31 corrected age period.

SECTION B: Identifying trends in early postnatal growth

Comparison of postnatal growth to intrauterine growth references

Postnatal growth trajectories of Group A and Group B infants did not
approximate recommended intrauterine growth references, using either BW%ile
or EFW values as references (Figure 6). By week two of life, infants in both
groups had adjusted to stable growth trajectories that were below both the

percentile on which the infant was born and below the reference curves.
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Figure 6: Postnatal growth trajectories of Group A (30 - 35 6/7 weeks GA) and Group B (25 — 29 6/7
weeks GA) infants (nta = 838) superimposed on gender-specific (A) BW%iles (Kramer et al. 2001),

and (B) EFW curves (Salomon et al. 2007). Day-specific mean body weight values + standard deviation

were plotted by corrected GA for each group of infants that were stratified by GA at birth. BW%ile values and

mean body weight values were plotted at the middle of the completed week in order to correct for and

prevent systematic plotting error, as recommended by Rochow et al. 2012.
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On average, the BW of Group A (30 — 35 6/7 weeks GA) infants was 0.22
+ 0.885 SDS (n = 665) below the 50" BW%ile (Figure 7A) and 0.91 + 1.811 SDS
(n = 665) below the EFW value (Figure 7B). By day 14 and day 21, infants had
adjusted to 0.97 + 0.753 SDS (n = 665) and 0.98 £ 0.742 SDS (n = 333) below
the 50" BW%ile (Figure 7A), and to 1.54 £ 1.466 (n = 476) and 1.48 £ 1.407 (n =
236) below the EFW values (Figure 7B).

Similarly, using the 50" BW%ile as the intrauterine growth reference, the
average BW of Group A infants was 96 + 16.4% (n = 665) of the reference, and
84 + 12.5% on day 14 (n = 665) and 84 + 11.9% on day 21 (n = 333) of postnatal
life (Figure 8A). Using the EFW curves as the intrauterine growth reference, the
average BW of Group A infants was 95 + 15.9% (n = 665) of the reference, and
86 = 13.3% on day 14 (n = 476) and 87 + 12.7% on day 21 (n = 236) of postnatal
life (Figure 8B).

Lastly, in order to take into consideration the initial body weight of the
infant at birth when examining the percentile that the infant adjusted to following
postnatal adaptation, z-score differences were calculated. Using the 50" BW%ile
as a reference for the recommended weight-for-age, infants from Group A (30 —
35 completed weeks GA) adjusted on average to a trajectory that was associated
with a z-score difference of -0.75 + 0.310 on day 14 (n = 665) and -0.67 + 0.375
on day 21 (n = 333) (Figure 9A). Using the EFW curve as a reference for the
recommended weight-for-age, infants from Group A (30 — 35 completed weeks)

adjusted on average to a trajectory that was associated with a z-score difference
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of -0.52 £ 0.734 on day 14 (n = 476) and -0.038 + 1.019 on day 21 (n = 236)
(Figure 9B). Since z-scores could not be calculated for corrected ages beyond
36 weeks using EFW curves as the recommended weight-for-age, the number of
infants for which z-scores and z-score differences were calculated was reduced

to n =236 by day 21.
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Figure 7: Z-scores of Group A infants (30 — 35 6/7 weeks GA) over first
three weeks of postnatal life, using intrauterine growth references as
recommended weight-for-age values. Z-scores were calculated on an
individual-basis using day- and gender-specific reference values obtained
from (A) 50" BW%iles (Kramer et al. 2001), and (B) mean EFW values
(Salomon et al. 2007). Z-scores were presented as mean + standard

deviation for each group of infants stratified by GA.
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Figure 8: Day-specific body weights of Group A infants (30 — 35 6/7
weeks GA) over first three weeks of postnatal life expressed as
percentages of recommended weight-for-age values. Percentages were
calculated for each GA group and presented as mean + standard deviation.
Recommended weight-for-age values were represented using the gender-
specific (A) 50" BW%iles from Kramer et al. 2001, and (B) mean EFW

values from Salomon et al. 2007.
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Figure 9: Z-score differences since birth of Group A infants (30 — 35
6/7 weeks GA) over first three weeks of postnatal life. Z-score
differences were calculated by subtracting the mean z-score at each day
from the z-score at birth, and were presented as mean + standard
deviation. Recommended weight-for-age values were represented using
gender-specific (A) 50" BW%iles from Kramer et al. 2001, and (B) mean
EFW values from Salomon et al. 2007.
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On average, the BW of Group B (25 — 29 6/7 weeks GA) infants was 0.01
+ 0.869 SDS (n = 173) below the 50" BW%ile (Figure 10A) and 0.96 + 1.314
SDS (n = 173) below the EFW value (Figure 10B). By day 14 and day 21, infants
had adjusted to 0.88 + 0.672 SDS (n = 173) and 0.92 + 0.718 SDS (n = 169)
below the 50" BW%ile (Figure 10A), and to 2.45 + 1.014 (n = 173) and 2.50
1.079 (n = 169) below the EFW values (Figure 10B).

Using the 50" BW%ile as the intrauterine growth reference, Group B
infants were born with an average BW that was 100 + 18.3% (n = 173) of the
reference, and adjusted to body weights that were 81 + 14.2% and 79 + 19.1% of
the 50" BW%ile by days 14 (n = 173) and 21 (n = 169) (Figure 11A). Using the
EFW curves as the intrauterine growth reference, the average BW of Group B
infants was 91 £ 17.0% (n = 173) of the reference, and 73 + 13.0% on day 14 (n
=476) and 71 + 17.2% on day 21 (n = 169) of postnatal life (Figure 11B).

Lastly, using the 50" BW%ile as the reference for the recommended
weight-for age, Group B infants adjusted on average to a trajectory that was
associated with a z-score difference of -0.87 + 0.378 on day 14 (n = 173) and
-0.89 + 0.454 on day 21 (n = 169) (Figure 12A). Using the EFW curve as a
reference for the recommended weight-for-age, infants from Group B adjusted on
average to a trajectory that was associated with a z-score difference of -1.49 +

0.555 on day 14 (n = 173) and -1.55 + 0.702 on day 21 (n = 169) (Figure 12B).
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Figure 10: Z-scores of Group B infants (25 — 29 6/7 weeks GA) over first

three weeks of postnatal life, using intrauterine growth references as

recommended weight-for-age values. Z-scores were calculated on an

individual-basis using day- and gender-specific reference intrauterine growth

reference values obtained from (A) 50" BW%iles (Kramer et al. 2001), and (B)

mean EFW values (Salomon et al. 2007). Z-scores were presented as mean +

standard deviation for each group of infants stratified by GA.
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Figure 11: Day-specific body weights of Group B infants (25 - 29 6/7
weeks GA) over first three weeks of postnatal life expressed as
percentages of recommended weight-for-age values. Percentages were
calculated for each GA group and presented as mean + standard deviation.
Recommended weight-for-age values were represented using the gender-
specific (A) 50" BW%iles from Kramer et al. 2001, and (B) mean EFW

values from Salomon et al. 2007.

55



M.Sc. Thesis - P. Raja; McMaster University — Medical Sciences.

0.10 =o=25 weeks GA,
= I (n=6; 3
£ .0.10 1 males)
3 .
€ 030 | 26 weeks GA,
..g (n=29, 16
o 1 L ] males)
§ 0.50 { { r 1
2 070 ’ =27 weeks GA,
& (n=34, 17
S 090 - males)
o r 0
o ] 1 =>=28 weeks GA,
? 110 | o o (n=52, 32
N 1.30 | 7 | males)
i - - - 1 =*¥=29 weeks GA,
-1.50 I (n=52, 10
1.70 T males)
1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22
Day of Life
B
0.50
=o=25 weeks GA,
(n=6; 3
0.00 males)
g 26 ks GA
weeks GA,
8 0501 (=29, 16
£ males)
2
= -1.00 9
) k=27 weeks GA,
2 (n=34, 17
g -1.50 A males)
b=
S =>=28 weeks GA,
o -2.00 (n=52, 32
i
o males)
o
P
N -2.50 ] =¥=29 weeks GA,
(n=52, 10
males)
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
Day of Life

Figure 12: Z-score differences since birth of Group B infants (25 - 29
6/7 weeks GA) over first three weeks of postnatal life. Z-score
differences were calculated by subtracting the mean z-score at each day
from the z-score at birth, and were presented as mean + standard
deviation for each group of infants stratified by GA. Recommended weight-
for-age values were represented using the gender-specific (A) 50™
BW%iles from Kramer et al. 2001, and (B) mean EFW values from
Salomon et al. 2007.
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Assessment of study population characteristics and nutritional practices
across hospital centres

Upon categorizing Group A infants by the hospital centre at which they
were treated, distributions of BW (Figure 13A) and GA at birth (Figure 13B)
were statistically different (Kruskal-Wallis test; p = 0.001, 0.005 respectively).
Statistically significant differences in BW distributions were found primarily
between MUMC/HUH/SMH and GUH/SJH (Mann-Whitney U Test), where the
biggest difference was seen between MUMC and SJH (p < 0.001) (Table 4).
Distributions of GA at birth over hospital centres were also very varied, with the
biggest statistically significant difference seen between MUMC and GUH (p =
0.002) and MUMC and HUH (p = 0.004) (Table 4).

The distribution of z-scores at birth of Group A infants between hospital
centres was also analyzed to identify differences between BWs and weight-for-
age recommendations that may have been hospital-specific (Figure 14). It was
observed that there were only statistically significant differences between SJH
and HUH (p < 0.001) and SJH and MUMC (p = 0.047), where the distribution of
z-scores at birth for SJH infants were closer to the recommended weight-for-age
(Table 4). By day 14, these differences between centres remained and additional
differences between z-score distributions were observed between GUH and HUH

(p = 0.003) and GUH and MUMC (p = 0.011) (Table 4).
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Figure 13: Distribution of (A) birth weights and (B) gestational

ages of Group A infants, grouped by hospital centre.
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Figure 14: Distribution of z-scores at (A) day 1 and (B) day 14 of postnatal
life of Group A infants by hospital centres. Z-scores were calculated using

the 50™ birth weight percentile as the reference weight (Kramer et al. 2001).
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TABLE 4: Analyses of Group A distributions of birth weight, GA and growth

characteristics across participating hospital centres. Z-scores were

calculated using the 50" birth weight percentile as the reference weight-for-age.

Mann-Whitney U Tests were used for distribution comparison across centres.

MUMC SJH  GUH  HUH
* - - -
Birth weight SJH - 0.000

GUH 0.004* 0816 ; ;

HUH 0125 0.005% 0.045% -
SMH 0240 0045* 0079 0.320

MUMC SJH GUH HUH

Gestational age SJIH 0046 } i i
9 GuH 0002 0038 - ;

HUH 0.004* 0228 0229 -
SMH 0685 0178 0.008* 0.083

MUMC SJH GUH HUH

SIH _ 0.047* - - -

ya irth

scoreatbirth 9777 0117 - ]
HUH 0195 0000+ 0181 -

SMH 0578 0312 0709 0.082

MUMC SJH GUH HUH

SJH 0019* - - -

z- t day 14

Scoreattay =t Gun o0o011r 0312 - .
HUH 00947 0001* 0.003* -

SMH 0361 0525 0207 0.283

* denotes a statistical difference at the 0.05 significance level

MUMC: McMaster University
SJH: St. Joseph's Healthcare Hamilton
GUH: Greifswald University Hospital

HUH: Heidelberg University Hospital
SMH: St. Michael's Hospital
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In order to assess the differences in nutritional practices between centres,
the distribution of the day of life when full enteral feeds (120 mL/kg/d) were first
administered were compared across centres (Figure 15). Significant differences
were observed in the medians between MUMC/SJH and each of the remaining
centres (Table 5), where MUMC and SJH administered full enteral feeds 1 — 2

days earlier in comparison to the other centres.
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Figure 15: Comparison of nutritional strategies between participating
hospital centres. The distribution of the day of life that full enteral feeds (120
mL/kg/d) were administered to Group A infants (30 — 35 6/7 weeks GA) is shown

across hospital centres.
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TABLE 5: Analyses of nutritional strategies across participating hospital
centres in Group A infants. The median day of life that full enteral feeds (120
mL/kg/d) were administered was compared between centres using the Median

Test.

MUMC SJH GUH HUH
Day of life full

enteral feeds SJH 0.929 - - -

(2120 mL/kg/d) GUH 0.000* 0.000* - -

were administered HUH 0.005* 0.000* 0.091 -
SMH 0.001* 0.000* 0.928 0.091

* denotes a statistical difference at the 0.05 significance level

Analysis of factors that affect postnatal growth

Z-score differences were used to represent postnatal growth after
postnatal adaptation, because this accounted for the degree of prematurity and
initial BW of the infant by relating the body weight to their weight-for-age
recommended value. No correlation was found between the day of life full enteral
feeds were attained and the z-score difference at day 14 (R* = 0.010). Similarly,
there was no significant effect of the ethnic background of the infant on the z-

score difference on day of life 14 (p = 0.100).
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SECTION B: Summary of results

Group A and B preterm infants on average, had BWs that approximated
the 50" BW%ile, and were approximately 1 SDS below EFW curves. On
average, all infants (25 — 35 6/7 weeks GA) consistently adjusted to stable
postnatal growth trajectories by day 14 of life. For Group A infants, stable growth
was characterized as -0.97 SDS or 84% of the 50" BW%ile by days 14-21. For
Group B infants, stable growth corresponded to trajectories that approximated -
0.90 SDS or 80% of the 50" BW%ile by days 14-21. Differences were observed
between Group A and Group B when postnatal growth was compared to EFW.
Using EFW curves as the reference, Group A infants adjusted to stable growth
that approximated -1.5 SDS or 86% of the EFW, while Group B infants adjusted
to stable growth trajectories that approximated -2.5 SDS or 72% of EFW curves.

After stratification by hospital centre, it was observed that the distributions
of BWs, GAs, z-scores and day of life full enteral feeds were administered
(feeding tolerance) were significantly different between centres. SJH/GUH had
higher BWs and MUMC/HUH/SMH had the widest range of GAs. By day 14,
differences in growth were statistically significant between centres, where
SJH/GUH infants adjusted to growth that was closer to the 50" BW%ile. Lastly,
full enteral feeds (feeding tolerance) was attained significantly faster in
MUMC/SJH than other centres, but similar to ethnic backgrounds, was found to

have no statistically significant effect on day 14 z-score differences.
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SECTION C: Development and selection of models to predict early

postnatal growth in “low-risk” preterm infants

Models to predict body weights of “low-risk” preterm infants

Representing categorical variables as dichotomous variables

A step-wise forward selection procedure was used to produce predictive
models of postnatal growth for “low-risk” preterm infants, where the dependent
variable that produced the highest coefficient of determination was the raw body
weight. The body weight model for days 7, 14 and 21 which produced the highest
Pearson correlation coefficient incorporated the following independent variables:
gestational age (GA, [weeks]), birth weight (BW, [g]) and hospital centre. The
hospital centre variable was dichotomized according to the nutritional strategy
used (C; MUMC/SJH = 0; GUH/HUH/SMH = 1) (Table 6). GA, BW and hospital
centre were also significant predictors of body weight for day 14 (Table 7) and 21

(Table 8). The following are the resulting predictive equations:

BODY WEIGHT [g] AT DAY 7 (R®=0.961)
= -427.813 + (17.648) * GA + (0.868) * BW + (25.785) * C

BODY WEIGHT [g] AT DAY 14 (R?=0.930)
= -604.210 + (27.738) * GA + (0.879) * BW + (42.407) * C

BODY WEIGHT [g] AT DAY 21 (R?=0.894)
= -549.676 + (31.479) * GA + (0.895) * BW + (92.788) * C
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TABLE 6: Model to predict body weight of “low-risk” preterm infants on day
seven of life. Step-wise forward selection was used where additional
independent variables were included in the model if the R? increased by at least

0.01 and the associated p-value was <0.001.

Independent variable (s) R*> P-value
(1) Gestational age 0.356 0.000
Gestational age 0.000
Z score at birth 0.942 0.000
Gestational age 0.000
(2) Birth weight 0.960 0.000
Gestational age 0.000
% of 50" BW%ile at birth 0-934 " 5.000
Gestational age 0.000
(3) Birth weight 0.961 0.000
Hospital centre, dichotomized by feeds 0.000
Gestational age 0.000
Z-score at birth 0.962 0.000
Hospital centre, dichotomized by feeds ' 0.000
Gestation 0.028
Gestational age 0.000
Z-score at birth 0.961 0.000
Hospital centre, dichotomized by feeds ' 0.000
Mode of delivery 0.768
Gestational age 0.000
Z-score at birth 0.959 0.000
Hospital centre, dichotomized by feeds ' 0.000
Head circumference at birth 0.071
Gestational age 0.001
Z-score at birth 0.949 0.000
Hospital centre, dichotomized by feeds ' 0.021
Body length at birth 0.713
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TABLE 7: Model to predict body weight of “low-risk” preterm infants on day
fourteen of life. Step-wise forward selection was used where additional
independent variables were included in the model if the R? increased by at least

0.01 and the associated p-value was <0.001.

Independent variable (s) R*> P-value
(1) Gestational age 0.372 0.000
Gestational age 0.000
Z score at birth 0.914 0.000
Gestational age 0.000
(2) Birth weight 0.928 0.000
Gestational age 0.906 0.000
% of 50" BW%ile at birth ' 0.000
Gestational age 0.000
(3) % of 50" BW%ile at birth 0.930 0.000
Hospital centre, dichotomized by feeds 0.000
Gestational age 0.000
Z-score at birth 0.932 0.000
Hospital centre, dichotomized by feeds ' 0.000
Gestation 0.655
Gestational age 0.000
Z-score at birth 0.941 0.000
Hospital centre, dichotomized by feeds ' 0.000
Mode of delivery 0.537
Gestational age 0.000
Z-score at birth 0.925 0.000
Hospital centre, dichotomized by feeds ' 0.000
Head circumference at birth 0.021
Gestational age 0.000
Z-score at birth 0.919 0.000
Hospital centre, dichotomized by feeds ' 0.000
Body length at birth 0.546
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TABLE 8: Model to predict body weight of “low-risk” preterm infants on day
twenty-one of life. Step-wise forward selection was used where additional
independent variables were included in the model if the R? increased by at least

0.01 and the associated p-value was <0.001.

Independent variable (s) R*> P-value
(1) Gestational age 0.350 0.000
Gestational age 0.000
Z score at birth 0.868 0.000
Gestational age 0.000
(2) Birth weight 0.881 0.000
Gestational age 0.863 0.000
% of 50" BW%ile at birth ' 0.000
Gestational age 0.000
(3) Birth weight 0.894 0.000
Hospital centre, dichotomized by feeds 0.000
Gestational age 0.000
Z-score at birth 0.890 0.000
Hospital centre, dichotomized by feeds ' 0.000
Gestation 0.653
Gestational age 0.000
Z-score at birth 0.901 0.000
Hospital centre, dichotomized by feeds ' 0.000
Mode of delivery 0.092
Gestational age 0.000
Z-score at birth 0.891 0.000
Hospital centre, dichotomized by feeds ' 0.000
Head circumference at birth 0.242
Gestational age 0.000
Z-score at birth 0.870 0.000
Hospital centre, dichotomized by feeds ' 0.000
Body length at birth 0.674
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Predictive models were also constructed using z-scores and percentage of
the 50" BW%ile as the dependent variables, however were associated with lower
Pearson correlation coefficients. Z-score models for days 7, 14 and 21 were
associated with R? = 0.939, 0.889, 0.841. Percentage of the 50" BW%ile models

for days 7, 14 and 21 were associated with R?= 0.936, 0.888, 0.836.

Representing categorical variables using “dummy” coding

Multiple linear regression models were also constructed with the
replacement of the dichotomized hospital centre variable with the “dummy” coded
hospital centre variable. Using the step-wise forward selection procedure, the
same independent variables (GA, BW and hospital centre) were once again
shown to be the lowest combination of variables to produce the highest Pearson
correlation coefficient. The following were the resulting predictive equations with

their associated Pearson correlation coefficients:

Body weight at DAY 7, R%=0.964

=-400.699 + 0.863*BW + 17.002*GA + 5.406*Xsyq + 111.629*Xgyy +
18.282*XHUH + 15-401*XSMH

Body weight at DAY 14, R?=0.934
=-567.729 + 0.873*BW + 26.559*GA + 19.926*xsy + 141.325*Xun +
47 .524%kyun + 24.184*Xsu

68



M.Sc. Thesis - P. Raja; McMaster University — Medical Sciences.

Body weight at DAY 21, R?=0.902
= - 466.248 + 0.891*BW + 28.447*GA + 39.034*xsy + 212.59*Xgun +
113.26*Xpun + 43.874*XsmnH

Models to predict z-scores of “low-risk” preterm infants

Representing categorical variables as dichotomous variables

Using a step-wise forward selection procedure, the most accurate multiple
linear regression model to predict z-scores when dichotomizing hospital centres
by their feeding practices, resulted from the incorporation of the following
independent variables: gestational age (GA, [weeks]), z-score at birth (Z;) and
hospital centre (C; MUMC/SJH = 0; GUH/HUH/SMH = 1) (Table 9). GA, Z; and
dichotomized hospital centre continued to be significant predictors for z-scores at
days 14 (Table 10) and 21 (Table 11). The following are the resulting predictive

equations:

Z-SCORE AT DAY 7 (R?=0.939)
=-0.214 — (0.016) * GA + (0.828) * Z; + (0.065) * C

Z-score AT DAY 14 (R?=0.889)
=-0.689 - (0.005) * GA + (0.807) * Z; + (0.101) * C

Z-score AT DAY 21 (R?=0.841)
=-0.721 - (0.005) * GA + (0.787) * Z, + (0.216) * C
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TABLE 9: Model to predict z-score of “low-risk” preterm infants on day
seven of life. Step-wise forward selection was used where additional
independent variables were included in the model if the R? increased by at least

0.01 and the associated p-value was < 0.001.

Independent variable (s) R*> P-value
(1) Gestational age 0.036 0.000
Gestational age 0.006
(2) Z score at birth 0.937 0.000
Gestational age 0.000
Birth weight 0.917 0.000
Gestational age 0.930 0.000
% of 50" BW%ile at birth ' 0.000
Gestational age 0.003
(3) Z-score at birth 0.939 0.000
Hospital centre, dichotomized by feeds 0.000
Gestational age 0.037
Z-score at birth 0.939 0.000
Hospital centre, dichotomized by feeds ' 0.000
Gestation 0.022
Gestational age 0.003
Z-score at birth 0.939 0.000
Hospital centre, dichotomized by feeds ' 0.000
Mode of delivery 0.862
Gestational age 0.000
Z-score at birth 0.939 0.000
Hospital centre, dichotomized by feeds ' 0.000
Head circumference at birth 0.766
Gestational age 0.001
Z-score at birth 0.931 0.000
Hospital centre, dichotomized by feeds ' 0.024
Body length at birth 0.797
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TABLE 10: Model to predict z-score of “low-risk” preterm infants on day
fourteen of life. Step-wise forward selection was used where additional
independent variables were included in the model if the R? increased by at least

0.01 and the associated p-value was < 0.001.

Independent variable(s) R*> P-value
(2) Gestational age 0.027 0.000
Gestational age 0.728
(2) Z score at birth 0.885 0.000
Gestational age 0.000
Birth weight 0864 4,000
Gestational age 0.878 0.089
% of 50" BW%ile at birth ' 0.000
3) Gestational age 0.513
Z score at birth 0.889 0.000
Hospital centre, dichotomized by feeds 0.000
Gestational age 0.848
Z score at birth 0.887 0.000
Hospital centre, dichotomized by feeds ' 0.000
Gestation 0.607
Gestational age 0.165
Z score at birth 0.906 0.000
Hospital centre, dichotomized by feeds ' 0.000
Mode of delivery 0.583
Gestational age 0.077
Z score at birth 0.885 0.000
Hospital centre, dichotomized by feeds ' 0.000
Head circumference at birth 0.879
Gestational age 0.071
Z score at birth 0.888 0.000
Hospital centre, dichotomized by feeds ' 0.000
Body length at birth 0.862
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TABLE 11: Model to predict z-score of “low-risk” preterm infants on day
twenty-one of life. Step-wise forward selection was used where additional
independent variables were included in the model if the R? increased by at least

0.01 and the associated p-value was < 0.001.

Independent variable(s) R*> P-value
(2) Gestational age 0.043 0.000
Gestational age 0.981
(2) Z score at birth 0.822 0.000
Gestational age 0.000
Birth weight 0.802 0.000
Gestational age 0.816 0.226
% of 50" BW%ile at birth ' 0.000
3) Gestational age 0.712
Z score at birth 0.841 0.000
Hospital centre, dichotomized by feeds 0.000
Gestational age 0.702
Z score at birth 0.829 0.000
Hospital centre, dichotomized by feeds ' 0.000
Gestation 0.732
Gestational age 0.599
Z score at birth 0.850 0.000
Hospital centre, dichotomized by feeds ' 0.000
Mode of delivery 0.136
Gestational age 0.161
Z score at birth 0.843 0.000
Hospital centre, dichotomized by feeds ' 0.000
Head circumference at birth 0.710
Gestational age 0.498
Z score at birth 0.834 0.000
Hospital centre, dichotomized by feeds ' 0.000
Body length at birth 0.639
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Representing categorical variables using “dummy” coding

Similar to the body weight regressions, multiple linear regressions of z-
scores for days 7, 14 and 21 were also re-constructed with the replacement of
the dichotomized hospital centre variable with the “dummy” coded hospital centre
variable. The following were the resulting predictive equations with their

associated R? values:

Z-score at DAY 7, R?=0.945
=-0.09 + 0.823*Z; — 0.02*GA + 0.017*xs3y + 0.275*Xgun + 0.049*xun +
0.04*Xsmh

Z-score at DAY 14, R?=0.895
=-0.0541 + 0.802*Z; — 0.01*GA + 0.042*xsy1 + 0.327*Xgun + 0.111*Xyuy +
0.051*XsmH

Z-score at DAY 21, R%?=0.852
=-0.444 + 0.784*Z, — 0.014*GA + 0.066*Xsy1 + 0.476*Xgun + 0.252*Xpun +
0.072*XsmH

Accuracy of predictive models

Representing categorical variables as dichotomous variables

For the day 7 body weight model, actual and predicted values were
strongly correlated (R® = 0.961) and residuals ranged from -291 to 339 g (Figure
16). For the day 14 body weight model, actual and predicted values were also
strongly correlated (R® = 0.930) and residuals ranged from -288 to 945 g (Figure
17). For the day 21 body weight model, actual and predicted values were well

correlated (R* = 0.894) and residuals ranged from -281 to 495 g (Figure 18).
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Figure 16: Correlation (A) and accuracy (B) of model to predict body

weight at day 7 of life. Body weights were predicted using the following

regression: -427.813 + (17.648)*GA + (0.868)*BW + (25.785)*C, where GA =
gestational age at birth, BW = birth weight, C = hospital centre (MUMC/SJH =
0; GUH/HUH/SMH = 1). Residuals were calculated as the difference between
actual and predicted values and the range was indicated using a broken line.

Mean of residuals and 95% confidence intervals are presented as solid lines.
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Figure 17: Correlation (A) and accuracy (B) of model to predict body
weight at day 14 of life. Body weights were predicted using the following
regression: -604.210 + (27.738)*GA + (0.879)*BW + (42.407)*C, where GA =
gestational age at birth, BW = birth weight, C = hospital centre (MUMC/SJH =
0; GUH/HUH/SMH = 1). Residuals were calculated as the difference between
actual and predicted values and the range was indicated using a broken line.
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Figure 18: Correlation (A) and accuracy (B) of model to predict body weight
at day 21 of life. Body weights were predicted using the following regression:
-549.676 + (31.479)*GA + (0.895)*BW + (92.788)*C, where GA = gestational age
at birth, BW = birth weight, C = hospital centre (MUMC/SJH = 0; GUH/HUH/SMH
=1). Residuals were calculated as the difference between actual and predicted
values and the range was indicated using a broken line. Mean of residuals and

95% confidence intervals are presented as solid lines.
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For the day 7 z-score model, actual and predicted values were strongly
correlated (R? = 0.939) and residuals ranged from -0.69 to 0.94 (Figure 19). In
terms of body weight, this z-score residual range corresponded to a body weight
residual range of -255 to 346 g (assuming 1 SDS = 368 g). For the day 14 z-
score model, actual and predicted values were well correlated (R? = 0.889) and
residuals ranged from -0.66 to 1.09 (-243 to 401 g) (Figure 20). For the day 21 z-
score model, actual and predicted values were also well correlated (R?= 0.841)
and residuals ranged from -0.78 to 1.22 (-287 to 449 g) (Figure 21). Overall, the
residual range and confidence intervals were narrower for all of the z-score
models than raw body weight models (days 7, 14 and 21), and thus all

subsequent validation was only completed on the z-score models.
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Figure 19: Correlation (A) and accuracy (B) of model to predict z-scores
at day 7 of life. Z-scores were predicted using the following regression:
-0.214 — (0.016) * GA + (0.828) * Z; + (0.065) * C, where GA = gestational
age at birth, Z; = z-score at birth, C = hospital centre (MUMC/SJH = 0;
GUH/HUH/SMH = 1). Residuals were calculated as the difference between
actual and predicted values and the range was indicated using a broken line.

Mean of residuals and 95% confidence intervals are presented as solid lines.
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Figure 20: Correlation (A) and accuracy (B) of model to predict z-scores
at day 14 of life. Z-scores were predicted using the following regression:
-0.689 - (0.005)*GA + (0.807)*Z; + (0.101)*C, where GA = gestational age at
birth, Z; = z-score at birth, C = hospital centre (MUMC/SJH = 0;
GUH/HUH/SMH = 1). Residuals were calculated as the difference between
actual and predicted values and the range was indicated using a broken line.

Mean of residuals and 95% confidence intervals are presented as solid lines.
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Figure 21: Correlation (A) and accuracy (B) of model to predict z-
scores at day 21 of life. Z-scores were predicted using the following
regression: - 0.721 - (0.005)*GA + (0.787)*Z; + (0.216)*C, where GA =
gestational age at birth, Z; = z-score at birth, C = hospital centre
(MUMC/SJH = 0; GUH/HUH/SMH = 1). Residuals were calculated as the
difference between actual and predicted values and the range was indicated
using a broken line. Mean of residuals and 95% confidence intervals are

presented as solid lines.

80



M.Sc. Thesis - P. Raja; McMaster University — Medical Sciences.

Representing categorical variables using “dummy” coding

MUMC was again used as the reference centre for all regressions that
used dummy coding for the hospital centre predictor variable. For the day 7 body
weight model, actual and predicted values were strongly correlated (R? = 0.964)
and residuals ranged from -289 to 347 g (Figure 22). For the day 14 body weight
model, actual and predicted values were also strongly correlated (R? = 0.934)
and residuals ranged from -290 to 948 g (Figure 23). For the day 21 body weight
model, actual and predicted values were well correlated (R* = 0.902) and
residuals ranged from -268 to 493 g (Figure 24). Overall, residual ranges were
very similar but slightly narrower for body weight predictive models that treated

the hospital centre variable as dichotomous.
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Figure 22: Correlation (A) and accuracy (B) of model to predict body
weight at day 7 of life using the following regression: - 400.699 + 0.863*BW +
17.002*GA + 5.406*xsyy + 111.629*Xgun + 18.282*xpun + 15.401*Xsun. GA =
gestational age at birth, BW = birth weight, Xcenyre = 1 for corresponding
hospital centre. Residuals were calculated as the difference between actual
and predicted values and the range was indicated using a broken line. Mean of

residuals and 95% confidence intervals are presented as solid lines.
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Figure 23: Correlation (A) and accuracy (B) of model to predict body
weight at day 14 of life using the following regression: -567.729 + 0.873*BW
+ 26.559*GA + 19.926*Xs;4 + 141.325*Xgun + 47.524*Xun + 24.184*Xsun. GA
= gestational age at birth, BW = birth weight, Xcentre = 1 for corresponding
hospital centre. Residuals were calculated as the difference between actual
and predicted values and the range was indicated using a broken line. Mean of

residuals and 95% confidence intervals are presented as solid lines.
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Figure 24: Correlation (A) and accuracy (B) of model to predict body
weight at day 21 of life using the following regression: - 466.248 + 0.891*BW
+ 28.447*GA + 39.034*Xs34 + 212.59*Xgyun + 113.26*Xpun + 43.874*Xsun. GA =
gestational age at birth, BW = birth weight, Xcentre = 1 for corresponding

hospital centre. Residuals were calculated as the difference between actual
and predicted values and the range was indicated using a broken line. Mean of

residuals and 95% confidence intervals are presented as solid lines.
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For the day 7 z-score model, actual and predicted values were strongly

correlated (R? = 0.945) and residuals were shown to range from -0.68 to 0.93
(Figure 25). In terms of body weight, this z-score residual range corresponded to
a body weight residual range of -250 to 342 g (assuming 1 SDS = 368 g). For the
day 14 z-score model, actual and predicted values were well correlated (R* =
0.895) and residuals ranged from -0.64 to 1.08 (-236 to 397 g) (Figure 26). For
the day 21 z-score model, actual and predicted values were also well correlated
(R* = 0.852) and residuals were shown to range from -0.69 to 1.2
(-254 to 442 g) (Figure 27). For all days of life, the residual range and confidence
intervals were narrower for all of the z-score models where the categorical

predictor variable of hospital centre was “dummy” coded.
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Figure 25: Correlation (A) and accuracy (B) of model to predict z-scores
at day 7 of life using the following multiple linear regression: -0.09 + 0.823*Z;
— 0.02*GA + 0.017*xsyn + 0.275*Xgun + 0.049*xyyun + 0.04*xgmu. GA =
gestational age at birth, Z; = z-score at birth, Xcentre = 1 for corresponding
hospital centre. Residuals were calculated as the difference between actual
and predicted values and the range was indicated using a broken line. Mean of

residuals and 95% confidence intervals are presented as solid lines.
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Figure 26: Correlation (A) and accuracy (B) of model to predict z-scores
at day 14 of life using the following regression: -0.0541 + 0.802*Z; — 0.01*GA
+ 0.042*xsyn + 0.327*Xgun + 0.111*xyun + 0.051*xsuy. GA = gestational age at
birth, Z; = z-score at birth, Xcentre = 1 for corresponding hospital centre.
Residuals were calculated as the difference between actual and predicted
values and the range was indicated using a broken line. Mean of residuals and

95% confidence intervals are presented as solid lines.
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Figure 27: Correlation (A) and accuracy (B) of model to predict z-scores
at day 21 of life using the following regression: -0.444 + 0.784*Z; — 0.014*GA
+ 0.066*Xs;4 + 0.476*Xgun + 0.252*xun + 0.072*xsun. GA = gestational age at
birth, Z; = z-score at birth, Xcentre = 1 for corresponding hospital centre.
Residuals were calculated as the difference between actual and predicted
values and the range was indicated using a broken line. Mean of residuals and

95% confidence intervals are presented as solid lines.
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SECTION C: Summary of Results

Multiple linear regression models predicted body weight and z-scores at
days of life 7, 14 and 21 accurately when the following independent variables
were included in the models: GA at birth, BW/ z-score at birth and the hospital at
which the infant was treated. The two models that produced the narrowest range
of residuals and confidence intervals were (1) the z-score model that used the
dichotomous coding for the categorical hospital centre variable, and (2) the z-
score model that used the “dummy” coding for the categorical hospital centre

variable.

SECTION D: Validation of predictive models

Apparent validation

Since the two z-score models for days 7, 14 and 21 were associated with
the narrowest residual range, apparent validation was only conducted on these
two models. There were no statistically significant differences between predicted
and actual z-scores of Group A infants at days of life 7 (p = 0.994), 14 (p = 0.719)
or 21 (p = 1.000) using the z-score models that coded hospital centres as a
dichotomous variable. However, when the hospital centre variable was treated as
a “dummy” variable, there was a statistically significant difference between

predicted and actual z-scores of Group A infants at day 7 (p = 0.048), while no
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significant differences between actual and predicted z-scores were observed on
days 14 (p = 0.661) and 21 (p = 0.740).

Despite the evidently superiority of the z-score models for days 14 and 21
that coded the hospital centres as a “dummy” variable, we decided to progress to
the validation stage with only the z-score models for days 7, 14 and 21 that
coded hospital centres as a dichotomous variable based on feeding practices.
This was decided because the difference between the two z-score models in
terms of the range of the residuals was not clinically relevant and also because of
the acknowledgement that a single dichotomous variable to code for hospital
centres based on feeding strategies is more clinically feasible when considering
the extension of the model to new hospital centres. Thus, all subsequent
validation was only completed on the z-score models that coded hospital centre

as a dichotomous variable according to feeding practices.

Internal validation

Z-score predictive models were internally validated using a split-sample
validation technique. Group A subjects were randomly split into two groups:
training set (n = 330) and validation set (n = 335), and z-score regressions were
re-developed for each data set. The predictive equations for the training set were:

Z-score on day 7

2 _
=-0.332 — 0.013*GA + 0.815*Z + 0.047*C R“=0.930
Z-score on day 14
= -0.651 — 0.006*GA + 0.770*Z + 0.113*C R*=0.886
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Z-score on day 21

2 _
=-1.028 — 0.004*GA + 0.760*Z + 0.241*C R"=0.846
The predictive equations for the validation set were:
Z-score on day 7 R2 = 0.949
=-0.099 - 0.020*GA + 0.844*Z; + 0.086*C
Z-score on day 14
_ . . . R?=0.896
=-0.681 — 0.005*GA +0.842*Z, + 0.101*C
Z-score on day 21
R? =0.841

=-0.287 - 0.017*GA + 0.818*Z; + 0.195*C

The relationships between the z-scores and the independent variables (z-
score at birth and hospital at which the infant was admitted) remained significant
in all three models based on both the training set and the validation set.
Additionally, the Pearson correlation coefficients remained within 5% of the
corresponding coefficient in the original predictive models that were based on the
entire Group A population.

Day 7 and 14 z-scores that were predicted using the training and
validation set equations were significantly different (p < 0.001), but very highly
correlated (R? = 1.000). The mean difference in predicted day 7 z-scores was
0.01 £0.033 (4 £12.1 g), and was 0.02 + 0.064 (7 + 23.6 g) for day 14. Day 21 z-
scores that were predicted using the training and validation set equations were

also significantly different (p < 0.001), but showed a high correlation (R? = 0.999).
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The mean difference between the two predicted values for day 21 z-scores was

0.27 + 0.065 (99 + 23.9 g).

Analysis of the effect of factors on the accuracy of predictive models

There was no trend of higher magnitudes of residuals for specific GAs,
genders or ethnicities for any of the z-score predictive models. The distribution of
the residuals remained similarly dispersed across 30 — 35 completed weeks of
gestation for day 7, 14 and 21 predictive models (Figure 28). Similarly, no gender
group (Figure 29) or ethnicity group (Figure 30) was shown to have a greater
difference between actual and predicted z-score values. It was also qualitatively
observed that absolute residuals were greater when actual z-scores of the infants

>1.0.
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Figure 28: Effect of gestational age at birth on residuals of z-score
models for (A) day 7, (B) day 14 and (C) day 21. Z-scores were predicted
using the following multiple linear regressions: Day 7 z score =-0.214 —
(0.016) * GA + (0.828) * Z; + (0.065) * C; Day 14 z-score =-0.689 -
(0.005)*GA + (0.807)*Z; + (0.101)*C; Day 21 z-score = - 0.721 - (0.005)*GA
+ (0.787)*Z; + (0.216)*C. GA = gestational age at birth, Z; = z-score at birth,
C = hospital centre (MUMC/SJH = 0; GUH/HUH/SMH = 1). Residuals were
calculated as the difference between actual and predicted values of Group A

infants and were plotted by GA at birth of the infant.
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Figure 29: Validity of z-score predictive models for (A) day of life 7, (B)

day 14 and (C) day 21 by gender. Z-scores were predicted for Group A

infants using the following multiple linear regressions: Day 7 z score = -0.214

— (0.016) * GA + (0.828) * Z; + (0.065) * C; Day 14 z-score = -0.689 -

(0.005)*GA + (0.807)*Z; + (0.101)*C; Day 21 z-score = - 0.721 - (0.005)*GA

+ (0.787)*Z; + (0.216)*C. GA = gestational age at birth, Z; = z-score at birth,

C = hospital centre (MUMC/SJH = 0; GUH/HUH/SMH = 1). Residuals were

plotted by the actual z-score according to gender.
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Figure 30: Validity of z-score predictive models for (A) day of life 7, (B)
day 14 and (C) day 21 by ethnicity. Z-scores were predicted for Group A
infants using the following multiple linear regressions: Day 7 z score = -0.214
— (0.016) * GA + (0.828) * Z, + (0.065) * C; Day 14 z-score = -0.689 -
(0.005)*GA + (0.807)*Z; + (0.101)*C; Day 21 z-score = - 0.721 - (0.005)*GA
+(0.787)*Z; + (0.216)*C. GA = gestational age at birth, Z; = z-score at birth,
C = hospital centre (MUMC/SJH = 0; GUH/HUH/SMH = 1). Residuals were

plotted by the actual z-score according to ethnic background.
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SECTION D: Summary of results

GA, z-score at birth and the hospital centre the infant was born/ admitted
to (represented as a dichotomous variable) were significant predictors of day 7,
14 and 21 z-scores in the Group A study population. The described multiple
linear regression models produced no statistically- or clinically-significant
differences between observed and predicted z-scores. Day 7, 14 and 21 z-score
models were also shown to have high reproducibility upon split-sample internal
validation. Additionally, upon qualitative assessment, GA, gender nor ethnicity
were shown to be factors that affect the accuracy of the z-score predictive

models.
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Section E: Extrapolation of predictive models to 25 weeks

Actual and predicted z-score values of Group B (25 — 29 6/7 week GA
infants who required minimal postnatal support), were strongly correlated (R? =
0.930, 0.916, 0.873), but were significantly different (p < 0.001 for all three days).
The average difference of actual and predicted z-score means of days 7, 14 and
21 were: 0.19 £+ 0.264, 0.08 £ 0.283, and 0.13 + 0.357. These values correspond
to raw body weight values of: 47 + 64.9, 20 + 69.6, and 32 + 87.8 (assuming 1
SDS = 246 g). Residual analyses showed that the residuals for day 7 z-scores of
Group B infants ranged from -1.13 to 0.49 (Figure 31A). Day 14 and 21 residuals
ranged from -1.57 to 0.53 (Figure 31B) and -1.95 to 0.95 (Figure 31C),
respectively. Confidence intervals at a 95% confidence level were narrow,

approximating 0.5 SDS for each day.
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Figure 31: Accuracy of z-score predictive models for an independent

25 - 29 6/7 weeks GA preterm infants. Z-scores were predicted for Group B
infants using the following regressions: Day 7 z score = -0.214 — (0.016) * GA
+(0.828) * Z; + (0.065) * C; Day 14 z-score =-0.689 - (0.005)*GA +
(0.807)*Z; + (0.101)*C; Day 21 z-score = - 0.721 - (0.005)*GA + (0.787)*Z, +
(0.216)*C. GA = gestational age at birth, Z; = z-score at birth, C = hospital
centre (MUMC/SJH = 0; GUH/HUH/SMH = 1). Residuals were calculated as
the difference between actual and predicted values and the range was
indicated using a broken line. Mean of residuals and 95% confidence intervals

are presented as solid lines.
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SECTION E: Summary of results

The analyzed predictive models for z-scores at days 7, 14 and 21, which
code hospital centre as a dichotomous variable, predicted z-scores of Group B
infants (25 — 29 6/7 weeks GA) that were significantly different than Group B
infants’ actual z-scores. However, residual analyses and the narrow confidence
interval at the 95% confidence level suggested the difference between actual and

predicted means were not clinically relevant.

SECTION F: Combining Groups A and B to develop overall regressions
Using a step-wise forward selection procedure to develop multiple-linear
regression models for z-scores at days 7, 14 and 21 as the dependent variable, it
was once again found that the following independent variables were significant
predictors of z-scores at days 7, 14 and 21: gestational age (GA, [weeks])), z-
score at birth (Z,) and hospital centre (C; MUMC/SJH = 0; GUH/HUH/SMH = 1).

The resulting predictive equations are listed below:

Z-score AT DAY 7 (R?=0.923)
=-1.058 + (0.008) * GA + (0.809) * Z; + (0.086) * C

Z-score AT DAY 14 (R?=0.887)
=-1.090 + (0.007) * GA + (0.783) * Z; + (0.118) * C
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Z-score AT DAY 21 (R®=0.816)
= - 1.555 + (0.020) * GA + (0.765) * Z; + (0.221) * C

Actual and predicted z-scores for Group A and Group B infants (Niota =
838) showed a high correlation on days 7, 14 and 21 (R? = 0.961, 0.942, 0.903)
and all models predicted z-scores that were not significantly different from their
actual value counter parts (day 7: p = 0.889, day 14: p = 0.084, day 21: p =
0.462). The residuals for the day 7 z-score model when applied to Group A and
Group B infants (n = 838) ranged from -0.88 to 0.97, where the confidence
interval approximated 0.4 SDS. The residuals for the day 14 z-score model
ranged from -1.52 to 1.07, and the confidence intervals approximated 0.5 SDS.
The residuals for the day 21 z-score model ranged from -1.86 to 1.25, and the
confidence intervals approximated 0.5 SDS when the model was applied to
Group A and Group B infants with growth data at day 21 (n = 502). Conversion
of the residuals to a raw body weight value showed that the models were able to
predict the body weight of infants within approximately 150 g of the observed z-
score on day 7 (Figure 32A), 200 g on day 14 (Figure 32B) and 250 g on day 21
(Figure 32C), at a 95% confidence level. Additionally, there was no significant
correlation between residuals for day 7, 14 or 21 z-score regressions and BW
(day 7:r=0.017, p = 0.619; day 14: r = 0.007, p = 0.829; day 21: r =0.007, p =
0.884) or GA (day 7: r=0.028, p = 0.413; day 14: r = 0.022, p = 0.530; day 21: r

=0.008, p = 0.854).
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Figure 32: Accuracy of z-score predictive models based on Group A and
Group B populations (25 — 35 6/7 week GA; n = 838). Residuals were
calculated as the difference between actual and predicted z-scores and
converted to a raw body weight value upon multiplying by the standard
deviation that corresponded to the corrected age at time of measurement. Z-
scores were predicted for n = 838 infants (25 — 35 6/7 weeks GA) for day 7 (A)
and day 14 (B), and for n = 502 (25 — 35 6/7 weeks GA) infants for day 21 (C),
using the following regressions: Day 7 z-score = -1.058 + 0.008*GA + 0.809*Z;
+ 0.086*C; Day 14 z-score = -1.090 + 0.007*GA + 0.783*Z; + 0.118*C; Day 21
z-score =-1.555 + 0.020*GA + 0.765*Z; + (0.221)*C. GA = gestational age at
birth, Z; = z-score at birth, C = hospital centre (MUMC/SJH = 0;
GUH/HUH/SMH = 1). Mean of residuals and 95% confidence intervals are

presented as solid lines.
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SECTION F: Summary of results

Upon application of the z-score predictive models that were developed
using all Group A and Group B infant data (n = 838) on the same study
population, there were no statistically significant differences between actual and
predicted z-score values. The correlation and accuracy of days 7, 14 and 21
predictive models were very high, where z-scores were predicted within 0.5 SDS
of their actual z-score and approximately 200 g of the actual weight (within a 95%
confidence level). Further, no trends in inaccurate predictions were identified for

BW or GA.
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Discussion

The longitudinal, anthropometric data of the preterm infant who requires
minimal postnatal support presented here showed that postnatal growth did not
match the currently recommended intrauterine growth. We observed that the
“low-risk” cohort of preterm infants in this study consistently adjusted to stable
growth trajectories that were below in utero growth curves, despite achieving
postnatal growth rates that were similar to intrauterine rates. We then used this
data to develop multiple linear regressions by inputting information about the GA,
z-score at birth and the hospital at which the infant was treated to predict the z-
scores an individual low-risk preterm infant would adjust to over the first three

weeks of life.

Postnatal growth during postnatal adaptation

In accordance to our hypothesis, the “healthy” subset of infants initially lost
weight and began gaining weight attaining a stable growth trajectory that was
lower than recommended intrauterine growth. Weight loss during postnatal
adaptation occurred on average at day 5 of postnatal life for both groups of
infants (25 — 35 completed weeks GA), requiring 11 days after birth for 30 — 35
completed week GA preterm infants and 12 days after birth for 25 — 29 completed
week GA infants to regain their BW. These results are similar to findings by
Horemuzova et al. (2011) who found that preterm infants < 26 weeks GA,

experienced body weight nadir on day 6, and required 18 days to regain BW. The
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greater number of days that the infants required to regain BW in the Horemuzova
study may putatively be a result of the inclusion of preterm infants with major
pathologies.

A more in depth look at the amount of weight loss seen within the first few
days of life in the present study, showed that there was a significant negative
correlation between the percentage of the birth weight lost and GA, which is
consistent with literature (Wright et al. 1993). This offers an explanation of the
difference in weight loss that was seen between the preterm infants in the
present study (25 — 35 completed weeks GA) and those analyzed in the study led
by Horemuzova et al. (< 26 weeks GA). In the present study, the maximal weight
loss observed was 5.7% of the BW of 30 — 35 completed week GA infants and
9.4% of the BW of 25 — 29 complete week GA infants. However, Horemuzova et
al. reported a maximal weight loss of 16% of the BW of infants of < 26 weeks GA.

The negative correlation between percentage of BW lost during postnatal
adaptation and GA may be explained by the rearrangement of body composition
that is known to occur during postnatal adaptation. The initial weight loss after
birth is a result of the contraction of the extracellular fluid compartment during
postnatal adaptation (Bauer et al. 1991). The contraction of the extracellular fluid
compartment results in the irreversible loss of body water. It is also well
established that more immature preterm infants have a greater percentage of
body water content, approximating 80 — 90% of their body weight (Modi et al.

2004), in comparison to 10% in healthy 26 — 36 weeks GA neonates (Tang et al.
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1997). Consequently, the greater postnatal weight loss seen in more premature
infants may be due to the greater percentage of body water content of the more
premature infant population. Further strengthening this postulate, we have
observed weight losses in preterm infants that are similar to the body water

reductions that have been previously reported (Bauer et al. 1991).

Comparison of postnatal growth to intrauterine growth references

Group A (30 — 35 6/7 GA infants) consistently adjusted to stable postnatal
growth trajectories that were 0.97 SDS and 0.98 SDS below the 50™ BW%ile by
days 14 and 21 of postnatal life. Group B (25 — 29 6/7 GA) infants adjusted to
stable postnatal growth trajectories at days 14 and 21 that were 0.88 SDS and
0.89 SDS below the 50" BW%ile. Thus as hypothesized, postnatal growth
trajectories following postnatal adaptation were lower than BW%iles, however
were shown to be higher than previously published postnatal growth trajectories.
For example, it has been shown that a preterm infant population (<26 weeks GA)
adjusted to a trajectory that was on average 2.8 SDS below the 50" BW%ile by
40 weeks corrected age (Horemuzova et al. 2011). This may be due to the
selection of only the healthiest subset of preterm infants in the present study,
whereas Horemuzova et al. had included all infants that had survived until
discharge. Our results putatively suggest that “low-risk” preterm infants adjust to

a postnatal growth trajectory that is closer to the recommended 50" BW%iles
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than all surviving preterm infants, but that the postnatal growth trajectories still do
not approximate intrauterine trajectories.

Upon comparison to EFW curves, the SDS of postnatal growth in relation
to intrauterine growth was even greater than when compared to BW%iles during
days 1 to 15. However, this gap began to diminish by day 21. This was a result of
the difference between BW%iles and EFW curves; EFW curves (Salomon et al.
2007) represented higher body weights over the following GA periods: 23 to 27
weeks and 34 to 36 weeks than BW%iles (Kramer et al. 2001). Thus, at birth
many of the study subjects were farther from the recommended intrauterine value
represented by EFW than by BW%iles. Upon interpretation of these results it is
important to consider the differences between using EFW and BW%iles to
represent intrauterine growth.

The advantage of using the Salomon et al. (2007) EFW curves was that it
provided measurements of a large number of fetuses (n = 9 577) that remained in
utero for the length of a full-term pregnancy and who did not have a known
abnormal karyotype or any congenital malformations. Thus, these references
likely provide good insight into the weight-for-ages of fetuses of healthy
pregnancies. The measurements were also obtained during a recent screening
period (2002 — 2006), ensuring that the reported EFW references were reflective
of recent clinical care. Additionally, the EFW references were estimated using the
Hadlock formula (Hadlock et al. 1985), which has been shown to be one of the

most accurate regressions to estimate fetal weight (Melamed et al. 2009).
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However, the disadvantage of the use of EFW to represent a weight-for-age
reference is that current techniques are indirect and rely on in accurate biometric
measurements to predict fetal weight. Additionally, models have shown to
underestimate weight for macrosomic fetuses but overestimate weight for smaller
fetuses (Cohen et al. 2010; Goetzinger et al. 2013).

In contrast, BW%iles are constructed using postnatal measurements of
fetuses that were born prematurely. Since preterm delivery is often a result of
suboptimal intrauterine growth, such neonates are likely to have experienced
growth restriction resulting in intrauterine growth curves that may be lower than
healthy intrauterine growth. However, because BW%iles are constructed using
accurate direct measurements of BWs from large cohorts instead of computing
body weights of smaller populations of the fetus, we chose to incorporate z-
scores based on the 50" BW%iles into the predictive models. This minimized the
introduction of any systematic or random errors that would confound our results.
Additionally, using the 50" BW%iles as our reference weight-for-age values when
calculating z-scores, allowed all of the body weight data collected to be utilized,

as opposed to using EFW values that did not span past 36 weeks corrected age.

Longitudinal assessment of postnatal growth
Z-scores are widely recognized as the best representation of
anthropometric measures because they provide a value by which growth can be

compared across genders and GAs (World Health Organization, 1995). However,
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there are some inherent drawbacks when using z-scores to assess growth
longitudinally. Z-scores are calculated by dividing the difference between
observed and reference body weight values by the standard deviation of the
reference population. Thus, as the variability in BWs of the reference population
increases, standard deviations also increase, thereby reducing the calculated
magnitude of the z-score for an individual infant. This may result in an artificially
lower absolute z-score at a particular GA that is associated with a large variation
in body weights in the reference population. When comparing this z-score with
other infants of the same GA, the standard deviation does not pose a problem.
However, when the z-score is compared to other GA z-scores with different
standard deviations, the z-score no longer represents an objective evaluation of
an individual infant’s growth.

In light of the limitations listed above, we avoided the artefact by
supplementing z-score based comparisons of postnatal growth and
recommended intrauterine growth references with percentages that were not
calculated using standard deviation values. At birth, group A infants (GA: 30 — 35
6/7 weeks) were on average 95% of the 50" BW%ile value, but had adjusted to a
stable growth trajectory by day 14 - 21 of life that was 84% of the 50" BW%ile.
Group B infants (GA: 25 — 29 6/7 weeks) had birth weights that were on par with
the 50" BW%ile, but adjusted to stable postnatal growth trajectories that were
approximately 80% of the 50" BW%ile. These findings paralleled the z-score

results, suggesting that the described limitation of z-scores may be overlooked in
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this case. This may have been due to the generally constant standard deviations
of the BW%iles over the GAs of interest (standard deviations gradually increased
from 306 to 443 g over the 30 to 37 week GA period, Kramer et al. 2001).

Next, growth rates of the study populations were calculated and compared
to recommended intrauterine growth rates. In comparison to intrauterine rates of
16.0 g/kg/d during 30 — 35 6/7 weeks GA and 18.6 g/kg/d during 25 — 29 6/7
weeks GA (Kramer et al. 2001), the observed weekly average of postnatal growth
rates of Group A preterm infants (30 — 35 6/7 weeks GA) ranged from 13.5 - 16.9
g/kg/d, and for Group B preterm infants (25 — 29 6/7 weeks GA) ranged from 10.3
to 20.0 g/kg/d. Thus overall, the observed postnatal growth rates approximated
recommended intrauterine rates. The higher growth rates of the Group B preterm
infants during 30 — 31 weeks, in comparison to Group A infants, may have been a
result of aggressive nutritional strategies employed as part of clinical practice to
promote catch-up growth in more premature infants, or may be an artefact of the
different screening criteria that were used for the two study populations.

Unfortunately, our results of postnatal growth rates were difficult to
compare with those presented in literature. This is due to the inconsistency in
literature of how growth rates are calculated. Calculation methods include using
linear models, exponential models and in some cases methods which have not
been described. In the current study, an exponential growth model (Patel et al.
2005) was used to calculate the average growth velocity over a seven-day period

following the attainment of a stable growth pattern. Postnatal growth rates were
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calculated over a seven-day period, because day-to-day growth is highly variable
and are a poor representation of the actual growth rate of the infant. The
exponential growth model was used because it has been shown to be the most
accurate model to calculate growth velocity (Patel et al. 2005), as it takes into
account the relationship between weight at a certain time point and weight at a
previous time point. Additionally, the starting point at which postnatal growth rates
were measured in published studies varied and growth rates were often
presented for infants grouped by BW (instead of GA), making comparison of

postnatal growth rates difficult.

Analysis of factors that influence postnatal growth

In contrast to our hypothesis and findings in literature, our results suggest
that the speed by which full enteral feeds were attained (a measure of feeding
tolerance) had no effect on postnatal growth. Postnatal growth was measured by
evaluating the z-score at day 14 of life. This result however, is difficult to interpret.
This is because despite the speed by which full enteral feeds were administered,
no consideration was taken of the nutrient accumulation of the infant. The data
collected in this study did not include the type of nutrition, which is known to have
a high impact on the rate of postnatal growth. For instance, it has been shown
that early introduction of nutrition that is higher in amino acids relative to other
macronutrient groups, results in more rapid postnatal growth of the preterm infant

(Poindexter et al. 2006).
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Further, considerations should be given to the extent of gut immaturity and
metabolic function of more premature infants. In a study that compared the day of
life full enteral feeds were attained in two groups of infants stratified by GA (<29

weeks GA vs. >29 weeks GA) it was shown that feeding tolerance was attained

at a later date for the <29 weeks GA group (Leaf et al. 2012). In younger preterm
infant populations, despite the speed by which feeding tolerance is achieved, it is
likely that gut and metabolic function is not yet developed, and thus feeding
tolerance may not be an appropriate indication of nutrient accretion. Although our
results suggest that postnatal growth was not affected by feeding tolerance, the
results should not be interpreted as a description of the effect nutrition has on
postnatal growth, because intestinal function, nutritional substrate, nutrient
balance and the microbial environments of the infants, which are key factors that
impact nutrient accumulation (Leaf et al. 2013), were not considered.

Ethnicity of the infants was also shown to be an insignificant predictor of
postnatal growth of preterm infants included in this study. These results parallel
the findings of the Multicentre Growth Reference Study Group (2006), who found
that there were no clinically relevant differences in linear growth of infants from
various ethnic backgrounds and cultural centres (Brazil, Ghana, India, Norway,
Oman and the USA). However, the impact of ethnicity on postnatal growth
evaluated in the present study should be interpreted with caution, as ethnicity
information was not available for 34% of the study population. Thus since the

data was abstracted retrospectively, it is possible that there was a selection bias

116



M.Sc. Thesis - P. Raja; McMaster University — Medical Sciences.

of information-availability for certain groups. Also, the number of infants within
each category was not evenly distributed, where some categories only included
one infant. In order to evaluate the effect of ethnicity on postnatal growth, further

studies are needed with appropriate sample sizes within each ethnic group.

Differences between centres

Since a multi-centre approach was used in this study to collect normative
postnatal growth data, it was imperative to evaluate the differences between
hospital centres. The distributions of BWs, GAs, growth outcomes on day 14 and
the day of life full enteral feeds were attained were all significantly different
across hospital centres. In general, SJH/GUH infants had higher BWs, and higher
GA ranges that were more narrow than MUMC/HUH/SMH. It was also shown that
SJH/GUH adjusted to growth that was closer to the 50 BW%ile by day 14. This
is likely due to the overall greater maturity of the infants from these centres.

Since given nutrition can guide the growth of the preterm infant (Senterre
et al. 2011, Rochow et al. 2012), we also considered the speed at which full
enteral feeds were advanced at each centre. It was found that MUMC/SJH used
more aggressive nutritional approaches, where full feeds were attained 1-2 days
earlier than the other centres. Unfortunately, the differing BW and GA
distributions between centres could not explain the differences in feeding
tolerance that were observed; centres with BW and GA distributions that were

skewed to lower values did not show trends of later introduction of full enteral
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feeds. Thus, it is likely that the difference in feeding tolerance that was observed,
although confounded by factors such as BW and GA, was a result of varying
nutritional strategies between hospital centres. Thus, in order to account for these
complex differences between centres, the categorical variable of hospital centre
was incorporated into multiple-linear regressions as both a dichotomous variable
(grouped according to the speed at which full enteral feeds were attained) and as

“‘dummy” variables (which allowed a unique coefficient for each centre).

Development of predictive models

The consistency of the postnatal growth trajectory that the Group A infants
(GA: 30 — 35 6/7 weeks) adjusted to, in relation to the 50™ BW%ile, allowed for
the development of accurate postnatal growth regressions. Different variations of
multiple-linear regressions were evaluated for their accuracy, using z-scores,
percentages of the 50" BW%ile and raw body weight values as dependent
variables. GA at birth, z-score at birth and hospital centre were consistently
significant predictors of postnatal growth at days 7, 14 and 21. However, contrary
to our hypothesis, gestation, mode of delivery, head circumference and body
length at birth were not significant factors.

Overall, the coefficient of determinations for body weight regressions were
higher than those for z-score regressions, however residual ranges were more
narrow for z-score models. The reported residual ranges of -255 to 346 g for day

7, -243 to 401 g for day 14 and -287 to 449 g for day 21 should be interpreted
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with caution, because the conversion from z-scores to raw body weight values
were based on the assumption that 1 SDS = 368 g. However, SDS is dependent
on the gender and the GA of the infant, as a unique SDS is associated with each
completed week and gender. For instance, the value of 1 SDS of a 30 week GA
boy is 291 g, compared to the 434 g for a 35 6/7 GA boy. These values represent
a maximum residual of approximately 18% of the body weight of the infant. The
majority of predicted z-scores were clustered close to a residual value of zero
and were associated with narrow confidence intervals that approximated 0.5
SDS. Further, upon comparison of the actual and predicted values of the Group A
study population’s z-scores at days 7, 14 and 21, it was seen that there was no
statistically significant difference.

As previously mentioned, the independent variable of hospital centre that
the infants were treated at were coded using two methods: dichotomous coding
and dummy coding. Dichotomous coding was based on categorization of the
centres according to the speed at which full enteral feeds were begun. Dummy
coding allowed a specific variable to be assigned to each centre, where MUMC
was considered the reference centre. Since it was shown that the average
difference in advancement of feeds (1-2 days between centres) did not impact
the postnatal growth of the infants and that there were significant differences in
the distribution of BW and GA across centres, the theoretically superior method
of coding the hospital centre variable was to use dummy coding. This is because

this method of coding took into account all confounding differences between
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centres (range of BWSs, range of GAs, difference in nutritional and management
practices). However, since the range of residuals was not clinically significant
between resulting regressions using both coding methods, we decided to
progress with the z-score models that coded for hospital centres as dichotomous
variables, in order to easily incorporate additional hospital centres in future
evaluations and applications of the predictive models. In this way, additional
centres will be assessed for the rate at which they administer full enteral feeds
and categorized into a group with SJH/MUMC (early feeds) or with
GUH/HUH/SMH (later feeds), allowing the predictive models to immediately be
evaluated using the new data.

In contrast to our hypothesis, our results suggested that gestation (single
vs. multiple) was not a significant predictor of z-scores at days 14 and 21, but
was a significant predictor of z-scores at day 7 (p = 0.022). This indicates that by
the second week of life, the gestation of preterm infants is no longer a significant
factor that influences the postnatal growth trajectory to which infants adjust.
These results are not in line with literature, where it has long since been shown
that multiple gestation infants grow on lower fetal growth trajectories than
singletons (Iffy et al. 1983). Despite the lack of impact that gestation has on
postnatal growth in the present study, it cannot be discounted that gestation may
be a significant predictor of the quality of growth of the preterm infant in both

short and long-term life. This postulate is in line with findings that have
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associated increased adiposity in adult-life for twins when compared to singletons

(Monrad et al. 2009).

Validation of predictive models

Internal validation of the day 7, 14 and 21 z-score regressions using a
split-sample technique found that as expected, the predicted z-scores using the
predictive and training set regressions were statistically different. However for
days 7 and 14 the mean difference corresponded to clinically insignificant values
of 4 and 7 grams. These results thus suggested that there was no selection bias
in the preterm infant population used to develop the models, improving the
confidence of generalizing the application of the presented regression models to
other preterm infants who are shown to have unimpaired postnatal adaptation.
Further, larger residuals were not able to be qualitatively associated with any of
the following factors: z-score at birth, GA, gender or ethnicity, indicating that the
regressions were accurate on an individual-infant basis. However, it is of valued
to note that the number of infants within each ethnic category was low, making it
difficult to draw conclusions regarding the effects of ethnicity on postnatal growth
or the accuracy of the predictive models.

Lastly, upon extrapolating the predictive z-score models to 25 weeks of
gestation, and assessing the accuracy of predictions using an independent 25 —
29 6/7 week GA infant population who also required minimal medical intervention

during hospital stay (Group B infants), it was seen that the accuracy was
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compromised. The actual and predicted z-scores of the Group B population were
statistically different, where the 95% confidence intervals showed that predictions

were up to 0.8 SDS of the actual z-scores at a 95% confidence level.

Predictive models based on 25 — 35 6/7 weeks GA preterm infants

Upon combining the data of all infants included in this study (Group A +
Group B; n = 838), the same three independent variables (GA, z-score at birth
and hospital centre) were shown to be significant factors that predicted z-scores
at days 7, 14 and 21. Upon qualitative assessment, the coefficients remained
similar to the regressions that were developed based only on the Group A
population. Using apparent validation, by comparing actual and predicted z-
scores of the same population used to develop the models, it was seen that there
was no significant difference. This showed that there is a very high level of
optimism for the overall predictive z-score models for days 7, 14 and 21. Further,
the predicted z-score values were within approximately 0.5 SDS of the actual z-
score value at a 95% confidence level, suggesting that deviations from the

predicted value were not clinically relevant for most infants.

Limitations
As a result of the retrospective-nature of this study, many preterm infants
in the later GA groups (34 — 36 week GA groups) were excluded from the study

due to early hospital-transfer or discharge. Many of these preterm infants met our

122



M.Sc. Thesis - P. Raja; McMaster University — Medical Sciences.

rigorous screening criteria of requiring minimal medical intervention and having
not been exposed to defined factors that are known to impact postnatal growth,
but were excluded due to having <14 days of health records available. This
introduced a selection bias that was very prominent for the 36 week GA group,
where many of the “healthier” infants were excluded because of their short
hospital stay. This resulted in lower weight-for-age values in the 34 — 36 week GA
infants when compared to the more preterm infants and may have potentially
compromised the degree of “healthiness” seen in the 34 - 36 week GA infant
groups in our study. We acknowledged this selection bias, and as a result
excluded the 36 weeks GA infant group from subsequent analyses. We also
collaborated with SJH to allow inclusion of preterm infants from MUMC who had
been transferred to SJH before 14 days of life, which allowed for the inclusion of
117 infants who would have otherwise not met the screening criterion of having a
minimum of 14 days of data available.

Additionally, care was taken to include infants only within the 2008 to 2012
admission year range to reflect recent hospital care and preterm infant
populations. However data from all years within this range were not abstracted
from each of the participating hospital centres; SMH data was only collected for
2010 and 2011, and both SJH and HUH included only 2008 — 2011 admissions.
Ideally, the regressions should have been developed based on data from each of
the years in the screening period from each hospital centre. This however, was

not possible to attain since research ethics approval was granted late into the
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two-year study project, preventing enough time for full data-set abstraction. It is of
value to note however, that no apparent trends were observed upon explorative
analysis of the effect of the year of admission on residuals for day 7, 14 and 21 z-
score models. This suggests that the above-mentioned artefact may have limited
impact on our results.

Another limitation of the present study was that it did not consider maternal
factors such as height, weight, BMI, age or gestational weight gain. Efforts were
made to exclude infants exposed to maternal substance use or maternal diabetes
mellitus, both of which have shown to affect growth, however other confounding
factors were not corrected for. For instance, it has been shown that maternal
height and weight (Gaillard et al. 2011), as well as primi- vs. multiparous mothers
(Sankilampi et al. 2013) significantly influenced BW. Additionally, information was
not collected regarding antenatal glucocorticosteroid use, which has recently
been shown to leave a short-term impact on the whole-genome expression in
preterm infants, with a particular effect on genes associated with inflammation
and cancer (Saugstad et al. 2013). Thus, antenatal glucocorticosteroid use may
impact the long-term health outcomes of preterm infants. Ideally, in light of the
DOHabD hypothesis, each of these factors should be evaluated in future studies
for their impact on predictive models of postnatal growth. It is of value to note
however, that it has also been previously reported that the impact of maternal
anthropometry on BW is minimal in comparison to GA and gender of the infant

(Hutcheon et al. 2008).
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The current study has also not focused on the type of nutrition
administered to each infant. It has been shown that adjusting nutrition can dictate
the postnatal growth trajectory of the infant (Rochow et al. 2012), making it a
factor that should be considered in future predictive models. However, as
previously discussed, the maturity of the infant gut, microbial milieu and type and
balance of the nutritional substrate being introduced to the infants are key factors
that affect nutrient availability for the preterm infant (Leaf et al. 2013). In the very
preterm infant, the length of the gut and the number of microvilli are not as great
as the more mature infant. Additionally, the production of digestive enzymes is
also blunted (Kolacek et al. 1990). By not considering the GA of the infants when
grouping by day of life full enteral feeds were attained, the maturity of the gut was
not considered. The accrual of these factors thereby affects absorptive capacity
in the very preterm infant, making feeding tolerance a crude measure of nutrient
availability in the infant. Thus, the present study is limited in that these factors
were not considered in the development of the predictive models.

Additionally, although extreme care was taken to select only the
“healthiest” subset of preterm infants, the definition of “healthy” is by no means
comprehensive. For example, it is possible that infants included in this study had
abnormal body compositions that may have confounded our results. However,
due to the retrospective nature of the study, it was not possible to have included
body composition parameters in this study. Further, there are currently no

normative body composition reference values for preterm infants to which this
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data could be compared. Similarly, no long-term outcomes were measured of the
preterm infants, so although we have attempted to select the healthiest subset of
the preterm infants, we cannot be certain that these infants and their postnatal
growth patterns will be associated with optimal long-term outcomes. In summary,
we caution that the presented normative postnatal growth data are descriptive of
a preterm infant population with minimal impairment of postnatal adaptation,

rather than a prescriptive standard.

Strengths

The present study is one of few to assess postnatal growth trends using
day-specific serial measurements of preterm infants. Other longitudinal studies
(Wright et al., 1993; Ehrenkranz et al. 1999) stratified preterm infants according
to BW, which resulted in heterogeneous groups of infants, where larger immature
infants were grouped with smaller more mature infants (Moutquin et al. 2003).
Thus, it is a strength of the present study to have longitudinally assessed weight
changes of infants that were included based on premature delivery rather than
using low birth weight as a selection criterion.

Although there are currently two studies to our knowledge that assessed
postnatal growth of preterm infants longitudinally and stratified by GA (Niklasson
et al., 2003; Horemuzova et al., 2012), neither study have limited their study
populations to preterm infants with no major neonatal complications, surgeries,

and/or congenital malformations. The present study has attempted to stringently

126



M.Sc. Thesis - P. Raja; McMaster University — Medical Sciences.

select such infants, and have additionally also screened for defined factors that
have been shown to impair growth (maternal diabetes mellitus, antenatal
smoking/alcohol/ drug use or chorioamnionitis).

Additionally, the multi-centre approach used in this study, allowed the
study populations, nutritional strategies and growth trends to be compared across
centres because of the consistency in screening criteria of the population across
centres. This information was then used when developing the multiple linear
regression models that predicted z-scores during the first three weeks of
postnatal life. Thus, the normative, longitudinal postnatal growth data for preterm
infants who required minimal medical intervention during hospital stay that are
presented here are not specific to a single centre and thereby biases introduced
from a single hospital centre are reduced.

Lastly, all patient records were individually scrutinized as opposed to the
use of a registry database, which allowed for careful selection of infants and
quality checks of the day-specific postnatal growth measures that were recorded.
Thus, although our results cannot be used as a prescriptive standard of postnatal
growth for preterm infants, it does provide to our knowledge, the closest
hypothesis of healthy postnatal growth currently available for preterm infants that

are treated using current clinical practices.
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Implications

We believe that the presented longitudinal, normative body weights of
preterm infants who required minimal medical intervention and who were not
exposed to defined factors that impact postnatal growth will provide the first step
toward characterizing healthy postnatal growth for preterm infants. Characterizing
healthy postnatal growth for preterm infants will guide clinicians with nutritional
strategies that may help to minimize later-life morbidities and help to identify
postnatal growth restriction. Such longitudinal, descriptive values presented here
will help to form an individualized hypothesis of healthy postnatal growth for

preterm infants that may be tested in future studies.

Future directions

In order to improve the assessment of postnatal growth, body composition
studies would complement and provide depth to the presented results. Firstly, it
would allow us to better evaluate the adaptations made during the postnatal
adaptation period and identify infants with abnormal postnatal growth who may
appear otherwise healthy. Secondly, body composition analyses will allow the
presented data to be compared to fetal body composition, which is the current
recommendation of growth for preterm infants (American Academy of Pediatrics,

1999). Thirdly, body composition analyses will allow for a more complete
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understanding of healthy postnatal growth in preterm infants, by providing
valuable information about the quality of growth.

Additionally, many of the confounding factors would also have to be
controlled or accounted for when constructing predictive models, such as type of
nutrition, maternal height, obesity, age, gestational weight gain and primi- vs.
multiparous. Ethnicity and gestation may also prove to play roles in the postnatal
growth of the preterm infants when body composition is analyzed. Thus,
collecting more data about the ethnicity of the infants included in such studies
may help to untangle some of the complex relationships between genetic factors,
social factors and growth potential. In fact, a recent study has suggested that
ethnicity impacts tissue development during gestation, and has postulated that
this may account for the long-term morbidities associated with certain ethnicities
(Lampl et al. 2012). Accounting for such factors in future studies will allow for a
more comprehensive and individualized hypothesis of healthy postnatal growth
for preterm infants.

In order to further strengthen the validity of the present study, data
abstraction will continue at SJH, HUH and SMH centres to ensure complete data
sets spanning 2008 to 2012 are obtained for all centres. This will also allow us to
increase the robustness of our estimates of healthy postnatal growth by
increasing the study population size.

Lastly, in order to ascertain that the described postnatal growth trends are

reflections of optimal postnatal growth, long-term follow up of the included infants
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would be needed. Long-term outcomes such as neurodevelopment, body
composition and the development of cardiovascular disease risk factors should
be assessed. Ideally, a randomized control trial that assesses the mentioned
long-term outcomes would be needed to test the proposed hypothesis of healthy

postnatal growth for preterm infants.
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