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Abstract: Objective Adequate nutrition is paramount for premature infants. Longitudinal information is scant on the
effects of early nutrition and later growth. The purpose of this study was to determine the influence of early energy and
protein provision in premature infants on adolescent body composition and blood pressure. Methods In 2007 —2008 we
obtained data from 36 male (12.3 £ 1.7 years) and 25 female (11.5 +1.8 years) adolescents born preterm at <34 weeks
gestation (range 23-34 weeks) between October 1st 1989 and December 31st 1995 ( birth weight < 1850 g). The
adolescents were divided into groups depending on infant intake mode ( enteral vs parenteral ), energy provision
( <70 kcal/kg/d and =70 kcal/kg/d) and protein provision ( >2.5 g/kg/d for =5 days and >2.5 g/kg/d for <5
days) during the first 14 days of life. Results After controlling for birth weight and biological maturity, adolescents who
received =70 kecal/kg/d during infancy were significantly taller (163 £11 em vs. 156 £11 ¢m) and heavier (58 £ 16 kg

vs. 49 +16 kg) than adolescents who received < 70 kcal/kg/d. There were no significant differences in systolic and

diastolic BP and total percent body fat between the two groups. Conclusions Our data suggests that higher infant energy

provision appears to be related to adolescent size, it does not appear to contribute to adverse risk factors such as higher

systolic BP or increased body fat.
Key words :

Over the past decade, a growing body of evidence
has been accumulated that suggests that nutrition in ear-
ly life of low birth weight (LBW) and premature infants
affects early adulthood health, particularly risk for car-
diovascular disease, bone health, and cognitive func-
tion"™. Barker' " hypothesized that origins of adult
disease can be linked to adaptation and subsequent
“programming and/or reprogramming” during fetal and
early postnatal development in infants born at LBW and

early gestation. Others have also identified a relation-
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ship between fetal influences and metabolic changes lat-

[14-19]

er in life . For example, Singhal et al'™ described

the first two weeks of life as a critical programming peri-
od with lasting health effects into adulthood, finding
that preterm infants who experienced accelerated growth
during this time showed increased insulin resistance lat-
er in life. This information has led practitioners to eval-
uate current nutrition practices and goals linked to pre-

1]

mature infants'*'’ as it implies changes to current nutri-

30]

tional guidelines'* Currently, protein and energy

[ Biography ] Heidi LUDWIG-AUSER, female, B. Sc. (Nutr. ), R. D., neonatal dietitian. Email; heidi. ludwigauser@ saskatoonhealthregion. ca.
- 161 -



55 15 551 3 1)
2013 43 A

W E % &L &

Chin J Contemp Pediatr

Vol. 15 No.3
Mar. 2013

intake are optimized within the first few days of life to
prevent a cumulative deficit that typically accrues during
hospitalization, which is suggested to have long term
negative neurodevelopmental consequences. The study
time frame was chosen because the first 14 days of life
are considered to be a critical window for metabolic pro-

[12-13,20

gramming ! The purpose of this study was to de-
termine the associations between energy and protein pro-
vision as well as between feeding mode [ total parenteral
nutrition ( TPN) vs. enteral (EN)] in premature
( <35 weeks gestation) infants from birth to day 14 of
life on stature, body composition and blood pressure
(BP) in adolescence. Nutritional intake was provided
at the discretion of the attending neonatologists and de-
pended on each infant’s clinical status. We hypothe-
sized that: (1) higher energy and protein intake during
the first two weeks of life will result in higher adolescent
body fat and systolic BP, and, (2) preterm infants who
received their nutrition primarily intravenously ( TPN-fed)
during the first two weeks of life will have higher adoles-

cent body fat and systolic BP.
1 Material and methods

1.1 Participants

Ethical approval for this study was obtained from the
University of Saskatchewan’s Biomedical Ethics Board.
All relatively healthy infants (i. e., no evidence of
chronic illness, metabolic diseases and/or need for
prolonged mechanical ventilation ) born prematurely
( <35 weeks gestation) at Royal University Hospital in
Saskatoon, Saskatchewan between October 1, 1989
and December 31, 1995 with birth weight of less than
1850 g (n =359) were invited to participate in this
study. Multiple births were included. Excluded were
infants who had major congenital malformations, gas-
trointestinal diseases, or neurodevelopmental abnormal-
ities (e. g. moderate and severe cerebral palsy, sei-
zures ) , who could not meet energy requirements in the
neonatal intensive care unit (NICU) because they were
ventilated and fluid restricted as well as infants who re-
ceived TPN for more than 30 days. In 2007 to 2008,
seventy-five eligible participants (21% ) consented to
participate in the follow-up study by returning previous-

ly mailed completed consent ( parents and caregivers )

and assent ( participants).

Complete data were available for 61 subjects (36
male, 25 female) , of which 46 had a birth weight that
was appropriate for gestational age ( AGA) , defined as
10 th —90 th percentile birth weight, 14 were small for
gestational age (SGA ), defined as < 10 th percentile
birth weight, and 1 large for gestational age (LGA),
defined as >90 th percentile birth weight'**'. A MAN-
COVA controlling for birth weight and adolescent bio-
logical maturity revealed no significant differences be-
tween SGA's, AGA’s and LGA’s (done separately) in
adolescent height, weight, % total body fat and BP
measures. As P values were virtually identical, all in-
fants were combined for further analyses. This was
done particularly to arrive at a clinically relevant and
statistically adequate sample size. Mean gestational age
was 30 weeks (range 23 —34 weeks) and mean birth
weight was 1.3 kg (range 0.65-1.82 kg).

The 61 subjects were divided into groups depending
on infant intake mode (EN vs. TPN), energy provision
(low energy: <70 kcal/kg/d vs. high energy: =70
kcal/kg/d) and protein provision (high protein; >2.5
g/kg/d for =5 days vs. low protein; >2.5 g/kg/d for
<5 days) during the first 14 days of life.

1.2 Hospital health record review

Trained neonatal research nurses reviewed partici-
pants’ NICU medical charts and extracted information
on length of stay, gestational age and birth anthropom-
etry (daily weight, weekly length and head circumfer-
ence) , daily feeding mode (TPN and/or EN), daily
total energy intake and weight gain during the first 14
days in NICU and at time of discharge.

1.3 Estimated energy and protein requirements

Estimated average energy and protein intake targets

during the first two weeks of life were elected to be

>70 kecal/kg/d and > 2. 5 g/kg/d, respectively,
based on a reference standard of 19957
1.4 Anthropometry

Anthropometric measurements in adolescence were
obtained. These included standing height, sitting
height, weight and waist circumference (WC). Stand-
ing heights were recorded to the nearest millimeter
using a wall-mounted stadiometer ( Holtein Limted,
Crymyo, Britain). Body mass was measured to the

nearest 0. 5 kg using a calibrated physician’s scale
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(Toledo Scale Company, Model 2830, Windsor, ON,
Canada). All measures were taken twice; if the differ-
ence between measures was greater than 0.4, a third
measure was recorded. The mean or median was then
reported depending on whether two or three measures
were recorded, respectively. Participants wore T-shirts
and loose-fitting shorts. Shoes and jewelry were re-
moved during all measures.
1.5 Adolescent maturation

The range of variability between individuals of the
same chronological age in maturity may be large partic-
ularly as subjects approach their adolescent growth
spurt. Maturity must therefore be considered when ex-
amining physiological parameters in adolescence ™.
Age at peak height velocity (APHV) reflects the maxi-
mum growth in stature during a 1-year time interval in
adolescence and also acts as an indicator of somatic

[33]

maturation It provides a benchmark of maximum

growth during adolescence within and between individ-

32]

uals'™'. Prediction of APHV does not require invasive

procedures, is easy to assess, serves as a maturational

As

such, it offers the best method of assessing maturity in

marker and occurs in both males and females.

this cohort. APHV was estimated from anthropometric
measures using Mirwald et al’s maturity offset equa-

21 The coefficient of determination (R?) for esti-

tion
mation is 0.92 for males and 0. 91 for females.
1.6 Blood pressure

Resting BP was taken three times using an automated
cuff ( Philips VM6,
US81626291 ). The average of the two closest readings

was used.

Sure Signs Serial Number

1.7 Dual X-ray absorptiometry

Body composition measurements were obtained using
a Hologic dual-energy X-ray absorptiometry ( DXA )
2000 or 4500 scanner ( Bedford, MA). All measure-
ments assessed using the Hologic 4500 scanner were
converted to Hologic 2000 equivalent values using pre-

B34 Data derived

viously developed conversion factors
from the scans included total body lean mass (LM)
and fat mass (FM). A certified radiology technologist
administered and analyzed all scans. Quality control
phantom scans were performed daily. Our laboratory
has determined coefficients of variation for these meas-

ures to be 3.0% and 0.5% , respectively. Bone min-

eral content was also obtained and outcomes were re-
ported in detail elsewhere' ™’ .
1.8 Statistical analysis

The Statistical Package for the Social Sciences ( ver-
sion 18.0; SPSS Inc. , Chicago, IL) was used to ana-
lyze the data. Independent i-tests and one-way ANOVA
were used to investigate the difference in descriptive sta-
tistics between feeding groups. A MANCOVA, control-
ling for adolescent biological age and birth weight, was
used to test whether there was a significant difference in
body composition and BP between infants on the two

feeding practices. The alpha level was set at 0.05.

2 Results

Table 1 presents data on birth anthropometry, ado-
lescent anthropometry and adolescent body composi-
tion. As expected, male adolescent LM was higher
than that of females , reflecting known gender differ-
ences. Figure 1 illustrates the early growth trajectory of
participants based on feeding mode in early infancy
(TPN vs. EN). Participants who were EN-fed had
higher birth weight and improved growth trajectory. In
contrast, TPN-fed participants had lower birth weight

and showed a slower, less consistent growth trajectory.

Table 1

cent individuals

General descriptive information for adoles-

(x%5)

All subjects Male subjects Female subjects

(n=61) (n=36) (n=25)
Birth weight (g) 1326 £359 1355 £342 1282 +385
Days to regain birth weight (d) 10 £6 10 +7 9+5
Adolescent height (em) 161 £11 162 +12 158 £10
Adolescent weight (kg) 55+16 57 £18 52 +13
Adolescent % FM 23 +8 20 +8 26 £6 2
Adolescent total LM (kg) 40 £11 43 £12 36 +8%

Note: FM, fat mass; LM, lean mass; a; P <0.05 (females vs. males)

Figure 1 Infant feeding mode ( TPN vs. EN) and

weight Day 1-14 of life
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Figure 2 shows the growth trajectory of participants
who had high vs. low protein intake in early infancy.
Similar to Figure 1, adolescents who received high pro-
tein during the first 14 days of infancy had higher birth
weight and improved growth trajectory, whereas adoles-
cents who received low protein during the first 14 days
of infancy were smaller at birth with slower, less con-
sistent growth.

Table 2 shows adolescent anthropometric data, % body
fat and BP of participants who received higher daily cal-
orie intake ( =70 kcal/kg/d) compared to those who
received lower calorie intake ( <70 kcal/kg/d) during
the first 14 days of life. A MANCOVA controlling for
birth weight and adolescent biological maturity revealed
a significant difference in height and weight between the
higher and lower energy intake groups (P <0.05).

Adolescent data for participants who were TPN-fed
( >75% total energy intake from TPN for =35 days)
and those who were EN-fed ( < 75% total energy in-
take from TPN for < 4 days) is presented in Table 3.
A MANCOVA controlling for birth weight and biologi-
cal maturity showed a significantly higher adolescent
diastolic BP (71 +13 vs. 65 +8 mm Hg) in subjects
who were TPN-fed early in infancy.

days
days

day

Figure 2 Infant protein intake ( high protein vs. low

protein) and daily weight gain

Table 2 Adolescent data between participants receiv-
ing high and low energy intake during the first 14 days of
life (xxs)

High energy Low energy

value P value
intake (n=41) intake (n=20) ¢ value value

Standing height (cm) 163 =11 156 +11 -2.1 0.044
Weight (kg) 58 +16 49 +16 -2.1 0.042
Systolic BP (mm Hg) 109 £13 113 £15 1.1 0.265
Diastolic BP (mm Hg) 67 +11 69 £11 0.9 0.387
Total percent body fat (% ) 24 +7 20 £7 -1.9  0.580

Table 3 Adolescent data for TPN and EN-fed partici-
pants during the first 14 days of life (x )

TPN-fed EN-fed ¢ value P value

(n=28) (n=33)
Adolescent age (years) 14.6+1.9 14.3x1.6 0.6 0.583
Birth weight (g) 1253 £344 1387 +365 -1.5 0.147
Adolescent height (em) 160 £13 161 £10 -0.3 0.788
Adolescent age at PHV (years) 12 £3 13 +£2 -0.8 0.447
Adolescent weight (kg) 55+18 55+15 0.02 0.983
Adolescent WC (cm) 73 +12 72 £9 0.5 0.627
Adolescent percent body fat (% ) 22 £9 23 £7 -0.3  0.770
Adolescent systolic BP (mm Hg) 112 £15 109 £12 0.7 0.496
Adolescent diastolic BP (mm Hg) 71 £13 65 +8 2.2 0.035

Note: PHV, peak height velocity; WC, waist circumference; BP, blood

pressure

Table 4 shows adolescent data for participants who
received high protein ( > 2.5 g/kg/d for=5 days)
and those who received low protein ( > 2.5 g/kg/d for
< 5 days) during the first 14 days of life. A MANCO-
VA controlling for birth weight and biological maturity
showed that adolescents who received high protein in
early infancy had a significantly higher birth weight
compared to adolescents who received low protein in
early infancy (1475 = 309 vs 1181 + 348 g). They
were also taller and heavier yet had lower systolic and
diastolic BP than those who received low protein during
the first 14 days of life, although these differences were
not significant.

Table 4 Adolescent data for participants receiving

high and low protein during the first 14 days of life (x+s)

High protein  Low protein
t value P value

(n=30) (n=31)
Adolescent age (years) 14.5£1.6 14.4+1.9 0.4 0.722
Birth weight (g) 1475 £309 1181 +£348 3.5 0.001
Adolescent height (c¢m) 162 +11 159 +11 1.2 0.223
Adolescent age at PHV (years) 12.1+£2.3 13.0+2.0 -1.6 0.122
Adolescent weight (kg) 5715 54 +18 0.6 0.527
Adolescent WC (cm) 73 £9 7312 -0.01 0.987
Adolescent percent body fat (% ) 23 +7 22 +8 0.7 0.503
Adolescent systolic BP (mm Hg) 107 £ 11 113+15  -1.9 0.065

Adolescent diastolic BP (mm Hg) 65 +9 7012 -1.9 0.062

PHV ; peak height velocity; WC: waist circumference; BP: blood pressure

3 Discussion

Nutritional supply is paramount for adequate growth
and development of premature infants. It is not sur-
prising then that practitioners who work with this pop-

ulation strive to provide optimal nutrition as early in
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life as possible. Fetal and early neonatal growth de-
pends heavily on supply and demand. Adaptation to
this on the part of the growing fetus and neonate ap-
pears to be multifaceted ( genetic, environmental and
triggering factors) . Recently, several potential mech-
anisms have been suggested based on epidemiological
data!'">1 71836420 1 dividual thresholds may exist
on both the maternal and fetal side, making predictions
of long term implications even more difficult. There-
fore, the more suitable terminology might be “maternal
and fetal origins of adult disease”.

Our results showed no significant differences in BP
and body fat between the two energy intake groups,
even after controlling for birth weight, although infants
who received higher energy intake grew taller and
heavier in adolescence compared to those who received
lower energy. This result is reassuring as it suggests
that optimal energy provision early in life has no nega-
tive effects on body composition or BP in adolescence.
On the other hand, infants who received lower energy
also had no adverse health effects in adolescence al-
though they were smaller, suggesting plasticity in pro-
gramming[m .

Data on participants who were TPN-fed in early life
showed significantly higher adolescent diastolic BP
compared to those who were primarily EN-fed. A pos-
sible biological hypothesis for this could be related to
the lack of intestinal and hepatic first pass in TPN-fed
individuals. Enteral nutrition exposes nutrients to the
intestine and liver prior to release into systemic circula-
tion. In contrast, when using TPN, nutrients are in-
fused directly into systemic circulation, bypassing in-
testinal and hepatic first pass.

Sun et al "' found that adult hypertension and the
development of metabolic syndrome can be predicted
by measuring BP in childhood as early as 5 years of
age. Their work showed that when mean systolic BP
exceeded age- and gender-specific criteria at any time
between 5 — 18 years of age for males or 8 — 18 years of
age for females, then the individuals are at increased
risk of developing adult metabolic syndrome, inde-
pendent of whether or not hypertension is present'*’.
Although mean systolic and diastolic BP in the subjects
of this study were normal'®’ | it is of interest to note a

significant difference in diastolic BP based on feeding

mode. It may be possible that TPN plays a role in pro-
gramming as the body has little ability to regulate sub-
strates. This reconfirms the idea of enteral priming and
early institution of enteral feedings in preterm infants as
this mechanism is indeed important not only for gut
maturation but also for long term growth. Further, we
notice an inverse relationship between protein intake
and BP, albeit not significant. This result suggests that
both feeding mode and protein intake contribute a posi-
tive influence to the “ metabolic programming/repro-
gramming” during early growth and that optimal protein
intake is beneficial and important for long term health.

Infants who were primarily enterally fed had an im-
proved early growth trajectory, when compared to those
who received mainly TPN. A similar pattern was ob-
served in infants who achieved higher protein intake
early in life compared to those who consumed less pro-
tein. Early enteral feeding and sufficient protein intake
may facilitate attainment of the infant’s full growth po-
tential while not causing any long term adverse effects.
It is noteworthy that a number of neonatal conditions
may influence the mode of feeding that is chosen in the
early neonatal period, such as intrauterine growth traj-
ectory , gestational age and neonatal intestinal function.
It is also important to acknowledge that neonatal nutri-
tion practices have improved since the time of this
study. Therefore, long term growth trajectories of in-
fants who receive current nutrition standards of practice
may differ.

This study shows that mode of feeding and protein
intake in premature infants may contribute positively to
long term health in adulthood. Early optimal provision
of nutrition ( particularly protein) is appropriate and
preferable. Our study reiterates the importance of early
optimal nutrition for preserving the infant’s growth po-
tential. Few published studies have explored the sup-
ply of energy and individual macronutrients ( carbohy-
drate, protein and fat) and potential effects on health
in adolescence and early adulthood “**); therefore it
was not possible to compare them with our study,
which confers this report a unique perspective.

Well planned long-term studies examining growth
rates in hospital and after discharge are needed to an-
swer questions raised by recent research conclusively.

However, such studies are not only difficult and costly
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but also extremely rare. In the absence of such studies
it becomes important to look at any available long-term
studies even though the design may be called into ques-
tion.

The current study has a number of limitations. The
design was retrospective and thus results are based on a
Multiple births, SGA

and LGA infants were included for combined analysis

small number of participants.

although several studies suggested that SGA infants who
exhibit catch-up growth and LGA infants appear to
have long term chronic health consequences''®*™*.
Enrolment was voluntary; therefore, selection bias
might have contributed to the results. Strengths of the
study include an objective and precise measurement of
adolescent body composition via DXA, estimation and
consideration of adolescent growth and maturation and
serial growth measurements of weight through the first
14 days of life. Infant illness severity is unlikely to
have affected outcomes as severely ill infants were ex-
cluded from participation.

Our results, albeit on small numbers, add to the
growing body of evidence that suggests that appropriate
energy and protein provision in early life of premature
infants may contribute to better health parameters in
adolescence without adverse cardiovascular health
risks.
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