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Abstract. Impact of protein and carnitine consuption on outcomes of care development of full-term newborns with
critical perinatal diseases. Anikin 1.0., Varynskyi B.O., Stryzhak L.S., Serhieieva L.N., Snisar V.I. There were studied
results of the impact of increased consumption of proteins and L-carnitine in the nutrition program of full-term newborns with
perinatal diseases on the results of physical development and inpatient treatment features. The purpose of the work was to study
the correlations between short-term higher consumption of protein and carnitine by full-term newborns and the results of their
physical development, the duration of hospital care development. The vital signs of 59 full-term newborns were studied in a
randomized controlled trial in the period 2017-2020. The main critical disease of the perinatal period in newborns of both
groups was found to be hypoxic-ischemic encephalopathy of a moderate degree in 86.7% and 86.2%, without a statistically
significant difference. One group (n=30) received nutrition with mother's milk or formula, the second group (n=29) received
similar nutrition with fortification with a protein and L-carnitine supplement during the hospital stay. At the beginning and at
the end of the treatment, physical development of the newborns was studied and correlations between the obtained data were
investigated. Newborns of both groups did not differ in characteristics at the beginning of the study. The proportions of the
newborns' weight corresponded to the limits of the 50% percentile. The group with increased consumption of protein and
carnitine, fortification group (FG) demonstrated better indicators of physical development, they regained body mass faster.
Body mass of the newborns of the fortification group goup was 3966.9+439.1 g, compared to the standard nutrition (SN) group,
with indicators being 3554.6+452.3 g, at p=0.003. The rate of increase in body length in FG was twice that of the SN group.
Consumption of a larger dose of protein was accompanied by a shorter stay in the intensive care unit — 10.0 (8.0, 12.0) days
versus 12.0 (11.0; 16.0) days, with U=235.0; p=0.002; earlier discharge from the hospital — 21.0 (19.0; 27.0) days versus 26.5
(22.0; 31.0) days, with U=267.0, p=0.01. Carnitine supplementation in the FG group led to an increase in the level of free
carnitine in the blood plasma samples taken before the discharge from the hospital. The study of correlations revealed a positive
correlation between the consumption of a full dose of proteins and the total increase in height (R=0.3, p<0.05), the increase in
body weight (R=0.3, p<0.05). A negative correlation was found between the protein level and the duration of treatment in the
hospital (R=-0.3, p<0.05). The level of free carnitine had a positive effect on the increase in body length (R=0.51, p<0.05),
daily weight gain (R=0.3, p<0.05). A poor increase in body length was associated with a longer duration of respiratory support:
the correlation had an inverse direction R=-0.4, p<0.05. Improving nutritional strategies has significant prospects for
improving care development of full-term babies with critical perinatal states.
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KJIIHIYHA MEJIMITHHA

Pedepat. BlummB cnoknBaHHS MPOTEIHY TA KAPHITHHY HA Pe3yJIbTATH BUXOIKYBAHHS JIOHOIIEHNX HOBOHAPOIZKEHNX
3 KPUTHYHHAMH 32XBOPIOBAHHSIMM IepHHATAIBHOrO mnepioay. Amikin 1.O., Bapuncbkmii b.O., Crpmxkaxk JI.C.,
Cepreesa JLH., Cuicap B.L. Busuanu pezynomamu eniugy nioguiyeHoe0 CnodiCU8anHs npomeinie ma L-kapuimuny 6 npoepami
XapuyeanHs. OOHOUWIEHUX HOBOHAPOOICEHUX 13 3AXBOPIOBAHHAMU NEPUHAMATBHOZ0 Nepiody Ha pe3yivmamu Qi3uuHo2o
PO3GUIMKY A HA NOKA3HUKU TIKY6aHHs 8 cmayionapi. Memoio pobomu 6yno 6uguenHs: Kopesyiti Midie KOPOmMKOMpPUGAIUM
OLILUIUM CRONCUBAHHAM OLIKA MA KAPHIMUHY OOHOUEHUMU HOBOHAPOONCEHUMU | pe3yTbmamamu QHisudHo20 po3eumxy dimetl,
MPUBATICMIO 20CHIMATIBHO20 8UX00MCYBAHHA. J]oCNiONCeHO noKasHuKu scumms 59 0oHoweHux dimetl, y paHOOMI308aHOMY
KOHMPOIbOBAHOMY 00CHiodHcenHi, y nepiod 3 2017 0o 2020 poxy. Ocro8HUM KPUMUYHUM 3AX60PIOBAHHAM NEPUHATNATBHO2O0
nepioody 6 dimeii 060X pyn UABTEHO SINOKCUYHO-TEeMIUHY enyearonamito nomiprozo cmynens — 86,7% ma 86,2%, 6e3
cmamucmuyno 3nauywoi pisnuyi. I'pyna (n=30) ompumysana xapuysanna monoxkom mamepi (CX), opyea epyna (n=29)
ompuMysana ananoiune xapuyeants 3 gopmugbixayieio binkosoio oobaexoro (I3) ma domayiio L-kapuimumny npomsizom
nepebyseanns 6 aikapti. Ha nouamxy i 6 KiHyi JIKYEAHHA USUANU (DI3UHULL PO36UMOK Oimell ma 00CILONCY8ANU KOPEAYIHI
36’a3ku Midic ompumanumu Oanumu. Hemoensima obox epyn He 6IOPIBHANIUCA 30 XAPAKMEPUCMUKAMU HA  NOYATNKY
docnioxcenns. [lponopyii sazu Hemoesisim sionosioanu mexcam 50% nepyenmumo. I pyna niosuwernoeo cnoscuéanist Oiika ma
KAPHIMUKY 0eMOHCMPY8ana Kpauyi NOKAHUKU (DI3UUHO20 PO3GUMKY MATIOKIG, weuoute gionosmosana macy mina. Maca mina
oimeti epynu I3 cmanosuna 3966,9+439,1 2 nopisnsino 3 epynoro CX 3554,6+452,3 2, npu p=0,003. [lokasznux 30invutenHs
Odoeorcunu mina 6 I'3 60siui nepesuwyyeas noxasruk epynu CX. Cnooicusanus 6iibuiol 003u OUIKa CynpoeooAtCy8anioc MeHUIUM
yacom nepebysanHs y 6i00inenHi inmencusnoi mepanii — 10,0 (8,0,12,0) onie npomu 12,0 (11,0;16,0) ouis, npu U=235,0;
p=0,002; paniwe sunucysanucs 3i cmayionapy — 21,0 (19,0; 27,0) oens npomu 26,5 (22,0, 31,0) ouis, npu U=267,0, p=0,01.
Jlomayis kapuimuny 6 epyni I 3 npusoouna 00 nioguieHHs pigHs GiIbHO20 KAPHIMUHY 8 OCIMAKHIX 3paA3KAX NIA3MU Kposi neped
sunuckoro dimeti 000omy. JJocnioxcents Kopenayitl GUABUI0 NOZUMUBHUL KOPETAYIIHUL 368 30K MIdHC CRONCUBAHHAM NOBHOT
0o3u npomeinie ma 3azanvum 30invuenusam 3pocmy (R=0,3, p<0,05), 30invwennam macu mina (R=0,3, p<0,05). Hecamuena
Kopenayis euseieHa Midc pieHem npomeiny ma mpusanicmio JiKkyeanus ¢ cmayionapi (R=-0,3, p<0,05). Pisenv ginvroco
KAPHIMUHY NO3UMUGHO 6NIU6AS8 HA 30inbuuenHst 006xcunu mina — (R=0,51, p<0,05), woodenne 30invutennam sazu (R=0,3,
p<0,05). Iloeane 36inbuieHHsIM Q0BXHCUHU MINIA ACOYIIOBANACA 3 OLILULOI0 MPUBATICINIO PECNIPAMOPHOT NIOMPUMKU. KOPETSYIsL
mana 360pomuin Hanpsmox R=-0,4, p<0,05. Yoockonanemus xapuosux cmpameeili MAa€ 3HAYHI NEPCREKMUSU U000

NOKPAWEeHHs1 BUXOO0HCYBAHHS OOHOUICHUX OImell 3 KPUMUYHUMU 3AX60PI0BAHHAMU NEPUHAMATBHOZ0 NEPIod).

Newborn children, in a certain number, are prone
to the influence of perinatal factors: infections, hy-
poxia, lung disorders, etc. Critical diseases of the
perinatal period affect the nutritional capacity of
newborns, with a direct impact on the physical deve-
lopment in the population, which should be com-
parable with healthy ones [1]. A limited number of
publications is devoted to the problem and the search
for its solution in full-term babies, who are less
affected by the above-mentioned factors [2].

Growth retardation is caused, firstly, by malnu-
trition and the inability to consume enough macro-
nutrients. Secondarily, by disorders of intracellular
insulin signaling, a decrease in the level of mito-
chondrial efficiency, and a defective glucose uptake
during a critical disease [3]. Definite norms of nu-
trient and energy consumption are also recommended
for full-term babies who need intensive care due to
protein catabolism and the need for additional energy
to overcome diseases [4].

Parenteral nutrition can help prevent nutritional
deficiency in term infants, but the risks of this inter-
vention, with possible negative consequences, have
been proven by a recent multicenter study, so impro-
ving the strategy of enteral nutrition is urgent [5]. In
a cohort of preterm infants, the deficiency of proteins
necessary for growth was solved with the help of
"formulas" for nutrition and by enriching breast milk
with fortifiers [6, 7]. In the work of V. Koletzko, with
a large number of observations, there was studied the
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increased consumption of protein by full-term babies
during the year. Assessment of height and body
composition at the age of 6 years showed a 2.6-fold
reduction in the odds of obesity in a group of children
on conventional feeding, indicating the risks of
consuming a large amount of proteins [8]. However,
the short-term consumption of an increased amount
of proteins and the possible results of such a strategy
have hardly been studied [4].

Hypotheses of the impact of L-carnitine supple-
mentation on improving the development care of
newborns in critical conditions are another subject of
interest for nutritionists. Recently, there have been
data on a positive correlation between carnitine con-
sumption and physical development of preterm ba-
bies [9]. Almost no studies have been conducted in
term infants who required intensive care.

Thus, the purpose of the work was to study the
correlations between short-term higher consumption
of protein and carnitine by full-term newborns and the
results of their physical development, the duration of
hospital development care.

MATERIALS AND METHODS OF RESEARCH

We proposed the hypothesis that the early appoint-
ment of a statistically greater amount of protein
(compared to the level of the usual supplement to full-
term babies in the intensive care program) and the
addition of L-carnitine to the nutrition protocol will
improve the indicators of the physical development of
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babies. The minimum and maximum levels of protein
supplementation for newborns with critical diseases
will not extend existing recommendations [4].

The study participants were treated in the Neona-
tal Intensive Care Unit (NICU) of the Zaporizhzhia
Regional Clinical Children's Hospital. NICU is the
clinical base of the Zaporizhzhia State Medical and
Pharmaceutical University, which provides tertiary
care to babies delivered from health care facilities of
the Zaporizhzhia region and the city of Zaporizhzhia
of the second level of care.

A prospective, randomized, controlled study was
conducted, which involved babies born in the period of
gestation from 37 to 41 weeks. In the period from 2018
t0 2020, 59 babies were selected, those evacuated from
maternity homes and hospitals in critical condition.
The main criterion for inclusion in the study was the
need for prolonged artificial ventilation of the lungs for
more than 72 hours in connection with critical diseases

of the perinatal period. Assistance was provided in
accordance with the Order of the Ministry of Health of
Ukraine dated March 28, 2014. No. 225 (Unified
clinical protocol "Initial, resuscitation and post-
resuscitation care for newborns in Ukraine").

Cases of babies who are too small and too large
for gestational age (according to the nomograms of
physical development of fetuses Fenton 2013 [10]),
babies with congenital malformations that required
surgical treatment, and those ones with congenital
metabolic disorders, chromosomal abnormalities, and
terminal stages of liver disease were excluded from
the study. Thus, at the examination stage, 63 babies
were included, but later 4 children were excluded
from the study in connection with a congenital heart
defect with surgical correction (1), the development of
terminal multiple organ failure (1), two children,
according to anthropometric measurements were clas-
sified as large in relation to gestation period (Fig. 1).

Randomization: n=63
Gestational age >37 weeks
Need in ALV >72 hours

n=30
Standard nutrition
Breast milk or formula

Excluded from the study n=4:
1. Congenital heart defect
2. Renal failure
3. Large in relation to gestation
term: n=2

n=29
Protein enrichment to consumption
level of 3,5 g/kg/da, and L-carnitine
supplement 50 mg/kg/day

Fig. 1. Study design

Using randomization, babies were divided into
2 groups. The method of random numbers generated in
the Statistica program was used. The group of standard
nutrition includes 30 (50%) babies who received main-
ly breast milk. This group was consideredation a
control one and received a nutrient supplement accor-
ding to existing recommendations for newborns who
need intensive care. "Blinding" was not performed,
parents received full information about the used
feeding strategies [4]. At the stage of initial assistance,
babies received tube feeding, when swallowing was
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restored, during the recovery period, they were breast-
fed or on bottle feeding. Feeding was increased daily
gradually, based on signs of food tolerance.

In the fortification group (29 babies), protein
supplementation was used, up to the maximum con-
sumption level of 3.5 g/kg/day, which was carried out
using a protein fortifier, which is casein hydrolyzate.
The babies received glucose parenterally, with a me-
tabolic rate of consumption from 4 to 6 mg/kg/min, to
ensure adequate fluid volume until full enteral
nutrition was received, allowing caloric intake at the
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basal metabolic rate. The total volume of fluid
reached the level of physiological need for the
postnatal age. Enrichment was started at a tolerated
volume of approximately 80-90 ml/kg/day. The forti-
fier was calculated daily by adding the required
amount into milk or formula for feeding. Averaged
data on the protein content in the breast milk of
women who gave birth at term and the protein
content, according to the instructions in the case of
formula feeding, were used for the calculation [11].
According to the protocol, the daily amount of the
fortifier was evenly distributed in 4 portions during
self-swallowing and in all portions during tube
feeding. In the fortification group, the introduction of
L-carnitine preparations was also used to prevent the
accumulation of deficiency of the substance, in a
daily dose of 50 mg/kg/day until discharge from the
hospital, after which the administration was stopped.
Until a baby received a sufficient volume of enteral
nutrition, L-carnitine was administered in the form of
an infusion, adding the daily dose to the prepared
mixture of liquid and electrolytes, which was admi-
nistered during the day at a uniform rate. Enteral
carnitine syrup was administered when the volume of
nutrition reached 90-100 ml/kg/day. The daily dose
was administered in three doses, adding to the
formula for nutrition or breast milk.

Anthropometric assessment of physical develop-
ment was carried out on the day of birth and then
weekly, or on the day of discharge from the hospital.
Measurements of the main anthropometric measures
(body weight, head circumference, body length) were
used, according to WHO recommendations [12].
Measurements were carried out twice, by two
specialists, independently of each other. Body mass
was measured with an accuracy of 5 g on calibrated
electronic scales. If the difference between the two
measurements exceeded 50 g in weight, 0.7 cm in
length, and 0.5 cm in head circumference, then both
specialists repeated the measurements.

The obtained data were entered into the protocol,
comparing them with the nomograms of physical
development of Fenton (2013) with further compa-
rative analysis between groups [10]. In addition, a
comprehensive assessment of the somatic and neuro-
logical status of the babies was carried out. The
biochemical profile of newborns was obtained
weekly, which was required by the general clinical
examination protocol. Blood samples of babies
reached 0.5 ml, but did not exceed 1.0 ml. The safe
tolerance to the protein load was monitored by the
level of phenylalanine, urea and creatinine in the
blood plasma. Free plasma carnitine (FC) and pheny-
lalanine levels were studied at the beginning of the
examination and at the last week of treatment of
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babies using the method of liquid chromatography-
mass spectrometry (LC-MS Agilent 1260 Infinity
HPLC System, USA), using standard substances of
the Sigma-Aldrich company.

The research protocol was agreed and approved by
the regional Commission on Bioethics of the Zapo-
rizhzhia State Medical and Pharmaceutical University
of the Ministry of Health of Ukraine, according to the
approved regulation (Protocol No. 4 dated May 28,
2018). The research was carried out in compliance
with moral and ethical standards in accordance with
the rules of the IGH/GCP, the Declaration of Helsinki
(1964 with additions in 1975, 1983, 1989, 1996, 2000),
the Council of Europe Convention on Human Rights
and Biomedicine, and the legislation of Ukraine.
Informed written consent was obtained from the
patients' parents before the start of the study. All pa-
rents had the opportunity to receive information about
the progress of the research and the obtained results.

Data were tested for normality of distribution
using the Shapiro-Wilk test. In the text and tables, the
data are presented as M£SD (arithmetic mean =+
standard deviation) in the case of a normal distri-
bution of the trait, Me (Q1; Q3) (median of the sample
with an indication of the interquartile range as the
upper (75%) and lower (25%) quartiles — in a non-
normal distribution. Categorical variables are pre-
sented as absolute number of cases (n) in a group and
frequency as a percentage (%).

All statistical analyzes were performed using
Statistica 13.0 software, TIBCO Software Inc. (licen-
se number JPZ8041382130ARCN10-J) and Microsoft
Excel 2013 (license number 00331-10000-00001-
AA404). Determining the probability of the dif-
ference in the absolute values of the mean values was
carried out using non-parametric methods of sta-
tistical analysis: the Mann-Whitney test (U) for unre-
lated groups and the Wilcoxon test (T) for related
groups. Spearman (p) non-parametric correlation me-
thods were used. The significance of the relationship
between parameters was determined according to
Cheddoke: high — when p exceeded 0.7, noticeable —
0.5-0.7, moderate — 0.3-0.5, weak — 0.1-0.3. Statistical
differences were considered reliable at p<0.05 [20].

RESULTS AND DISCUSSION

A total of 59 newborns were studied, of which
30 were included in the standard nutrition group (SN)
and 29 were included in the fortification group (FG).
Babies in the fortification group, by design,
consumed more protein and carnitine. Newborns did
not differ in terms of gestational age and physical
development characteristics. Boys predominated in
each group, respectively 70 and 62%, p=0.52. The
main perinatal condition was hypoxic-ischemic
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encephalopathy at birth, which was diagnosed
according to the Sarnat and Thompson scale. Caesa-
rean section was required with a negligible frequency
of intervention, which did not differ: 16.67% in the
SN group and 20.69% in the FG group, p=0.69. As

expected, the newborns were comparable with respect
to other diseases of the perinatal period. Newborns
were breast-fed, respectively 86% in the SN group
and 90% in the FG group, p=0.64. Clinical charac-
teristics of groups are given in Table 1.

Table 1

Clinical characteristics of population under study (M+m and Me[LQ; UQ])

Standard nutrition

Fortification group

Characteristics, units of measure (n=30) (n=29) p-level
Term of gestation, weeks 38.7+1.26 39.00+1.13 0.39
Body mass at birth, g 3265.13+£366.60 3452.24+413.58 0.07
Body length, cm 52.17+2.32 53.16+2.13 0.09
Head circumference, cm 34.27+1.17 34.69+1.01 0.15
Boys, n (%) 21.00 (70.00%) 18.00 (62.07%) 0.52
Apgar score at first minute, points 70557 6(5:7) 0.48
Apgar score at fifth minute, points 7(7;8) 7 (6; 8) 0.25
Cesarian section, n (%) 5.00 (16.67%) 6.00 (20.69%) 0.69
Hypoxic-ischemic encephalopathy, n (%) 26.00 (86.67%) 25.00 (86.21%) 0.96
Neonatal sepsis, n (%) 1.00 (3.33%) 2.00 (6.90%) 0.53
Meconium aspiration, n (%) 3.00 (10.00%) 2.00 (6.90%) 0.67

Note. p-level is a statistically significant difference.

Body length at birth was proportionally greater
relative to weight, with both cohorts showing values
within the <90% and >50% percentiles. The indicators
of mass and head circumference, at the first measu-
rement in infants were within the 50% percentile.

Satisfactory tolerance to food load made it pos-
sible to achieve appropriate amounts of food. Al-
ready at the end of the first week of life, res-
pectively, the newborns in the groups assimilated:
FG —141.81+£20.18 ml/kg/day and
SN — 131.87430.63 ml/kg/day, p=0.15;
on day 14: FG — 163.43+£17.46 ml/kg/day and SN —
156.12+13.25 ml/kg/day, p=0.07. Food tolerance in-
dicated the beginning of the "recovery" phase of a
critical illness. Rapid achievement of the full volume
of enteral nutrition made it possible to carry out
protein fortification in the first week of life. The
increase in volume was stopped when the consumed
amount per day was 150-165 ml/kg. Parenteral nutri-
tion using lipid emulsions and amino acids was not
carried out in accordance with modern requirements
focusing on patient safety [4] Dynamics of protein
consumption in groups is presented in Fig. 2.

In the fortification group, from the 7™ day of life,
we achieved a protein supplementation at the level of
approximately 3.5 g/kg/day. This corresponded to the
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limits for critically ill full-term babies (2.0-
3.5 g/kg/day) who entered a stable phase of "recovery"
of critical perinatal diseases, and the total protein dose
reached the maximum recommended for consumption,
according to ESPGHAN 2021 recommendations [4].
The level of deviation from the average during the
entire stage of growth was low, which was achieved
thanks to the automatic calculation of the nutrition of
babies. Thus, on day 14 and 21, due to fortification,
children continued to consume protein of 3.5 (3.4;
3.6) g/kg/day and 3.5 (3.5; 3.5) g/kg/day, respectively,
and the level of protein consumed from breast milk or
formula was 2.3 (2.3; 2.5) g/lkg/day and 2.4 (2.3;
2.6) g/kg/day, respectively.

Protein consumption by babies in standard nutrition
was on average 2.35 (2.3; 2.5) g/kg/day and 2.4 (2.3;
2.5) g/kg/day on day 14 and 21, which was also within
the guidelines. When comparing the consumption of
the total amount of proteins in the stable development
care phase, it should be noted that a statistically sig-
nificant difference was found between the groups: 3.5
(3.4; 3.6) g/kg/day, against 2.35 (2.3; 2.5) g/kg/day,
with U=80.00; p=0.0001 on the 14™ day of life, and 3.5
(3.5; 3.5) g/kg/day, against 2.4 (2.3; 2.5) g/kg/day,
with U=50.00; p=0.0001 on day 21.
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Fig. 2. Dynamica of protein consumption in groups

Carnitine supplementation was controlled by the of free carnitine was 13.67 (10.08; 18.61) umol/l,
level of free substance at the beginning and end of the  during the development care period it increased due
study (Fig. 3). The level of free carnitine increased in  to breast milk supplementation. Before discharge, the
newborns of both groups during treatment. In the level was 24.97 (18.99, 38.85) umol/l, which was
group of standard nutrition at the beginning, the level statistically higher than at the beginning (p=0.0003).
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Fig. 3. Dynamics of free carnitine content at the beginning of treatment and at the 3" week
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In the fortification group, additional enrichment
with carnitine contributed to the fact that in the last
measurements the level of the free substance was on
average 96.18 umol/l (76.33; 119.32), in the first
samples in this group it was 24.17 umol/l (20.22;
36.29), U=35.0000; p=0.0001.

The main criteria for comparing the effectiveness
of the nutritional support strategy for newborns are
indicators of physical growth and indicators of
hospital stay. Focusing on the growth data of new-
borns regardless of gender (Table 2), it turned out that
babies in the SN group initially lost more weight, and
its recovery was slower compared to the FG group.
Newborns in the FG group regained weight almost
twice as early (Table 3). FG babies, regardless of gen-
der, showed a better increase in body weight, length
and head circumference from the second week of life.

When assessing newborns’ physical growth by
normative curves, a parallel nature of weight gain and
head circumference in FG group was found from the
first week of life. This tendency persisted until the
moment of discharge from the hospital. The descen-
ding nature of the above-mentioned parameters from
the moment of birth to the 7" day of life was studied
for the newborns of the SN group. But, then the di-
rection of the growth graph changed and acquired an
ascending character parallel to the curve of the 50%
percentile, similar to the study group, until the
moment of discharge from the hospital. On the 28"
day of life, most of the newborns in the fortification
group were discharged from the hospital, so the
comparison of anthropometric growth markers was
not significant.

Table 2
Dynamica of physical development of newborns (M+m)
Characteristics, units of measure Stand(anrzd;(;;lzrition Fortii;llclitzig;l#group p-level
Body mass, g (M£m)
at birth 3265.13+£366.60 3452.24+413.58 0.07
day 7 3224.00+419.64 3545.83+405.39 0.004
day14 or on discharge 3406.83+402.79 3764.64+687.73 0.001
day 21, or on discharge' 3554.62+452.28 3966.90+439.08 0.003
Body length, cm (M£m)
at birth 52.17+2.32 53.16+2.13 0.09
day 7 52.47+2.47 53.81+1.78 0.02
day14 or on discharge 53.00+2.35 55.30+2.79 0.001
day 21, or on discharge’ 53.52+2.04 55.83+1.43 0.0001
Head circumference, cm (M*m)

at birth 34.27+1.17 34.69+1.01 0.14
day 7 34.57£1.13 35.10+1.04 0.06
day14 or on discharge 34.90+1.19 35.77+1.00 0.004
day 21, or on discharge’ 35.56+1.41 36.32+1.02 0.05

Notes: p-level — statistically significant difference; # — number of children day 1 to day 14 of observation; T — the number of observations on day 21-

26 in the SN group, and n=20 — in the FG group.

The increase in head circumference in both groups
changed in the same way, without statistical dif-
ference. The curve had an ascending character,
parallel to the 50% percentile according to nomo-
grams of newborns's development.
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Newborns in FG demonstrated greater daily weight
gain and, accordingly, faster recovered the body
weight lost at birth (Table 3). In general, among babies
who statistically developed better physically, a shorter
stay in the intensive care unit and in the hospital was
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noted, which was influenced by the shorter duration of
artificial lung ventilation (Table 3). Thus, only 7
(24.14%) newborns of the group of increased protein
consumption remained under treatment after day 23,
and 15 (50%) from the group of standard nutrition
remained on therapy. When comparing the average
increase in body length, it was found that newborns in

the group with higher consumption of protein and
carnitine on average grew by 2 cm, which turned out
to be almost twice as much as the ones in the standard
nutrition group, with a statistically proven difference.
There were no fatal cases in the groups, all the
newborns were discharged home.

Table 3
Overall results of development care in hospital and NICU (M+m)
Standard Fortification
Characteristics, units of measure nutrition group p-level U
(n=30) (n=29)
Day of weight restoration 10.0(8.0;16.0) 5.0(1.0;8.0) 0.0002 173.00
Weight gain (g/kg/day) 18.62(12.5;24.3) 24.76(14.2;30.36) 0.02 263.00
Length increasing (cm) 1.00(0.0; 1;00) 2.00(1.0052.00) 0.003 237.00
Duration of mechanical ventilation, days 7.5(5.0;10.0) 6.0(4.0;7.0) 0.007 258.00
Length of stay jn NICU 12.0 (11.0;16.0) 10.0 (8.0;12.0) 0.002 235.50
Length of hospital stay, bed-days 26.5 (22.0;31.0) 21.0 (19.0527) 0.01 267.00

Notes: p-level — statistically significant difference; U — Mann-Whitney test.

The analysis revealed a direct positive correlation
between the consumption of a full dose of proteins
and the total length increasing (R=0.34, p<0.05).
Also, length increasing was positively influenced by

Scatterplot: Free carnitin, umol/L vs. Leng
Length increasing, cm =,59208

a higher level of free carnitine (R=0.51, p<0.05)
(Fig. 4). A positive correlation of higher carnitine
levels with average daily weight gain was found
(R=0.30, p<0.05).
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Fig. 4. Impact of free carnitine level on length increasing
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Body weight gain in newborns was positively
influenced by the dose of proteins at the end of deve-
lopment care (R=0.26, p<0.05), as well as the level of
free carnitine in the plasma at the same time (R=0.28,
p<0.05). A negative linear correlation was found bet-
ween the amount of protein consumption and the
duration of treatment in the hospital (R=-0.30,
p<0.05). All correlations were weak according to the
Chaddock scale.

A poor body length increasing was associated with
a longer duration of respiratory support: the cor-
relation had an inverse direction R=-0.40, p<0.05.
Accordingly, the longer need for respiratory support
had a positive correlation with the length of stay in
intensive care unit (R=0.84, p<0.05) (Fig. 5) and hos-

pital stay (R=0.58, p<0.05), which yet again indicates
a possible relationship of nutritional support with the
effectiveness of intensive therapy of critically ill
patients of neonatal age.

Also, in our analysis, we did not find evidence of
a direct effect of protein consumption on the duration
of treatment, including with the use of mechanical
ventilation. Instead, the consumption of carnitine, and
the corresponding increase in the level of free car-
nitine showed a negative correlation relationship with
the above indicators. Thus, the correlation with the
length of stay in the intensive care unit was
R=-0.35, p<0.05, (Fig. 6), and with the total hospital
stay — R=-0.26, p<0.05.

Scatterplot: NICU duration, days vs. ventilation support, days (Casewise MD deletion)
ventilation support, days = -3,408 + ,87057 * NICU duration, days

40

ventilation support, days
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NICU duration, days
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0,95 Conf.Int.

Fig. S. Relationship of respiratory support duration with duration of staying in NICU

In our study, children of both groups had limited
opportunities for enteral nutrition during the first two
weeks, so they did not receive carnitine supplements
with mother's milk at the required level. This, accor-
dingly, increased the risks of secondary carnitine
deficiency. As a result, in this study we demonstrated
that the prophylactic administration of carnitine, in
cases where the newborn cannot be fed enterally,
helps to prevent the accumulation of deficiency of
this substance. Accordingly, this reflects an increase
in the level of free carnitine in blood plasma. Higher
carnitine intake in full-term infants during the first 3
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weeks of life, as well as higher serum carnitine levels,
is associated with better postnatal physical growth. In
addition, in this work we found that early higher
protein supplementation in critically ill full-term
newborns also has a positive effect on the recovery
and subsequent increase in body weight. The obtained
results emphasize the importance of a nutritional
support strategy for newborns with severe diseases of
the perinatal period, and the importance of carnitine
and protein intake for postnatal growth and the impact
on the duration of development care in the hospital.
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Scatterplot: Free carnitin, umol/L vs. NICU duration, days (Casewise MD deletion)
NICU duration, days = 13,582 - ,0148 * Free carnitin, umol/L
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Fig. 6. Relationship of free carnitine level with duration of staying in NICU

Although a large number of studies have been
conducted on the study of carnitine insufficiency in
children, the reference values for the content of free
carnitine in newborns differ. Chace DH. indicates that
the normal level of FC in full-term infants reaches
46.41£20.73 umol/l [13]. However, other authors
indicate the limit levels of free carnitine at the level
of 20-26 umol/l, which are capable of variability
during the first month of life. In our study, only
additional early supplementation of carnitine made it
possible to exceed the concentration of the substance
demonstrated by Chace DH.

In the observational study, Cam H. proved that
hypoxic-ischemic encephalopathy is a risk factor for
secondary carnitine insufficiency. Thus, children
with HIE had a lower level of carnitine compared to
healthy children, which reached 13.2+6.8 pumol/l. In
our study of a cohort of full-term children with HIE,
we obtained similar levels of free carnitine concen-
trations, and demonstrated the achievement of a
higher level in blood plasma with early external sup-
plementation at a dose of 50 mg/kg/day [14]. Most
studies on the use of carnitine supplementation in pre-
term infants are also conflicting. Several studies of
supplementation have shown that the clinical effect in
terms of growth or hospital stay was moderate, des-
pite higher FC level after parenteral carnitine admi-
nistration. In a prospective, placebo-controlled study
of preterm infants with a very low birth weight, who
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received carnitine supplementation initially at a dose
of 15 mg/kg/day intravenously and after the estab-
lishment of total enteral nutrition at 100 mg/kg/day
orally in 4 doses, there was no revealing that this stra-
tegy improves physical development [15]. In full-term
newborns with diseases that required treatment in the
NICU, carnitine supplementation and its effects have
hardly been studied. However, previous studies exa-
mining the relationship between serum carnitine con-
centration and postnatal growth of preterm infants,
depending on the levels of acylcarnitine metabolites,
have established positive linear correlations. It has
been found that growth retardation after birth is asso-
ciated with postnatal deficiency of long-chain acyl-
carnitine (eg, C18:1 and C18:2) with corresponding
growth in preterm infants. In this study, acylcarnitine
(C2 and C3) concentrations were associated with chan-
ge in weight Z-score in a linear regression model [16].

Another study in a group of preterm babies de-
monstrated the existence of a direct correlation bet-
ween the normal content of carnitine in the blood
plasma and the Z-scores of the growth, as well as the
effect on the increase of almost all parts of the brain.
Linear regression models proved the direct influence
of the level of FC on the achieved results [9]. In our
work, we also obtained correlations between physical
growth and the level of carnitine in blood plasma.
Improved physical development contributed, in turn,
to faster recovery and discharge of children.

Ha ymoeax niyensii CC BY 4.0
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In this study, we found weak correlations between
protein intake and weight gain in children, as well as
a weak effect on length of stay in the intensive care
unit. However, the practice of higher protein intake
continues to demonstrate better growth and neurode-
velopmental outcomes in cohorts of children with low
birth weight. A recent prospective study conducted in
eight neonatal intensive care units in New Zealand
and Australia examined the effects of macronutrient
intake from birth to 4 weeks of postnatal age. Measu-
rements of weight, length, and head circumference
from birth to 36 weeks revealed higher median z-
scores: for weight -0.48 (-1.09, 0.05); length -1.16
(-1.86, -0.43), head circumference -0.82 (-1.51, -0.19).
Changes in z-score were correlated with protein
intake. Each 1g/kg/day of total protein intake in the
2nd week of life was associated with a 0.26 increase
in head circumference for z-score up to 36 weeks of
postmenstrual age [17]. In our study, we avoided
parenteral nutrition (PN) in both groups of children.
The negative consequences of early PN in full-term
newborns have been demonstrated recently in the
PEPaNIC multicenter study [18]. In order to com-
pensate for the cumulative deficit of nutrients and
energy, we tried to increase the volume of enteral
nutrition more quickly and to study the results of
increased protein consumption. The obtained data
revealed a correlation between protein intake and
body length increasing.

The results of this work demonstrate the advan-
tages of the proposed nutrition strategy for children
with perinatal diseases, but they have limitations due
to the lack of accurate data on protein intake during
breastfeeding. Determining the protein content in
specific women is not provided by the design, so
better results could be obtained by measuring the
macronutrient content of each woman's breast milk
and individual fortification. To obtain more reliable
results, we used the available literature that contains
data on the composition of human milk [11, 19]. Also,
the issue of the dose of additional carnitine intake in
children with limited nutritional opportunities is not
resolved and controversial.

CONCLUSIONS

1. Consuming more protein versus a statistically
lower dose, within the recommendations for critically
ill full-term babies, promotes better physical deve-
lopment and is accompanied by a shorter duration of
hospital treatment. In our analysis, we did not find
evidence of a direct effect of protein consumption on
the duration of treatment, including with the use of
artificial lung ventilation.

2. Additional carnitine supplementation given to
full-term babies has a positive correlation with length
increasing and total body weight gain. Accordingly,
there is a negative correlation between the level of free
carnitine in blood plasma and the duration of the need
for respiratory support, the term of hospital discharge.

3. In full-term newborns with critical perinatal
diseases, nutritional strategies have significant prospects
for improving development care of this group, in view
of the revealed inverse correlations between growth and
duration of treatment.

Prospects for further research: to further study the
possible effects of a combination of nutritional support
factors on physical development of newborns, further
research on the short-term and long-term effects of
nutritional strategies would be appropriate.

Contributors:

Anikin I.O. — supervision, investigation, resour-
ces, data curation, methodology;

Varynskyi B.O. — investigation, resources;

Stryzhak L.S. — resources, data curation;

Serhieieva L.N. — formal analysis, writing — ori-
ginal draft, visualization;

Snisar V.I. — validation.

Funding. The study was carried out as part of the
research work of the Department of Pediatric Surgery
and Anesthesiology of the Zaporizhzhia State Me-
dical and Pharmaceutical University of the Ministry
of Health of Ukraine — "Optimization of diagnostics
and intensive therapy of polyetiological lesions of the
brain, gastrointestinal tract, kidneys in newborns and
older children" (state registration No. 0118U007142).

Conflict of interest. The authors declare no
conflict of interest.

REFERENCES

1. Amissah EA, Brown J, Harding JE. Protein supple-
mentation of human milk for promoting growth in preterm in-
fants. Cochrane Database Syst Rev. 2020;2020(9):CD00433.
doi: https://doi.org/10.1002/14651858.cd000433.pub3

2. Hoogewerf M, ter Horst HJ, Groen H, Nieuwen-
huis T, Bos AF, van Dijk MWG. The prevalence of
feeding problems in children formerly treated in a neonatal
intensive care unit. J Perinatol. 2017;37(5):578-84.
doi: https://doi.org/10.1038/jp.2016.256

24/Tom XXIX/1

3. Yalgin N, Kasikc1 M, Celik HT, Demirkan K,
Yigit S, Yurdakok M. Development and validation of ma-
chine learning-based clinical decision support tool for
identifying malnutrition in NICU patients. Sci Rep.
2023;13(1):5227.
doi: https://doi.org/10.1038/s41598-023-32570-z

4. Moltu SJ, Bronsky J, Embleton N, Gerasimidis K,
Indrio F, Koglmeier J, et al. Nutritional management of the
critically ill neonate: A position paper of the ESPGHAN

125



KJIIHIYHA MEJIMITHHA

Committee on nutrition. J Pediatr Gastroenterol Nutr.
2021;73(2):274-89.
doi: https://doi.org/10.1097/mpg.0000000000003076

5. van Puffelen E, Vanhorebeek I, Joosten KFM,
Wouters PJ, Van den Berghe G, Verbruggen SCAT.
Early versus late parenteral nutrition in critically ill,
term neonates: a preplanned secondary subgroup ana-
lysis of the PEPaNIC multicentre, randomised control-
led trial. Lancet Child Adolesc Health. 2018;2(7):505-
15. doi: https://doi.org/10.1016/s2352-4642(18)30131-7

6. Fenton TR, Al-Wassia H, Prem;ji SS, Sauve RS.
Higher versus lower protein intake in formula-fed low birth
weight infants. Cochrane Database Syst Rev.
2020;2020(6):CD003959.
doi: https://doi.org/10.1002/14651858.cd003959.pub4

7. Kiserud T, Benachi A, Hecher K, Perez RG,
Carvalho J, Piaggio G, et al. The World Health Orga-
nization fetal growth charts: concept, findings, inter-
pretation, and application. Am J Obstet Gynecol.
2018;218(2):S619-29.
doi: https://doi.org/10.1016/j.aj0g.2017.12.010

8. Koletzko B, Demmelmair H, Grote V, Tot-
zauer M. Optimized protein intakes in term infants support
physiological growth and promote long-term health. Semin
Perinatol. 2019;43(7):151153.
doi: https://doi.org/10.1053/j.semperi.2019.06.001

9. Manninen S, Silvennoinen S, Bendel P, Lanki-
nen M, Schwab US, Sankilampi U. Carnitine intake and
serum levels associate positively with postnatal growth and
brain size at term in very preterm infants. Nutrients.
2022;14(22):4725.
doi: https://doi.org/10.3390/nu14224725

10. Fenton TR, Nasser R, Eliasziw M, Kim JH,
Bilan D, Sauve R. Validating the weight gain of preterm
infants between the reference growth curve of the fetus and
the term infant. BMC Pediatr. 2013;13(1):92.
doi: https://doi.org/10.1186/1471-2431-13-92

11. Richter M, Baerlocher K, Bauer JM, Elmadfal,
Heseker H, Leschik-Bonnet E, etal. Revised reference
values for the intake of protein. Ann Nutr Metab.
2019;74(3):242-50.
doi: https://doi.org/10.1159/000499374

126

12. Members of the who multicentre growth reference
study group. Food Nutr Bull. 2004;25(1 suppl 1):S13-4.
doi: https://doi.org/10.1177/15648265040251s103

13. Chace DH, Pons R, Chiriboga CA, McMahon DJ,
Tein I, Naylor EW, et al. Neonatal blood carnitine con-
centrations: Normative data by electrospray tandem mass
spectometry. Pediatr Res. 2003;53(5):823-9.
doi: https://doi.org/10.1203/01.pdr.0000059220.39578.3d

14. Cam H, Yildirim B, Aydin A, Say A. Carnitine
levels in neonatal hypoxia. J Trop Pediatr. 2005;51(2):106-
8. doi: https://doi.org/10.1093/tropej/fmh089

15. Whitfield J, Smith T, Sollohub H, Sweetman L,
Roe CR. Clinical effects of 1-carnitine supplementation on
apnea and growth in very low birth weight infants.
Pediatrics. 2003;111(3):477-82.
doi: https://doi.org/10.1542/peds.111.3.477

16. Younge NE, Newgard CB, Cotten CM, Gold-
berg RN, Muehlbauer MJ, Bain JR, et al. Disrupted matu-
ration of the Microbiota and metabolome among extremely
preterm infants with postnatal growth failure. Sci Rep.
2019;9(1):8167.
doi: https://doi.org/10.1038/s41598-019-44547-y

17. Cormack BE, Jiang Y, Harding JE, Crowther CA,
Bloomfield FH. Relationships between neonatal nutrition
and growth to 36 weeks’ corrected age in ELBW babies-
secondary cohort analysis from the ProVIDe trial.
Nutrients. 2020;12(3):760.
doi: https://doi.org/10.3390/nu12030760

18. Fivez T, Kerklaan D, Mesotten D, Verbruggen S,
Wouters PJ, Vanhorebeek I, et al. Early versus late paren-
teral nutrition in critically ill children. N Engl J Med.
2016;374(12):1111-22.
doi: https://doi.org/10.1056/nejmoal 514762

19. Tuzun F, Yucesoy E, Baysal B, Kumral A, Du-
man N, Ozkan H. Comparison of INTERGROWTH-21
and Fenton growth standards to assess size at birth and
extrauterine growth in very preterm infants. J Matern Fetal
Neonatal Med. 2018;31(17):2252-7.
doi: https://doi.org/10.1080/14767058.2017.1339270

20. Bewick V, Cheek L, Ball J. Statistics review 7:
Correlation and regression. Critical Care. 2003;7:451-9.
doi: https://doi.org/10.1186/cc2401

Crarts Hagivnoia g0 pexakmii 14.12.2023;
3aTBepKeHa ao mybmikarii 01.03.2024

Ha ymoeax niyensii CC BY 4.0





