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Abstract

Background. In low-income countries, preterm nutrition is often inadequately addressed. The aim of the study was to
assess the patterns of feeding and associated clinical outcomes of preterm neonates admitted to neonatal intensive
care units in Ethiopia. Method. This was a multicenter, prospective study. Infants’ clinical characteristics at birth, daily
monitoring of feeding history, and weight measurements were collected. An outcome assessment was completed at
28 days. Result. For this analysis, 2560 infants (53% male) were eligible. The mean (SD) gestational age was 33.1 (2.2)
weeks. During the hospital stay the proportion of infants on breast milk only, preterm formula, term formula, and
mixed feeding was 58%, 27.4%, 1.6%, and 34.1%, respectively. Delay in enteral feeding was associated with increased
risk of death (odds ratio [OR] = 1.92, 95% confidence interval [CI] = 1.33-2.78; P < .001) and (OR = 5.06, 95% ClI
= 3.23-7.87; P < .001) for | to 3 and 4 to 6 days of delay in enteral feeding, respectively, after adjusting for possible
confounders. The length of delay in enteral feeding was associated with increased risk of hypoglycemia (OR = [.2,
95% Cl = 1.1-1.2; P = .005). The mortality rate was lower in hospitals providing preterm formula more often (P
= .04). Half of the infants continued losing weight at the time of discharge. Conclusion. Delayed enteral feeding
significantly increases the risk of mortality before discharge and hypoglycemia in preterm infants in resource-limited
settings. Ensuring adequate nutritional support of preterm infants is highly needed.
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Introduction

Complications of preterm birth are responsible for the
largest proportion of neonatal deaths in the world,
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accounting for 35% of the world’s 3.1 million neonatal
deaths per year.! Worldwide, 15 million preterm births
occur every year, with those less than 32 weeks of gesta-
tion at the highest risk of morbidity and mortality.?
Undernutrition in preterm infants is associated with
serious consequences such as increased mortality and
long-term neurodevelopmental, metabolic, and growth
disorders.> Undernutrition largely affects the brain,
resulting in poor brain growth and neurodevelopmental
delay.* Regardless of the degree of prematurity, early
postnatal growth (ie, during hospitalization) has been
associated with neurological and cognitive outcomes in
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infancy and preschool-age.’ Premature infants are prone
to nutrient deficiencies due to inadequate stores, inabil-
ity to feed adequately, and digest due to immaturity of
the digestive system, while optimal nutrition of preterm
infants is expected to result in growth similar to that of
normally growing fetuses of the same gestational age.®

In recent years, the nutritional support for preterm
infants has been improved. Parenteral nutrition, enriched
preterm formula, and fortification of human milk have
been proven to be critically important for preterm infants
admitted to neonatal intensive care units (NICUs).”
Unfortified human breast milk, the only option available
in many low-income countries, does not contain ade-
quate nutrients for the growth and development of pre-
term infants with the small volumes they can take in.%1°
Human breast milk alone does not contain the required
protein, energy, minerals, vitamins, and trace elements
to promote growth and development of preterm infants.!!
Slower growth rates, including that of the head circum-
ference, have been observed in preterm babies fed only
on human milk as compared with those on fortified
human milk."?

The advantage of starting small amount of enteral
feeding carlier as a means of preparing the immature
intestine for full enteral feeding has been recognized
recently.'” However, the nutritional assessment of pre-
term infants is challenging. For example, the body
weight may vary based on fluid status, and changes in
linear growth take time. Moreover, assessing body com-
position has usually been limited to research settings,
and the biochemical nutritional assessments are not well
established for clinical use.!* Currently, in most settings
in resource-limited countries, there is inevitable subop-
timal feeding of preterm infants. This contributes sig-
nificantly to the incidence of neonatal morbidity and
mortality. Addressing preterm nutrition is vital, as there
is an obvious need to reduce nutritional deficiencies in
these susceptible infants.'* Thus, we aimed to assess
feeding patterns, extent of nutritional problems, and
associated clinical outcomes using data from a study on
illness among preterm infants in Ethiopia.

Methods

Our primary objective was to assess patterns of feeding
of preterm neonates admitted to NICUs and associated
clinical outcomes. The specific objectives were to
investigate the type of feeding of preterm infants and
associated clinical outcomes; to assess the time of ini-
tiation of enteral feeding; to assess the association of
length of delay in enteral feeding (duration of nil per os
[NPO] “nothing through the mouth”) and clinical out-
comes; and to review the weight changes of preterm

infants during their hospital stay and finally to assess
breast feeding prevalence at discharge.

Study Setting and Design

This was a hospital-based multicenter prospective study,
known as the Study of Cause of Illness and Death of
Preterm infants in Ethiopia (SIP). SIP was conducted in
5 teaching hospitals in Ethiopia. The methodology paper
and primary outcomes have been published.!>'¢

The study participants for this analysis included a
subgroup from the main study. Specifically, we included
only preterm infants with a gestational age (GA) of less
than 37 completed weeks admitted to one of the study
hospitals with a minimum duration of hospital stay of 3
days in order to have sufficient time to measure under-
nutrition. Finally, only those infants whose parents gave
informed consent for study participation were included.

Study Procedures

The clinical status of the infants, their general condition,
vital signs, and oxygen saturation were monitored twice a
day. Revisions of the diagnosis and pertinent investiga-
tions, assessment of the type and method of feeding, and
weight measurements were done or collected daily.
Specific clinical diagnoses of the infants were made with a
combination of clinical data and laboratory results, and
final diagnosis of cause of death for those who died was
determined with additional data from a postmortem
autopsy, among those with a completed autopsy. The
assessment of the infants’ GA was based on 3 methods:
last menstrual period, physical examination using the New
Ballard Score, and prenatal ultrasound when available.

Ethical Approval and Informed Consent

The study was conducted after ethical approval was
obtained from Addis Ababa University College of
Health Sciences Institutional Review Board (Ethics ID:
AAUMEF 03-008), and LMU Institutional Review Board
(Ethics ID: 19-649). An information sheet and written
consent for participation in the study was provided to
potential participants in the 2 commonly spoken local
languages. Only data from the women and infants of
women who provided informed consent were included.
Procedures were generally performed according to the
national NICU management protocol.'”

Statistical Analyses

Data were analyzed using SPSS version 23 and R soft-
ware. Continuous variables were calculated as means
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Consented and enrolled for SIP (N=4919)
Healthy preterm infants (N= 1067)
y
Admitted to NICU (N=3852)
1292 of the newborns were excluded
> e Hospital stay less than three days
(N=602)
e Incomplete measurements and
records (N= 643)
Enrolled for analysis e Lost to follow up (N= 30)
(N=2560) e Withdrawals (N= 17)
Figure |. Flow chart of recruitment of study subjects.
and standard deviations, and other results were pre- Tablel. Clinical Characteristics of the Preterm Infants.
sented as the mean difference, with the calculated 95% Variables Values
confidence interval (CI), odds ratio (OR), and a P value.
Binary logistic regression was done to investigate the Maternal age, mean (SD) 25.9 (5.4)
associations of different variables related to the out- Gender
comes studied. Male, n (%) 1335 (52)
Gestational age (weeks), n (%)

<28 80 (3)
Results 28 to32 508 (20)
Figure 1 and Table 1 show study participants selection 32 to 34 1159 (45)
and infants’ characteristics. Out of a total of 2560 ) 350 .<37 . 813 (32)
infants, 1225 (48%) were females and 1335 (52%) were B'rihlgg(')gh‘ (). n (%) 50 (5
males. During the first 24 hours, the majority of the (59)
. o . 1000 to <1500 728 (28)
infants, 1938 (76%), were kept NPO (nothing by mouth),

1500 to <2000 1049 (41)
and 559 (22%) were kept NPO for the subsequent 3 days =000 591 (23)
after admission, getting only 10% dextrose intrave- l‘_’lissing 420
n'ously. Overall, t'he infants were kept NPO 26.8% of the Newborn major diagnosis, n (%)
t¥me they' were in the hospital N'ICU. The p§rcent of Respiratory distress syndrome 1405 (55)
time the infants were kept NPO increased with lower Sepsis 918 (36)
GA. Similarly, 24.9% of those who had birth weight less Pheumonia 72 (3)
than 1500 g were kept NPO for more than 3 days com- Necrotizing enterocolitis 103 (4)
pared with 13.2% of the infants who weighed greater Perinatal asphyxia 145 (6)
than 1500 g (P < .001). Hypothermia 1383 (54)

During the hospital stay, 1485 (58%) of the infants ~ Total duration of hospital stay, 10.0 (7)

were on exclusive breast feeding, while 201 (8%) were
not given any enteral feeding at all; of the rest of the
infants, 701 (27.4%), 41 (1.6%), and 874 (34.1%)
received preterm formula, term formula, and mixed
feeding (infants on more than one type of feeding),
respectively. The pattern of feeding varied significantly
by hospital. Preterm formula was given to more than
one third of the infants admitted to the 3 hospitals

mean days (SD)

Abbreviation: SD, standard deviation.

located in Addis Ababa, while in 2 hospitals outside
Addis Ababa (Jimma University Medical Center and
Gonder University Hospital) only 3% to 6% of the
infants were given preterm formula. Similarly, exclusive
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Table 2. Feeding Pattern and Outcome of Study Participants in Each Hospital, N (%).

Outcome
Exclusive Preterm Term Mixed No enteral

Hospitals N (%) breast feeding  formula  formula  feeding feeding Alive Died
Tikur Anbessa 659 (25.7) 330 (50.1) 223 (33.8) 14 (2.1) 260(39.5) 69 (10.5) 530 (80.4) 129 (19.6)

Hospital
Ghandi Memorial 276 (10.8) 102 (37.0) 148 (53.6) 7(28) 162(587) 12(4.3) 233 (84.4) 43 (15.6)

Hospital
St Paul Hospital 741 (28.9) 368 (49.7) 286 (38.6) |1 (1.5) 324 (43.7) 49 (6.6) 566 (76.4) 175 (23.6)
Gondar University 674 (26.3) 540 (80.1) 38 (5.6) 4(0.6) 73(10.8) 6l (9.1) 533 (79.1) 141 (20.9)

Hospital
Jimma University 210 (8.0 145 (69.0) 6 (2.9) 5(24) 55(262) 10(4.8) 150 (71.4) 60 (28.6)

Medical Center
Total 2560 (100.0) 1485 (58.0) 701 (27.4) 41 (1.6) 874 (34.1) 201 (7.9) 2012 (78.6) 548 (21.4)
Table 3. Duration of NPO and Associated Neonatal outcome.

Outcome Crude odds ratio Adjusted odds ratio®
95% Cl 95% ClI

NPO days®  Alive, n (%) Died, n (%) P OR Lower Upper P OR Lower Upper
<I day 476 (90.5) 50 (9.5) — — — — — — — —
I-3 days 1269 (79.6) 325 (20.4) .000 2.44 1.78 3.34 .001 1.92 1.33 2.78
4-6 days 201 (59.1) 139 (40.9) .000 6.58 4.58 9.46 .000 5.06 3.26 7.87
7-9 days 44 (71.0) 18 (29.0) .000 3.90 2.09 7.25 017 2.70 1.19 6.11
=10 days 22 (57.9) 16 (42.1) .000 6.92 3.42 14.04 .000 6.33 2.48 16.18

Abbreviations: NPO, nil per os; OR, odds ratio; Cl, confidence interval.
?Days the infants were given 10% dextrose only without enteral feeding.

®Adjusted for birth weight, gestational age, and diagnoses such as respiratory distress syndrome neonatal infection, perinatal asphyxia, and

hypothermia.

breastfeeding occurred in 69% and 80% of the infants
in these 2 hospitals, while the infants in the other hospi-
tals in Addis Ababa had 50% or less exclusive breast
feeding. The in-hospital neonatal mortality rate observed
in this study was also significantly different by hospital
(P = .004). The lowest mortality rate (15.6%) was seen
in the hospital with the highest rate of preterm formula
feeding (54%; Table 2). At the time of discharge, the
majority of infants (83%) was on breast milk feeding,
while 14.9%, 5%, and 1.2% were given preterm for-
mula, term formula, and mixed feeding, respectively.
Logistic regression analysis was done to determine
the relationship of delayed enteral feeding to the risk of
death in the hospital. Delay in enteral feeding by 1 to 3
days was associated with twice the risk of death (OR =
1.92,95% CI = 1.33-2.78), while being kept NPO for 4
to 6 days was associated with a much higher risk of
death (OR = 5.06, 95% CI = 3.23-7.87, P < .001),
after adjusting for possible confounders, including GA,
birth weight, and for the most common causes of death
such as respiratory distress syndrome, neonatal infec-
tion, perinatal asphyxia, and hypothermia. Similarly,

we found a statistically significant association between
length of duration of NPO and hypoglycemia (OR =
1.2, 95% CI = 1.1-1.2; P = .005). We did not find a
statistically significant association between risk of
infection and types of feeding (Table 3).

Nearly half (47%) of the infants studied continued
losing weight at the time of discharge or death, while
only 22% of them regained their birth weight. The mean
(SD) percentage weight loss and gain observed among
the groups were 10.2% (8.6) and 13.0% (17.0), respec-
tively. For those infants who stayed in the hospital for
greater than or equal to 14 days, the mean weight at the
7th and 14th days across the GA classifications was
found to be less than the mean birth weight. However,
for these infants, the mean weight at the time of dis-
charge was slightly higher than the mean birth weight
(Table 4).

Discussion

The objective of preterm infant nutritional support is to
achieve a rate of growth comparable to that found in
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Table 4. Change in Mean Weight of Preterm Infants Who Had Been in the Hospital for 14 Days and More (N = 579),

Mean = SD.

Days in NICU sta
GA Yy Y
(in weeks) N At birth 7th day 14th day Day of discharge
<28 24 1145 = 290 1131 299 1130 = 320 1261 + 285
28 to 31 157 1381 = 273 1328 = 283 1357 = 280 1442 * 286
32to 34 284 1612 = 360 1523 = 335 1543 = 351 1619 = 344
35 to <37 114 1869 = 369 1778 = 377 1807 = 387 1872 = 396

Abbreviations: SD, standard deviation; GA, gestational age; NICU, neonatal intensive care unit.

normally growing fetuses of similar GA. However, that
goal is not attained in most of settings, even including
high-resource settings where parenteral nutrition and
human milk fortification is available.® Preterm infants
face increased risk of death,'® and survivors are at con-
tinued risk of growth restriction, unless provided with
adequate nutrients required for growth. There is also an
increased nutritional demand for preterm infants related
to the serious illness they often suffer.!® In low-income
countries, where there are high rates of preterm birth,?
poorly equipped NICUs and a shortage of trained health
workers, the nutritional needs of preterm infants are
often neglected. In our study, we found that none of the
infants received parenteral nutrition or breast milk
fortification.

The rate of breast feeding in this study is comparable
to findings from NICUs in Europe and the United States,
which ranged from 19% to 75% among mothers who
gave birth to preterm infants.?'??> Despite the recent
study findings and the World Health Organization rec-
ommendation to give human milk fortifiers to very low
birth weight (VLBW) infants who fail to gain weight
while on adequate breast milk feeding,?*->* none of the
infants were given human milk fortifier. This is likely
due to the fact that the Ethiopian national guidelines had
not yet been revised, and human milk fortifiers were not
available in the study NICUs.

The mortality rate of the infants in this study was
very high (21.4%), and the risk of death of infants who
were kept NPO longer while only getting 10% glucose
was even higher. One in 5 of the infants received only
10% glucose intravenously, without enteral feeding for
the first 3 days of admission. Glucose provides only
20% of an infant’s energy requirement and has no pro-
tein. Several randomized controlled trials have shown
the benefits of combined early parenteral and enteral
nutritional support, without increased risk of adverse
clinical outcomes.?

Minimal postnatal weight loss is expected in the first
week of life, due to contraction of the extracellular com-
partment. However, exaggerated weight loss occurs in

infants whose energy intake is inadequate.?’” At the end of
the first week, more than half of the infants had a mean
weight loss of 10% and only 30% of them gained weight
by the second week. The initial postnatal weight loss
observed in this study is comparable to a report of Shaffer
et al,”® which found a weight loss of 7.9% to 14.6% in the
first few days. However, in our study, a significant pro-
portion of the infants did not gain weight as expected
even in the second week or thereafter. Recent studies
show the benefits of early and enhanced nutrition of pre-
term infants in terms of improving neonatal outcomes
and prevention of long-term complications, shorter hos-
pital stay, better weight gain, and same or less risk of
infection including necrotizing eneterocolitis.®

Preterm formula was given more often in the hospi-
tals located in the capital city of Addis Ababa. This
could be due to the influence of pharmaceutical compa-
nies’ advertisement of the preterm formula in the capital
city compared with the other regions. Though the hospi-
tals had similar settings, the mothers in hospitals located
in Addis Ababa could have had better income to afford
the preterm formula. Lower mortality rates were seen in
the hospitals providing preterm formula more often com-
pared with those who had higher exclusive breast feeding
rates. This is probably due to improved nutritional sup-
port as preterm formulas contain approximately 3.5 to
3.6 g/kg/day of protein when adequate energy is pro-
vided (120 kcal/kg/day). This is within the range of rec-
ommended daily protein intake (3.5-4.5 g/kg/day).? In
addition to the improved nutrient content of the pre-
term formula, early feeding, and avoidance of unnec-
essary IV fluids and starvation may have contributed
for the lower mortality rather than the preterm for-
mula itself.

A limitation of the study was the fact that we did not
capture the volumes of the feeds and the time infants
achieved full enteral feeding. Preterm infants often start
enteral feeding gradually based on the infants’ general
condition and tolerance, while receiving 10% dextrose
intravenously in addition to the small amount of enteral
feeding they received.
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Conclusion

Unlike the general recommendation to initiate early
enteral feeding, a considerable number of the infants
were kept NPO in the first few days, receiving only
maintenance fluid. This was associated with increased
risk of death and development of hypoglycemia. We
noted that the feeding patterns varied among the hospi-
tals. A low death rate was observed in the hospital pro-
viding preterm formula feeding. Association of preterm
formula feeding with improved survival may be only
because earlier feeding is more easily achieved when
formula feeding is used, as mothers often have diffi-
culty to produce and express enough milk. In our opin-
ion, the Ethiopian National Guideline on preterm
nutrition should be revised, to promote more practices
proven to be beneficial for survival and growth of the
infants. These practices include the advancement of
enteral feeding, the use of parenteral nutrition, human
milk fortifiers, mixed feeding using preterm formula
and breast milk, and enteral additives.
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