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Abstract

Background Postnatal growth failure (PGF), a multifactorial condition is common in preterm infants and infants
born weighing <1500 g and is associated with impaired neurodevelopmental and growth outcomes. In low-resource
settings, like Uganda, parenteral nutrition and breastmilk fortifier are often unavailable, and preterm infants rely
solely on their mother’s expressed breastmilk, which can be inadequate. This retrospective cohort study, conducted
in a level Il neonatal unit in eastern Uganda, aimed to evaluate the incidence of and risk factors for postnatal growth
failure among infants <1500 g.

Methods The study included infants with birthweight <1500 g, admitted within 24 h of birth, and who spent 7 or
more days in the neonatal unit. Major congenital malformations or a diagnosis of hypoxic ischemic encephalopathy
were exclusion criteria. PGF was defined as a decrease in weight Z score between birth and discharge of more than
—1.28. Data on feeding, anthropometry, co-morbidities, and clinical measures were extracted from medical records.
Statistical analyses were performed using Stata 17.0 with crude and adjusted relative risks (RR) were reported.

Results One hundred and four infants were recruited, including 47 (45.2%) male and 57 (54.8%) female, with a mean
birth weight of 1182 g (SD 18 g, 95% Cl: 1140, 1210). AlImost half were small for gestational age, most were singletons
(66.3%), and most were born by spontaneous vaginal delivery (82.7%). PGF was observed at discharge in 75.9%
(N=79). Clinical risk factors for PGF included: small for gestational age (cRR 1.25,95% Cl: 1.01, 1.53), respiratory distress
syndrome (aRR 1.30 95% Cl: 1.01, 1.67), duration of bubble continuous positive airway pressure use (aRR 1.35, 95% Cl:
1.10, 1.66), sepsis requiring second line (@RR 1.58,95% Cl: 1.22, 2.04) and third line treatment (aRR 1.46, 95% Cl: 1.20,
1.77), prolonged time to achieve full feeds (aRR 1.30, 95% Cl: 1.01, 1.66) and prolonged hospitalisation (aRR 1.85, 95%
Cl:1.31,261).

Conclusion PGF was common among infants <1500 g in this hospitalised cohort who were primarily fed on their
mother's own milk. Urgent action is needed to enhance postnatal growth in this vulnerable patient group. Future
research should focus on exploring multidisciplinary interventions that can improve growth outcomes in this
population and understanding the long-term implications and need for care for these infants.
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Background

Postnatal growth in preterm infants is a key determinant
of their long-term health and developmental outcomes.
Failure to achieve adequate growth during the early post-
natal period has been associated with a range of adverse
consequences, including chronic health conditions,
neurodevelopmental impairment, and an increased risk
of mortality [1-4]. The prevalence of growth failure in
LMICs is notably high, with many preterm infants expe-
rience postnatal growth failure (PGF) due to inadequate
nutritional support, limited healthcare resources, and
high rates of neonatal morbidity [5-8].

Very low birth weight (VLBW, 1000-1499 g) and
extremely low birth weight (ELBW, <1000 g) infants have
metabolic and gastrointestinal immaturity, compromised
immune function, and a high incidence of comorbidities,
such as necrotizing enterocolitis, respiratory distress syn-
drome and late-onset infections, all of which increase the
risk of impaired postnatal growth [9, 10].

The nutritional goal for these infants is to replicate the
growth trajectory that would have occurred in utero at
the same postmenstrual age [11]. This requires matching
the high rates of nutrient deposition typical during foetal
development, which makes the nutritional needs of pre-
term infants inherently high [11, 12]. Therefore, achiev-
ing adequate postnatal growth and nutritional support
in preterm VLBW and ELBW infants is challenging, not
least that preterm birth is already the result of a compro-
mised pregnancy [13, 14].

In high-resource settings, rapid advances in neonatal
care have greatly improved the growth and survival of
preterm infants [15]. Postnatal growth has been improved
through optimising nutritional support, including early
initiation of parenteral nutrition, increased protein
administration, early initiation of enteral feeds, encour-
aging the use of human milk and the addition of human
milk fortifier [16—18]. However, in low-resource settings,
parenteral nutrition is neither affordable, safe nor fea-
sible, breastmilk fortifier is prohibitively expensive, and
donor human milk is not readily available. Therefore,
preterm infants usually rely solely on their mother’s own
expressed breast milk. Many of the mothers have them-
selves been unwell and their access to adequate nutrition
is also limited, culminating in a poor milk supply, and
contributing to the poor postnatal growth of their infants
[19-21].

These challenges underscore the urgent need for tar-
geted interventions to prevent PGF and support the
healthy growth and development of preterm infants,
particularly in resource-limited settings. Improving our

understanding of postnatal growth of ELBW and VLBW
infants, will allow more appropriate interventions to be
developed to improve the growth and development of
these infants.

Aims and objectives
The aim of this study was to evaluate the incidence of and
risk factors for PGF among infants<1500 g in a level II
neonatal unit in eastern Uganda.

The specific objectives were:

+ To assess the postnatal growth from birth until
discharge.

+ To identify clinical and nutritional risk factors
associated with PGE.

+ To determine what proportion of preterm infants
had not regained their birth weight by day 28 of life.

+ To examine the relationship between growth velocity,
birth weight, nutritional practices, and illnesses.

Methods

Study design

This was a retrospective cohort study using in-patient
records of infants with a birthweight<1500 g admitted
between 1 Jan 2018 and 31 Dec 2018 to a level II neonatal
unit (NNU) in eastern Uganda.

Study population

Infants that were admitted to the NNU with a birth-
weight<1500 g, within 24 h of birth and spent>7 days
in NNU were included in the study. Infants with major
congenital malformations or a diagnosis of hypoxic
ischaemic encephalopathy were excluded as they were
expected to have PGF secondary to these co-morbidities.
In addition, those infants with incomplete growth param-
eters and unknown gestational age were excluded.

Study setting

The study was conducted in a government hospital in
eastern Uganda. The hospital serves a population of
about 4.5 million people, and hundreds of lower-level
health facilities. The labour ward has approximately
10,000 deliveries a year. The NNU also admits infants
referred from district hospitals and health centres beyond
its catchment area. In addition a high rate of home deliv-
eries still occur in rural Uganda and some of these infants
are brought directly from home [22]. The NNU provides
level II neonatal care, for which the facilities have been
previously described [23]. There are approximately 2500
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neonatal admissions annually, including an estimated 270
infants with a birthweight<1500 g.

Fluid and nutrition policy

The NNU had a standardised protocol for feeding and
fluid administration for infants<1500 g. Intravenous flu-
ids began with 75 ml//kg/day of 10% dextrose on the day
of birth changing to 0.225% sodium chloride and 10%
dextrose 48 h after birth. Enteral feeds were normally
initiated at 25 ml/kg/day 24 h after birth using expressed
breast milk (EBM). Feeds were progressively increased by
25 ml/kg/day depending on the tolerance and condition
of the infant, as well as the availability of EBM from the
mother. Feeds were advanced to a minimum of 150 ml/
kg/day and increased beyond this by 25 ml/kg/day until
the infant was documented to be gaining weight. Enteral
feeds were initiated using nasogastric tube feeding and
once full feeds were achieved, and weight gain was doc-
umented, the infant was slowly transitioned to cup and
spoon-feeding as tolerated. Almost all infants were fed
exclusively with EBM. Breastmilk fortifier and preterm
formula were not available. A multivitamin supplement
was initiated once the infant was on full feeds and iron
supplementation was started at day 14.

Growth measurements

Birth weight was recorded on admission to the NNU
by an electron weighing scale (SECA 354). Nude body
weight was recorded daily until discharge. Weight-for-age
Z-scores were calculated using the INTERGROWTH-
21st (IG-21st) standard [24]. Small for gestational age
(SGA) was defined as a weight-for-age Z-score at birth
<-1.28 [25, 26]. Infant growth was monitored through
daily weight measurements during the inpatient stay.
PGF was determined by calculating the delta change in
z-score based on the IG-21st standards, between admis-
sion (at birth) and the last review prior to inpatient dis-
charge (Inpatient discharge ages varied for each infant
depending on their clinical course). PGF was defined as a
decline in weight Z score between birth and discharge of
more than —1.28 [27].

Head circumference was measured weekly during
the in-patient admission using a non-elastic tape mea-
sure held above the eyebrows and ears. Length was not
recorded as part of routine clinical care and these data
were not available for analysis.

Gestational age and birth weight

Gestational age was estimated using New Ballard Score
examination [28]. Preterm infants were classified as
extremely preterm (EPT, <28 weeks), very preterm (VPT,
28 to <32 weeks) and moderate to late preterm (32 to
<37 weeks). Birth weight was classified as extremely low
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birth weight (ELBW, <1000 g) and very low birthweight
(VLBW, 1000-1499 g) [29].

Risk factors

Data on sex, gestational age, multiple birth, place of
birth, mode of delivery, anthropometry, feeding history,
co-morbidities and neonatal clinical outcomes were
extracted from the medical records. Data were extracted
regarding the feeding including, the method of adminis-
tration, the type of milk used, the age that feeding was
initiated, and the age that full feeds were achieved.

Due to the limited access to suitable investigations,
many of the co-morbidities diagnosed in this study relied
on clinical features. The following definitions for co-mor-
bidities were used:

+ Necrotising enterocolitis (NEC): lethargy and
temperature instability plus one or more of
abdominal distension, vomiting, bloody stools,
bilious or bloody aspirate.

+ Respiratory distress syndrome (RDS): presence of
tachypnoea, sub-costal recessions, and nasal flaring
within the first 4 h after birth.

« Patent ductus arteriosus (PDA) was suspected in the
presence of a characteristic murmur with bounding
peripheral pulses after 72 h of age. The presence of
a haemodynamically significant PDA (hsPDA) was
confirmed on echocardiogram and defined by the
presence of left atrium: aortic root diameter>1.5 in
presence of continuous left to right shunting.

+ Apnoea: a pause in breathing requiring stimulation
or bag-mask ventilation.

+ Feeding intolerance: frequent regurgitation or emesis
of milk with or without abdominal distension.

+ Sepsis: one or more of hypothermia not responsive
to kangaroo care, fever >37.5 °C, lethargy,
tachypnoea, sub-costal recession, apnoea.

+ Moderate hypothermia: <35.5 °C.

+ Severe hypothermia: <32 °C.

Statistical analysis

Growth from birth to discharge was assessed as both a
continuous variable (delta change Z-score value) and
a binary variable (a negative change in Z-score of more
than 1.28). Descriptive statistics and bivariable risk ratios
were reported. We computed mean and median of con-
tinuous variables (as appropriate) and presented fre-
quencies and percentages for categorical variables. In the
bivariable risk ratio analysis, the following independent
variables were included: sex, SGA, duration of bubble
continuous positive airway pressure (bCPAP), RDS, PDA,
NEC, jaundice requiring treatment, sepsis requiring sec-
ond-line treatment, sepsis requiring third-line treatment,
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hypothermia, time to first feed, time to achieve full
feeds, and duration of hospitalisation. The risk ratios
were adjusted for sex, SGA and hypothermia using the
Cochran Mantel-Haenszel method. All analyses were
carried out using Stata 17. We also modelled a linear
regression (supplementary results) as a form of sensitiv-
ity analysis with the aim of exploring if the direction of
coefficients and interpretation would remain consistent.

Results

A total of 274 infants <1500 g were admitted to the NNU
during the study period (Fig. 1). Of these, 113 were
excluded for the following reasons: 35 were admitted
more than 24 h after birth; 78 had hospital stays of less
than 7 days (including 5 who were discharged against
medical advice and 73 who died within 7 days); and 57
were excluded due to other factors (9 with major congen-
ital abnormalities, 22 with incomplete growth data, and
26 with unknown gestational age). This resulted in a final
cohort of 104 infants, which included 89 (85.6%) very low
birth weight (VLBW) infants and 15 (14.4%) extremely
low birth weight (ELBW) infants, being included in the
study.

Of the 104 infants, 57 were females (54.8%) and 47
males (45.2%). The mean birth weight was 1182 g (SD
18 g, 95% CI: 1140, 1210), and the birth weight ranged
from 730 g to 1490 g. A large proportion, 43 infants
(41.3%), were classified as SGA, with the likelihood of
being SGA increasing by 2.13 times with each unit rise in
gestational age (95% CI [1.52, 2.98]).

At admission, there were 104 participants with a mean
IG-21st z-score of -0.90 (95% CI [-1.15, -0.66]). At inpa-
tient discharge, for the 81 infants with available data,
the mean z-score was —3.19 (95% CI [-3.58, -2.80]). The
mean nadir weight for infants without postnatal growth
failure (PGF) was 1115 g (95% CI [1039, 1191]), while for
infants with PGE, it was 948 g (95% CI [910, 986]). The
mean time to reach nadir weight was 8.3 days (95% CI

VLBW infants admitted to NNU
(15 Jan 2018 — 31% Dec 2018)
N=274
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[7.3,9.2]). The mean duration of inpatient hospitalization
was 11.0 days (95% CI [9.0, 13.0]) for those without PGF
and 29.3 days (95% CI [24.5, 34.1]) for those with PGF.
The mean time to regain birth weight was reported in
only 66 participants due to deaths in the cohort (n=17)
and missing data (n=21). Among those without PGF, the
mean time to regain birth weight was 19.2 days (95% CI
[11.7, 26.6]), while in those with PGEF, it was 26.4 days
(95% CI [22.8, 30.0]).

For the infants who experienced weight gain, the mean
growth velocity was 5.2 g/day (95% CI [3.9, 6.4]). In con-
trast, those who experienced weight loss had a mean
growth velocity of -12.0 g/day (95% CI [-14.4, -9.6]).
Infants without PGF had a mean percentage weight loss
of -5.2% (95% CI [-9.8, -0.5]), whereas infants with PGF
had a mean percentage weight loss of 4.0% (95% CI [-1.8,
9.8]).

Most infants, 64.4% (n=67), were born between 28 and
32 weeks of gestation. Additionally, those born between
32 and 37 weeks comprised 31.7% (n=33), while a smaller
number, representing only 3.8% (n=4), were born before
28 weeks. Of the mothers, 4% were HIV positive (n=15),
53.8% were HIV negative (n=56), and the status of 31.8%
mothers was unknown (n=33). Feeding practices pri-
marily involved nasogastric tubes (NGT), used in 74.0%
infants (n=77), and mother’s own milk was the primary
type of milk provided, utilised for 95.2% infants (2=99).
The mean age to achieve a feeding volume of 150 ml/kg/
day was 8.2 days (SD 2.5). The patient characteristics are
described in Table 1.

Risk factors for postnatal growth failure

We identified several statistically significant risk factors
for PGF among the 104 infants. Infants with SGA had
a higher risk of PGF compared to those without SGA
(cRR 1.25,95% CI [1.01, 1.53], p value 0.04). Additionally,
infants who required bCPAP for >7 days had a higher
risk of PGF (aRR 1.35, 95% CI [1.10, 1.66], p value 0.33).

Excluded from the study

35 infants admitted >24 hours after birth

5 infants discharged against medical advice before 7 days
73 died before 7 days

9 infants with major congenital malformations

22 infants with incomplete growth parameters

26 unknown gestational age

'

Included in the study = 104

Fig. 1 Flow chart of study participants
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Table 1 Patient characteristics of <1500 g infants admitted to

neonatal unit during the study period

Characteristic (N=104) N (%)
Maternal HIV serostatus
Negative 56 (53.8)
Positive 15(14.4)
Unknown 33(31.8)
Birth
Single 69 (66.3)
Twin 31(29.8)
Triplet 4(3.8)
Place of delivery
In-born 55(52.9)
Out-born
District hospital 5(4.8)
Health centre 25 (24.0)
Private clinic 4(13.5)
Home 1(1.0)
On the way to hospital 4(3.8)
Mode of delivery
SVD 86 (82.7)
Breech 1(1.0)
Elective caesarean section 2(1.9)
Emergency caesarean section 12(11.5)
Unknown 3(2.9)
Sex
Male 47 (45.2)
Female 57 (54.8)
Birthweight (g)
Mean (SD) 1182 (18)
Range (min, max) 730-1490
1000-1499 g 89 (85.6)
<1000 g 15(14.4)
Gestational age at admission
<28 weeks 4(3.8)
28-32 weeks 67 (64.4)
32-<37 weeks 33(31.7)
Head circumference (cm)
Mean (SD) 26.5(1.5)
Range 22.0-29.5
< -2SD for gestational age (microcephaly), n (%) 7(16.3)
Admission observations
Temperature (°C), Mean (SD) 348 (14)
Range of temperature (°C) <320-
37.0
Heart rate (beats per minute), Mean (SD) 132 (22)
Oxygen saturations (%), Mean (SD) 86 (13)
Maximum respiratory support provided during admis-
sion to NNU
No respiratory support provided 27 (26.0)
Free flow oxygen only 20(19.2)
bCPAP 57 (54.8)
Co-morbidities diagnosed during admission to NNU
RDS 61(58.7)
Apnoea 32(30.8)
NEC 9(8.7)
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Table 1 (continued)

Characteristic (N=104) N(%)
Haemodynamically significant PDA 1(29.8)
Anaemia requiring transfusion 2(11.5)
Sepsis requiring 2nd line Antibiotics 2 (50.0)
Sepsis requiring 3rd line Antibiotics 0(19.2)
Moderate hypothermia at admission (< 35.5 °C) 92 (88.4)
Severe hypothermia at admission (< 32.0 °C) 3(3.12)

Feeds
Initial method of feeding

Cup and spoon 27 (26.0)

NGT 77 (74.0)
Median age to initiate enteral feeds (IQR) 2020,

3.0)

Mean age to achieve 150 ml/kg/day (SD) 82 (2.5)
Feeding intolerance documented 31(29.8)
Type of milk given

Mothers own milk 99 (95.2)

Donor milk 4(3.8)

Formula milk 1(1.0)

In-patient outcome
Survived 81(77.9)
Died 17(16.3)
Self-discharged 6 (5.8)

Bubble Continuous Positive Airways Pressure (bCPAP), Nasogastric tube
(NGT), Respiratory distress syndrome (RDS), Patent ductus arteriosus (PDA),
Necrotizing enterocolitis (NEC)

Infants with RDS were also at a higher risk of PGF (aRR
1.30, 95% CI [1.01, 1.67], p value 0.88). Furthermore,
infants who required second-line antibiotics for sepsis
had a higher risk of PGF (aRR 1.58, 95% CI [1.22, 2.04] p
value 0.09), as did those who required third-line antibiot-
ics (aRR 1.46, 95% CI [1.20, 1.77], p value 0.08). Infants
who took>7 days to achieve full feeds of 150 ml/kg/day
had a higher risk of PGF (aRR 1.30, 95%CI [1.01, 1.66], p
value 0.29). Infants with PGF also had a longer duration
of hospitalisation compared to those without PGF (aRR
1.85, 95% CI [1.31, 2.61], p value 0.32). The risk factors
are described in Table 2.

Discussion
We found a high rate of 75.9% of PGF during inpatient
hospitalisation of <1500 g infants in a level II neonatal
unit. The study revealed several significant risk factors
associated with PGF. Notably, infants with SGA dem-
onstrated a 1.25-fold increased risk of PGF, while those
affected by RDS exhibited a 1.36-fold higher risk.
Additionally, prolonged duration of bCPAP use was
associated with an increased risk of PGF (aRR 1.36),
while sepsis requiring second-line treatment had an
increased risk (aRR 1.55), and sepsis requiring third-line
treatment also showed a higher risk (aRR 1.49). Delayed
achievement of full feeds (aRR 1.32) and extended
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Table 2 Risk factors associated with postnatal growth failure during inpatient hospitalisation
Risk factor N=104 (%) Postnatal Growth failure Bivariable aRR*
(Inpatient) cRR (95% CI) (95% ClI)
No Yes

Sex

Male 47 (45.2) 8(32) 39 (494) 1 -

Female 57 (54.8) 17 (68) 40 (50.6) 0.82 (0.64, 1.05) -
SGA (z-score<-1.28 at birth)

No 61 (58.7) 19 (76.0) 42 (53.2) 1 -

Yes 43 (41.3) 6(24.0) 37 (46.8) 1.25(1.01,1.53) -
Hypothermia <35.5 °C

No 9(87) 4(16.0) 5(6.3) 1 -

Yes 95 (91.3) 21(84.0) 74(93.7) 140(0.77,2.54) -
Duration of bCPAP > 7 days

No 69 (66.3) 22 (88.0) 47 (59.50) 1 1

Yes 35(33.7) 3(12.0) 32 (40.5) 1.34(1.11,1.62) 1.35(1.10,1.66)
RDS

No 43 (41.3) 16 (64.0) 27 (34.2) 1 1

Yes 61(58.7) 9(36.0) 52 (65.8) 1.36 (1.05, 1.74) 1.29(1.01.1.67)
PDA

No 73(70.2) 20 (80.0) 53(67.1) 1 1

Yes 31(29.8) 5(20.0) 26 (32.9) 1.16(0.94,142) 1.15(0.92,1.44)
NEC

No 95(91.3) 24 (96.0) 71(89.9) 1 1

Yes 9(8.7) 1(4.0) 8(10.1) 1.19(0.92, 1.54) 1.16 (0.89,1.52)
Jaundice requiring treatment

No 10 (9.6) 4(16.0) 6(7.6) 1 1

Yes 94 (90.40) 21 (84.0) 73 (92.4) 1.29(0.77,2.17) 1.32(0.79,2.19)
Sepsis requiring second line

No 52 (50.0) 21(84.0) 31(39.2) 1 1

Yes 52 (50.0) 4(16.0) 48 (60.8) 1.55(1.22,1.96) 1.58 (1.22,2.04)
Sepsis requiring third line

No 84 (80.8) 25(100.0) 59 (74.7) 1 1

Yes 20(19.2) 0(0.0) 20 (25.3) 142 (1.24,1.64) 146 (1.20,1.77)
Time to first feed > 24 h

No 61(58.7) 17 (68.0) 44 (55.7) 1 1

Yes 43 (41.3) 8(32.0) 35(44.3) 1.13(0.91,1.39) 1.17(0.94, 1.45)
Time to achieve full feeds (150 ml/kg/day) > 7days*

No 49 (51.04) 18(85.71) 31(41.33) 1 1

Yes 47 (48.96) 3(14.29) 44 (58.67) 1.37(1.08,1.74) 1.29(1.01,1.67)
Duration of hospitalisation

< 14 days 39 (37.50) 19 (76.0) 20 (25.3) 1 1

> 14 days 65 (62.5) 6(24.0) 59 ( ) 1.77 (1.29,2.43) 1.85(1.31,2.61)
Outcome

Alive 87(83.65) 22 (88.0) 65 (82.28) 1 1

Dead 17 (16.35) 3(12.0) 14(17.72) 1.09 (0.85,141) 1.04 (0.82,1.33)

*Missing data for 8 participants; crude risk ratio, cRR; adjusted risk ratio, aRR, *The risk ratios were adjusted for sex and SGA using the Cochran Mantel-Haenszel

method

hospitalization (aRR 1.78) were also independently asso-
ciated with elevated risks of PGF.

Growth outcomes: insights from low-resource and high-
resource settings

Our findings align with existing research from various
regions, highlighting similar risk factors. In Taiwan, risk

factors such as being SGA or ELBW, and having extra-
uterine growth retardation (EUGR) at discharge were
identified as significant predictors of post-discharge
growth retardation [30], closely mirroring the prolonged
hospitalization and delayed feeding initiation observed
in our cohort. Studies from Uganda and Indonesia fur-
ther support these findings with a PGF prevalence of
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36.4% and 50%, and identifying delayed initiation of
enteral feeds, the presence of sepsis, and a history of
invasive ventilation as critical factors influencing PGF
[5, 31]. In Uganda, particularly, the timing of the first
feed and the duration of hospitalization have been high-
lighted as pivotal in determining growth outcomes, with
early feeding and shorter hospital stays being crucial
for promoting recovery and growth. While the risk fac-
tors for PGF may be similar across the globe, the ability
to effectively address these risks is often shaped by the
differences in healthcare resources, infrastructure, and
systemic support available in various regions. In high-
resource settings, patterns of growth in preterm infants
have changed dramatically with advances in medical
and nutritional care, which often involves a combina-
tion of total parenteral and supplementary enteral nutri-
tion [33-35]. Research across several of these settings
observed that rates of growth failure have declined in
the past decade [35]. Preterm infants in high-resource
settings now regain their birth weight sooner and expe-
rience higher rates of weight gain. For instance, a study
in California found that from 2005 to 2012, the odds of
a weight Z-score decrease by more than 1 during hospi-
tal admission dropped from 47 to 38%, and the likelihood
of being discharged below the 10th weight-for-age centile
also decreased [36], reflecting significant improvements
in growth outcomes over time. Additionally, in Israel, the
odds of severe PGF decreased by 46% and mild PGF by
32% among VLBW infants with major neonatal morbidi-
ties born between 2014 and 2018 compared to those born
from 2009 to 2013. Similarly, infants without morbidities
saw a 38% reduction in severe PGF and a 29% reduction
in mild PGF during the same period [37], revealing an
improvement in growth velocity and postnatal growth
failure (PGF) in contrast to our study which observed
slower growth, a longer time to regain birth weight, and
higher PGF rates.

PGF still poses a substantial challenge for infants
weighing<1500 g, especially in low-resource settings,
where access to parenteral nutrition and breastmilk for-
tifiers is limited. In such settings, the primary source of
nutrition for these infants is often only the mother’s own
milk, with few alternatives available. A prospective study
from India on VLBW infants, who received enteral nutri-
tion supplemented with human milk fortifiers and paren-
teral nutrition, reported a mean weight gain of 22.58 g/
day, indicating steady growth during hospitalization
[38]. In contrast, our study found a significantly lower
mean growth velocity, with infants gaining only 5.2 g/
day and those experiencing weight loss showing a mean
growth velocity of -12.0 g/day. This study also noted that
many VLBW infants did not achieve intrauterine growth
rates, particularly among SGA infants, leading to PGF.
Similarly, our study identified a high prevalence of PGE,
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with 75.9% of infants experiencing growth failure at dis-
charge and a 1.25 times higher likelihood of PGF among
those who were SGA. Additionally, a retrospective study
from 2018, in a tertiary care centre in India found that
unfortified breast milk can support the recommended
growth rate when provided at higher feeding volumes
of 220 ml/kg/day [39], achieving a satisfactory growth
rate and quicker time to regain birth weight. In con-
trast, our study reported slower growth, a longer time
to regain birth weight, and a higher incidence of PGF.
In our study, we followed unit protocols by monitoring
feeds up to 150 ml/kg/day but did not document any
further increases in feeding volume during the inpatient
stay. This conservative approach differed from the more
aggressive feeding practices outlined in the 2018 study.
The findings from both Indian studies suggest that more
intensive feeding strategies, including higher feeding
volumes and nutritional supplementation, even within
resource-limited settings, could potentially lead to better
growth outcomes. However, further research is needed in
our context to explore the feasibility and impact of these
approaches.

Nutritional strategies and supportive care for preventing
pdf in preterm infants

Effective nutritional care during the neonatal period is
crucial for achieving optimal outcomes and minimising
the risk of both short-term and long-term adverse effects.
The risk of PGF and postnatal malnutrition in these vul-
nerable infants arises from several factors, including lim-
ited nutrient reserves at birth, underdeveloped organs,
diminished nutrient absorption capabilities, underlying
health conditions, the accurate identification of malnu-
trition, and the timing of appropriate nutrient provision,
leading to suboptimal growth or even postnatal growth
failure [40, 41]. The prevention of PGF is vital to prevent
potential long-term consequences, including suboptimal
brain development due to undernutrition and impaired
neurodevelopment [42, 43]. Also, the study identified
worrying clinical status of referred infants such as hypo-
thermia at admission. Kangaroo Mother Care (KMC) is
recommended by the WHO for early and prolonged use
in preterm and low-birth-weight infants [44]. Research
shows that KMC reduces the incidence of nosocomial
sepsis and enhances vital sign stability, including tem-
perature regulation and weight gain [45]. A widescale
implementation of KMC is needed as an effective, low-
cost approach. There is an urgent need to improve pre-
referral care and practices for these vulnerable infants.
A widescale implementation of KMC is essential, as it is
one of the urgent needs to improve pre-referral care and
practices for vulnerable infants, alongside supportive
nutritional practices, and effective management of early
preterm complications to prevent PGF.
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Controversies in neonatal practice

The definition and assessment of PGF are subjects of
ongoing debate in neonatal practice, particularly due to
the variability in percentile cut-offs, z-score thresholds,
and timing of measurements [46]. These inconsistencies
make it challenging to identify and compare PGF across
different settings. Growth charts such as the Fenton and
1G-21st further illustrate this issue; although both classify
SGA infants at birth similarly, they differ significantly in
reporting the prevalence of growth failure. The Fenton
chart often indicates a higher prevalence of growth fail-
ure, potentially prompting more aggressive nutritional
interventions that may carry long-term health risks, such
as metabolic syndrome. Conversely, the 1G-21st chart,
developed using a healthier and more diverse preterm
cohort, appears to be more closely associated with poor
neurodevelopmental outcomes, possibly offering a more
accurate reflection of optimal postnatal growth [47].
These differences raise critical questions about which
growth assessment tool should be adopted in clinical
practice, as each can significantly influence management
strategies for preterm infants and their long-term health
trajectories. In our study, we utilized the IG-21st stan-
dards and defined PGF as a decline in weight Z-score of
more than —1.28. The choice was influenced by the char-
acteristics of our population, the clinical relevance of this
threshold in predicting adverse outcomes, and the need
for standardized measures that facilitate comparison
with other comparable research in similar settings.

Limitations

The study had several limitations, such as a small sample
size which reduces its statistical power and generalis-
ability. The single-centre design might have introduced
selection bias; furthermore, the retrospective nature of
the study resulted in excluding some participants due to
incomplete data and limited accuracy due to incomplete
data on variables that may confound the findings. Finally,
the duration of hospitalisation may have been a limita-
tion for longitudinal growth follow-up in the early post-
natal period, as more than a third of the infants spent less
than two weeks in the hospital, potentially affecting the
assessment of these outcomes.

Future directions

In low-resource settings like Uganda, where access to
specialised nutritional support may be limited, collabora-
tive and innovative strategies are needed to prevent PGF
in VLBW infants.

Future research should focus on evaluating novel and
innovative approaches such as hospital-based lacta-
tional support; low-cost human milk banks, standardised
growth monitoring; and educational and supportive pro-
grams on optimal breastfeeding practices and early child
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development. In addition, data are needed on the body
composition of these VLBW infants and their long-term
neurodevelopmental outcomes. Together this will inform
contextually relevant evidence-based practices and poli-
cies aimed at reducing the burden of PGF in this vulner-
able population.

Conclusion

PGF was common among infants<1500 g in this hospi-
talised cohort who were primarily fed on their mother’s
own milk. Urgent action is needed to enhance postnatal
growth in this vulnerable patient group. Future research
should focus on exploring multidisciplinary interventions
that can improve growth outcomes in this population
and understanding the long-term implications and need
for care for these infants.

Abbreviations

bCPAP Bubble continuous positive airway pressure

EBM Expressed breastmilk

EPT Extreme Preterm

hsPDA  hemodynamically significant patent ductus arteriosus
HIV Human Immunodeficiency Virus

IG-21st  INTERGROWTH 21st growth standards

LBW Low Birth Weight

NEC Necrotizing enterocolitis
NGT Nasogastric tube

NNU Neonatal Unit

NMR Neonatal Mortality Rate

PDA Patent Ductus Arteriosus

PGF Postnatal Growth Failure

RDS Respiratory Distress Syndrome
SGA Small for gestational age
VLBW Very Low Birth Weight

VPT Very Preterm

Supplementary Information
The online version contains supplementary material available at https://doi.or
g/10.1186/512887-024-05172-5.

Supplementary Material 1: Supplement 1. Linear regression: Risk factors
associated with postnatal growth failure during inpatient hospitalization.

Acknowledgements
Ministry of Health, Uganda, MRRH administration and the staff, mothers and
infants of the Neonatal Unit at MRRH.

Author contributions

NRAQ: Study design, processing of ethical approvals, data collection, project
administration, data analysis, manuscript writing for publication. KB: Primary
mentorship, project administration, study design conceptualization, data
analysis, revision of the manuscript. IMSE: Mentorship and supervision,

data analysis, drafting and revision of the manuscript. POO: Mentorship,
co-supervision, resources, and revision of manuscript. FO: Data analysis and
revision of manuscript. All authors read and approved the final manuscript.

Funding

This study was conducted without funding. The corresponding author is a
PhD candidate at the University of Bergen, as part of a trial supported by
the European & Developing Countries Clinical Trials Partnership (EDCTP).
However, EDCTP did not fund the design, analysis, conduct, or writing of this
manuscript. The authors are solely responsible for the content presented.


https://doi.org/10.1186/s12887-024-05172-5
https://doi.org/10.1186/s12887-024-05172-5

Okalany et al. BMC Pediatrics (2024) 24:706

Data availability
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

This retrospective observational study received approval from Mbale Regional
Referral Hospital Research and Ethics Committee (MRRH REC 0041/2019)

and registered with the Uganda National Council of Science and Technology
(UNCST HS3295ES) and Regional Committee for Medical Research Ethics
Western Norway (REK West 634003). A waiver for informed consent was
approved by the Mbale Regional Referral Hospital Research and Ethics
Committee.

Consent for publication
Parental consent was not required as the study was classified as an audit.

Competing interests
The authors declare no competing interests.

Author details

!Centre for International Health, Department of Global Public Health and
Primary Care, University of Bergen, Bergen, Norway

’Department of Community and Public Health, Busitema University,
Mbale, Uganda

*Mbale Clinical Research Institute, Mbale, Uganda

“Neonatal Unit, Mbale Regional Referral Hospital, Mbale, Uganda

Received: 21 April 2024 / Accepted: 23 October 2024
Published online: 06 November 2024

References

1. Shah PS,Wong KY, Merko S, Bishara R, Dunn M, Asztalos E, et al. <ArticleTitle
Language="En">Postnatal growth failure in preterm infants: ascertainment
and relation to long-term outcome. J Perinat Med. 2006;34(6):484-9.

2. Franz AR, Pohlandt F, Bode H, Mihatsch WA, Sander S, Kron M, et al. Intra-
uterine, early neonatal, and postdischarge growth and neurodevelopmental
outcome at 5.4 years in extremely preterm infants after intensive neonatal
nutritional support. Pediatrics. 2009;123(1):e101-9.

3. Sammallahti S, Pyhala R, Lahti M, Lahti J, Pesonen AK, Heinonen K, et al. Infant
growth after preterm birth and neurocognitive abilities in young adulthood. J
Pediatr. 2014;165(6):1109-15. e3.

4. Weisglas-Kuperus N, Hille ET, Duivenvoorden HJ, Finken MJ, Wit JM, van
Buuren S, et al. Intelligence of very preterm or very low birthweight infants in
young adulthood. Arch Dis Child Fetal Neonatal Ed. 2009;94(3):F196-200.

5. Nakubulwa C, Musiime V, Namiiro FB, Tumwine JK, Hongella C, Nyonyintono
J, et al. Delayed initiation of enteral feeds is associated with postnatal growth
failure among preterm infants managed at a rural hospital in Uganda. BMC
Pediatr. 2020;20(1):86.

6.  Sharma, Pathak OK, Poudel B, Sharma A, Sapkota RP, Devkota K. Preterm
Neonates Admitted in the Neonatal Intensive Care Unit at a Tertiary Care
Centre: A Descriptive Cross-sectional Study. JNMA J Nepal Med Assoc.
2023,61(260):320-4.

7. Vizzari G, Morniroli D, Tiraferri V, Macchi M, Gangi S, Consales A, et al. Postnatal
growth of small for gestational age late preterm infants: determinants of
catch-up growth. Pediatr Res. 2023;94(1):365-70.

8. Gonzalez-Garcia L, Mantecon-Fernandez L, Suarez-Rodriguez M, Arias-Llor-
ente R, Lareu-Vidal S, Ibanez-Fernandez A et al. Postnatal Growth Faltering:
Growth and Height Improvement at Two Years in Children with Very Low
Birth Weight between 2002-2017. Children (Basel). 2022;9(12).

9. Lee SM,Kim N, Namgung R, Park M, Park K, Jeon J. Prediction of Postnatal
Growth Failure among Very Low Birth Weight Infants. Sci Rep. 2018;8(1):3729.

10.  Lima PA, Carvalho M, Costa AC, Moreira ME. Variables associated with extra
uterine growth restriction in very low birth weight infants. J Pediatr (Rio J).
2014,90(1):22-7.

11, Zhi ZEKZ, Research Group for the Nutrition of Premature Infants, Wang DH.
[Multicenter study of the nutritional status of premature infants in neonatal
intensive care unit in China: report of 974 cases]. 2009.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Page 9 of 10

Cerasani J, Ceroni F, De CosmiV, Mazzocchi A, Morniroli D, Roggero P et al.
Human Milk Feeding and Preterm Infants' Growth and Body Composition: A
Literature Review. Nutrients. 2020;12(4).

McLeod G, Sherriff J. Preventing postnatal growth failure-the significance

of feeding when the preterm infant is clinically stable. Early Hum Dev.
2007,83(10):659-65.

Vasu V, Modi N. Assessing the impact of preterm nutrition. Early Hum Dev.
2007,83(12):813-8.

Ruegger C, Hegglin M, Adams M, Bucher HU, Swiss Neonatal N. Population
based trends in mortality, morbidity and treatment for very preterm- and
very low birth weight infants over 12 years. BMC Pediatr. 2012;12:17.

Flesher SL, Domanico RS. Improved growth and development in premature
infants managed with nasal continuous positive airway pressure. WV Med J.
2014;110(2):14.

Horbar JD, Carpenter JH, Badger GJ, Kenny MJ, Soll RF, Morrow KA, et al. Mor-
tality and neonatal morbidity among infants 501 to 1500 grams from 2000 to
2009. Pediatrics. 2012;129(6):1019-26.

Shah PS, Sankaran K, Aziz K, Allen AC, Seshia M, Ohlsson A, et al. Outcomes of
preterm infants < 29 weeks gestation over 10-year period in Canada: a cause
for concern? J Perinatol. 2012;32(2):132-8.

Lee AC, Katz J, Blencowe H, Cousens S, Kozuki N, Vogel JP, et al. National and
regional estimates of term and preterm babies born small for gestational
age in 138 low-income and middle-income countries in 2010. Lancet Glob
Health. 2013;1(1):e26-36.

Organization WH. Guidelines on optimal feeding of low birth-weight infants
in low-and middle-income countries.; 2011.

Magowan S, Burgoine K, Ogara C, Ditai J, Gladstone M. Exploring the barriers
and facilitators to the acceptability of donor human milk in eastern Uganda -
a qualitative study. Int Breastfeed J. 2020;15(1):28.

Statistics UBo. Uganda Demographic and Health Survey 2016: Key Indicators
Report. Maryland, USA: UBOS, and Rockville; UBOS and ICF 2017.

Burgoine K, Ikiror J, Akol S, Kakai M, Talyewoya S, Sande A, et al. Staged
implementation of a two-tiered hospital-based neonatal care pack-

age in a resource-limited setting in Eastern Uganda. BMJ Glob Health.
2018;3(1):000586.

Villar J, Giuliani F, Fenton TR, Ohuma EO, Ismail LC, Kennedy SH, et al.
INTERGROWTH-21st very preterm size at birth reference charts. Lancet.
2016;387(10021):844-5.

Molony CL, Hiscock R, Kaufman J, Keenan E, Hastie R, Brownfoot FC. Growth
trajectory of preterm small-for-gestational-age neonates. J Matern Fetal
Neonatal Med. 2022;35(25):8400-6.

Anne RP, Vardhelli V, Murki S, Deshabhotla SK, Oleti TP. Comparison of
Fenton,INTERGROWTH-21(st), and Population-Based Growth Charts in
Predicting Outcomes of Very Preterm Small-for-Gestational-Age Neonates.
Indian J Pediatr. 2022;89(10):1034-6.

Yoon SJ, Kim D, Park SH, Han JH, Lim J, Shin JE, et al. Prediction of Postnatal
Growth Failure in Very Low Birth Weight Infants Using a Machine Learning
Model. Diagnostics(Basel). 2023;13(24).

Ballard JL, Khoury JC, Wedig K, Wang L, Eilers-Walsman BL, Lipp R. New
Ballard Score, expanded to include extremely premature infants. J Pediatr.
1991;119(3):417-23.

Blencowe H, Hug L, Moller AB, You D, Moran AC. Definitions, terminology and
standards for reporting of births and deaths in the perinatal period: Interna-
tional Classification of Diseases (ICD-11). Int J Gynaecol Obstet. 2024.

Liao WL, Lin MC, Wang TM, Chen CH, Taiwan Premature Infant Follow-up N.
Risk factors for postdischarge growth retardation among very-low-birth-
weight infants: A nationwide registry study in Taiwan. Pediatr Neonatol.
2019,60(6):641-7.

Rohsiswatmo R, Kaban RK, Sjahrulla MAR, Hikmahrachim HG, Marsubrin PMT,
Roeslani RD, et al. Defining postnatal growth failure among preterm infants in
Indonesia. Front Nutr. 2023;10:1101048.

Tewoldie MT, Girma M, Seid H. Determinants of time to full enteral feeding
achievement among infants with birth weight 1000-2000 g admitted

to the neonatal intensive care unit of public hospitals in Hawassa city,
Sidama region Ethiopian, 2019: A retrospective cohort study. PLoS One.
2022;17(7):€0271963.

Gounaris AK, Sokou R, Gounari EA, Panagiotounakou P, Grivea IN. Extrauterine
Growth Restriction and Optimal Growth of Very Preterm Neonates: State of
the Art. Nutrients.2023;15(14).

Ong KK, Kennedy K, Castaneda-Gutierrez E, Forsyth S, Godfrey KM, Koletzko
B, et al. Postnatal growth in preterm infants and later health outcomes: a
systematic review.Acta Paediatr. 2015;104(10):974 - 86.



Okalany et al. BMC Pediatrics

35.

36.

37.

38.

39.

40.

41.

42.

(2024) 24:706

Hay WW, Jr. Nutritional Support Strategies for the Preterm Infant in

the Neonatal Intensive Care Unit. Pediatr Gastroenterol Hepatol Nutr.
2018,21(4):234-47.

Griffin 1J, Tancredi DJ, Bertino E, Lee HC, Profit J. Postnatal growth failure in
very low birthweight infants born between 2005 and 2012. Arch Dis Child
Fetal Neonatal Ed. 2016;101(1):F50-5.

Ofek Shlomai N, Reichman B, Zaslavsky-Paltiel |, Lerner-Geva L, Eventov-
Friedman S, Israel Neonatal N. Neonatal morbidities and postnatal growth
failure in very low birth weight, very preterm infants. Acta Paediatr.
2022;111(8):1536-45.

Saluja S, Modi M, Kaur A, Batra A, Soni A, Garg P, et al. Growth of very

low birth-weight Indian infants during hospital stay. Indian Pediatr.
2010,47(10):851-6.

Mathew G, Gupta V, Santhanam S, Rebekah G. Postnatal Weight Gain Patterns
in Preterm Very-Low-Birth-Weight Infants Born in a Tertiary Care Center in
South India. J Trop Pediatr. 2018,64(2):126-31.

Goldberg DL, Becker PJ, Brigham K, Carlson S, Fleck L, Gollins L, et al. Identify-
ing Malnutrition in Preterm and Neonatal Populations: Recommended
Indicators. J Acad Nutr Diet. 2018;118(9):1571-82.

Dinerstein A, Nieto RM, Solana CL, Perez GP, Otheguy LE, Larguia AM. Early
and aggressive nutritional strategy (parenteral and enteral) decreases
postnatal growth failure in very low birth weight infants. J Perinatol.
2006;26(7):436 -42.

Horbar JD, Ehrenkranz RA, Badger GJ, Edwards EM, Morrow KA, Soll RF, et al.
Weight Growth Velocity and Postnatal Growth Failure in Infants 501 to 1500
Grams: 2000-2013.Pediatrics. 2015;136(1):e84-92.

43.

45.

46.

47.

Page 10 of 10

Fenton TR, Cormack B, Goldberg D, Nasser R, Alshaikh B, Eliasziw M, et al.
"Extrauterine growth restriction”and "postnatal growth failure”are misnomers
for preterm infants.J Perinatol. 2020;40(5):704 - 14.

Koreti M, Muntode Gharde P. A Narrative Review of Kangaroo Mother Care
(KMC) and Its Effects on and Benefits for Low Birth Weight (LBW) Babies.
Cureus. 2022:14(11):231948.

Zengin H, Suzan OK, Hur G, Kolukisa T, Eroglu A, Cinar N. The effects of kanga-
roo mother care on physiological parameters of premature neonates in neo-
natal intensive care unit: A systematic review. J Pediatr Nurs. 2023;71:e18-e27.
Gonzalez-Lopez C, Solis-Sanchez G, Lareu-Vidal S, Mantecon-Fernandez

L, Ibanez-Fernandez A, Rubio-Granda A, et al. Variability in Definitions and
Criteria of Extrauterine Growth Restriction and Its Association with Neuro-
developmental Outcomes in Preterm Infants: A Narrative Review. Nutrients.
2024;16(7).

Yitayew M, Chahin N, Rustom S, Thacker LR, Hendricks-Munoz KD. Fenton vs.
Intergrowth-21st:Postnatal Growth Assessment and Prediction of Neurode-
velopment in Preterm Infants.Nutrients. 2021;13(8).

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Early postnatal growth failure in infants  <1500 g in a Ugandan referral hospital: a retrospective cohort study
	﻿Abstract
	﻿Background
	﻿Aims and objectives
	﻿Methods
	﻿Study design
	﻿Study population
	﻿Study setting
	﻿Fluid and nutrition policy
	﻿Growth measurements
	﻿Gestational age and birth weight
	﻿Risk factors
	﻿Statistical analysis

	﻿Results
	﻿Risk factors for postnatal growth failure

	﻿Discussion
	﻿Growth outcomes: insights from low-resource and high-resource settings
	﻿Nutritional strategies and supportive care for preventing pgf in preterm infants
	﻿Controversies in neonatal practice
	﻿Limitations
	﻿Future directions

	﻿Conclusion
	﻿References


