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Abstract 

OBJECTIVES 
To determine the actual nutritional intake of very low birth weight infants and their growth outcome 
during the first month of life. Additionally, we identified factors that account for a negative neonatal 

outcome in this population. 
 
METHODS 
A case-series study was conducted in a tertiary hospital in Lima, Peru between 2011 and 2012 and the 
data was obtained from medical records. No feeding protocol was used during this study. Daily fluids, 
energy and protein intakes were documented and weekly weight z-scores were calculated. A logistic 
regression analysis was used to identify factors for an adverse outcome, defined as neonatal mortality 
or extra-uterine growth restriction, during the first 28 days of life. 
 
RESULTS 
After applying selection criteria, 76 participants were included. The nutritional intakes were similar to 
standard values seen in the literature, but protein intakes were suboptimal in all of the four weeks. Birth 

weight z-score was associated with an adverse outcome (p=0.035). It was determined that having a 
birth weight z-score under -1.09 predicted a negative outcome with an area under the curve of 96.8% 
[93.5%, 100%] with a 95% confidence interval. 
 
CONCLUSION 
Protein intakes are widely deficient in the population of this study. Nevertheless, an adverse outcome 
during the neonatal period is more associated with a poor birth weight z-score than nutrition-related 
factors. 
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Resumen 

OBJETIVOS 

Determinar las ingestas nutricionales en los recién nacidos de muy bajo peso al nacer y su respectivo 
crecimiento en el primer mes de vida. Adicionalmente, identificar factores para un desenlace negativo 
en el periodo neonatal de esta población. 
 
METODOS  
Estudio de serie de casos desarrollado en un hospital de tercer nivel en Lima, Perú desde 2011 a 2012. 
La información se obtuvo de las historias médicas. No se utilizó un protocolo de nutrición durante el 
estudio. La ingesta diaria del volumen, la energía y las proteínas fue registrada al igual que el puntaje 
z del peso de manera semanal. Se utilizó regresión logística para identificar factores asociados a un 
desenlace adverso, que se define como mortalidad neonatal o restricción de crecimiento extrauterino 
en los primeros 28 días de vida. 
 

RESULTADOS 
Luego del criterio de selección, se incluyeron a 76 participantes. Las ingestas nutricionales fueron 
similares a los valores descritos en la literatura, pero la ingesta proteica fue sub óptima durante las 
cuatro semanas. El puntaje z del peso al nacer se asocia con un desenlace adverso (p=0,035). Se 
determinó que un puntaje z menor de 1,09 predice un desenlace negativo con un área bajo la curva 
ROC de 96,8% (93,5%, 100%), con un intervalo de confianza del 95%. 
 
CONCLUSIÓN  
Las ingestas proteicas fueron sumamente deficientes en este estudio. Sin embargo, un desenlace 
adverso se asocia más a un pobre puntaje z al nacer que a factores relacionados a la nutrición. 
 

  

Introduction 

Adequate nutrition is essential for optimum growth in very 

low birth weight infants. Despite recent research in this 
area, extra-uterine growth restriction presents an ongoing 
challenge [1] due to immature gut motility and the 
subsequent risk of necrotizing enterocolitis with 
“aggressive” feeding [2]. Inadequate nutrition leads to 
poor growth [3],[4] in the short term and impaired 
neurological development [5],[6] in the long term. Studies 
have also shown that very low birth weight infants are likely 
to develop hypertension, insulin resistance and diminished 
glucose tolerance by adulthood [7] and may never reach 
adult growth as compared with their non-very low birth 
weight peers [8]. 

 
In contrast, adequate nutrition has been associated with 
lower rates of death and short-term morbidity, without 
increasing the incidence of necrotizing enterocolitis [9]. The 
Cochrane Collaboration found that the risk of necrotizing 
enterocolitis in very low birth weight infants is not affected 
by delaying the introduction of progressive enteral feeds, 
nor by delaying advancement of feeds or the use of early 
trophic feedings [10],[11],[12]. As to long term 
complications, it has been recently proposed that nutrition 
acts as a protective factor via the microbiome-gut-brain 

axis, which may explain why suboptimal nutrition may 
affect neurodevelopment negatively [13]. 
 
Very low birth weight nutrition management is being 
practiced heterogeneously at distinct neonatal intensive 
care units [14]. Several reports have been made regarding 
nutritional intakes and growth outcome, 
[3],[4],[15],[16],[17],[18],[19] but more evidence is  

 
needed to come to any management conclusions[19]. 
Thus, we will try to explore this area, by describing and 

evaluating the current nutritional management, and its 
associated growth outcomes, in a resource-limited setting. 
 

Methods 

Ethics statement  
Ethical approval for this protocol was obtained from the 
ethics committee at Universidad Peruana Cayetano Heredia 
in Lima, Peru. 
 
Design 
This is a retrospective cohort done in the neonatal intensive 
care unit of Hospital Nacional Cayetano Heredia in Lima, 
Peru. No standardized nutrition protocol for very low birth 
weight infants had been implemented at the time of the 

study. Inclusion criteria: Infants born during the years 
2011 and 2012 with a birth weight of 1500 grams or 
less. Exclusion criteria: Length of stay in the hospital less 
than seven days; lack of weight information on the days 7, 
14, 21 or 28 (+/-1 day) and participants without available 
medical records. 
 
Study variables 
In January 2013 medical records for participants meeting 
selection criteria were reviewed. For those who met the 
criteria we reviewed hospital course and measurements 
data including sex, gestational age, weight, enteral 

feedings, fluids, energy and proteins for the first 28 days or 
until discharge. The nutrient content of maternal milk was 
assumed to have 0.9 g / 100ml and 67 kcal / 100ml, which 
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is consistent with literature values [20]. The formula used 
for premature babies contained 24 cal/oz. 
 
Weight was recorded in grams and collected at days 0, 7, 
14, 21 and 28. If weight from that day was not found, the 
weight from +/-1 day was used. All weights were then 

converted into Fenton and Kim 2013 weight z-scores [21]. 
This helped define intrauterine growth restriction as a 
weight z-score at birth ≤ -2, and extra-uterine growth 
restriction as weight z-score of ≤ -2 at 28 days of life. For 
those patients that were discharged before 28 days of life, 
their discharge weight z-score was used. The outcome 
evaluates mortality or extra-uterine growth restriction. 
 
The day in which the participant started enteral feedings 
was documented, as well as the day in which their enteral 
nutrition reached 50% and 100% of their total nutrition. 
Parenteral and enteral intakes of volume, energy and 

proteins were collected daily for each participant. The day 
the participant starts enteral feedings is defined as the day 
the participant tolerates oral feeds, even though most of 
the participant’s feedings might still be parenteral nutrition. 
 
Comorbidities were tabulated for necrotizing enterocolitis, 
sepsis and mechanical ventilation. Necrotizing enterocolitis 
was defined as a Bell stage of 2 or above with clinical and 
radiological findings [22]. A sepsis diagnosis was made 
clinically but confirmed microbiologically, to be included in 
the analysis. Mechanical ventilation is considered if the 
patient required assisted breathing. 

 
R version 3.0.2 was used for statistical analysis. Graphics 
were created using the package of ggplot2 for R as well as 
the pROC package. Box plot graphs were created to visually 
evaluate nutritional intakes and weight z-scores during the 
first 28 days of life. One box plot was graphed per week. 
 
A multivariable logistic model was used to evaluate our final 
outcome (mortality or extra-uterine growth restriction). 
The variables in the model included: birth weight z-score, 
protein and calories in the first week of life, the day enteral 

feeds started, and the presence of necrotizing enterocolitis, 
sepsis and mechanical ventilation. Nutritional intakes in the 
other weeks of life did not affect the outcome, thus were 
not included in the model. A significance level less than 
0.05 was used in our statistical tests. 
We used our models to predict, within a 95% confidence 
interval (CI), and to evaluate the area under the curve. 

Youden Index, sensitivity and specificity were calculated 
using the package Optimal Cutpoints version 1.1-3 in R. 
 

Results 

We had 115 very low birth weight infants born in 2011 and 
2012 with an incidence of 10.9 and 15.2 per every 1,000 
births, respectively. From this total, 39 were excluded: 28 
due to hospital length of stay less than 1 week, 2 for lacking 
weight information and 9 because of unavailable medical 

records. Thus, 76 participants were included in this study. 
It should be mentioned that 75% of participants with less 
than a week of stay were extremely low birth weight. 
 
This study consisted of 52.6% of males, with a median birth 
weight of 1290 grams (range: 560-1500g) and median 
gestational age of 32 weeks (range: 24-36 weeks). Intra 
uterine growth restriction was seen in 23.7% of 
participants. By the twenty-eighth day of life, 9 participants 
were discharged and 6 had died. Extra-uterine growth 
restriction was presented in 63.2% of participants. From 
those who died during the study, half were extremely low 

birth weight with the most common cause of death being 
septic shock in 50% of participants. In addition, 6.6% of 
the study participants experienced necrotizing enterocolitis, 
23.7% had sepsis, and 42.1% required mechanical 
ventilation. From those with necrotizing enterocolitis, all 
were Bell Stage III with diagnosis as early as day 3 and as 
late as day 13 (median day 5). None had intra uterine 
growth restriction and only one presented extra-uterine 
growth restriction. Necrotizing enterocolitis itself did not 
appear to cause an effect on producing extra-uterine 
growth restriction or death. 
 

All infants started their feeding with parenteral nutrition, 
while enteral nutrition began in the first couple of days. 
Parenteral nutrition was given until the infant received 100 
ml/kg/day enterally. Concerning nutritional intakes, daily 
fluids, energy and protein of the first week of life can be 
seen in (Table 1) and weekly averages are shown in (Figure 
1.) Proteins (p=0.18) and calories (p=0.46) intake in the 
first week of life were not significant in relation to an 
adverse outcome, as defined earlier. Protein intakes during 
this study were always below 3.5 g/kg/day. Regarding 
enteral feedings, these started with a median of 2 days 

(range: 1 to 12 days) and achieved 100% by a median of 
11 days (range: 5 to 28 days). However, 23.7% of 
participants regressed after achieving full enteral nutrition. 

 
 



 
 

 

 
www.medwave.cl 4 doi: 10.5867/medwave.2016.02.6414 

 
 

Table 1: First week nutritional intakes 

 
 

 
 

Figure 1: Weekly nutritional intakes 
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In relation to the weight z-scores, their medians were 
always negative, starting with a birth weight z-score of -
1.43 (range: -4.41 to 1.00) and reaching minimum of -2.48 
(range: -4.66 to -0.98) at 28 days of life, as shown in 
(Figure 2). Birth weight z-score was the factor most 

strongly associated with neonatal death or extra-uterine 
growth restriction (p=0.035) during their first 28 days of 
life. This was the only variable that showed statistical 
significance in our analysis (Table 2). 

 

 

 
Figure 2: Weight Z – Scores 

 
 

 
 
Table 2: Logistic multivariable regression for a negative outcome at 28 days 
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Multivariable logistic regression analysis demonstrates that 
the probability of a negative outcome dramatically 
increases as a birth weight z-score falls below -1.09 (Figure 
3). When evaluating birth weight z-score alone and 
outcome. As mentioned before, a negative outcome is 
considered as death or extra-uterine growth restriction in 

the first 28 days of life. Its appropriate receiver operating 
characteristic (ROC), we find an area under the curve of 
96.8% [93.5%, 100%]. This provides a sensitivity of 96% 
[79.64%, 99.99%] and specificity of 90% [78.59%, 
96.74%] with -1.09 as the cutoff, with a Youden Index of 
0.862 (Figure 4). 

 
 

 
 
Figure 3: Logistic model prediction of birth weight z- Score 
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Figure 4: ROC Curve 

 
 

Discussion 

When comparing our nutritional intakes with the 
literature [23],[24],[25],[26],[27] fluids and energy 
intakes almost met the established values, however protein 
intakes were suboptimal in all four weeks. Despite having 
no feeding regimen and subpar protein intakes. However, 
nutritional intakes were not as important as birth weight z-
score for predicting a negative outcome (death or extra-
uterine growth restriction). Moreover, the sensitivity and 
specificity obtained show that having a z-score below -1.09 

at birth is a good predictor for neonatal death or extra-
uterine growth restriction during their first month. 
 
Some limitations of this study include that data was 
obtained retrospectively, and this study was not able to 
obtain information regarding crown-heel length or head 
circumference. This study focuses on the neonatal 
outcomes during their first 28 days of life, however some 
outcomes from this early period are not seen until later in  

 
 

life. In contrast, this study benefits from the availability of 
having daily nutritional intake information for every 
participant. Another important strength is the fact that no 
feeding protocol was established, at the time of the study, 
thus the study group reflects a “naïve” population. 
Additionally, as it has already been stated, this publication 
represents the first report regarding nutritional intakes in 
very low birth weight infants from Peru. 
 

Regarding nutritional intakes, our findings are similar to 
those found two decades ago in a study conducted in the 
USA [15] and to a study conducted a decade ago in 
Argentina [3]. Our data is worrisome since deficient protein 
intakes during the first week of life are associated with poor 
neurological outcomes at 18 months [6]. Furthermore, our 
population shows birth weight z-scores lower than those 
reported in other neonatal intensive care 
units [17],[28],[29]. In agreement with previous reports, 
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we found that birth weight z-scores were the most 
important risk factor for adverse growth outcomes. 
Specifically, poor birth weight is the best predictor for 
mortality in a limited medical setting [30]. 
 
In Latin America poor prenatal control compliance, low 

socioeconomic status, unplanned pregnancy and subpar 
nutritional status have been previously associated with low 
birth weight [31],[32]. This is reflected with our poor birth 
weight z-scores which is very distinct from what has been 
published elsewhere [17],[28]. We hope this will help 
clinicians understand the clinical risk that lies on these 
patients. Moreover, we also hope that policymakers from 
low- and middle-income countries (LMIC) focus on maternal 
nutrition, if we ever hope to improve the negative neonatal 
outcome we face day to day. 
 

Conclusion 

Future studies should design interventions to improve birth 
weight with the hopes of reducing neonatal mortality and 
extra-uterine growth restriction. Multicenter studies should 

be done in low- and middle-income countries to confirm if 
birth weight z-score is even a better indicator for a negative 
outcome than birth weight per se. We found that birth 
weight z-score has a bigger weigh regarding an unfavorable 
outcome by 28 days, than nutritional intakes. Finally, we 
emphasize that improving maternal health and nutritional 
status should improve a neonate’s health status at birth and 
thus produce better overall outcomes. 
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