
Copyright@ Angela B Hoyos | Biomed J Sci & Tech Res | BJSTR. MS.ID.005272. 25114

Research Article

ISSN: 2574 -1241

Weight Gain is Related to Changes in Head Circumference 
in Very Preterm Babies: A Registry Analysis of Z-Score 

Changes from the Epiclatino Network
Angela B Hoyos1*, Pablo Vasquez Hoyos2, Marco Belzu Rodriguez3, Carolina Villegas Alvarez4, 
Maria I Martinini5, Veronica Delgado6, Edwin Gonzalez7 and Carlos Fajardo8

1Neonatology, Professor of Pediatrics, Bosque University, Bogotá, Colombia
2Pediatric Intensivist, Professor of pediatrics, Univestidad Nacional and Univerdidad Ciencias de la Salud, Bogotá, Colombia
3Neonatology, Hospital Materno Infantil de Tigre, San Fernando, Buenos Aires, Argentina
4Neonatology, Hospital Central Dr. Ignacio Moronos Prieto, San Luis Potosi, México
5Neonatology, Nuestra Señora de las Mercedes, San Miguel de Tucuman, Tucuman, Argentina
6Pediatrics, Hospital de los Valles, Quito, Ecuador
7Pediatrics, Clinica Somer, Rionegro, Antioquia, Colombia	
8Neonatology, University of Calgary, Calgary, AB, Canada

*Corresponding author: Angela B Hoyos, Neonatology, Professor of Pediatrics, Bosque University, Bogotá, Colombia

      DOI: 10.26717/BJSTR.2020.32.005272

ARTICLE INFO ABSTRACT

Introduction: Optimal extrauterine growth continues to be a major subject of debate 
among experts. If there is 19 more weight gain up to the 36 weeks (w) post-menstrual 
age (PMA) reaching the same birth percentile, does the 20 head circumference (HC) grow 
at the same rate and reach the same level of recovery during the hospital stay? 21 

Materials and Methods: From 2016-2019, babies from Epic Latino network less 
than 33w gestational age (GA) 22 and who survived to 36w PMA and had information on 
the database were included, we excluded any cause of 23 abnormal HC and incongruent 
data. We compared changes in Z-scores from birth to 36w PMA for weight and 24 HC 
using the Fenton Growth Chart. We measured a nonparametric (Spearman) correlation 
between these two 25 measurements). We then compared all relevant related factors 
to growth including changes in Z-score for weight 26 using groups of 0.4 increments/
decrements. All these where then incorporated in a multiple median regression 27 model 
to adjust for potential confounders. 28 

Results: 400 patients were included with a birth median Z-score for weight of 
-0.49 (IQR -1.02, 0.07) and for HC 29 -0.26 (-0.74, 0.73). At 26 w PMA Z-score where 
-1.56 (-2.26, -0.97) for weight and -1.10 (-1.79, -0.34) for HC. 30 Overall, the Change in 
Z-score was -1.11 (-1.55, -0.68) for Weight and -1.02 (-1.69; -0.39) for HC with a positive 
31 correlation rs = 0.40, p <0.01. Cases with a GA < 30w had more negative median 
changes in HC (-1.37 vs -0.86, p 32 < 0.01), but small for gestation age (SGA) did better 
that the other babies (-0.79 vs -1.15, p = 0.01). Onley Weight 33 to HC changes where 
independently related after multiple median regression analysis (p <0.01) but not GA (p 
= 34 0.06) or SGA (0.13). 35 

Conclusion: We confirm that changes in weight Z-score from birth to 36w PMA 
positively correlate with head 36 growth and are related even when controlled for GA 
or SGA. This has implication on head growth and 37 consequently a probable favorable 
neurological outcome that needs to be confirm in other cohorts. If confirm, 38 optimal 
extrauterine grow should be based on Z score weight/HC gain not on absolute or relative 
daily gain and 39 aim should be to regain birth Z-scores. 
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Introduction

The ideal nutritional goals for small premature infants have 
not yet been established [1]. This has led to a large variability 
of nutritional practices in neonatal units. In addition to this, 
strategies to improve weight gain, such as breast milk fortifiers, 
are not commercially available in some parts of Latin America or 
are so expensive that they are not covered by insurance. Some 
authors have suggested that falling below the 10th percentile at 
discharge in a given growth chart is an indication of poor nutrition. 
Nevertheless, at birth often low Z-scores represents the event that 
led these premature babies to be born early, and it is not uncommon 
for Z-score to remain low, frequently related to poor intrauterine 
growth, but also 10% or 3% of the population has that weight, by 
definition, within the normal distribution curve. Therefore, it is 
frequent to see patients below the 10th or 3rd weight percentile 
when discharged from neonatal units. If these patients are born 
close to the 10th percentile, when the expected weight loss occurs, 
many of them will fall below this 10th percentile. This physiological 
drop in the first few days has been attributed to a contraction in 
volume of extracellular space that is expected to occur and is 
greater the smaller the premature infants, because they have a 
higher percentage of interstitial fluid [2]. 

However, what percentage of this weight loss is attributable 
to volume contraction and what to malnutrition due to low 
intake? During this first week of life, a fall in weight is expected 
[3] but, if there is no malnutrition, the head circumference (HC) 
and length should continue to increase. Then why do we see 
sometimes a flattening of HC and length growth during the first 
week [4]? Nevertheless, we also have to acknowledge that these 
two anthropometric measurements are not very accurate due to 
the difficulty of measuring them with precision [5]. The second 
stage where poor growth can often occur is during the transition 
between total parenteral nutrition (TPN) and enteral nutrition 
(EN). Generally, TPN is reduced too quickly and EN is not increased 
quickly enough [6]. Also, the volume of nutrition that a premature 
infant generally receives for most of their stay is limited by volume 
and not by the amount of nutrients they need to continue to grow 
as if they were still in utero. This volume limitation is arbitrary and 
has not been adequately studied [7]. A few studies with a greater 
enteral volume intake, have shown better growth without adding 
any complications [8-10]. Finally, the role of fortifying human milk 
could be part of the problem, with early vs late introduction of 
fortifiers as an example [11], also remembering the wide variability 
of the nutrient content of human milk [12].

It is important to highlight that although there are many reasons 
to want adequate growth, perhaps the most important reason is 
that better HC growth is associated with better neurodevelopment 
[13-17]. 

Naturally, the opposite effect of excess nutrition is a concern 
among clinicians [18]. Studies of metabolic syndrome have become 

frequent in recent years [19-21], but these are population studies 
that have identified a risk at birth referring to people born with 
low weight, not from excess nutrition in the neonatal units [22]. 
Unfortunately, the composition of growth in premature patients 
is abnormal with a poor distribution of body fat [19], but if this is 
due to the total amount of nutrients or the imbalance and timing 
between them is still a matter of debate. Is it due to a poor protein 
intake [23,24] during the first week for example or to an inadequate 
total nutrition thereafter? These questions remain unanswered. We 
do not know if poor postnatal weight increase during hospital stay 
affects HC growth to the same extent, protecting it, as sometimes 
occurs in intrauterine growth [25] but on the other hand, if there is 
any catch-up in weight up to 36 weeks reaching the birth percentile, 
does the head circumference grow at the same rate and achieve 
the same catch-up? In the EpicLatino Network, we use changes in 
Z-score weight between birth and discharge to monitor quality of 
growth in premature infants under 33 weeks in our units, but the 
relation to other measures of growth are still lacking. All the units 
have surrendered an approval of their etic committees to include 
their data in this database. Taking into account these various stages 
where there may be poor postnatal growth in very premature 
infants, we believe it is important to determine what are the growth 
results in these patients at a standard post menstrual age (PMA), 
and if it reflects the growth of their HC.

Materials and Methods 
The EpicLatino Network is a prospective quality improvement 

database of neonatal intensive care units across Latin America 
based on the CNN (Canadian Neonatal network) case report form. It 
collects data from 23 units since 2016 from 5 countries (Argentina, 
Colombia, Curaçao, Ecuador, Mexico, and Paraguay). This is a 
retrospective cross-sectional analysis in all babies registered in 
this database from January 2016 to December 2019. We included 
all babies less than 33 weeks of gestational age (GA) with complete 
information of those that were born or admitted in the first 24 
hours after birth and survived to 36 weeks postmenstrual age 
(PMA). We excluded any case of readmission after initial discharge, 
children on palliative care, head malformations, or any cause or 
ventricular enlargement, and cases with missing/incongruent data 
(any cases with more than 3 points changes in Z-scores at birth 
or at 36w PMA in weight or HC. Also, any inverse growth, missing 
values, HC growth if greater than 2cm/week or weight increase 
of greater than 700gr/week). The Z-scores were calculated with 
Fenton charts 2013 at birth and at 36 weeks PMA, adjusted for 
gender; changes in Z- scores for each patient were obtained and 
graphed for interpretation. We measured the correlation for non-
parametric measurements for the whole group. We then compared 
HC changes using non parametric analysis (Kruskal–Wallis test by 
ranks, or Mann–Whitney U test) with GA by groups (<30 w, ≥ 30 
w), sex, small for gestational age (SGA) and we grouped changes 
in Z-score for weight starting at 0 by 0.4 increments/decrements 
until >0 or <-2.0. We then constructed a multiple median regression 
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analysis to compare HC to weight changes to adjust for GA and SGA. 
A p value of less than 0.05 was considered statistically significant. A 
scatter plot and a fox-plot where created for interpretation. We use 
STATA 13 (College Station, TX: StataCorp LP) for calculations.

Results
We included 400 out of 447 patients who met the inclusion 

criteria, we excluded 23 cases due to ventricular enlargement, 
8 due to changes of more than 3 points and 16 cases due to 
inverse growth as compared to discharge, HC greater than 2cm/
week or weight increase greater than 700gr/week. Descriptive 
demographics including incidence of SGA, sex, and Z-score results 
for weight and HC at birth, 36 weeks PMA and absolute changes are 
shown in (Table 1). When we compared Z-scores changes of weight 
and HC, we found a positive Spearman correlation of rs = 0.40 as 
shown in (Figure 1). When we compared sex, GA, and changes in 
weight by group (Table 2). We found that HC median Z-score change 
is greater and related to less GA (< 30 w vs ≥ 30 w; p<0.01), weight 
Z-score change (p < 0.01; (Figure 2)) and SGA babies (p =0.01). 
Next we then created a lineal median regression model using the 
Changes in Z-score for HC and weight, GA and SGA and found that 
weight changes in Z-score where independently related to changes 
in Z-Score for HC (p < 0.01) but not GA (p= 0.06) or SGA (0.13). 

Table 1: Demoghaphic and Z-score results at birth and at 36 
weeeks PMA.

Variable n(p50) %(p25,p75)

Gestational Age (Weeks) (31) (29, 32)

< 30 w 132 33%

≥ 30 w 268 66%

Total 400

Sex

Male 205 51.2%

Female 194 48.5%

Indeterminate 1 0.3%

Small for gestational age at Birth 61 15%

Small for gestational age at 36w PMA 254 64%

Weight

Z-score at birth (-0.49) (-1.02, 0.07)

Z-score at 36 PMA (-1.56) (-2.26, -0.97)

Change (-1.11) (-1.55, -0.68)

Head circumference

Z-score at birth (-0.26) (-0.74, 0.73)

Z-score at 36 PMA (-1.10) (-1.79, -0.34)

Change (-1.02) (-1.69; -0.39)

PMA: Post menstrual age

Table 2: Head Circumference Z-score changes from birth to 36w PMA by groups.

p50 Rho (p25, p75) p*

Gestational Age

0.0001< 30 weeks -1.37 0.43 (-2.10, -0.75)

≥ 30 weeks -0.86 0.32 (-1.50, -0.21)

Sex    

0.5539
Male -1.01 (-1.69, -0.45)

Female -1.15 (-1.73, -0.40)

Indeterminate -0.36 -

Small for Gestational Age    

0.0085Yes -0.79 (-1.3, -0.23)

No -1.15 (-1.80, -0.42)

Weight Z-Score Changes 0.40 0.0000

Groups

<-2.0 -1.80 (-2.87, -1.28)

0.0001

-2.0 to -1.6 -1.34 (-2.17, -0.87)

-1.6 to -1.2 -1.18 (-1.82, -0.68)

-1.2 to -0.8 -1.02 (-1.54, -0.48)

-0.8 to -0.4 -0.77 (-1.40, -0.02)

-0.4 to 0 -0.36 (-1.07, 0.22)

>0 -0.21 (-0.96, -0.11)

*Non parametric test: Kruskal–Wallis test by ranks, or Mann–Whitney U test.

HC: Head circumference
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Figure 1:  Scatter plot is shown with fitted values and trend 
lines for Z-scores changes in weight and HC at birth at 36w 

Figure 2: In the Y axis, marginal plot after linear regression 
represents mean and 95% confidence intervals (CI) of 
Z-scores groups of changes in weight from birth to 36w 
post menstrual age (PMA) arranged by categories of 
0.4 changes in Z-score. Fitted values of Z-score head 
circumference (HC) changes from birth to 36 weeks (w) 
PMA are seen in X axis

Discussion
We found an overall positive correlation between changes in 

weighted Z-score and those in HC, and an independent relation 
after adjusting for GA and SGA status. The poor growth during 
hospitalization in very preterm neonates has clinical relevance, 

since the associated caloric and protein deficits not only result 
in slower growth velocity, but are also associated with major 
neonatal morbidities, including bronchopulmonary dysplasia, 
retinopathy of prematurity, and the already mentioned impaired 
neurodevelopment as extensively published. Along the same 
line, epidemiologic studies have described additional long-term 
health consequences of growth restriction and low birth weight, 
such as an increased risk of cardiovascular (hypertension, 
microvasculopathy), renal (acute or chronic renal injury) and 
metabolic morbidities (insulin resistance, liver steatosis) in adult 
life, covered in the concept of developmental origins of health and 
disease (DOHaD) [26]. Current evidence suggests that even brief 
periods of relative undernutrition during a sensitive period of 
development have significant adverse effects on later development 
[27]. Even if theoretically, adequate nutrition is desirable, the 
neonatologist still do not deliver adequate nutrition in fear of 
metabolic problems [28]. As stated by the Pre-B taskforce [26] 
“Whether it is more appropriate to reassign a new z score trajectory 
target once preterm infants decrease their extracellular volume in 
the postnatal environment, or whether they should return to their 
birth z score trajectory, remains a theoretical question. Therefore, 
the use of a weight-gain trajectory beginning after extracellular 
volume loss, with guidance provided by the size distribution of the 
fetus, is the most appropriate goal for preterm infants to follow 
until a more representative and validated growth pattern can 
supersede this.” Our findings may prove that setting an arbitrary 
acceptable limit on the upper limit of the weight Z-score catch-up 
for fear of obesity and metabolic syndromes, without a rigorous 
study of these patient population, may be a mistake. 

Although we cannot rule out that some of these patients may 
develop a metabolic syndrome in adulthood, most patients with 
catch up weight Z-score seem to have an adequate anthropometric 
growth, at least in weight and HC. On the other end, the poor 
growth many patients have, could add a handicap in the future. It 
is especially important to continue studying this issue further since 
very young premature infants with few morbidities have a slower 
brain growth than those born at term, as reported [29], and a larger 
HC growth has been associated with better neurodevelopment 
outcomes [13-17,30]. It would be also important to study the Z 
score change in length in a large cohort of patients. Whether poor 
growth is only due to poor nutrition intake during the various stages 
of growth within the units as described in the introduction or poor 
quality or nutrient imbalance, is a subject for future research. It 
should be noted as a limitation that HC measurements are not very 
accurate at best. Limitations include inadequate clinical practices 
taking the measurement, the shape of the head (dolichocephaly 
for example), the measurements being operator dependent, the 
slow growth meaning small changes are not recorded, and several 
other factors that influence brain growth that could be playing a 
role. Some patients have no information on either weight or HC at 
36 weeks, limiting the number of patients collected in the network 
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and available for this work. Fortunately, in this paper, each patient 
is their own control.
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