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Objectives: to analyze growth velocity trajectories according to exclusive breastfeeding practices 
among preterm and low-birth-weight infants followed within the Kangaroo Mother Care.

Methods: a longitudinal study was conducted with 152 newborns cared for in two public maternity 
hospitals in Fortaleza, Ceará, Brazil, between October 2016 and October 2017. The exposure variable 
was exclusive breastfeeding at Kangaroo Mother Care discharge. Weight gain (g/kg/day), length 
(cm/day), and head circumference (cm/day) velocities were estimated from repeated anthropometric 
measurements using linear mixed-effects models with restricted cubic splines, adjusted for neonatal 
and maternal characteristics.

Results: overall, 51.3% of the infants were female, with a mean birth weight of 1,743 g (±43.8) and 
a mean gestational age of 32.7 weeks (±2.1). At 37 weeks of age, exclusively breastfed infants showed 
higher weight gain velocity (11.8 g/kg/day; 95%CI= 10.7–12.9) compared with those not exclusively 
breastfed (8.4 g/kg/day; 95%CI= 6.4–10.5; p<0.05). No statistically significant differences were 
observed in length or head circumference trajectories between feeding groups.

Conclusions: exclusive breastfeeding at Kangaroo Mother Care discharge was associated with 
higher weight gain velocity at 37 weeks of life, underscoring the importance of breastfeeding in 
promoting healthy growth among preterm and low-birth-weight infants.
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Introduction

Prematurity (childbirth preceding 37 gestational weeks) 
and low birth weight (LBW, weight <2,500g) are major 
causes of neonatal mortality.1 The risk of neonatal death 
is 16 times greater for preterm newborns (NB) compared 
to those born at term, and 25 times greater for those with 
LBW compared to those born with adequate weight.2

Preterm newborns and those with LBW accounted 
for 9.5% and 9.6%, respectively, of births that occurred in 
Brazil between 2011 and 2018.2 This scenario represents 
an ongoing challenge for health services, particularly 
concerning postnatal growth.  Factors such as metabolic 
and gastrointestinal immaturity, higher susceptibility 
to infections and adverse perinatal conditions, such 
as intrauterine growth restriction and respiratory 
complications, compromise growth and long-term health 
outcomes.3,4 Moreover, unfavorable socioeconomic 
aspects can further exacerbate extrauterine growth deficit 
and impair its recovery.4

Exclusive breastfeeding (EBF) is among the key 
factors that promote postnatal growth, and it is known 
for its benefits in weight gain, infant development, and 
infection control.5 In this regard, Kangaroo Mother Care 
(KMC), which the World Health Organization (WHO) 
recommends as a humanized perinatal care model for 
preterm and low birth weight (LBW) newborns, is 
considered a vital strategy for fostering healthy growth 
and breastfeeding in this population.6

A systematic review with meta-analysis, which 
included 32 randomized clinical trials conducted in low-, 
middle-, and high-income countries, revealed consistent 
benefits of KMC for growth and breastfeeding.  Infants 
followed up in KMC showed greater weight gain (mean 
difference (MD) of 4.08g/day, 95% confidence interval 
[95%CI] 2.30, 5.86), length (MD of 0.21cm/week, 
95%CI= 0.03, 0.38) and head circumference (HC) (MD 
of 0.18cm/week, 95%CI=0.09, 0.27), compared to those 
who received conventional care. Furthermore, a higher 
probability of EBF was observed at discharge or at 28 
days of life (relative risk [RR] 1.48, 95% CI = 1.44-1.52) 
among infants followed in the KMC group.7

The longitudinal follow- up of growth in preterm and 
LBW newborns is essential for comprehending postnatal 
development and improving long-term health outcomes. 
Given that infant growth is non-linear, the growth velocity 
can identify variations such as periods of acceleration 
and stagnation,8 providing a more consistent assessment. 
A Chinese population-based cohort of 1,221 preterm 
newborns identified, for example, faster velocities of 
weight and length gain between the third and sixth months 
of life.9

The growth monitoring via KMC enables the early 
identification of nutritional deviations. However, regional 
evidence from vulnerable socioeconomic contexts does 
not detail the evolution of growth according to feeding 
practices, such as EBF.10 Investigating this dynamic 
can optimize nutritional and health strategies for this 
population.

Accordingly, this study aimed to analyze trajectories 
of growth velocity according to the practice of EBF in 
preterm and LBW infants followed in KMC.

Methods

This was a longitudinal study that included preterm 
and LBW newborns followed in KMC at two Brazilian 
maternity hospitals located in Fortaleza, Ceará. These 
facilities are among the first reference centers that actively 
participated in the process of implementation and scaling 
up the KMC in Brazil.11

KMC was carried out in three stages, according 
to Brazilian Ministry of Health Ordinance No. 1,683, 
of July 12, 2007.12 The first stage took place in the 
Neonatal Intensive Care Unit (NICU), where parents 
were encouraged to practice skin-to-skin contact based 
on the infant’s clinical stability. The second stage, after 
discharge from the NICU, was conducted in the Kangaroo 
Intermediate Care Unit (KICU), where mothers and 
infants were encouraged to maintain the kangaroo position 
(newborn in skin-to-skin contact, wearing only a diaper in 
a vertical position against the mother’s chest) for as long 
as both found it comfortable and adequate. In the third 
stage, after hospital discharge, the newborns continued 
with outpatient follow-up to monitor weight gain and guide 
the family on home care, with a number of appointments 
varying from one to six per newborn.

Data collection started during the third stage of KMC 
to reduce loss to follow-up. Information from previous 
stages was obtained retrospectively from medical records 
and service documents, while data from the third stages 
was collected prospectively through interviews with 
mothers during outpatient appointments. The sample 
collected between October 2016 and October 2017, 
included preterm and LBW newborns who attended 
the first appointment of the third stage, and whose 
mothers agreed to participate in the study. Children with 
malformations, chronic diseases, or who did not complete 
all KMC appointments were excluded.

The sample size calculation was estimated based on 
parameters from the literature concerning postnatal growth 
in preterm newborns.9 Considering minimum clinically 
relevant differences between groups, α = 5% and 80% 
power, the minimum estimated sample sizes ranged from 
46 to 68 newborns. The final sample (n=152) was adequate 
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to detect differences between EBF groups (yes/no) (Figure 
1), with each maternity hospital contributing 62 and 90 
newborns, respectively.

The practice of EBF at KMC discharge was defined 
as the independent variable, determined after the repeated 
anthropometric measures. It was classified as yes 
(newborns who remained exclusively breastfed throughout 
the three KMC stages) and no (newborns who discontinued 
EBF before KMC discharge). In the third stage, at each 
appointment, mothers reported the provision of breast 
milk, as well as other liquids such as water, tea, formulas, 
cow’s milk, and food. Data on newborn characteristics 
(sex, birth weight, and gestational age) and maternal 
characteristics (age, educational attainment, income and 
pre-gestational BMI) were collected during the initial 
interview.

According to standardized protocols for collecting 
anthropometric data in health services,13 the measurements 
of weight, length and HC were collected at birth, at 
admission to and discharge from the first two KMC stages, 
as well as at admission to and during scheduled follow-
up appointments of the third stage until final discharge. 
Weight was obtained using a digital pediatric scale (15 
kg capacity, 10 g accuracy), with the infant unclothed. 
Length was measured with a wooden infantometer (0-100 
cm range, 1mm accuracy), and HC with a non-stretch 
measuring tape (1 mm accuracy).13

Based on anthropometric data, the growth velocities 
for weight gain (g/kg/day), length (cm/day) and HC 

(cm/day) were calculated using the formulas described 
below.14.15 Velocities were calculated across the following 
intervals: birth, discharge from the first KMC stage, 
discharge from the second KMC stage, admission to the 
third KMC stage, and subsequent appointments during the 
third stage until final discharge from the method.

Weight gain velocity (g/kg/day) = [final weight (g) – 
initial weight (g)]/ [(mean weight (kg)/ number of days]. 
The mean weight (kg) corresponds to the average of the 
initial and final weight for each specified interval.

Length and HC gain velocity (cm/day) = [final 
measurement (cm) - initial measurement (cm)/ number 
of days].

Covariates included infant sex (male/female), birth 
weight (<1,500; ≥1,500 g), gestational age at birth (<32; 
≥32 gestational weeks). Maternal variables considered 
age (< 19, 20-34, ≥35 years), educational attainment (< 9; 
≥9 years of schooling), family income (<2, ≥2 minimum 
wages), presence of a partner (yes/no), residence (capital 
and metropolitan area; rural area) and pre-gestational 
overweight/obesity (yes/no, defined as body mass index 
≥25kg/m2).

For data analysis, continuous variables were described 
by the mean and standard deviation (SD), considering their 
normal distribution which was verified using the Shapiro-
Wilk test in conjunction with histogram inspection. The 
EBF distribution (yes/no) at KMC discharge was compared 
based on infant and maternal characteristics using the 
chi-square test. Trajectories of weight gain, length and 

Figure 1

Selection of newborns for assessment of trajectories of weight gain velocity (g/kg/day), length (cm/day) and head circumference (cm/day). 
Fortaleza-CE, 2017.
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days. During this period, the newborns contributed 619 
measurements for weight, 500 for length, and 373 for HC, 
ranging from two to eight measurements per newborn. 
The mean velocities (±SD) were 8.47 (±10.61) g/kg/day, 
0.13 (±0.14) cm/day, and 0.11 (±0.09) cm/day for weight, 
length, and HC, respectively.

According to Table 1, no statistically significant 
differences were observed between the newborn groups 
that maintained EBF until KMC discharge, and those 
who did not, based on infant and maternal characteristics. 
(Table 1).

In the initial model, higher mean weight gain 
velocities were observed between 36 and 38 weeks of 
age among newborns maintained on EBF throughout the 
KMC. In the adjusted model, the weight gain velocity 
was negative until 33 weeks of age. A similar pattern was 
observed, with newborns on EBF showing a higher mean 
weight gain velocity, but only at 37 weeks of life (11.83 
g/kg/day, 95% CI = 10.67–12.99), compared to newborns 
not exclusively breastfed until KMC discharge (8.42 g/kg/
day, 95% CI = 6.38–10.45) (Table 2, Figure 2).

Regarding weight length velocity, both the adjusted 
and unadjusted models demonstrated that children on 
EBF had higher means between the 40 and 41 weeks of 
age. Among those not exclusively breastfed, the velocity 
peak occurred around the 46th week (Table 2, Figure 2). 
However, no statistically significant differences were 
identified in growth trajectories between newborns on 
EBF and those not exclusively breastfed. Concerning 
HC growth velocity, the highest means were recorded 
between the 38 and 39 weeks of age, similar across 
both models and in both feeding groups. Likewise, no 
statistically significant differences were observed in HC 
growth trajectories according to the EBF practice (Table 
2, Figure 2).

Discussion

This study explored the influence of EBF on the trajectories 
of weight gain, length, and HC velocities in preterm and 
LBW newborns followed in KMC. The findings showed 
that newborns exclusively breastfed throughout the KMC 
period achieved a significantly higher mean weight gain 
velocity at 37 weeks of life. No differences were found 
in trajectories of length and HC growth between the 
breastfeeding groups during the study period.

Recommendations for assessing preterm newborn 
growth set targets for  weight gain velocity (15g/kg/
day), length (1cm/week), and HC (0.5-1cm/week).9 In 
the present study, although the mean observed velocities 
were lower for weight and length, the results should be 

HC velocities according to EBF at KMC discharge were 
estimated using linear mixed models with restricted cubic 
splines. This approach is well-suited for unbalanced 
longitudinal data, where the number and timing of 
measurements vary across individuals.16 Cubic splines, 
composed of piecewise polynomials, smooth the linear 
relationship between anthropometric measurements and 
age, thereby capturing the non-linear structure of infant 
growth.17

Piecewise polynomials were united in knots and 
placed in the ages of 32, 36, 40 and 44, as these represent 
critical growth milestones in preterm infants. Each 
outcome was assessed in specific subgroups, based on 
measurement quality criteria. Newborns with negative 
variations greater than -0.5 cm in length and -0.2 cm in 
HC were excluded, considering biological implausibility 
of these reductions and the limits of inter-rater standard 
error.18 Ultimately, 152 children were followed for weight, 
124 for length and 95 for HC (Figure1). 

Initially, the models included the outcome of interest 
(velocity of weight gain, length or HC), the EBF exposure, 
infant’s sex, linear and spline terms for the child’s 
age in weeks and interaction terms for EBF and age. 
Random effects for the intercept and linear term for age 
(slope) were included into account for the intrapersonal 
correlation of measurements in the variance estimation.19 
The final models were adjusted, based on their conceptual 
relevance for fetal growth, for the following covariates:  
maternal educational, family income, maternal age, 
presence of a partner, area of residence, pre-gestational 
overweight/obesity, gestational age, and birth weight. 
Models including the total duration of KMC were also 
tested, but did not alter the results. Ultimately, the selected 
adjusted model was the one that presented the lowest 
values for the Akaike Information Criterion and the 
Bayesian Information Criterion,20 without the inclusion of 
the total duration of KMC. The predicted values of weight 
gain, length and HC velocities and their 95% CIs were 
estimated weekly, considering the newborns’ age range, 
according to EBF. All analyses were performed using Stata 
software, version 17.

The research was approved by the Research Ethic 
Committees of the two participating maternity hospitals 
(approval numbers 1882420 and 1.551.528).

Results

More than half (51.3%) of the newborns were female, 
with a mean (±SD) birth weight of 1743.4 (±43.8) g and 
a mean gestational age at birth of 32.7 (±2.1) weeks. 
The mean follow-up time in the KMC was 43.0 (±18.2) 
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Table 1

Exclusive breastfeeding practices at Kangaroo Mother Care discharge according to childbirth and maternal characteristics. Fortaleza-CE, 2017.

Variáveis

Exclusive breastfeeding

p*Yes No

n % n %

Sex 0.275

   Male 47 45.6 27 55.1

   Female 56 54.4 22 44.9

Birth weight (g) 0.156

   <1.500 30 29.1 9 18.4

   >1.500 73 70.9 40 81.6

Prematurity (gw) 0.068

   <32 36 34.9 10 20.4

   >32 67 65.1 39 79.6

Maternal age (years) 0.632

   <19 23 22.3 8 16.3

   19-34 68 66.0 36 73.5

   >35 12 11.7 5 10.2

Maternal education (years) 0.645

   <9 44 42.7 19 38.8

   >9 59 57.3 30 61.2

Family Income (MW) 0.139

   <2 79 76.7 32 65.3

   >2 24 23.3 17 34.7

Presence of a partner 0.092

   Yes 55 53.4 19 38.8

   No 48 46.6 30 61.2

Area of Residence 0.57

   Capital/MRF 74 71.8 33 67.4

   Rural area 29 28.2 16 32.6

Pre-gestational weight excess 0.747

   Yes 47 51.1 19 54.3

   No 45 48.9 16 45.7

gw= gestational weeks; MW= minimum wages (value of minimum wage in 2017: R$ 937.00); MRF= Metropolitan Region of Fortaleza. *Pearson’s chi-square test or Fisher’s 
exact test for categorical variables.

interpreted by considering the specific nature  of preterm 
growth and the duration of follow-up within KMC.

The studied newborns experienced weight loss until 
33 weeks of life, which may be explained by physiological 
and clinical factors characteristic to prematurity. 
Immediately after birth, preterm neonates are more 
susceptible to significant weight loss, compared to term 
neonates, due to immaturity of the cutaneous barrier, 
respiratory function, leading to the increase of insensible 
water loss, also renal function.21 Furthermore, the slower 
advancement of enteral feeding, associated with clinical 
complications and the need for fasting for examinations, 
can result in  negative energy and protein balance, thereby 
contributing to weight loss in the early weeks of life.22 

Subsequently, growth rates remained lower for 
preterm infants until approximately three months of 
corrected age, as identified in a Chinese birth cohort with 
198 matched preterm and term infants.23 In this study, EBF 
until discharge from KMC was associated with a greater 
weight gain velocity at 37 weeks of age. Although this 
effect was not maintained in the subsequent weeks, it may 
indicate the onset of nutritional recovery of newborns, 
particularly among those who received adequate support 
through EBF.

Although evidence suggests that formula-fed preterm 
and low birth weight infants grow faster than those 
exclusively breastfed,24 these gains predominantly reflect 
the accumulation of fat mass, which, in the long term, is 



Salviano FA et al.

Rev. Bras. Saúde Mater. Infant., Recife, 25: e202502056

Table 2

Velocities of weight gain (g/kg/day), length (cm/day) and head circumference (cm day), based on exclusive breastfeeding. Adjusted and 
Unadjusted models. Fortaleza-CE, 2017.

Mean growth velocity (95% CI) based on exclusive breastfeeding practice

  Unadjusted model* Adjusted model**

  Exclusive breastfeeding Exclusive breastfeeding

Yes No Yes No

Weight (g/kg/day)

   31 gw -15.01 (-20.36; -9.66) -8.06 (-17.77; 1.65) -14.81 (-19.95; -9.67) -8.72 (-19.26; 1.83)

   33 gw -4.15 (-6.70; -1.59) -2.65 (-7.36; 2.06) -3.98 (-6.43; -1.53) -2.41 (-7.32; 2.49)

   35 gw 5.48 (4.17; 6.78) 2.71 (0.56; 4.86) 5.64 (4.39; 6.89) 3.52 (1.26; 5.79)

   37 gw 11.63 (10.44; 12.83) 7.89 (6.09; 9.69) 11.83 (10.67; 12.99) 8.42 (6.38; 10.45)

   39 gw 13.90 (12.21; 15.60) 12.00 (9.94; 14.06) 14.09 (12.33; 15.84) 11.99 (9.46; 14.51)

   41 gw 13.74 (11.43; 16.05) 13.43 (11.04; 15.83) 13.61 (11.27; 15.95 14.34 (11.36; 17.33)

   43 gw 12.33 (8.03; 16.62) 12.24 (6.84; 17.65) 11.57 (7.56; 15.58) 15.83 (8.66; 23.00)

   45 gw 10.48 (2.54; 18.43) 10.11 (-0.99; 21.22) 8.99 (1.64; 16.33) 17.01 (2.40; 31.63)

Length (cm/day) 

   31 gw 0.13 (0.04; 0.22) 0.09 (-0.09; 0.28) 0.14 (0.05; 0.24) 0.02 (-0.21; 0.26)

   33 gw 0.11 (0.07; 0.15) 0.09 (0.00; 0.18) 0.12 (0.08; 0.17) 0.07 (-0.05; 0.18)

   35 gw 0.10 (0.08; 0.12) 0.09 (0.05; 0.13) 0.11 (0.09; 0.13) 0.10 (0.06; 0.15)

   37 gw 0.13 (0.11; 0.15) 0.11 (0.07; 0.14) 0.13 (0.11; 0.15) 0.11 (0.07; 0.15)

   39 gw 0.17 (0.15; 0.20) 0.13 (0.09; 0.16) 0.17 (0.14; 0.20) 0.10 (0.06; 0.15)

   41 gw 0.19 (0.15; 0.22) 0.15 (0.11; 0.19) 0.18 (0.14; 0.22) 0.12 (0.07; 0.17)

   43 gw 0.16 (0.09; 0.22) 0.16 (0.07; 0.26) 0.16 (0.09; 0.22) 0.16 (0.04; 0.28)

   45 gw 0.12 (0.00; 0.23) 0.17 (-0.02; 0.37) 0.12 (0.01; 0.24) 0.22 (-0.03; 0.47)

Head circumference (cm/day)

   31 gw 0.05 (-0.02; 0.13) 0.04 (-0.08; 0.16) 0.02 (-0.06; 0.10) 0.01 (-0.15; 0.17)

   33 gw 0.07 (0.04; 0.11) 0.06 (0.00; 0.12) 0.05 (0.02; 0.09) 0.05 (-0.03; 0.12)

   35 gw 0.09 (0.08; 0.11) 0.08 (0.05; 0.11) 0.09 (0.07; 0.10) 0.08 (0.05; 0.12)

   37 gw 0.11 (0.10; 0.13) 0.10 (0.07; 0.13) 0.12 (0.10; 0.13) 0.10 (0.07; 0.13)

   39 gw 0.13 (0.11; 0.15) 0.11 (0.08; 0.14) 0.14 (0.11; 0.16) 0.11 (0.07; 0.15)

   41 gw 0.13 (0.10; 0.16) 0.10 (0.07; 0.14) 0.13 (0.10; 0.16) 0.11 (0.06; 0.15)

   43 gw 0.11 (0.06; 0.15) 0.08 (0.00; 0.15) 0.10 (0.04; 0.15) 0.10 (0.00; 0.20)

   45 gw 0.07 (-0.02; 0.17) 0.04 (-0.11; 0.19) 0.05 (-0.04; 0.15) 0.09 (-0.11; 0.29)

I95%CI= 95% confidence interval; gw= gestational weeks;*Unadjusted model: Linear mixed models with restricted cubic spines for age. Included the outcome of interest (velocity 
of weight gain, length or HC), the exposure to EBF, sex of infant, linear age, splines places at the knots of 32, 36, 40 and 44 weeks of life, and interaction terms between EBF categories 
and age; **Adjusted model: adjusted for maternal schooling, family income, maternal age, presence of a partner, residence, pre-gestational weight excess and birth weight. 

associated with poorer metabolic outcomes. A metanalysis 
of six studies from high-income countries demonstrated 
that formula-fed preterm infants fed had greater fat mass 
at term (mean difference, 0.24 kg; 95%CI = 0.17-0.31) 
and a higher fat percentage at 36 weeks (mean difference, 
3.70%; 95%CI=1.81-5.59) compared to breastfed infants.25

Human milk appears to be the optimal choice for 
these infants, as it promotes a more appropriate body 
composition, with greater fat-free mass deposition,26 
providing a more physiological growth trajectory in 
the long term. From this perspective, the so-called 
“breastfeeding paradox” hypothesizes that human milk 

intake, despite promoting a slower initial weight gain, 
is associated with benefits such as increased fat-free 
mass accretion and better neurocognitive development in 
preterm infants.27-28 

Accordingly, sustaining EBF within the KMC 
context is a core strategy for promoting healthy growth 
in high-risk neonates, as recommended by the WHO.29 
KMC facilitates effective mothers-infant bonding and 
maternal engagement in care, including breastfeeding, 
making mothers feel more secure and empowered in 
their caregiving role, thereby increasing the likelihood 
of continued EBF.30
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Figure 2

Graphs of trajectories of weight gain (g/kg/day), length (cm/day) and head circumference (cm/day). Fortaleza-
CE, 2017.
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In this study, no effects of EBF were observed on 
linear growth and HC, possibly because these parameters 
are less responsive to short-term nutritional interventions, 
unlike weight.

The limitations include a small sample size, which 
may have limited the power to detect differences, and 
the relatively short follow-up period, which may have 
underestimated the effects on later growth outcomes. 
The measurement of EBF also may be susceptible to 
information bias, and the grouping of children that 
discontinued the practice at varying durations may have 
attenuated the associations. Although the data are from 
2017, KMC practices and the neonatal growth standards 
remain current, which supports the external validity of 
the results.

As strengths, this study achieved the collection of 
data from three KMC stages, which represents a  key 
differential, given the high rates of loss to follow-up and 
discontinuity observed in similar studies. Furthermore, 
it provided regional longitudinal evidence on the 
association between EBF and weight gain in preterm 
infants, particularly in vulnerable socioeconomic 
contexts.

In conclusion, EBF was associated with a greater 
weight gain velocity at 37 weeks of life, which reinforces 
its relevance in promoting healthy growth among high-
risk neonates. Further studies, with longer follow-up 
durations, are needed to clarify its effects across different 
dimensions of growth.
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