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Abstract
Aim: The protective effects of Kangaroo mother care (KMC) on the neurodevelop-
ment of preterm infants are well established, but we do not know whether the ben-
efits persist beyond infancy. Our aim was to determine whether providing KMC in 
infancy affected brain volumes in young adulthood.
Method: Standardised cognitive, memory and motor skills tests were used to deter-
mine the brain volumes of 20-year-old adults who had formed part of a randomised 
controlled trial of KMC versus incubator care. Multivariate analysis of brain volumes 
was conducted according to KMC exposure.
Results: The study comprised 178 adults born preterm: 97 had received KMC and 81 
were incubator care controls. Bivariate analysis showed larger volumes of total grey 
matter, basal nuclei and cerebellum in those who had received KMC, and the white 
matter was better organised. This means that the volumes of the main brain struc-
tures associated with intelligence, attention, memory and coordination were larger in 
the KMC group. Multivariate lineal regression analysis demonstrated the direct rela-
tionship between brain volumes and duration of KMC, after controlling for potential 
confounders.
Conclusion: Our findings suggest that the neuroprotective effects of KMC for pre-
term infants persisted beyond childhood and improved their lifetime functionality and 
quality of life.
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2  |    CHARPAK et al.

1  |  BACKGROUND

High rates of premature birth, and the increased survival of extremely 
preterm infants, have brought together clinicians, researchers and 
policy-makers to identify priorities. Authors such as McCormick and 
Litt,1 Saigal2 and Zelkowitz3 have realistically assessed the difficul-
ties of studying this population and identified research priorities for 
prematurity.

One of the most serious problems that affects preterm infants is 
the impact on neurodevelopment and ulterior central nervous system 
functioning and performance. The central nervous system grows rap-
idly during the third trimester, and brain volume increases by almost 
five times between 26 and 40 weeks of gestation.4 Critical neurode-
velopmental processes take place during the second and third trimes-
ters of gestation and continue beyond birth. These include neuronal 
migration, synaptogenesis, organisational development of cortical 
layers and circuitry. Prematurity disrupts key phases of brain growth, 
development and organisation, even when there are no specific in-
juries to the perinatal central nervous system.5 Decreased brain vol-
umes do not recover during childhood and have been associated with 
decreased measures of intelligence and executive functioning.6

Kangaroo mother care (KMC) is evidence-based technology that 
centres on the mother as the primary provider of heat and stimu-
lation. It involves skin-to-skin contact in the Kangaroo position, 
Kangaroo nutrition in the form of maternal breast milk and close 
monitoring after early hospital discharge.7 A growing body of evi-
dence indicates that KMC decreases mortality and morbidity rates 
among preterm infants,8 promotes breastfeeding8,9 and increases 
mother–infant bonding and attachment.10 It also has lasting neuro-
protective effects, at least during childhood.11 Most of the limited 
number of studies that have been conducted on the long-term im-
pact of KMC on neurodevelopmental outcomes in preterm infants 
have been conducted by our research group.11

The aim of this study was to assess the long-term impact of KMC 
on brain volume and its association with cognitive development. The 
study comprised 20-year-old adults who had been born preterm and 
had taken part in a randomised controlled trial (RCT) of KMC versus 
incubator care. We hypothesised that KMC would encourage bet-
ter brain tissue growth, maturation and pathway formation. These 
have been associated with better cognitive and motor functioning in 
infants who received KMC after their normal in utero brain growth 
and development was disrupted by preterm delivery.

2  |  PATIENTS AND METHODS

2.1  |  Population and sample

This was a long-term follow-up study of an RCT that was conducted 
in Bogota, Colombia, between 1993 and 1996. The RCT studied 
746 preterm and full-term infants who were born weighing less 
than 2000 g. Participants were stratified into 4 categories, accord-
ing to their birthweight: <1200 g, 1200–1500 g, 1501–1800 g and 

1801–2000  g. Subjects in each group were randomly allocated to 
either KMC or the control group. The present follow-up study in-
volved the 433 subjects born weighing up to 1800 g, 412 of these 
survived up to one year of age, and 264 were traced and re-enrolled 
in this study between 2012 and 2014.

In 1995, we assembled and followed a cohort of full-term, healthy 
newborn infants born at the same hospital where the original RCT 
was performed. We traced 37 of them between 2012 and 2014, and 
they underwent the same neuroimaging tests as the RCT partici-
pants, in order to provide reference values for the present study.

2.2  |  Interventions in the original RCT

At the time of the initial study, KMC began once the infant could 
suck and swallow properly, without treatment. The KMC interven-
tion had three components: exclusive or nearly exclusive breast-
feeding, prolonged, continuous skin-to-skin contact in the Kangaroo 
position and early home discharge in KMC with daily follow-up visits 
at an outpatient KMC clinic. These daily visits continued until the 
appropriate weight gain had been documented, and then, they took 
place weekly until the infant had reached 40 weeks of gestational 
age.

The preterm infants who received traditional care were kept in 
incubators until they achieved temperature regulation and were dis-
charged according to hospital practice, when they weighed around 
1700 g. They received the usual outpatient care that was available 
under social security insurance.

Both groups received standardised follow-up care, with periodic 
evaluations until 1 year of corrected age. The details of the RCT have 
previously been published.10,12,13

2.3  |  Variables of interest at 20 years of age

The outcomes of interest at 20 years of age were the cerebral vol-
umes of grey and white matter and organisation of white matter, 
as determined by fractional anisotropy. Expert neuroradiologists 

Key Notes

•	 We investigated whether the protective effects of 
Kangaroo mother care (KMC) on the neurodevelopment 
of preterm infants persisted beyond infancy.

•	 Brain scans and cognitive, memory and motor skills tests 
were performed on 20-year-old adults who had partici-
pated in a randomised controlled trial of KMC versus 
incubator care.

•	 The volumes of the main brain structures associated 
with intelligence, attention, memory and coordination 
were larger in infants who had received KMC.
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