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Abstract

Background An estimated 15 million children are born prematurely each year globally, resulting in a high
burden of under-five mortality and neurodevelopmental disability. Kangaroo Mother Care (KMC) is
recognized as key intervention to support the development of preterm infants. Even though the benefits of
KMC have been well documented in randomized controlled trials, evidence on the impact of KMC in
routine care settings remains limited.

Methods This paper examines the associations between maternal Kangaroo Mother Care efforts and
child development among preterm infants born at the University Hospital of Sao Paulo, Brazil. Primary
study outcomes were physical development (HAZ) and cognitive development at age 3.Results Practicing
Kangaroo Mother Care was positively associated with physical development (+0.91 SD, 95% confidence
intervals [0.126, 1.695]), and cognition (+0.37 SD, [0.034, 0.806]) of preterm children at age 3.Conclusion
The results presented suggest that KMC has a large potential to improve children’'s cognitive and physical
development. New programs to increase KMC uptake in the setting studied may be beneficial for both
mothers and their preterm children.

Background

Globally, an estimated 15 million children are born prematurely each year (1, 2). Preterm
birth complications are a leading cause of under-five mortality, causing more than one
million deaths per year (3). In addition to the much higher mortality risk, children born
preterm face higher rates of neurodevelopmental disability as well as delays in their

physical and cognitive abilities more generally (4-9).

A growing literature has highlighted that early intervention programs for preterm infants
can positively influence developmental outcomes with cognitive benefits that persist (10).
Kangaroo Mother Care (KMC) is increasingly recognized as one of the most effective
interventions in this area (11). The key element of KMC is extensive skin-to-skin contact
between mothers or other caregivers including fathers and their infants during the
postnatal period at the hospital. Ideally, these activities are then continued at home until the
child gains normal weight. Skin-to-skin contact has been shown to increase attachment,
enhance mothers’ ability to breastfeed, and stimulate the child (12, 13). Several recent
studies have underscored the effectiveness and cost-effectiveness of KMC in particular for

reducing infant mortality among preterm and low birth weight children, but also for
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reducing the likelihood of severe illness and infections, and for reducing average length of

stay at the hospital (14-18).

Despite the presumably large benefits of KMC, limited evidence exists on the use and impact
of KMC in routine care settings. This paper aims to address this gap by using newly
collected data on infant health and child development within a cohort of children born at
the University Hospital of Sao Paulo between 2012 and 2014. As part of the cohort study,
mothers of preterm infants were asked to report on their KMC activities after birth.
Children’s cognitive and physical development was then assessed through a home-based

assessment by trained staff at age 3.

Methods

Study Procedures

The study was designed as an observational prospective cohort study conducted in Sao
Paulo Municipality, Brazil. The Sao Paulo Western region cohort includes all children born
to local residents at the University Hospital of Sao Paulo between April 1, 2012, and March
31, 2014. These children were revisited and re-assessed as part of a 3-year follow-up
conducted between June 2015 and March 2018. Our study was restricted to children born
prematurely during this period (born before 37 weeks of gestation). Data on birth outcomes
including gestational length were directly extracted from the University Hospital's
electronic records. Gestational age of all children was assessed by the health worker using
the Capurro method. Data on KMC and development at age 3 were collected through
interviews during the home visit by trained data collectors. Records with missing

information on KMC engagement were excluded from the study.
Exposure and Outcome Variables

The main exposure variable of interest in our subsample was practice of KMC as reported
by the caregivers. As part of their interview, caregivers reported whether they engaged in
KMC, as well as the number of times per week it was practiced. The primary outcomes for

this study were children’s cognitive and physical development at 3 years of age. Cognitive
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development was measured through direct observation using the PRIDI scale. The PRIDI
scale has been used widely in Latin America to assess children’s developmental
outcomes (19), and measures development in the cognition, language and communication,
socio-emotional, and motor domains (20). For physical development, height and weight
were measured as children’s homes. Height-for-age zscores (HAZ) were computed using
the World Health Organization (WHO) Anthro software (21). Stunting was defined as
HAZ<-2.

Statistical Analysis

Data analysis was completed in three steps. First, we used descriptive statistics to
characterize the study population. Socio-demographic and clinical data included child’s age
and weight at birth, caregiver’s age at delivery, caregiver’s education level, caregiver’s
marital status as well as family receipt of social transfers (bolsa familia). Second, we
estimated unconditional associations between KMC practicing and cognitive and physical
development. Third, we estimated multivariable linear regression adjusting the estimated
associations for caregiver’s age (indicators for ages <=20 and for ages >=35), childbirth
weight (categorized into <1500g, 1500-1999g, 2000-2499g and >=2500g), child’s sex,
caregiver’s schooling, caregiver’s higher schooling, receipt of social support, caregiver’s
marital status, and wealth index. Finally, we stratified the HAZ with the child’s weight at
birth (<2500g and > 2500g) and caregiver’s education level (basic education or less and
secondary education or higher). Data analysis was performed using STATA 15.0 for

Windows (STATA Corporation, College Station, TX) (22).

Results

Out of the 3620 children assessed at age three, 254 (7%) were born prematurely. From this
subsample of premature children, KMC practice information was available for 139
children. Table 1 summarizes caregivers’-children’s socio-demographic characteristics by
KMC status. 23% of mothers were under age 20 at the time of birth, and 10% of mothers
were 35 or older. 7.9% of children born before week 37 of gestation had a birthweight of

below 1500 grams, while 54.7% of children had a birthweight in the normal range (>=2500
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grams). 51.8% of children were female, and 25.9% of families received social transfers
(bolsa familia). On average, mothers practicing KMC were slightly younger, and had
infants with substantially lower weight at birth. Differences in social transfer receipt were

small.

Table 1. Maternal and Child Socio-demographic Characteristics

NO KMC (N=113) KMC (N=26) TOTAL

N % N % N %
Age of mother at birth
Below 20 24 21.2 8 30.8 32 23
Between 20 -34 77 68.1 16 61.5 93 66.9
Above 34 12 10.6 2 7.7 14 10.1
Child's weight at birth (grams)

Under 1500g 2 1.8 9 346 11 7.9
Between 1500 - 1999 8 7.1 7 26,9 15 10.8
Between 2000 - 2499 31 27.4 6 23.1 37 26.6

2500 and Above 72 63.7 4 15.4 76 54.7
Child sex

male 57 50.4 10 38.5 67 48.2

female 56 49.6 16 61.5 72 51.8

Social Support (Bolsa Familia)
No 82 72.6 18 69.2 100 71.9
Yes 29 25.7 7 26.9 36 25.9

Abbreviations: KMC, Kangaroo Mother Care; g, weight in grams.

Fig.1 shows estimated kernel densities for height for age z-scores at age 3 by KMC group.

Despite the large negative weight differential at birth, mean HAZ was substantially higher
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in the KMC group at age 3 (-0.17 vs. -0.96 in the no KMC group), with a pronounced shift of
the entire height distribution to the right.

Fig. 1 Density plots HAZ by KMC Group

Figure 2 shows estimated kernel densities for PRIDI z-scores. Once again, mean scores
were substantially higher for the KMC group (0.50 vs. -0.09 in the no KMC group), with

particularly large differences in the left tail of the distribution (z-scores < -2).

Fig. 2. Density plots of PS for PRIDI z-score by KMC

Table 2 shows crude and adjusted association between HAZ, stunting, PRIDI and KMC
expsoure. In unadjusted models, practicing KMC was associated with a 0.79 SD increase in
HAZ (95% CI [0.22 - 1.36]), a 29 percentage point reduction in stunting (-0.41, -0.17) and a
0.59 SD increase in PRIDI scores (0.11 - 1.07). After adjusting for covariates, estimated
associations were 0.91 SD for HAZ (0.13, 1.70), -25 percentage points for stunting (-0.44,
-0.05), and 0.39 SD for PRIDI (-0.03, 0.81, p-value = 0.07).
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le 2. Crude and adjusted associations between practicing KMC and child

Jomes.

-ome Variables? HAZ (n=131)  Stunting (n=131) PRIDI (n=115)

de Estimates

D 0.787**x* -0.290%** 0.586%%*
(0.220, 1.355) (-0.410, -0.170) (0.105, 1.067)

1sted Estimates (n=128) (n=128) (n=113)

z 0.910%* -0.245%* 0.386*

(0.126, 1.695) (-0.444, -0.0469) (-0.0337, 0.806)

eviations: KMC, Kangaroo Mother care, HAZ, height-for-age z-scores, PRIDI (acronym in

ish), Regional Project on Child Development Indicators.

h column represents the results of linear regression model, with 95% confidence intervals. The
sls are adjusted for the full list of all covariates in table 1. These included maternal age, child’s
ht at birth, age at assessment, gender, caregivers’ education, marital status, bolsa familia receipt,
1ousehold’s assets.

<0.01, ** p<0.05, * p<0.1

Table 3 shows results from the stratified analysis. When we stratified the sample by
caregiver education, positive associations between KMC an HAZ were primarily found for
mothers with limited education. When we stratified the sample by birth weight, protective
effects of similar magnitudes were found for children with birth weight above and below
2500 grams, but neither effect was statistically significant due to the relatively large

standard errors.
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» 3. Stratified Association between Practicing KMC and HAZ

Outcome variable: Height-for-age z-scores

Sample
=139) Basic Secondary Birth weight Birth  weight
education or education or -<2500g ->= 25009)
less higher
1.022%* 0.169 0.586 0.798
(0.003, 2.04) (-1.37,1.71) (-1.15, 2.32) (-0.16, 1.76)
rvations 58 70 60 68

all models adjust for the full set of covariates in Table 1. Coefficients displayed based on linear
sions, with 95% confidence intervals in parentheses

0.01, ** p<0.05, * p<0.1

Discussion

In this paper we used a novel data set from Sao Paulo Brazil to estimate the empirical
associations between Kangaroo Mother Care (KMC) and child development among children
born prematurely. Consistent with other studies of preterm (23-25) or low birth weight
infants (26), our results suggest that practicing KMC may have large protective effects on
children born prematurely, both in terms of their cognitive and in terms of their physical

development. .

A large literature has documented the high risk faced by preterm infants with respect to
their cognitive development (27-29). These risks are well visible in the data presented in
this study, with an average HAZ of -0.8 at age 3 among preterm children in the sample.
Rather remarkably, these risks seem however almost exclusively restricted to children not

benefitting from KMC, with an average HAZ of close to zero among children benefitting
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from KMC, and an average HAZ of -1.0 among children not benefitting from KMC. These
differences observed at age three are not definitely not due to initial advantages of children
in the KMC group: the median gestational length in the KMC group was 33 weeks,
compared to a gestational length of 36 weeks in the group of children without KMC.
Children benefitting from KMC do not only seem to be able to close this initial gap, but also
appear to be substantially better developed at age 3. From a behavioral perspective, it is of
course possible that mothers practicing KMC may on average be more engaged with
children more generally than mothers opting against it. We controlled for several potential
factors in our empirical models, but cannot fully rule out residual confounding in our
analysis. Given the rather large associations observed in fully adjusted models, it seems

however unlikely that residual confounding would fully explain the observed patterns (30).

Several limitations of this study should be noted. First, the overall sample size was small,
limiting statistical power of the study. Second, we have only limited information on the daily
KMC efforts made by mothers. Additionally, we have only information about the KMC
during the hospital stay, and are not able to assess the extent to which KMC was practiced
at home. Our results indicate that even smaller doses during the first days of life may be
highly beneficial. Our study does not allow us to directly understand the KMC mechanism,
but the main links highlighted in the literature (12-17) such as bonding, breastfeeding,
stimulation, are likely to apply in this setting as well. Further research will be needed to

confirm the results of this study, and to identify optimal and minimal dosing of KMC.

Despite the presumably large benefits of KMC and the official hospital commitment to this
program, our findings revealed that only about 20% of the women with preterm infants
practiced KMC in the 2012-2014 period. Low uptake of KMC may be related to stress and
stigma associated with having a preterm child (31), but may also reflect lack of knowledge
about KMC by families and healthcare workers and local cultural practice (31, 32). Further
research will be needed to better understand the main barriers in this setting as well as to
identify the most effective ways to support mothers and their infant children during the

post-natal period more generally.
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Conclusions

The results presented in this paper suggest that KMC has large potential to improve
children’s cognitive and physical development. Getting more mothers engaged in this

practice may have major benefits for both mothers and preterm infants in the long run.

Declarations
Abbreviation: KMC: Kangaroo Mother Care; HAZ; Height-for-age zscores; PRIDI: The
Regional Project on Child Development Indicators; SD: standard deviation;

Acknowledgement:

We would like to acknowledge and thank the staff at the University Hospital of Sao Paulo

as well as all study subjects for their support of this study.
Author’s Contributions:

AB and GF designed the study and contributed to data collection. GF and SO ensured
completeness and accuracy of the data presented. The primary author, SO conducted the
analysis with guidance of GF and the writing of this manuscript. All authors AB, GF and SO

reviewed the manuscript and approved of the draft.
Funding:

No funding was obtained for this study.
Availability of data and materials

The datasets used in analysis during the current study are available from the corresponding
author on request.

Ethical approval and consent to participate:

Ethics approvals were obtained from the University Hospital of Sao Paulo. Written consent
was obtained from all participants. For mothers under the age 18, consent was obtained
from a parent or legal representatives.

Consent for publication:

Page 10/15



Not applicable.
Competing Interest
The authors declare that they have no competing interests.

Author details:

ISwiss Tropical and Public Health Institute, Socinstrasse 57, 4051 Basel,

Switzerland. 2University of Basel, Petersplatz 1, 4051 Basel, Switzerland.

3African Population and Health Research Center, Manga Close, P.O BOX 10787, 00100,

Nairobi, Kenya.

4University of Sdo Paulo Medical School, Av. Dr. Arnaldo, 455 - Cerqueira César, S&o

Paulo - SP, 01246-903, Brazil.

References
1. Blencowe H, Cousens S, Chou D, Oestergaard M, Say L, Moller AB, et al. Born too

soon: the global epidemiology of 15 million preterm births. Reproductive health. 2013;10
Suppl 1(Suppl 1):S2.

2. WHO. Preterm birth available at: https://www.who.int/news-room/fact-
sheets/detail/preterm-birth2018 19 February.
3. Liu L, Oza S, Hogan D, Chu Y, Perin J, Zhu J, et al. Global, regional, and national

causes of under-5 mortality in 2000-15: an updated systematic analysis with implications
for the Sustainable Development Goals. Lancet (London, England). 2016;388(10063):3027-
35.

4. Fitzgerald E, Boardman J, Drake A. Preterm Birth and the Risk of
Neurodevelopmental Disorders - Is There a Role for Epigenetic Dysregulation?2018. 507-21
p.

5. Luciana M. Cognitive development in children born preterm: Implications for
theories of brain plasticity following early injury. Development and Psychopathology.
2003;15:1017-47.

0. WHO. WHO recommendations on interventions to improve preterm birth outcomes.
2015.

Page 11/15


https://www.who.int/news-room/fact-sheets/detail/preterm-birth2018

7. Aarnoudse-Moens CS, Duivenvoorden H]J, Weisglas-Kuperus N, Van Goudoever ]B,
Oosterlaan J. The profile of executive function in very preterm children at 4 to 12 years.
Developmental medicine and child neurology. 2012;54(3):247-53.

8. Twilhaar ES, Wade RM, de Kieviet JF, van Goudoever ]JB, van Elburg RM,
Oosterlaan J. Cognitive Outcomes of Children Born Extremely or Very Preterm Since the
1990s and Associated Risk Factors: A Meta-analysis and Meta-regression. JAMA pediatrics.
2018;172(4):361-7.

9. van Houdt CA, Oosterlaan J, van Wassenaer-Leemhuis AG, van Kaam AH,
Aarnoudse-Moens CS. Executive function deficits in children born preterm or at low
birthweight: a meta-analysis. Developmental medicine and child neurology. 2019.

10. Spittle A, Orton J, Anderson P], Boyd R, Doyle LW. Early developmental intervention
programmes provided post hospital discharge to prevent motor and cognitive impairment
in preterm infants. Cochrane Database of Systematic Reviews. 2015(11).

11. Mekonnen AG, Yehualashet SS, Bayleyegn AD. The effects of kangaroo mother care
on the time to breastfeeding initiation among preterm and LBW infants: a meta-analysis of
published studies. Int Breastfeed J. 2019;14:12.

12. Johnston C, Campbell-Yeo M, Disher T, Benoit B, Fernandes A, Streiner D, et al.
Skin-to-skin care for procedural pain in neonates. The Cochrane database of systematic
reviews. 2017;2:Cd008435.

13. Moore ER, Bergman N, Anderson GC, Medley N. Early skin-to-skin contact for
mothers and their healthy newborn infants. The Cochrane database of systematic reviews.
2016;11:Cd003519.

14. Campbell-Yeo ML, Disher TC, Benoit BL, Johnston CC. Understanding kangaroo
care and its benefits to preterm infants. Pediatric health, medicine and therapeutics.
2015;6:15-32.

15. Jefferies AL. Kangaroo care for the preterm infant and family. Paediatrics & child
health. 2012;17(3):141-6.
16. Lawn JE, Mwansa-Kambafwile J, Horta BL, Barros FC, Cousens S. 'Kangaroo

mother care' to prevent neonatal deaths due to preterm birth complications. International
journal of epidemiology. 2010;39 Suppl 1(Suppl 1):1144-54.

17. Watkins HC, Morgan MC, Nambuya H, Waiswa P, Lawn JE. Observation study
showed that the continuity of skin-to-skin contact with low-birthweight infants in Uganda
was suboptimal. Acta paediatrica (Oslo, Norway : 1992). 2018;107(9):1541-7.

18. Conde-Agudelo A, Diaz-Rossello JL.. Kangaroo mother care to reduce morbidity and
mortality in low birthweight infants. The Cochrane database of systematic reviews.
2016(8):Cd002771.

19. Thompson AVSC]. Early Childhood Development: Wealth, the Nurturing
Environment and Inequality First Results from the PRIDI Database. Inter-American
Development Bank. 2016.

Page 12/15



20. Aimee Verdisco SC, Jennelle Thompson Oliver Neuschmidt. URGENCY AND
POSSIBILITY: First Initiative of Comparative Data On Child Development in Latin America.
Inter-American Development Bank. 2015.

21. Organization WH. WHO Anthro (version 3.2.2, January 2011) and macros. World
Health Organization.
22. StataCorp. Stata Statistical Software: Release 15. College Station, TX

https://wwwstatacom. 2017;15.

23. Bera A, Ghosh ], Singh AK, Hazra A, Mukherjee S, Mukherjee R. Effect of kangaroo
mother care on growth and development of low birthweight babies up to 12 months of age:
a controlled clinical trial. Acta paediatrica (Oslo, Norway : 1992). 2014;103(6):643-50.

24. Evereklian M, Posmontier B. The Impact of Kangaroo Care on Premature Infant
Weight Gain. Journal of pediatric nursing. 2017;34:e10-e6.
25. Sharma D, Farahbakhsh N, Sharma S, Sharma P, Sharma A. Role of kangaroo

mother care in growth and breast feeding rates in very low birth weight (VLBW) neonates:
a systematic review. The journal of maternal-fetal & neonatal medicine : the official journal
of the European Association of Perinatal Medicine, the Federation of Asia and Oceania
Perinatal Societies, the International Society of Perinatal Obstet. 2019;32(1):129-42.

26. Samra NM, Taweel AE, Cadwell K. Effect of intermittent kangaroo mother care on
weight gain of low birth weight neonates with delayed weight gain. The Journal of perinatal
education. 2013;22(4):194-200.

27. Murner-Lavanchy I, Rummel C, Steinlin M, Everts R. Cortical morphometry and
cognition in very preterm and term-born children at early school age. Early human
development. 2018;116:53-63.

28. Lemola S, Oser N, Urfer-Maurer N, Brand S, Holsboer-Trachsler E, Bechtel N, et al.
Effects of gestational age on brain volume and cognitive functions in generally healthy very
preterm born children during school-age: A voxel-based morphometry study. PLoS One.
2017;12(8):e0183519.

29. Lechner BE, Vohr BR. Neurodevelopmental Outcomes of Preterm Infants Fed
Human Milk: A Systematic Review. Clinics in perinatology. 2017;44(1):69-83.
30. Vanderweele T], Arah OA. Bias formulas for sensitivity analysis of unmeasured

confounding for general outcomes, treatments, and confounders. Epidemiology
(Cambridge, Mass). 2011;22(1):42-52.

31. Chan GJ, Labar AS, Wall S, Atun R. Kangaroo mother care: a systematic review of
barriers and enablers. Bulletin of the World Health Organization. 2016;94(2):130-41j.
32. Charpak N, Ruiz-Peldez JG. Resistance to implementing Kangaroo Mother Care in

developing countries, and proposed solutions. Acta Paediatrica. 2006;95(5):529-34.

Figures

Page 13/15


https://wwwstatacom/

Estimated density
2
|

o -
T T I T I
-6 -4 -2 0 2
Height-for-age z-score
KMC ------- No KMC
Figure 1

Density plots HAZ by KMC Group
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Figure 2

Density plots of PS for PRIDI z-score by KMC
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