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All-cause mortality and infection-related outcomes of
hospital-initiated kangaroo care versus conventional
neonatal care for low-birthweight infants: a systematic
review and meta-analysis

Chiara Minotti, Kerstin Jost, Soheila Aghlmandi, Chloé Schlaeppi, Elske Sieswerda, C Henri van Werkhoven, Sven M Schulzke, Julia A Bielicki

Summary

Background Kangaroo care has a well-established role in preterm infant stabilisation and in protecting low-birthweight
newborns from mortality. Yet kangaroo care is far from fully embedded in conventional inpatient neonatal care
practice. The evidence on infection outcomes of hospital-initiated kangaroo care is unclear. We aimed to evaluate the
existing evidence to understand the role of hospital-initiated kangaroo care in preventing mortality, sepsis, and
invasive infection in low-birthweight infants.

Methods In this systematic review and meta-analysis, we searched Embase, MEDLINE, Cochrane Library, and Web of
Science databases for literature published between Jan 1, 2013, and Feb 26, 2025. At least two authors independently
undertook study selection, data extraction, and quality assessment. Reports of randomised controlled trials presenting
data on at least one of our set primary outcomes (all-cause mortality and/or sepsis and/or invasive infection)
comparing kangaroo care with conventional neonatal care in low-birthweight infants (<2500 g) were eligible for
inclusion. The primary outcomes were all-cause mortality, sepsis, and invasive infection (composite of necrotising
enterocolitis, pneumonia, meningitis, and other severe infections). Hypothermia and apnoea were assessed as
adverse events. A random effects model was used to estimate the pooled overall effect sizes for each outcome,
presented as odds ratios (OR [95% CI]), with between-study heterogeneity assessed by Cochran’s Q test and sources
of heterogeneity investigated using univariable random effects meta-regression analyses. This study is registered with
PROSPERO, CRD42024501546.

Findings We synthesised data from 29 studies, mainly from lower-middle income countries, including 17513 low-
birthweight infants. Most studies were moderate-to-high quality. 25 (86%) of 29 studies reporting all-cause mortality
were included in the meta-analysis of hospital-initiated kangaroo care, which showed that hospital-initiated kangaroo
care reduced all-cause mortality (pooled OR 0-77 [95% CI 0-67-0-89]; high-quality evidence, with 12=0%). 17 (59%) of
29 trials reported sepsis as an outcome, and the pooled results showed that kangaroo care reduced the odds of sepsis
(OR 0-55[95% CI 0-37-0-82]; moderate-quality evidence, with 12=53%). Similarly, among the 11 (38%) of 29 studies
reporting invasive infection, the pooled results showed that kangaroo care reduced the odds of invasive infection
(OR 0-49 [95% CI 0-33-0-74]; moderate-quality evidence, with 2=0%). Kangaroo care was associated with a
significant reduction in the odds of sepsis-related or invasive infection-related mortality (OR 0- 63 [95% CI 0-47-0-84],
12=0%, high-quality evidence), hypothermia (0- 28 [0-16-0-46], I2=72%, moderate-quality evidence), and apnoea (0-46
[0-25-0-85], I2=45%, moderate-quality evidence). Meta-regression showed that between-study heterogeneity was due
to variation in level of kangaroo care offered as part of conventional neonatal care.

Interpretation The joint protective effect of hospital-initiated kangaroo care against all-cause mortality and infection
in low-birthweight infants reinforces its importance in routine neonatal care across settings, in line with WHO
recommendations. The extent of the protective effects in low-birthweight infants through averted infections suggests
that kangaroo care should be integrated into standard infection prevention and control practice globally.

Funding European Society for Paediatric Infectious Diseases, the EU, and the Machaon Foundation.
Copyright © 2025 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 license.

Introduction

High-quality maternal and neonatal care is crucial to
achieving low neonatal mortality rates."” Preterm birth,
birth complications, infections, and congenital anomalies
are leading causes of neonatal death, accounting for
47% of deaths in children under 5 years of age.**

Low-birthweight infants (<2500 g), who might be both
preterm and small-for-gestational-age, accounted for
15% of births in 2020 worldwide, with a greater
prevalence in low-resource countries. Low-birthweight is
a major risk factor for neonatal morbidity and mortality,
as well as for lifelong disability.” Consequently, neonatal
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Research in context

Evidence before this study

A 2016 Cochrane review supports the use of kangaroo care in
low-birthweight infants as an alternative to conventional
neonatal care, mainly in resource-limited settings, with a
significant reduction in mortality and severe infection.

A 2023 systematic review and meta-analysis confirmed the
mortality risk reduction with kangaroo care compared with
conventional care in low-birthweight or preterm newborns, but
the evidence on infection outcomes is unclear, and outcomes
such as infection-related or sepsis-related mortality or bacterial
colonisation were not addressed. For an up to date evaluation
of hospital-initiated kangaroo care and its role in all-cause
mortality, sepsis, invasive infection, sepsis-related or infection-
related mortality, bacterial colonisation, hypothermia, and
apnoea in low-birthweight infants, we searched Embase,
MEDLINE, Cochrane Library, and Web of Science databases for
literature published between Jan 1, 2013, and Feb 26, 2025,
using the terms “infant, newborn” AND “kangaroo care” AND
“randomised controlled trial” and no language restrictions.
Considering only reports of randomised controlled trials
presenting data on at least one outcome among all-cause
mortality, sepsis, or invasive infection and comparing any kind
of kangaroo care with conventional neonatal care in stabilised
or non-stabilised low-birthweight infants, we extracted
information about study setting, cohort, and kangaroo care
and comparator characteristics, and outcomes.

Added value of this study

30 reports, providing data on 29 trials and 17513 low-
birthweight infants, demonstrate moderate-to-high quality of
evidence of a beneficial effect of kangaroo care on neonatal
outcomes. Many of the contributing trials, however, were small

care strategies prioritising low-birthweight infants
managed in neonatal units with high risk of exposure to
hospital pathogens and of nosocomial infections are key
to reduce neonatal and childhood adverse outcomes.™*

Kangaroo care is an evidence-based intervention to
improve survival of low-birthweight neonates. According
to WHO, it includes early, continuous, and prolonged
skin-to-skin contact between infants, even if not yet
medically stable, and the caregiver, with support for
exclusive breastfeeding or breastmilk feeding and early
discharge.’ Skin-to-skin contact implies the action of
holding the infant generally only wearing a nappy against
the skin of the caregiver.

The implementation of kangaroo care to facilitate early
discharge, minimising exposure to the hospital
environment and maximising physiological care, might
considerably reduce the risk of neonatal infections,
alongside the well-established mortality benefits.’
Kangaroo care is variably included in conventional care
practices in inpatient neonatal settings of low-income,
middle-income, and high-income countries.
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and underpowered for some of our selected outcomes, with
few reported endpoints. Nevertheless, our meta-analysis
confirms the role of in-hospital kangaroo care in reducing all-
cause mortality, particularly for resource-limited settings, and
lends support to kangaroo care’s protective role against
hospital-acquired sepsis, invasive infections, and infection-
related mortality. Furthermore, kangaroo care appears
protective against hypothermia and apnoea. Although bacterial
colonisation was only reported in one trial, kangaroo care was
protective against colonisation from meticillin-resistant
staphylococci.

Implications of all the available evidence

Family-centred kangaroo care has clear and well-established
benefits in infant stabilisation and in protecting low-
birthweight newborns from adverse outcomes. Yet gaps in
implementation of kangaroo care as part of standard neonatal
care, in line with WHO recommendations, exist across all
settings, with neonatal infection prevention and control (IPC)
practice having sometimes been a barrier to kangaroo care.
Although an important limitation of the current systematic
review and meta-analysis lies in the heterogeneous nature of
conventional neonatal care practices, which often encompass
some level of kangaroo care, the results of our meta-analysis
show not only that fear of neonatal infection should not
preclude kangaroo care but that kangaroo care ought to be
integrated into IPC practice across all settings. Future work
should derive shared definitions for kangaroo care as an
intervention, and larger randomised controlled trials powered
on sepsis, invasive infection, and especially considering regular
colonisation assessments are necessary.

Immediate or early kangaroo care is increasingly
considered an effective intervention to prevent neonatal
sepsis and sepsis-related mortality.”" However, kangaroo
care has not been extensively studied as a specific
infection prevention and control (IPC) measure in
neonatal units, regardless of setting, and its potential
role in preventing bacterial colonisation and subsequent
invasive infection and related mortality has not yet been
fully established. Evidence from a 2016 Cochrane review
supports the use of kangaroo care in low-birthweight
infants as an alternative to conventional neonatal care,
mainly in resource-limited settings, with a significant
reduction in mortality and severe infection.” A recent
systematic review and meta-analysis confirmed the
mortality risk reduction with kangaroo care compared
with conventional care in low-birthweight or preterm
newborns, but the evidence on infection outcomes was
less clear.® To our knowledge, outcomes such as
infection-related or sepsis-related mortality or bacterial
colonisation have not been addressed before. In this
systematic review and meta-analysis, we compared the
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effects of kangaroo care versus conventional neonatal
care for low-birthweight infants on all-cause mortality,
sepsis, invasive infection, sepsis-related or invasive
infection-related mortality, and bacterial colonisation,
considering hypothermia and apnoea as adverse events.

Methods

Search strategy and selection criteria

This systematic review and meta-analysis was conducted
in line with PRISMA guidelines* (appendix p 3)
and was prospectively registered with PROSPERO
(CRD42024501546). MEDLINE, Embase, the Cochrane
Library Central Register of Controlled Trials, and Web of
Science were searched on Feb 26, 2025, with no language
restrictions, for literature published since Jan 1, 2013.
The full search strategy is described in the appendix
(p 2); in brief, Medical Subject Heading and free-text
terms for “infant, newborn” AND “kangaroo care” AND
“randomised controlled trial” were combined. We further
evaluated for inclusion the 21 studies from the
2016 Cochrane review™ as well as records identified from
citation searching. Reports of randomised controlled
trials (RCTs) comparing kangaroo care with conventional
neonatal care (potentially including some level of
kangaroo care) in low-birthweight infants (weighing less
than 2500 g at birth) were considered eligible for full-text
review if presenting data on at least one of our set
primary outcomes. Studies not reporting outcomes for
low-birthweight infants, investigating interventions
other than kangaroo care, or not providing granular data
on the set primary outcomes were excluded. Duplicates
were identified automatically, then checked manually
and removed accordingly.

The types of kangaroo care described in the included
reports could be delivered continuously or intermittently,
by any caregiver, and either immediately (initiated within
2 h of birth"), early (initiated within the first 24 h of life”),
or late (initiated after 24 h of life). Continuous and
prolonged kangaroo care is inconsistently defined as
long, wuninterrupted sessions providing as many
continuous hours as possible, or up to 20-24 h per day.®
Most guidelines recommend at least 1 h of uninterrupted
kangaroo care (shorter sessions might lead to exhaustion
for the infant for the transfer to and from the caregiver),
and WHO recommends target durations of 8-24 h
kangaroo care per day.*

Two investigators (CM and KJ) independently screened
records retrieved from the electronic database search for
inclusion, assessing titles and abstracts before assessing
full texts; they remained masked to each other’s
decisions, and disagreements were resolved by discussion
with a third reviewer (JB). The Cohen’s kappa score was
used to evaluate inter-reviewer reliability.

A standardised predefined form was used for data
extraction, which included information about the
publication, study setting (including World Bank country
classifications by income level”®), study population,

intervention, comparator, and outcomes, as well as
descriptions of study cohort and intervention
characteristics (birthweight, gestational age, median
time to initiation of skin-to-skin contact, and kangaroo
care daily duration). One reviewer (CM) extracted data,
and another reviewer (KJ) checked the extracted data.
Disagreements were resolved by discussion with a third
reviewer (JB).

Data analysis

The primary outcomes were all-cause mortality, sepsis,
and invasive infection (a composite outcome of
necrotising enterocolitis, severe pneumonia, meningitis,
and other severe health-care-associated infections, as
separately reported by the included studies) within
28 days of birth or before discharge from hospital. For
sepsis and invasive infection, we considered proven or
suspected infection in any combination (including
antibiotic administration for suggestive signs), as defined
in individual studies. The secondary outcomes were
mortality from sepsis or nosocomial bacterial invasive
infection and bacterial colonisation (including resistant
bacteria), as defined in individual studies. Hypothermia
and apnoea were assessed as adverse events.

Measure of effect for both primary and secondary
outcomes are presented as odds ratio (OR) with 95% CI.
Risk of bias evaluation was done independently by
two investigators (CM and K]J) using the Cochrane risk of
bias 2.0 tool for RCTs, version Aug 22, 2019.” The quality
of the evidence was assessed using the Grading of
Recommendations Assessment Development and
Evaluation (GRADE) approach (appendix p 3).* Dis-
agreements were resolved by discussion. The quality
rating of each study did not affect the inclusion in this
review but was considered in the evidence synthesis.”

The effect sizes of kangaroo care and conventional
care for each primary and secondary outcome, including
adverse events, were compared by meta-analysis. The
rarity of some outcome events necessitated methods
suitable for the rare events settings®* and treatment
group continuity correction for handling studies with
zero events.”? To account for potential large between-
study heterogeneity, a random effects model was used
to estimate the pooled overall effects, with pooled OR
calculated with the Mantel-Haenszel weighting
approach. The DerSimonian—Laird estimator was used
to assess the between-study variance (12).” Relative risk
ratios and p values were directly extracted from the only
study reporting bacterial colonisation.

We used Cochran’s Q test to assess and I2 statistics to
quantify between-study heterogeneity (12 <25% was
considered low heterogeneity, 25-75% moderate
heterogeneity, and >75% high heterogeneity). Sources of
between-study heterogeneity were investigated using
univariable random effects meta-regression analyses,
including the following variables: population including
extremely low-birthweight (<1000 g) infants; population
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with mean gestational age younger than 32 weeks;
immediate kangaroo care as intervention; intermittent
kangaroo care as intervention; and conventional care
including kangaroo care. Funnel plots were used to
assess potential publication bias and small-study
effects.”

Having considered the rarity of events and the low
number of studies included in some of the meta-
analyses, we quantified statistical heterogeneity in a
common effect model as a sensitivity analysis using the
Mantel-Haenszel weighting method.” The metabin
function of the meta package in R 3.6.1 was used for all

analyses.” Informed consent or approval by the local
Ethics Committee was not required for this study.

Role of the funding source

The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report.

Results

The database search yielded 2275 records, from which
2265 records were excluded as they were duplicates or
ineligible (figure 1). The Cohen’s kappa score of

Previous studies Identification of new studies via databases and registers Identification of new studies via other methods
s \ s \ I \
21 reports from previous review Records identified from 2 records identified from citation
2 reports excluded from previous 407 Medline searching
review (no data on mortality, 504 Embase
infection, colonisation) 896 CENTRAL
468 Web of Science
2275 total
10438 records removed before screening
| 1046 duplicate records removed manually
2 duplicate records removed automatically
A 4
| 1227 records screened on title and abstract |
—>| 1202 records excluded |
v A 4
| 25 reports sought for full-text retrieval | | 2 reports sought for retrieval |
—>| 0 reports not retrieved | —D| 0 report not retrieved
v
| 25 reports assessed on full-text for eligibility | | 2 reports assessed for eligibility |
15 reports excluded 1 report excluded due to other
2 studies retrieved from previous search study design
> 3 other publication types (abstract, journal club) -
3 other interventions (provided with cointervention
or package of interventions)
7 other outcome(s)

v

10 new reports included in review databases
1 new report included in review citation searching
19 reports included from previous review

v

17 sepsis

Trials included in meta-analysis (primary outcomes)
25 all-cause mortality at 28 days or discharge

11 invasive infection

v

30 total records included in review (reports on 29 trials)

Figure 1: Characteristics of studies included in systematic review
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community Classification Development description

Hospital or

Country

invasive

non-

group

group

population category

size

description

respiratory

invasive

gestational

birthweight, birthweight, gestational

Index

setting

respiratory support

support

age, weeks

age, weeks

(Continued from previous page)

No Yes

323(22)

323(2:4)

1500-0
(300-0)

700-2000g 1500-0

2221

Conventional

care

Early KMC

Low-income Medium

Hospital

Uganda

Tumukunde,

2024%

(300-0)

(LBW, VLBW,
and ELBW)

(KC possible

after

stabilisation)

No

No

Yes

295 (2:3)

29-1(23)

1135-0
(2630)

1152:0
(2200)

71 VLBW

Conventional

Very high KMC
care

High-

Hospital

UK

Whitelaw,
1988

income

(no KMC)

1514-8 1471-8* 32:4* 31.6* No Yes

<2000 g (LBW,
VLBW, ELBW)

123

Conventional

care

Early,

Low-income Low

Hospital

Ethiopia

Worku,

continuous

KMC

2005%

not clearly stated in the study whether conventional care also included some degree of KC. Conventional care

kangaroo care. KMC

All trials were individually randomised. Birthweight and gestational age at birth are shown as mean (SD) or median (IQR). Conventional care

very low birth weight

low-birthweight (<2500 g). VLBW:

kangaroo (mother) care. LBW=

extremely low birth weight (<1000 g). KC= =

specified in the study that conventional care did not include the provision of KC. ELBW:

(<1500 g). *SD not available.

(no KC)

Table 1: Characteristics of the included studies

inter-reviewer reliability was 0-83. The 2298 reviewed
records included 21 studies from the 2016 Cochrane
review and two from citation searching. 30 reports of
29 trials were deemed eligible for inclusion in the
systematic review,", with data on 17513 low-
birthweight infants, 9055 of whom received kangaroo
care.” Characteristics of the included studies are shown
in table 1. Notably, only one study (3%) was conducted in
the community; the rest (n=28 [97%]) were conducted in
hospitals. Two studies (7%) were led across multiple
countries (Ethiopia, Indonesia, and Mexico; Ghana,
India, Malawi, Nigeria, and Tanzania). Most studies
(n=16 [55%]) took place in lower-middle income
countries, and one (3%) study included both low-income
and upper-middle income countries (appendix p 4).

Five (17%) of the 29 trials investigated continuous
kangaroo care,*¥##% three (10%) investigated early
kangaroo care,®** three (10%) investigated early and
continuous kangaroo care,*** and two (7%) investigated
immediate kangaroo care (table 1).*** One trial (3%)
compared early continuous kangaroo care with late
kangaroo care.® One study (3%)* compared continuous
kangaroo care with intermittent kangaroo care. The
control was conventional neonatal care, including the
offer of some kangaroo care, in seven (24%) trials.»###%
Additional study population features, further charact-
eristics of kangaroo care, and length of hospital stay are
summarised in the appendix (pp 5-6).

Of 25 studies reporting all-cause mortality data for
hospital-initiated kangaroo care, seven®?#%*%% included
unstable infants. Three RCTs™** included extremely
low-birthweight infants, and one® included infants on
mechanical ventilation.

Of 17 studies reporting sepsis data, seven included
infants on non-invasive respiratory support.®**:525
Five included unstable infants.®****** Three included
extremely low-birthweight infants.”**** Three included
infants with a mean gestational age younger than
32 weeks.**** One study enrolled infants on mechanical
ventilation.*®

None of the included studies used masking. Risk of
bias ratings are listed in the appendix (pp 7-8). An
evidence table along with details on the primary and
secondary outcomes for each study are provided in the
appendix (pp 9-15). Effect sizes for the primary and
secondary outcomes (derived in random effect models)
and quality of the evidence are summarised in table 2.
Overall, the quality of evidence was moderate-to-high.**'
Despite a mild asymmetry in the funnel plots for sepsis,
hypothermia, and apnoea, publication bias was not
statistically significant (appendix pp 17-19).

25 (86%) of 29 studies reporting all-cause mortality
were included in the meta-analysis of hospital-initiated
kangaroo care (figure 2A). The trial by Mazumder and
colleagues, which showed statistically significant lower
mortality in the intervention group (appendix p 12), was
not included in the meta-analysis as it was conducted
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Effect size (95% ClI) Number of participants Quality of the Heterogeneity
(number of studies) evidence (GRADE™)*
Primary outcomes
All-cause mortality OR 0-77 (0-67-0-89) 8717 (25 studies) High I’=0%
Sepsis OR 055 (0-37-0-82) 7611 (17 studies) Moderate I’=53%
Invasive infection OR 0-49 (0-33-0-74) 4080 (11 studies) Moderate ’=0%
Secondary outcomes
Sepsis-related or invasive infection-related OR 0-63 (0-47-0-84) 4326 (10 studies) High ’=0%
mortality
Bacterial colonisation RR 2-30 (1:30-4-06), 102 (1 study) Low Evidence from one study;
p=0-004 no meta-analysis.
Hypothermia OR 0-28 (0-16-0-46) 7252 (18 studies) Moderate ’=72%
Apnoea OR 0-46 (0-25-0-85) 3435 (11 studies) Moderate ’=45%
Effect size estimates were derived in random effect models. For details of how the GRADE approach was used to consider the quality of the evidence, see appendix (p 16).
I’=0% means heterogeneity not quantifiable. OR=odds ratio. RR=risk ratio. *High quality of evidence suggests further research is very unlikely to change our confidence in the
estimate of effect. Moderate quality of evidence suggests further research is likely to have an important impact on our confidence in the estimate of effect and may change
the estimate. Low quality of evidence suggests further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change
the estimate.
Table 2: Effect sizes and quality of the evidence

in the community.” Meta-analysis shows that hospital-
initiated kangaroo care is associated with a significant
reduction in mortality by 28 days or discharge (OR 0-77
[95% CI 0-67-0-89]; 95% prediction interval excluding
the null effect; 12=0% [not quantifiable]; high-quality
evidence).

Hospital-acquired sepsis was reported by 17 (59%) of
29 trials, with pooled results showing a significant effect
of kangaroo care in reducing the odds of sepsis (OR 0-55
[95% CI 0-37-0-82]); however, with heterogeneity of 53%
and the 95% prediction interval containing the null
effect, the evidence was deemed moderate quality
(figure 2B).

Similarly, the meta-analysis of 11 (38%) of 29 studies
reporting invasive infection showed a statistically
significant beneficial effect of kangaroo care, with a
reduction in the odds of invasive infection (OR 0-49
[95% CI 0-33-0-74]. With heterogeneity not quantifiable
(I2=0%) and a 95% prediction interval containing the
null effect, the evidence was deemed moderate quality
(figure 2C). Of note, the only study yielding results in
favour of the control group was also one of the largest
RCTs and offered kangaroo care after stabilisation in the
control group.” It was conducted in level 2 care facilities
in sub-Saharan Africa and enrolled unstable extremely
low-birthweight infants and infants requiring non-
invasive respiratory support. Three studies™*¥ were
responsible for most of the pooled effect favouring
kangaroo care, with incubator care in the control group.

Kangaroo care was associated with a significant
reduction in the odds of sepsis-related or invasive infection-
related mortality (OR 0-63 [95% CI 0-47-0-84], 12=0%
[not quantifiable], high-quality evidence), hypothermia
(0-28 [0-16-0-46], I2=72%, moderate-quality evidence),
and apnoea (0-46 [0-25-0-85], [2=45%, moderate-quality
evidence; figure 3).
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Lamy Filho and colleagues® were the only investigators
to report bacterial colonisation data, showing that kangaroo
care was associated with a greater decolonisation of
preterm infants’ nostrils from meticillin-resistant
Staphylococcus  Aureus (MRSA) and  Staphylococcus
epidermidis (MRSE). None of the studies reported the risk
of acquiring (resistant) bacterial colonisation.

A meta-regression was conducted for sepsis,
hypothermia, and apnoea, showing that variation in the
characteristics of conventional care in the control
groups was contributing substantially to heterogeneity,
with the intervention effect being smaller in trials
where the control groups also received some level of
kangaroo care. No association was identified for the
remaining variables (population including extremely
low-birthweight infants, population with mean
gestational age younger than 32 weeks, immediate
kangaroo care as intervention, and intermittent
kangaroo care as intervention).

Discussion

The results of this systematic review and meta-analysis
confirm the important effect of kangaroo care compared
with conventional neonatal care on reducing all-cause
mortality in low-birthweight infants. Our analysis
further indicates moderate-to-high quality evidence
favouring kangaroo care in reducing the odds of sepsis,
invasive infection, and sepsis-related or invasive
infection-related mortality in low-birthweight infants,
mainly from resource-limited settings. Kangaroo care
was further associated with lower odds of hypothermia
and apnoea. Our meta-analysis was hampered by
substantial heterogeneity mainly due to variation in
conventional care characteristics in the control groups,
which sometimes included some kangaroo care,
especially in more recent trials conducted on the
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Figure 2: Effect of hospital-
initiated kangaroo care
versus conventional care on
all-cause mortality (A), sepsis
(B), and invasive infection
(C) within 28 days of birth or
by hospital discharge
Invasive infection was the
composite of necrotising
enterocolitis, severe
pneumonia, meningitis, and
other severe health-care-
associated infections.
OR=0dds ratio. Arrowheads
indicate that a line extends
beyond the scale in the
direction of the arrow.
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A All-cause mortality

Kangaroo care  Conventional care OR (95% Cl) Weight ~ Weight
(common) (random)

Events  Total Events Total
Acharya, 2014 0 63 0 63 0-0% 0-0%
Boo, 2007 1 64 1 62 < » 0-97 (0-06-15-83) 0-2% 0-3%
Brotherton, 2021 29 138 34 139 0-82 (0-47-1-44) 63% 6-6%
Cattaneo, 1998 3 149 3 136 > 0-91 (0-18-4-59) 0-7% 0-8%
Charpak, 1997 6 364 10 345 0-56 (0-20-1-56) 2.4% 2:0%
Chi Luong, 2016 0 50 0 50 0-0% 0-0%
Gathwala, 2008 0 50 0 50 0-0% 0-0%
Ghavane, 2012 0 71 0 69 0-0% 0-0%
Jayaraman, 2017 1 80 3 80 < > 0-32(0-03-3-19) 0-7% 0-4%
Kadam, 2005 1 44 1 45 <« > 1.02 (0-06-16-89) 0-2% 0-3%
Kumbhojkar, 2016 0 60 0 60 0-0% 0-0%
Lamy Filho, 2015 0 53 0 49 0-0% 0-0%
Logronio, 2021 0 23 0 23 0-0% 0-0%
Nagai, 2010 2 37 1 36 » 2.00 (0-17-23-08) 0-2% 0-3%
Nimbalkar, 2014 0 22 0 23 0-0% 0-0%
Pratiwi, 2009 0 48 0 45 0-0% 0-0%
Ramanathan, 2001 0 14 0 14 0-0% 0-0%
Ricero-Luistro, 2021 2 35 3 35 » 0-65 (0-10-4-13) 0-7% 0-6%
Rojas, 2003 2 33 1 27 | 2 1-68 (0-14-19-56) 0-2% 0-3%
Sloan, 1994 11 131 13 152 0-98 (0-42-227) 2:6% 3:0%
Suman, 2008 1 103 5 103 « 0-19 (0-02-1-67) 12% 0-4%
Tumukunde, 2024 119 1051 134 1049 —- 0-87 (0-67-113) 28-0% 30-2%
Whitelaw, 1988 2 35 2 36 : > 1.03 (0-14-7-75) 0-4% 0-5%
WHO Immediate KMC Study Group, 2021 191 1596 249 1587 .-_ 0-73 (0-60-0-89) 51-8% 50-8%
Worku, 2005 14 62 24 63 | 0-47 (0-22-1.04) 4:3% 3-4%
Common effect model 4376 4341 < 0-77 (0-66-0-89) 100-0%
Random effects model < 0-77 (0-67-0-89) 100-0%
Prediction interval (0-66-0-90)
Heterogeneity: ’=0%, T°=0, p=0-95 ] . { —
B Sepsis
Ali, 2009 4 58 13 56 ¢————- 0-25 (0-07-0-81) 2:4% 6-0%
Arya, 2023 361 1575 434 1561 l 0-77 (0-66-0-91) 64-8% 12:9%
Bier, 1996 0 25 0 25 : 0-0% 0-0%
Boo, 2007 2 64 1 62 i > 1.97 (0-17-22:27) 0-2% 22%
Brotherton, 2021 28 138 21 141 - 145 (0-78-271) 32%  10-0%
Charpak, 1997 39 364 39 345 — - 0-94 (0-59-1-51) 6-9% 111%
Chi Luong, 2016 9 50 26 50 ¢——— ! 0-20 (0-08-0-50) 41% 7.8%
de Ocampo, 2021 3 26 7 26 < i 0-35 (0-08-1-56) 12% 46%
Ghavane, 2012 2 71 2 69 : > 0-97 (0-13-7-09) 0-4% 31%
Kadam, 2005 6 4 8 45 } 073 (0-23-2:31) 13% 62%
Kumbhojkar, 2016 2 60 14 60 ¢—m— ! 0-11 (0-02-0-52) 2:6% 4-4%
Logronio, 2021 0 23 1 23 < ‘ » 0-32 (0-01-8-25) 0-3% 13%
Pratiwi, 2009 1 48 3 45 < ; 0-30 (0-03-2:97) 0-6% 2:4%
Ricero-Luistro, 2021 3 35 7 35 < : 0-38 (0-09-1-59) 12% 48%
Rojas, 2003 5 33 8 27 ; 0-42 (0-12-1-50) 1.4% 5:7%
Suman, 2008 4 103 15 103 4_.__, 0-24 (0-08-074) 2-8% 6-3%
Tumukunde, 2024 34 1110 35 1111 —_— 0-97 (0-60-157) 6:5% 11-1%
Common effect model 3827 3784 PS 0-73(0-64-0-84) 100-0%
Random effects model ‘ 0-55 (0-37-0-82) 100-0%
Prediction interval : (0-15-1-96)
Heterogeneity: ’=53%,1’=0-3103, p<0-01 r T : ! e
C Invasive infection
Ali, 2009 2 58 4 56 < 0-46 (0-08-2-64) 3.5% 4.8%
Bier, 1996 0 25 0 25 ‘ 0-0% 0-0%
Boo, 2007 0 64 0 62 ‘ 0-0% 0-0%
Cattaneo, 1998 14 149 25 136 I — 0-46 (0-23-0-93) 212% 19.7%
Charpak, 1997 14 364 27 345 + 0-47 (0-24-0-91) 23-8% 21.0%
Kadam, 2005 0 44 1 45 < ‘ » 0-33(0-01-838) 13% 15%
Nagai, 2010 3 37 7 36 < ‘ 0-37(0-09-1-54) 5-8% 6-7%
Ricero-Luistro, 2021 4 35 8 35 . 0-44 (0-12-1-61) 63% 8.0%
Rojas, 2003 1 33 2 27 < ‘ » 0-39 (0-03-4-56) 1.9% 2:5%
Sloan, 1994 7 131 27 12 g b 0-26 (0-11-0-62) 212%  149%
Tumukunde, 2024 18 1110 17 1111 ‘ —— 1.06 (0-54-2:07) 14-9% 20-8%
Common effect model 2050 2030 - 0-50 (0-36-0-69) 100-0%
Random effects model - 0-49 (0-33-0-74) 100-0%
Prediction interval : (0-21-1-15)
Heterogeneity: ’=0%, 1’=0-0867, p=0-49 I - ! —

01 05 1 2 3
“— —>

Favours kangaroo care Favours conventional care
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A Sepsis/invasive infection-related mortality

Kangaroo care  Conventional care OR95%Cl Weight Weight

(common) (random)

Events Total Events Total
Arya, 2023 70 1575 109 1561 —- 0-62(0-46-0-84)  90-9% 90-5%
Brotherton, 2021 3 138 4 139 > 0-75 (0:16-3-41) 3:4% 3-8%
Cattaneo, 1998 2 149 3 136 < »  0-60(0-10-3-67) 2:7% 2:7%
Chi Luong, 2016 0 50 0 50 0-0% 0-0%
Ghavane, 2012 0 71 0 69 0-0% 0-0%
Kadam, 2005 1 44 1 45 < »  102(0:06-1689)  0-8% 11%
Kumbhojkar, 2016 0 60 0 60 0-0% 0-0%
Logronio, 2021 0 23 0 23 0-0% 0-0%
Nagai, 2010 1 37 1 36 < >  0.97(0:06-1616)  0.9% 11%
Rojas, 2003 0 33 1 27 < > 0-30 (0-01-6-95) 1-4% 0-9%
Common effect model 2180 2146 E— 0-63(0-47-0-84)  100-0%
Random effects model - 0-63 (0-47-0-84) 100-0%
Prediction interval $ (0-41-0-95) .
Heterogeneity: ’=0%, T=0, p=0-99 ; : I —
B Hypothermia
Acharya, 2014 2 63 8 63 < I 0-23 (0:05-111) 11% 52%
Ali, 2009 1 58 10 56 +—————— 0-08 (0-01-0-65) 1.5% 3-8%
Brotherton, 2021 51 134 55 135 —— 0-89 (0-55-1-46) 5.0% 9:3%
Chi Luong, 2016 1 50 35 50 : 0-01 (0-00-0-07) 51% 3.9%
de Ocampo, 2021 6 64 17 62 0-27 (0-10-0-75) 2:3% 7:3%
Gathwala, 2008 2 50 3 50 ‘ > 0-65 (0-10-4-09) 0-4% 4-5%
Ghavane, 2012 1 71 0 69 > 3.01(0:12-76-43) 0-1% 2:1%
Jayaraman, 2017 0 80 0 80 : 0-0% 0-0%
Kadam, 2005 10 44 21 45 R e 0-34(0-13-0-84) 2:4% 77%
Kumbhojkar, 2016 3 60 20 60 T 0-11 (0-03-038) 2.8% 6:3%
Logronio, 2021 2 23 4 3 < I 0-45 (0-07-276) 0-5% 46%
Nagai, 2010 3 37 5 36 : 0-55 (0-12-2:48) 0-7% 5.5%
Nimbalkar, 2014 1 2 10 3 — 0-06 (0-01-0-54) 1.4% 37%
Ricero-Luistro, 2021 2 35 10 35 «— 0-15 (0-03-0-75) 1-4% 52%
Rojas, 2003 1 33 5 27 < : 0-14 (0-02-1-26) 0-8% 3-6%
Suman, 2008 6 103 38 103 — 0-11 (0-04-0-26) 53% 77%
Tumukunde, 2024 448 1096 585 1101 h 0-61(0-52-0:72) 50-8% 10-0%
WHO Immediate KMC Study Group, 2021 90 1609 133 1602 i 0-65 (0-50-0-86) 18:5% 9-8%
Common effect model 3632 3620 Q 0-52 (0-46-0-59) 100:0%
Random effects model ! 0-28 (0-16-0-46) 100-0%
Prediction interval (0-04-1.78)
Heterogeneity: ’=72%, ©’=0-6939, p<0-01 ; |: ! —
C Apnoea
Acharya, 2014 0 63 3 63 : 0-14 (0-01-2-69) 31% 3-5%
Ali, 2009 1 58 8 56 @ @EB— 011 (0-01-0-87) 71% 61%
de Ocampo, 2021 6 64 4 62 : »  1.50(0-40-5:60) 33% 11-0%
Ghavane, 2012 0 71 2 69 : »  019(0:01-4-00) 22% 34%
Jayaraman, 2017 19 80 32 80 — 0-47 (0-24-0-92) 21.7% 17.7%
Kadam, 2005 6 44 8 45 ; 073 (0-23-2:31) 61% 12:5%
Kumbhojkar, 2016 3 60 18 60 Em— 0-12 (0-03-0-44) 15:2% 113%
Nagai, 2010 0 37 1 36 : »  032(0:01-8.03) 13% 31%
Rojas, 2003 4 33 1 27 : » 3:59(0-38;34-17) 0-9% 5-5%
Suman, 2008 1 103 8 03 g 0-12 (0-01-0-95) 7:0% 61%
Tumukunde, 2024 29 1110 37 1111 : 078 (0-48-128)  32.0% 19-8%
Common effect model 1723 1712 > 0-52(038-071)  100-0%
Random effects model — 0-46 (0-25-0-85) 100-0%
Prediction interval ! (0-09-2-34)
Heterogeneity: ’=45%, 1*=0-4200, p=0-05 ; |: ! —

01 05 1 2 3
Favours kangaroo care Favours conventional care

Figure 3: Effect of hospital-initiated kangaroo care versus conventional care on sepsis-related or invasive infection-related mortality (A), hypothermia (B),

and apnoea (C)

OR=0dds ratio. Arrowheads indicate that a line extends beyond the scale in the direction of the arrow.

background of best practice recommendations. For this
reason, an even higher benefit of kangaroo care might
be expected compared with no kangaroo care.

Our findings align with previous systematic reviews,
showing kangaroo care as being protective against

12,13,62
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neonatal mortality, sepsis or severe infection, and
hypothermia in low-birthweight infants.”” Our
systematic review added further RCTs, corroborating the
significant beneficial effect of kangaroo care with
enhanced precision and increased certainty. Moreover, we
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found compelling evidence of significantly decreased
odds of hospital-acquired sepsis and other invasive
infections, and sepsis-related or invasive infection-related
mortality. Undoubtedly, mortality is the most patient-
relevant and clinician-relevant outcome. However,
understanding the effect of kangaroo care on our
co-primary outcomes together is crucial for understanding
the use of kangaroo care as an IPC intervention. If
positive effects on mortality are not mediated through
reductions in neonatal sepsis or invasive infection,
kangaroo care could lead to improvements in mortality
but paradoxical increases in morbidity (eg, because
of neurodevelopmental impairment associated with
neonatal sepsis).” Furthermore, based on our findings, a
concurrent protective effect of kangaroo care against
mortality and infection is an important counterargument
to any restrictions on kangaroo care imposed to improve
IPC, for example in the context of maternal or infant
carriage of resistant bacteria.

Among our secondary outcomes, evidence on bacterial
colonisation was only reported by one trial, showing
benefits of kangaroo care in decolonising infants’ nostrils
from MRSA and MRSE.* This identifies a key research
gap. To date, RCTs providing data on the potential role of
skin-to-skin contact for newborn decolonisation in
neonatal units are lacking, with previous studies focusing
on other methods, such as skin antiseptics.** Compared
with body washing with antiseptics, skin-to-skin contact
physiologically facilitates early breastfeeding and might
help infants acquire a protective microbiome against
colonisation by resistant and difficult-to-treat bacteria.
Thus, kangaroo care is likely to not only reduce infection
indirectly due to maternal antibodies from breastmilk,
but also directly through microbiome transfer with skin-
to-skin contact. In term infants, breastmilk microbiota
are an important source of infant microbiota” and
conversely the modality of breastfeeding influences the
microbiome of the breastmilk.*®® In addition, such contact
might reduce the handling of the infant by health-care
workers and others, thereby decreasing the risk of cross-
transmission of resistant bacteria from the hospital
environment.

Conducting a meta-analysis around a behavioural
intervention such as kangaroo care is challenging. The
approach adopted in this meta-analysis was deliberately
conservative and yet showed significant benefits of
kangaroo care on mortality and severe health-care-
associated infections, providing compelling evidence in
support of kangaroo care as a neonatal IPC intervention
in neonatal intensive care units of all settings.

A limitation of our study lies in the fact that evidence
from the included RCTs is mostly representative of the
Global South; in line with this we did not perform a
subgroup analysis stratified by country income category.
Specific race and ethnicity or sex data were not collected,
as they were inconsistently or not reported by the
included studies. We can only speculate on the extent of

the applicability of our findings to high-resource
countries. In high-income countries with low neonatal
mortality, the key question could indeed be the impact of
kangaroo care on sepsis and invasive infection which are
common. In many high-technology units, despite a
strong focus on family-centred care, rigorous and
extensive kangaroo care practice is still highly variable
and would benefit from tailored implementation
strategies. Among the few recent RCTs on kangaroo care
in high-income countries is the IPISTOSS trial, which
focused on cardiorespiratory stabilisation and normal
thermoregulation as well as infant-carer interaction at
4 months of corrected age.®”

We were also unable to fully address the specific effects
of immediate, early, or continuous kangaroo care
practice, as kangaroo care was poorly defined in most
studies. Moreover, immediate kangaroo care has not yet
been widely studied with RCTs in the most fragile
subgroups of infants, with a consequent gap for
extremely preterm or extremely low-birthweight infants
in high-income settings.” However, recent evidence from
the Swedish Neonatal Quality Register does not report an
increased risk of sepsis or intraventricular haemorrhage
for extremely and very preterm infants exposed to early
skin-to-skin contact.”

Many of the evaluated RCTs had small sample sizes,
resulting in a small study effect, and were underpowered
for some outcomes or observed no events in either group.
Furthermore, the definition of invasive infection applied
in individual studies was heterogeneous. We also
identified an absence of a consistent definition for
kangaroo care with variable implementation in the
intervention and control groups. This contributes to
heterogeneity in the meta-analysis of some outcomes
and would likely result in underestimations of kangaroo
care effects. An alignment of future RCTs on reportable
kangaroo care key definitions and dimensions is needed
for intervention and control groups.

In conclusion, the joint protective effect of kangaroo
care on mortality and infections further reinforces the
importance of this intervention in routine neonatal care
across different settings in line with WHO recom-
mendations. Since some protective effects appear to be
mediated through averted infections, kangaroo care
integration into standard IPC measures should be
considered for neonatal care of high-risk low-birthweight
infants globally. High-income settings have a low
representation among the included trials, a shared
definition for kangaroo care is lacking despite WHO
recommendations, and the heterogeneity in conventional
care across studies is substantial. Trials capturing the
anticipated indirect effects of kangaroo care on bacterial
colonisation are needed to further strengthen the
evidence on kangaroo care’s role as a neonatal IPC
intervention. Given substantial variations in current
caregiving practices and kangaroo care provision,
interventional research could benefit from preplanned
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integration of implementation science methods and
outcomes.” A thorough understanding of the IPC effects
of well-implemented kangaroo care is especially critical
in situations when kangaroo care might decline due to
conflicting standard IPC interventions.” Fear of neonatal
infection should not preclude kangaroo care, and
effectively reframing kangaroo care as being part of IPC
practice across all settings will avoid having IPC as a
barrier to kangaroo care and family-centred care.
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