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Glossary
Low birth weight (LBW)  birth weight below 2.5 kg

Very LBW (VLBW)  birth weight below 1.5 kg

Extremely LBW  birth weight below 1 kg

Term gestation  born at 37 0/7 – 41 6/7 weeks of gestation (i.e. since mother’s last menstrual  
 period [LMP])

Preterm  born before 37 0/7 weeks of gestation

Very preterm  born before 32 0/7 weeks of gestation

Extremely preterm  born before 28 0/7 weeks of gestation

Post-term  born at or after 42 0/7 weeks of gestation

Chronological (or postnatal) age age since birth (e.g. an infant born 10 weeks ago at 32 weeks’ gestation is 
10 weeks of age/chronological age/postnatal age)

Corrected age chronological age minus the number of weeks or months born preterm (with 
term defined as 40 weeks, for the purpose of calculation) (e.g. an infant born 
at 32 weeks’ gestation, who is 10 weeks old in chronological age, is only 2 
weeks old in corrected age)

Postmenstrual age (PMA) the age of a baby or fetus when counted from the first day of the mother’s LMP 
before pregnancy (e.g. a baby that was born at 32 weeks’ gestation, who is 
10 weeks old in chronological age, is 42 weeks in PMA)

Stunting length-for-age z score less than 2 standard deviation scores below the WHO 
child growth standards median

Underweight weight-for-age z score less than 2 standard deviation scores below the WHO 
child growth standards median

Wasting weight-for-length z score less than 2 standard deviation scores below the 
WHO child growth standards median

Sources:

Preterm birth. Geneva: World Health Organization; 2018 
(https://www.who.int/news-room/fact-sheets/detail/preterm-birth, accessed 14 September 2022).

Low birth weight. In: Nutrition Landscape Information System (NLiS) [website]. Geneva: World Health Organization; 2022 
(https://www.who.int/data/nutrition/nlis/info/low-birth-weight, accessed 14 September 2022).

WHO Global Database on Child Growth and Malnutrition. Geneva: World Health Organization; 2022 
(https://platform.who.int/nutrition/malnutrition-database, accessed 31 October 2022).

Child growth standards [website]. Geneva: World Health Organization; no date (https://www.who.int/tools/child-growth-standards/
standards, accessed 5 October 2022).

https://www.who.int/news-room/fact-sheets/detail/preterm-birth
https://www.who.int/data/nutrition/nlis/info/low-birth-weight
https://platform.who.int/nutrition/malnutrition-database
https://www.who.int/tools/child-growth-standards/standards
https://www.who.int/tools/child-growth-standards/standards
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Executive summary

Introduction

Preterm infants have a gestational age below 37 weeks at birth and low-birth-weight (LBW) infants have a birth 
weight below 2.5 kg. Approximately 45% of all children under the age of five who die are newborns, and 60–80% 
of those newborns who die are premature and/or small for gestational age. Preterm and LBW infants have a 
2- to 10-fold higher risk of mortality than infants born at term and with normal birth weight. Despite substantial 
progress over the last 10 years, the survival, health, growth and neurodevelopment of preterm and LBW infants 
remains concerning in many countries. Reasons include the complexities of caring for these vulnerable infants and 
preventing complications.

The care of preterm and LBW infants is a global priority. The WHO Departments of Maternal, Newborn, Child and 
Adolescent Health and Ageing (MCA) and Sexual and Reproductive Health and Research (SRH) have developed 
three guidelines for the care of preterm or LBW infants:
	n Guidelines on optimal feeding of low-birth-weight infants in low- and middle-income countries, 2011;
	n WHO recommendations on interventions to improve preterm birth outcomes, 2015; and
	n Recommendations for management of common childhood conditions, 2012.

However, new evidence has emerged in many areas since the development of those guidelines. A review of 203 
studies from low-, middle- and high-income countries about “what matters” to families about the care of their 
preterm or LBW infant reported that families want a positive outcome for their baby, to be involved in delivering 
care and to take an active role in deciding what interventions are given to their baby (these family values are listed 
in Table 1.1 in Chapter 1).

In December 2020, an international group of experts defined the scope and priority questions for the development 
of updated guidance about the care of preterm or LBW infants (see Figure 1 below, Table 1.2 in Chapter 1, and Web 
Annex A).

Figure 1. Scope of WHO recommendations for care of the preterm or low-birth-weight infant

Preterm 
or low-birth-
weight infant

Short-term 
outcomes

Longer-term 
outcomes

C. Family 
involvement and 

support

 � Family involvement 
in routine care

 � Family support:

 – Education and 
counselling

 – Discharge 
preparation

 – Peer support

 � Home visits

 � Parental leave and 
entitlements

A. Preventive and 
promotive care

• Cord care

 � Kangaroo mother 
care

• Thermal care

 � Feeding

 �Micronutrients

 � Probiotics

 � Emollients

• Developmental care

• Massage

• Positioning

• Immunization

• Surveillance 
of growth, 
neurodevelopment, 
hearing, vision, 
disability

B. Care for 
complications

• Resuscitation

• Surfactant

 � Continuous 
positive airway 
pressure 

• Oxygen

 �Methylxanthines

• Hypoglycaemia

• Hyperbilirubinaemia

• Infections

• Necrotizing 
enterocolitis

• Anaemia

• Growth, 
neurodevelopment, 
hearing, vision, 
disability

 � Included in this guideline

• Included in other WHO 
guidelines
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Target audience

The recommendations in this guideline are intended to inform the development of national and subnational 
health policies, clinical protocols and programmatic guides. Therefore, the target audience includes national 
and subnational public health policy-makers, implementers and managers of maternal, newborn and child 
health programmes, health-care facility managers, supervisors/instructors for in-service training, health 
workers (including midwives, auxiliary nurse-midwives, nurses, paediatricians, neonatologists, general medical 
practitioners and community health workers), nongovernmental organizations, professional societies involved in 
the planning and management of maternal, newborn and child health services, academic staff involved in research 
and in the pre-service education and training of health workers, and those involved in the education of parents.

Guideline development methods

The guideline was developed using standard operating procedures in accordance with the process described in 
the WHO handbook for guideline development. This involved the convening of an Evidence Synthesis Team (EST) 
and an international Guideline Development Group (GDG) of experts. The process included: (i) identifying 
priority questions and outcomes, (ii) retrieval of the evidence, (iii) assessment and synthesis of the evidence, 
(iv) formulation of recommendations and write-up of the guideline, and (v) planning for dissemination, 
implementation, impact evaluation and updating of the recommendations.

The Grading of Recommendations Assessment, Development and Evaluation (GRADE) approach was used to 
appraise the quality and certainty of the quantitative evidence for each priority question, and for the qualitative 
evidence, the reviews were appraised using the GRADE-CERQual (Confidence in the Evidence from Reviews 
of Qualitative Research) tool. The DECIDE approach (Developing and Evaluating Communication strategies to 
support Informed Decisions and practice based on Evidence), an evidence-to-decision tool, was used to guide the 
evidence search, evidence synthesis and judgements on the different criteria by the EST, and the formulation of 
recommendations by the GDG. This included assessment of the effects (benefits and harms) of the interventions 
on infant outcomes, and consideration of the values of families and health workers, acceptability and feasibility of 
the interventions, the resources required, and equity.

Recommendations were developed using WHO Guidelines Review Committee criteria: “strong” recommendations 
are generally applicable to all preterm or LBW infants; “conditional” recommendations mean that the intervention 
is recommended under certain conditions; and a “good practice statement” was made for an intervention that was 
obviously beneficial and should be done in most circumstances, even though there was no, little or only very-low-
certainty evidence. The GDG members examined and interpreted the evidence, formulated the wording of the final 
recommendations and provided related remarks and considerations at virtual meetings held between November 
2021 and January 2022.

Recommendations

This guideline includes 25 recommendations and 1 good practice statement (see Table 1) for care of the preterm 
and LBW infant. Of the recommendations, 11 are new and 14 are updated, and the good practice statement is new. 
There are 11 strong recommendations for all preterm or LBW infants and 14 recommendations that are conditional 
on particular contexts or conditions.

Sixteen recommendations are for preventive and promotive care, six are for care for complications and three are 
for family involvement and support. A good practice statement was made for parental leave and entitlements 
because the GDG determined that these have obvious benefits, although there was little evidence available.

The GDG provided remarks related to all the recommendations and the good practice statement, where 
needed. Users of the guideline should refer to these remarks, which are presented prominently, along with the 
recommendations in Chapter 3 of the guideline.
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Table 1. WHO recommendations for the care of the preterm (< 37 weeks’ gestation) or low-birth-
weight (< 2.5 kg) infant

Domain Recommendation Status Strength/
type

A. PREVENTIVE AND PROMOTIVE CARE

A.1a Any KMC Kangaroo mother care (KMC) is recommended as routine 
care for all preterm or low-birth-weight infants. KMC can be 
initiated in the health-care facility or at home and should be 
given for 8–24 hours per day (as many hours as possible). 
(Strong recommendation, high-certainty evidence)

Updated Strong

A.1b Immediate KMC Kangaroo mother care (KMC) for preterm or low-birth-weight 
infants should be started as soon as possible after birth. 
(Strong recommendation, high-certainty evidence)

New Strong

A.2  Mother’s own milk Mother’s own milk is recommended for feeding of preterm 
or low-birth-weight (LBW) infants, including very preterm 
(< 32 weeks’ gestation) or very LBW (< 1.5 kg) infants. (Strong 
recommendation, low-certainty evidence)

Updated Strong

A.3  Donor human milk When mother’s own milk is not available, donor human milk 
may be considered for feeding of preterm or low-birth-weight 
(LBW) infants, including very preterm (< 32 weeks’ gestation) 
or very LBW (< 1.5 kg) infants. (Conditional recommendation, 
moderate-certainty evidence)

Updated Conditional

A.4 Multicomponent 
fortification of 
human milk

Multicomponent fortification of human milk is not routinely 
recommended for all preterm or low-birth-weight (LBW) 
infants but may be considered for very preterm (< 32 weeks’ 
gestation) or very LBW (< 1.5 kg) infants who are fed mother’s 
own milk or donor human milk. (Conditional recommendation, 
low-to-moderate-certainty evidence)

Updated Conditional

A.5 Preterm formula When mother’s own milk and donor human milk are 
not available, nutrient-enriched preterm formula may 
be considered for very preterm (< 32 weeks’ gestation) 
or very low-birth-weight (< 1.5 kg) infants. (Conditional 
recommendation, low-certainty evidence)

Updated Conditional

A.6 Early initiation of 
enteral feeding

Preterm and low-birth-weight (LBW) infants, including very 
preterm (< 32 weeks’ gestation) and very LBW (< 1.5 kg) 
infants, should be fed as early as possible from the first day 
after birth. Infants who are able to breastfeed should be put 
to the breast as soon as possible after birth. Infants who are 
unable to breastfeed should be given expressed mother’s own 
milk as soon as it becomes available. If mother’s own milk is 
not available, donor human milk should be given wherever 
possible. (Strong recommendation, moderate-certainty evidence)

Updated Strong

A.7 Responsive and 
scheduled feeding

In health-care facilities, scheduled feeding may be considered 
rather than responsive feeding for preterm infants born before 
34 weeks’ gestation, until the infant is discharged. (Conditional 
recommendation, low-certainty evidence)

Updated Conditional

A.8 Fast and slow 
advancement of 
feeding

In preterm or low-birth-weight (LBW) infants, including 
very preterm (< 32 weeks’ gestation) or very LBW (< 1.5 kg) 
infants, who need to be fed by an alternative feeding method 
to breastfeeding (e.g. gastric tube feeding or cup feeding), 
feed volumes can be increased by up to 30 ml/kg per day. 
(Conditional recommendation, moderate-certainty evidence)

Updated Conditional
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Domain Recommendation Status Strength/
type

A.9  Duration of 
exclusive 
breastfeeding

Preterm or low-birth-weight infants should be exclusively 
breastfed until 6 months of age. (Strong recommendation, very-
low-certainty evidence)

Updated Strong

A.10a Iron 
supplementation

Enteral iron supplementation is recommended for human milk-
fed preterm or low-birth-weight infants who are not receiving 
iron from another source. (Strong recommendation, moderate-
certainty evidence)

Updated Strong

A.10b Zinc 
supplementation

Enteral zinc supplementation may be considered for 
human milk-fed preterm or low-birth-weight infants who 
are not receiving zinc from another source. (Conditional 
recommendation, low-certainty evidence)

Updated Conditional

A.10c Vitamin D 
supplementation

Enteral vitamin D supplementation may be considered for 
human milk-fed preterm or low-birth-weight infants who are 
not receiving vitamin D from another source. (Conditional 
recommendation, low-certainty evidence)

Updated Conditional

A.10d Vitamin A 
supplementation

Enteral vitamin A supplementation may be considered for 
human milk-fed very preterm (< 32 weeks’ gestation) or very 
low-birth-weight (< 1.5 kg) infants who are not receiving 
vitamin A from another source. (Conditional recommendation, 
low-certainty evidence)

Updated Conditional

A.11 Probiotics Probiotics may be considered for human-milk-fed very preterm 
infants (< 32 weeks’ gestation). (Conditional recommendation, 
moderate-certainty evidence)

New Conditional

A.12 Emollients Application of topical oil to the body of preterm or low-birth-
weight infants may be considered. (Conditional recommendation, 
low-certainty evidence)

New Conditional

B. CARE FOR COMPLICATIONS

B.1  CPAP for 
respiratory distress 
syndrome

Continuous positive airway pressure (CPAP) therapy is 
recommended in preterm infants with clinical signs of 
respiratory distress syndrome. (Strong recommendation, 
moderate-certainty evidence)

Updated Strong

B.2  CPAP immediately 
after birth

Continuous positive airway pressure (CPAP) therapy may be 
considered immediately after birth for very preterm infants 
(< 32 weeks’ gestation), with or without respiratory distress. 
(Conditional recommendation, low-certainty evidence)

New Conditional

B.3  CPAP pressure 
source (bubble 
CPAP)

For preterm infants who need continuous positive airway 
pressure (CPAP) therapy, bubble CPAP may be considered 
rather than other pressure sources (e.g. ventilator CPAP). 
(Conditional recommendation, low-certainty evidence)

New Conditional

B.4  Methylxanthines 
for treatment of 
apnoea

Caffeine is recommended for the treatment of apnoea in 
preterm infants. (Strong recommendation, moderate-certainty 
evidence)

New Strong

B.5  Methylxanthines 
for extubation

Caffeine is recommended for the extubation of preterm infants 
born before 34 weeks’ gestation. (Strong recommendation, 
moderate-certainty evidence)

New Strong

B.6  Methylxanthines 
for prevention of 
apnoea

Caffeine may be considered for the prevention of apnoea in 
preterm infants born before 34 weeks’ gestation. (Conditional 
recommendation, low-certainty evidence)

New Conditional
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Domain Recommendation Status Strength/
type

C. FAMILY INVOLVEMENT AND SUPPORT

C.1  Family involvement Family involvement in the routine care of preterm or low-birth-
weight infants in health-care facilities is recommended. (Strong 
recommendation, low- to moderate-certainty evidence)

New Strong

C.2  Family support Families of preterm or low-birth-weight infants should be given 
extra support to care for their infants, starting in health-care 
facilities from birth and continued during follow-up post-
discharge. The support may include education, counselling and 
discharge preparation from health workers, and peer support. 
(Conditional recommendation, very-low-certainty evidence)

New Conditional

C.3  Home visits Home visits by trained health workers are recommended to 
support families to care for their preterm or low-birth-weight 
infant. (Strong recommendation, moderate-certainty evidence)

New Strong

C.4  Parental leave and 
entitlements

Parental leave and entitlements should address the special 
needs of mothers, fathers and other primary caregivers of 
preterm or low-birth-weight infants. (Good practice statement)

New Good practice 
statement



1

1. Introduction

1.1 Background

Preterm infants have a gestational age below 37 
weeks at birth and low-birth-weight (LBW) infants 
have a birth weight below 2.5 kg (1-3). Global 
estimates of prematurity and LBW range from 15% 
to 20%. In 2015, an estimated 20.5 million live births 
were LBW, with 91% of those being from low- and 
middle-income countries (LMICs), mainly in southern 
Asia (48%) and sub-Saharan Africa (24%) (1-3).

Approximately 45% of all children under the age 
of five who die are newborns (2.7 out of 5.9 million 
in 2014), and 60–80% of those newborns who die 
are premature and/or small for gestational age (4). 
Preterm and LBW infants have a 2- to 10-fold higher 
risk of mortality than infants born at term (at least 
37 weeks’ gestation) and with normal birth weight 
(at least 2.5 kg), and are particularly vulnerable to 
impaired respiration, difficulty feeding, growth failure, 

poor body temperature regulation, and infection 
(5-7). Preterm and LBW infants have a higher risk 
of developmental disabilities, including cerebral 
palsy and retinopathy of prematurity, and long-term 
adult-onset chronic conditions such as cardiovascular 
disease (8,9).

The survival, health, growth and neurodevelopment 
of preterm and LBW infants remains concerning in 
many countries and the pace of improvement has 
been slow (10-13). Reasons include the complexities 
of caring for these vulnerable infants and preventing 
complications. A review of 203 studies from  
low-, middle- and high-income settings, about “what 
matters” to families about the care of preterm or 
LBW infants reported that families want a positive 
outcome for their baby, to be involved in providing 
care for their baby, and to take an active role in 
deciding what interventions are given to their baby 
(see values and preferences listed in Table 1.1) (14).

Table 1.1 Family values and preferences about the care of their preterm or low-birth-weight infant

Domain Descriptor

Positive outcome Positive outcome for the child

Active involvement in care Delivering care

Fathers and partners involved

Opportunities for parenting

Shared decision-making and consent

Coping at home Accessing support in a crisis

Autonomy

Extended family support and community resources

Health professional expertise in the community

Preparation for discharge

Transition arrangements

Emotional support for family Support for all parents

Additional support for mothers and fathers, acknowledging that they may have 
different emotional support needs

Support from the wider family

Support from other parents in similar situations
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Domain Descriptor

Health-care environment Access to babies

Orientation and familiarity with the neonatal intensive care unit (NICU)

Balance between privacy and monitoring

Staffing and equipment levels

Information needs met Information about the baby

Frequent updates

How information is given

Matching needs with information

Logistical support Accommodation (comfort and facilities)

Broader family support and impact

Costs of treatment

Parental leave

Positive relationships with staff Compassion and sensitivity

Consistency in care and communication

Health professional expertise and care

Respect, collaboration and trust

Source: Hurt et al., 2022 (14).

The care of the preterm and LBW infant is a global 
priority and a component of the United Nations 
Every Woman Every Child (EWEC) Global Strategy 
for Women’s, Children’s and Adolescents’ Health 
2016–2030 (4), the United Nations Children’s Fund 
(UNICEF) Every Child Alive campaign (15), the World 
Health Organization (WHO) 2025 global nutrition 
targets (16), and the joint WHO–UNICEF Every 
Newborn Action Plan (ENAP) to end preventable 
deaths (17,18).

The WHO Departments of Maternal, Newborn, 
Child and Adolescent Health and Ageing (MCA) and 
Sexual and Reproductive Health and Research (SRH) 
have previously developed three guidelines for the 
care of preterm or LBW infants:
	n Guidelines on optimal feeding of low-birth-weight 

infants in low- and middle-income countries, 2011 
(19);
	n WHO recommendations on interventions to improve 

preterm birth outcomes, 2015 (20); and
	n Recommendations for management of common 

childhood conditions, 2012 (21).

However, new evidence has emerged in many areas 
since the development of those guidelines.

1.2 Target audience

The recommendations in this guideline are 
intended to inform the development of national 
and subnational health policies, clinical protocols 
and programmatic guides. Therefore, the target 
audience includes national and subnational public 
health policy-makers, implementers and managers 
of maternal, newborn and child health programmes, 
health-care facility managers, supervisors/instructors 
for in-service training, health workers (including 
midwives, auxiliary nurse-midwives, nurses, 
paediatricians, neonatologists, general medical 
practitioners and community health workers), 
nongovernmental organizations, professional 
societies involved in the planning and management 
of maternal, newborn and child health services, 
academic staff involved in research and in the pre-
service education and training of health workers, and 
those involved in the education of parents.
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1.3 Scope of the guideline

The recommendations cover the care of the 
preterm or LBW infant in any health-care facility 
or community setting from birth to 24 months of 
age unless otherwise indicated (see Table 1.2 and 
Figure 1.1). There are 25 recommendations and 1 
good practice statement. They are summarized in 
Table 1 in the executive summary and presented 
in detail in Chapter 3. Of the recommendations, 11 
are new and 14 are updated. There are 11 strong 
recommendations for all preterm or LBW infants 
and 14 recommendations that are conditional 
on particular contexts or conditions. Sixteen 
recommendations are for preventive and promotive 

care (section A of Chapter 3), six are for care for 
complications (section B) and three are for family 
involvement and support (section C). A good 
practice statement was made for parental leave and 
entitlements because the GDG determined that 
these have obvious benefits, although there was little 
evidence available.

Other recommendations for care of the preterm 
or LBW infant (i.e. the items in Figure 1.1 that are 
in italics, not bold) are covered elsewhere, or 
will be included in a future update (see Annex 1). 
The recommendations presented here are also 
complementary to existing WHO guidelines for 
antenatal, intrapartum and postnatal care (20,22-24).

Table 1.2. Framework for the WHO recommendations for care of the preterm or low-birth-weight 
infant

Target population (P) Preterm (< 37 weeks’ gestation) or low-birth-weight (LBW) (< 2.5 kg) infants

Interventions (I) A. Preventive and promotive care
B. Care for complications
C. Family involvement and support

Intervention period From birth to 24 months of age

Comparators (C) Usual care or no intervention

Comparator period From birth to 24 months of age

Outcomes (O) • Critical outcomes: infant all-cause mortality, morbidity, growth, neurodevelopment at 
latest follow-up

• Other outcomes: other infant outcomes that are specific for the intervention at latest 
follow-up

Outcome period Unrestricted

Setting Health-care facility or home, in any country or setting

Subgroups • Very preterm (< 32 weeks’ gestation) or very LBW (< 1.5 kg)
• Other, specific for the intervention
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Figure 1.1 Scope of WHO recommendations for care of the preterm or low-birth-weight infant

Preterm 
or low-birth-
weight infant

Short-term 
outcomes

Longer-term 
outcomes

C. Family 
involvement and 

support

 � Family involvement 
in routine care

 � Family support:

 – Education and 
counselling

 – Discharge 
preparation

 – Peer support

 � Home visits

 � Parental leave and 
entitlements

A. Preventive and 
promotive care

• Cord care

 � Kangaroo mother 
care

• Thermal care

 � Feeding

 �Micronutrients

 � Probiotics

 � Emollients

• Developmental care

• Massage

• Positioning

• Immunization

• Surveillance 
of growth, 
neurodevelopment, 
hearing, vision, 
disability

B. Care for 
complications

• Resuscitation

• Surfactant

 � Continuous 
positive airway 
pressure 

• Oxygen

 �Methylxanthines

• Hypoglycaemia

• Hyperbilirubinaemia

• Infections

• Necrotizing 
enterocolitis

• Anaemia

• Growth, 
neurodevelopment, 
hearing, vision, 
disability

 � Included in this guideline

• Included in other WHO 
guidelines

 � Included in this guideline

• Included in other WHO 
guidelines
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2. Methods
This document was developed using the standard 
operating procedures described in the WHO 
handbook for guideline development, second edition 
(25). The process included: (i) identifying priority 
questions and outcomes, (ii) retrieval of the evidence, 
(iii) assessment and synthesis of the evidence, 
(iv) formulation of recommendations and write-up of 
the guideline, and (v) planning for the dissemination, 
implementation, impact evaluation and updating of 
the recommendations.

2.1 Contributors to the guideline

The groups involved in the development of the 
guideline are described below. The members of these 
groups are listed in Annex 2.

2.1.1 WHO Steering Group
The guideline development process was supervised 
by the WHO Steering Group, comprising staff 
members from four WHO departments: Maternal, 
Newborn, Child and Adolescent Health and Ageing; 
Mental Health and Substance Abuse; Nutrition and 
Food Safety; and Sexual and Reproductive Health 
and Research. The Steering Group drafted the initial 
scope of the guideline; identified priority questions 
in the “PICO” format (encompassing population, 
intervention, comparators and outcomes); prepared 
the guideline planning proposal; identified and invited 
systematic review teams, the guideline methodologist 
and members of the Guideline Development Group 
(GDG); supervised evidence retrieval, assessment 
and synthesis; organized the GDG meetings; prepared 
draft recommendations for the consideration of the 
GDG; compiled the final guideline document; and 
managed the guideline publication and dissemination.

2.1.2 Guideline Development Group (GDG)
The WHO Steering Group identified 25 external 
experts and stakeholders from the six WHO regions 
to form the GDG. Criteria included geographic 
representation, gender balance and no conflicts 
of interest. The final GDG was a diverse group 
of individuals with expertise in research, clinical 
practice, policy and programmes, guideline 
development methods and service delivery 

approaches, including patient and consumer 
representatives.

The GDG participated in a virtual scoping meeting 
with the Steering Group in December 2020, and 
provided input on the PICO questions and related 
details that had been drafted to guide the evidence 
reviews. The GDG members examined and interpreted 
the evidence, formulated the wording of the final 
recommendations and provided related remarks and 
considerations at virtual GDG meetings between 
November 2021 and January 2022. The GDG also 
reviewed and approved the final guideline document.

2.1.3 External Review Group (ERG)
The ERG included four technical experts and 
stakeholders with expertise and experience in the 
provision of care for the preterm or LBW infant. 
The group was geographically representative and 
gender balanced. The ERG peer-reviewed the draft 
guideline document after the GDG had approved it. 
They assessed and provided feedback on: factual 
errors; clarity of language; guideline decision-making 
processes; values and preferences of persons affected 
by the recommendations (including families, health 
workers, managers and policy-makers); and the 
implications for implementation. It was not within the 
remit of this group to change recommendations that 
had been formulated by the GDG.

2.1.4 Evidence Synthesis Team (EST)
The EST comprised the guideline methodologist, 
systematic review teams and members of the WHO 
Steering Group. Within the EST, there were two work 
streams, each addressing multiple domains (see 
section 2.4). The work streams initially prepared an 
overview of systematic reviews (26) and a review 
of what matters to families about the care of their 
preterm or LBW infant (see Table 1.1) (14). They then 
appraised the quality of existing systematic reviews 
and commissioned new systematic reviews and 
structured searches. The EST members then reviewed 
each systematic review, prepared the Grading of 
Recommendations Assessment, Development and 
Evaluation (GRADE) Evidence-to-Decision (EtD) 
frameworks for each priority question and attended 
the GDG meetings.
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2.1.5 External partners and observers
Representatives of the United Nations Children’s 
Fund (UNICEF), Save the Children, the Bill & Melinda 
Gates Foundation, the International Pediatric 
Association (IPA) and the United States Agency for 
International Development (USAID) were invited to 
the GDG meetings as observers. These organizations 
are potential partners in the implementation of the 
guideline, as they have a history of collaboration with 
WHO in guideline dissemination and implementation. 
Observers were allowed to make comments during 
technical discussions at selected times during the 
GDG meetings. Observers did not participate in 
discussions on the final recommendations.

2.2 Declarations of interests by 
external contributors

In accordance with WHO procedures for declarations 
of interests (DOIs) (27), all GDG, EST and ERG 
members and other external collaborators were 
asked to declare in writing any competing interests 
(whether academic, financial or other), using the 
standard WHO DOI form, before engaging in the 
guideline development process. All experts were 
instructed to notify the responsible technical officer 
of any change in relevant interests, in order to update 
and review potential conflicts of interest accordingly. 
In addition, the GDG members were requested to 
submit an electronic copy of their curriculum vitae.

The names and short curriculum vitae of the GDG 
members were published on the WHO website for 
public review and comment two weeks prior to the 
first GDG meeting.

The WHO Steering Group reviewed all DOI forms 
and curriculum vitae to determine whether any 
conflicts of interest existed. All findings from the DOI 
forms were managed in accordance with the WHO 
DOI guidelines on a case-by-case basis. To ensure 
consistency, the Steering Group applied the criteria 
for assessing the severity of a conflict of interest in 
the WHO handbook for guideline development (25).

For this guideline, none of the declared interests 
were considered serious enough to pose any risk 
to the guideline development process or to reduce 
its credibility. Thus, all experts were only required 

to declare such interests at the first GDG meeting. 
At each subsequent GDG meeting, GDG and EST 
members and observers were required to share any 
new potential conflicts of interest with the group.

Some GDG members had performed primary 
research related to one or more of the guideline 
recommendations. In these cases, the experts 
were restricted from participating in discussions or 
formulating any recommendations related to that 
specific area of interest. There were no important 
conflicts of interest among the ERG members.

A summary of the GDG DOIs and how conflicts of 
interest were managed is provided in Annex 3.

2.3 Identifying priority questions and 
outcomes

At the scoping meeting, the GDG decided on the 
priority questions in the PICO format (population, 
intervention, comparators, outcomes), based on the 
following criteria:
	n values and preferences of families as outlined in 

the systematic review, “What matters to families 
about the care of their preterm or low-birth-weight 
(LBW) infant” (see Table 1.1) (14);
	n public health importance;
	n availability of new evidence; and
	n questions not addressed by existing WHO 

guidelines or those identified for update.

The final scope of the guideline is presented in Table 
1.2 and Figure 1.1. The PICO questions can be found in 
Web Annex A.

2.4 Evidence search, retrieval and 
review

The DECIDE approach (Developing and Evaluating 
Communication strategies to support Informed 
Decisions and practice based on Evidence) (28) was 
used to guide the evidence search, evidence synthesis 
and judgements by the EST, and the formulation 
of recommendations by the GDG. The DECIDE 
framework has nine core domains: benefits, harms, 
balance of effects, certainty, values, acceptability, 
resources, feasibility and equity (Table 2.2).
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Table 2.2 Evidence-to-Decision (EtD) framework workstreams and methods 

Work 
stream

Domain Questions to be answered Methods Range of ratings

1 Benefits How effective is the intervention? Quantitative systematic 
reviews of effectiveness 
studies

Large, moderate, small, 
trivial, none, varies, 
unknown

Harms Are there important adverse 
events reported by the study from 
the intervention?

Quantitative systematic 
reviews of effectiveness 
studies

Large, moderate, small, 
trivial, none, varies, 
unknown

Balance of 
effects

Does the balance between benefits 
and harms favour the intervention?

DECIDE approacha Favours intervention, 
probably favours 
intervention, probably 
favours no intervention, 
favours no intervention, 
varies, unknown

Certainty What is the certainty of the 
effectiveness evidence?

GRADEb or GRADE-
CERQualc assessment of 
the certainty of the body 
of evidence

Bias, imprecision, 
inconsistency, indirectness
High, moderate, low, very 
low certainty

2 Values and 
preferences

Is there important variability in 
the values or preferences a family 
might have about the outcomes 
that would impact judgements 
about the balance of effects?

Qualitative systematic 
reviews of experimental, 
quasi-experimental and 
observational studies

Yes, probably yes, 
probably no, no, varies, 
unknown

Acceptability Is the intervention acceptable? Qualitative systematic 
reviews of experimental, 
quasi-experimental and 
observational studies

Yes, probably yes, 
probably no, no, varies, 
unknown

Resources What resources are required and 
what are their costs?

Structured searches in 
resource, cost, feasibility 
and equity databasesd

Negligible costs, low-to-
moderate costs, large 
costs, varies, unknown

Feasibility What is the feasibility of the 
intervention?
Can it be easily or conveniently 
implemented?
Is the intervention acceptable 
and are the resources required 
achievable?

Structured searches in 
resource, cost, feasibility 
and equity databasesd

Yes, probably yes, 
probably no, no, varies, 
unknown

Equity Can the intervention be provided 
in low-resource settings?
Will the populations that need the 
intervention most receive it quickly 
and at low cost?

Structured searches in 
resource, cost, feasibility 
and equity databasesd

Yes, probably yes, 
probably no, no, varies, 
unknown

a DECIDE = Developing and Evaluating Communication strategies to support Informed Decisions and practice based on Evidence (28).
b GRADE = Grading of Recommendations Assessment, Development and Evaluation (29).
c GRADE-CERQual = Confidence in the Evidence from Reviews of Qualitative Research (30).
d Searches = Structured searches in UNICEF supply catalogue (31), International Medical Products Price Guide (32) and the WHO 

compendium of innovative health technologies for low-resource settings (33).
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For effects (benefits and harms), evidence was 
derived from systematic reviews of randomized 
controlled trials (RCTs) where possible. If reviews of 
RCTs were not available, then systematic reviews of 
non-randomized studies of interventions were used. 
An overview of systematic reviews was compiled to 
identify all eligible systematic reviews that had been 
conducted in the last three years (26). If systematic 
reviews were not available, they were commissioned 
from expert systematic review groups. All 
commissioned systematic reviews followed standard 
methods, including: a standard protocol published 
in advance; a clear PICO question; criteria for 
identification of studies, including search strategies 
for different bibliographic databases; methods for 
assessing risk of bias; and a data analysis plan. The 
protocols were reviewed and approved by members 
of the Steering Group. The language used to describe 
the evidence on effects was consistent with the 
Cochrane Effective Practice and Organisation of Care 
approach (EPOC) (34). The GDG carefully considered 
the benefits and harms, the balance of effects, and 
the certainty of the evidence of effectiveness for each 
PICO question.

For values and acceptability, a systematic review 
on what matters to families about the care of their 
preterm or LBW infant was commissioned (14). This 
systematic review also followed standard methods 
for qualitative reviews, including: a standard protocol 
published in advance; a clear research question; 
criteria for identification of studies, including search 
strategies for different bibliographic databases; 
methods for assessing quality; and a data analysis 
plan. The protocol was also reviewed and approved 
by members of the Steering Group.

For resources, feasibility and equity, structured 
searches were done using search terms from 
effectiveness reviews and guidance published in the 
last five years. Databases included: Excerpta Medica 
database (Embase), MEDLINE, UNICEF supply 
catalogue, International Medical Products Price 
Guide, and the WHO compendium of innovative health 
technologies for low-resource settings (31-33,35,36).

This evidence was then compiled into a GRADE 
EtD framework for each priority question (see 
section 2.8).

2.5 Grading of the quality and 
certainty of the evidence

The GRADE approach was used to appraise the 
quality and certainty of the quantitative evidence 
for each priority question. GRADE is a standard 
systematic approach for developing and presenting 
summaries of evidence for clinical practice 
recommendations (29). It uses standard tools, which 
are published online, including GRADE protocols 
and risk-of-bias tools for assessing randomized and 
non-randomized studies. A GRADE EtD framework 
is prepared for each quantitative outcome and the 
certainty of evidence is rated as “high”, “moderate”, 
“low” or “very low”. The standard criteria for 
baseline GRADE ratings are that RCTs provide 
high-certainty evidence while non-randomized trials 
and observational studies provide low-certainty 
evidence. This baseline certainty rating is then 
downgraded based on characteristics of the study 
design: risk of bias, inconsistency, imprecision, 
indirectness and publication bias. Magnitude 
of effect and dose response allow upgrading of 
certainty for observational studies. Further details of 
the standard GRADE approach can be found online 
(29). For this guideline, both the systematic review 
teams and the external guideline methodologist 
(members of the EST) independently performed 
grading of the quantitative evidence for each priority 
question and outcome. Consensus was reached 
through discussion among the methodologist and all 
members of the EST.

For the qualitative evidence, the reviews were 
appraised using the GRADE-CERQual (Confidence in 
the Evidence from Reviews of Qualitative Research) 
tool (30). This tool uses an approach that is similar 
conceptually to other GRADE tools and provides 
a transparent method for assessing and assigning 
the level of confidence that can be applied to 
qualitative evidence. The three domains are values, 
acceptability and feasibility, and each of them has 
four components: methodological limitations of the 
individual studies; adequacy of data; coherence; and 
relevance to the review question.

2.6 Review of evidence, decision-
making and recommendations

The WHO Steering Group provided the EtD 
frameworks to the GDG members as soon as the 
documents had been drafted, and in advance of 
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the virtual GDG meetings. The GDG was asked to 
review and provide comments on the documents 
electronically before the GDG meetings where 
possible. At the virtual meetings, under the 
leadership of the GDG chairs, GDG members 
collectively reviewed the EtD frameworks, the draft 
recommendations and any comments received 
through preliminary feedback.

The meetings included: presentation of the evidence 
and EtD frameworks by the EST; consideration of each 
EtD domain; presentation of draft recommendations 
by the WHO Steering Group; deliberations on each 
recommendation; and discussion about justification, 
caveats or difficulties, implementation considerations 
and research gaps.

The purpose of the GDG meetings was to reach 
consensus on each recommendation, including its 
direction, strength and conditions, based on explicit 
consideration of all the domains within the EtD 
frameworks.

Recommendations were developed using WHO 
Guidelines Review Committee (GRC) criteria (Box 2.1) 
(25):

The final adoption of each recommendation was 
made by consensus, defined as the agreement by 
three quarters or more of the GDG. Consensus was 
reached for all recommendations in this guideline and 
there were no strong disagreements.

The GDG also identified important research gaps 
and implications. Where the certainty of available 
evidence was rated as low or very low, the GDG 
considered whether further research should be 
prioritized, based on whether the research would: 
contribute to improvements in care of the preterm 
or LBW infant; fill a knowledge gap that would 
inform new recommendations or change an existing 
recommendation; be likely to promote equity; and 
be feasible to implement. The research implications 
are summarized in Chapter 6 and full details can be 
found in Web Annex B.

2.7 Document preparation and peer 
review

Following the final GDG meeting, the WHO 
responsible technical officer prepared a draft of 
the full guideline document to accurately reflect 
the deliberations and decisions of the GDG. Other 
members of the WHO Steering Group provided 
comments on the draft document before it was 
sent electronically to the GDG members for review 
and further comment. Subsequently, the revised 
document was also sent to the ERG members for 
peer review. The Steering Group carefully evaluated 
the input of the GDG members and the ERG peer 
reviewers for inclusion in the guideline document 
and made revisions to the draft document as needed. 
Further modifications to the guideline were limited 
to corrections of factual errors and improvements in 
language to address any lack of clarity and to conform 
to WHO style.

2.8 Presentation of the 
recommendations and evidence

The recommendations are presented in the summary 
table in the executive summary of this guideline 
(Table 1). In Chapter 3, the recommendations and 
associated GDG remarks are presented at the start 
of the sections about each intervention, followed 
by background information and definitions, and a 
summary of the evidence for each recommendation. 
The evidence summaries present the evidence 

Box 2.1  Approach for developing 
recommendations and good 
practice statements

The recommendation is:

A “strong recommendation” if the intervention is 
applicable to all preterm or low-birth-weight infants

• Strong recommendations should be phrased 
as “is recommended”, “is not recommended”, 
“should receive”, “should not receive”.

A “conditional recommendation” if the 
intervention is recommended under certain 
conditions, which could be shared decision-making, 
or in certain populations or settings

• Conditional recommendations should be 
phrased as “may be considered”.

A “good practice statement” if the intervention 
is obviously beneficial and should be done in most 
circumstances, even though there is no, little or 
only very-low-certainty evidence

The recommendations should be accompanied by a 
description of the certainty of the body of evidence: 
“high”, “moderate”, “low”, or “very low”.

Source: WHO, 2014 (25).
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on effectiveness (benefits and harms) of the 
interventions (sources and characteristics of the 
evidence, critical outcomes, other outcomes and 
subgroup analysis) followed by a summary of other 
evidence (values and acceptability, resources, 
feasibility and equity). Finally for each intervention, 
a summary of judgements is presented in a table, 
including justifications for the recommendation made 
(if any) and the EtD summary.

The GRADE data tables for each priority question 
are presented in the Web Supplement.1 The GRADE 
tables contain the grading of: bias, inconsistency, 

1  Available at: https://apps.who.int/iris/bitstream/handle/ 
10665/363699/9789240060050-eng.pdf

indirectness, imprecision, number of participants, 
relative and absolute effect, risk difference and 95% 
confidence intervals. Further detail on methods 
can be found in the WHO handbook for guideline 
development and other documents (25,29).

This guideline is also accompanied by three web 
annexes:2

	n Web Annex A: Priority questions and outcomes
	n Web Annex B: Detailed list of research 

implications
	n Web Annex C: Changes from approved scope of 

guideline.

2  Available at: https://apps.who.int/iris/bitstream/handle/ 
10665/363698/9789240060043-eng.pdf

https://apps.who.int/iris/bitstream/handle/10665/363699/9789240060050-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/363699/9789240060050-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/363698/9789240060043-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/363698/9789240060043-eng.pdf
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3. Evidence and recommendations
This guideline includes 25 recommendations and 
1 good practice statement (summarized in Table 1 in 
the executive summary and presented in detail in 
this chapter) for care of the preterm (born before 
37 weeks’ gestation) or low-birth-weight (LBW; 
< 2.5 kg) infant. Of the recommendations, 11 are new 
and 14 are updated, and the good practice statement 
is new. There are 11 strong recommendations for all 
preterm or LBW infants and 14 recommendations 
that are conditional on particular contexts or 
conditions.

Sixteen recommendations are for preventive and 
promotive care, six are for care for complications, and 
three are for family involvement and support. A good 
practice statement was made for parental leave and 
entitlements because the Guideline Development 
Group (GDG) determined that these have obvious 
benefits, although there was little evidence available.

The GDG provided remarks related to all the 
recommendations and the good practice statement, 
where needed. Users of the guideline should refer 
to these remarks, which are presented prominently 
along with the recommendations in this chapter.

The recommendations have been divided into the 
following categories, as presented in this chapter:

A. PREVENTIVE AND PROMOTIVE CARE  
(16 recommendations)

B. CARE FOR COMPLICATIONS  
(6 recommendations) 

C. FAMILY INVOLVEMENT AND SUPPORT  
(3 recommendations, and  
1 good practice statement)
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A. Preventive and promotive care

A.1 KANGAROO MOTHER CARE

Recommendation and remarks

RECOMMENDATION A.1a (UPDATED)

Any KMC: 
Kangaroo mother care (KMC) is recommended as routine care for all preterm or low-birth-weight infants. 
KMC can be initiated in the health-care facility or at home and should be given for 8–24 hours per day (as 
many hours as possible). (Strong recommendation, high-certainty evidence)

RECOMMENDATION A.1b (NEW)

Immediate KMC:
Kangaroo mother care (KMC) for preterm or low-birth-weight infants should be started as soon as 
possible after birth. (Strong recommendation, high-certainty evidence) (Strong recommendation, high-
certainty evidence)

Remarks

• Any KMC
 – KMC can be given at home or at the health-care facility.
 – Infants who receive KMC should be secured firmly to the mother’s chest with a binder that ensures a 

patent airway.
 – Whenever possible, the mother should provide KMC. If the mother is not available, fathers, partners 

and other family members can also provide KMC.
 – Infants who need intensive care should be managed in special units, where mothers, fathers, partners 

and other family members can be with their preterm or LBW infants 24 hours a day.

• Immediate KMC
 – At home, immediate KMC should be given to infants who have no danger signs (22).
 – At health-care facilities, immediate KMC can be initiated before the infant is clinically stable unless 

the infant is unable to breathe spontaneously after resuscitation, is in shock or needs mechanical 
ventilation. The infant’s clinical condition (including heart rate, breathing, colour, temperature and 
oxygen saturation, where possible) must be monitored.

Background and definitions
Kangaroo mother care (KMC) is defined by WHO 
as early, continuous and prolonged skin-to-skin 
contact between the mother (or other caregiver) 
and the baby, and exclusive breastfeeding (20). 
In 2015, WHO recommended that KMC be given 
to hospitalized babies under 2.0 kg as soon as the 

babies were clinically stable (20). However, there 
has been wide variation among care providers (i.e. 
parents/primary caregivers and health workers) in 
the timing and duration of KMC (37,38). New studies 
have also been published that assess the effects of 
KMC provided before clinical stabilization and also 
KMC initiated in community settings (39,40).
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Summary of the evidence

Overview A.1a Any KMC A.1b Immediate KMC

PICO Population – Preterm or LBW infants 
Intervention 1 – KMC

Comparator 1 – Conventional newborn care 

Outcomes – All-cause mortality, morbidity, 
growth, neurodevelopment at latest follow-up

Population – Preterm or LBW infants 
Intervention 2 – KMC initiated early (within 
24 hours of birth, also called immediate KMC)
Comparator 2 – Initiating KMC later (more than 
24 hours after birth) 
Outcomes – All-cause mortality, morbidity, 
growth, neurodevelopment at latest follow-up

Setting, timing, 
subgroups

Setting – Health-care facility or home in any country or setting 
Timing of intervention – From birth
Subgroups

• Gestational age at birth (< 34 weeks, ≥ 34 weeks)
• Birth weight (< 2.0 kg, ≥ 2.0 kg)
• Daily duration of KMC achieved (< 8 hours, 8–16 hours, > 16 hours)

Effectiveness: Comparison 1 – KMC versus 
conventional newborn care
Sources and characteristics of the evidence
For the first comparison of KMC versus conventional 
newborn care, the effectiveness evidence was derived 
from a systematic review of 27 RCTs conducted 
between 1994 and 2021 that enrolled 11 956 infants 
(41). Six studies were from high-income countries 
(Australia, the United Kingdom of Great Britain and 
Northern Ireland and the United States of America 
[USA]), four studies were from upper-middle-income 
countries (China, Colombia, Ecuador and Malaysia), 
15 were from lower-middle-income countries 
(Bangladesh, India, Indonesia, Kenya and Nepal) 
and two studies were from a low-income country 
(Ethiopia). Twenty-five studies were conducted 
in health-care facilities and two were community-
based. In all but one of the studies, the infants were 
stabilized before enrolment. KMC was started within 
24 hours after birth in two studies, between 1 and 7 
days after birth in 10 studies, and more than 7 days 
after birth in 12 studies, but 3 studies did not report 
the timing of initiation of KMC. The duration of KMC 
was less than 8 hours in nine studies, between 8 
and 16 hours in nine studies and more than 16 hours 
in four studies, while five studies did not report the 
duration of KMC.

Critical outcomes
Sixteen trials reported all-cause mortality, 
11 reported severe morbidity (9 reported 
severe infection, 11 hypothermia), 11 reported 
growth outcomes (weight gain) and 1 reported 
neurodevelopment (1 reported Griffith quotients, 
1 reported Bayley Scales of Infant and Toddler 
Development, third edition [BSID-III]). No serious 
adverse events were reported. (Full details 

are provided in GRADE Table A.1a, in the Web 
Supplement.3)
	n Mortality: For KMC compared with conventional 

newborn care, high-certainty evidence from 12 
trials of 10 505 participants suggests a decrease 
in all-cause mortality at discharge, at 40 weeks 
postmenstrual age (PMA; i.e. the baby’s age 
when counted from the first day of the mother’s 
last menstrual period before pregnancy – see 
Glossary) or at 28 days of age (relative risk [RR] 
0.68, 95% confidence interval [CI] 0.53 to 0.86). 
High-certainty evidence from four trials of 8031 
participants suggests a decrease in all-cause 
mortality at 6 months of age (RR 0.75, 95% 
CI 0.62 to 0.92).
	n Morbidity: Moderate-certainty evidence from nine 

trials of 9847 participants suggests a decrease in 
severe infection or sepsis at 40 weeks PMA or at 
28 days after birth (RR 0.85, 95% CI 0.79 to 0.92). 
Moderate-certainty evidence from 11 trials of 1169 
participants suggests a decrease in hypothermia 
at discharge, at 40 weeks PMA or at 28 days after 
birth (RR 0.32, 95% CI 0.19 to 0.53).
	n Growth: Low-certainty evidence from 11 trials of 

1198 participants suggests an increase in weight 
gain (in grams per day) at 28 days after birth (mean 
difference [MD] 4.08, 95% CI 2.30 to 5.86).
	n Neurodevelopment: Very-low-certainty 

evidence from one trial of 579 participants 
suggests little or no effect on Griffith quotients 
for psychomotor development (all subscales) at 
12 months corrected age (i.e. the chronological 
age [age since birth or “postnatal age”] minus 
the number of weeks or months born preterm – 

3 Available online: https://apps.who.int/iris/bitstream/handle/ 
10665/363699/9789240060050-eng.pdf

https://apps.who.int/iris/bitstream/handle/10665/363699/9789240060050-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/363699/9789240060050-eng.pdf
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see Glossary) (MD 1.05, 95% CI -0.75 to 2.85). 
Very-low-certainty evidence from one trial of 516 
participants suggests little or no effect on cognitive 
neurodevelopment at 12 months of age using the 
BSID-III (MD 0.21, 95% CI -1.84 to 2.27) and other 
neurodevelopment measures (language, motor).

Other outcomes
There was an increase in exclusive breastfeeding at 
discharge, at 40 weeks PMA or at 28 days of age (RR 
1.48, 95% CI 1.44 to 1.52; 9 trials, 9983 participants) 
and at 1–3 months follow-up (RR 1.39, 95% CI 0.99 to 
1.97; 7 trials, 8139 participants). There was an increase 
in any breastfeeding at discharge, at 40 weeks PMA 
or at 28 days of age (RR 1.15, 95% CI 1.07 to 1.23; 12 
studies, 10 146 participants) and at three months 
follow-up (RR 1.03; 95% CI 1.02 to 1.04; I2 = 70%; 7 
studies, 8463 participants). There was also a decrease 
in the length of hospital stay (MD -0.39 days, 95% CI 
-0.79 to 0.0; 12 studies, 1214 participants).

Subgroup analyses
Subgroup differences for morbidity, growth and 
neurodevelopmental outcomes could not be 
assessed as there were insufficient studies. For 
all-cause mortality, no subgroup differences were 
seen for setting (health-care facility, community), 
gestational age (mean gestational age < 34 weeks, 
≥ 34 weeks), birth weight (birth or enrolment weight 
< 2.0 kg, ≥ 2.0 kg) or daily duration of KMC achieved 
(< 8 hours/day, 8–16 hours/day and > 16 hours/
day), although the analysis for daily duration of less 
than 8 hours was limited by small sample size and 
imprecision.

Effectiveness: Comparison 2 – KMC initiated 
early versus later
Sources and characteristics of the evidence
For the second comparison of KMC initiated early 
(< 24 hours after birth) versus KMC initiated late 
(≥ 24 hours after birth), the effectiveness evidence 
was derived from a systematic review of four RCTs 
totalling 3603 infants (41). One study was from a 
high-income country (Sweden), two were from low-
income countries (Gambia and Madagascar) and 
one was a multicountry study conducted in Ghana, 
India, Malawi, Nigeria and the United Republic of 
Tanzania. All studies were conducted in health-care 
facilities. Two studies enrolled babies irrespective of 
clinical stability, while one study enrolled only stable 
infants and one study enrolled only unstable babies. 
KMC was started as soon after birth as possible in 
all studies. The mean age at initiation of KMC was 

1.3 hours, 13.6 hours and 19 hours after birth in three 
studies, while one study did not report the age of 
initiation of KMC. The duration of KMC was less 
than 8 hours in one study, more than 16 hours in two 
studies and not reported in one study.

Critical outcomes
For the comparison of KMC initiated early compared 
with KMC initiated late, three trials reported all-cause 
mortality, three reported morbidity (2 reported severe 
infection, 3 hypothermia), one reported growth 
(weight gain) and none reported neurodevelopment 
outcomes. (Full details are provided in GRADE Table 
A.1b, in the Web Supplement.)
	n Mortality: High-certainty evidence from three 

trials of 3533 participants suggests a decrease in 
all-cause mortality by 28 days of age (RR 0.78, 
95% CI 0.66 to 0.92).
	n Morbidity: Low-certainty evidence from two trials 

of 3415 participants suggests a decrease in the 
risk of sepsis by 28 days (RR 0.85, 95% CI 0.76 to 
0.96). High-certainty evidence from three trials of 
3513 participants suggests a decrease in the risk 
of hypothermia by discharge or 28 days (RR 0.74, 
95% CI 0.61 to 0.90).
	n Growth: Low-certainty evidence from one trial 

of 204 participants suggests little or no effect on 
weight gain by 28 days follow-up (measured in 
grams per day) (MD 2.20, 95% CI -5.26 to 0.86).

Other outcomes
There was an increase in exclusive breastfeeding 
(EBF) by hospital discharge (RR 1.12, 95% CI 1.07 
to 1.16; 3 trials, 3464 participants). There was little 
or no effect on EBF by 28 days of age (RR 1.01, 95% 
CI 0.98 to 1.04; 3 trials, 2841 participants). There 
was a decrease in length of hospital stay (in days) 
(MD -0.30, 95% CI -0.31 to -0.29; 3 studies, 3498 
participants).

Subgroup analyses
Differences for morbidity, growth and 
neurodevelopment could not be assessed as there 
were insufficient studies. For all-cause mortality, no 
subgroup differences were seen for setting (facility, 
community), gestational age (mean gestational 
age < 34 weeks, ≥ 34 weeks), birth or enrolment 
weight (< 2.0 kg, ≥ 2.0 kg) or daily duration of KMC 
(< 8 hours/day, 8–16 hours/day and > 16 hours/day).

Values and acceptability
The systematic review about what matters to families 
about the care of the preterm or LBW infant (see 
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Table 1.1) reported that families want to be involved 
in delivering care to infants and want to take an 
active role in deciding what interventions are given 
to infants, including skin-to-skin contact and feeding 
(14). A systematic review of caregivers’ perspectives 
on KMC reported that social support, access to 
care and cultural norms were important drivers of 
family perceptions, practices, attitudes and values 
about KMC (38). Important elements included: 
services free of charge for users; support from health 
workers; parents allowed unlimited visiting hours at 
the health-care facility; a private, quiet space in the 
hospital to provide KMC; and involvement of fathers 
and partners. Another synthesis of qualitative studies 
suggested that providing KMC can be restorative 
as well as energy-draining for mothers, fathers and 
partners (37).

Resources required and implementation 
considerations
Organization of care
KMC can be implemented at home and at all levels of 
newborn care (primary, secondary and tertiary) (42). 
Health services should ensure family involvement in 
the care of their preterm or LBW infant, irrespective 
of the infant’s clinical condition. This should include a 
policy of “zero separation” between families and their 
preterm or LBW infant. This needs close collaboration 
between families and newborn and maternity care 
providers. Health-care facilities should ensure that 
families have access to beds, food, bathing and toilet 
facilities throughout the infant’s hospital stay.

KMC is ideally initiated immediately after birth, or 
after initial resuscitation if that is needed. When it 
is not possible for the mother to provide KMC, other 
family members should provide it. To prepare for this 
situation, family members should be identified before 
delivery, counselled and allowed access to maternity 
and newborn care areas. If the infant needs to be 
transferred to a special or intensive care unit, the 
infant should be transported safely in KMC with the 
mother or another family member.

Choice of the best location for further management 
should be guided by the clinical condition of the 
infant. Stable larger infants could receive KMC in 
postnatal wards, while smaller ones could receive 
KMC in special care units (e.g. “step down” units, 
special care nurseries), and infants with complications 
could receive KMC in intensive care units. Many 
babies who need special or intensive care (e.g. level 

2 or 3 care) are often separated from their mothers, 
although KMC is essential for these babies. Units 
that care for preterm babies and mothers with zero 
separation are needed (e.g. maternal–neonatal 
intensive care units [M-NICU] [43] or “couplet care” 
units [44]).

Health-care facilities should provide support so 
that mothers and families can continue KMC at 
home after discharge. All preterm and LBW infants 
must be followed up after discharge, ideally through 
home visits.

Preterm or LBW infants born at home should 
receive immediate KMC if they do not have danger 
signs, and should be transferred to a health-care 
facility if needed.

Infrastructure, equipment and supplies
A binder may help to keep the infant in skin-to-
skin contact with the mother's or caregiver’s chest. 
The infant should also have a warm hat, socks and 
a diaper/nappy. The mother or caregiver should 
wear whatever is comfortable, provided the clothes 
accommodate the baby.

Other arrangements can also make the baby and 
mother more comfortable, e.g. reclining beds and 
chairs. Other equipment and supplies needed are 
the same as for other newborn and maternal care, 
including a thermometer suitable for measuring body 
temperature down to 35°C.

If M-NICUs or couplet care units are used, they 
should have all the infrastructure, equipment and 
supplies that NICUs have for small or sick babies and 
that maternity wards have for mothers. For babies, 
this includes continuous positive airway pressure 
(CPAP) machines, pulse oximeters and radiant 
warmers or incubators if the infant is not in KMC. For 
mothers, this includes adult beds and an examination 
area where she can receive the health care she needs.

Workforce, training, supervision and monitoring
Health workers at all levels can provide KMC support 
to mothers and families. Training includes helping 
mothers keep infants in skin-to-skin contact, helping 
them with breastfeeding, and providing other 
neonatal care. Health workers should record the 
duration of KMC provided per day in a clinical register 
(or in home-based records in the community) and 
should monitor this on a regular basis.
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Scale-up
KMC should be scaled up as an integrated 
intervention within programmes, not as a stand-alone 
programme. Scaling up means ensuring all preterm 
and LBW babies receive KMC across the whole 
country and across all countries. It needs multiple 
high-intensity (i.e. high-frequency and quality) 
interventions in the different domains described 
above (i.e. organization of care, health workforce, 
and infrastructure, equipment and supplies), but it 
also needs leadership and governance, financing, and 
health information systems.
	n Leadership and governance can include: high-

level leadership from national and subnational 
policy-makers, programme managers and facility 
directors; policies to enable zero separation; 
licensing standards for health-care facilities; 
pre-service education of health workers; and 
engagement with professional organizations.
	n Health financing can include: dedicated line items 

in national budgets for KMC and expanded health 
insurance that includes KMC.

	n Health information systems can include: 
monitoring of coverage and quality of KMC in 
routine health systems in health-care facilities and 
at the district and national levels.
	n More detailed guidance on scaling up based on the 

results of implementation research (43,45-50) is 
being developed and will be published separately.

Feasibility and equity
Facility-based studies have shown that KMC can be 
provided to small babies, for more than 8 hours per 
day, and that it can be initiated immediately after 
birth irrespective of clinical stability (39,43,45,46). 
These studies were conducted in poor, remote and 
urban communities in “real world pragmatic” settings 
(40,51). However, community-initiated KMC and 
KMC for unstable babies have not been implemented 
outside research settings and global coverage 
remains low (52,53).

Summary of judgements

Comparison 1: KMC vs conventional 
newborn care (A.1a)

Comparison 2: Immediate KMC vs later 
KMC (A.1b)

Justification • Evidence of large benefits: decreased mortality 
(high-certainty evidence), decreased infection 
(moderate-certainty evidence), decreased 
hypothermia (moderate-certainty evidence), 
increased weight gain (low-certainty evidence) 
and increased breastfeeding (very-low-certainty 
evidence)

• No evidence of harms

• Evidence of large benefits: decreased 
mortality (high-certainty evidence), decreased 
hypothermia (high-certainty evidence), 
decreased infections and increased weight gain 
(low-certainty evidence)

• No evidence of harms

Evidence-to-Decision summary

Benefits Large Large

Harms Trivial or none Trivial or none

Certainty Moderate Moderate

Balance Favours KMC Favours immediate KMC

Values No uncertainty or variability about outcomes No uncertainty or variability about outcomes

Acceptability Varies Varies

Resources Low to moderate Low to moderate

Feasibility Probably feasible Probably feasible

Equity Probably equitable Probably equitable
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A.2 MOTHER’S OWN MILK

Recommendation and remarks

RECOMMENDATION A.2 (UPDATED)

Mother’s own milk is recommended for feeding of preterm or low-birth-weight (LBW) infants, including 
very preterm (< 32 weeks’ gestation) or very LBW (< 1.5 kg) infants. (Strong recommendation, low-certainty 
evidence)

Remarks

• The GDG made a strong recommendation despite low-certainty evidence because of the consistent 
harm from infant formula on two critical outcomes (necrotizing enterocolitis and infection) and lack of 
evidence of benefit from infant formula. 

• The GDG also considered that providing mother’s own milk is the standard of care across all countries 
and the core of many national policies and programmes.

• Mothers should also be encouraged and supported before and after birth to provide their own breast-
milk (including colostrum) for their infants.

Background and definitions
Mother’s own milk confers important immune and 
nutritional advantages for preterm and LBW infants 
(54-56). Artificial formulas can be manipulated to 
contain higher amounts of important nutrients (such 
as protein) than mother’s own milk (55,57). However, 

formula milks do not contain the antibodies and 
immune modulators and primers present in human 
milk that protect the immature gastro intestinal tract' 
of preterm and LBW infants (19,58,59). In 2011, WHO 
recommended that mother’s own milk should be 
given to all preterm and LBW infants (19).

Summary of the evidence

OVERVIEW A.2 Mother’s own milk

PICO Population – Preterm or LBW infants
Intervention – Infant formula (term or preterm)
Comparator – Mother’s own milk
Outcomes – All-cause mortality, morbidity, growth, neurodevelopment at latest follow-up

Setting, timing, 
subgroups

Timing of the intervention – From birth to 6 months of age
Setting – Health-care facility or home in any country or setting
Subgroups

• Gestational age at birth (< 32 weeks, ≥ 32 weeks)
• Birth weight (< 1.5 kg, ≥ 1.5 kg)
• Type of milk in the control group (mother’s own milk as the sole diet, mother’s own milk not the 

sole diet)

Effectiveness: Comparison – Any formula milk 
versus mother’s own milk
Sources and characteristics of the evidence
The effectiveness evidence was derived from an 
updated systematic review of 42 studies reporting 
on 89 638 preterm or LBW infants from 20 countries 
(Australia, Belgium, Chile, China, Germany, Ghana, 
Greece, India, Israel, Italy, Japan, Nepal, the 
Netherlands, New Zealand, Poland, Romania, Spain, 
Sweden, the United Kingdom and the USA) (60).

Studies were included if they compared infants 
who received formula as the sole or predominant 

(> 50%) diet (intervention group) with infants 
who received mother’s own milk as the sole or 
predominant (> 50%) diet (comparison group) in the 
first 28 days after birth. Of the 89 638 participants, 
approximately 87% of infants were very preterm 
(< 32 weeks’ gestation) or VLBW (< 1.5 kg). Studies 
typically excluded infants with congenital anomalies 
or gastrointestinal or neurological problems.

All the included studies were observational; there 
were no RCTs. Thirty-six studies were from hospitals 
and six were from the “whole population” (all infants 
born in the study area regardless of whether they 
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were admitted to hospital). The largest study (72 997 
participants) was an observational study of all infants 
under 32 weeks’ gestation admitted to 777 neonatal 
intensive care units (NICUs) in the USA. The studies 
used a combination of milks in the intervention and 
comparison groups.

In the intervention group, all 42 studies used formula 
milk as the sole or predominant (> 50%) diet. 
Among these studies, 24 studies gave formula milk 
as the sole diet, 13 mixed formula with mother’s own 
milk, 5 mixed formula with donor milk and mother’s 
own milk, and 6 did not state whether they mixed 
formula milk with other milks. Twenty-one studies 
used preterm formula, 5 used term formula, 2 used a 
combination of preterm and term formula, and 14 did 
not state which type of formula was used.

In the comparison group, all 42 studies used mother’s 
own milk as the sole or predominant (> 50%) diet. 
Among these studies, 9 studies gave mother’s own 
milk as the sole diet, 17 mixed mother’s own milk with 
donor human milk, and the remainder did not state 
if they mixed mother’s own milk with other milks. 
Twenty studies used fortifier, 6 did not use fortifier 
and 16 did not state whether fortifier was provided.

Babies all received their feeds from birth until 
discharge or 28 days of age. Twenty-five used 
parenteral nutrition, 10 did not use parenteral 
nutrition and the remainder did not state if parenteral 
nutrition was used.

Critical outcomes
For the comparison of any formula milk with mother’s 
own milk, 5 studies reported all-cause mortality, 15 
studies reported morbidity (15 reported necrotizing 
enterocolitis, 15 severe infection), 7 studies reported 
growth (3 reported weight-for-age z score [WAZ], 
3 WAZ change, 9 length, 3 length-for-age z score 
[LAZ], 9 head circumference) and 8 studies reported 
neurodevelopment (8 reported cognitive outcomes, 
3 language outcomes). (Full details are provided in 
GRADE Table A.2, in the Web Supplement.)
	n Mortality: Low-certainty evidence from five 

observational studies of 9673 participants 
suggests little or no effect on all-cause mortality 
at latest follow-up (mean 116 days) (OR 1.26, 95% 
CI 0.91 to 1.76).
	n Morbidity: Low-certainty evidence from 15 

observational studies totalling 3013 participants 
suggests an increase in necrotizing enterocolitis 

at latest follow-up (mean 44 days) (OR 2.99, 95% 
CI 1.75 to 5.11). Very-low-certainty evidence from 
15 observational studies totalling 2562 participants 
suggests an increase in severe infection at latest 
follow-up (mean 31 days) (OR 1.52, 95% CI 0.98 
to 2.37).
	n Growth: Very-low-certainty evidence from three 

observational studies totalling 271 participants 
suggests little or no effect on weight (weight-
for-age z score [WAZ]) between 39 and 416 
weeks (MD 0.02, 95% CI -0.28 to 0.31). Very-
low-certainty evidence from four observational 
studies totalling 74 130 participants suggests 
little or no effect on weight (WAZ change) from 
birth to discharge (mean 52 days) (MD 0.14, 95% 
CI -0.76 to 1.05). Very-low-certainty evidence 
from nine observational studies totalling 1048 
participants suggests little or no effect on length 
(in centimetres) at latest follow-up (mean 58 
days) (MD 0.33, 95% CI -0.4 to 1.05). Very-
low-certainty evidence from three observational 
studies totalling 271 participants suggests little or 
no effect on length (LAZ) at 39 to 416 weeks (MD 
0.06, 95% CI -0.81 to 0.92). Very-low-certainty 
evidence from nine observational studies totalling 
1550 participants suggests little or no effect on 
head circumference (in centimetres) at latest 
follow-up (mean 45 days) (MD 0.26, 95% CI 
-0.35 to 0.87).
	n Neurodevelopment: Very-low-certainty evidence 

from eight observational studies totalling 1560 
participants suggests little or no effect on cognitive 
development at follow-up (range: 91 to 416 weeks) 
(standardized mean difference [SMD] 1.3 standard 
deviation [SD] lower, 95% CI -3.53 to 0.93). Very-
low-certainty evidence from three observational 
studies totalling 587 participants suggests little or 
no effect on language development at follow-up 
(range: 39–104 weeks) (SMD 0.02 SD lower, 95% 
CI -0.39 to 0.43).

Subgroup analyses
There was no evidence of a subgroup difference by 
gestational age, birth weight, or type of milk in the 
control group for any critical outcome.

Values and acceptability
The systematic review about what matters to families 
about the care of the preterm or LBW infant (see 
Table 1.1) reported that families want to be involved 
in delivering care to infants, including supporting 
nutrition, and want to take an active role in deciding 
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what interventions are given to infants, including 
what and how they are fed (14). Two qualitative 
reviews reported that parents understood the 
importance of expressing breast-milk for the care of 
their baby but also found it challenging to express 
breast-milk unless supported by hospital staff 
and adequately informed about resources (61,62). 
Reviews also report that families value having formula 
available if their circumstances demand it – for 
example, work commitments, maternity leave, night-
time feeding, father/partner support (14).

Resources required and implementation 
considerations
Organization of care
Mother’s own milk should be provided through 
direct breastfeeding wherever possible. If direct 
breastfeeding is not possible, then breast-milk can be 
expressed and provided using cups and gastric tubes.

Infrastructure, equipment and supplies
Breastfeeding requires no specific infrastructure, 
equipment or supplies. If expressed breast-milk is 
needed, milk can be expressed by hand or using 

a manual breast pump. Supplies are also needed 
for cup and gastric tube feeding. National or local 
guidance for health-care facilities should be used.

Workforce, training, supervision and monitoring
Health workers at all levels can provide breastfeeding 
support to mothers and families. Standardized 
packages are needed for training, supervision and 
monitoring.

Feasibility and equity
Difficulties related to breastfeeding and expressing 
breast-milk in hospitals can include lack of privacy, 
inadequate training from busy health workers, and 
feelings of stress and inadequacy from mothers 
and families (63). There are also studies that report 
difficulties in providing mother’s own milk when 
the mother and baby return home from hospital, 
including difficulties balancing work commitments, 
maternity leave, night-time feeding and father 
and partner support (14). There are many studies 
that report problems in sourcing clean water to 
reconstitute infant formula and wash receptacles in 
resource-limited settings (64,65).

Summary of judgements

Comparison: Any formula milk vs mother’s own milk (A.2)

Justification • No evidence of benefits of infant formula
• Evidence of moderate harms from using infant formula instead of mother’s own milk: increased 

necrotizing enterocolitis (low-certainty evidence) and increased infections (very-low-certainty 
evidence)

• Evidence of little or no effect of using infant formula on mortality (low-certainty evidence), weight 
gain (very-low-certainty evidence) and neurodevelopment (very-low-certainty evidence)

• No evidence on other critical outcomes

Evidence-to-Decision summary

Benefits Benefits of infant formula are trivial or none

Harms Harms of infant formula are moderate

Certainty Low

Balance Does not favour infant formula, favours mother’s own milk

Values Probably no important uncertainty or variability about outcomes

Acceptability Acceptability of infant formula varies, acceptability of mother’s own milk does not vary

Resources Low to moderate (costs of infant formula), negligible (costs of mother’s own milk)

Feasibility Feasibility of infant formula varies, feasibility of mother’s own milk does not vary, where it is 
available

Equity Equity of infant formula varies, equity of mother’s own milk does not vary
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A.3 DONOR HUMAN MILK

Recommendation and remarks

RECOMMENDATION A.3 (UPDATED)

When mother’s own milk is not available, donor human milk may be considered for feeding of preterm or 
low-birth-weight (LBW) infants, including very preterm (< 32 weeks’ gestation) or very LBW (< 1.5 kg) 
infants. (Conditional recommendation, moderate-certainty evidence)

Remarks

• The recommendation is conditional on shared decision-making with parents; this includes informing 
parents about the benefits and risks and the need for further research.

• The potential harm of necrotizing enterocolitis from infant formula was considered by the GDG to be 
more clinically important than the benefit of increased growth from infant formula.

• Donor human milk was pasteurized in all but one trial, so the GDG was not able to make a 
recommendation on the use of unpasteurized milk.

• Safe and affordable milk-banking facilities are needed for the provision of donor human milk.
• Mothers should also be encouraged and supported before and after birth to provide their own breast-

milk (including colostrum) for their infants.

Background and definitions
When mother’s own milk is not available, preterm or 
LBW infants must be given other milks. Donor human 
milk is provided through human milk banks (i.e. 
places where human milk is collected, treated and/
or distributed) (56,66). Donor milk has differences 
in immune composition to mother’s own milk. 

Human milk banks also usually pasteurize milk to 
remove infective organisms, which further alters milk 
components (56,66). WHO LBW feeding guidelines 
in 2011 recommended feeding donor human milk 
rather than infant formula to preterm or LBW babies 
who cannot be fed mother’s own milk (19). However, 
new studies have been published since that time.

Summary of the evidence

OVERVIEW A.3 Donor human milk

PICO Population – Preterm or LBW infants 
Intervention – Infant formula 
Comparator – Donor human milk 
Outcomes – All-cause mortality, morbidity, growth, neurodevelopment at latest follow-up

Timing, setting, 
subgroups

Timing of the intervention – Birth to 6 months of age 
Setting – Health-care facility or home in any country or setting 
Subgroups

• Gestational age at birth (< 32 weeks, ≥ 32 weeks)
• Birth weight (< 1.5 kg, ≥ 1.5 kg)
• Amount of donor milk in the control arm (donor milk provided as the sole diet, mixed with 

infant formula)

Effectiveness: Comparison – Infant formula 
versus donor human milk
Sources and characteristics of the evidence
The effectiveness evidence was derived from a 
systematic review published in 2019 of 12 RCTs 
enrolling 1879 preterm or LBW infants from 
neonatal units in eight countries (Austria, Canada, 
Finland, Hungary, Italy, the Netherlands, the United 

Kingdom and the USA) (67). An updated search 
conducted on 1 October 2021 located no new trials. 
Participants were clinically stable preterm or LBW 
infants. Most were below 32 weeks’ gestational 
age or below 1.8 kg at birth. Many trials excluded 
infants who were small for gestational age at 
birth and infants with congenital anomalies or 
gastrointestinal or neurological problems. The 
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trials varied according to whether formula or donor 
milk was provided as the sole diet (5 trials) or as 
a supplement to mother’s own milk (7 trials). A 
mix of term and preterm formula was used. The 
donor milk was a mix of preterm and term donor 
milk and a mix of fortified and unfortified milk. In 
all trials except one, the donor human milk was 
pasteurized. In general, feeds were allocated for 
several weeks, or until participating infants reached 
a specified body weight (generally > 2 kg). One trial 
used the allocated feed for less than 10 days after 
birth. Infants then received preterm formula if their 
mother’s own milk was insufficient.

Critical outcomes
For infant formula compared with donor human 
milk, seven trials reported all-cause mortality, 
nine reported morbidity (9 reported necrotizing 
enterocolitis, 5 invasive infection), nine reported 
growth (9 reported weight gain, 8 length, 8 head 
growth) and two reported neurodevelopment 
(neurodevelopmental disability). (Full details 
are provided in GRADE Table A.3, in the Web 
Supplement.)
	n Mortality: Moderate-certainty evidence from 

seven trials totalling 1527 participants suggests 
little or no effect on all-cause mortality by hospital 
discharge (RR 1.1, 95% CI 0.8 to 1.5).
	n Morbidity: Moderate-certainty evidence from 

nine trials totalling 1675 participants suggests 
an increase in risk of necrotizing enterocolitis 
by hospital discharge (RR 1.87, 95% CI 1.23 to 
2.85). Moderate-certainty evidence from five 
trials totalling 1025 participants suggests little or 
no effect on risk of invasive infection by hospital 
discharge (RR 0.94, 95% CI 0.79 to 1.12).
	n Growth: Moderate-certainty evidence from nine 

trials totalling 1028 participants suggests an 
increase in weight gain (in grams per kilogram 
per day) by hospital discharge (MD 2.51, 95% 
CI 1.93 to 3.08). Moderate-certainty evidence 
from eight trials totalling 820 participants 
suggests an increase in linear growth (crown–
heel length, measured in millimetres per week) 
by hospital discharge (MD 1.21, 95% CI 0.77 
to 1.65). Moderate-certainty evidence from 
eight trials totalling 894 participants suggests 
an increase in head growth (in millimetres per 
week) by hospital discharge (MD 0.85, 95% CI 
0.47 to 1.23).

	n Neurodevelopment: Moderate-certainty evidence 
from two trials totalling 400 participants suggests 
little or no effect on neurodevelopmental disability 
by 18 months of age (RR 1.21, 95% CI 0.62 to 2.35).

Two studies in the review also reported on long-
term growth outcomes. Neither individual study nor 
meta-analyses of data from both studies showed 
differences in weight, length or head circumference 
at follow-up at 9 months, 18 months or 7.5–8 years 
of age. For the latest follow-up at 7.5–8 years of 
age, there was no difference in growth parameters 
between infants fed formula milk or donor human 
milk (weight [kg], MD -0.56, 95% CI -1.42 to 0.29; 
length [cm], 0.05, 95% CI -1.12 to 1.23; and head 
circumference [cm], MD -0.19, 95% CI -0.54 to 0.16; 
2 studies, 420 participants).

Other outcomes
There was higher risk of feeding intolerance in the 
formula-fed group compared with the donor milk 
group (moderate-certainty evidence) (RR 4.92, 95% 
CI 1.17 to 20.70; 2 trials, 148 participants).

Subgroup analyses
For the analyses by gestational age and birth weight 
and amount of donor milk in the control arm, 
differences for all critical outcomes could not be 
assessed as there were insufficient studies.

Values and acceptability
The systematic review about what matters to families 
about the care of the preterm or LBW infant (see 
Table 1.1) reported that families want to be involved 
in delivering care to infants, including supporting 
nutrition, and want to take an active role in deciding 
what interventions are given to infants, including 
what and how they are fed (14). A number of studies 
report the facilitators and barriers to donating and 
receiving donor human milk (68-71). These include 
preferences for receiving human rather than artificial 
milk, concerns about the effect of pasteurization 
and transportation, and concerns that the mother’s 
own breast-milk supply will reduce (68-71). A large 
cross-sectional survey among health workers in 
urban Zimbabwe reported that the concept of donor 
human milk banking was acceptable, and that the 
participants would accept donor human milk for their 
children, and many would encourage their clients to 
donate human milk (68).
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Resources required and implementation 
considerations
Organization of care
The provision of donor human milk requires access 
to a human milk bank where milk can be tested, 
pasteurized and transported safely.

Infrastructure, equipment and supplies
Infrastructure, equipment and supplies are needed 
for donor assessment (screening, informed consent, 
serological testing), milk expression, handling, 
storage, transport, pre-pasteurization testing, 
pasteurization, and post-pasteurization testing. 
Supplies are also needed for safe cup and gastric tube 
feeding.

Workforce, training, supervision and monitoring
Specialized staff are needed for the operation of 
donor human milk banks. Standardized packages are 
needed for training, supervision and monitoring. More 
detailed guidance on the operation of donor human 

milk banks is being developed and will be published 
separately. Health workers at all levels can provide 
feeding support.

Feasibility and equity
A census of milk banks from a systematic literature 
review reported 572 milk banks globally in 60 
countries, with the majority in high-income countries 
(68). It is well known that safe and affordable milk-
banking facilities are needed for the provision of 
donor human milk. However, the base resources for 
donor milk feeding (i.e. donor recruitment, donor 
assessment [screening, informed consent, serological 
testing], milk expression, handling, storage, transport, 
pre-pasteurization testing, pasteurization, post-
pasteurization testing) are much less available in low- 
and middle-income countries (LMICs), especially in 
smaller towns and villages (66,72). The use of donor 
milk varies widely within and between countries and 
is influenced by cultural practices, access, costs, 
awareness, supportive policies and resources (66,72).

Summary of judgements

Comparison: Infant formula vs donor human milk (A.3)

Justification In trials where most participants are very preterm (< 32 weeks’ gestation) or VLBW (< 1.5 kg):
• Evidence of small benefits from using infant formula instead of donor human milk: increased  

in-hospital weight gain, length and head circumference (moderate-certainty evidence)
• Evidence of moderate harms from using infant formula instead of donor human milk: increased 

necrotizing enterocolitis and feed intolerance (moderate-certainty evidence)
• Evidence of little or no effect of using infant formula on mortality and neurodevelopment 

(moderate-certainty evidence)
• No evidence on other critical outcomes

Evidence-to-Decision summary

Benefits Benefits of infant formula are small

Harms Harms of infant formula are moderate

Certainty Moderate

Balance Probably does not favour infant formula, probably favours donor human milk

Values Probably no important uncertainty or variability about outcomes

Acceptability Acceptability of infant formula and donor human milk varies

Resources Resources for infant formula and donor human milk vary

Feasibility Feasibility of infant formula and donor human milk varies

Equity Equity of infant formula and donor human milk varies
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A.4 MULTICOMPONENT FORTIFICATION OF HUMAN MILK

Recommendation and remarks

RECOMMENDATION A.4 (UPDATED)

Multicomponent fortification of human milk is not routinely recommended for all preterm or low-birth-
weight (LBW) infants but may be considered for very preterm (< 32 weeks’ gestation) or very LBW  
(< 1.5 kg) infants who are fed mother’s own milk or donor human milk. (Conditional recommendation, low- to 
moderate-certainty evidence)

Remarks

• The potential harm of mortality and necrotizing enterocolitis from fortification was considered by 
the GDG to be very uncertain due to the low quality of the included trials. The GDG also considered 
that the benefits of multicomponent fortifier were clinically important for the weight, length and head 
circumference of very preterm (< 32 weeks) or very-low-birth-weight (VLBW) (< 1.5 kg) infants. 
Thus, the GDG decided not to routinely recommend multicomponent fortifier for all preterm or LBW 
infants and suggested that fortification may be considered for very preterm or VLBW infants. This 
recommendation is conditional on shared decision-making with parents; this includes informing parents 
about the benefits and risks and the need for further research.

• The GDG noted that there were limited data on the type of fortifier used in the studies. Based on most 
trials included in the evidence review, the GDG suggests that commercially available multicomponent 
fortifiers specifically formulated for preterm infants may be considered.

• The GDG also noted that there were limited data on the timing of initiation and duration of fortification in 
the studies. The GDG suggests that the initiation and duration of multicomponent fortification should be 
based on clinical judgement.

• Mothers should also be encouraged and supported before and after birth to provide their own breast-
milk (including colostrum) for their infants.

Background and definitions
Commercially available multicomponent fortifiers 
for infant human milk feeding can be human or 
animal (often cows’ milk) protein based, and contain 
carbohydrate, fat, protein, multivitamins, iron, 
zinc, calcium and phosphorous in varying amounts 
(56,73). They are provided as liquid or powder 
and mixed with mother’s own or donor human 
milk (74,75). Some health workers advise families 
to add multicomponent fortifier to human milk 
feeds for preterm and LBW infants with the intent 

to increase nutrient accretion (76,77). However, 
there are concerns that multicomponent fortifiers 
are associated with adverse events such as feed 
intolerance and necrotizing enterocolitis (56). WHO 
guidelines in 2011 recommended against the use of 
multicomponent fortifiers for all preterm and LBW 
babies but to use them for very-low-birth-weight 
(VLBW) babies (< 1.5 kg) or very preterm babies 
(< 32 weeks’ gestation) who fail to gain weight (19). 
There have been new trials since that time.
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Summary of the evidence

OVERVIEW A.4 Multicomponent fortification of human milk

PICO Population – Preterm or LBW infants 
Intervention – Human milk with multicomponent fortifier (human derived or non-human derived) 
Comparator – Human milk without multicomponent fortifier 
Outcomes – All-cause mortality, morbidity, growth, neurodevelopment at latest follow-up

Timing, setting, 
subgroups

Timing of the intervention – Birth to 6 months of age 
Setting – Health-care facility or home in any country or setting 
Subgroups

• Gestational age at birth (< 32 weeks, ≥ 32 weeks)
• Birth weight (< 1.5 kg, ≥ 1.5 kg)
• Type of fortifier (human milk protein based, non-human milk protein based)

Effectiveness: Comparison – Multicomponent 
fortification versus unfortified breast-milk
Sources and characteristics of the evidence
The effectiveness evidence was derived from a 2019 
Cochrane review of 18 small trials totalling 1456 
preterm infants (78). An updated search conducted 
on 1 October 2021 located no new trials. All trials 
were conducted in specialist paediatric hospitals, 
typically in NICUs. The trials were conducted in 11 
countries (Brazil, Canada, Denmark, Egypt, India, 
Italy, Oman, South Africa, Sweden, the United 
Kingdom and the USA). Babies were mostly very 
preterm (< 32 weeks’ gestation) or VLBW (< 1.5 kg).

Trials used a range of different “base” milks to feed 
the infants which were identical in the intervention 
and the control arms. Six trials used only mother’s 
own milk, one trial used only donor human milk, 
seven trials used a mixture of mother’s own milk 
and donor milk, and four trials used a mixture of 
mother’s own milk, donor milk and preterm formula. 
Participants received the intervention once they 
were tolerating a specified quantity of milk feeding, 
typically at least 100 ml/kg per day, or when receiving 
“full” enteral feeds, typically 150 ml/kg per day.

In the intervention arm in all trials, multicomponent 
fortifier was mixed into the base milk and 
was provided according to the manufacturer’s 

specifications. Fourteen trials used a commercially 
available, bovine-milk-based, powdered preparation 
and four trials used preterm formula powder as the 
multicomponent fortifier. No trials used human-
milk-derived fortifier. The fortifier was provided 
until a prespecified body weight was attained (most 
commonly, 1.8–2.0 kg), until a prespecified PMA 
(most commonly 34–36 weeks) or until discharge 
home from hospital.

In the control arm, eight trials gave infants multiple 
supplements (i.e. multivitamins, iron, zinc, calcium 
and phosphorus) in similar quantities to the nutrients 
in multicomponent fortifier, five trials gave infants 
only vitamin D, and five trials gave no supplements at 
all. No trials gave infants additional carbohydrate or 
protein in the control arm.

Critical outcomes
For multicomponent fortification compared with 
unfortified breast-milk, two trials reported all-
cause mortality, 13 reported morbidity (13 reported 
necrotizing enterocolitis), 14 reported growth 
(14 reported weight gain, 10 length gain, 11 head 
growth) and 1 reported neurodevelopment (Mental 
Development Index [MDI, BSID-II] and Psychomotor 
Development Index [PDI, BSID-II]). (Full details 
are provided in GRADE Table A.4, in the Web 
Supplement.)
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	n Mortality: Very-low-certainty evidence from 
two trials totalling 375 participants suggests 
an increase in all-cause mortality by discharge 
(RR 2.33, 95% CI 0.16 to 34.76).
	n Morbidity: Low-certainty evidence from 13 trials 

totalling 1110 participants suggests an increase 
in necrotizing enterocolitis by hospital discharge 
(RR 1.37, 95% CI 0.72 to 2.63).
	n Growth: Low-certainty evidence from 14 trials 

totalling 951 participants suggests an increase in 
weight gain (in grams per kilogram per day) by 
hospital discharge (MD 1.76, 95% CI 1.30 to 2.22). 
Low-certainty evidence from 10 trials totalling 741 
participants suggests an increase in length gain 
(in centimetres per week) by hospital discharge 
(MD 0.11, 95% CI 0.08 to 0.15). Moderate-
certainty evidence from 11 trials totalling 821 
participants suggests an increase in head growth 
(in centimetres per week) by hospital discharge 
(MD 0.06, 95% CI 0.03 to 0.08).
	n Neurodevelopment: Moderate-certainty evidence 

from one trial with 245 participants suggests little 
or no effect on MDI (BSID-II) by 18 months of 
age (MD 2.20, 95% CI -3.35 to 7.75). Moderate-
certainty evidence from one trial totalling 245 
participants suggests little or no effect on PDI 
(BSID-II) by 18 months of age (MD 2.40, 95% CI 
-1.90 to 6.70).

Other outcomes
There was little or no effect on length of hospital stay 
in weeks (MD -0.07, 95% CI -0.35 to 0.21; 6 trials, 
526 infants), or feed intolerance (RR 1.05, 95% CI 
0.65 to 1.67; 7 trials, 453 infants).

Subgroup analyses
The effect of gestational age and birth weight and 
type of fortifier could not be assessed as there were 
insufficient studies.

Values and acceptability
The systematic review about what matters to families 
about the care of the preterm or LBW infant (see 
Table 1.1) reported that families want to be involved 
in delivering care to infants, including supporting 
nutrition, and want to take an active role in deciding 
what interventions are given to infants, including 
what and how they are fed (14). No other specific 
evidence was located about whether families value 
fortified feeds rather than unfortified feeds for their 
preterm or LBW baby, or find fortified feeds more or 
less acceptable than unfortified feeds.

Resources required and implementation 
considerations
Organization of care
Health-care facilities can provide multicomponent 
fortifier for preterm or LBW infants.

Infrastructure, equipment and supplies
The main commodity required is the fortifier, 
which should be a standard, nationally approved, 
multicomponent fortifier specially formulated for 
preterm or LBW infants. Commonly used fortifiers 
have similar amounts of carbohydrate, protein and 
micronutrients. Facilities for expressing breast-milk 
are also needed, as are facilities for the safe mixing of 
fortifier into expressed breast-milk. Supplies are also 
needed for cup or gastric tube feeding.

Workforce, training, supervision and monitoring
Health workers at all levels can provide support to 
mothers and families. Standardized packages are 
needed for training, supervision and monitoring.

Feasibility and equity
There was no specific evidence on the feasibility 
and equity of providing multicomponent fortifier for 
preterm or LBW infants.
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Summary of judgements

Comparison: Multicomponent fortification vs unfortified breast-milk (A.4)

Justification In trials where most participants are very preterm (< 32 weeks’ gestation) or VLBW (< 1.5 kg):
• Evidence of small benefits: increase in in-hospital weight, length and head circumference 

(moderate- to low-certainty evidence)
• Evidence on harms uncertain: mortality (very-low-certainty evidence), necrotizing enterocolitis 

(low-certainty evidence)
• Evidence of little or no effect on neurodevelopment (moderate-certainty evidence)
• No evidence on other critical outcomes

Evidence-to-Decision summary

Benefits Small

Harms Unknown

Certainty Low

Balance Varies

Values Uncertainty or variability about outcomes

Acceptability Unknown

Resources Low to moderate

Feasibility Varies

Equity Not equitable
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A.5 PRETERM FORMULA

Recommendation and remarks

RECOMMENDATION A.5 (UPDATED)

When mother’s own milk and donor human milk are not available, nutrient-enriched preterm formula 
may be considered for very preterm (< 32 weeks’ gestation) or very low-birth-weight infants. (Conditional 
recommendation, low-certainty evidence)

Remarks

• The recommendation is conditional on shared decision-making with parents; this includes informing 
parents about the benefits and risks and the need for further research.

• The GDG was not able to recommend a particular type of preterm formula. Based on most trials included 
in the evidence review, the GDG suggests that commercially available nutrient-enriched formulas 
specifically formulated for preterm infants may be considered.

• There was insufficient evidence to make a recommendation for infants who were born at 32–36 weeks’ 
gestation or with birth weight of 1.5–2.4 kg. For these infants, the GDG considered that standard term 
formula or nutrient-enriched preterm formula may be considered, depending on clinical judgement. 

• The GDG also noted that there was limited information on the timing of initiation and duration of preterm 
formula in the studies. The GDG suggests initiation and duration should be based on clinical judgement.

• Mothers should also be encouraged and supported before and after birth to provide their own breast-
milk (including colostrum) for their infants.

Background and definitions
If human milk is not available, then preterm and LBW 
infants need to be given infant formula in the first 
six months after birth (56). Some studies suggest 
that feeding preterm infants with nutrient-enriched 
formula (or preterm formula) rather than formula 
developed for term infants (also called term formula, 
or non-nutrient-enriched formula) might increase 

nutrient accretion, growth and neurodevelopmental 
outcomes (76,79,80). Preterm formula often has 
energy content over 72 kcal/100 ml and protein 
content over 1.7 g/100 ml (56,81). Term formula milks 
have varying energy and protein content, usually 
below these values (56,81). In 2011, WHO did not 
recommend preterm formula for feeding preterm and 
LBW infants (19).

Summary of the evidence

OVERVIEW A.5 Preterm formula

PICO Population – Preterm or LBW infants 
Intervention – Nutrient-enriched formula (or preterm formula) 
Comparator – Non-nutrient-enriched formula (or term formula) 
Outcomes – All-cause mortality, morbidity, growth, neurodevelopment at latest follow-up

Timing, setting, 
subgroups

Timing of the intervention – Birth to 6 months of age 
Setting – Health-care facility or home in any country or setting 
Subgroups

• Gestational age at birth (< 32 weeks, ≥ 32 weeks)
• Birth weight (< 1.5 kg, ≥ 1.5 kg)

Effectiveness: Comparison – Preterm formula 
versus term formula
Sources and characteristics of the evidence
The effectiveness evidence was derived from a 2019 
Cochrane systematic review of seven trials including 
590 infants (81). An updated search conducted on 
1 September 2021 located no new trials. The trials 

were undertaken during the 1970s and 1980s in 
neonatal units in South Africa, Thailand, Türkiye, 
the United Kingdom and the USA. All infants were 
clinically stable preterm infants. Most were very 
low birth weight (< 1.5 kg). Few participants were 
extremely preterm (< 28 weeks), extremely low 
birth weight (< 1.0 kg) or growth restricted. The 
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trials excluded infants with congenital anomalies, or 
respiratory, gastrointestinal or neurological problems.

Preterm formula was defined in the systematic 
review as a formula with both energy content over 
72 kcal/100 ml and protein content over 1.7 g/100 ml 
and term formula was defined as a formula with both 
energy content below 72 kcal/100 ml and protein 
content below 1.7 g/100 ml. In six trials, the formula 
was the sole diet while in one trial the formula was 
used in addition to human milk. The milk feeds were 
started when infants were clinically stable and able 
to tolerate enteral feeds in all trials. Trial participants 
continued to receive the intervention or control 
formula for two weeks or until they reached 2.0 kg. 
The target volume of milk intake for both groups was 
150–180 ml/kg per day.

Critical outcomes
For preterm formula compared with term formula, 
two trials reported all-cause mortality, three reported 
morbidity (3 reported necrotizing enterocolitis), 
five reported growth (6 reported weight gain, 5 
length gain, 5 head circumference) and two reported 
neurodevelopment (both reported MDI and PDI). 
(Full details are provided in GRADE Table A.5, in the 
Web Supplement.)
	n Mortality: Low-certainty evidence from two trials 

totalling 424 participants suggests little or no 
effect on all-cause mortality by hospital discharge 
(RR 1.12, 95% CI 0.65 to 1.93).
	n Morbidity: Low-certainty evidence from three 

trials totalling 489 participants suggests a 
decreased risk of necrotizing enterocolitis by 
hospital discharge (RR 0.72, 95% CI 0.41 to 1.25).
	n Growth: Low-certainty evidence from six trials 

totalling 440 participants suggests an increase 
in weight gain (in grams per kilogram per day) by 
hospital discharge (MD 2.43, 95% CI 1.60 to 3.26). 
Low-certainty evidence from five trials totalling 
386 participants suggests little or no effect on 
length gain (in millimetres per week) by hospital 
discharge (MD 0.22, 95% CI -0.70 to 1.13). 
Low-certainty evidence from five trials totalling 
399 participants suggests an increase in head 
circumference gain (in millimetres per week) by 
hospital discharge (MD 1.04, 95% CI 0.18 to 1.89).
	n Neurodevelopment: Moderate-certainty evidence 

from two trials totalling 310 participants suggests 

an increase in MDI (BSID-II) at 18 months (MD 
2.81, 95% CI -1.44 to 7.06). Low-certainty evidence 
from two trials totalling 310 participants suggests 
an increase in PDI (BSID-II) at 18 months (MD 
6.56, 95% CI 2.87 to 10.26).

Subgroup analyses
For the analysis by gestational age and birth weight, 
differences for all critical outcomes could not be 
assessed as there were insufficient studies.

Values and acceptability
The systematic review about what matters to families 
about the care of the preterm or LBW infant (see 
Table 1.1) reported that families want to be involved 
in delivering care to infants, including supporting 
nutrition, and want to take an active role in deciding 
what interventions are given to infants, including 
what and how they are fed (14). No other specific 
evidence was located about whether families value 
preterm formula rather than term formula for their 
preterm or LBW baby, or find preterm formula more 
or less acceptable than term formula.

Resources required and implementation 
considerations
Organization of care
Health workers and staff at other care facilities can 
provide preterm (nutrient-enriched) formula for 
preterm or LBW infants.

Infrastructure, equipment and supplies
The main commodity required is the preterm formula, 
which should be a standard, nationally approved 
formula, specially formulated for preterm or LBW 
infants. Facilities are needed for safe reconstitution of 
preterm formula. Supplies are also needed for cup or 
gastric tube feeding.

Workforce, training, supervision and monitoring
Health workers at all levels can provide support to 
mothers and families. Standardized packages are 
needed for training, supervision and monitoring.

Feasibility and equity
There was no specific evidence on the feasibility and 
equity of providing preterm formula for preterm or 
LBW infants.
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Summary of judgements

Comparison: Preterm formula vs term formula (A.5)

Justification In trials where most participants are very preterm (< 32 weeks’ gestation) or VLBW (< 1.5 kg):
• Evidence of small benefits: increased in-hospital weight, head circumference, neurodevelopment 

(low-certainty evidence)
• No evidence of harms
• Evidence of little or no effect on mortality and necrotizing enterocolitis (low-certainty evidence)

Evidence-to-Decision summary

Desirable Small

Undesirable Trivial or none

Certainty Low

Balance Probably favours preterm formula

Values No uncertainty or variability about outcomes

Acceptability Varies

Resources Moderate

Feasibility Probably not feasible

Equity Probably not equitable
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A.6 EARLY INITIATION OF ENTERAL FEEDING

Recommendation and remarks

RECOMMENDATION A.6 (UPDATED)

Preterm and low-birth-weight (LBW) infants, including very preterm (< 32 weeks’ gestation) and very 
LBW (< 1.5 kg) infants, should be fed as early as possible from the first day after birth. Infants who are 
able to breastfeed should be put to the breast as soon as possible after birth. Infants who are unable to 
breastfeed should be given expressed mother’s own milk as soon as it becomes available. If mother’s 
own milk is not available, donor human milk should be given wherever possible. (Strong recommendation, 
moderate-certainty evidence)

Remarks

• Enteral feeding includes direct breastfeeding and feeding by cups, naso- or orogastric tubes.
• The trials included in the systematic review mostly did not state the stability of the babies, so careful 

consideration is needed in applying these recommendations to unstable babies. The GDG considers that 
initiation of enteral feeding in unstable babies should be based on clinical judgement.

• Infants should be given mother’s own milk wherever possible. The provision of colostrum is especially 
important. If mother’s own milk is not available, then donor human milk should be given wherever 
possible. If human milk is not available, infants can be fed formula as this is preferable to delayed 
initiation of enteral feeding and the use of parenteral nutrition.

• There was no difference in effectiveness by volume of initial feed, so a recommendation was not made on 
restricting the volume of feed.

• In all but one of the trials, the control group received parenteral nutrition. The benefits of early initiation 
of enteral feeding may be even greater when the alternatives are intravenous fluids or dextrose water 
rather than parenteral nutrition.

Background and definitions
WHO and UNICEF recommend early initiation of 
breastfeeding within 1 hour of birth for all healthy 
term infants (63). Clinicians continue to debate 
the optimal timing of feeding initiation for preterm 
and LBW infants for fear of potential health 
complications, including necrotizing enterocolitis 
(13,82,83). Additionally, women in communities 

around the world may delay feeding due to the 
cultural practices of discarding colostrum, pain and 
discomfort after delivery, and concern about the 
developmental maturity of the infant, including the 
infant’s inability to digest milk feeds (84,85). In 2011, 
WHO recommended early initiation of enteral feeding 
for stable preterm or LBW infants (19). However, 
there have been new studies since that time.

Summary of the evidence

OVERVIEW A.6 Early initiation of enteral feeding

PICO Population – Preterm or LBW infants 
Intervention – Early initiation of enteral feeding (< 72 hours) 
Comparator – Delayed initiation of enteral feeding (> 72 hours) 
Outcomes – All-cause mortality, morbidity, growth, neurodevelopment at latest follow-up

Timing, setting, 
subgroups

Timing of the intervention – Birth to 1 month of age 
Setting – Health-care facility or home in any country or setting 
Subgroups

• Gestational age at birth (< 32 weeks, ≥ 32 weeks)
• Birth weight (< 1.5 kg, ≥ 1.5 kg)
• Timing of feed initiation (days 1, 2, 3)
• Milk volume (< 15 ml/kg per day, ≥ 15 ml/kg per day)
• Milk type (human milk, formula, and mixed human milk with formula)
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Effectiveness: Comparison – Early versus 
delayed initiation of enteral feeding
Sources and characteristics of the evidence
The effectiveness evidence was derived from a 
systematic review of 14 trials enrolling 1511 preterm 
or LBW infants, which compared early initiation of 
enteral feeding (< 72 hours) with delayed initiation 
of enteral feeding (≥ 72 hours). The trials were from 
nine countries (Canada, Chile, Colombia, India, 
the Netherlands, Spain, the United Arab Emirates, 
the United Kingdom and the USA) (86). All trials 
were based in hospital NICUs. Ten trials restricted 
enrolment to very preterm infants (< 32 weeks’ 
gestation) or VLBW infants (< 1.5 kg) and five 
enrolled all preterm or LBW infants. Three studies 
enrolled only small-for-gestational-age (SGA) infants. 
Early initiation time ranged from 1 to 3 days after 
birth and delayed initiation time ranged from 4 to 15 
days after birth. Two studies initiated feeding by day 1 
(i.e. < 24 hours), eight studies initiated by day 2 (i.e. 
< 48 hours) and five studies initiated by day 3 (i.e. 
< 72 hours). Enteral feed volumes ranged from 5 to 
25 ml/kg per day. Only two studies provided babies 
with feed volumes > 15 ml/kg per day. Only one trial 
provided direct breastfeeding while the remaining 13 
gave feeds by naso- or orogastric tube. Three studies 
gave the babies formula milk, one gave mother’s own 
milk and the remaining 10 gave a mixture of milks (i.e. 
mother’s own, donor human milk and/or formula). 
All infants received supplemental parenteral nutrition 
in the delayed initiation group, except for one study 
which did not specify.

Critical outcomes
For early feeding compared with delayed feeding for 
preterm or LBW infants, 12 studies reported all-
cause mortality outcomes, 14 reported morbidity 
(14 reported necrotizing enterocolitis, 6 sepsis, 1 
intraventricular haemorrhage), 7 reported growth 
outcomes (7 reported time to regain birth weight, 
1 weight, 1 length and 3 head circumference). None 
of the trials reported on neurodevelopment. (Full 
details are provided in GRADE Table A.6, in the Web 
Supplement.)
	n Mortality: Moderate-certainty evidence from 

12 trials totalling 1292 participants suggests 
a decrease in all-cause mortality by hospital 
discharge (RR 0.69, 95% CI 0.48 to 0.99).
	n Morbidity: Low-certainty evidence from 13 trials 

totalling 1484 participants suggests little or no 
effect on necrotizing enterocolitis by hospital 
discharge (RR 1.05, 95% CI 0.75 to 1.46). Low-
certainty evidence from five trials totalling 626 

participants suggests little or no effect on sepsis 
by discharge (RR 0.90, 95% CI 0.54 to 1.52). 
Very-low-certainty evidence from one trial with 84 
participants suggests a decrease in intraventricular 
haemorrhage by hospital discharge (RR 0.48, 95% 
CI 0.18 to 1.25).
	n Growth: Low-certainty evidence from seven trials 

totalling 569 participants suggests little or no 
effect on time to regain birth weight (in days) 
(MD 0.26, 95% CI -0.63 to 1.15). Low-certainty 
evidence from three trials totalling 142 participants 
suggests little or no effect on weight (in grams) 
at latest follow-up (at chronological age 6–12 
weeks) (MD -49.02, 95% CI -149.62 to 51.61). 
Very-low-certainty evidence from one trial with 40 
participants suggests an increase in weight gain (in 
grams) from enrolment to 30 days follow-up (MD 
51, 95% CI 32.4 to 69.6). Low-certainty evidence 
from two trials totalling 82 participants suggests 
little or no effect on length gain (in centimetres) at 
latest follow-up (at chronological age 32 weeks) 
(MD -0.62, 95% CI -1.51 to 0.27). Very-low-
certainty evidence from two trials totalling 82 
participants suggests little or no effect on head 
circumference (in centimetres) at latest follow-up 
(at discharge or chronological age 32 weeks) (MD 
-0.56, 95% CI -1.18 to 0.06).

Other outcomes
There was little or no effect on feed intolerance at 
discharge (RR 1.03, 95% CI 0.66 to 1.60; 2 trials, 
187 participants) or length of hospital stay (days to 
discharge) (MD -3.2, 95% CI -5.74 to -0.66; 10 trials, 
1100 participants).

Subgroup analyses
For the analyses by gestational age and birth weight, 
subgroup differences could not be assessed as there 
were insufficient studies on any critical outcome.

Values and acceptability
The systematic review about what matters to families 
about the care of the preterm or LBW infant (see 
Table 1.1) reported that families want to be involved 
in delivering care to infants, including supporting 
nutrition, and want to take an active role in deciding 
what interventions are given to infants, including 
what and how they are fed (14). There have been 
studies of the barriers, facilitators, preferences, 
values and acceptability of early and late initiation of 
enteral feeding for preterm or LBW infants (84,85). 
Reasons for delay in initiation of feeding include 
cultural practices of discarding colostrum, pain and 
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discomfort after delivery, and concern about the 
developmental maturity of the baby, including the 
baby’s inability to digest milk feeds. Reasons for 
early initiation include the importance of providing 
nurturing care to the baby as soon as possible, and 
concerns about the use of intravenous lines, dextrose 
water, total parenteral nutrition and lack of other 
nutritional support (84,85).

Resources required and implementation 
considerations
Organization of care
Early initiation of enteral feeding from the first day of 
life (the day of birth) can be implemented at home 
and at all levels of newborn care (primary, secondary 
and tertiary).

Infrastructure, equipment and supplies
National or local guidance for health-care facilities 
should be used.

Workforce, training, supervision and monitoring
Health workers at all levels can provide early initiation 
support to mothers and families. Standardized 
packages are needed for training, supervision and 
monitoring.

Feasibility and equity
There was no specific evidence on the feasibility and 
equity of early initiation of feeding for preterm or 
LBW infants.

Summary of judgements

Comparison: Early vs delayed initiation of enteral feeding (A.6)

Justification • Evidence of moderate benefits: decreased mortality (moderate-certainty evidence), decreased 
length of hospital stay (moderate-certainty evidence), decreased intraventricular haemorrhage 
(very-low-certainty evidence)

• No evidence of harms
• Evidence of little or no effect on: necrotizing enterocolitis (low-certainty evidence), sepsis (low-

certainty evidence), growth, i.e. time to regain birth weight, weight in grams, weight gain in grams, 
length at discharge (low- to very-low-certainty evidence), feed intolerance (low-certainty evidence)

• No evidence on other critical outcomes

Evidence-to-Decision summary

Benefits Moderate

Harms Trivial or none

Certainty Moderate

Balance Favours early initiation

Values No uncertainty or variability about outcomes

Acceptability Acceptable

Resources Negligible

Feasibility Feasible

Equity Equitable
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A.7 RESPONSIVE AND SCHEDULED FEEDING

Recommendation and remarks

RECOMMENDATION A.7 (UPDATED)

In health-care facilities, scheduled feeding may be considered rather than responsive feeding for preterm 
infants born before 34 weeks’ gestation, until the infant is discharged. (Conditional recommendation, low-
certainty evidence)

Remarks

• The recommendation is conditional on shared decision-making with parents; this includes informing 
parents about the benefits and risks and the need for further research.

• In making this decision, the GDG considered that the harms from responsive feeding (i.e. poor weight 
gain) outweighed the benefits (i.e. decreased length of hospital stay).

• Most data were about infants born before 34 weeks’ gestation, so recommendations could not be made 
for infants born at or after 34 weeks’ gestation.

• The included trials used a range of different feeding schedules and it was not possible to recommend a 
particular schedule. The GDG suggests 2–3 hourly scheduled feeding may be used for infants born before 
34 weeks’ gestation as this is a commonly used and feasible schedule.

• All studies were in hospitalized infants, so the GDG could not make a recommendation on feeding 
outside the hospital.

• Nurturing care and responsive caregiving are critical to the well-being of every preterm and LBW infant 
and should be implemented regardless of the type of feeding regime.

Background and definitions
Responsive feeding is often defined as feeding in 
response to infant visual and auditory cues (or 
signals) of hunger and satiety (87-89). Infant cues 
include crying, hand–mouth motions, suckling and 
awakeness. Scheduled feeding is defined in many 
studies as enteral feeding at regularly timed intervals, 
irrespective of infant cues (87-89). A 2016 Cochrane 
review suggested that responsive feeding led to 

slower weight gain, but decreased the transition 
time from enteral tube to oral feeding (90). However, 
another systematic review reported that responsive 
feeding decreased the length of hospitalization and 
increased weight gain in infants (91). In 2011, WHO 
recommended that LBW infants who are orally fed 
but not breastfed should be fed based on infants’ 
hunger cues, except when the infant remains asleep 
beyond three hours since the last feed (19).

Summary of the evidence

OVERVIEW A.7 Responsive and scheduled feeding

PICO Population – Preterm or LBW infants who receive any enteral feeding 
Intervention – Responsive feeding based on infant cues 
Comparator – Scheduled feeding 
Outcomes – All-cause mortality, morbidity, growth, neurodevelopment at latest follow-up

Timing, setting, 
subgroups

Timing of the intervention – Birth to 6 months of age 
Setting – Health-care facility or home in any country or setting 
Subgroups

• Gestational age at birth (< 32 weeks, ≥ 32 weeks)
• Birth weight (< 1.5 kg, ≥ 1.5 kg)
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Effectiveness: Comparison – Responsive feeding 
versus scheduled feeding
Sources and characteristics of the evidence
The effectiveness evidence was derived from a 
systematic review of eight RCTs reporting on 455 
preterm or LBW infants from four countries (Canada, 
the Islamic Republic of Iran, Israel and the USA) (92). 
The studies were all conducted in NICUs and the 
responsive feeding was provided by health staff and 
not by families – that is, the health workers directly 
implemented a protocol of scheduled or responsive 
feeding regardless of whether a family member was 
present. The scheduled feeding regimes were mostly 
2- to 3-hourly and the feeding volumes ranged from 
120 to 180 ml/kg per day. The studies implemented 
the intervention for variable durations, with the 
minimum being 3 days and the maximum lasting until 
hospital discharge. Only one study recruited very 
preterm infants (< 32 weeks’ gestation) while the 
remainder recruited preterm infants.

Critical outcomes
For responsive feeding compared with scheduled 
feeding for preterm or LBW infants, seven studies 
assessed growth outcomes (7 reported weight 
gain, 3 weight). No studies assessed mortality, 
morbidity or neurodevelopment outcomes. (Full 
details are provided in GRADE Table A.7, in the Web 
Supplement.)
	n Growth: low-certainty evidence from two trials 

totalling 213 participants suggests a decrease in 
weight (in grams per day) by hospital discharge 
(MD -2.8, 95% CI -3.39 to -2.22). Low-certainty 
evidence from three trials totalling 183 participants 
suggests little to no effect on weight (in grams) 
by hospital discharge (MD -22.21, 95% CI -130.63 
to 86.21). Very-low-certainty evidence from five 
trials totalling 372 participants suggests little to 
no effect on weight gain (in grams per kg per day) 
by hospital discharge (MD -0.99, 95% CI -2.45 to 
0.46).

Other outcomes
Very-low-certainty evidence from three trials totalling 
342 participants suggests a decrease in duration of 
hospitalization (days to discharge) (MD -1.42, 95% 
CI -5.43 to 2.59).

Subgroup analyses
The effect of gestational age and birth weight could 
not be assessed as there were insufficient studies.

Values and acceptability
The systematic review about what matters to families 
about the care of the preterm or LBW infant (see 
Table 1.1) reported that families want to be involved 
in delivering care to infants, including supporting 
nutrition, and want to take an active role in deciding 
what interventions are given to infants, including 
what and how they are fed (14). No other specific 
evidence was located about whether families value 
responsive feeding more than scheduled feeding for 
their preterm or LBW baby or whether they find it 
more or less acceptable.

Resources required and implementation 
considerations
Organization of care
In facilities, infants born before 34 weeks’ gestation 
can be fed every 2–3 hours. Infants born at 34 
weeks’ gestation or more can be fed every 3–4 
hours or by responsive feeding. At home, there is 
no recommended scheduling; families and health 
workers can decide together, depending on clinical 
judgement and their preferences.

Infrastructure, equipment and supplies
National or local guidance for health-care facilities 
should be used.

Workforce, training, supervision and monitoring
Health workers at all levels can support mothers 
and families. Standardized packages are needed for 
training, supervision and monitoring.

Feasibility and equity
Administration of scheduled feeds for preterm 
and LBW babies varies markedly but common 
scheduling is 2- to 3-hourly feeding with volumes 
of 80–200 ml/kg per day for babies born before 
34 weeks’ gestation. Responsive feeding requires 
sensitivity and careful observation of the baby’s 
behaviour and is more commonly implemented in 
settings with well staffed special care nurseries and 
NICUs (87). There was no specific evidence on the 
feasibility and equity of responsive and scheduled 
feeding for preterm or LBW infants.
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Summary of judgements

Comparison: Responsive feeding vs scheduled feeding (A.7)

Justification In trials where most participants are hospitalized infants born < 34 weeks’ gestation:
• Evidence of small benefits from responsive feeding: decreased length of hospital stay (very-low-

certainty evidence) in trials of infants born < 34 weeks’ gestation
• Evidence of small harms from responsive feeding: decreased weight gain velocity in grams per 

day, and grams per kilogram per day (low- to very-low-certainty evidence), decreased weight gain 
in grams at discharge (very-low-certainty evidence)

• No evidence on other critical outcomes

Evidence-to-Decision summary

Benefits Benefits of responsive feeding are trivial to none

Harms Harms of responsive feeding are small

Certainty Very low to low

Balance Probably does not favour responsive feeding, probably favours scheduled feeding

Values Uncertainty or variability about outcomes

Acceptability Acceptability of responsive feeding and scheduled feeding varies

Resources Resources needed for responsive feeding and scheduled feeding vary

Feasibility Feasibility of responsive feeding and scheduled feeding varies

Equity Equity of responsive feeding and scheduled feeding varies
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A.8 FAST AND SLOW ADVANCEMENT OF FEEDING

Recommendation and remarks

RECOMMENDATION A.8 (UPDATED)

In preterm or low-birth-weight (LBW) infants, including very preterm (< 32 weeks’ gestation) or very 
LBW (< 1.5 kg) infants, who need to be fed by an alternative feeding method to breastfeeding (e.g. gastric 
tube feeding or cup feeding), feed volumes can be increased by up to 30 ml/kg per day. (Conditional 
recommendation, moderate-certainty evidence)

Remarks

• The recommendation is conditional on shared decision-making with parents; this includes informing 
parents about the benefits and risks and the need for further research.

• The GDG noted that the trials enrolled infants immediately after birth (i.e. day 1 – within 24 hours of 
birth) so results are generalizable to very early feeding of LBW infants from this time.

• All trials excluded babies with congenital anomalies and birth asphyxia, so careful consideration is 
needed in applying these recommendations to infants with these conditions. Feed advancement should 
be based on clinical judgement for these infants.

• All trials compared fast advancement (increments of 30–40 ml/kg per day) with slow advancement 
(increments of 15–25 ml/kg per day). So the GDG took the conservative value of 30 ml/kg per day as the 
threshold for fast feed advancement. This value is also consistent with many national guidelines.

• All studies were in hospitalized infants, so the GDG could not make a recommendation on feeding 
outside the hospital.

• The GDG did not make separate recommendations for babies fed formula milk versus human milk as 
there was insufficient evidence (only one trial gave formula as the sole diet while the remainder gave 
human milk only or a mix of human milk and formula).

• The GDG considered that advancement should continue until full maintenance feed volumes are 
reached. These volumes should be based on local guidelines.

• The GDG noted that further research is needed to understand the neurodevelopmental effects of fast 
feed advancement.

Background and definitions
There is substantial variation in the definitions of fast 
and slow advancement of enteral feeding volumes 
for preterm and LBW babies in the first weeks after 
birth. Advancement increments commonly vary 
between 10 and 40 ml/kg per day (93,94). Up to 
the 1990s, the standard of care was a conservative 
(“slow rate”) approach because of concerns about 

feed intolerance (e.g. gagging, vomiting and apnoea 
post-feed) and necrotizing enterocolitis (56). In 2011, 
WHO recommended that feeds could be advanced 
by up to 30 ml/kg per day with careful monitoring 
for feed intolerance in infants weighing under 1.5 kg 
(19). However, there have been new studies published 
since that time (95).
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Summary of the evidence

OVERVIEW A.8 Fast and slow advancement of feeding

PICO Population – Preterm or LBW infants 
Intervention – Fast advancement of enteral feeds (≥ 30 ml/kg per day) 
Comparator – Slow advancement of enteral feeds (< 30 ml/kg per day) 
Outcomes – All-cause mortality, morbidity, growth, neurodevelopment at latest follow-up

Timing, setting, 
subgroups

Timing of the intervention – Birth to 6 months of age 
Setting – Health-care facility or home in any country or setting 
Subgroups

• Gestational age at birth (< 32 weeks, ≥ 32 weeks)
• Birth weight (< 1.5 kg, ≥ 1.5 kg)
• Type of milk (human milk, formula milk)

Effectiveness: Comparison – Fast versus slow 
advancement of enteral feeds
Sources and characteristics of the evidence
The effectiveness evidence was derived from 
a systematic review of 12 RCTs enrolling 4084 
preterm or LBW infants (96). The trials were 
conducted in Bangladesh, Colombia, India, the 
Islamic Republic of Iran, Ireland, South Africa, 
Türkiye, the United Kingdom and the USA. The 
United Kingdom Speed of Increasing Milk Feeds 
trial (SIFT) was the largest trial (n=2973) (97). 
Most studies included clinically stable infants 
and excluded those with perinatal asphyxia or 
haemodynamic instability. The infants were typically 
randomized on days 1–4 after birth. Intervention 
(fast advancement) increments ranged from 30 to 
40 ml/kg per day. Comparator (slow advancement) 
increments ranged from 10 to 25 ml/kg per day. 
The target volume of full feeding ranged from 120 
to 180 ml/kg per day. Seven studies enrolled very 
preterm infants born before 32 weeks’ gestation. 
Three studies used human milk, one used infant 
formula, and seven used a combination of the two.

Critical outcomes
For fast compared with slow advancement of 
enteral feeding for preterm or LBW infants, 11 
trials reported all-cause mortality, 12 reported 
morbidity (12 reported necrotizing enterocolitis, 
9 sepsis, 2 apnoea), 6 reported growth outcomes 
(6 reported time to regain birth weight, 1 WAZ at 
discharge, 1 weight at discharge, 1 weight gain, 1 head 
circumference) and 1 reported neurodevelopmental 
outcomes (disability). (Full details are provided in 
GRADE Table A.8, in the Web Supplement.)
	n Mortality: Moderate-certainty evidence from 11 

trials with a total of 4132 participants suggests 
little or no effect on all-cause mortality by hospital 
discharge (RR 0.93, 95% CI 0.73 to 1.18).

	n Morbidity: Low-certainty evidence from two 
trials totalling 153 participants suggests a 
decrease in apnoea by hospital discharge 
(RR 0.72, 95% CI 0.47 to 1.12). Moderate-
certainty evidence from 12 trials totalling 4291 
participants suggests little or no effect on 
necrotizing enterocolitis by hospital discharge 
(RR 0.89, 95% CI 0.68 to 1.15). Moderate-
certainty evidence from nine trials totalling 3648 
participants suggests little or no effect on sepsis 
by hospital discharge (RR 0.92, 95% CI 0.83  
to 1.03).
	n Growth: High-certainty evidence from six trials 

totalling 993 participants suggests a decrease 
in time to regain birth weight by hospital 
discharge (MD -3.69, 95% CI -4.44 to -2.95). 
Low-certainty evidence from one trial with 
2793 participants suggests little or no effect 
on WAZ by hospital discharge (MD 0.0, 95% 
CI -0.08 to 0.08). Low-certainty evidence from 
one trial with 131 participants suggests little or 
no effect on weight gain (in grams per kilogram 
per day) by hospital discharge (MD 0.5, 95% 
CI -1.19 to 2.19). Low-certainty evidence from 
one trial with 100 participants suggests little 
or no effect on weight in grams by hospital 
discharge (MD -29.0, 95% CI -74.89 to 16.89). 
Low-certainty evidence from one trial with 2793 
participants suggests little or no effect on head 
circumference (head circumference z score) by 
hospital discharge (MD -0.1, 95% CI -0.22 to 
0.02).
	n Neurodevelopment: Low-certainty evidence 

from one trial of 2325 participants suggests 
little or no effect on neurodevelopment 
(neurodevelopmental disability measured using 
a validated test) at 24 months corrected age (RR 
1.12, 95% CI 0.98 to 1.27).



W
H

O
 re

co
m

m
en

da
tio

ns
 fo

r c
ar

e 
of

 th
e 

pr
et

er
m

 o
r l

ow
-b

irt
h-

w
ei

gh
t i

nf
an

t

38

Other outcomes
There was a decrease in length of hospital stay (days 
to discharge) (MD -3.08, 95% CI -4.34 to -1.81; 7 
trials, 3864 participants) and little or no effect on 
feed intolerance by hospital discharge (RR 0.92, 95% 
CI 0.77 to 1.10; 8 trials, 1114 participants).

Subgroup analyses
No subgroup differences were seen for gestational 
age and birth weight for any critical outcome.

Values and acceptability
The systematic review about what matters to families 
about the care of the preterm or LBW infant (see 
Table 1.1) reported that families want to be involved 
in delivering care to infants, including supporting 
nutrition, and want to take an active role in deciding 
what interventions are given to infants, including 
what and how they are fed (14). No specific evidence 
was located about whether families value fast versus 
slow feed advancement for their preterm or LBW 
baby or whether they find the different rates more or 
less acceptable.

Resources required and implementation 
considerations
Organization of care
Feed advancement should be based on clinical 
judgement for all infants at home and in health-care 
facilities. In facilities, there can be fast advancement 
of feed volumes by up to 30 ml/kg per day.

Infrastructure, equipment and supplies
National or local guidance on infrastructure, 
equipment and supplies for health-care facilities 
should be used.

Workforce, training, supervision and monitoring
Health workers at all levels can support mothers 
and families. Standardized packages are needed for 
training, supervision and monitoring.

Feasibility and equity
No specific evidence was located about the 
feasibility and equity of providing slow or fast feed 
advancement to preterm or LBW babies.

Summary of judgements

Comparison: Fast vs slow advancement of enteral feeds (A.8)

Justification • Evidence of moderate benefits: decrease in apnoea (moderate-certainty evidence), decrease in 
time to regain birth weight (high-certainty evidence), decreased length of hospital stay (moderate-
certainty evidence)

• Evidence on harms uncertain: impaired neurodevelopment (low-certainty evidence)
• Evidence of little or no effect on: mortality, necrotizing enterocolitis, sepsis, weight gain, head 

circumference (low-certainty evidence), feed intolerance (moderate-certainty evidence)

Evidence-to-Decision summary

Desirable Small

Undesirable Unknown

Certainty Moderate

Balance Probably favours fast feed advancement

Values Uncertainty or variability about outcomes

Acceptability Probably acceptable

Resources Negligible

Feasibility Probably feasible

Equity Equitable
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A.9 DURATION OF EXCLUSIVE BREASTFEEDING

Recommendation and remarks

RECOMMENDATION A.9 (UPDATED)

Preterm or low-birth-weight infants should be exclusively breastfed until 6 months of age. (Strong 
recommendation, very-low-certainty evidence)

Remarks

• The GDG made strong recommendation in favour of exclusive breastfeeding (EBF) until 6 months of 
age despite the very-low-certainty evidence because they considered the potential harms of less than 6 
months of EBF to outweigh the potential harms of having at least 6 months of EBF.

• In making the decision, the GDG also considered the results of a systematic review of 42 studies (89 638 
infants) comparing mother’s own milk with infant formula in babies aged 0–6 months (60). This review 
showed consistent harm from the use of infant formula on a critical outcome (morbidity: necrotizing 
enterocolitis) in the first 6 months after birth. It also reported no evidence of benefit from infant formula 
over the same period.

• The GDG also considered that EBF until 6 months of age is the standard of care for preterm and LBW 
infants across many high-, middle- and low-income countries and is the foundation of many national 
policies and programmes.

• The GDG also felt that mothers should be encouraged and supported before and after birth to provide 
their own breast-milk (including colostrum) for their infants.

Background and definitions
WHO defines exclusive breastfeeding (EBF) as 
feeding no other foods or fluids (not even water) 
except breast-milk, medicines, vitamins and minerals 
(22). EBF until 6 months of age is recommended for 
full-term, normal-birth-weight infants (22). However, 
preterm and LBW infants are more vulnerable 

to nutritional deficiencies (13,56). The risks of 
contamination of complementary foods and early 
infant formula feeding are also well known (98). In 
2011, WHO recommended EBF until 6 months of age 
for preterm and LBW babies (19), but new studies 
have been published since that time.

Summary of the evidence

OVERVIEW A.9 Duration of exclusive breastfeeding (EBF)

PICO Population – Preterm or LBW infants 
Intervention – EBF to < 6 months of age 
Comparator – EBF until 6 months of age 
Outcomes – All-cause mortality, morbidity, growth, neurodevelopment at latest follow-up

Timing, setting, 
subgroups

Timing of the intervention – Birth to 6 months of age 
Setting – Health-care facility or home in any country or setting 
Subgroups

• Gestational age at birth (< 32 weeks, ≥ 32 weeks)
• Birth weight (< 1.5 kg, ≥ 1.5 kg)

Effectiveness: Comparison – Exclusive 
breastfeeding for less than six months versus for 
six months
Sources and characteristics of the evidence
The effectiveness evidence was derived from a 
systematic review of two RCTs reporting on a total 
of 307 preterm or LBW infants from two countries 
(Honduras and India) (99). The trial in Honduras 

randomized 119 term SGA EBF infants (mean birth 
weight in the intervention group was 2364 g [SD 137], 
mean birth weight in the control group was 2327 g 
[SD 183]) to receive nutrient-rich complementary 
foods starting from 4 months chronological age. 
The other study in India randomized 403 infants 
born before 34 weeks’ gestation (mean birth weight 
in the intervention group was 1479 g [SD 308], 
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mean birth weight in the control group was 1492 g 
[SD 344]) to receive nutrient-rich complementary 
foods starting from 4 months corrected age. Fifty 
per cent (202/403) of these infants were EBF (104 
intervention and 98 control) and 93% (188/202) 
of those EBF infants had WAZ outcome data (95 
intervention and 93 control).

Critical outcomes
For EBF less than six months compared with EBF 
for six months for preterm or LBW infants, one 
trial reported morbidity (percentage of days with 
diarrhoea and/or fever), two trials reported growth 
outcomes (1 reported weight gain, 1 WAZ, 1 length 
gain) and one trial reported neurodevelopment (time 
to achieve motor developmental milestones). No 
trials reported mortality. (Full details are provided in 
GRADE Table A.9, in the Web Supplement.)
	n Morbidity: Very-low-certainty evidence from one 

trial with 119 participants suggests a decrease in 
the percentage of days with diarrhoea from 16 to 
26 weeks of chronological age (MD -2.6, 95% CI 
-5.2 to 0.0). Very-low-certainty evidence from 
one trial with 119 participants suggests little or no 
effect on the percentage of days with fever from 16 
to 26 weeks chronological age (MD -0.7, 95% CI 
-3.4 to 2.0).
	n Growth: Very-low-certainty evidence from one 

trial with 119 participants suggests a decrease 
in weight gain (in grams) from 4 to 6 months of 
chronological age (MD -13, 95% CI -143 to 117). 
Low-certainty evidence from one trial with 188 
participants suggests little or no effect on WAZ 
at 12 months corrected age (MD 0.1, 95% CI -0.2 
to 0.4). Very-low-certainty evidence from one 
trial with 119 participants suggests a decrease in 
the rate of length gain (in centimetres) from 4 to 
6 months of chronological age (MD -0.2, 95% CI 
-0.6 to 0.2).
	n Neurodevelopment: Very-low-certainty evidence 

from one trial with 108 participants suggests little 
or no effect on motor development milestones at 
specified chronological ages (in months) (raise 
head, MD 0.0, 95% CI -0.3 to 0.3; raise chest, MD 
-0.1, 95% CI -0.7 to 0.5; roll over, MD 0.0, 95% CI 
-0.7 to 0.7; able to crawl, MD 0.6, 95% CI -0.1 to 
1.3; able to sit from lying position, MD 0.6, 95% 
CI 0.0 to 1.2). Very-low-certainty evidence from 
one trial with 99 participants suggests an increase 
in the percentage of infants who can walk by the 
chronological age of 12 months (RR 1.47, 95% CI 
0.69 to 3.13).

Other outcomes
There was a decrease in anaemia (haemoglobin level 
< 10.5 g/dl) (RR 0.10, 95% CI 0.01 to 0.77, 1 trial, 104 
participants) but not in infants who received iron 
supplements (RR 1.07, 95% CI 0.22 to 5.28; 1 trial, 29 
participants).

Subgroup analyses
The effect of gestational age and birth weight could 
not be assessed as there were insufficient trials for 
any critical outcome.

Values and acceptability
The systematic review about what matters to families 
about the care of the preterm or LBW infant (see 
Table 1.1) reported that families want to be involved 
in delivering care to infants, including supporting 
nutrition, and want to take an active role in deciding 
what interventions are given to infants, including 
what and how they are fed (14).

There are studies that report the difficulties in 
providing mother’s own milk when the mother and 
baby return home, including difficulties balancing 
work commitments, maternity leave, night-time 
feeding and father/partner support (14). There 
are also studies that report family concerns with 
infant formula, including concerns about nutrient 
composition, water supply, contamination and cost 
(64,65). Studies also report families valuing having 
formula available if their circumstances demand it, 
such as work commitments, maternity leave, night-
time feeding, father and partner support (64,65). No 
specific evidence was located about whether families 
value EBF for up to 6 months of age for their preterm 
or LBW baby or whether they find the different 
durations of EBF more or less acceptable.

Resources required and implementation 
considerations
Organization of care
Promotion of exclusive breastfeeding for six months 
should be done at the community and facility 
level and be integrated within standard national 
programmes. This should occur throughout the 
antenatal and postnatal periods and up until the 
infant reaches 6 months of age.

Infrastructure, equipment and supplies
National or local guidance for infrastructure, 
equipment and supplies for health-care facilities 
should be used.
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Workforce, training, supervision and monitoring
Health workers at all levels can promote exclusive 
breastfeeding for six months. Standardized packages 
are needed for training, supervision and monitoring.

Feasibility and equity
There was no specific evidence on the feasibility and 
equity of duration of EBF for preterm or LBW infants.

Summary of judgements

Comparison: Exclusive breastfeeding (EBF) for less than six months vs for six months (A.9)

Justification • Evidence of small benefits: decrease in percentage of days with diarrhoea (very-low-certainty 
evidence), increase in neurodevelopment, i.e. percentage of infants who can walk by the age of 12 
months (very-low-certainty evidence)

• Evidence of small harms: decrease in weight gain in grams at 26 weeks (very-low certainty 
evidence)

• Evidence of little or no effect on other morbidity (percentage of days with fever), other growth 
(weight-for-age z score [WAZ], length in centimetres), and other neurodevelopmental 
milestones (raise head, raise head and chest, roll over, crawl, sit from lying position) (very-low-
certainty evidence)

• No evidence on other critical outcomes

Evidence-to-Decision summary

Benefits Benefits of EBF to < 6 months are small

Harms Harms of EBF to < 6 months are small

Certainty Very low

Balance Does not favour EBF to < 6 months, favours EBF to 6 months

Values Uncertainty or variability about outcomes

Acceptability Acceptability of EBF to < 6 months varies

Resources Resources for EBF to < 6 months are low to moderate

Feasibility Feasibility of EBF to < 6 months varies

Equity Equity of EBF to < 6 months varies
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A.10 MICRONUTRIENT SUPPLEMENTATION

A.10a Iron supplementation

Recommendation and remarks

RECOMMENDATION A.10a (UPDATED)

Enteral iron supplementation is recommended for human milk-fed preterm or low-birth-weight infants 
who are not receiving iron from another source. (Strong recommendation, moderate-certainty evidence)

Remarks

• The GDG noted that there were limited data on dose, timing of initiation and duration of iron 
supplementation. 

• Based on most trials included in the evidence review, the GDG suggests a daily dose of 2–4 mg/kg per 
day of elemental iron may be initiated when enteral feeds are well established, and may be continued 
until the infant receives iron from another source.

Background and definitions
Iron deficiency is associated with poor growth 
and development outcomes in term and preterm 
babies (100,101). Human milk may not meet the 
nutritional requirements of preterm or LBW infants 
because of their low iron stores, red blood cell 
expansion, catch-up growth and iatrogenic blood 
loss. The most recent systematic reviews of RCTs 
and non-randomized studies reported that enteral 
iron supplementation may improve haematological 

outcomes in preterm and LBW babies but that there 
was insufficient evidence to assess effects on growth 
and neurodevelopmental outcomes (100,101). The 
optimal dose, optimal timing of initiation and the 
level and types of morbidity associated with iron 
supplementation were also unclear. In 2011, WHO 
recommended that VLBW infants fed mother’s 
own milk or donor human milk should be given iron 
supplementation of 2–4 mg/kg per day starting at 2 
weeks and continuing until 6 months of age (19).

Summary of the evidence

OVERVIEW A.10a Iron supplementation

PICO Population – Preterm or LBW infants who are fed mother’s own milk or donor human milk 
Intervention – Iron supplementation 
Comparator – No iron supplementation 
Outcomes – All-cause mortality, morbidity, growth, neurodevelopment at latest follow-up

Timing, setting, 
subgroups

Timing of the intervention – Birth to 6 months of age 
Setting – Health-care facility or home in any country or setting 
Subgroups

• Gestational age at birth (< 32 weeks, ≥ 32 weeks)
• Birth weight (< 1.5 kg, ≥ 1.5 kg)

Effectiveness: Comparison – Iron 
supplementation versus no iron supplementation
Sources and characteristics of the evidence
The effectiveness evidence was derived from a 
systematic review of eight trials (11 publications) 
reporting on a total of 1093 infants from 
seven countries (Canada, Germany, India, the 
Netherlands, Sweden, the United Kingdom and 
the USA) (102). Most trials enrolled babies with 
birth weight below 1.5 kg or born before 32 weeks’ 
gestation. The trials used iron supplementation 

doses ranging from 1 to 7 mg/kg per day, 
median 2.2 (IQR 1.97–2.55) mg/kg per day. 
Supplementation commenced between 14 and 
56 days chronological age. The mean duration 
of supplementation was 81 (SD 57) days and the 
median duration was 53 (IQR 40–98) days. One 
trial gave iron with multivitamin supplements 
and compared this with infants who received 
multivitamins alone. The remaining seven trials 
gave iron supplementation alone and compared this 
with placebo or no iron supplementation.
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Critical outcomes
For enteral iron supplementation compared with no 
iron supplementation, four trials reported morbidity 
(4 reported sepsis, 2 necrotizing enterocolitis), five 
reported growth outcomes (5 reported weight, 3 
length, 3 head circumference) and one reported on 
neurodevelopment (cognitive outcomes). No studies 
reported all-cause mortality. (Full details are provided 
in GRADE Table A.10, in the Web Supplement.)

 n Morbidity: Very-low-certainty evidence from four 
trials totalling 270 participants suggests little or 
no effect on sepsis prevalence at latest follow-up 
(median 8 [IQR 8–9] weeks) (RR 1.08, 95% CI 
0.56 to 2.07). Very-low-certainty evidence from 
two trials totalling 194 participants suggests little 
or no effect on necrotizing enterocolitis prevalence 
at latest follow-up (median 9 [IQR 8.5–9.5] weeks) 
(RR 1.54, 95% CI 0.69 to 3.46).

 n Growth: Low-certainty evidence from five trials 
totalling 574 participants suggests an increase in 
weight in grams at latest follow-up (median 26 
[IQR 8–36] weeks) (MD 35.31, 95% CI -64.53 
to 135.15). Moderate-certainty evidence from 
three trials totalling 384 participants suggests an 
increase in length in centimetres at latest follow-
up (median 26 [IQR 8–183] weeks) (MD 0.69, 
95% CI 0.01 to 1.37). Low-certainty evidence from 
three trials totalling 385 participants suggests little 
or no effect on head circumference at latest follow-
up (median 26 [IQR 8–183] weeks) (MD 0.09, 
95% CI -0.4 to 0.21).

 n Neurodevelopment: Very-low-certainty evidence 
from one trial with 199 participants suggests little 
or no effect on cognitive development (measured 
using the Wechsler Intelligence Scale for Children, 
fourth edition [WISC-IV]) at latest follow-up 
(mean 365 weeks) (RR 0.31, 95% CI 0.09 to 1.02).

Other outcomes
Moderate-certainty evidence from two trials totalling 
381 participants suggests a decrease in anaemia 
prevalence at latest follow-up (RR 0.25, 95% CI 0.10 
to 0.62). Moderate-certainty evidence from five trials 
totalling 506 participants suggests an increase in 
haemoglobin prevalence at latest follow-up (mean 
26 weeks) (MD 4.79, 95% CI 2.9 to 6.69). Very-
low-certainty evidence from six trials totalling 607 
participants suggests little or no effect on ferritin 
levels at latest follow-up (median 14 [IQR 8–26] 
weeks) (MD 8.76, 95% CI -0.85 to 18.37). Very-
low-certainty evidence from two trials totalling 
238 participants suggests little or no effect on feed 

intolerance at latest follow-up (mean 8 weeks) (RR 
1.05, 95% CI 0.49 to 2.27).

Subgroup analyses
The effect of gestational age and birth weight could 
not be assessed as there were insufficient trials for 
any critical outcome.

Values and acceptability
The systematic review about what matters to families 
about the care of the preterm or LBW infant (see 
Table 1.1) reported that families want to be involved 
in delivering care to infants, including supporting 
nutrition, and want to take an active role in deciding 
what interventions are given to infants, including 
what and how they are fed (14). There was no specific 
evidence available about whether families value 
iron supplements for their preterm or LBW baby or 
whether they find them acceptable.

Resources required and implementation 
considerations
Organization of care
The supplements can be provided in the health-
care facility or at home. The family needs accurate 
information on the dose and how to administer the 
supplement. National or local guidance for health-
care facilities should be used.

Infrastructure, equipment and supplies
Iron supplements are commonly provided to LBW 
and preterm infants as oral liquid solution. Infants are 
commonly prescribed 2–4 mg/kg of elemental iron 
per day for the prophylaxis of iron deficiency anaemia. 
Concentrations of 5 mg of elemental iron per millilitre  
of liquid are often used (e.g. 1 ml/day to a 2 kg 
baby will provide 2.5 mg of elemental iron per day). 
Droppers or syringes can be used to administer the 
supplement to the infant. Doses are different for the 
treatment of iron deficiency anaemia. National or local 
guidance for health-care facilities should be used.

Workforce, training, supervision and monitoring
Health workers at all levels can support mothers 
and families. Standardized packages are needed for 
training, supervision and monitoring. Dispensing 
needs to be documented in clinical records.

Feasibility and equity
There was no specific evidence available about the 
feasibility of providing iron supplements to preterm or 
LBW babies.
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Summary of judgements

Comparison: Iron supplementation vs no iron supplementation (A.10a)

Justification • Evidence of small-to-moderate benefit: decreased anaemia, increased weight and length (low-
certainty evidence)

• No evidence of harms
• Evidence of little or no effect on sepsis and necrotizing enterocolitis (very-low-certainty evidence), 

and on weight, head circumference and neurodevelopment (low-certainty evidence)
• No evidence on other critical outcomes

Evidence-to-Decision summary

Benefits Small to moderate

Harms Trivial or none

Certainty Moderate

Balance Favours iron supplementation

Values No uncertainty or variability about outcomes

Acceptability Probably acceptable

Resources Low to moderate

Feasibility Probably feasible

Equity Probably equitable
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A.10b Zinc supplementation

Recommendation and remarks

RECOMMENDATION A.10b (UPDATED)

Enteral zinc supplementation may be considered for human milk-fed preterm or low-birth-weight infants 
who are not receiving zinc from another source. (Conditional recommendation, low-certainty evidence)

Remarks

• The GDG noted that the evidence on harms (decreased neurodevelopment) was uncertain due to very-
low-certainty evidence and imprecision.

• The recommendation is conditional on shared decision-making with parents; this includes informing 
parents about the benefits and risks and the need for further research.

• The GDG noted that there were limited data on the dose, timing of initiation and duration of 
supplementation. Based on most trials included in the evidence review, the GDG suggests a daily dose 
of 1–3 mg/kg per day of elemental zinc. The GDG also suggests that zinc may be initiated when enteral 
feeds are well established, and may be continued until the infant receives zinc from another source.

Background and definitions
Zinc is a trace element essential for physiological 
functions of the human body (103). Zinc deficiency 
is associated with dysfunction in epidermal, 
gastrointestinal, central nervous, immune, skeletal 
and reproductive systems (104,105). Human milk 
may not be able to meet the nutritional requirements 
of preterm or LBW infants because of their low 
zinc stores and catch-up growth (104-106). A 
recent (2021) Cochrane review of enteral zinc 
supplementation in hospitalized preterm infants 

fed any type of milk (i.e. infant formula or human 
milk) reported that zinc supplementation reduced 
all-cause mortality and was associated with a 
probable improvement in short-term weight gain 
and linear growth, but had little or no effect on 
common morbidities of prematurity (107). However, 
there have been no recent systematic reviews of 
zinc supplementation in babies born at home or in 
the hospital or on babies fed human milk only. The 
optimal dose and timing of initiation are also unclear.

Summary of the evidence

OVERVIEW A.10b Zinc supplementation

PICO Population – Preterm or LBW infants who are fed mother’s own milk or donor human milk
Intervention – Zinc supplementation
Comparator – No zinc supplementation 
Outcomes – All-cause mortality, morbidity, growth, neurodevelopment at latest follow-up

Timing, setting, subgroups Timing of the intervention – Birth to 6 months of age 
Setting – Health-care facility or home in any country or setting 
Subgroups

• Gestational age at birth (< 32 weeks, ≥ 32 weeks)
• Birth weight (< 1.5 kg, ≥ 1.5 kg)
• Dose of elemental zinc (< 3 mg/day, 3–5 mg/day and > 5 mg/day)

Effectiveness: Comparison – Zinc 
supplementation versus no zinc supplementation
Sources and characteristics of the evidence
The effectiveness evidence was derived from a 
systematic review of 14 RCTs totalling 9940 preterm 
or LBW infants from 11 countries (Bangladesh, Brazil, 
Chile, Egypt, India, the Islamic Republic of Iran, Italy, 
the Republic of Korea, Nepal, Spain and the United 

Republic of Tanzania) (108). Most infants had a 
birth weight of at least 1.5 kg or were born at 32 
weeks’ gestation or later. Among these, two large 
RCTs assessed the effects of zinc supplementation 
in a total of 2748 term LBW infants in Brazil and 
India. Zinc supplementation dosages across all 14 
RCTs ranged from 1 mg/day up to 10 mg/day and 
commenced between birth and 35 days of age. Most 
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studies used a zinc dose of 3–5 mg/day. The mean 
duration of supplementation was 182 (SD 142) days 
and the median duration was 141 (IQR 98–183) days.

Critical outcomes
For zinc supplementation compared with no zinc 
supplementation, six trials reported all-cause 
mortality, six reported morbidity (2 reported 
hospitalization, 6 diarrhoea, 2 acute respiratory 
infection, 2 sepsis), eight reported growth outcomes 
(8 reported weight gain, 6 length gain, 5 head 
circumference) and two reported neurodevelopment 
(MDI and PDI [BSID-II]). (Full details are provided in 
GRADE Table A.11, in the Web Supplement.)

 n Mortality: Low-certainty evidence from six trials 
totalling 8801 participants suggests a decrease 
in all-cause mortality at latest follow-up (median 
26 [IQR 14–152.1] weeks) (RR 0.73, 95% CI 0.46 
to 1.16). There was a similar effect on all-cause 
mortality when the two trials with term LBW 
infants were excluded (RR 0.68, 95% CI 0.43 to 
1.09; 4 trials, 7192 participants).

 n Morbidity: Moderate-certainty evidence from 
six trials totalling 1947 participants suggests a 
decrease in diarrhoea (events) at latest follow-
up (median 26 [IQR 20.1–52.1] weeks) (RR 
0.81, 95% CI 0.68 to 0.97). Very-low-certainty 
evidence from two trials totalling 172 participants 
suggests a decrease in acute respiratory infection 
at latest follow-up (median 13 [IQR 6–20] 
weeks) (RR 0.32, 95% CI 0.09 to 1.17). Low-
certainty evidence from two trials totalling 265 
participants suggests little to no effect on sepsis 
at latest follow-up (median 17 [IQR 14 to 20] 
weeks) (RR 1.12, 95% CI 0.62 to 2.02).

 n Growth: Moderate-certainty evidence from 8 trials 
totalling 798 participants suggests an increase in 
weight (in grams) at latest follow-up (median 22 
[IQR 13.5–39] weeks) (MD 378.57, 95% CI 275.26 
to 481.88). Low-certainty evidence from six trials 
totalling 529 participants suggests an increase in 
length (in centimetres) at latest follow-up (median 
36.1 [IQR 20–52.1] weeks) (MD 2.92, 95% CI 1.53 
to 4.31). Low-certainty evidence from five trials 
totalling 466 participants suggests an increase in 
head growth (in centimetres) at latest follow-up 
(median 20 [IQR 13–24] weeks) (MD 0.56, 95% 
CI 0.23 to 0.9).

 n Neurodevelopment: Very-low-certainty evidence 
from two trials totalling 301 participants suggests 
a decrease in MDI (BSID-II) scores at latest 
follow-up (52 weeks) (MD -4.18, 95% CI -1.85 to 
-6.51). Very-low-certainty evidence from two trials 

totalling 301 participants suggests an increase in 
PDI (BSID-II) scores at latest follow-up (52 weeks) 
(MD 5.75, 95% CI -4.83 to 16.33).

Other outcomes
There was a decrease in hospitalization (at least one 
hospitalization) at latest follow-up (RR 0.70, 95% 
CI 0.24 to 2.00; 2 trials, 277 participants).

Subgroup analyses
The effect of gestational age and birth weight could 
not be assessed as there were insufficient trials for 
any critical outcome. For the dose of elemental zinc, 
no subgroup differences were seen for any critical 
outcome.

Values and acceptability
The systematic review about what matters to families 
about the care of the preterm or LBW infant (see 
Table 1.1) reported that families want to be involved 
in delivering care to infants, including supporting 
nutrition, and want to take an active role in deciding 
what interventions are given to infants, including 
what and how they are fed (14). There was no specific 
evidence available about whether families value 
zinc supplements for their preterm or LBW baby or 
whether they find them acceptable.

Resources required and implementation 
considerations
Organization of care
The supplements can be provided in the health-
care facility or at home. The family needs accurate 
information on the dose and how to administer the 
supplement. National or local guidance for health-
care facilities should be used.

Infrastructure, equipment and supplies
Zinc supplements are often provided as either 5 mg 
zinc capsules that are then opened and mixed with 
5 ml of water (1 mg elemental zinc per ml) or zinc-
containing multinutrient syrups (5 mg elemental zinc 
in 120 mls) (i.e. 42 µg elemental zinc per ml). Babies 
are often prescribed 1–5 mls of these formulations 
daily. Droppers or syringes can be used to administer 
the supplement to the infant. National or local 
guidance for health-care facilities should be used.

Workforce, training, supervision and monitoring
Health workers at all levels can support mothers 
and families. Standardized packages are needed for 
training, supervision and monitoring. Dispensing 
needs to be documented in clinical records.
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Feasibility and equity
There was no specific evidence available about the 
feasibility and equity of providing zinc supplements to 
preterm or LBW babies.

Summary of judgements

Comparison: Zinc supplementation vs no zinc supplementation (A.10b)

Justification • Evidence of small-to-moderate benefit: decreased mortality (low-certainty evidence), 
decreased diarrhoea (moderate-certainty evidence), decreased respiratory infection 
(very-low-certainty), increased weight, length, head circumference (moderate-certainty 
evidence) and increased psychomotor development scores (very-low-certainty evidence)

• Evidence on harms uncertain: decreased mental development scores (low-certainty 
evidence)

• Evidence of little or no effect on sepsis (low-certainty evidence)
• No evidence on other critical outcomes

Evidence-to-Decision summary

Benefits Small to moderate

Harms Unknown

Certainty Low

Balance Probably favours zinc supplementation

Values Uncertainty or variability about outcomes

Acceptability Probably acceptable

Resources Low to moderate

Feasibility Probably feasible

Equity Probably equitable
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A.10c Vitamin D supplementation

Recommendation and remarks

RECOMMENDATION A.10c (UPDATED)

Enteral vitamin D supplementation may be considered for human milk-fed preterm or low-birth-weight 
infants who are not receiving vitamin D from another source. (Conditional recommendation, low-certainty 
evidence)

Remarks

• The GDG noted that the evidence on harms (increased mortality) was uncertain due to low-certainty 
evidence and imprecision.

• The recommendation is conditional on shared decision-making with parents; this includes informing 
parents about the benefits and risks and the need for further research.

• The GDG also noted improvements in vitamin D deficiency and alkaline phosphatase levels but there 
were no data on other markers of bone health such as osteopenia or rickets.

• The GDG noted that there were limited data on the dose, timing of initiation and duration of 
supplementation. Based on most trials included in the evidence review, the GDG suggests a daily dose 
of 400–800 IU may be initiated when enteral feeds are well established, and may be continued until the 
infant receives vitamin D from another source.

Background and definitions
Vitamin D increases intestinal absorption of calcium 
and phosphorus, and enhances bone mineralization 
(42). Low vitamin D levels are associated with 
seizures, irritability, rickets (swollen, deformed, 
painful joints and bones), bone fractures, osteopenia 
(radiological evidence of thin bones) and metabolic 
bone disease (radiological evidence of widened or 
deformed bones) (109-111). Vitamin D deficiency 
has also been associated with increased risk of 
respiratory and diarrhoeal disease. Human milk may 
not be able to meet the nutritional requirements of 
preterm or LBW infants because of their low vitamin 

D stores and catch-up growth (56). Babies born to 
darker-skinned mothers are at higher risk of vitamin 
D deficiency, especially those born in higher latitudes 
and in the winter months (112). In 2011, WHO 
recommended that VLBW infants with birth weight 
below 1.5 kg should be given vitamin D supplements 
(400–1000 IU per day) until 6 months of age (19). 
A systematic review published in 2020 reported 
improvements in vitamin D biomarkers (vitamin D 
levels, calcium levels, parathyroid hormone) after 
vitamin D supplementation was provided to all 
preterm infants (113).

Summary of the evidence

OVERVIEW A.10c Vitamin D supplementation

PICO Population – Preterm or LBW infants who are fed mother’s own milk or donor human milk 
Intervention – Vitamin D supplementation
Comparator – No vitamin D supplementation 
Outcomes – All-cause mortality, morbidity, growth, neurodevelopment at latest follow-up

Timing, setting, 
subgroups

Timing of the intervention – Birth to 6 months of age 
Setting – Health-care facility or home in any country or setting 
Subgroups

• Gestational age at birth (< 32 weeks, ≥ 32 weeks)
• Birth weight (< 1.5 kg, ≥ 1.5 kg)
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Effectiveness: Comparison – Vitamin D 
supplementation versus no vitamin D 
supplementation
Sources and characteristics of the evidence
The effectiveness evidence was derived from a 
systematic review of three RCTs totalling 2479 
preterm or LBW infants from two countries (India 
and the USA) (114). One trial in India enrolled 
2079 (84%) of these infants. Most had a birth 
weight of at least 1.5 kg or were born at 32 weeks’ 
gestation or later. The trials used a dose of vitamin 
D supplementation ranging from 200 IU to 800 
IU per day. Two trials compared vitamin D with 
placebo, while the third trial compared vitamin D 
plus multivitamins with multivitamins alone. Vitamin 
D supplementation began between birth and 7 days 
chronological age in all trials. The mean duration of 
supplementation was 19 (SD 19) days and the median 
duration was 26 (IQR 4 to 26) days.

Critical outcomes
For vitamin D supplementation compared with no 
vitamin D supplementation, two trials reported all-
cause mortality, five reported morbidity (1 reported 
bronchopulmonary dysplasia, 1 reported “at least one 
serious morbidity”), two reported growth (2 reported 
WAZ, 2 LAZ/HAZ, 1 head circumference z scores) 
and two reported neurodevelopment (cognitive 
development and neurodevelopmental impairment). 
(Full details are provided in GRADE Table A.10c, in the 
Web Supplement.)

 n Mortality: Low-certainty evidence from two trials 
totalling 2179 participants suggests an increase 
in all-cause mortality at latest follow-up (RR 1.81, 
95% CI 0.92 to 3.56).

 n Morbidity: Very-low-certainty evidence from one 
trial with 100 participants suggests a decrease in 
bronchopulmonary dysplasia at 8 weeks of age 
(RR 0.77, 95% CI 0.47 to 1.27). Very-low-certainty 
evidence from two trials totalling 2179 participants 
suggests little or no effect on any (at least one) 
serious morbidity at latest follow-up (median 
17 [IQR 8–26] weeks) (RR 0.94, 95% CI 0.72 to 
1.24). “At least one serious morbidity” is defined 
as any (at least one) serious morbidity assessed 
with: any severe morbidity (hospital admission, or 
outpatient visits with diagnoses selected based on 
clinical judgement that represented severe illness: 
pneumonia, persistent diarrhoea, dysentery, 
severe fever, severe protein energy malnutrition, 
ear infections, meningitis and septicaemia), RDS, 
early-onset sepsis (≤ 72 hours), late-onset sepsis 

(> 72 hours) and culture-positive meningitis (115).
 n Growth: Moderate-certainty evidence from one 
trial with 1273 participants suggests an increase 
in WAZ at 6 months (MD 0.12, 95% CI 0.01 to 
0.23). Low-certainty evidence from one trial with 
912 participants suggests little or no effect on 
WAZ scores between 3 and 6 years of age (MD 
-0.07, 95% CI -0.18 to 0.04). Moderate-certainty 
evidence from one trial with 1258 participants 
suggests an increase in LAZ at 6 months (MD 0.12, 
95% CI 0.03 to 0.21). Low-certainty evidence from 
one trial with 912 participants suggests little or no 
effect on height-for-age z scores (HAZ) between 
3 and 6 years of age (MD 0.07, 95% CI -0.05 to 
0.19). Low-certainty of evidence from one trial 
with 1259 participants suggests little or no effect 
on head circumference z scores at 6 months (MD 
-0.08, 95% CI -0.17 to 0.01).

 n Neurodevelopment: Very-low-certainty evidence 
from one trial with 70 participants suggests 
little or no effect on cognitive scores assessed 
at 104 weeks (RR 0.85, 95% CI 0.45 to 1.59). 
Very-low-certainty evidence from one trial 
with 71 participants suggests a decrease in 
neurodevelopmental impairment assessed at 104 
weeks (RR 0.69, 95% CI 0.41 to 1.17).

Other outcomes
There was little or no effect on hospitalization (at 
least one hospitalization) at latest follow-up (6 
months) (RR 0.84, 95% CI 0.42 to 1.66; 2 trials, 
1468 participants). There was a decrease in serum 
alkaline phosphatase (ALP) (measured in IU per 
litre) (note: ALP should be ≥ 500 IU/L) at 6 months 
follow-up (RR 0.37, 95% CI 0.10 to 1.36; 1 trial, 
265 participants). There was a decrease in vitamin 
D deficiency (< 20 µg/ml) at latest follow-up 
(6 months) (RR 0.58, 95% CI 0.49 to 0.68; 2 trials, 
504 participants).

Subgroup analyses
The effect of gestational age and birth weight could 
not be assessed as there were insufficient trials 
reporting on any critical outcome.

Values and acceptability
The systematic review about what matters to families 
about the care of the preterm or LBW infant (see 
Table 1.1) reported that families want to be involved 
in delivering care to infants, including supporting 
nutrition, and want to take an active role in deciding 
what interventions are given to infants, including 
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what and how they are fed (14). There was no specific 
evidence available about whether families value 
vitamin D supplements for their preterm or LBW baby 
or whether they find them acceptable.

Resources required and implementation 
considerations
Organization of care
The supplements can be provided in the health-
care facility or at home. The family needs accurate 
information on the dose and how to administer the 
supplement. National or local guidance for health-
care facilities should be used.

Infrastructure, equipment and supplies
Common methods of providing enteral vitamin D for 
preterm and LBW infants include infant multivitamin 

formulations (e.g. vitamins D, A, C, B group). 
Many formulations contain 400 IU vitamin D per 
0.45–0.6 ml. Droppers or syringes can be used to 
administer the supplement to the infant. National 
or local guidance for health-care facilities should be 
used.

Workforce, training, supervision and monitoring
Health workers at all levels can support mothers 
and families. Standardized packages are needed for 
training, supervision and monitoring. Dispensing 
needs to be documented in clinical records.

Feasibility and equity
There was no specific evidence on the feasibility and 
equity of providing vitamin D supplements to preterm 
or LBW babies.

Summary of judgements

Comparison: Vitamin D supplementation vs no vitamin D supplementation (A.10c)

Justification • Evidence of small benefit: decreased bronchopulmonary dysplasia (very-low-certainty evidence), 
increased weight and length (moderate-certainty evidence) and decreased neurodevelopmental 
impairment (very-low-certainty evidence)

• Evidence on harms uncertain: mortality (low-certainty evidence)
• Evidence of little or no effect on infections (moderate-certainty evidence), hospital admissions 

(very-low-certainty evidence), head circumference (low-certainty evidence), weight (low-certainty 
evidence) and length (moderate-certainty evidence)

Evidence-to-Decision framework

Benefits Moderate

Harms Unknown

Certainty Moderate

Balance Probably favours vitamin D supplementation

Values No uncertainty or variability about outcomes

Acceptability Varies

Resources Low to moderate

Feasibility Varies

Equity Varies
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A.10d Vitamin A supplementation

Recommendation and remarks

RECOMMENDATION A.10d (UPDATED)

Enteral vitamin A supplementation may be considered for human milk-fed very preterm (< 32 weeks’ 
gestation) or very-low-birth-weight (< 1.5 kg) infants who are not receiving vitamin A from another 
source. (Conditional recommendation, low-certainty evidence)

Remarks

• The recommendation is conditional on shared decision-making with parents; this includes informing 
parents about the benefits and risks and the need for further research.

• There were no trials in infants born ≥ 32 weeks’ gestation or ≥ 1.5 kg birth weight, so the GDG did not 
make a recommendation for those infants.

• The GDG noted that there were limited data on the dose, timing of initiation and duration of 
supplementation. Based on most trials included in the evidence review, the GDG suggests a daily dose of 
1000–5000 IU may be initiated when enteral feeds are well established, and may be continued until the 
infant receives vitamin A from another source.

Background and definitions
Vitamin A regulates cellular growth and helps to 
maintain the integrity of the mucosa and epithelium 
of the respiratory and gastrointestinal tracts (116,117). 
Vitamin A may also boost immune function (118,119). 
Preterm infants are born with low cord blood and 

liver storage of vitamin A (117). Supplementation 
with vitamin A has been reported to reduce 
bronchopulmonary dysplasia in studies of very 
preterm infants (born before 32 weeks’ gestation) 
(116,120,121).

Summary of the evidence

OVERVIEW A.10d Vitamin A supplementation

PICO Population – Preterm or LBW infants who are fed mother’s own milk or donor human milk 
Intervention – Vitamin A supplementation
Comparator – No vitamin A supplementation
Outcomes – All-cause mortality, morbidity, growth, neurodevelopment at latest follow-up

Timing, setting, 
subgroups

Timing of the intervention – Birth to 6 months of age 
Setting – Health-care facility or home in any country or setting 
Subgroups

• Gestational age at birth (< 32 weeks, ≥ 32 weeks)
• Birth weight (< 1.5 kg, ≥ 1.5 kg)

Effectiveness: Comparison – Vitamin A 
supplementation versus no vitamin A 
supplementation
Sources and characteristics of the evidence
The effectiveness evidence was derived from a 
systematic review of RCTs of “low” daily dose 
(< 10 000 IU/day) enteral vitamin A supplementation 
for preterm and/or LBW infants, which included 
four trials and 800 participants from three countries 
(China, India and the United Kingdom) (122). All 
infants in the included trials had gestational age 
below 32 weeks or birth weight below 1.5 kg and most 
were born before 28 weeks’ gestation (extremely 

preterm) or with birth weight below 1.0 kg (extremely 
LBW). Doses ranged from 1500 to 10 000 IU/day 
and initiation of supplementation was between 1 
and 4 days of age in the trials. Two trials provided 
supplementation until 28 days after birth while the 
other two trials continued until 34–36 weeks PMA.

Critical outcomes
For vitamin A supplementation compared with no 
vitamin A supplementation, four trials reported all-
cause mortality, five reported morbidity (4 reported 
bronchopulmonary dysplasia, 1 pneumothorax, 
1 pulmonary haemorrhage, 4 retinopathy 
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of prematurity, 2 patent ductus arteriosis, 
1 periventricular leukomalacia, 3 sepsis, 1 seizures, 
3 necrotizing enterocolitis, 2 intraventricular 
haemorrhage) and one reported growth (weight 
gain). No trials reported neurodevelopment. (Full 
details are provided in GRADE Table A.10d, in the 
Web Supplement.)

 n Mortality: Moderate-certainty evidence from 
four trials totalling 800 participants suggests a 
decrease in all-cause mortality at latest follow-up 
(mean 10.3 weeks) (RR 0.74, 95% CI 0.53 to 1.02).

 n Morbidity: Low-certainty evidence from four trials 
totalling 746 participants suggests a decrease 
in bronchopulmonary dysplasia at latest follow-
up (mean 11.75 weeks) (RR 0.77, 95% CI 0.50 
to 1.16). Low-certainty evidence from one trial 
with 154 participants suggests a decrease in 
pneumothorax at latest follow-up (10 weeks) 
(RR 0.75, 95% CI 0.46 to 1.21). Low-certainty 
evidence from one trial with 154 participants 
suggests a decrease in pulmonary haemorrhage 
at latest follow-up (10 weeks) (RR 0.60, 95% 
CI 0.30 to 1.21). Low-certainty evidence from 
four trials totalling 742 participants suggests a 
decrease in retinopathy of prematurity at latest 
follow-up (mean 11.75 weeks) (RR 0.69, 95% 
CI 0.37 to 1.30). Low-certainty evidence from 
two trials totalling 350 participants suggests a 
decrease in patent ductus arteriosus at latest 
follow-up (mean 7 weeks) (RR 0.66, 95% CI 
0.21 to 2.06). Low-certainty evidence from one 
trial with 262 participants suggests a decrease 
in periventricular leukomalacia at latest follow-
up (17 weeks) (RR 0.66, 95% CI 0.38 to 1.14). 
Low-certainty evidence from three trials totalling 
646 participants suggests little to no effect on 
sepsis at latest follow-up (mean 12.3 weeks) (RR 
0.87, 95% CI 0.64 to 1.19). Low-certainty evidence 
from one trial with 154 participants suggests little 
to no effect on seizures at latest follow-up (10 
weeks) (RR 0.82, 95% CI 0.54 to 1.25). Very-
low-certainty evidence from three trials totalling 
604 participants suggests little to no effect on 
necrotizing enterocolitis at latest follow-up (mean 
12.3 weeks) (RR 1.05, 95% CI 0.71 to 1.51). Very-
low-certainty evidence from two trials totalling 
450 participants suggests little to no effect on 
intraventricular haemorrhage at latest follow-up 
(mean 13.5 weeks) (RR 1.00, 95% CI 0.46 to 2.17).

 n Growth: Low-certainty evidence from one trial 
with 188 participants suggests little to no effect 
on weight gain at latest follow-up (by hospital 
discharge or 16 weeks) (MD 0.02, 95% CI -0.2 
to 0.24).

Other outcomes
There was a decrease in length of hospital stay (mean 
6.3 weeks) (MD -8.76, 95% CI -32.1 to 14.58; 2 trials, 
450 participants) and an increase in serum retinol 
concentration (measured in µg/ml) at latest follow-
up (mean 8 weeks) (MD 4.7, 95% CI 1.2 to 8.2; 1 trial, 
36 participants).

Subgroup analyses
The effect of gestational age and birth weight could 
not be assessed as there were insufficient trials 
reporting on any critical outcome.

Values and acceptability
The systematic review about what matters to families 
about the care of the preterm or LBW infant (see 
Table 1.1) reported that families want to be involved 
in delivering care to infants, including supporting 
nutrition, and want to take an active role in deciding 
what interventions are given to infants, including 
what and how they are fed (14). There was no specific 
evidence available about whether families value 
vitamin A supplements for their preterm or LBW baby 
or whether they find them acceptable.

Resources required and implementation 
considerations
Organization of care
The supplements can be provided in the health-
care facility or at home. The family needs accurate 
information on the dose and how to administer the 
supplement. National or local guidance for health-
care facilities should be used.

Infrastructure, equipment and supplies
Common methods of providing enteral vitamin A for 
preterm and LBW infants include infant multivitamin 
formulations (e.g. vitamins D, A, C, B group) in 
30–50 ml bottles. Many formulations contain 
1000–5000 IU vitamin A per 0.45–0.6 ml. Droppers 
or syringes can be used to administer the supplement 
to the infant. National or local guidance for health-
care facilities should be used.
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Workforce, training, supervision and monitoring
Health workers at all levels can support mothers 
and families. Standardized packages are needed for 
training, supervision and monitoring. Dispensing 
needs to be documented in clinical records.

Feasibility and equity
There was no specific evidence available about 
the feasibility and equity of providing vitamin A 
supplements to preterm or LBW babies.

Summary of judgements

Comparison: Vitamin A supplementation vs no vitamin A supplementation (A.10d)

Justification In trials where most participants are very preterm (< 32 weeks’ gestation) or VLBW (< 1.5 kg):
• Evidence of small benefit: decreased mortality (moderate-certainty evidence), decreased 

bronchopulmonary dysplasia, pneumothorax, pulmonary haemorrhage, retinopathy of 
prematurity, patent ductus arteriosis and periventricular leukomalacia (low-certainty evidence)

• No evidence of harm
• Evidence of little or no effect on sepsis, seizures, weight (low-certainty evidence) and on 

necrotizing enterocolitis and intraventricular haemorrhage (very-low-certainty evidence)
• No evidence on other critical outcomes

Evidence-to-Decision summary

Benefits Small or trivial to none

Harms Trivial or none

Certainty Low

Balance Probably favours vitamin A supplementation

Values Uncertainty or variability about outcomes

Acceptability Probably acceptable

Resources Low to moderate

Feasibility Feasible

Equity Probably equitable
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A.10e Calcium and phosphorous supplementation

Recommendation and remarks

NO RECOMMENDATION

Remark

• The GDG decided not to make a recommendation on calcium or phosphorous supplementation as there 
was little evidence of benefits or harms on any critical outcome.

Background and definitions
Preterm and LBW infants have low skeletal stores of 
calcium and phosphorus (123). Previous systematic 
reviews have reported that calcium and phosphorous 
supplements given to human-milk-fed preterm or 
LBW infants had no effect on growth (weight, length, 

head circumference) but improved bone biomarkers 
(serum alkaline phosphatase) (123,124). No effects 
have been reported on mortality, morbidity or 
neurodevelopment and no evidence was found on the 
optimal dose or timing of initiation.

Summary of the evidence

OVERVIEW A.10e Calcium and phosphorous supplementation

PICO Population – Preterm or LBW infants who are fed mother’s own milk or donor human milk
Intervention – Calcium and phosphorous supplementation
Comparator – No calcium and phosphorous supplementation
Outcomes – All-cause mortality, morbidity, growth, neurodevelopment at latest follow-up

Timing, setting, 
subgroups

Timing of the intervention – Birth to 6 months of age
Setting – Health-care facility or home in any country or setting
Subgroups

• Gestational age at birth (< 32 weeks, ≥ 32 weeks)
• Birth weight (< 1.5 kg, ≥ 1.5 kg)

Effectiveness: Comparison – Calcium and 
phosphorous supplementation versus no 
calcium or phosphorous supplementation
Sources and characteristics of the evidence
The effectiveness evidence was derived from a 
systematic review of three trials (2 RCTs and 1 non-
randomized trial) reporting on a total of 162 preterm 
and/or LBW infants from two countries (the Islamic 
Republic of Iran and the United Kingdom) (125). Most 
babies in the trials had birth weight below 1.5 kg 
and/or had been born before 32 weeks’ gestation. 
Two trials assessed the effect of phosphorus 
supplementation only (dose of 15 mg/kg per day in 1 
trial and 25 mg/kg per day in 1 trial) and the third trial 
assessed the effect of supplementation with calcium 
and phosphorous combined (calcium 45 mg/kg per 
day, phosphorus 25 mg/kg per day). All three trials 
gave supplements enterally, via naso- or orogastric 
tubes. Supplementation commenced between birth 
and 10 days chronological age in all three trials. The 
duration of supplementation was between 10 and 42 
days in one trial and it could not be assessed in the 
other two.

Critical outcomes
For calcium and phosphorous supplementation 
compared with no calcium or phosphorous 
supplementation, three trials reported morbidity (2 
reported rickets, 1 osteopenia) and one trial reported 
growth (length and head circumference). No trials 
reported all-cause mortality or neurodevelopment, 
and no trials reported on serious adverse events. (Full 
details are provided in GRADE Table A.10e, in the 
Web Supplement.)

Morbidity: Very-low-certainty evidence from three 
trials totalling 159 participants suggests a decrease in 
osteopenia or rickets at latest follow-up (mean 38.3 
weeks) (RR 0.68, 95% CI 0.46 to 0.99).

Growth: Very-low-certainty evidence from one trial 
with 40 participants suggests little to no effect on 
weight (in grams) at 6 weeks of age (MD 138.5, 95% 
CI -82.16 to 359.16). Very-low-certainty evidence 
from one trial with 40 participants suggests little 
to no effects on length (in centimetres) at 6 weeks 
of age (MD 0.77, 95% CI -0.92 to 2.46). Very-low-
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certainty evidence from one trial with 40 participants 
suggests little to no effect on head circumference 
(in centimetres) at 6 weeks of age (MD 0.33, 95% 
CI -0.3 to 0.96).

Other outcomes
There was little or no effect on serum alkaline 
phosphatase (IU/L) at 6 weeks of age (MD -126.11, 
95% CI -298.5 to 46.27; 2 trials, 122 participants), 
serum calcium (mg/dl) at 6 weeks of age (MD 0.54, 
95% CI -0.19 to 1.27; 1 trial, 40 participants), or serum 
phosphorus (IU/L) at 6 weeks of age (MD 0.07, 95% 
CI -0.22 to 0.36; 1 trial, 40 participants).

Subgroup analyses
The effect of gestational age and birth weight could 
not be assessed as there were insufficient trials 
reporting on any critical outcome.

Values and acceptability
The systematic review about what matters to families 
about the care of the preterm or LBW infant (see 
Table 1.1) reported that families want to be involved 
in delivering care to infants, including supporting 
nutrition, and want to take an active role in deciding 
what interventions are given to infants, including 
what and how they are fed (14). There was no specific 
evidence available about whether families value 
calcium and phosphorous supplements for their 
preterm or LBW baby or whether they find them 
acceptable.

Resources required and implementation 
considerations
Organization of care
The supplements can be provided in the health-
care facility or at home. The family needs accurate 
information on the dose and how to administer the 
supplement. National or local guidance for health-
care facilities should be used.

Infrastructure, equipment and supplies
Common methods of providing enteral calcium and 
phosphorous for preterm and LBW infants include 
a 5 ml suspension containing 125 mg of calcium, 
55 mg of phosphorus and 200 IU of vitamin D, which 
is given three times a day at a dose of 2 ml/kg. 
Droppers or syringes can be used to administer the 
supplement to the infant. National or local guidance 
for health facilities should be used.

Workforce, training, supervision and monitoring
Health workers at all levels can support mothers 
and families. Standardized packages are needed for 
training, supervision and monitoring. Dispensing 
needs to be documented in clinical records.

Feasibility and equity
There was no specific evidence available about 
the feasibility and equity of providing calcium and 
phosphorous supplements to preterm or LBW babies.

Summary of judgements

Comparison: Calcium and phosphorous supplementation vs no calcium or phosphorous supplementation 
(A.10e)

Justification • Evidence of small benefit: decreased osteopenia, rickets (very-low-certainty evidence)
• Evidence of little or no effect on weight, length, head circumference (very-low-certainty evidence)
• No evidence on other critical outcomes

Evidence-to-Decision summary

Benefits Unknown

Harms Unknown

Certainty Very low

Balance Does not favour calcium and phosphorous supplementation

Values Uncertainty or variability about outcomes

Acceptability Probably acceptable

Resources Low to moderate

Feasibility Probably feasible

Equity Probably equitable
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A.10f Multiple micronutrient (MMN) supplementation

Recommendation and remarks

NO RECOMMENDATION

Remark

• The GDG decided not to make a recommendation on MMN supplementation as there was no evidence 
of benefits or harms on any critical outcome.

Background and definitions
Many health workers advise families to give MMN 
supplements to human-milk-fed preterm and LBW 
infants (76,123). The supplements commonly include 
A, D, E, B group vitamins, and some contain iron, 

zinc, folate and magnesium (56). However, there 
has been no systematic review of the effect of MMN 
supplements on health and developmental outcomes 
in preterm and LBW infants.

Summary of the evidence

OVERVIEW A.10f MMN supplementation

PICO Population – Preterm or LBW infants who are fed mother’s own milk or donor human milk 
Intervention – Enteral MMN supplementation
Comparator – No MMN supplementation 
Outcomes – All-cause mortality, morbidity, growth, neurodevelopment at latest follow-up

Timing, setting, 
subgroups

Timing of the intervention – Birth to 6 months of age 
Setting – Health-care facility or home in any country or setting 
Subgroups

• Gestational age at birth (< 32 weeks, ≥ 32 weeks)
• Birth weight (< 1.5 kg, ≥ 1.5 kg)

Effectiveness: Comparison – MMN 
supplementation versus no MMN 
supplementation
Sources and characteristics of the evidence
The effectiveness evidence was derived from a 
systematic review of the effectiveness of MMNs 
defined as three or more micronutrients (vitamins 
A, D, E, B group, iron, zinc, folate or magnesium). 
Two RCTs were included, which enrolled a total of 
414 preterm or LBW infants from two countries 
(Mexico and the United Republic of Tanzania) (126). 
The United Republic of Tanzania trial recruited 339 
preterm or LBW infants. The Mexico trial recruited 
75 preterm or LBW infants. The United Republic of 
Tanzania trial intervention was vitamin C, E, B group, 
folate and vitamin B12, which was compared with 
no MMN in the control group. The Mexico trial gave 
the same nutrients to the intervention group plus 
zinc, magnesium, vitamin D, vitamin A and iron, and 
compared this with vitamin A and iron in the control 
group. The United Republic of Tanzania trial initiated 
supplementation at 66 weeks of age and continued 
until 18 months of age, while the Mexico trial started 

supplementation at 3 months, continuing until 24 
months of age.

Critical outcomes
For enteral MMN supplementation compared with no 
MMN supplementation, two trials reported growth 
outcomes (weight-for-height z score [WHZ], HAZ, 
WAZ) and one trial reported neurodevelopmental 
outcomes (cognition, receptive language, expressive 
language, fine motor, gross motor). No trials reported 
mortality or morbidity outcomes, and no trials 
reported on serious adverse events. (Full details 
are provided in GRADE Table A.10f, in the Web 
Supplement.)

 n Growth: Low-certainty evidence from two trials 
totalling 398 participants suggests little or no 
effect on wasting (WHZ < -2 SD) at latest follow-
up (mean 91 weeks) (RR 0.86, 95% CI 0.50 to 
1.48). Low-certainty evidence from two trials 
totalling 399 participants suggests little or no 
effect on stunting (HAZ < -2 SD) at latest follow-
up (mean 91 weeks) (RR 1.17, 95% CI 0.83 to 1.66). 
Low-certainty evidence from two trials totalling 
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396 participants suggests little or no effect on 
underweight (WAZ < -2 SD) at latest follow-up 
(mean 91 weeks) (RR 1.22, 95% CI 0.85 to 1.22). 
There was also little or no effect on change in 
WHZ, HAZ or WAZ scores from baseline to 
endline in the studies.

 n Neurodevelopment: At latest follow-up, very-
low-certainty evidence from one trial with 27 
participants suggests little or no effect on: 
cognition scores (78 weeks) (MD 2.64, 95% CI 
-0.48 to 5.67); receptive language scores (78 
weeks) (MD 1.19, 95% CI -0.33 to 2.71); expressive 
language scores (78 weeks) (MD 0.94, 95% CI 
-1.13 to 3.01); fine motor scores (78 weeks) (MD 
1.03, 95% CI -1.13 to 3.19); and gross motor scores 
(78 weeks) (MD 1.14, 95% CI -0.56 to 2.84). 
All of these neurodevelopment outcomes were 
measured using BSID-III.

Subgroup analyses
The effect of gestational age and birth weight could 
not be assessed as there were insufficient trials 
reporting on any critical outcome.

Values and acceptability
The systematic review about what matters to families 
about the care of the preterm or LBW infant (see 
Table 1.1) reported that families want to be involved 
in delivering care to infants, including supporting 
nutrition, and want to take an active role in deciding 
what interventions are given to infants, including 
what and how they are fed (14). There was no specific 

evidence available about whether families value 
MMN supplements for their preterm or LBW baby or 
find them acceptable.

Resources required and implementation 
considerations
Organization of care
The supplements can be provided in the health-
care facility or at home. The family needs accurate 
information on the dose and how to administer the 
supplement. National or local guidance for health-
care facilities should be used.

Infrastructure, equipment and supplies
Common methods of providing enteral MMN 
supplements for preterm and LBW infants include 
infant multivitamin formulations (e.g. vitamins D, 
A, C, B group with added iron) in 30–50 ml bottles. 
Droppers or syringes can be used to administer the 
supplement to the infant. National or local guidance 
for health-care facilities should be used.

Workforce, training, supervision and monitoring
Health workers at all levels can support mothers 
and families. Standardized packages are needed for 
training, supervision and monitoring. Dispensing 
needs to be documented in clinical records.

Feasibility and equity
There was no specific evidence available about the 
feasibility and equity of providing MMN supplements 
to preterm or LBW babies.

Summary of judgements

Comparison: MMN supplementation vs no MMN supplementation (A.10f)

Justification • Evidence of little or no effect on weight, length and neurodevelopment (low- to very-low-certainty 
evidence)

• No evidence on other critical outcomes

Evidence-to-Decision summary

Benefits Unknown

Harms Unknown

Certainty Low to very low

Balance Does not favour MMN supplementation

Values Uncertainty or variability about outcomes

Acceptability Probably acceptable

Resources Low to moderate

Feasibility Probably feasible

Equity Probably equitable
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A.11 PROBIOTICS

Recommendation and remarks

RECOMMENDATION A.11 (NEW)

Probiotics may be considered for human-milk-fed very preterm infants (< 32 weeks’ gestation). 
(Conditional recommendation, moderate-certainty evidence)

Remarks

• The recommendation is conditional on shared decision-making with parents; this includes informing 
parents about the benefits and risks and the need for further research.

• The GDG noted that there are many infant probiotic formulations available in the public domain that 
have variable quality control and formulation (127,128).

• The GDG considered that only probiotics especially formulated for preterm or LBW infants that meet 
regulatory standards should be used, and clear instructions for safe use should be given to health 
workers.

• The GDG did not make a recommendation for infants born after 32 weeks’ gestation because the data 
were insufficient.

• Only five trials (254 participants) included infants fed formula as the sole diet, so the GDG did not make 
a recommendation for these infants.

• The GDG was not able to make a recommendation on type (i.e. genera, species or strain), formulation 
(e.g. powder or drops), dose, timing or duration of probiotic administration as there was insufficient 
evidence. The GDG considered that type, formulation, dose, timing and duration should be based on 
clinical judgement.

Background and definitions
Probiotics are formulations given by the enteral 
route that contain bacteria (e.g. Bifidobacterium spp. 
or Lactobacillus spp.) or fungi (e.g. Saccharomyces 
spp.) (129,130). A range of probiotic supplements 
are available commercially. Probiotics colonize the 
mucosal surface of the human gastrointestinal tract, 
modulate the intestinal microbiome and promote 
mucosal barrier functions (129,130). Probiotics 

have been used to prevent and treat infectious or 
inflammatory gastrointestinal conditions primarily in 
adults, with only low-certainty evidence of any benefit 
for most conditions (131-133). There have also been 
many trials of probiotics in preterm and LBW infants 
in the last 10 years showing varying effects, including 
reductions in sepsis and necrotizing enterocolitis 
(134-137), but also increases in bacteraemia and 
fungaemia (134,138,139).
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Summary of the evidence

OVERVIEW A.11 Probiotics

PICO Population – Preterm or LBW infants 
Intervention – Any probiotics 
Comparator – No probiotics 
Outcomes – All-cause mortality, morbidity, growth, neurodevelopment at latest follow-up

Timing, setting, 
subgroups

Timing of the intervention – Birth to 6 months of age 
Setting – Health-care facility or home in any country or setting 
Subgroups

• Gestational age at birth (< 32 weeks, ≥ 32 weeks)
• Birth weight (< 1.5 kg, ≥ 1.5 kg)
• Probiotic species (Bifidobacterium spp., Lactobacillius spp., other spp.)
• Type of enteral feed (human milk, formula, mixed)

Effectiveness: Comparison – Any probiotics 
versus no probiotics
Sources and characteristics of the evidence
The effectiveness evidence was derived from a 
Cochrane systematic review of 56 trials totalling 
10 812 very preterm (< 32 weeks’ gestation) or VLBW 
infants (< 1.5 kg) (127). An updated search conducted 
on 1 October 2021 located no new trials.

The average birth weight was 1.0–1.2 kg and 
average gestation at birth was 28–32 weeks. 
Four trials excluded infants who were born with 
birth weight below the 10th percentile for the 
reference population (i.e. small for gestational 
age, or SGA). Most trials were conducted during 
the past 20 years (4 trials were conducted 
pre-2000). The trials were from 21 countries 
(Australia, Bangladesh, Brazil, China, France, 
Germany, Greece, India, the Islamic Republic of 
Iran, Israel, Italy, Japan, Mexico, Pakistan, Poland, 
Slovenia, South Africa, Thailand, Türkiye, the 
United Kingdom and the USA). Fifty-five trials 
were individually randomized and one was cluster 
randomized. Twenty-one trials enrolled fewer 
than 100 participants, 20 enrolled 100–199, 12 
enrolled 200–499 participants and 3 enrolled 500 
participants or more. In most trials, participating 
infants were given human milk or formula feeding. 
Seven trials enrolled infants who received human 
milk only and five enrolled only formula-fed 
participants. The probiotic preparations varied, 
though were mostly lyophilized (freeze dried) or 
liquid commercially available products supplied 
by the manufacturer for use in the trial. Thirty-
three trials used single-genus probiotics (most 
commonly, Bifidobacterium spp. or Lactobacillus 
spp.) and 23 used multi-genus combinations (most 

commonly, Bifidobacterium spp. plus Lactobacillus 
spp.). Most trials initiated supplementation 
during the first week after birth, typically with the 
first enteral feed. In most trials, the intervention 
period was at least six weeks, typically lasting 
until discharge from hospital. Eleven of the trials 
administered the intervention for a shorter period 
(7–30 days). One trial continued the intervention 
until the infant reached 2.0 kg body weight.

Critical outcomes
For probiotics compared with no probiotics, 51 
trials reported all-cause mortality, 54 reported 
morbidity (54 reported necrotizing enterocolitis, 
47 culture-confirmed infection) and 6 reported 
neurodevelopment (severe neurodevelopmental 
impairment). No trials reported growth. (Full details 
are provided in GRADE Table A.11, in the Web 
Supplement.)

 n Mortality: Moderate-certainty evidence from 
51 trials totalling 10 170 participants suggests 
a decrease in all-cause mortality by hospital 
discharge (RR 0.76, 95% CI 0.65 to 0.89).

 n Morbidity: Low-certainty evidence from 54 trials 
totalling 10 604 participants suggests a decrease 
in necrotizing enterocolitis by hospital discharge 
(RR 0.54, 95% CI 0.45 to 0.65). Moderate-
certainty evidence from 47 trials totalling 9762 
participants suggests a decrease in invasive 
infection by hospital discharge (RR 0.89, 95% 
CI 0.82 to 0.97).

 n Neurodevelopment: Low-certainty evidence from 
five trials totalling 1518 participants suggests 
little or no effect on neurodevelopment (severe 
neurodevelopmental impairment assessed using 
a validated test) between 18 months and 3 years 
(RR.1.03, 95% CI 0.84 to 1.26).
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Other outcomes
There was a decrease in length of hospital stay (in 
days) (MD -1.93, 95% CI -3.78 to -0.08; 22 trials, 
5458 infants).

Subgroup analyses
Subgroup differences for growth and 
neurodevelopment could not be assessed as there 
were insufficient studies. No difference was found for 
mortality, necrotizing enterocolitis or sepsis for any 
of the subgroups: gestational age and birth weight, 
probiotic species or type of enteral feed.

Other studies
Eight studies (3080 participants) recruited infants 
with gestational age 32–36 weeks (mean 33 weeks 
(SD 4 weeks) and showed decreases in all-cause 
mortality (RR 0.50, 95% CI 0.43 to 1.17; 4 trials, 2334 
participants, low-certainty evidence), necrotizing 
enterocolitis (RR 0.32, 95% CI 0.16 to 0.66; 6 
trials, 1493 participants, low-certainty evidence), 
sepsis (RR 0.50, 95% CI 0.29 to 0.85; 6 trials, 
2708 participants, low-certainty evidence) and 
neurodevelopmental impairment (RR 0.48, 95% 
CI 0.29 to 0.80; 1 trial, 249 participants, very-low-
certainty evidence).

Values and acceptability
The systematic review about what matters to families 
about the care of the preterm or LBW infant (see 
Table 1.1) reported that families want to be involved 
in delivering care to infants, and want to take an 
active role in deciding what interventions are given 
to infants, including what and how they are fed (14). 
A study from the United Kingdom reported that 
families are willing to consider use of probiotics for 

their preterm or LBW infants if there is evidence of 
benefit and safety (140). There was no other specific 
evidence available about whether families value 
probiotic supplements for their preterm or LBW baby 
or find them acceptable.

Resources required and implementation 
considerations
Organization of care
Probiotics can be provided in the health-care facility 
or at home. The family needs accurate information 
on the dose and how to administer the supplement. 
National or local guidance for health-care facilities 
should be used.

Infrastructure, equipment and supplies
Common probiotic preparations are either single-
genus or multi-genus probiotic combinations 
(including Bifidobacterium spp. plus Lactobacillus 
spp). Dosing, amounts, frequency and duration vary. 
Probiotics can be provided as powder or liquids in 
bottles or mixed with infant milk or sterile water. 
National or local guidance for health-care facilities 
should be used.

Workforce, training, supervision and monitoring
Health workers at all levels can support mothers 
and families. Standardized packages are needed for 
training, supervision and monitoring. Dispensing 
needs to be documented in clinical records.

Feasibility and equity
There was no specific evidence available about 
the feasibility and equity of providing probiotics to 
preterm or LBW babies.
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Summary of judgements

Comparison: Any probiotics vs no probiotics (A.11)

Justification In trials where most participants are very preterm (< 32 weeks’ gestation) or VLBW (< 1.5 kg):
• Evidence of moderate benefit: decreased mortality, necrotizing enterocolitis and invasive 

infection (moderate-certainty evidence)
• No evidence of harms
• Evidence of little or no effect on neurodevelopment (low-certainty evidence)
• No evidence on other critical outcomes

Evidence-to-Decision summary

Benefits Moderate

Harms Trivial or none

Certainty Moderate

Balance Probably favours probiotics

Values No uncertainty or variability about outcomes

Acceptability Varies

Resources Low to moderate

Feasibility Varies

Equity Varies
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A.12 EMOLLIENTS

Recommendation and remarks

RECOMMENDATION A.12 (NEW)

Application of topical oils to the body of preterm or low-birth-weight infants may be considered. 
(Conditional recommendation, moderate-certainty evidence)

Remarks

• The recommendation is conditional on shared decision-making with parents; this includes informing 
parents about the benefits and risks and the need for further research.

• The GDG noted that there were limited data on the type, dose, timing of initiation and duration of oil 
use. Based on most of the trials included in the evidence review, the GDG suggested that sunflower or 
coconut oils may be used and that initiation and duration of use may be based on clinical judgement. The 
GDG also felt that application of oils should be done gently to avoid disrupting skin integrity.

• The GDG decided not to make a recommendation on the use of ointments or creams due to little or 
no effect on mortality and morbidity (invasive infection, necrotizing enterocolitis, bronchopulmonary 
dysplasia, retinopathy of prematurity) and no evidence on other critical outcomes.

Background and definitions
Emollients are moisturizing treatments applied 
topically, i.e. directly to the skin. They include 
ointments (water-in-oil suspensions), creams (oil-
in-water suspensions) and natural vegetable or plant 
topical oils (e.g. sunflower and coconut oils). The 
skin of preterm infants is developmentally immature 
(141,142) and can be easily abraded, which can 
allow entry of pathogenic organisms (143). Topical 

emollients can improve skin integrity and barrier 
(protective) functions but they can also disrupt skin 
integrity, remove normal flora and microorganisms 
and increase colonization with other microorganisms 
(142). Emollients also contain fatty acids and other 
fluids that can be absorbed through the skin (141). 
However, there have been no recent systematic 
reviews of the effectiveness of topical ointments, 
creams or oils in preterm and LBW infants.

Summary of the evidence

OVERVIEW A.12a Topical oil A.12b Topical ointment or cream

PICO Population – Preterm and LBW infants 
Intervention 1 – Topical oil
Comparator 1 – No topical oil 
Outcomes – All-cause mortality, morbidity, 
growth, neurodevelopment at latest follow-up

Population – Preterm and LBW infants 
Intervention 2 – Topical ointment or cream
Comparator 2 – No topical ointment or cream 
Outcomes – All-cause mortality, morbidity, 
growth, neurodevelopment at latest follow-up

Timing, setting, 
subgroups

Timing of the intervention – Birth to 6 months of age 
Setting – Health-care facility or home in any country or setting 
Subgroups

• Gestational age at birth (< 32 weeks, ≥ 32 weeks)
• Birth weight (< 1.5 kg, ≥ 1.5 kg)

Effectiveness: Comparison 1 – Topical oil versus 
no topical oil
Sources and characteristics of the evidence
For this comparison, the effectiveness evidence was 
derived from a systematic review of 15 RCTs enrolling 
a total of 3718 infants (144) from nine countries 
(Bangladesh, Brazil, Egypt, France, Germany, India, 
the Islamic Republic of Iran and Pakistan). All trials 
used natural vegetable or plant oils: sunflower (8 

trials), coconut (4 trials), and soybean, almond, 
vegetable and olive oil (1 trial each). The population 
was very preterm babies (< 32 weeks’ gestation) in 
three trials. The intervention generally commenced 
within a few days of birth and continued until 
about 1–4 weeks chronological age or until hospital 
discharge. The oils were applied 2–6 times each day 
onto the whole skin surface (except the face and 
head) by the family or health worker.



Chapter 3. Evidence and recommendations 63

Critical outcomes
For topical oil compared with no topical oil, 11 trials 
reported all-cause mortality, 9 reported morbidity 
(9 reported invasive infection, 1 necrotizing 
enterocolitis, 1 bronchopulmonary dysplasia, 1 
retinopathy of prematurity), 7 reported growth (7 
weight gain, 6 length, 6 head circumference) and 1 
reported neurodevelopment (cognitive, language, 
motor and socioemotional outcomes [BSID-III]). No 
trials reported on serious adverse events. (Full details 
are provided in GRADE Table A.12a, in the Web 
Supplement.)
	n Mortality: Low-certainty evidence from 11 trials 

totalling 1119 participants suggests little to no 
effect on all-cause mortality by hospital discharge 
(RR 0.94, 95% CI 0.82 to 1.08).
	n Morbidity: Low-certainty evidence from nine trials 

totalling 3256 participants suggests a decrease 
in invasive infection by hospital discharge (RR 
0.71, 95% CI 0.52 to 0.96). Very-low certainty 
evidence from one trial with 72 participants 
suggests a decrease in necrotizing enterocolitis 
by hospital discharge (RR 0.20, 95% CI 0.01 to 
4.03). Very-low-certainty evidence from one trial 
with 72 participants suggests little to no effect on 
bronchopulmonary dysplasia at 26 weeks PMA 
(RR 0.93, 95% CI 0.53 to 1.64). Very-low-certainty 
evidence from one trial with 72 participants 
suggests little to no effect on retinopathy of 
prematurity by hospital discharge (RR 1.00, 95% 
CI 0.27 to 3.69).
	n Growth: Low-certainty evidence from seven trials 

totalling 433 participants suggests an increase 
in the rate of weight gain (in grams per kilogram 
per day) by hospital discharge (MD 2.93, 95% 
CI 2.11 to 3.76). Moderate-certainty evidence 
from six trials totalling 358 participants suggests 
an increase in crown–heel length (millimetres 

per week) by hospital discharge (MD 1.34, 95% 
CI 0.2 to 2.74). Low-certainty evidence from six 
trials totalling 358 participants suggests little 
to no effect on change in head circumference 
(in millimetres per week) by hospital discharge 
(MD 0.66, 95% CI 0.54 to 1.85).
	n Neurodevelopment: Very-low-certainty evidence 

from one trial with 51 participants suggests little 
to no effect on cognitive developmental delay 
at 24 months of age (RR 0.25, 95% CI 0.06 to 
1.11). Very-low-certainty evidence from one trial 
with 51 participants suggests little to no effect on 
language developmental delay at 24 months of age 
(RR 0.48, 95% CI 0.21 to 1.11). Very-low-certainty 
evidence from one trial with 51 participants 
suggests little to no effect on motor developmental 
delay at 24 months of age (RR 0.25, 95% CI 0.06 
to 1.11). Very-low-certainty evidence from one trial 
with 51 participants suggests little to no effect 
on socio-emotional developmental delay at 24 
months of age (RR 0.30, 95% CI 0.07 to 1.33). All 
neurodevelopmental outcomes were measured 
using BSID-III.

Subgroup analyses
The effect of gestational age and birth weight could 
not be assessed as there were insufficient trials for 
any critical outcome.

Other studies
One additional trial also reported a decrease 
in infection-specific mortality by 28 days of 
age (adjusted odds ratio 0.72, 95% CI 0.39 to 
1.34; 1 trial, 103 participants) and a decrease in 
nosocomial infections by 28 days of age (adjusted 
incidence ratio 0.46, 95% CI 0.26 to 0.81; 1 trial, 
103 participants) (145).
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Effectiveness: Comparison 2 – Topical ointment 
or cream versus no topical ointment or cream
Sources and characteristics of the evidence
For the second comparison, the effectiveness 
evidence was derived from a systematic review of 
eight RCTs including 2086 preterm or LBW infants 
from five countries (144) (Austria, Bangladesh, Saudi 
Arabia, Türkiye and the USA). Most trials enrolled 
very preterm babies born at gestational ages up to 
30 weeks while others enrolled babies born before 
31 weeks (1 study), before 33 weeks (3 studies), 
before 34 weeks (1 study) or up to 36 weeks’ 
gestation (2 studies). The trials used commercially 
available ointments or creams. The intervention 
generally commenced within a few days after birth 
and continued until about 1–4 weeks postnatal age 
or until hospital discharge. The ointments or creams 
were applied 2–6 times each day onto the whole skin 
surface (except the face and head) by the family or 
health worker.

Critical outcomes
For topical ointment or cream compared with no 
topical ointment or cream, seven trials reported 
all-cause mortality and eight reported morbidity 
(8 reported invasive infection, 4 necrotizing 
enterocolitis, 2 bronchopulmonary dysplasia, 
1 retinopathy of prematurity). Growth and 
neurodevelopment outcomes were not reported. (Full 
details are provided in GRADE Table A.12b, in the 
Web Supplement.)

 n Mortality: Low-certainty evidence from seven 
trials totalling 2067 participants suggests little 
or no effect on all-cause mortality by hospital 
discharge (RR 0.87, 95% CI 0.75 to 1.03).

 n Morbidity: Low-certainty evidence from eight 
trials totalling 2086 participants suggests little 
or no effect on invasive infection (at least one 
infection with any organism) by hospital discharge 
(RR 1.13, 95% CI 0.97 to 1.31). Low-certainty 
evidence from four trials totalling 1472 participants 
suggests little or no effect on necrotizing 
enterocolitis by hospital discharge (RR 1.25, 95% 
CI 0.89 to 1.76). Low-certainty evidence from two 
trials totalling 1009 participants suggests little 
or no effect on bronchopulmonary dysplasia by 
hospital discharge (RR 1.00, 95% CI 0.88 to 1.14). 

Very-low-certainty evidence from one trial with 
952 participants suggests little or no effect on 
retinopathy of prematurity by hospital discharge 
(RR 0.99, 95% CI 0.77 to 1.28).

Subgroup analyses
The effect of gestational age and birth weight could 
not be assessed as there were insufficient trials for 
any critical outcome.

Values and acceptability
The systematic review about what matters to families 
about the care of the preterm or LBW infant (see 
Table 1.1) reported that families want to be involved 
in delivering care to infants, and want to take an 
active role in deciding what interventions are given to 
infants, including what and how they receive skin care 
(14). There was no specific evidence available about 
whether families value emollients for their preterm or 
LBW baby or find them more or less acceptable.

Resources required and implementation 
considerations
Organization of care
Emollients can be provided in the health-care facility 
or at home. They can be spread gently over the 
infant’s abdomen, back and limbs. The family needs 
accurate information on how to apply the emollients 
gently. National or local guidance for health-care 
facilities should be used.

Infrastructure, equipment and supplies
Emollient preparations include sunflower and coconut 
oils. National or local guidance for health-care 
facilities should be used.

Workforce, training, supervision and monitoring
Health workers at all levels can support mothers 
and families. Standardized packages are needed for 
training, supervision and monitoring. Dispensing 
needs to be documented in clinical records.

Feasibility and equity
There was no specific evidence available about the 
feasibility and equity of topical emollient application 
for preterm or LBW babies.
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Summary of judgements

Comparison 1. Topical oil vs no topical oil 
(A.12a)

Comparison 2. Topical ointment or cream 
vs no topical ointment or cream (A.12b)

Justification • Evidence of moderate benefits: decreased 
severe infection (low-certainty evidence), 
increased weight (low-certainty evidence) 
and increased length (moderate-certainty 
evidence)

• No evidence of harms
• Evidence of little or no effect on: mortality 

(low-certainty evidence), necrotizing 
enterocolitis, bronchopulmonary dysplasia, 
retinopathy of prematurity (low-certainty 
evidence), head circumference (low-certainty 
evidence) and neurodevelopment (very-low-
certainty evidence)

• No evidence on other critical outcomes

• Evidence of little or no effect on all-cause 
mortality, invasive infection, necrotizing 
enterocolitis, bronchopulmonary dysplasia 
and retinopathy of prematurity (low-certainty 
evidence)

• No evidence on other critical outcomes

Evidence-to-Decision summary

Benefits Moderate Trivial or none

Harms Trivial or none Trivial or none

Certainty Low Low

Balance Probably favours topical oils Does not favour ointments or creams

Values No uncertainty or variability about outcomes No uncertainty or variability about outcomes

Acceptability Probably yes Probably yes

Resources Low to moderate Low to moderate

Feasibility Probably yes Varies

Equity Probably equitable Probably equitable
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B. Care for complications

B.1 CONTINUOUS POSITIVE AIRWAY PRESSURE FOR RESPIRATORY 
DISTRESS SYNDROME
Recommendation and remarks

RECOMMENDATION B.1 (UPDATED)

Continuous positive airway pressure (CPAP) therapy is recommended in preterm infants with clinical 
signs of respiratory distress syndrome. (Strong recommendation, moderate-certainty evidence)

Remarks

• The GDG noted that the evidence on harms (increased pneumothorax) was of uncertain clinical 
significance and the overall certainty of the body of evidence was low due to imprecision and 
indirectness.

• The GDG noted that there were limited data on the timing of initiation and duration of CPAP. Based on 
most of the trials included in the evidence review, the GDG suggests that CPAP may be considered as 
soon as the diagnosis of respiratory distress syndrome (RDS) is clinically suspected, and that duration 
should be based on clinical judgement.

• The GDG also noted that CPAP implementation must be done with skilled staff, quality equipment and 
quality consumables (including humidified blended oxygen–air and monitors).

• The GDG decided not to make a separate recommendation on the timing of CPAP for infants with RDS.

Background and definitions
Respiratory distress syndrome (RDS) is a major cause 
of morbidity and mortality in preterm infants (146). 
RDS commonly develops in the first hours after birth 
and develops or “becomes established” over the 
first few days after birth (146-148). Until the 1970s, 
initial therapy for RDS was traditionally oxygen given 
through a head box or nasal prongs, and infants 
with severe disease received mechanical ventilation. 

Continuous positive airway pressure (CPAP) involves 
connecting a nasal “interface” (prongs, face mask 
or head box) via tubing to a pressure source with an 
air–oxygen mix (149,150). CPAP provides distending 
pressure into the upper and lower airways preventing 
collapse, especially during expiration. CPAP devices 
were adapted for use in preterm babies in the 1970s 
and CPAP is now routinely used for preterm babies 
with RDS in many health-care facilities globally.

Summary of the evidence

OVERVIEW B.1a Any CPAP B.1b Early CPAP

PICO Population – Preterm infants with RDS 
Intervention 1 – Any CPAP
Comparator 1 – Usual supplemental oxygen 
therapy by head box, face mask or nasal 
cannula 
Outcomes – All-cause mortality, morbidity, 
growth, neurodevelopment at latest follow-up

Population – Preterm infants with RDS 
Intervention 2 – Early CPAP
Comparator 2 – Delayed CPAP 

Outcomes – All-cause mortality, morbidity, 
growth, neurodevelopment at latest follow-up

Timing, setting, 
subgroups

Timing of the intervention – From birth 
Setting – Health-care facility or home in any country or setting 
Subgroups

• Gestational age at birth (< 32 weeks, ≥ 32 weeks)
• Birth weight (< 1.5 kg, ≥ 1.5 kg)
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Effectiveness: Comparison 1 – Any CPAP versus 
supplemental oxygen
Sources and characteristics of the evidence
The effectiveness evidence for this comparison was 
derived from a Cochrane systematic review of five 
RCTs conducted in the 1970s and 1980s reporting 
on a total of 322 preterm infants (151). An updated 
search conducted on 1 October 2021 located no new 
trials.

Four studies were conducted in high-income settings 
(Australia, the United Kingdom and the USA) and 
one in a low-resource setting (the United Republic 
of Tanzania). Infants were included if they had 
RDS (defined as an infant needing FiO2 [fraction of 
inspired oxygen] > 0.30). All trials used traditional 
CPAP as the intervention, none used “bubble” or 
newer types of CPAP. The comparator in all the 
trials was supplemental oxygen. No infants received 
mechanical ventilation in the control group. The mean 
age at study entry ranged from 10 to 150 hours post-
birth. The mean birth weight of infants was 1.7–2.0 kg, 
with two trials excluding infants weighing less than 
1.0 kg at birth.

Critical outcomes
For any CPAP compared with supplemental oxygen 
for RDS, five trials reported all-cause mortality 
outcomes, five trials reported morbidity (3 reported 
use of mechanical ventilation, 5 “failed treatment”, 
4 pneumothorax, 2 bronchopulmonary dysplasia). 
No trials reported growth or neurodevelopment 
outcomes. (Full details are provided in GRADE Table 
B.1a, in the Web Supplement.)

 n Mortality: Moderate-certainty evidence from 
five trials totalling 322 participants suggests 
a decrease in all-cause mortality by hospital 
discharge (RR 0.53, 95% CI 0.34 to 0.83).

 n Morbidity: Very-low-certainty evidence from 
three trials totalling 233 participants suggests 
a decrease in the use of mechanical ventilation 
by hospital discharge (RR 0.72, 95% CI 0.54 to 
0.96). Very-low-certainty evidence from five trials 
totalling 322 participants suggests a decrease in 
“failed treatment” (a composite outcome of death 
or the use of mechanical ventilation) by hospital 
discharge (RR 0.64, 95% CI 0.50 to 0.82). Low-

certainty evidence from four trials totalling 270 
participants suggests an increase in pneumothorax 
by hospital discharge (RR 2.48, 95% CI 1.16 to 
5.30). Very-low-certainty evidence from two trials 
totalling 209 participants suggests little or no 
effect on bronchopulmonary dysplasia (defined as 
oxygen dependency at 28 days) by 36 weeks PMA 
(RR 1.04, 95% CI 0.35 to 3.13).

Other outcomes
One trial reported a decrease in the composite 
outcome of death or abnormal blood gases by 
hospital discharge (RR 0.53, 95% CI 0.32 to 0.90; 
1 trial, 24 infants). One trial reported a decrease in 
the outcome of “transfer to an NICU” by hospital 
discharge (RR 0.49, 95% CI 0.30 to 0.78; 1 trial, 24 
infants). One trial reported a decrease in the duration 
of oxygen therapy by hospital discharge (MD 0.20 
days, 95% CI –2.47 to 2.87; 1 trial, 24 infants).

Subgroup analyses
The effect of gestational age and birth weight could 
not be assessed as there were insufficient trials for 
any critical outcome.

Effectiveness: Comparison 2 – Early versus 
delayed CPAP
Sources and characteristics of the evidence
The effectiveness evidence for this comparison was 
derived from a systematic review of four trials (2 
RCTs and 2 quasi-RCTs) that recruited 119 preterm 
infants with RDS (mean birth weight 1.5–2.1 kg, 
mean gestational age 31–34 weeks) conducted in 
the United Kingdom and the USA in the 1970s or the 
early 1980s (152). An updated search conducted on 
1 October 2021 located no new trials. Infants were 
eligible for inclusion if they were given a diagnosis 
of RDS (based on clinical and radiological criteria) 
and were breathing spontaneously. Infants were 
randomized to receive CPAP immediately as soon as 
the diagnosis of RDS was made (“early group”) or for 
treatment to be delayed until deterioration as defined 
by the study (“delayed group”). The early CPAP group 
received CPAP at a mean age of 7–18 hours post-birth 
and required FiO2 0.30 to 0.60. The delayed CPAP 
group required FiO2 from 0.60 to 1.0 but the mean 
age of receipt of CPAP was not stated in any trial.
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Critical outcomes
For early compared with delayed CPAP for RDS, 
four trials reported all-cause mortality, four 
trials reported morbidity (4 reported the use 
of mechanical ventilation, 3 pneumothorax, 1 
bronchopulmonary dysplasia). No trials reported 
growth or neurodevelopment outcomes. (Full 
details are provided in GRADE Table B.1b, in the 
Web Supplement.)

 n Mortality: Low-certainty evidence from four trials 
totalling 119 participants suggests little or no effect 
on all-cause mortality by hospital discharge (RR 
0.93, 95% CI 0.43 to 2.03).

 n Morbidity: Very-low-certainty evidence from 
four trials totalling 119 participants suggests a 
decrease in the use of mechanical ventilation 
by hospital discharge ((RR 0.77, 95% CI 0.43 
to 1.38). Low-certainty evidence from two trials 
totalling 98 participants suggests little or no 
effect on pneumothorax (RR 1.09, 95% CI 0.39 
to 3.04). Very-low-certainty evidence from one 
trial with 29 participants suggests an increase in 
bronchopulmonary dysplasia at 36 weeks PMA 
(RR 1.42, 95% CI 0.10 to 20.49).

Subgroup analyses
The effect of gestational age and birth weight could 
not be assessed as there were insufficient trials for 
any critical outcome.

Other studies
Two studies assessing the effect of continuous 
negative pressure (153,154) were included in the 
previous Cochrane review (155) but not in the 
updated Cochrane review (152), due to a change 
in the PICO intervention from negative pressure to 
continuous positive airway pressure (CPAP). The 
Cochrane review also excluded two RCTs (156,157) 
because they provided very early CPAP at 5 minutes 
of age, which was considered to be earlier that 
RDS could be established in the babies. These two 
RCTs were included in the 2021 Cochrane review of 
prophylactic and very early CPAP by Subramaniam et 
al. (see Recommendation B.1) (158).

Values and acceptability
The systematic review about what matters to 
families about the care of the preterm or LBW infant 

(see Table 1.1) reported that carers want assistance 
in interacting with their babies, especially when they 
are undergoing therapies that make it difficult to 
have physical contact (14). They want to learn about 
the health-care setting where they need to stay and 
care for their baby. They want to understand what 
medical equipment is being used and why. Studies 
report that families can find mechanical ventilation 
and CPAP intimidating and frightening and that 
these therapies can accentuate their feelings of 
inadequacy and lack of control over their baby’s 
health care (147,159). Families also worry about the 
pain and discomfort their baby is experiencing in 
NICUs (14). No other specific evidence was located 
about whether families value CPAP rather than 
supplemental oxygen for their preterm or LBW baby 
or whether they find CPAP more or less acceptable 
than other supplemental oxygen.

Resources required and implementation 
considerations
Organization of care
CPAP for preterm or LBW infants should be done in 
special or intensive care units (level 2 or 3 facilities).

Infrastructure, equipment and supplies
CPAP devices include a pressure source with an 
air–oxygen mix . CPAP devices include “bubble” 
(underwater, water-seal) CPAP, ventilator CPAP 
and “Infant Flow Driver” CPAP. CPAP also requires 
an “interface”, which is commonly a mask or nasal 
prongs. Disposable tubes and suction catheters are 
also needed. National or local guidance for health-
care facilities should be used.

Workforce, training, supervision and monitoring
Health workers who are qualified to work in level 2 
(special newborn care units, special care nurseries) 
and level 3 (intensive care) facilities can support the 
provision of CPAP. Standardized packages are needed 
for training, supervision and monitoring.

Feasibility and equity
There was no specific evidence on the feasibility and 
equity of providing CPAP for preterm or LBW infants.
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Summary of judgements

Comparison 1. Any CPAP vs supplemental 
oxygen (B1.a)

Comparison 2. Early vs delayed CPAP 
(B1.b)

Justification • Evidence of moderate benefits: decreased 
mortality (moderate-certainty evidence), 
decreased mechanical ventilation (very-low-
certainty evidence) and decreased “failed 
treatment”, i.e. death or use of mechanical 
ventilation (very-low-certainty evidence)

• Evidence of small harms: increased 
pneumothorax (low-certainty evidence)

• Evidence of little or no effect on 
bronchopulmonary dysplasia (very-low-
certainty evidence)

• Evidence of small benefits: decrease in use 
of mechanical ventilation (very-low-certainty)

• Evidence of small harm: increase in 
bronchopulmonary dysplasia (very-low-
certainty evidence)

• Evidence of little or no effect on mortality 
and air leak (pneumothorax) (low-certainty 
evidence)

• No evidence on other critical outcomes

Evidence-to-Decision summary

Benefits Moderate Unknown

Harms Small Unknown

Certainty Low Very low

Balance Favours CPAP Unknown

Values No uncertainty or variability about outcomes Unknown

Acceptability Probably yes Unknown

Resources Large Negligible

Feasibility Varies Probably feasible

Equity Varies Probably equitable
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B.2 CONTINUOUS POSITIVE AIRWAY PRESSURE IMMEDIATELY AFTER 
BIRTH
Recommendation and remarks

RECOMMENDATION B.2 (NEW)

Continuous positive airway pressure (CPAP) therapy may be considered immediately after birth for very 
preterm infants (< 32 weeks’ gestation), with or without respiratory distress. (Conditional recommendation, 
low-certainty evidence)

Remarks

• The recommendation is conditional on shared decision-making with parents; this includes informing 
parents about the benefits and risks and the need for further research.

• The GDG noted that duration of CPAP (i.e. when to stop CPAP) should be based on clinical judgement.
• The GDG also noted that skilled staff and quality equipment (including humidified blended oxygen–air) 

are needed for the administration of CPAP to preterm and LBW infants.

Background and definitions
The benefits of CPAP for RDS in preterm infants are 
well established (151,155). However, it can be difficult 
to ascertain respiratory status in preterm babies soon 
after birth and to accurately predict the prognosis. 
Preterm babies with respiratory failure may not 
show signs of respiratory distress in the first hours 
after birth and babies with early respiratory distress 
may improve (147). Thus, health workers in NICUs 

sometimes administer CPAP immediately after birth 
to all babies at risk, regardless of respiratory status 
(sometimes called immediate CPAP), rather than 
assessing for RDS. Benefits and harms of this practice 
have been unclear (147,148,150). However, recent 
trials have assessed the effectiveness of immediate 
CPAP compared with both supplemental oxygen and 
mechanical ventilation.

Summary of the evidence

OVERVIEW B.2a Immediate CPAP vs supplemental 
oxygen

B.2b Immediate CPAP vs mechanical 
ventilation

PICO Population – Preterm infants immediately after 
birth
Intervention 1 – CPAP commencing 
immediately after birth
Comparator 1 – Supplemental oxygen by head 
box, face mask or nasal cannula 
Outcomes – All-cause mortality, morbidity, 
growth, neurodevelopment at latest follow-up

Population – Preterm infants immediately after 
birth 
Intervention 2 – CPAP commencing 
immediately after birth
Comparator 2 – Mechanical ventilation 

Outcomes – All-cause mortality, morbidity, 
growth, neurodevelopment at latest follow-up

Timing, setting, 
subgroups

Timing of the intervention – Immediately after birth
Setting – Health-care facility or home in any country or setting
Subgroups

• Gestational age at birth (< 32 weeks, ≥ 32 weeks)
• and birth weight (< 1.5 kg, ≥ 1.5 kg)

Effectiveness: Comparison 1 – Immediate CPAP 
versus supplemental oxygen
Sources and characteristics of the evidence
For this comparison, the effectiveness evidence was 
derived from a Cochrane systematic review of four 
trials enrolling a total of 765 infants under 32 weeks’ 
gestation at birth from seven countries (Argentina, 

Brazil, Canada, Italy, Paraguay, Peru and Uruguay) 
(158). An updated search conducted on 1 October 
2021 located no new trials. The review found two 
types of trial: (i) trials that provided CPAP within 15 
minutes of birth regardless of respiratory status, and 
(ii) trials that provided CPAP between 15 and 60 
minutes after birth prior to the onset of RDS.
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Critical outcomes
For comparison 1, four trials reported all-cause 
mortality, four reported morbidity (4 reported “failed 
treatment”, 4 bronchopulmonary dysplasia, 1 a 
composite outcome of death or bronchopulmonary 
dysplasia, 3 pneumothorax, 2 intraventricular 
haemorrhage). No trials reported growth or 
neurodevelopment. (Full details are provided in 
GRADE Table B.2a, in the Web Supplement.)

 n Mortality: Moderate-certainty evidence from four 
trials totalling 765 participants suggests little or no 
effect on all-cause mortality by hospital discharge 
(RR 1.09, 95% CI 0.60 to 1.96).

 n Morbidity: Very-low-certainty evidence from 
four trials totalling 765 participants suggests a 
decreased risk of “failed treatment” (defined as 
recurrent apnoea, hypoxia, hypercarbia, increasing 
oxygen requirement, or the need for mechanical 
ventilation) by hospital discharge (RR 0.60, 95% 
CI 0.49 to 0.74). Moderate-certainty evidence 
from three trials totalling 683 participants 
suggests decreased bronchopulmonary dysplasia 
by 36 weeks PMA (RR 0.76, 95% CI 0.51 to 
1.14). Low-certainty evidence from one trial with 
256 participants suggests decreased death 
or bronchopulmonary dysplasia by 36 weeks 
PMA (RR 0.69, 95% CI 0.40 to 1.19). Low-
certainty evidence from three trials totalling 568 
participants suggests decreased pneumothorax by 
hospital discharge (RR 0.75, 95% CI 0.35 to 1.61). 
Low-certainty evidence from two trials totalling 
486 participants suggests little or no effect on 
intraventricular haemorrhage grade 3 or 4 by 
hospital discharge (RR 0.96, 95% CI 0.39 to 2.37).

Other outcomes
Three trials reported a decrease in surfactant use by 
hospital discharge (RR 0.75, 95% CI 0.58 to 0.96; 
3 trials, 683 participants).

Subgroup analyses
The effect of gestational age and birth weight could 
not be assessed as there were insufficient trials for 
any critical outcome.

Effectiveness: Comparison 2 – Immediate CPAP 
versus mechanical ventilation
Sources and characteristics of the evidence
For this comparison, the effectiveness evidence was 
derived from the same Cochrane systematic review 
(158). Three trials were included, which enrolled 
a total of 2364 very preterm infants (< 32 weeks’ 
gestation) from 17 countries (Argentina, Australia, 

Belgium, Brazil, Canada, Chile, France, Germany, 
Greece, Italy, the Islamic Republic of Iran, New 
Zealand, Norway, Paraguay, Peru, Uruguay and the 
USA). An updated search conducted on 1 October 
2021 located no new trials. The review included the 
same two types of trials as described above.

Critical outcomes
For comparison 2, four trials reported all-cause 
mortality, four trials reported morbidity (4 
reported “failed treatment”, 3 bronchopulmonary 
dysplasia, 1 a composite outcome of death or 
bronchopulmonary dysplasia, 3 pneumothorax, 2 
intraventricular haemorrhage) and one trial reported 
on neurodevelopment (neurodevelopmental 
impairment). No trials reported growth. (Full details 
are provided in GRADE Table B.2b, in the Web 
Supplement.)

 n Mortality: Moderate-certainty evidence from 
three trials totalling 2358 participants suggests 
little or no effect on all-cause mortality by hospital 
discharge (RR 0.82, 95% CI 0.66 to 1.03).

 n Morbidity: Moderate-certainty evidence from 
two trials totalling 1042 participants suggests a 
decrease in risk of “failed treatment” (defined as 
recurrent apnoea, hypoxia, hypercarbia, increasing 
oxygen requirement, or the need for mechanical 
ventilation) by hospital discharge (RR 0.49, 95% 
CI 0.45 to 0.54). Moderate-certainty evidence 
from three trials totalling 2150 participants 
suggests a decrease in bronchopulmonary 
dysplasia at 36 weeks PMA (RR 0.89, 95% CI 
0.80 to 0.99). Moderate-certainty evidence from 
three trials totalling 2358 participants suggests 
a decrease in the combined outcome of all-cause 
mortality and bronchopulmonary dysplasia at 
36 weeks PMA (RR 0.89, 95% CI 0.81 to 0.97). 
Low-certainty evidence from three trials totalling 
2357 participants suggests little or no effect on 
pneumothorax by hospital discharge (RR 1.24, 95% 
CI 0.91 to 1.69). Moderate-certainty evidence from 
three trials totalling 2301 participants suggests 
little or no effect on intraventricular haemorrhage 
grade 3 or 4 by hospital discharge (RR 1.09, 95% 
CI 0.86 to 1.39).

 n Neurodevelopment: Moderate-certainty evidence 
from one trial with 976 participants suggests little 
or no effect on neurodevelopmental impairment 
(defined as cerebral palsy, developmental delay, 
intellectual impairment, blindness or sensorineural 
deafness) by 18–22 months of age (RR 0.91, 95% 
CI 0.62 to 1.32).
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Other outcomes
There was decrease in surfactant use (RR 0.60, 95% 
CI 0.57 to 0.63; 3 trials, 2354 infants).

Subgroup analyses
The effect of gestational age and birth weight could 
not be assessed as there were insufficient trials for 
any critical outcome.

Values and acceptability
The systematic review about what matters to families 
about the care of the preterm or LBW infant (see 
Table 1.1) reported that carers want assistance in 
interacting with their babies, especially when they 
are undergoing therapies that make it difficult to have 
physical contact (14). They want to learn about the 
health-care setting where they need to stay and care 
for their baby. They want to understand what medical 
equipment is being used and why. Studies report that 
families can find mechanical ventilation and CPAP 

intimidating and frightening and that these therapies 
can accentuate their feelings of inadequacy and lack 
of control over their baby’s health care (147,159). 
Families also worry about the pain and discomfort 
their baby is experiencing in NICUs (14). No other 
specific evidence was located about whether families 
value immediate CPAP for their preterm or LBW baby 
or whether they find it more or less acceptable than 
supplemental oxygen.

Resources required and implementation 
considerations
Please refer to the information on this topic in 
section B.1.

Feasibility and equity
As described in section B.1, there was no specific 
evidence on the feasibility and equity of providing 
CPAP for preterm or LBW infants.

Summary of judgements

Comparison 1. CPAP immediately 
after birth for very preterm infants vs 
supplemental oxygen (B2.a)

Comparison 2. CPAP immediately after 
birth for very preterm infants vs mechanical 
ventilation (B2.a)

Justification In trials where most participants are very 
preterm (< 32 weeks’ gestation):
• Evidence of small benefits: decreased 

“failed treatment” (defined as recurrent 
apnoea, hypoxia, hypercarbia, increasing 
oxygen requirement or the need for 
mechanical ventilation), decreased 
bronchopulmonary dysplasia (moderate-
certainty evidence) and decreased 
pneumothorax (low-certainty evidence)

• No evidence of harms
• Evidence of little or no effect on mortality 

and intraventricular haemorrhage 
(moderate-certainty evidence)

• No evidence on other critical outcomes

In trials where most participants are very preterm 
(< 32 weeks’ gestation):
• Evidence of moderate benefits: decreased 

“failed treatment” (defined as recurrent 
apnoea, hypoxia, hypercarbia, increasing 
oxygen requirement or the need for mechanical 
ventilation), decreased bronchopulmonary 
dysplasia (moderate-certainty evidence)

• No evidence of harms
• Evidence of little or no effect on mortality 

(moderate-certainty evidence) pneumothorax 
(low-certainty evidence), intraventricular 
haemorrhage (moderate-certainty evidence) and 
neurodevelopment (moderate-certainty evidence)

• No evidence on other critical outcomes

Evidence-to-Decision summary

Benefits Small Moderate

Harms Trivial or none Trivial or none

Certainty Low Moderate

Balance Probably favours CPAP immediately after 
birth for very preterm infants (< 32 weeks’ 
gestation)

Probably favours CPAP immediately after birth for 
very preterm infants (< 32 weeks’ gestation)

Values No uncertainty or variability about outcomes Probable uncertainty or variability about outcomes

Acceptability Varies Varies

Resources Vary Vary

Feasibility Varies Varies

Equity Varies Varies
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B.3 CONTINUOUS POSITIVE AIRWAY PRESSURE SOURCE

Recommendation and remarks

RECOMMENDATION B.3 (NEW)

For preterm infants who need continuous positive airway pressure (CPAP) therapy, bubble CPAP may be 
considered rather than other pressure sources (e.g. ventilator CPAP). (Conditional recommendation, low-
certainty evidence)

Remarks

• The recommendation is conditional on shared decision-making with parents; this includes informing 
parents about the benefits and risks and the need for further research.

• Evidence was derived from trials that compared underwater (water-seal) “bubble” CPAP with mechanical 
ventilator CPAP or Infant Flow Driver (IFD) CPAP. All trials used commercially available devices and all 
used humidified blended oxygen–air.

• The GDG noted that the evidence on harms (increased nasal injury) was of uncertain clinical significance 
and the certainty of the body of evidence was low due to bias and imprecision.

• The GDG suggested that the nasal interfaces (i.e. prongs and cannulas) used with bubble CPAP 
machines should be carefully selected and that skilled nursing care is needed for the prongs and 
cannulas.

• The GDG also considered that careful selection, maintenance and monitoring of bubble CPAP devices 
is needed. Only commercially available bubble CPAP devices should be used; locally-manufactured or 
locally-adapted bubble CPAP devices should not be used.

Background and definitions
There are many different types of CPAP machines 
and pressure generation for ventilatory support of 
preterm infants. There is also considerable variation 
in practice and differing reports of benefits and harms 
(150,160,161). The older-style CPAP pressure sources 

were mechanical ventilators; newer types include 
Infant Flow Driver (IFD) and bubble CPAP. Bubble 
CPAP uses an underwater water-seal method and 
is commonly used for providing CPAP to babies in 
LMICs (150,160,161).

Summary of the evidence

OVERVIEW B.3 Continuous positive airway pressure source

PICO Population – Preterm infants with respiratory distress syndrome or post-extubation 
Intervention – Bubble CPAP pressure source 
Comparator – Other CPAP pressure sources (ventilator CPAP or Infant Flow Driver CPAP) 
Outcomes – All-cause mortality, morbidity, growth, neurodevelopment at latest follow-up

Timing, setting, 
subgroups

Timing of the intervention – Immediately after birth 
Setting – Health-care facility or home in any country or setting 
Subgroups

• Gestational age at birth (< 32 weeks, ≥ 32 weeks)
• Birth weight (< 1.5 kg, ≥ 1.5 kg)
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Effectiveness: Comparison – Bubble CPAP versus 
other CPAP pressure sources
Sources and characteristics of the evidence
The effectiveness evidence was derived from a 
systematic review of 15 RCTs including a total of 1437 
preterm infants (162). Most trials were small (median 
number of participants 88 [IQR 39–140]). They were 
conducted over the past 25 years in neonatal centres 
in seven countries (Albania, Armenia, Brazil, India, 
the Islamic Republic of Iran, Italy and the United 
Kingdom). The inclusion criteria were infants who 
required primary treatment for RDS after birth or 
following a period of mechanical ventilation (post-
extubation). Most infants were born before 32 weeks’ 
gestation (very preterm). Thirteen trials included 
both RDS and post-extubation infants, two trials 
included infants with RDS only and no trials included 
post-extubation infants only. All trials compared 
bubble CPAP with ventilator or IFD CPAP devices. 
The devices were all commercially manufactured; 
no locally manufactured or locally adapted devices 
were used. The interfaces in all trials were short nasal 
prongs. All infants received standard supportive care 
(i.e. supplemental oxygen).

Critical outcomes
For bubble CPAP compared with ventilator or IFD 
nasal CPAP, 10 trials reported all-cause mortality, 14 
reported morbidity (13 reported “treatment failure”, 
14 pneumothorax, 7 bronchopulmonary dysplasia 
and 8 nasal injury). No trials reported growth or 
neurodevelopment. (Full details are provided in 
GRADE Table B.3, in the Web Supplement.)

 n Mortality: Low-certainty evidence from 10 trials 
totalling 1189 participants suggests little or no 
effect on all-cause mortality by hospital discharge 
(RR 0.93, 95% CI 0.64 to 1.36).

 n Morbidity/adverse events: Low-certainty 
evidence from 13 trials totalling 1230 participants 
suggests a decrease in “treatment failure” (defined 
as recurrent apnoea, hypoxia, hypercarbia, 
increasing oxygen requirement, or the receipt 
of mechanical ventilation within 72 hours after 
initiation of nasal CPAP) by hospital discharge 
(RR 0.76, 95% CI 0.60 to 0.95). Low-certainty 
evidence from 14 trials totalling 1340 participants 
suggests a decrease in pneumothorax (RR 0.73, 
95% CI 0.40 to 1.34). Low-certainty evidence from 
seven trials totalling 603 participants suggests a 
decrease in bronchopulmonary dysplasia (oxygen 
dependency at 28 days) (RR 0.76, 95% CI 0.53 

to 1.10). Low-certainty evidence from eight trials 
of 753 participants suggests an increase in nasal 
injury (defined as ulceration, bleeding, septal 
injury and scarring but excluding hyperaemia and 
erythema) by hospital discharge (RR 2.29, 95% 
CI 1.37 to 3.82).

Other outcomes
There was a decrease in length of hospital stay (in 
days) (MD -3.27, 95% CI -4.99 to -1.56 days; 5 trials, 
591 participants).

Subgroup analyses
The effect of gestational age and birth weight could 
not be assessed as there were insufficient trials for 
any critical outcome.

Values and acceptability
The systematic review about what matters to 
families about the care of the preterm or LBW infant 
(Table 1.1) reported that carers want assistance in 
interacting with their babies, especially when they 
are undergoing therapies that make it difficult to 
have physical contact (14). They want to learn about 
the health-care setting where they need to stay and 
care for their baby. They want to understand what 
medical equipment is being used and why. Studies 
report that families can find mechanical ventilation 
and CPAP intimidating and frightening and that these 
therapies can accentuate their feelings of inadequacy 
and lack of control over their baby’s health care 
(147,159). Families also worry about the pain and 
discomfort their baby is experiencing in NICUs (14). 
Studies from LMICs indicate that bubble CPAP is 
both valued and acceptable to families and health 
workers (163,164). No other specific evidence was 
located about whether families value bubble CPAP 
rather than other types of CPAP for their preterm or 
LBW baby or whether they find bubble CPAP more or 
less acceptable.

Resources required and implementation 
considerations
Please refer to the information on this topic in 
section B.1.

Feasibility and equity
Studies from LMICs (165-168) report the low cost and 
feasibility of establishing bubble CPAP services. There 
was no other specific evidence on the feasibility and 
equity of providing CPAP for preterm or LBW infants.
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Summary of judgements

Comparison: Bubble CPAP vs other CPAP pressure sources (B.3)

Justification • Evidence of small-to-moderate benefits: decreased pneumothorax, decreased 
bronchopulmonary dysplasia and decreased failed treatment (defined as recurrent apnoea, 
hypoxia, hypercarbia, increasing oxygen requirement or the need for mechanical ventilation) 
(low-certainty evidence)

• Evidence of small harms: increased nasal injury (defined as ulceration, bleeding, septal injury 
and/or scarring but excluding hyperaemia and erythema) (low-certainty evidence)

• Evidence of little or no effect on mortality (low-certainty evidence)
• No evidence on other critical outcomes

Evidence-to-Decision summary

Benefits Small to moderate

Harms Small

Certainty Low

Balance Probably favours bubble CPAP

Values Uncertainty or variability about outcomes

Acceptability Varies

Resources Moderate

Feasibility Varies

Equity Varies
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B.4 METHYLXANTHINES FOR TREATMENT OF APNOEA

Recommendation and remarks

RECOMMENDATION B.4 (NEW)

Caffeine is recommended for the treatment of apnoea in preterm infants. (Strong recommendation, 
moderate-certainty evidence)

Remarks

• The GDG noted that evidence was available for all preterm infants, so caffeine (or other 
methylxanthines) is recommended for treatment of apnoea in preterm infants.

• The GDG noted that there were limited data on the dose, timing of initiation and duration of 
administration. Based on the largest trial (169) included in the evidence review, the GDG suggested a 
20 mg/kg loading dose and a 5 mg/kg per day maintenance dose for six weeks. The duration of caffeine 
administration should be based on clinical judgement.

• If caffeine is not available, other methylxanthines (aminophylline or theophylline) may be considered.

Background and definitions
Apnoea (temporary cessation of breathing) is 
common in preterm infants (170,171). The frequency 
of apnoea is inversely related to gestational age, and 
it occurs in almost all infants born before 28 weeks’ 
gestation (extremely preterm) (170,171). Episodes of 
apnoea can result in hypoxaemia and bradycardia 
requiring mechanical ventilation. Intermittent 
hypoxic episodes in the first two months after 
birth are associated with increased risk of chronic 

conditions, such as retinopathy of prematurity, and 
adverse neurodevelopmental outcomes (172,173). 
Since the 1970s, methylxanthine medicines such 
as theophylline, aminophylline and caffeine have 
been used to manage apnoea. More recently, large 
pragmatic studies have included methylxanthine 
treatment for a variety of indications, including the 
treatment and prevention of apnoea (174). Studies 
have also assessed the use of methylxanthines to 
prevent apnoea before and after extubation (169,175).

Summary of the evidence

OVERVIEW B.4 Methylxanthines for treatment of apnoea

PICO Population – Preterm infants 
Intervention – Any methylxanthine (aminophylline, theophylline, caffeine) at any dose 
Comparator – Placebo or no methylxanthine treatment 
Outcomes – All-cause mortality, morbidity, growth, neurodevelopment at latest follow-up

Timing, setting, 
subgroups

Timing of the intervention – Birth to 6 months of age 
Setting – Health-care facility or home in any country or setting 
Subgroups

• Gestational age at birth (< 32 weeks, ≥ 32 weeks)
• Birth weight (< 1.5 kg, ≥ 1.5 kg)

Effectiveness: Comparison – Methylxanthine 
for treatment of apnoea versus placebo or no 
methylxanthine treatment
Sources and characteristics of the evidence
The effectiveness evidence for this comparison 
was derived from a Cochrane review of 18 RCTs 
enrolling a total of 2705 preterm infants who 
received methylxanthines for any indication (174). 
For the indication relevant to this comparison (for 

treatment of apnoea), the inclusion criteria for infants 
were gestational age at birth below 37 weeks and 
evidence of apnoea. Six RCTs were included, enrolling 
a total of 959 preterm infants from six countries 
(Australia, Canada, France, India, the United Kingdom 
and the USA). The largest study, the Caffeine for 
Apnoea of Prematurity (CAP) trial (169), enrolled 
767 participants (birth weight 0.5–1.2 kg) from 
nine countries who received methylxanthines for 
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treatment of apnoea and conducted follow-up after 
five years. The other five trials were small, with fewer 
than 100 infants in each trial.

Critical outcomes
For methylxanthines for treatment of apnoea 
compared with placebo or no methylxanthine 
treatment, three trials reported all-cause mortality, 
five reported morbidity (1 reported apnoea, 5 use 
of mechanical ventilation, 1 bronchopulmonary 
dysplasia) and one trial reported a composite 
outcome of death or major neurodevelopmental 
disability. No trials reported growth outcomes. (Full 
details are provided in GRADE Table B.4, in the Web 
Supplement.)

 n Mortality: Low-certainty evidence from three trials 
totalling 154 participants suggests a decrease in 
all-cause mortality by hospital discharge (RR 0.49, 
95% CI 0.14 to 1.78).

 n Morbidity: Very-low-certainty evidence from one 
trial with 43 participants suggests a decrease in 
any apnoeic episodes by hospital discharge (RR 
0.70, 95% CI 0.30 to 1.62). Low-certainty evidence 
from five trials totalling 192 participants suggests 
a decrease in the use of mechanical ventilation 
by hospital discharge (RR 0.34, 95% CI 0.12 to 
0.97). Moderate-certainty evidence from one 
trial with 805 participants suggests a decrease in 
bronchopulmonary dysplasia at 36 weeks PMA 
(RR 0.72, 95% CI 0.58 to 0.89).

 n Mortality or neurodevelopment: Moderate-
certainty evidence from one trial with 767 
participants suggests little or no effect on 
the composite outcome of death or major 
neurodevelopmental disability by the latest 
follow-up (5 years) (RR 0.85, 95% CI 0.71 to 1.01). 
This composite outcome was defined as death 
or survival to 5 years with one or more of the 
following: motor impairment (defined as a gross 
motor function classification system level of 3–5), 
cognitive impairment (defined as a full-scale IQ 
< 70), behaviour problems, poor general health, 
deafness and/or blindness, all measured using 
validated tests.

Subgroup analyses
The effect of gestational age and birth weight could 
not be assessed as there were insufficient trials for 
any critical outcome.

Values and acceptability
The systematic review about what matters to families 
about the care of the preterm or LBW infant (see 
Table 1.1) reported (within a theme on the health-
care environment) that carers want mechanisms and 
initiatives to help them to interact with their babies, 
especially when they are undergoing therapies that 
make it difficult to have physical contact with the 
infant (14). They also want to learn about the health-
care setting (including the equipment in use) where 
they need to stay and care for the infant. No other 
specific evidence was located about whether families 
value methylxanthines for their preterm or LBW baby 
or whether they find them more or less acceptable 
than other medicines or no treatment.

Resources required and implementation 
considerations
Organization of care
Methylxanthines (caffeine, theophylline and 
aminophylline) must be dispensed by a health worker. 
They can be provided in the health-care facility or at 
home. Caffeine is given once a day and theophylline 
and aminophylline are given three times a day.

Infrastructure, equipment and supplies
Methylxanthines are available as intravenous and 
oral formulations. Caffeine citrate is available as 
20 mg/ml and 10 mg/ml for intravenous and oral use, 
respectively. Oral caffeine comes as a ready-to-use 
formulation that needs no mixing. Theophylline is 
available as 50–60 mg/5 ml liquid. Aminophylline is 
available as 25 mg/ml ampoules.

Workforce, training, supervision and monitoring
Health workers at all levels can support mothers 
and families. Standardized packages are needed for 
training, supervision and monitoring. Dispensing 
needs to be documented in clinical records.

Feasibility and equity
Studies report that availability and cost are barriers 
for the use of caffeine citrate formulations in LMICs 
(176). Theophylline and aminophylline are more 
widely available than caffeine in LMICs (31,176). 
There was no specific evidence on the feasibility and 
equity of providing methylxanthines for preterm or 
LBW infants.
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Summary of judgements

Comparison: Methylxanthine for the treatment of apnoea in preterm infants vs placebo or no 
methylxanthine treatment (B.4)

Justification • Evidence of moderate benefits: decreased death, bronchopulmonary dysplasia (moderate-
certainty evidence), decreased mechanical ventilation (low-certainty evidence) and decreased 
neurodevelopmental disability (moderate-certainty evidence)

• No evidence of harms

Evidence-to-Decision summary

Benefits Moderate

Harms Trivial or none

Certainty Moderate

Balance Favours methylxanthines for treatment of apnoea in infants < 37 weeks

Values No uncertainty or variability about outcomes

Acceptability Acceptable

Resources Low to moderate

Feasibility Probably feasible

Equity Probably equitable
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B.5 METHYLXANTHINES FOR EXTUBATION

Recommendation and remarks

RECOMMENDATION B.5 (NEW)

Caffeine is recommended for the extubation of preterm infants born before 34 weeks’ gestation. (Strong 
recommendation, moderate-certainty evidence)

Remarks

• The GDG noted that evidence was available only for preterm infants born before 34 weeks’ gestation, 
but suggests that caffeine (or other methylxanthines) may also be considered for extubation of preterm 
infants born at or after 34 weeks and before 37 weeks, depending on clinical judgement.

• The GDG noted that there were limited data on the timing of initiation and duration of administration. 
Based on the largest trials (169,175) included in the evidence review, the GDG suggested starting caffeine 
24 hours before a planned extubation. If the extubation is unplanned, the infant should receive the 
caffeine as soon as possible after the extubation and within 6 hours, and should continue to receive it for 
six days.

• The GDG noted that there were limited data on the dosage. Based on the largest trials (169,175) included 
in the evidence review, the GDG suggested a 20 mg/kg loading dose and 5 mg/kg per day maintenance 
dose for six days.

• If caffeine is not available, other methylxanthines (aminophylline or theophylline) may be considered.

Background and definitions
Please refer to the information in section B.4.

Summary of the evidence

OVERVIEW B.5 Methylxanthines for extubation

PICO Population – Preterm infants (< 34 weeks) 
Intervention – Any methylxanthine (aminophylline, theophylline, caffeine) at any dose 
Comparator – Placebo or no methylxanthine treatment 
Outcomes – All-cause mortality, morbidity, growth, neurodevelopment at latest follow-up

Timing, setting, 
subgroups

Timing of the intervention – Birth to 6 months of age 
Setting – Health-care facility or home in any country or setting 
Subgroups

• Gestational age at birth (< 32 weeks, ≥ 32 weeks)
• Birth weight (< 1.5 kg, ≥ 1.5 kg)

Effectiveness: Comparison – Methylxanthine for 
extubation versus placebo or no methylxanthine 
treatment
Sources and characteristics of the evidence
The effectiveness evidence for this comparison 
was derived from the same Cochrane review of 
preterm infants who received methylxanthines for 
any indication (174). For the indication relevant 
to this comparison (for extubation), the inclusion 
criteria for infants were gestational age at birth 
below 34 weeks and planned extubation. Seven RCTs 
enrolling a total of 870 preterm infants were included 
from five countries (Australia, Canada, Spain, the 
United Kingdom and the USA). The largest study 

was also the CAP trial (169), which followed up 
676 participants who received methylxanthines for 
extubation. The other six trials were small, with fewer 
than 100 infants in each trial.

Critical outcomes
For methylxanthines for extubation compared 
with no methylxanthine treatment, six trials 
reported morbidity (6 reported “failed extubation”, 
2 bronchopulmonary dysplasia) and one trial 
reported a composite outcome of death or major 
neurodevelopmental disability. No trials reported 
growth outcomes. (Full details are provided in GRADE 
Table B.5, in the Web Supplement.)
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 n Morbidity: Moderate-certainty evidence from six 
trials totalling 197 participants suggests decreased 
failed extubation (defined as the infant having to 
be re-intubated) by hospital discharge (RR 0.48, 
95% CI 0.32 to 0.71). Moderate-certainty evidence 
from two trials totalling 704 participants suggests 
a decrease in bronchopulmonary dysplasia 
(defined as a need for supplemental oxygen) by 36 
weeks PMA (RR 0.81, 95% CI 0.70 to 0.92).

 n Mortality or neurodevelopment: Moderate-
certainty evidence from one trial with 676 
participants suggests decreased death or major 
neurodevelopmental disability (see section B.4 for 

the definition of the composite outcome) by the 
latest follow-up (5 years) (RR 0.85, 95% CI 0.73 
to 0.99).

Subgroup analyses
The effect of gestational age and birth weight could 
not be assessed as there were insufficient trials for 
any critical outcome.

Values and acceptability, resources, feasibility 
and equity
Please refer to the information on these topics in 
section B.4.

Summary of judgements

Comparison: Methylxanthine for extubation in preterm infants vs placebo or no methylxanthine treatment 
(B.5)

Justification In trials where most participants are infants born < 34 weeks’ gestation:
• Evidence of moderate benefits: decreased death, bronchopulmonary dysplasia, failed extubation 

and neurodevelopmental disability (moderate-certainty evidence)
• No evidence of harms

Evidence-to-Decision summary

Benefits Moderate

Harms Trivial or none

Certainty Moderate

Balance Favours methylxanthines for extubation in infants < 34 weeks

Values No uncertainty or variability about outcomes

Acceptability Acceptable

Resources Low to moderate

Feasibility Probably feasible

Equity Probably equitable



Chapter 3. Evidence and recommendations 81

B.6 METHYLXANTHINES FOR PREVENTION OF APNOEA

Recommendation and remarks

RECOMMENDATION B.6 (NEW)

Caffeine may be considered for the prevention of apnoea in preterm infants born before 34 weeks’ 
gestation. (Conditional recommendation, low-certainty evidence)

Remarks

• The GDG noted that the evidence on increased mortality came from three small trials totalling 129 
infants (177-179) and was uncertain due to very low quality, and imprecision. Also, data on “death 
alone” were not available from a large trial of 423 infants (169), which reported no effect on a combined 
outcome of death and neurodevelopmental disability. The GDG also noted that the evidence on harms 
from increased use of mechanical ventilation was uncertain due to very low quality, and imprecision. 

• The recommendation is conditional on shared decision-making with parents; this includes informing 
parents about the benefits and risks and the need for further research.

• The GDG noted that evidence was available only for preterm infants born before 34 weeks’ gestation, 
but suggests that caffeine (or other methylxanthines) may also be considered for prevention of apnoea in 
preterm infants born at or after 34 weeks and before 37 weeks if there is clinical indication.

• The GDG noted that there were limited data on the dose, timing of initiation and duration of 
administration. Based on the largest trial (169) included in the evidence review, the GDG suggested a 
20 mg/kg loading dose and a 5 mg/kg per day maintenance dose for six weeks. The duration of caffeine 
administration should be based on clinical judgement.

• If caffeine is not available, other methylxanthines (aminophylline or theophylline) may be considered.

Background and definitions
Please refer to the information in section B.4.

Summary of the evidence

OVERVIEW B.6 Methylxanthines for prevention of apnoea

PICO Population – Preterm infants (< 34 weeks) 
Intervention – Any methylxanthine (aminophylline, theophylline, caffeine) at any dose 
Comparator – Placebo or no methylxanthine treatment 
Outcomes – All-cause mortality, morbidity, growth, neurodevelopment at latest follow-up

Timing, setting, 
subgroups

Timing of the intervention – Birth to 6 months of age 
Setting – Health-care facility or home in any country or setting 
Subgroups

• Gestational age at birth (< 32 weeks, ≥ 32 weeks)
• Birth weight (< 1.5 kg, ≥ 1.5 kg)

Effectiveness: Comparison – Methylxanthines 
for prevention of apnoea versus placebo or no 
methylxanthine treatment
Sources and characteristics of the evidence
The effectiveness evidence for this comparison was 
derived the same Cochrane review of preterm infants 
who received methylxanthines for any indication 
(174). For the indication relevant to this comparison 
(for prevention of apnoea), the inclusion criteria for 
infants were gestational age at birth below 34 weeks 

and no evidence of apnoea. Seven RCTs enrolling a 
total of 706 preterm infants were included from six 
countries (Australia, Canada, the Islamic Republic 
of Iran, Switzerland, the United Kingdom and the 
USA). The largest study was also the CAP trial, 
which followed up 423 participants who received 
methylxanthines for prevention of apnoea (169). 
The other six trials were small, with fewer than 100 
infants in each.
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Critical outcomes
For methylxanthines for prevention of apnoea 
compared with no methylxanthines, three trials 
reported all-cause mortality, four reported morbidity 
(2 reported apnoea, 4 use of mechanical ventilation, 
3 bronchopulmonary dysplasia) and one reported a 
composite outcome of death or neurodevelopmental 
disability. No trials reported growth outcomes. (Full 
details are provided in GRADE Table B.6, in the Web 
Supplement.)

 n Mortality: Low-certainty evidence from three trials 
(177-179) totalling 129 participants suggests little 
or no effect on mortality by hospital discharge (RR 
2.19, 95% CI 0.85 to 5.68).

 n Morbidity: Low-certainty evidence from two trials 
totalling 104 participants suggests a decrease in 
any apnoeic episodes by hospital discharge (RR 
0.19, 95% CI 0.09 to 0.41). Low-certainty evidence 
from four trials totalling 208 participants suggests 
little or no effect on the use of mechanical 
ventilation by hospital discharge (RR 1.33, 95% CI 
0.48 to 3.72). Moderate-certainty evidence from 
three trials totalling 541 participants suggests a 

decrease in bronchopulmonary dysplasia (defined 
as the use of supplemental oxygen at 36 weeks 
PMA) (RR 0.78, 95% CI 0.63 to 0.97).

 n Mortality or neurodevelopment: Moderate-
certainty evidence from one trial with 423 
participants suggests no effect on the composite 
outcome of death or neurodevelopmental disability 
(see section B.4 for the definition of the composite 
outcome) by latest follow-up (5 years) (RR 1.00, 
95% CI 0.80 to 1.24). Data on death alone and 
neurodevelopmental disability alone were not 
available for this trial.

Subgroup analyses
The effect of gestational age and birth weight could 
not be assessed as there were insufficient trials for 
any critical outcome.

Values and acceptability, resources, feasibility 
and equity
Please refer to the information on these topics in 
section B.4.

Summary of judgements

Comparison: Methylxanthine for the prevention of apnoea in preterm infants vs placebo or no 
methylxanthine treatment (B.6)

Justification In trials where most participants are infants born < 34 weeks’ gestation:
• Evidence of small-to-moderate benefit: decreased bronchopulmonary dysplasia (moderate-

certainty evidence) and decreased apnoeic episodes (low-certainty evidence)
• Evidence of harms uncertain: little or no effect on mortality (low-certainty evidence), little or no 

effect on combined outcome of neurodevelopment or death (moderate-certainty evidence) and 
increase in use of mechanical ventilation (low-certainty evidence)

• No evidence on other critical outcomes

Evidence-to-Decision summary

Benefits Small to moderate

Harms Unknown

Certainty Low

Balance Probably favours methylxanthines for prevention of apnoea in infants < 34 weeks

Values Uncertainty or variability about outcomes

Acceptability Varies

Resources Low to moderate

Feasibility Probably feasible

Equity Probably equitable
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C. Family involvement and support

C.1 FAMILY INVOLVEMENT IN ROUTINE CARE

Recommendation and remarks

RECOMMENDATION C.1 (NEW)

Family involvement in the routine care of preterm or low-birth-weigh infants in health-care facilities is 
recommended. (Strong recommendation, low- to moderate-certainty evidence)

Remarks

• The trials in the systematic review varied widely in intervention content, intensity and effect but all 
showed consistent and similar effects.

• The GDG noted that the resources needed for and the feasibility of implementing family involvement 
strategies vary according to setting but that simple family involvement interventions such as the delivery 
of direct bedside care and involvement in medical decision-making could be implemented in all settings. 
Other components that can be provided include chairs near the infant’s cot, even in busy and crowded 
hospital wards.

• The GDG also noted that family involvement strategies reduced the length of hospital stay, improved 
breastfeeding and reduced parental anxiety and stress.

Background and definitions
Preterm and LBW infants commonly require 
specialized care, close monitoring and medical 
interventions (2,180). In some health-care facilities, 
families are not allowed any physical access to their 
infants and receive only intermittent verbal updates 
from health workers (181-184). Family involvement is 
often defined as the participation of mothers, fathers/
partners and other family members in routine care 
of the newborn while the baby is in the health-care 
facility (180,185,186). It may include promotion of 
direct bedside care from the family (e.g. feeding 
and administration of medicines), inclusion of the 
family in medical decision-making, infrastructure 

changes (e.g. beds and chairs near the baby’s cot, 
family rooms), health-care facility culture change 
and health worker behaviour change. Strategies to 
increase family involvement have typically focused 
on packages of one or more of these interventions 
with the overall aims of increasing the amount of 
direct hands-on care that parents provide for their 
infant and empowering families to collaborate in 
health-care decision-making. Well known packages 
that are implemented in high-, middle- and low-
income countries include family-centred care, 
family-participatory care and family-integrated care 
(180,185,186).

Summary of the evidence

OVERVIEW C.1 Family involvement

PICO Population – Hospitalized preterm or LBW infants
Intervention – Interventions to involve families in their infant’s routine health care 
Comparator – Usual hospital care 
Outcomes – All-cause mortality, morbidity, growth, neurodevelopment at latest follow-up

Timing, setting, 
subgroups

Timing of the intervention – Birth to 6 months of age 
Setting – Hospital in any country or setting 
Subgroups

• Gestational age at birth (< 32 weeks, ≥ 32 weeks)
• Birth weight (< 1.5 kg, ≥ 1.5 kg)
• Intensity of interventions (high intensity ≥ 12 hours per day, low intensity < 12 hours per day)
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Effectiveness: Comparison – Family involvement 
in routine care versus usual hospital care
Sources and characteristics of the evidence
The effectiveness evidence was derived from a 
systematic review of 15 RCTs enrolling a total of 
5240 preterm or LBW infants from nine countries 
(Australia, Canada, China, India, the Islamic Republic 
of Iran, New Zealand, the Republic of Korea, Sweden 
and the USA) (187). Most infants were born before 32 
weeks’ gestation or had birth weight below 1.5 kg, and 
most trials excluded infants with major congenital 
anomalies. All trials were conducted in NICUs.

All trials evaluated the effect of family-centred 
models or packages for the hospital care of preterm 
or LBW infants on infant and parental outcomes. 
No studies of infrastructure or behaviour change 
interventions were located. The family-centred 
packages were heterogeneous, but their common 
core content was the involvement of family members 
in the provision of direct bedside care. Skin-to-skin 
care or kangaroo mother care (KMC) was included 
in nine trials, though frequency and duration were 
not described. Other common components included 
neurodevelopmental care (8 trials), preparation for 
transition to home (6 trials) and the involvement of 
parents in medical decision-making (4 trials).

Critical outcomes
For family involvement strategies compared with 
usual hospital care, four trials reported all-cause 
mortality outcomes, eight reported morbidity (6 
reported serious infection, 6 necrotizing enterocolitis, 
7 bronchopulmonary dysplasia, 8 retinopathy of 
prematurity and 5 intraventricular haemorrhage), 
three reported growth (weight gain) and two reported 
neurodevelopment. (Full details are provided in 
GRADE Table C.1, in the Web Supplement.)

 n Mortality: Very-low-certainty evidence from four 
trials totalling 2378 participants suggests little 
or no effect on all-cause mortality by hospital 
discharge (OR 1.05, 95% CI 0.53 to 2.09).

 n Morbidity: Low-certainty evidence from six trials 
totalling 2843 participants suggests a decrease in 
serious infection by hospital discharge (OR 0.79, 
95% CI 0.53 to 1.16). Low-certainty evidence from 
six trials totalling 2809 participants suggests 
little or no effect on necrotizing enterocolitis 
by hospital discharge (OR 0.81, 95% CI 0.46 to 
1.44). Low-certainty evidence from seven trials 
totalling 3085 participants suggests decreased 
bronchopulmonary dysplasia by hospital discharge 
(OR 0.74, 95% CI 0.53 to 1.03). Moderate-

certainty evidence from eight trials totalling 2551 
participants suggests decreased retinopathy of 
prematurity by hospital discharge (OR 0.52, 95% 
CI 0.34 to 0.80). Very-low-certainty evidence 
from five trials totalling 2555 participants suggests 
decreased intraventricular haemorrhage by 
hospital discharge (OR 0.74, 95% CI 0.36 to 1.54).

 n Growth: Moderate-certainty evidence from three 
trials totalling 2215 participants suggests increased 
in-hospital growth velocity (grams per day) 
(MD 2.09, 95% CI 1.27 to 2.91).

 n Neurodevelopment: Low-certainty evidence from 
two trials totalling 422 participants suggests 
increased neurodevelopment (measured using the 
Neonatal Neurobehavioral Examination – Chinese 
version [NNE-C] test) by hospital discharge or 
term corrected age, i.e. 37 weeks PMA (MD 1.11, 
95% CI 0.21 to 2.01) (187).

Other outcomes
There was a decrease in length of hospital stay (in 
days) (MD -2.91, 95% CI -5.15 to -0.68; 11 trials, 4452 
participants). There was an increase in the proportion 
of infants predominantly or exclusively breastfeeding 
by hospital discharge (OR 1.34, 95% CI 1.10 to 1.65; 
3 trials, 1739 participants). There was an increase in 
“any” breastfeeding by hospital discharge (OR 2.60, 
95% CI 0.77 to 8.79; 5 trials, 2546 participants).

Subgroup analyses
For gestational age and birth weight, differences for 
weight gain and neurodevelopment could not be 
assessed as there were insufficient studies. For the 
other outcomes there was no evidence of a subgroup 
difference.

For the intensity of intervention, differences for 
intraventricular haemorrhage, weight gain and 
neurodevelopment could not be assessed as there 
were insufficient studies. For the other outcomes 
there was no evidence of a subgroup difference 
except for bronchopulmonary dysplasia, which 
decreased after high-intensity interventions (RR 0.18, 
95% CI 0.05 to 0.66; 1 study, 366 participants) but 
not after low-intensity interventions (RR 1.04, 95% 
CI 0.68 to 1.58; 6 studies, 2719 participants) (test for 
subgroup differences, Chi2 =7.22, P=0.007).

Values and acceptability
The systematic review about what matters to families 
about the care of the preterm or LBW infant (see 
Table 1.1) reported that families want to be involved 
in delivering care to infants, and want to take an 
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active role in deciding what interventions are given to 
infants, in the routine care of the newborn, in direct 
bedside care, including feeding their baby and in 
medical decision-making, and that they value hospital 
infrastructure changes (e.g. beds and chairs near 
the baby’s cot, family rooms) (14). No other specific 
evidence was located.

Resources required and implementation 
considerations
Organization of care
Family involvement strategies can be implemented 
at all levels of newborn care (primary, secondary and 
tertiary). Health-care facilities should ensure that 
families have access to beds, food, bathing and toilet 
facilities throughout the infant’s hospital stay.

Infrastructure, equipment and supplies
No special infrastructure, equipment or supplies are 
needed to support family involvement in the care 
of their preterm or LBW infants. However, many 
arrangements can make the infant and mother more 
comfortable, e.g. reclining beds and chairs. More 
structured packages may include infrastructure 
changes such as beds and chairs near the infant’s cot, 
and family rooms.

If couplet care or maternal–newborn intensive care 
units (M-NICUs) are used, they should have all the 
infrastructure, equipment and supplies that NICUs 
have for small or sick babies and that maternity wards 
have for mothers. For infants, this includes CPAP 
machines, pulse oximeters, and radiant warmers or 
incubators if the infant is not in KMC. For mothers, 
this includes adult beds and an examination area 
where she can receive the health care she needs.

Workforce, training, supervision and monitoring
Health workers at all levels can support family 
involvement in the routine care of their preterm or 
LBW infant. Standardized packages can be used 
for training, supervision and monitoring. This can 
include the promotion of direct bedside care from the 
family (e.g. feeding and administration of medicines), 
inclusion of the family in medical decision-making, 
health-care facility culture change, health worker 
behaviour change and infrastructure change.

Feasibility and equity
There was no specific evidence on the feasibility and 
equity of promoting family involvement for preterm or 
LBW infants.

Summary of judgements

Comparison: Family involvement in routine care vs usual hospital care (C.1)

Justification • Evidence of moderate benefits: decreased morbidity (infection, intraventricular haemorrhage, 
retinopathy of prematurity, bronchopulmonary dysplasia), increased weight and length, and 
increased neurodevelopment (low- to moderate-certainty evidence)

• No evidence of harms
• Evidence of little or no effect on: mortality, necrotizing enterocolitis, and weight and head 

circumference (low- to very-low-certainty evidence)
• No evidence on other critical outcomes

Evidence to-Decision summary

Benefits Moderate

Harms Trivial or none

Certainty Low to moderate

Balance Favours family involvement strategies

Values No uncertainty or variability about outcomes

Acceptability Acceptable

Resources Vary

Feasibility Varies

Equity Probably equitable
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C.2 FAMILY SUPPORT

Recommendation and remarks

RECOMMENDATION C.2 (NEW)

Families of preterm or low-birth-weight infants should be given extra support to care for their infants, 
starting in health-care facilities from birth, and continued during follow-up post-discharge. The support 
may include education, counselling and discharge preparation by health workers, and peer support. 
(Conditional recommendation, very-low-certainty evidence)

Remarks

• The recommendation is conditional on shared decision-making with parents; this includes informing 
parents about the benefits and risks and the need for further research.

• The GDG noted that education and counselling also had important effects in improving parent-to-infant 
interaction, improving breastfeeding and decreasing parental anxiety, stress and depression, though 
these were not critical outcomes.

• The GDG noted that there were limited data on frequency, duration and intensity of education and 
counselling.

• The GDG noted that discharge preparation also had important effects in improving parent-to-infant 
interaction, improving breastfeeding and decreasing parental anxiety, stress and depression, though 
these were not critical outcomes.

• The GDG noted that there were limited data on the frequency, duration and intensity of discharge 
preparation.

• Preterm and LBW infants often require care from multiple health workers so the GDG also noted that 
careful coordination of care is needed post-discharge.

• The GDG made a conditional recommendation on peer support, although there were no data on critical 
outcomes; this was because of the effects on maternal anxiety and the importance of the intervention.

• The GDG noted that there were limited data on frequency, duration and intensity of peer support.

• The GDG decided not to make a recommendation on digital information systems as there was no 
evidence of benefits or harms on any critical outcome.

Background and definitions
Supporting families to care for their sick, vulnerable, 
preterm or LBW infant is a basic and integral 
component of any health system. However, many 
families still feel ill-equipped to care for their preterm 
or LBW newborn infant at home (188,189). Families 
need support at all stages, starting from before 
conception, and including at the identification of a 
high-risk pregnancy, at the birth of the baby, in the 
health-care facility, at discharge and when the baby 
reaches home. Much of the support that families 
need to care for their preterm and LBW infants is 
provided through social services in high-, middle- and 
low-income countries. However, “what the health 
system can do” and the “health system building 
blocks” they can use (i.e. service delivery, workforce, 
digital information systems, medical products and 
technologies, financing, leadership and governance) 
(190) are often overlooked. Two systematic 

reviews have recently assessed the effectiveness of 
communication and peer-support interventions for 
families of preterm infants (191,192). However, there 
have been no recent systematic reviews of the effects 
of other health system “building blocks” on infant 
mortality, morbidity, growth and neurodevelopmental 
outcomes.

Overall, the effectiveness evidence was derived 
from a systematic review of 37 trials (35 RCTs and 
2 non-randomized) enrolling a total of 11 758 preterm 
or LBW infants from 18 countries (193) (Australia, 
Bangladesh, Canada, China, Denmark, Egypt, 
Finland, Greece, India, the Islamic Republic of Iran, 
Jamaica, the Netherlands, Norway, the Philippines, 
the Republic of Korea, Sweden, the United Kingdom 
and the USA). No studies were based in low-income 
settings. Interventions commenced either in the 
facility (24 trials) or in the home (13 trials). All 
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began after birth; no intervention started during 
pregnancy. No studies assessed the effect of the 
“usual support” that is provided to all babies, while all 
studies assessed only “extra support” (i.e. additional 
or strengthened support) needed for preterm and 
LBW infants. The interventions included in the 
studies were education and counselling (18 trials), 
peer support (2), discharge preparation (1), digital 
information systems (4) and home visits by a trained 

health worker or volunteer (9). No studies on the 
other health system building blocks – including 
financing, leadership or governance – were identified. 
The education and counselling, peer support and 
discharge preparation interventions are described 
below. Home visiting interventions are described 
in section C.3. Parental leave, financing and 
entitlements are described in section C.4.

Summary of the evidence

OVERVIEW C.2a Education and 
counselling

C.2b Peer support C.2c Discharge 
preparation

C.2d Digital 
information

PICO Population – Families of preterm or LBW infants

Intervention 1 – 
Education and 
counselling 
interventions

Intervention 2 – 
Peer support 
interventions

Intervention 3 – 
Discharge preparation 
interventions

Intervention 4 – 
Digital information 
interventions

Comparator – Usual care
Outcomes – All-cause mortality, morbidity, growth, neurodevelopment at latest follow-up

Timing, 
setting, 
subgroups

Timing of the intervention – Birth to 6 months of age 
Setting – Health-care facility or home in any country or setting 
Subgroups

• Gestational age at birth (< 32 weeks, ≥ 32 weeks)
• Birth weight (< 1.5 kg, ≥ 1.5 kg)

Effectiveness: Comparison 1 – Education and 
counselling versus usual care
Sources and characteristics of the evidence
For comparison 1, the effectiveness evidence was 
derived from the systematic review, which included 
four trials enrolling a total of 312 preterm or LBW 
infants (193). The interventions included individual 
or group education or training (provided by health 
workers) of families to care for their preterm or LBW 
infant. Content included well-being strategies (e.g. 
strategies for managing stress, anxiety, depression, 
self-efficacy) and basic newborn-care practices (e.g. 
positioning, bathing, breastfeeding, thermal care, 
responsiveness and sensitivity). The interventions 
began in the facility, with some continuing at home 
following discharge.

Critical outcomes
For education and counselling compared with 
usual care, two trials reported growth (weight gain, 
length gain) and three reported neurodevelopment 
(cognitive and motor development). No trials 
reported mortality or morbidity. (Full details 
are provided in GRADE Table C.2a, in the Web 
Supplement.)

 n Growth: Very-low-certainty evidence from one 
trial with 184 participants suggests an increase 
in infant weight (in grams) at 60 days (MD 305, 
95% CI 228 to 382). Very-low-certainty evidence 
from one trial with 57 participants suggests an 
increase in infant weight (in grams) at 120 days 
(MD 410, 95% CI 406.03 to 413.97). Very-
low-certainty evidence from one trial with 184 
participants suggests an increase in infant length 
(in centimetres) at 60 days (MD 1.5, 95% CI 1.08 
to 1.92). Very-low-certainty evidence from one trial 
with 57 participants suggests an increase in infant 
length (in centimetres) at 120 days (MD 1.2, 95% 
CI 0.2 to 2.6).

 n Neurodevelopment: Very-low-certainty evidence 
from one trial with seven participants suggests 
little or no effect on motor development (BSID-
III) at 6 months of age (MD 0.38, 95% CI -1.1.15 
to 1.19). Low-certainty evidence from three trials 
totalling 64 participants suggests an increase in 
cognitive development (BSID-III) at 4–6 months of 
age (SMD 0.67, 95% CI 0.16 to 1.17).
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Other outcomes
There was little or no effect on infant temperament 
at 6 months of age (SMD 0.26, 95% CI -0.29 to 0.81; 
2 trials, 155 participants). There was an increase in 
mother–infant interaction at 6 weeks (MD 1.8, 95% 
CI 0.21 to 3.81; 1 trial, 142 participants), 3 months 
(MD 0.8, 95% CI 0.6 to 2.2; 1 trial, 196 participants) 
and 6 months of age (MD 0.21, 95% CI 0.11 to 0.67; 1 
trial, 63 participants), but there was little to no effect 
at follow-up at 12 months of age (MD 0.1, 95% CI 
-0.01 to 0.21; 1 trial, 93 participants). There was little 
to no effect on duration of exclusive breastfeeding 
(EBF) (MD 2.0, 95% CI -5.48 to 9.48; 1 trial, 128 
participants), but there was an increase in EBF at 2–3 
months (RR 1.71, 95% CI 1.26 to 2.31; 2 trials, 244 
participants).

Effectiveness: Comparison 2 – Peer support 
versus usual care
Sources and characteristics of the evidence
For comparison 2, the effectiveness evidence was 
derived from the systematic review, which included 
two trials enrolling a total of 118 preterm or LBW 
infants (193). The peer supporters were all women 
who had cared for a preterm or LBW infant in a 
similar environment and were willing to use their 
experiences to support others. The interventions 
all commenced in the facility and took place either 
following agreement from the parent or were initiated 
by the parent. Content included well-being strategies 
and newborn-care practices.

Critical outcomes
For peer support compared with usual care, no 
trials reported mortality, morbidity, growth or 
neurodevelopment. (Full details are provided in 
GRADE Table C.2b, in the Web Supplement.)

Other outcomes
There was a decrease in maternal anxiety when the 
baby reached 4 months of age (SMD 0.74 lower, 95% 
CI 1.32 lower to 0.16 lower; 1 trial, 49 participants). 
There was little or no effect on EBF (intervention 
group: median 3 months [range 0–14]; control group: 
median 4.3 [range 0–13]; 1 trial, 69 participants).

Subgroup analyses
The effect of gestational age and birth weight could 
not be assessed as there were insufficient trials for 
any critical outcome.

Effectiveness: Comparison 3 – Discharge 
preparation versus usual care
Sources and characteristics of the evidence
For comparison 3, the effectiveness evidence was 
derived from the systematic review, which included 
one trial enrolling 173 preterm or LBW infants (193). 
The interventions were delivered by health workers in 
the days just prior to hospital discharge and focused 
specifically on preparing parents for the discharge 
of their infant. The content included well-being 
strategies and newborn-care practices, but also 
“anticipatory guidance” (i.e. what to expect), financial 
and social support information, and referral pathways.

Critical outcomes
For discharge preparation compared with usual care, 
one trial reported morbidity (emergency department 
presentations). No trials reported mortality, growth 
or neurodevelopment outcomes. (Full details 
are provided in GRADE Table C.2c, in the Web 
Supplement.)

 n Morbidity: Very-low-certainty evidence from one 
observational study with 173 participants suggests 
a decrease in emergency hospital visits by 2 
months of age (RR 0.62, 95% CI 0.39 to 1.00).

Subgroup analyses
The effect of gestational age and birth weight could 
not be assessed as there were insufficient trials for 
any critical outcome.

Effectiveness: Comparison 4 – Digital 
information systems versus usual care
Sources and characteristics of the evidence
For comparison 4, the effectiveness evidence was 
derived from the systematic review, which included 
four trials enrolling a total of 902 preterm or LBW 
infants (193). The interventions used electronic 
web-based applications, including Skype, audiovisual 
workshops and telephone media. Content included 
well-being strategies and newborn-care practices. 
The interventions commenced either in the facility or 
at home.

Critical outcomes
One trial reported morbidity (emergency department 
presentations). No trials reported mortality, growth 
or neurodevelopment outcomes. (Full details 
are provided in GRADE Table C.2d, in the Web 
Supplement.)
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 n Morbidity: Very-low-certainty evidence from one 
trial with 89 participants suggests little to no effect 
on emergency hospital visits by two months post-
discharge (usual care group: median 1 visit [range 
0–6 visits] versus digital information systems 
group: median 1 visit [range 0–7 visits]).

Other outcomes
There was little or no effect on maternal–infant 
interaction by 1 month of age (MD -0.8, 95% CI 
-1.84 to 0.24; 1 trial, 129 participants) or by 4 months 
of age (MD -0.9, 95% CI -2.09 to 0.29; 1 trial, 85 
participants). There was little or no effect on EBF by 2 
months of age (RR 1.02, 95% CI 0.89 to 1.16; 2 trials, 
688 participants).

Subgroup analyses
The effect of gestational age and birth weight could 
not be assessed as there were insufficient trials for 
any critical outcome.

Values and acceptability
The systematic review about what matters to families 
about the care of the preterm or LBW infant (see 
Table 1.1) reported that families want to be involved 
in delivering care to infants, including supporting 
all newborn-care practices, and want to take an 
active role in deciding what interventions are given 
to infants, including what newborn-care practices 

they receive and how they are implemented (14). 
No specific evidence was located about the kinds of 
support families of preterm or LBW babies value or 
find acceptable.

Resources required and implementation 
considerations
Organization of care
Families may need education, counselling, discharge 
preparation and peer support at all levels of health 
facility care. Education, counselling and peer support 
may be needed at home. Support and planning should 
be started in the antenatal period where possible. 
Services should follow national and local guidance for 
health-care facilities.

Infrastructure, equipment and supplies
National or local guidance for health-care facilities 
should be used.

Workforce, training, supervision and monitoring
Health workers at all levels can provide family 
support. Standardized packages can be used for 
training, supervision and monitoring.

Feasibility and equity
There was no specific evidence on the feasibility and 
equity of providing family support for preterm or LBW 
infants.
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Summary of judgements

Comparison 1. 
Education and 
counselling vs usual 
care (C.2a)

Comparison 2.  
Peer support vs 
usual care (C.2b)

Comparison 3.  
Discharge 
preparation vs usual 
care (C.2c)

Comparison 4. 
Digital information 
systems vs usual 
care (C.2d)

Justification • Evidence of 
moderate benefits: 
increase in 
weight, length and 
neurodevelopment 
(very-low-certainty 
evidence)

• No evidence of 
harms

• No evidence on 
other critical 
outcomes

• Evidence of small 
benefits: decrease 
in maternal anxiety 
(very-low-certainty 
evidence)

• No evidence of 
harms

• No evidence on 
critical outcomes

• Evidence of small 
benefits: decrease 
in emergency 
department 
presentations 
(very-low-certainty 
evidence)

• No evidence of 
harms

• No evidence on 
other critical 
outcomes

• Evidence of little 
to no effect on 
emergency hospital 
visits (very-low-
certainty evidence)

• No evidence on 
other critical 
outcomes

Evidence-to-Decision summary

Benefits Moderate Small Small Unknown 

Harms None None None Unknown 

Certainty Very low Very low Very low Very low

Balance Probably favours 
education and 
counselling

Probably favours peer 
support

Probably favours 
discharge preparation

Unknown 

Values No uncertainty or 
variability about 
outcomes

No uncertainty or 
variability about 
outcomes

No uncertainty or 
variability about 
outcomes

No uncertainty or 
variability about 
outcomes

Acceptability Probably acceptable Probably acceptable Probably acceptable Probably acceptable

Resources Moderate Moderate Moderate Moderate

Feasibility Probably feasible Probably feasible Probably feasible Varies

Equity Probably equitable Probably equitable Probably equitable Varies
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C.3 HOME VISITS

Recommendation and remarks

RECOMMENDATION C.3 (NEW)

Home visits by trained health workers are recommended to support families to care for their preterm or 
low-birth-weight infant. (Strong recommendation, moderate-certainty evidence)

Remarks

• Trained health workers can include nurses, midwives, doctors and community health workers.
• The GDG noted that there were limited data on the content, frequency, duration and intensity of 

home visits for preterm and LBW infants. Based on the trials included in the evidence review, the GDG 
recommended that extra home visits (i.e. additional to the routine scheduled postnatal contacts for all 
infants [22]) should be made, and that their content, frequency, duration and intensity should be based 
on clinical judgement.

• The GDG noted that home visits also increased exclusive breastfeeding, immunization visits and 
parental–infant attachment and decreased parental stress, though these were not critical outcomes.

Background and definitions
Families need support at all stages, from before 
conception, and including at the identification of 
a high-risk pregnancy, at the birth of the baby, in 
the health-care facility, at discharge, and especially 
when the baby reaches home (189,194). Studies over 
the last 10 years in high-, middle- and low-income 

countries have shown that home visiting during the 
antenatal and postnatal periods can improve both 
the demand for and the use of antenatal, delivery 
and postnatal services and reduce maternal and 
newborn mortality (22,195). However, there is limited 
information on the effects of home visiting for 
preterm and LBW infants.

Summary of the evidence

OVERVIEW C.3 Home visits

PICO Population – Families of preterm or LBW infants 
Intervention – Home visits to support families to care for their preterm or LBW infant in the home 
Comparator – Usual care 
Outcomes – All-cause mortality, morbidity, growth, neurodevelopment at latest follow-up

Timing, setting, 
subgroups

Timing of the intervention – Birth to 6 months of age 
Setting – Health-care facility or home in any country or setting 
Subgroups

• Gestational age at birth (< 32 weeks, ≥ 32 weeks)
• Birth weight (< 1.5 kg, ≥ 1.5 kg)

Effectiveness: Comparison – Home visits to 
support families to provide care versus usual 
care
Sources and characteristics of the evidence
The effectiveness evidence was derived from a 
systematic review of nine trials enrolling a total 

of 8742 preterm or LBW infants from India, the 
Netherlands, Taiwan (China) and the USA (193). 
The interventions were delivered by health workers, 
community health workers, trained intervention 
workers or trained volunteers. They started and 
continued in the home, immediately following 
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discharge from the facility. The content included 
well-being strategies and newborn-care practices but 
also “anticipatory guidance” (i.e. what to expect), 
financial and social support information, and referral 
pathways.

Critical outcomes
For home visits to support families to provide 
care compared with usual care, two trials 
reported all-cause mortality, one trial reported 
morbidity (hospitalizations) and two trials 
reported neurodevelopment (cognitive and motor 
neurodevelopment). No trials reported growth 
outcomes. (Full details are provided in GRADE Table 
C.3, in the Web Supplement.)

 n Mortality: Moderate-certainty evidence from one 
trial with 6984 participants suggests decreased 
all-cause mortality by 180 days of age (RR 0.71, 
95% CI 0.57 to 0.89). Low-certainty evidence from 
one observational study with 970 participants 
suggests decreased all-cause mortality by 12 
months (RR 0.14, 95% CI 0.02 to 1.16).

 n Morbidity: Low-certainty evidence from one 
observational study with 970 participants suggests 
a decrease in hospitalizations by 12 months (MD 
0.34, 95% CI 0.16 to 0.52).

 n Neurodevelopment: Moderate-certainty evidence 
from two trials totalling 652 participants suggests 
little or no effect on cognitive neurodevelopment 
(BSID-III) by 12 months (SMD 0.03, 95% CI -0.12 
to 0.19). Low-certainty evidence from one trial 
with 136 participants suggests little or no effect on 
motor neurodevelopment (BSID-III) by 12 months 
(MD 0.02, 95% CI -0.35 to 0.32).

Other outcomes
There was little or no effect on infant temperament 
at 6 months of age (MD 0.70, 95% CI -0.60 to 1.46; 
1 trial, 161 participants) or parent–infant attachment 
at 6 months of age (MD -1.20, 95% CI -2.79 to 0.39; 
1 trial, 136 participants).

There was an increase in EBF at 6 months (RR 4.48, 
95% CI 0.28 to 72.9; 3 trials, 7221 participants) 
and an increase in immunization visits in the first 

year (MD 1.21, 95% CI 0.93 to 1.49; 1 trial, 970 
participants).

Subgroup analyses
The effect of gestational age and birth weight could 
not be assessed as there were insufficient trials for 
any critical outcome.

Values and acceptability
The systematic review about what matters to families 
about the care of the preterm or LBW infant (see 
Table 1.1) reported that families want to be involved 
in delivering care to infants, including supporting 
all newborn-care practices, and want to take an 
active role in deciding what interventions are given 
to infants, including what newborn-care practices 
they receive and how they are implemented (14). No 
specific evidence was located about whether families 
value home visiting for their preterm or LBW baby 
or whether they find it more or less acceptable than 
other care.

Resources required and implementation 
considerations
Organization of care
A minimum of four postnatal care contacts is 
recommended for all infants (22). Extra home visits 
(i.e. additional to the routine scheduled postnatal 
contacts for all infants) are needed for preterm and 
LBW babies. Their content, frequency, duration and 
intensity should follow national and local guidance for 
health-care facilities and should be based on clinical 
judgement.

Infrastructure, equipment and supplies
National or local guidance for health-care facilities 
should be used.

Workforce, training, supervision and monitoring
Health workers at all levels can provide home 
visits. However, standardized packages are needed 
for training, supervision and monitoring. Further 
guidance on follow-up care is being developed and 
will be published separately.
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Feasibility and equity
There was no specific evidence about the feasibility 
and equity of home visiting interventions for preterm 
or LBW infants. Home visiting is a core part of the 

health programmes for both term and preterm infants 
in many high-, middle- and low-income countries 
(22,195).

Summary of judgements

Comparison: Home visits to support families to provide care vs usual care (C.3)

Justification • Evidence of moderate benefits: moderate decrease in mortality (moderate-certainty evidence) and 
small decrease in number of hospitalizations (very-low-certainty evidence)

• Evidence of little or no effect on cognitive or motor neurodevelopment (low- to moderate-certainty 
evidence)

• No evidence of harms
• No evidence on other critical outcomes

Evidence-to-Decision summary

Benefits Moderate

Harms Trivial or none

Certainty Low to moderate

Balance Favours home visits

Values No uncertainty or variability about outcomes

Acceptability Probably acceptable

Resources Moderate

Feasibility Probably feasible

Equity Probably equitable



W
H

O
 re

co
m

m
en

da
tio

ns
 fo

r c
ar

e 
of

 th
e 

pr
et

er
m

 o
r l

ow
-b

irt
h-

w
ei

gh
t i

nf
an

t

94

C.4 PARENTAL LEAVE AND ENTITLEMENTS

Good practice statement and remarks

GOOD PRACTICE STATEMENT C.4 (NEW)

Parental leave and entitlements should address the special needs of mothers, fathers and other primary 
caregivers of preterm or low-birth-weight infants. 

Remarks

• The GDG made this good practice statement in recognition of the costs and burdens to parents and 
families of implementing preterm and LBW infant care.

• Based on the studies in the review, the GDG considered that parental leave and entitlements should 
include additional days of leave from work and additional financial payments. However, there was 
insufficient information available to enable the GDG to make recommendations about the number of 
days of leave parents should be given or what type of financial entitlements they should receive.

• The GDG also noted that the special needs of mothers and fathers/partners of preterm and LBW infants 
vary according to individual preferences and setting. They include: support for long hospital stays, 
multiple medical appointments, transport and equipment; support to help manage stress and anxiety 
about the infant; and support for caring for other children and family members.

• The GDG noted that parental leave and entitlements are in place in some countries but recommended 
that they should be expanded globally across high-, middle- and low-income countries.

Background and definitions
Families of preterm and LBW infants are well known 
to have increased risks of financial impoverishment, 
stress, anxiety and depression (188,195,196). Leave 
from work is needed to help families care for the 
infant. Families may also need financial support for 
transport and equipment as well as for the costs 
of the hospitalization and caring for other children 

or family members (189,191,197). Government and 
regulatory policies and entitlements are important 
ways to ensure families receive the financial and 
workplace support they need. However, there have 
been few reviews of policies for parental leave and 
entitlements for families of preterm or LBW infants 
across high-, middle- and low-income countries.

Summary of the evidence

OVERVIEW C.4 Parental leave and entitlements

PICO Population – Preterm or LBW infants 
Intervention – Parental leave and entitlements 
Comparator – Usual care
Outcomes – All-cause mortality, morbidity, growth, neurodevelopment at latest follow-up

Timing, setting, 
subgroups

Timing of the intervention – Birth to 6 months of age 
Setting – Health-care facility or home in any country or setting 
Subgroups

• Gestational age at birth (< 32 weeks, ≥ 32 weeks)
• Birth weight (< 1.5 kg, ≥ 1.5 kg)
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Effectiveness: Comparison – Parental leave and 
entitlements versus usual care
Sources and characteristics of the evidence
A systematic review of 37 trials (35 RCTs and 2 
non-randomized studies) located no studies of the 
effectiveness of parental leave and entitlements 
in terms of critical infant outcomes (mortality, 
morbidity, growth, neurodevelopment) or family 
outcomes (stress, anxiety, depression) (193).

An additional policy review was done of the most 
recent relevant policy reports:
(i) WHO sexual, reproductive, maternal, newborn, 

child and adolescent health policy survey, 
2018–2019 (2018) (198);

(ii) International Labour Organization database 
on conditions of work and employment 
programmes (2022) (199);

(iii) International Network on Leave Policies and 
Research (2021) (200).

One hundred and forty countries had policies for 
parental leave for childhood illness or complications. 
Twenty-eight countries had a parental leave policy 
specifically formulated for families of preterm infants: 
20 high-income countries (Austria, Canada, Chile, 
Croatia, Cyprus, Finland, France, Germany, Hungary, 
Israel, Romania, Italy, Latvia, Lithuania, Luxembourg, 
New Zealand, Portugal, Slovenia, Spain and the 
United Kingdom), 6 upper-middle-income countries 
(Argentina, Belarus, Bulgaria, India, South Africa and 
Uruguay), 1 lower-middle-income (India) and 1 low-
income country (Yemen). Seventeen countries only 
had policies for maternity leave (Argentina, Austria, 
Bulgaria, Canada, Chile, Croatia, Finland, France, 
Hungary, India, Italy, Latvia, Lithuania, Luxembourg, 
New Zealand, South Africa and Spain) and six had 
policies for both maternity and paternity leave 
(Cyprus, Germany, Portugal, Slovenia, the United 
Kingdom and Uruguay). Five countries did not specify 
whether the leave was maternal, paternal or both 
(Belarus, Israel, Romania, Türkiye and Yemen). The 
amount of leave time was equivalent to the number 
of weeks early that the baby was born in most cases. 

Two countries – Canada and Germany – reported 
that they provided families with additional financial 
support for their preterm infants, called “parental 
allowance”, but details were not available.

Values and acceptability
The systematic review about what matters to families 
about the care of the preterm or LBW infant (see 
Table 1.1) reported that families want workplace 
support, parental leave and financial incentives – 
especially support for the costs of accommodation, 
treatment, hospitalization and transport (14). No 
other specific evidence was located about what types 
of policies and entitlements for parental leave and 
financial support families value or find acceptable.

Resources required and implementation 
considerations
Organization of care
Families need leave and entitlements when the infant 
is in the health-care facility and also at home, after 
discharge. Support and planning should be started in 
the antenatal period where possible or from the time 
of birth. Services should follow national and local 
guidance for health-care facilities.

Infrastructure, equipment and supplies
National or local guidance for health-care facilities 
should be used.

Workforce, training, supervision and monitoring
Health workers at all levels can provide support and 
referral for parental leave and entitlements, though 
detailed discussions are often managed by social 
care staff. Services should follow national and local 
guidance for health-care facilities. Standardized 
packages can be used for training, supervision and 
monitoring.

Feasibility and equity
There was no specific evidence about the feasibility 
and equity of parental leave and entitlements for 
preterm or LBW infants.
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Summary of judgements

Comparison: Parental leave and entitlements vs usual care (C.4)

Justification • There were no studies comparing the benefits and harms of parental leave and entitlements.
• This good practice statement was based on a review of 27 global policies for parental leave and 

entitlements for families of preterm and LBW Infants.

Evidence-to-Decision summary

Benefits Large

Harms None

Certainty Unknown

Balance Favours parental leave and entitlements

Values No uncertainty or variability about outcomes

Acceptability Acceptable

Resources Moderate

Feasibility Varies

Equity Equitable
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4. Implementation
The recommendations should be adapted to the 
needs of different countries, local contexts, and 
individual families and infants. The Guideline 
Development Group proposed implementation 
considerations for each recommendation and 
also reflected on adoption, adaptation and 
implementation to ensure availability, accessibility, 
acceptability and quality of care, in accordance with a 
human rights-based approach. Providers of services 
for the preterm or low-birth-weight (LBW) infant 
must consider the needs of, and provide equal care to, 
all individuals and their newborns.

Health policy considerations for the adoption and 
scale-up of recommended interventions for the care 
of the preterm or LBW infant:
	n A firm government commitment to scale-up 

and increased coverage of these interventions is 
needed, irrespective of social, economic, ethnic, 
racial or other factors. National support must 
be secured for all recommendations, not just for 
specific components.
	n To set the policy agenda, to secure broad 

anchoring and to ensure progress in policy 
formulation and decision-making, representatives 
of training facilities and the relevant medical 
specialties and professional societies should be 
included in participatory processes at all stages, 
including prior to an actual policy decision, to 
secure broad support for scaling up.
	n To facilitate negotiations and planning, situation-

specific information on the expected impact of 
the implementation of the recommendations on 
service users, health workers and costs should be 
compiled and disseminated.

Health system or organization-level considerations 
for implementation:
	n Derivative tools should be updated, such as 

Integrated management of childhood illness: 
management of the sick and young infant aged up to 2 
months (201), Pocket book of hospital care for children 
and Guidelines for the management of common 
childhood illnesses (202), and global and national 
essential medicines lists.
	n National and subnational subgroups may be 

established to adapt and implement these 
recommendations, including the development 

or revision of existing national or subnational 
guidelines or protocols.
	n Long-term planning is needed for resource 

generation and budget allocation to address the 
shortage of health workers and trained community 
health workers, to improve facility infrastructure 
and referral pathways, and to strengthen and 
sustain high-quality small and sick newborn care 
services.
	n Implementation of the recommendations should 

involve pre-service training institutions and 
professional bodies, so that training curricula 
for small and sick newborn care services can be 
updated as quickly and smoothly as possible.
	n In-service training and supervisory courses 

will need to be developed according to health 
workers’ professional requirements, considering 
the content and duration of the courses and the 
procedures for the selection of health workers 
for training. These courses can also be explicitly 
designed to address staff turnover, particularly in 
low-resource settings.
	n Standardized tools will need to be developed for 

supervision, ensuring that supervisors are able 
to support and enable health workers to deliver 
integrated, comprehensive small and sick newborn 
care services.
	n A strategy to optimize the use of human resources.
	n Tools or “job aids” for implementation at the 

different levels of health-care facility and in 
communities will need to be developed or updated 
with all the key information.
	n Strategies will need to be devised to improve 

supply chain management according to local 
requirements, such as developing protocols for 
the procedures of obtaining and maintaining the 
stock of supplies, encouraging health workers to 
collect and monitor data on the stock levels and 
strengthening the provider-level coordination and 
follow-up of medicines and health-care supplies 
required for implementation.
	n Development or revision of national guidelines 

and/or health-care facility-based protocols is 
needed.
	n Good-quality supervision, communication and 

transport links between community, primary- and 
higher-level facilities need to be established to 
ensure that referral pathways are efficient.
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	n Successful implementation strategies should 
be documented and shared as examples of best 
practice for other implementers.

User-level considerations for implementation:
	n Community-sensitizing activities should be 

undertaken to disseminate information about 
the importance of each component of care, and 
infants’ rights to receive care for their health and 
well-being. This information should provide details 
about the timing and content of the recommended 
contacts, and about the expected user fees.

Considerations for humanitarian emergencies:
	n The adaptation of the recommendations should 

consider their integration and alignment with other 
response strategies. Additional considerations 
should be made for the unique needs of families 
and infants in emergency settings, including their 
values and preferences. Context-specific tools 
may be needed in addition to standard tools to 
support the implementation by stakeholders of the 
recommendations in humanitarian emergencies.
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5. Applicability issues
A number of factors may hinder the effective 
implementation and scale-up of the recommendations 
in this guideline. These barriers may be related to the 
behaviours of families or health workers and to the 
organization of care or health service delivery. As part 
of efforts to implement these recommendations, 
health system stakeholders may wish to consider the 
following potential barriers:
	n difficult access to health services and health 

workers for families and newborns, including lack 
of transport, geographical conditions and financial 
barriers;
	n lack of human resources with the necessary 

expertise and skills to implement, supervise and 
support recommended practices, including client 
counselling;
	n lack of infrastructure to support interventions (e.g. 

lack of electricity for refrigeration, lack of access to 
clean water and sanitation, lack of access to digital 
interventions and devices, lack of physical space to 
conduct individual care and counselling);
	n lack of time or understanding of the value of newly 

recommended interventions among health workers 
and health system administrators;

	n lack of physical resources (such as equipment, 
supplies, medicines and nutritional supplements);
	n lack of opportunities for continuing education and 

professional development for health workers;
	n resistance of health workers to change from 

non-evidence-based to evidence-based practices 
(such as providing home visits or ensuring family 
involvement);
	n lack of effective referral mechanisms and care 

pathways for families and newborns identified as 
needing additional care (e.g. continuous positive 
airway pressure or methylxanthines);
	n lack of health management information systems 

designed to document and monitor recommended 
practices (e.g. patient records and registers).

Given these potential barriers, a phased approach to 
the adoption, adaptation and implementation of the 
recommendations in this guideline may be helpful. 
Various strategies for addressing these barriers and 
facilitating implementation are provided in each 
chapter.
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6. Research implications
The Guideline Development Group (GDG) identified 
important knowledge gaps that need to be 
addressed through primary research. The research 
questions were prioritized by the GDG based on 
consideration of whether they would: (i) contribute 
to improvements in care and outcomes for preterm 
or low-birth-weight (LBW) infants; (ii) be likely to 
result in significant public health impacts; (iii) be 
answerable; (iv) inform a new recommendation or 
change an existing recommendation; (v) result in 
findings that would be feasible to implement; and (vi) 
be likely to promote equity. The full list of research 
gaps can be found in Web Annex B, but the prioritized 
research questions are listed below.

A.1 Kangaroo mother care (KMC)
A.1a Any KMC
	n What is the effectiveness of KMC on longer-term 

(i.e. up to 2 years of age, school-age, adolescence) 
growth, neurodevelopment, behaviour, mental 
health and disability outcomes?
	n What are the key components of an 

implementation model that achieves high 
population-level coverage of KMC for more than 8 
hours per day in high-income countries?

A.1b Immediate KMC
	n What is the effectiveness of immediate KMC in 

critically ill preterm or LBW infants, such as infants 
who are mechanically ventilated or on blood 
pressure support (e.g. vasopressors)?
	n How can immediate KMC be scaled up in routine 

health systems?

A.2 Mother’s own milk
	n How can exclusive breastfeeding be promoted, 

supported and scaled up for preterm or LBW 
infants, especially those who are very preterm or 
very LBW?
	n What are the most effective early feeding 

strategies for very preterm or very LBW infants, 
infants with illnesses (e.g. post-surgery), and 
infants with other conditions (e.g. doppler 
abnormalities, severe growth restriction)?

A.3 Donor human milk
	n What is the effectiveness, safety and feasibility 

of human milk banks in low- and middle-income 
countries?

A.11 Probiotics
	n What is the effectiveness and safety of probiotics 

in human-milk-fed infants?
	n What is the effect of probiotics on immune 

function and gut microbiome in preterm or LBW 
infants?
	n What are the most optimal probiotic compositions 

for preterm or LBW infants – that is, the optimal 
combination of genera, species and strains?
	n What is the optimal probiotics regimen (dosage 

and duration) for preterm or LBW infants?
	n What is the effectiveness of probiotics alone 

compared with a combination of probiotics and 
prebiotics for preterm or LBW infants?
	n What is the role of probiotics in the prevention 

and management of postnatal growth restriction in 
preterm infants?

A.12 Emollients
	n What is the effect of emollients on mortality, 

invasive infection, sepsis, growth and longer-term 
neurodevelopment in preterm or LBW infants 
in high-, middle- and low-income countries, 
especially in Africa?
	n What is the effect of emollients on 

thermoprotection and the microbiome in preterm 
or LBW infants?
	n Which emollients (which oils, which composition) 

are most effective and safe for preterm or LBW 
infants?
	n What is the optimal regime (dose, frequency, 

duration) and mode of application (e.g. non-
touch applications) for very or extremely preterm 
infants?

B.1 Continuous positive airway pressure 
(CPAP) for respiratory distress syndrome
	n What is the effectiveness of CPAP compared with 

humidified high-flow nasal cannulae and other 
forms of non-invasive ventilation in preterm or 
LBW infants with respiratory distress syndrome?
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C.1 Family involvement
	n What strategies can be used to increase family 

participation in the care of their preterm or LBW 
infants in intensive and special care units, and in 
settings without dedicated newborn units?

C.2 Family support
	n What is the most effective type of family support 

(including education, counselling, discharge 
preparation, peer support) for families of preterm 
or LBW infants?

C.3 Home visits
	n What is the effectiveness of standard in-person 

home visits compared with digital home visits (e.g. 
online video, mobile application [app], mHealth) 
for post-discharge follow-up of preterm or LBW 
infants?
	n What is the feasibility of digital home visits in low-, 

middle- and high-income countries? 
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7. Dissemination
The recommendations will be disseminated 
through WHO regional and country offices, 
ministries of health, professional associations, 
WHO collaborating centres, other United Nations 
agencies and nongovernmental organizations. The 
recommendations will be available on the WHO 
website and also as a printed publication. Online 
versions will be available via the websites of the 
relevant WHO departments. Technical meetings will 
be held between WHO and stakeholders to share the 
recommendations and derivative products.

Evidence briefs for policy-makers, programme 
managers and health workers will be developed. 
They will focus on selected recommendations and 
context-specific issues, and will be developed and 
disseminated in collaboration with United Nations 
agencies and partners.

The executive summary and recommendations from 
this publication will be translated into the six United 
Nations languages for dissemination through the 
WHO regional and country offices, and web versions 

will be available via the websites of the WHO 
departments, as above.

In addition, a number of articles presenting 
the recommendations and key implementation 
considerations will be published, in compliance with 
WHO’s open access and copyright policies. Relevant 
WHO clusters, departments and partnerships, 
such as the Partnership for Maternal, Newborn 
and Child Health (PMNCH), will also be part of the 
dissemination process.

WHO, in collaboration with other partners, will 
support national and subnational working groups 
to adopt, adapt and implement the guideline. This 
will include the development or revision of existing 
national policies, guidelines or protocols in line with 
the WHO recommendations, and tools to support 
the adaptation and implementation processes. This 
also includes technical support for local guideline 
implementers in the development of training 
materials and quality indicators.
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8. Monitoring and evaluating the 
impact of the recommendations

The implementation and impact of these 
recommendations will be monitored at the health 
service, subnational and national levels, based 
on clearly defined criteria and indicators that 
are associated with locally agreed targets. In 
collaboration with the monitoring and evaluation 
teams of the WHO Departments of Maternal, 
Newborn, Child and Adolescent Health and Ageing, 
and Sexual and Reproductive Health and Research, 
the data on country- and regional-level adoption 
of the recommendations will be collected and 
evaluated in the short to medium term across 
individual WHO Member States, through the WHO 
sexual, reproductive, maternal, newborn, child and 
adolescent health (SRMNCAH) policy survey (198). 
A full monitoring framework will be developed. In the 
meantime, the Guideline Development Group for this 
guideline suggests the consideration of the following 
indicators, which have been adapted from current 
global recommended indicators (53,203), including 

the Every Newborn Action Plan (ENAP) indicators for 
mortality and coverage of postnatal care.
	n Neonatal mortality – the proportion of preterm or 

low-birth-weight (LBW) infants dying in the first 
28 days after birth.
	n Early breastfeeding – the proportion of preterm or 

LBW infants put to the breast within the first 24 
hours after birth.
	n Early postnatal care for infants within two days of 

birth – the proportion of preterm or LBW infants 
who had postnatal contact with a health worker 
within two days of delivery.
	n Kangaroo mother care (KMC) – the proportion of 

preterm infants who receive KMC.

These indicators should be considered preliminary 
and will undergo further review. New indicators will 
be added, including those for the measurement of 
coverage and quality of care.
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9. Updating of the guideline
In accordance with the process for updating WHO 
guidelines, the “living guidelines” approach will 
be used (204). This is a systematic and continual 
process of identifying and bridging evidence gaps, at 
least every six months following guideline publication 
and dissemination. A Guideline Steering Group for 
maternal and newborn health recommendations will 
convene regularly to review WHO’s current portfolio 
of relevant recommendations, and to prioritize 
new and existing questions for recommendation 
development and updating. The focus will be on 
recommendations supported by very-low- or low-
certainty evidence and where new recommendations 
or a change in the published recommendations may 
be needed. When new evidence that could potentially 
impact the current evidence base for any of the 
recommendations is identified, the recommendation 

will be updated. If no new reports or information 
are identified for a particular recommendation, the 
recommendation will be revalidated.

Any concern about the validity of any 
recommendation should be promptly communicated 
by email to the WHO Department of Maternal, 
Newborn, Child and Adolescent Health and Ageing 
(mncah@who.int). All communications will be 
reviewed and plans will be made to update the 
recommendation as needed.

WHO welcomes suggestions regarding additional 
questions for inclusion in future updates of this 
guideline; suggestions can be addressed by email to 
the same department (mncah@who.int).

mailto:mncah@who.int
mailto:mncah@who.int


105

References
1. Blencowe H, Krasevec J, de Onis M, Black RE, 

An X, Stevens GA, et al. National, regional, and 
worldwide estimates of low birthweight in 2015, 
with trends from 2000: a systematic analysis. 
Lancet Glob Health. 2019;(7):e849-e60. 
doi:10.1016/S2214-109X(18)30565-5.

2. Katz J, Lee AC, Kozuki N, Lawn JE, Cousens S, 
Blencowe H, et al. Mortality risk in preterm and 
small-for-gestational-age infants in low-income 
and middle-income countries: a pooled country 
analysis. Lancet. 2013;382(9890):417-25. 
doi:10.1016/S0140-6736(13)60993-9.

3. Lee AC, Kozuki N, Cousens S, Stevens GA, 
Blencowe H, Silveira MF, et al. Estimates of 
burden and consequences of infants born 
small for gestational age in low and middle 
income countries with INTERGROWTH-21st 
standard: analysis of CHERG datasets. BMJ. 
2017;358:j3677. doi:10.1136/bmj.j3677.

4. Global strategy for women’s, children’s and 
adolescents’ health (2016–2030). New York 
(NY): Every Woman Every Child; 2015 (http://
globalstrategy.everywomaneverychild.org).

5. Escobar GJ, McCormick MC, Zupancic JA, 
Coleman-Phox K, Armstrong MA, Greene 
JD, et al. Unstudied infants: outcomes of 
moderately premature infants in the neonatal 
intensive care unit. Arch Dis Child Fetal 
Neonatal Ed. 2006;91(4):F238-44. doi:10.1136/
adc.2005.087031.

6. Wang ML, Dorer DJ, Fleming MP, Catlin 
EA. Clinical outcomes of near-term infants. 
Pediatrics. 2004;114(2):372-6. doi:10.1542/
peds.114.2.372.

7. Kinney HC. The near-term (late preterm) human 
brain and risk for periventricular leukomalacia: 
a review. Semin Perinatol. 2006;30(2):81-8. 
doi:10.1053/j.semperi.2006.02.006. 
 
 

8. Blencowe H, Lee AC, Cousens S, Bahalim 
A, Narwal R, Zhong N, et al. Preterm birth-
associated neurodevelopmental impairment 
estimates at regional and global levels for 2010. 
Pediatr Res. 2013;74(Suppl 1):17-34. doi:10.1038/
pr.2013.204.

9. Gluckman PD, Hanson MA, Beedle AS. Early life 
events and their consequences for later disease: 
a life history and evolutionary perspective. 
Am J Hum Biol. 2007;19(1):1-19. doi:10.1002/
ajhb.20590.

10. World Health Organization, United Nations 
Children’s Fund. Low birth weight: country, 
regional and global estimates. Geneva: World 
Health Organization; 2004 (https://apps.who.
int/iris/handle/10665/43184).

11. Lawn JE, Cousens S, Zupan J. 4 million neonatal 
deaths: When? Where? Why? Lancet. 
2005;365(9462):891-900. doi:10.1016/s0140-
6736(05)71048-5.

12. Perin J, Mulick A, Yeung D, Villavicencio F, Lopez 
G, Strong KL, et al. Global, regional, and national 
causes of under-5 mortality in 2000-19: an 
updated systematic analysis with implications for 
the Sustainable Development Goals. Lancet Child 
Adolesc Health. 2022;6(2):106-15. doi:10.1016/
S2352-4642(21)00311-4.

13. McCormick MC. The contribution of low 
birth weight to infant mortality and childhood 
morbidity. N Engl J Med. 1985;312(2):82-90. 
doi:10.1056/NEJM198501103120204.

14. Hurt L, Odd D, Mann M, Beetham H, Dorgeat E, 
Isaac TC, et al. What matters to families about 
the healthcare of preterm or low birth weight 
babies: a qualitative evidence synthesis. medRxiv. 
2022:2022.06.22.22276770. doi:10.1101/2022.0
6.22.22276770.

15. Every child alive: the urgent need to end 
newborn deaths. New York (NY): United Nations 
Children’s Fund; 2018 (https://www.unicef.org/
reports/every-child-alive).

http://globalstrategy.everywomaneverychild.org
http://globalstrategy.everywomaneverychild.org
https://apps.who.int/iris/handle/10665/43184
https://apps.who.int/iris/handle/10665/43184
https://www.unicef.org/reports/every-child-alive
https://www.unicef.org/reports/every-child-alive


W
H

O
 re

co
m

m
en

da
tio

ns
 fo

r c
ar

e 
of

 th
e 

pr
et

er
m

 o
r l

ow
-b

irt
h-

w
ei

gh
t i

nf
an

t

106

16. Sixty-fifth World Health Assembly, 
Geneva, 21–26 May 2012: resolutions and 
decisions: annexes. Geneva: World Health 
Organization; 2012 (https://apps.who.int/iris/
handle/10665/80058).

17. Every newborn: an action plan to end 
preventable deaths. Geneva: World Health 
Organization; 2014 (https://apps.who.int/iris/
handle/10665/127938).

18. Sixty-seventh World Health Assembly, 
Geneva, 19–24 May 2014: resolutions and 
decisions: annexes. Geneva: World Health 
Organization; 2014 (https://apps.who.int/iris/
handle/10665/260211).

19. Guidelines on optimal feeding of low 
birth-weight infants in low- and middle-
income countries. Geneva: World Health 
Organization; 2011 (https://apps.who.int/iris/
handle/10665/85670).

20. WHO recommendations on interventions to 
improve preterm birth outcomes. Geneva: World 
Health Organization; 2015 (https://apps.who.int/
iris/handle/10665/183037).

21. Recommendations for management of common 
childhood conditions: evidence for technical 
update of pocket book recommendations: 
newborn conditions, dysentery, pneumonia, 
oxygen use and delivery, common causes 
of fever, severe acute malnutrition and 
supportive care. Geneva: World Health 
Organization; 2012 (https://apps.who.int/iris/
handle/10665/44774).

22. WHO recommendations on maternal 
and newborn care for a positive postnatal 
experience. Geneva: World Health 
Organization; 2022 (https://apps.who.int/iris/
handle/10665/352658).

23. WHO recommendations on antenatal care for a 
positive pregnancy experience. Geneva: World 
Health Organization; 2016 (https://apps.who.int/
iris/handle/10665/250796).

24. WHO recommendations: intrapartum care for 
a positive childbirth experience. Geneva: World 
Health Organization; 2018 (https://apps.who.int/
iris/handle/10665/260178).

25. WHO handbook for guideline development, 
second edition. Geneva: World Health 
Organization; 2014 (https://apps.who.int/iris/
handle/10665/145714).

26. Edmond K, Strobel N. Evidence for global health 
care interventions for preterm or low birth weight 
infants: an overview of systematic reviews. 
Pediatrics. 2022;150(Suppl 1). doi:10.1542/
peds.2022-057092C.

27. Declarations of interest. In: About WHO – 
ethics. 2020 [website]. Geneva: World Health 
Organization; 2020 (https://www.who.int/
about/ethics/declarations-of-interest, accessed 
10 September 2022).

28. DECIDE 2011–2015 [website]. The Cochrane 
Collaboration; 2022 (https://www.decide-
collaboration.eu/, accessed 1 July 2022).

29. Grading of Recommendations Assessment, 
Development and Evaluation [website]. 
GRADE Working Group; 2022 (http://
gradeworkinggroup.org/, accessed 11 April 
2022).

30. GRADE-CERQual project group [website]. 
GRADE-CERQual; 2018 (https://www.cerqual.
org/the-grade-cerqual-project-group/, accessed 
20 January 2022).

31. UNICEF supply catalogue [website]. New 
York (NY): United Nations Children’s Fund; 
2018 (https://supply.unicef.org/, accessed 31 
September 2021).

32. International medical products price guide, 2015 
edition. Medford (MA): Management Sciences 
for Health; 2016 (https://mshpriceguide.org/en/
home).

33. WHO compendium of innovative health 
technologies for low-resource settings: 2022.  
Geneva: World Health Organization; 2022  
(https://apps.who.int/iris/handle/10665/355162).

34. Reporting the effects of an intervention in 
EPOC reviews. Cochrane Effective Practice and 
Organisation of Care Group; 2018 (https://epoc.
cochrane.org/sites/epoc.cochrane.org/files/
public/uploads/Resources-for-authors2017/how_
to_report_the_effects_of_an_intervention.pdf).

https://apps.who.int/iris/handle/10665/80058
https://apps.who.int/iris/handle/10665/80058
https://apps.who.int/iris/handle/10665/127938
https://apps.who.int/iris/handle/10665/127938
https://apps.who.int/iris/handle/10665/85670
https://apps.who.int/iris/handle/10665/85670
https://apps.who.int/iris/handle/10665/183037
https://apps.who.int/iris/handle/10665/183037
https://apps.who.int/iris/handle/10665/44774
https://apps.who.int/iris/handle/10665/44774
https://apps.who.int/iris/handle/10665/352658
https://apps.who.int/iris/handle/10665/352658
https://apps.who.int/iris/handle/10665/250796
https://apps.who.int/iris/handle/10665/250796
https://apps.who.int/iris/handle/10665/260178
https://apps.who.int/iris/handle/10665/260178
https://apps.who.int/iris/handle/10665/145714
https://apps.who.int/iris/handle/10665/145714
https://www.who.int/about/ethics/declarations-of-interest
https://www.who.int/about/ethics/declarations-of-interest
https://www.decide-collaboration.eu/
https://www.decide-collaboration.eu/
http://gradeworkinggroup.org
http://gradeworkinggroup.org
https://www.cerqual.org/the-grade-cerqual-project-group/
https://www.cerqual.org/the-grade-cerqual-project-group/
https://supply.unicef.org/
https://mshpriceguide.org/en/home
https://mshpriceguide.org/en/home
https://apps.who.int/iris/handle/10665/355162
https://epoc.cochrane.org/sites/epoc.cochrane.org/files/public/uploads/Resources-for-authors2017/how_to_report_the_effects_of_an_intervention.pdf
https://epoc.cochrane.org/sites/epoc.cochrane.org/files/public/uploads/Resources-for-authors2017/how_to_report_the_effects_of_an_intervention.pdf
https://epoc.cochrane.org/sites/epoc.cochrane.org/files/public/uploads/Resources-for-authors2017/how_to_report_the_effects_of_an_intervention.pdf
https://epoc.cochrane.org/sites/epoc.cochrane.org/files/public/uploads/Resources-for-authors2017/how_to_report_the_effects_of_an_intervention.pdf


References 107

35. Prady SL, Uphoff EP, Power M, Golder S. 
Development and validation of a search filter 
to identify equity-focused studies: reducing 
the number needed to screen. BMC Med Res 
Methodol. 2018;18(1):106. doi:10.1186/s12874-
018-0567-x.

36. Langlois EV, Miszkurka M, Zunzunegui MV, 
Ghaffar A, Ziegler D, Karp I. Inequities in 
postnatal care in low- and middle-income 
countries: a systematic review and meta-analysis. 
Bull World Health Organ. 2015;93(4):259-70G. 
doi:10.2471/BLT.14.140996.

37. Anderzen-Carlsson A, Lamy Z, Tingvall M, 
Eriksson M. Parental experiences of providing 
skin-to-skin care to their newborn infant – Part 
2: a qualitative meta-synthesis. Int J Qual Stud 
Health Well-being. 2014;9:24907. doi:10.3402/
qhw.v9.24907.

38. Smith ER, Bergelson I, Constantian S, Valsangkar 
B, Chan GJ. Barriers and enablers of health 
system adoption of kangaroo mother care: a 
systematic review of caregiver perspectives. 
BMC Pediatr. 2017;17(1):35. doi:10.1186/s12887-
016-0769-5.

39. WHO Immediate KMC Study Group, Arya S, 
Naburi H, Kawaza K, Newton S, Anyabolu CH, 
et al. Immediate “kangaroo mother care” and 
survival of infants with low birth weight. N Engl 
J Med. 2021;384(21):2028-38. doi:10.1056/
NEJMoa2026486.

40. Mazumder S, Taneja S, Dube B, Bhatia K, Ghosh 
R, Shekhar M, et al. Effect of community-initiated 
kangaroo mother care on survival of infants with 
low birthweight: a randomised controlled trial. 
Lancet. 2019;394(10210):1724-36. doi:10.1016/
S0140-6736(19)32223-8.

41. Sivanandan S, Sankar MJ. Kangaroo mother 
care for preterm or low birth weight infants: a 
systematic review and meta-analysis. medRxiv. 
2022:2022.09.14.22279053. doi:10.1101/2022.0
9.14.22279053.

42. Blunt JW, DeLuca HF, Schnoes HK. 
25-hydroxycholecalciferol: biologically active 
metabolite of vitamin D3. Biochemistry. 
1968;7(10):3317-22. doi:10.1021/bi00850a001.

43. Mony PK, Tadele H, Gobezayehu AG, Chan 
GJ, Kumar A, Mazumder S, et al. Scaling up 
kangaroo mother care in Ethiopia and India: a 
multi-site implementation research study. BMJ 
Glob Health. 2021;6(9):e005905. doi:10.1136/
bmjgh-2021-005905.

44. Klemming S, Lilliesköld S, Westrup B. Mother-
Newborn Couplet Care from theory to practice 
to ensure zero separation for all newborns. Acta 
Paediatrica. 2021;110(11):2951-7. doi:10.1111/
apa.15997.

45. Arora P, Kommalur A, Devadas S, Kariyappa 
M, Rao SPN. Quality improvement initiative to 
improve the duration of kangaroo mother care 
for twin preterm neonates born at a tertiary care 
hospital in resource-limited settings. J Paediatr 
Child Health. 2021;57(7):1082-8. doi:10.1111/
jpc.15406.

46. Minot KL, Kramer KP, Butler C, Foster M, Gregory 
C, Haynes K, et al. Increasing early skin-to-skin 
in extremely low birth weight infants. Neonatal 
Netw. 2021;40(4):242-50. doi:10.1891/11-T-749.

47. Calibo AP, De Leon Mendoza S, Silvestre MA, 
Murray JCS, Li Z, Mannava P, et al. Scaling 
up kangaroo mother care in the Philippines 
using policy, regulatory and systems reform to 
drive changes in birth practices. BMJ Global 
Health. 2021;6(8):e006492. doi:10.1136/
bmjgh-2021-006492.

48. Hendricks-Munoz KD, Mayers RM. A neonatal 
nurse training program in kangaroo mother care 
(KMC) decreases barriers to KMC utilization in 
the NICU. Am J Perinatol. 2014;31(11):987-92.

49. Kapoor R, Verma A, Dalal P, Gathwala G, Dalal J. 
Enhancing kangaroo mother care uptake through 
implementation of an education protocol. Indian 
J Pediatr. 2021;88(6):544-9. doi:10.1007/s12098-
020-03537-z.

50. Mondkar J, Chawla D, Sachdeva RC, Manerkar 
S, Shanbhag S, Khan A, et al. Impact of mother-
baby friendly initiative plus approach on 
improving human milk feeding for neonates in 
hospital: a quality improvement before-and-after 
uncontrolled study. Eur J Pediatr. 2022;181(1):107-
16. doi:10.1007/s00431-021-04141-9.



W
H

O
 re

co
m

m
en

da
tio

ns
 fo

r c
ar

e 
of

 th
e 

pr
et

er
m

 o
r l

ow
-b

irt
h-

w
ei

gh
t i

nf
an

t

108

51. Vesel L, ten Asbroek AH, Manu A, Soremekun 
S, Tawiah Agyemang C, Okyere E, et al. 
Promoting skin-to-skin care for low birthweight 
babies: findings from the Ghana Newhints 
cluster-randomised trial. Trop Med Int Health. 
2013;18(8):952-61. doi:10.1111/tmi.12134.

52. Requejo J, Diaz T, Park L, Chou D, Choudhury 
A, Guthold R, et al. Assessing coverage of 
interventions for reproductive, maternal, 
newborn, child, and adolescent health and 
nutrition. BMJ. 2020;368:l6915. doi:10.1136/bmj.
l6915.

53. Maternal and newborn – Coverage. In: Maternal, 
newborn, child and adolescent health and 
ageing: data portal [website]. Geneva: World 
Health Organization; 2022 (www.who.int/data/
maternal-newborn-child-adolescent-ageing/
maternal-and-newborn-data/maternal-and-
newborn---coverage, accessed 11 April 2022).

54. Grummer-Strawn LM, Rollins N. Summarising 
the health effects of breastfeeding. Acta Paediatr. 
2015;104(467):1-2. doi:10.1111/apa.13136.

55. Walsh V, McGuire W. Immunonutrition for 
Preterm Infants. Neonatology. 2019;115(4):398-
405. doi:10.1159/000497332.

56. Optimal feeding of low-birth-weight infants: 
technical review. Geneva: World Health 
Organization; 2006 (https://apps.who.int/iris/
handle/10665/43602).

57. Embleton NE, Pang N, Cooke RJ. Postnatal 
malnutrition and growth retardation: an inevitable 
consequence of current recommendations in 
preterm infants? Pediatrics. 2001;107(2):270-3. 
doi:10.1542/peds.107.2.270.

58. Embleton ND, Berrington JE, Dorling J, Ewer 
AK, Juszczak E, Kirby JA, et al. Mechanisms 
affecting the gut of preterm infants in enteral 
feeding trials. Front Nutr. 2017;4:14. doi:10.3389/
fnut.2017.00014.

59. Gidrewicz DA, Fenton TR. A systematic review 
and meta-analysis of the nutrient content of 
preterm and term breast milk. BMC Pediatr. 
2014;14(1):216. doi:10.1186/1471-2431-14-216. 

60. Strobel NA, Adams C, McAullay DR, Edmond 
KM. Mother’s own milk compared with formula 
milk for feeding preterm or low birth weight 
infants: systematic review and meta-analysis. 
Pediatrics. 2022;150(Suppl 1). doi:10.1542/
peds.2022-057092D.

61. Mrelius E, Brogren S, Andersson S, Alehagen S. 
Fathers’ experiences of feeding their extremely 
preterm infants in family-centred neonatal 
intensive care: a qualitative study. Int Breastfeed J. 
2021;16(1):46. doi:10.1186/s13006-021-00394-0.

62. Russell G, Sawyer A, Rabe H, Abbott J, Gyte G, 
Duley L, et al. Parents’ views on care of their very 
premature babies in neonatal intensive care units: 
a qualitative study. BMC Pediatr. 2014;14(1):230. 
doi:10.1186/1471-2431-14-230.

63. Guideline: protecting, promoting and supporting 
breastfeeding in facilities providing maternity 
and newborn services. Geneva: World Health 
Organization; 2017 (https://apps.who.int/iris/
handle/10665/259386).

64. Baker P, Santos T, Neves PA, Machado P, Smith J, 
Piwoz E, et al. First-food systems transformations 
and the ultra-processing of infant and young 
child diets: the determinants, dynamics and 
consequences of the global rise in commercial 
milk formula consumption. Matern Child Nutr. 
2021;17(2):e13097. doi:10.1111/mcn.13097.

65. Neves PAR, Vaz JS, Maia FS, Baker P, Gatica-
Domínguez G, Piwoz E, et al. Rates and time 
trends in the consumption of breastmilk, formula, 
and animal milk by children younger than 2 years 
from 2000 to 2019: analysis of 113 countries. 
Lancet Child Adolesc Health. 2021;5(9):619-30. 
doi:10.1016/s2352-4642(21)00163-2.

66. Tyebally Fang M, Grummer-Strawn L, 
Maryuningsih Y, Biller-Andorno N. Human milk 
banks: a need for further evidence and guidance. 
Lancet Glob Health. 2021;9(2):e104-e5. 
doi:10.1016/S2214-109X(20)30468-X.

67. Quigley M, Embleton ND, McGuire W. Formula 
versus donor breast milk for feeding preterm or 
low birth weight infants. Cochrane Database Syst 
Rev. 2019;(7):CD002971.

http://www.who.int/data/maternal-newborn-child-adolescent-ageing/maternal-and-newborn-data/maternal-and-newborn---coverage
http://www.who.int/data/maternal-newborn-child-adolescent-ageing/maternal-and-newborn-data/maternal-and-newborn---coverage
http://www.who.int/data/maternal-newborn-child-adolescent-ageing/maternal-and-newborn-data/maternal-and-newborn---coverage
http://www.who.int/data/maternal-newborn-child-adolescent-ageing/maternal-and-newborn-data/maternal-and-newborn---coverage
https://apps.who.int/iris/handle/10665/43602
https://apps.who.int/iris/handle/10665/43602
https://apps.who.int/iris/handle/10665/259386
https://apps.who.int/iris/handle/10665/259386


References 109

68. Chagwena DT, Mugariri F, Sithole B, Mataga 
SF, Danda R, Matsungo TM, et al. Acceptability 
of donor breastmilk banking among health 
workers: a cross-sectional survey in Zimbabwean 
urban settings. Int Breastfeed J. 2020;15(1):37. 
doi:10.1186/s13006-020-00283-y.

69. Esquerra-Zwiers A, Rossman B, Meier P, 
Engstrom J, Janes J, Patel A. “It’s somebody 
else’s milk”: unraveling the tension in 
mothers of preterm infants who provide 
consent for pasteurized donor human 
milk. J Hum Lact. 2016;32(1):95-102. 
doi:10.1177/0890334415617939.

70. Lubbe W, Oosthuizen CS, Dolman RC, Covic 
N. Stakeholder attitudes towards donating 
and utilizing donated human breastmilk. Int J 
Environ Res Public Health. 2019;16(10):1838. 
doi:10.3390/ijerph16101838.

71. Magowan S, Burgoine K, Ogara C, Ditai J, 
Gladstone M. Exploring the barriers and 
facilitators to the acceptability of donor human 
milk in eastern Uganda – a qualitative study. Int 
Breastfeed J. 2020;15(1):28. doi:10.1186/s13006-
020-00272-1.

72. Tyebally Fang M, Chatzixiros E, Grummer-
Strawn L, Engmann C, Israel-Ballard K, 
Mansen K, et al. Developing global guidance 
on human milk banking. Bull World Health 
Organ. 2021;99(12):892-900. doi:10.2471/
BLT.21.286943.

73. Rochow N, Fusch G, Choi A, Chessell L, Elliott L, 
McDonald K, et al. Target fortification of breast 
milk with fat, protein, and carbohydrates for 
preterm infants. J Pediatr. 2013;163(4):1001-7. 
doi:10.1016/j.jpeds.2013.04.052.

74. Agostoni C, Buonocore G, Carnielli V, De Curtis 
M, Darmaun D, Decsi T, et al. Enteral nutrient 
supply for preterm infants: commentary 
from the European Society of Paediatric 
Gastroenterology, Hepatology and Nutrition 
Committee on Nutrition. J Pediatr Gastroenterol 
Nutr. 2010;50(1):85-91. doi:10.1097/
MPG.0b013e3181adaee0. 
 
 

75. Arslanoglu S, Moro GE, Ziegler EE, World 
Association of Perinatal Medicine Working 
Group On Nutrition. Optimization of human 
milk fortification for preterm infants: new 
concepts and recommendations. J Perinat Med. 
2010;38(3):233-8. doi:10.1515/jpm.2010.073.

76. Imdad A, Bhutta ZA. Nutritional management 
of the low birth weight/preterm infant in 
community settings: a perspective from the 
developing world. J Pediatr. 2013;162(Suppl 
3):S107-14. doi:10.1016/j.jpeds.2012.11.060.

77. Klingenberg C, Embleton ND, Jacobs SE, 
O’Connell LA, Kuschel CA. Enteral feeding 
practices in very preterm infants: an international 
survey. Arch Dis Child Fetal Neonatal Ed. 
2012;97(1):F56-61. doi:10.1136/adc.2010.204123.

78. Brown JV, Lin L, Embleton ND, Harding JE, 
McGuire W. Multi-nutrient fortification of human 
milk for preterm infants. Cochrane Database Syst 
Rev. 2020;6(7):CD000343.

79. Hay WW, Jr., Hendrickson KC. Preterm formula 
use in the preterm very low birth weight infant. 
Semin Fetal Neonatal Med. 2017;22(1):15-22. 
doi:10.1016/j.siny.2016.08.005.

80. Horbar JD, Ehrenkranz RA, Badger GJ, Edwards 
EM, Morrow KA, Soll RF, et al. Weight growth 
velocity and postnatal growth failure in infants 
501 to 1500 grams: 2000–2013. Pediatrics. 
2015;136(1):e84-92. doi:10.1542/peds.2015-
0129.

81. Walsh V, Brown JVE, Askie LM, Embleton ND, 
McGuire W. Nutrient-enriched formula versus 
standard formula for preterm infants. Cochrane 
Database Syst Rev. 2019;(7):CD004204.

82. Pollitt E, Gilmore M, Valcarcel M. The stability 
of sucking behavior and its relationship to 
intake during the first month of life. Infant 
Behav Dev. 1978;1:347-57. doi:10.1016/s0163-
6383(78)80046-0.

83. Shulhan J, Dicken B, Hartling L, Larsen BM. 
Current knowledge of necrotizing enterocolitis 
in preterm infants and the impact of different 
types of enteral nutrition products. Adv Nutr. 
2017;8(1):80-91. doi:10.3945/an.116.013193.



W
H

O
 re

co
m

m
en

da
tio

ns
 fo

r c
ar

e 
of

 th
e 

pr
et

er
m

 o
r l

ow
-b

irt
h-

w
ei

gh
t i

nf
an

t

110

84. Fang L, Wu L, Han S, Chen X, Yu Z. Quality 
improvement to increase breastfeeding 
in preterm infants: systematic review and 
meta-analysis. Front Pediatr. 2021;9:681341. 
doi:10.3389/fped.2021.681341.

85. Kinshella MW, Prasad S, Hiwa T, Vidler M, 
Nyondo-Mipando AL, Dube Q, et al. Barriers and 
facilitators for early and exclusive breastfeeding 
in health facilities in Sub-Saharan Africa: a 
systematic review. Glob Health Res Policy. 
2021;6(1):21. doi:10.1186/s41256-021-00206-2.

86. Chitale R, Ferguson K, Talej M, Yang WC, He 
S, Edmond KM, et al. Early enteral feeding 
for preterm or low birth weight infants: a 
systematic review and meta-analysis. Pediatrics. 
2022;150(Suppl 1). doi:10.1542/peds.2022-
057092E.

87. Black MM, Aboud FE. Responsive feeding 
is embedded in a theoretical framework of 
responsive parenting. J Nutr. 2011;141(3):490-4. 
doi:10.3945/jn.110.129973.

88. Glodowski KR, Thompson RH, Martel L. The 
rooting reflex as an infant feeding cue. J Appl 
Behav Anal. 2019;52(1):17-27. doi:10.1002/
jaba.512.

89. McCormick FM, Tosh K, McGuire W. Ad 
libitum or demand/semi-demand feeding 
versus scheduled interval feeding for preterm 
infants. Cochrane Database Syst Rev. 
2010;(2):CD005255.

90. Watson J, McGuire W. Responsive versus 
scheduled feeding for preterm infants. Cochrane 
Database Syst Rev. 2016;(8):CD005255.

91. Fry TJ, Marfurt S, Wengier S. Systematic review 
of quality improvement initiatives related to cue-
based feeding in preterm infants. Nurs Womens 
Health. 2018;22(5):401-10. doi:10.1016/j.
nwh.2018.07.006.

92. Talej M, Smith ER, Lauria ME, Chitale R, Ferguson 
K, He S. Responsive feeding for preterm or low 
birth weight infants: a systematic review and 
meta-analysis. Pediatrics. 2022;150(Suppl 1). 
doi:10.1542/peds.2022-057092F. 

93. Brown EG, Sweet AY. Preventing necrotizing  
enterocolitis in neonates. JAMA. 1978;240(22): 
2452-4. doi:10.1001/jama.1978.03290220064019.

94. McKeown RE, Marsh TD, Amarnath U, Garrison 
CZ, Addy CL, Thompson SJ, et al. Role of delayed 
feeding and of feeding increments in necrotizing 
enterocolitis. J Pediatr. 1992;121(5 Pt 1):764-70. 
doi:10.1016/s0022-3476(05)81913-4.

95. Oddie SJ, Young L, McGuire W. Slow 
advancement of enteral feed volumes to prevent 
necrotising enterocolitis in very low birth 
weight infants. Cochrane Database Syst Rev. 
2021;(8):CD001241.

96. Yang WC, Fogel A, Lauria ME, Ferguson K, Smith 
ER. Fast feed advancement for preterm and low 
birth weight infants: a systematic review and 
meta-analysis. Pediatrics. 2022;150(Suppl 1). 
doi:10.1542/peds.2022-057092G.

97. Dorling J, Hewer O, Hurd M, Bari V, Bosiak B, 
Bowler U, et al. Two speeds of increasing milk 
feeds for very preterm or very low-birthweight 
infants: the SIFT RCT. Health Technol Assess. 
2020;24(18):1-94. doi:10.3310/hta24180.

98. Victora CG, Christian P, Vidaletti LP, Gatica-
Dominguez G, Menon P, Black RE. Revisiting 
maternal and child undernutrition in low-
income and middle-income countries: variable 
progress towards an unfinished agenda. Lancet. 
2021;397(10282):1388-99. doi:10.1016/S0140-
6736(21)00394-9.

99. Yang WC, Lauria ME, Fogel A, Ferguson K, 
Smith ER. Duration of exclusive breastfeeding 
for preterm or low birth weight infants: a 
systematic review and meta-analysis. Pediatrics. 
2022;150(Suppl 1). doi:10.1542/peds.2022-
057092H.

100. McCarthy EK, Dempsey EM, Kiely ME. 
Iron supplementation in preterm and low-
birth-weight infants: a systematic review of 
intervention studies. Nutr Rev. 2019;77(12):865-
77. doi:10.1093/nutrit/nuz051.

101. Mills RJ, Davies MW. Enteral iron 
supplementation in preterm and low birth 
weight infants. Cochrane Database Syst Rev. 
2012;(3):CD005095.



References 111

102. Manapurath RM, Gadapani Pathak B, Sinha B, 
Upadhyay RP, Choudhary TS, Chandola TR, et 
al. Enteral iron supplementation in preterm or 
low birth weight infants: a systematic review and 
meta-analysis. Pediatrics. 2022;150(Suppl 1). 
doi:10.1542/peds.2022-057092I.

103. Wessells KR, Brown KH. Estimating the global 
prevalence of zinc deficiency: results based 
on zinc availability in national food supplies 
and the prevalence of stunting. PLoS One. 
2012;7(11):e50568. doi:10.1371/journal.
pone.0050568.

104. Hambidge M. Human zinc deficiency. J Nutr. 
2000;130(5S Suppl):1344S-9S. doi:10.1093/
jn/130.5.1344S.

105. King JC, Shames DM, Woodhouse LR. Zinc 
homeostasis in humans. J Nutr. 2000;130(5S 
Suppl):1360S-6S. doi:10.1093/jn/130.5.1360S.

106. Gulani A, Bhatnagar S, Sachdev HP. Neonatal 
zinc supplementation for prevention of mortality 
and morbidity in breastfed low birth weight 
infants: systematic review of randomized 
controlled trials. Indian Pediatr. 2011;48(2):111-7. 
doi:10.1007/s13312-011-0043-8.

107. Staub E, Evers K, Askie LM. Enteral zinc 
supplementation for prevention of morbidity 
and mortality in preterm neonates. Cochrane 
Database Syst Rev. 2021;(3):CD012797.

108. Sinha B, Dudeja N, Chowdhury R, Choudhary 
TS, Upadhyay RP, Rongsen-Chandola T, et al. 
Enteral zinc supplementation in preterm or low 
birth weight infants: a systematic review and 
meta-analysis. Pediatrics. 2022;150(Suppl 1). 
doi:10.1542/peds.2022-057092J.

109. Huey SL, Acharya N, Silver A, Sheni R, Yu EA, 
Pena-Rosas JP, et al. Effects of oral vitamin D 
supplementation on linear growth and other 
health outcomes among children under five 
years of age. Cochrane Database Syst Rev. 
2020;(12):CD012875.

110. Misra M, Pacaud D, Petryk A, Collett-Solberg PF, 
Kappy M, Drug, et al. Vitamin D deficiency in 
children and its management: review of current 

knowledge and recommendations. Pediatrics. 
2008;122(2):398-417. doi:10.1542/peds.2007-
1894.

111. Tan ML, Abrams SA, Osborn DA. Vitamin D 
supplementation for term breastfed infants 
to prevent vitamin D deficiency and improve 
bone health. Cochrane Database Syst Rev. 
2020;(12):CD013046.

112. Specker BL, Tsang RC, Hollis BW. Effect 
of race and diet on human-milk vitamin 
D and 25-hydroxyvitamin D. Am J Dis 
Child. 1985;139(11):1134-7. doi:10.1001/
archpedi.1985.02140130072032.

113. Zittermann A, Pilz S, Berthold HK. Serum 
25-hydroxyvitamin D response to vitamin D 
supplementation in infants: a systematic review 
and meta-analysis of clinical intervention trials. 
Eur J Nutr. 2020;59(1):359-69. doi:10.1007/
s00394-019-01912-x.

114. Kumar M, Shaikh S, Sinha B, Upadhyay RP, 
Choudhary TS, Chandola TR, et al. Enteral 
vitamin D supplementation in preterm or low 
birth weight infants: a systematic review and 
meta-analysis. Pediatrics. 2022;150(Suppl 1). 
doi:10.1542/peds.2022-057092K.

115. Kumar GT, Sachdev HS, Chellani H, Rehman AM, 
Singh V, Arora H, et al. Effect of weekly vitamin D 
supplements on mortality, morbidity, and growth 
of low birthweight term infants in India up to 
age 6 months: randomised controlled trial. BMJ. 
2011;342:d2975. doi:10.1136/bmj.d2975.

116. Brown CC, Noelle RJ. Seeing through the dark: 
new insights into the immune regulatory 
functions of vitamin A. Eur J Immunol. 
2015;45(5):1287-95. doi:10.1002/eji.201344398.

117. Shenai JP. Vitamin A supplementation in very low 
birth weight neonates: rationale and evidence. 
Pediatrics. 1999;104(6):1369-74. doi:10.1542/
peds.104.6.1369.

118. Khwaja O, Volpe JJ. Pathogenesis of cerebral 
white matter injury of prematurity. Arch Dis 
Child Fetal Neonatal Ed. 2008;93(2):F153-61. 
doi:10.1136/adc.2006.108837.



W
H

O
 re

co
m

m
en

da
tio

ns
 fo

r c
ar

e 
of

 th
e 

pr
et

er
m

 o
r l

ow
-b

irt
h-

w
ei

gh
t i

nf
an

t

112

119. Lee J, Dammann O. Perinatal infection, 
inflammation, and retinopathy of prematurity. 
Semin Fetal Neonatal Med. 2012;17(1):26-9. 
doi:10.1016/j.siny.2011.08.007.

120. Darlow BA, Graham PJ, Rojas-Reyes MX. Vitamin 
A supplementation to prevent mortality and 
short- and long-term morbidity in very low birth 
weight infants. Cochrane Database Syst Rev. 
2016;(8):CD000501.

121. Rakshasbhuvankar AA, Pillow JJ, Simmer KN, 
Patole SK. Vitamin A supplementation in very-
preterm or very-low-birth-weight infants to 
prevent morbidity and mortality: a systematic 
review and meta-analysis of randomized 
trials. Am J Clin Nutr. 2021;114(6):2084-96. 
doi:10.1093/ajcn/nqab294.

122. Manapurath RM, Kumar M, Pathak BG, 
Chowdhury R, Sinha B, Choudhary T, et al. 
Enteral low-dose vitamin A supplementation in 
preterm or low birth weight infants to prevent 
morbidity and mortality: a systematic review 
and meta-analysis. Pediatrics. 2022;150(Suppl 
1):e2022057092L. doi:10.1542/peds.2022-
057092L.

123. Atkinson SA, Radde IC, Anderson GH. 
Macromineral balances in premature infants 
fed their own mothers’ milk or formula. J 
Pediatr. 1983;102(1):99-106. doi:10.1016/s0022-
3476(83)80302-3.

124. Harding JE, Wilson J, Brown J. Calcium and 
phosphorus supplementation of human milk for 
preterm infants. Cochrane Database Syst Rev. 
2017;(2):CD003310.

125. Kumar M, Chowdhury R, Sinha B, Upadhyay RP, 
Chandola TR, Mazumder S, et al. Enteral calcium 
or phosphorus supplementation in preterm or 
low birth weight infants: a systematic review and 
meta-analysis. Pediatrics. 2022;150(Suppl 1). 
doi:10.1542/peds.2022-057092M.

126. Kumar M, Chowdhury R, Sinha B, Upadhyay RP, 
Chandola TR, Mazumder S, et al. Enteral multiple 
micronutrient supplementation in preterm and 
low birth weight infants: a systematic review and 
meta-analysis. Pediatrics. 2022;150(Suppl 1). 
doi:10.1542/peds.2022-057092N.

127. Sharif S, Meader N, Oddie SJ, Rojas-Reyes MX, 
McGuire W. Probiotics to prevent necrotising 
enterocolitis in very preterm or very low birth 
weight infants. Cochrane Database Syst Rev. 
2020;(10):CD005496.

128. van den Akker CHP, van Goudoever JB, 
Szajewska H, Embleton ND, Hojsak I, Reid D, et 
al. Probiotics for preterm infants: a strain-specific 
systematic review and network meta-analysis. 
J Pediatr Gastroenterol Nutr 2018;67(1):103-22. 
doi:10.1097/MPG.0000000000001897.

129. Embleton ND, Zalewski S, Berrington JE. 
Probiotics for prevention of necrotizing 
enterocolitis and sepsis in preterm infants. Curr 
Opin Infect Dis. 2016;29(3):256-61. doi:10.1097/
QCO.0000000000000269.

130. Thomas DW, Greer FR, American Academy 
of Pediatrics Committee on Nutrition, 
American Academy of Pediatrics Section on 
Gastroenterology Hepatology and Nutrition. 
Probiotics and prebiotics in pediatrics. Pediatrics. 
2010;126(6):1217-31. doi:10.1542/peds.2010-
2548.

131. Bron PA, Kleerebezem M, Brummer RJ, Cani PD, 
Mercenier A, MacDonald TT, et al. Can probiotics 
modulate human disease by impacting intestinal 
barrier function? Br J Nutr. 2017;117(1):93-107. 
doi:10.1017/S0007114516004037.

132. Koretz RL. Probiotics in gastroenterology: how 
pro is the evidence in adults? Am J Gastroenterol. 
2018;113(8):1125-36. doi:10.1038/s41395-018-
0138-0.

133. Lerner A, Shoenfeld Y, Matthias T. Probiotics: if 
it does not help it does not do any harm. Really? 
Microorganisms. 2019;7(4):104. doi:10.3390/
microorganisms7040104.

134. Bertelli C, Pillonel T, Torregrossa A, Prod’hom 
G, Fischer CJ, Greub G, et al. Bifidobacterium 
longum bacteremia in preterm infants receiving 
probiotics. Clin Infect Dis. 2015;60(6):924-7. 
doi:10.1093/cid/ciu946. 
 
 



References 113

135. Esaiassen E, Cavanagh P, Hjerde E, Simonsen GS, 
Stoen R, Klingenberg C. Bifidobacterium longum 
subspecies infantis bacteremia in 3 extremely 
preterm infants receiving probiotics. Emerg 
Infect Dis. 2016;22(9):1664-6. doi:10.3201/
eid2209.160033.

136. Jenke A, Ruf EM, Hoppe T, Heldmann M, Wirth S. 
Bifidobacterium septicaemia in an extremely low-
birthweight infant under probiotic therapy. Arch 
Dis Child Fetal Neonatal Ed. 2012;97(3):F217-8. 
doi:10.1136/archdischild-2011-300838.

137. Zbinden A, Zbinden R, Berger C, Arlettaz 
R. Case series of Bifidobacterium longum 
bacteremia in three preterm infants on probiotic 
therapy. Neonatology. 2015;107(1):56-9. 
doi:10.1159/000367985.

138. Alcon-Giner C, Dalby M, Caim S, Ketskemety J, 
Shaw A, Sim K, et al. Microbiota supplementation 
with bifidobacterium and lactobacillus 
modifies the preterm infant gut microbiota 
and metabolome: an observational study. Cell 
Rep Med. 2020;1(5):100077. doi:10.1016/j.
xcrm.2020.100077.

139. Boyle RJ, Robins-Browne RM, Tang ML. Probiotic 
use in clinical practice: what are the risks? Am 
J Clin Nutr. 2006;83(6):1256-64. doi:10.1093/
ajcn/83.6.1256.

140. Sesham R, Oddie S, Embleton ND, Clarke P. 
Probiotics for preterm neonates: parents’ 
perspectives and present prevalence. Arch 
Dis Child Fetal Neonatal Ed. 2014;99(4):F345. 
doi:10.1136/archdischild-2014-306344.

141. Dyer JA. Newborn skin care. Semin 
Perinatol. 2013;37(1):3-7. doi:10.1053/j.
semperi.2012.11.008.

142. Evans NJ, Rutter N. Development of the 
epidermis in the newborn. Biol Neonate. 
1986;49(2):74-80. doi:10.1159/000242513.

143. Collins A, Weitkamp JH, Wynn JL. Why 
are preterm newborns at increased risk of 
infection? Arch Dis Child Fetal Neonatal 
Ed. 2018;103(4):F391-F4. doi:10.1136/
archdischild-2017-313595. 

144. Cleminson J, McGuire W. Topical emollient for 
preventing infection in preterm infants. Cochrane 
Database Syst Rev. 2021;(5):CD001150.

145. Darmstadt GL, Badrawi N, Law PA, Ahmed S, 
Bashir M, Iskander I, et al. Topically applied 
sunflower seed oil prevents invasive bacterial 
infections in preterm infants in Egypt: a 
randomized, controlled clinical trial. Pediatr 
Infect Dis J. 2004;23(8):719-25. doi:10.1097/01.
inf.0000133047.50836.6f.

146. Fraser J, Walls M, McGuire W. ABC of preterm 
birth: respiratory complications of preterm 
birth. BMJ. 2004;329(7472):962-5. doi:10.1136/
sbmj.0507278

147. Stoll BJ, Hansen NI, Bell EF, Walsh MC, Carlo 
WA, Shankaran S, et al. Trends in care practices, 
morbidity, and mortality of extremely preterm 
neonates, 1993–2012. JAMA. 2015;314(10):1039-
51. doi:10.1001/jama.2015.10244.

148. Sweet DG, Carnielli V, Greisen G, Hallman M, 
Ozek E, Te Pas A, et al. European consensus 
guidelines on the management of respiratory 
distress syndrome – 2019 update. Neonatology. 
2019;115(4):432-50. doi:10.1159/000499361.

149. Gregory GA, Kitterman JA, Phibbs RH, 
Tooley WH, Hamilton WK. Treatment of the 
idiopathic respiratory-distress syndrome with 
continuous positive airway pressure. N Engl 
J Med. 1971;284(24):1333-40. doi:10.1056/
NEJM197106172842401.

150. Soll RF, Barkhuff W. Noninvasive ventilation 
in the age of surfactant administration. Clin 
Perinatol. 2019;46(3):493-516. doi:10.1016/j.
clp.2019.05.002.

151. Ho JJ, Subramaniam P, Davis PG. Continuous 
positive airway pressure (CPAP) for respiratory 
distress in preterm infants. Cochrane Database 
Syst Rev. 2020;(10):CD002271.

152. Ho JJ, Subramaniam P, Sivakaanthan A, Davis 
PG. Early versus delayed continuous positive 
airway pressure (CPAP) for respiratory distress 
in preterm infants. Cochrane Database Syst Rev. 
2020;(10):CD002975. 



W
H

O
 re

co
m

m
en

da
tio

ns
 fo

r c
ar

e 
of

 th
e 

pr
et

er
m

 o
r l

ow
-b

irt
h-

w
ei

gh
t i

nf
an

t

114

153. Gerad P, Fox WW, Outerbridge EW, Beaudry 
PH, Stern L. Early versus late introduction of 
continuous negative pressure in the management 
of the idiopathic respiratory distress syndrome. 
J Pediatr. 1975;87(4):591-5. doi:10.1016/s0022-
3476(75)80832-8.

154. Mockrin LD, Bancalari EH. Early versus delayed 
initiation of continuous negative pressure in 
infants with hyaline membrane disease. J Pediatr. 
1975;87(4):596-600. doi:10.1016/s0022-
3476(75)80833-x.

155. Ho JJ, Henderson-Smart DJ, Davis PG. Early 
versus delayed initiation of continuous distending 
pressure for respiratory distress syndrome in 
preterm infants. Cochrane Database Syst Rev. 
2002;(2):CD002975.

156. Badiee Z, Naseri F, Sadeghnia A. Early versus 
delayed initiation of nasal continuous positive 
airway pressure for treatment of respiratory 
distress syndrome in premature newborns: 
a randomized clinical trial. Adv Biomed Res. 
2013;2:4. doi:10.4103/2277-9175.107965.

157. Morley CJ, Davis PG, Doyle LW, Brion LP, 
Hascoet JM, Carlin JB, et al. Nasal CPAP or 
intubation at birth for very preterm infants. N 
Engl J Med. 2008;358(7):700-8. doi:10.1056/
NEJMoa072788.

158. Subramaniam P, Ho JJ, Davis PG. Prophylactic or 
very early initiation of continuous positive airway 
pressure (CPAP) for preterm infants. Cochrane 
Database Syst Rev. 2021;(10):CD001243.

159. Dada S, Ashworth H, Sobitschka A, Raguveer 
V, Sharma R, Hamilton RL, et al. Experiences 
with implementation of continuous positive 
airway pressure for neonates and infants in 
low-resource settings: a scoping review. PLoS 
One. 2021;16(6):e0252718. doi:10.1371/journal.
pone.0252718.

160. Benveniste D, Berg O, Pedersen JE. A 
technique for delivery of continuous positive 
airway pressure to the neonate. J Pediatr. 
1976;88(6):1015-9. doi:10.1016/s0022-
3476(76)81066-9. 
 

161. Gupta S, Donn SM. Continuous positive airway 
pressure: physiology and comparison of devices. 
Semin Fetal Neonatal Med. 2016;21(3):204-11. 
doi:10.1016/j.siny.2016.02.009.

162. Prakash R, De Paoli AG, Davis PG, Oddie SJ, 
McGuire W. Bubble devices versus other 
pressure sources for nasal continuous positive 
airway pressure in preterm infants. Cochrane 
Database of Syst Rev. 2022 (in press).

163. Kinshella MW, Walker CR, Hiwa T, Vidler M, 
Nyondo-Mipando AL, Dube Q, et al. Barriers 
and facilitators to implementing bubble CPAP 
to improve neonatal health in sub-Saharan 
Africa: a systematic review. Public Health Rev. 
2020;41(1):6. doi:10.1186/s40985-020-00124-7.

164. Salimu S, Kinshella MW, Vidler M, Banda M, 
Newberry L, Dube Q, et al. Health workers’ views 
on factors affecting caregiver engagement with 
bubble CPAP. BMC Pediatr. 2020;20(1):180. 
doi:10.1186/s12887-020-02088-8.

165. Aneji C, Hartman T, Olutunde O, Okonkwo I, 
Ewumwen E, Adetiloye O, et al. Implementing 
bubble continuous positive airway pressure 
in a lower middle-income country: a Nigerian 
experience. Pan Afr Med J. 2020;37:10. 
doi:10.11604/pamj.2020.37.10.24911.

166. Ekhaguere OA, Mairami AB, Kirpalani H. Risk and 
benefits of bubble continuous positive airway 
pressure for neonatal and childhood respiratory 
diseases in low- and middle-income countries. 
Paediatr Respir Rev. 2019;29:31-6. doi:10.1016/j.
prrv.2018.04.004.

167. McAdams RM, Hedstrom AB, DiBlasi RM, Mant 
JE, Nyonyintono J, Otai CD, et al. Implementation 
of bubble CPAP in a rural Ugandan neonatal ICU. 
Respir Care. 2015;60(3):437-45. doi:10.4187/
respcare.03438.

168. Nyondo-Mipando AL, Woo Kinshella ML, Bohne 
C, Suwedi-Kapesa LC, Salimu S, Banda M, et al. 
Barriers and enablers of implementing bubble 
continuous positive airway pressure (CPAP): 
perspectives of health professionals in Malawi. 
PLoS One. 2020;15(2):e0228915. doi:10.1371/
journal.pone.0228915. 



References 115

169. Schmidt B, Roberts RS, Davis P, Doyle LW, 
Barrington KJ, Ohlsson A, et al. Caffeine 
therapy for apnea of prematurity. N Engl J 
Med. 2006;354(20):2112-21. doi:10.1056/
NEJMoa054065.

170. Eichenwald EC, Aina A, Stark AR. Apnea 
frequently persists beyond term gestation 
in infants delivered at 24 to 28 weeks. 
Pediatrics. 1997;100(3 Pt 1):354-9. doi:10.1542/
peds.100.3.354.

171. Henderson-Smart DJ. Recurrent apnea in the 
newborn (Chapter 47). In: Evidence-based 
paediatrics, second edition. Moyer VA, Elliott 
EJ, Gilbert R, Klassen T, Logan S, Mellis C, et al., 
editors. BMJ Books; 2004:483-9.

172. Di Fiore JM, Bloom JN, Orge F, Schutt A, 
Schluchter M, Cheruvu VK, et al. A higher 
incidence of intermittent hypoxemic episodes 
is associated with severe retinopathy of 
prematurity. J Pediatr. 2010;157(1):69-73. 
doi:10.1016/j.jpeds.2010.01.046

173. Poets CF, Roberts RS, Schmidt B, Whyte RK, 
Asztalos EV, Bader D, et al. Association between 
intermittent hypoxemia or bradycardia and late 
death or disability in extremely preterm infants. 
JAMA. 2015;314(6):595-603. doi:10.1001/
jama.2015.8841.

174. Marques K, Roehr CC, Bruschettini M, Davis PG, 
Soll R. Methylxanthine for the prevention and 
treatment of apnea in preterm infants. Cochrane 
Database Syst Rev. 2022 (in press).

175. Steer PA, Flenady VJ, Shearman A, Lee TC, 
Tudehope DI, Charles BG. Periextubation 
caffeine in preterm neonates: a randomized 
dose response trial. J Paediatr Child Health. 
2003;39(7):511-5. doi:10.1046/j.1440-
1754.2003.00207.x.

176. Dukhovny D, Lorch SA, Schmidt B, Doyle LW, 
Kok JH, Roberts RS, et al. Economic evaluation 
of caffeine for apnea of prematurity. Pediatrics. 
2011;127(1):e146-55. doi:10.1542/peds.2010-
1014.

177. Armanian AM, Badiee Z, Afghari R, Salehimehr 
N, Hassanzade A, Sheikhzadeh S, et al. 
Prophylactic aminophylline for prevention of 

apnea at higher-risk preterm neonates. Iran Red 
Crescent Med J. 2014;16(8):e12559. doi:10.5812/
ircmj.12559.

178. Armanian AM, Iranpour R, Faghihian E, 
Salehimehr N. Caffeine administration to 
prevent apnea in very premature infants. Pediatr 
Neonatol. 2016;57(5):408-12. doi:10.1016/j.
pedneo.2015.10.007.

179. Hegyi T, Hiatt IM, Stile IL, Zolfaghari S. Effects 
of postnatal aminophylline on the course of 
respiratory distress syndrome in premature 
infants. Clin Ther. 1986;8(4):439-49.

180. Kumar H, Bhat A, Alwadhi V, Maria A, 
Khanna R, Neogi SB, et al. An assessment of 
implementation of family participatory care 
in special newborn care units in three states 
of India. Indian Pediatr. 2021;58(4):349-53. 
doi:10.1007/s13312-021-2194-6.

181. Bastani F, Abadi TA, Haghani H. Effect of family-
centered care on improving parental satisfaction 
and reducing readmission among premature 
infants: a randomized controlled trial. J Clin 
Diagn Res. 2015;9(1):SC04-8. doi:10.7860/
JCDR/2015/10356.5444.

182. Committee on Hospital Care, American 
Academy of Pediatrics. Family-centered care and 
the pediatrician’s role. Pediatrics. 2003;112(3 Part 
1):691-7. doi:10.1542/peds.112.3.691.

183. Maria A, Litch JA, Stepanchak M, Sarin E, 
Wadhwa R, Kumar H. Assessment of feasibility 
and acceptability of family-centered care 
implemented at a neonatal intensive care unit in 
India. BMC Pediatr. 2021;21(1):171. doi:10.1186/
s12887-021-02644-w.

184. Obeidat HM, Bond EA, Callister LC. The parental 
experience of having an infant in the newborn 
intensive care unit. J Perinat Educ. 2009;18(3): 
23-9 doi:10.1624/105812409X461199.

185. Ding X, Zhu L, Zhang R, Wang L, Wang TT, Latour 
JM. Effects of family-centred care interventions 
on preterm infants and parents in neonatal 
intensive care units: a systematic review and 
meta-analysis of randomised controlled trials. 
Aust Crit Care. 2019;32(1):63-75. doi:10.1016/j.
aucc.2018.10.007.



W
H

O
 re

co
m

m
en

da
tio

ns
 fo

r c
ar

e 
of

 th
e 

pr
et

er
m

 o
r l

ow
-b

irt
h-

w
ei

gh
t i

nf
an

t

116

186. Zhang R, Huang RW, Gao XR, Peng XM, 
Zhu LH, Rangasamy R, et al. Involvement 
of parents in the care of preterm infants: a 
pilot study evaluating a family-centered care 
intervention in a Chinese neonatal ICU. Pediatr 
Crit Care Med. 2018;19(8):741-7. doi:10.1097/
PCC.0000000000001586.

187. North K, Whelan R, Folger LV, Lawford H, Olson I, 
Driker S, et al. Family involvement in the routine 
care of hospitalized preterm or low birth weight 
infants: a systematic review and meta-analysis. 
Pediatrics. 2022;150(Suppl 1). doi:10.1542/
peds.2022-057092O.

188. Garti I, Donkor E, Musah N, Appiah EO, Gyekye 
S, Menlah A, et al. Mothers’ experiences of 
caring for preterm babies at home: qualitative 
insights from an urban setting in a middle-
income country. BMC Pregnancy Childbirth. 
2021;21(1):395. doi:10.1186/s12884-021-
03872-9.

189. Lakshmanan A, Kubicek K, Williams R, Robles 
M, Vanderbilt DL, Mirzaian CB, et al. Viewpoints 
from families for improving transition from NICU-
to-home for infants with medical complexity at 
a safety net hospital: a qualitative study. BMC 
Pediatr. 2019;19(1):223. doi:10.1186/s12887-019-
1604-6.

190. de Savigny D, Adam T, Alliance for Health 
Policy and Systems Research, World Health 
Organization. Systems thinking for health 
systems strengthening. Geneva: World Health 
Organization; 2009 (https://apps.who.int/iris/
handle/10665/44204).

191. Hunt H, Abbott R, Boddy K, Whear R, Wakely 
L, Bethel A, et al. “They’ve walked the walk”: a 
systematic review of quantitative and qualitative 
evidence for parent-to-parent support for parents 
of babies in neonatal care. J Neonatal Nurs. 
2019;25(4):166-76. doi:10.1016/j.jnn.2019.03.011.

192. Labrie NHM, van Veenendaal NR, Ludolph 
RA, Ket JCF, van der Schoor SRD, van Kempen 
A. Effects of parent-provider communication 
during infant hospitalization in the NICU 
on parents: a systematic review with meta-
synthesis and narrative synthesis. Patient Educ 
Couns. 2021;104(7):1526-52. doi:10.1016/j.
pec.2021.04.023.

193. Bedwell C, Lavender T, Tate N, Danna VA. 
Interventions to support parents, families 
and carers in caring for premature or low 
birth weight (LBW) infants in the home: a 
systematic review and meta-analysis. medRxiv. 
2022:2022.10.25.22281452v1. doi:10.1101/2022.1
0.25.22281452.

194. Franck LS, McNulty A, Alderdice F. The 
perinatal-neonatal care journey for parents 
of preterm infants: what is working and 
what can be improved. J Perinat Neonatal 
Nurs. 2017;31(3):244-55. doi:10.1097/
JPN.0000000000000273.

195. Black RE, Taylor CE, Arole S, Bang A, Bhutta ZA, 
Chowdhury AMR, et al. Comprehensive review 
of the evidence regarding the effectiveness 
of community-based primary health care in 
improving maternal, neonatal and child health: 
8. summary and recommendations of the 
Expert Panel. J Glob Health. 2017;7(1):010908. 
doi:10.7189/jogh.07.010908.

196. Vigod SN, Villegas L, Dennis CL, Ross LE. 
Prevalence and risk factors for postpartum 
depression among women with preterm and 
low-birth-weight infants: a systematic review. 
BJOG. 2010;117(5):540-50. doi:10.1111/j.1471-
0528.2009.02493.x.

197. Koenraads M, Phuka J, Maleta K, Theobald S, 
Gladstone M. Understanding the challenges 
to caring for low birthweight babies in 
rural southern Malawi: a qualitative study 
exploring caregiver and health worker 
perceptions and experiences. BMJ Glob 
Health. 2017;2(3):e000301. doi:10.1136/
bmjgh-2017-000301.

198. Sexual, reproductive, maternal, newborn, child 
and adolescent health: policy survey, 2018–
2019: summary report. Geneva: World Health 
Organization; 2020 (https://apps.who.int/iris/
handle/10665/331847).

199. TRAVAIL: Conditions of Work and Employment 
Programme [website]. International Labour 
Organization; 2017 (https://www.ilo.org/dyn/
travail/travmain.sectionChoice?p_structure=, 
accessed 11 April 2022). 
 

https://apps.who.int/iris/handle/10665/44204
https://apps.who.int/iris/handle/10665/44204
https://apps.who.int/iris/handle/10665/331847
https://apps.who.int/iris/handle/10665/331847
https://www.ilo.org/dyn/travail/travmain.sectionChoice?p_structure=
https://www.ilo.org/dyn/travail/travmain.sectionChoice?p_structure=


References 117

200. Koslowski A, Blum S, Dobrotić I, Kaufman G, 
Moss P, editors. 17th international review of leave 
policies and related research 2021: research 
report. International Network on Leave Policies 
and Research; 2021 (https://ub-deposit.fernuni-
hagen.de/receive/mir_mods_00001739).

201. Integrated management of childhood illness: 
management of the sick young infant aged up to 
2 months: IMCI chart booklet. Geneva: World 
Health Organization; 2019 (https://apps.who.int/
iris/handle/10665/326448).

202. Pocket book of hospital care for children: 
guidelines for the management of common 
childhood illnesses, second edition. Geneva: 
World Health Organization; 2013 (https://apps.
who.int/iris/handle/10665/81170).

203. Every Newborn Action Plan [website]. Geneva: 
World Health Organization; 2022 (https://www.
who.int/initiatives/every-newborn-action-plan, 
accessed 1 January 2022).

204. Vogel JP, Dowswell T, Lewin S, Bonet M, 
Hampson L, Kellie F, et al. Developing and 
applying a “living guidelines” approach to WHO 
recommendations on maternal and perinatal 
health. BMJ Global Health. 2019;4(4):e001683. 
doi:10.1136/bmjgh-2019-001683.

205. Guidelines on basic newborn resuscitation. 
Geneva: World Health Organization; 
2012 (https://apps.who.int/iris/
handle/10665/75157).

https://ub-deposit.fernuni-hagen.de/receive/mir_mods_00001739
https://ub-deposit.fernuni-hagen.de/receive/mir_mods_00001739
https://apps.who.int/iris/handle/10665/326448
https://apps.who.int/iris/handle/10665/326448
https://apps.who.int/iris/handle/10665/81170
https://apps.who.int/iris/handle/10665/81170
https://www.who.int/initiatives/every-newborn-action-plan
https://www.who.int/initiatives/every-newborn-action-plan
https://apps.who.int/iris/handle/10665/75157
https://apps.who.int/iris/handle/10665/75157


W
H

O
 re

co
m

m
en

da
tio

ns
 fo

r c
ar

e 
of

 th
e 

pr
et

er
m

 o
r l

ow
-b

irt
h-

w
ei

gh
t i

nf
an

t

118

Annexes

Annex 1: Current WHO recommendations 
for care of the preterm or low-birth-weight 
infant

Recommendation

A. Preventive and promotive care

Cord care Included in WHO resuscitation guideline (see next page)

Kangaroo mother care Included in this guideline

Thermal care Included in WHO preterm guideline (see next page)

Feeding Included in this guideline

Micronutrients Included in this guideline

Probiotics Included in this guideline

Emollients Included in this guideline

Developmental care Forthcoming in new WHO guidelines

Massage Forthcoming in new WHO guidelines

Positioning Forthcoming in new WHO guidelines

Immunization Included in WHO immunization guideline (see next page)

Surveillance of growth, neurodevelopment, hearing, 
vision, disability

Forthcoming in new WHO guidelines

B. Care for complications

Resuscitation Forthcoming in update of WHO guidelines

Surfactant Included in WHO preterm guideline (see next page)

Continuous positive airway pressure (CPAP) Included in this guideline

Oxygen Included in WHO preterm guideline (see next page)

Apnoea Included in this guideline

Hypoglycaemia Forthcoming in update of WHO guidelines

Hyperbilirubinaemia Forthcoming in update of WHO guidelines

Infections Forthcoming in update of WHO guidelines

Necrotizing enterocolitis Forthcoming in update of WHO guidelines

Anaemia Forthcoming in update of WHO guidelines

Growth, neurodevelopment, hearing, vision, disability Forthcoming in new WHO guidelines

C. Family involvement and support

Family involvement Included in this guideline

Education and counselling Included in this guideline

Discharge preparation Included in this guideline

Peer support Included in this guideline

Home visits Included in this guideline

Parental leave and entitlements Included in this guideline
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 Delayed cord clamping recommendations:1

	n In term or preterm newborns who do not require 
positive-pressure ventilation, the cord should not 
be clamped earlier than one minute after birth.
	n When term or preterm newborns require positive-

pressure ventilation, the cord should be clamped 
and cut to allow effective ventilation to be 
performed.

Thermal care recommendations:2

	n During stabilization and transfer of preterm 
newborns to specialized neonatal care wards, 
wrapping in plastic bags or wraps may be 
considered as an alternative to prevent 
hypothermia.

Immunization recommendations:3

	n Newborn immunization should be promoted 
in accordance with the latest existing WHO 
recommendations for routine immunization.

Surfactant recommendations:2

	n Surfactant replacement therapy is recommended 
for intubated and ventilated newborns with 
respiratory distress syndrome.

1 Guidelines on basic newborn resuscitation. Geneva: World 
Health Organization; 2012 (https://apps.who.int/iris/
handle/10665/75157).

2 WHO recommendations on interventions to improve preterm 
birth outcomes. Geneva: World Health Organization; 2015 
(https://apps.who.int/iris/handle/10665/183037).

3 WHO recommendations for routine immunization - summary 
tables [website]. Geneva: World Health Organization; 2021 
(https://www.who.int/teams/immunization-vaccines-and-
biologicals/policies/who-recommendations-for-routine-
immunization---summary-tables, accessed 1 November 2022).

	n Either animal-derived or protein-containing 
synthetic surfactants can be used for surfactant 
replacement therapy in ventilated preterm 
newborns with respiratory distress syndrome.
	n Administration of surfactant before the onset 

of respiratory distress syndrome (prophylactic 
administration) in preterm newborns is not 
recommended.
	n In intubated preterm newborns with respiratory 

distress syndrome, surfactant should be 
administered early (within the first 2 hours after 
birth) rather than waiting for the symptoms to 
worsen before giving rescue therapy.

Oxygen recommendations:2

	n During ventilation of preterm babies born at or 
before 32 weeks of gestation, it is recommended 
to start oxygen therapy with 30% oxygen or air (if 
blended oxygen is not available), rather than with 
100% oxygen.
	n The use of progressively higher concentrations of 

oxygen should only be considered for newborns 
undergoing oxygen therapy if their heart rate is 
less than 60 beats per minute after 30 seconds of 
adequate ventilation with 30% oxygen.

https://apps.who.int/iris/handle/10665/75157
https://apps.who.int/iris/handle/10665/75157
https://apps.who.int/iris/handle/10665/183037
https://www.who.int/teams/immunization-vaccines-and-biologicals/policies/who-recommendations-for-routine-immunization---summary-tables
https://www.who.int/teams/immunization-vaccines-and-biologicals/policies/who-recommendations-for-routine-immunization---summary-tables
https://www.who.int/teams/immunization-vaccines-and-biologicals/policies/who-recommendations-for-routine-immunization---summary-tables
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