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Summary Table 2.2.5 
Effect of zinc supplementation of breastfed LBW infants on neurodevelopment

Study, Design 		  Approximate proportion of
(Level of 	 Inclusion	 participants with gestation agea		O  utcome	 Effect measure
evidence)	 criteria	 <32 wk	 32–36 wk	 ≥37 wk	 Comparison groups	 measure 	 [95% CI]

Ashworth et 	 Full term SGA	 None	 None	 100%	 Infants who received 5 mg/	 Bayley’s Mental	 MD
al (220 )	 infants				    day elemental zinc daily for 	 Development	 -2.2 
RCT (LII)					     8 weeks (n=46) compared 	 Index (MDI) 	 (-7.3, 2.9)
					     with infants who received 	 scores at
					     placebo (n=44)	 6 months 

						      Bayley’s 	 MD
						      Psychomotor 	 -0.4 
						      Development 	 (-5.2, 4.4)
						      Index (PDI) 
						      score at 
						      12 months 

Black et al 	 Full term SGA	 None 	 None 	 100%	 Infants who received 5 mg/	 Bayley’s Mental	 Adjustedb

(219 )	 infants				    day elemental zinc and a	 Development	 regression
RCT (LII)	  				    daily micronutrient supplement 	 Index (MDI) 	 coefficient
					     mix (folate, iron, calcium, 	 scores at	 1.11
					     phosphorus, and riboflavin) 	 6 months	 (-1.12, 4.16)
					     from 30 days to 9 months of 
					     age (n=100) compared with 	 Bayley’s	 Adjustedb

					     infants who received the 	 Psychomotor	 regression
					     micronutrient supplement mix 	 Development	 coefficient
					     but no zinc (n=100)	 Index (PDI) 	 2.94
						      scores at 	 (-0.68, 6.26)
						      6 months
a	 If gestational age was not available in the publication, infants with birth weight <1500 g are assumed to be <32 wk gestation, those weighing 

1501–2000 g to be 32–36 wk gestation, and those weighing 2001–2500 g to have a gestation of 37 weeks or more.
b	 Adjusted for birth weight, weight gained since birth, gender and socio-economic status

Summary Table 2.2.6 
Effect of zinc supplementation of breastfed LBW infants on growth outcomes

Study, Design 		  Approximate proportion of
(Level of 	 Inclusion	 participants with gestation agea		O  utcome	 Effect measure
evidence)	 criteria	 <32 wk	 32–36 wk	 ≥37 wk	 Comparison groups	 measure 	 [95% CI]

Lira et al 	 Full term SGA	 None	 None	 100%	 Infants who received 5 mg/day	 Weight gain 	 MD 0.29
(217) 	 infants				    elemental zinc daily for 8 weeks	 (0–26 weeks),	 (-0.07 to 0.65) 
RCT (LII)	  				    (n=54) compared with infants 	 kg
					     who received placebo (n=54)
						      Length gain 	 MD 0.4
						      (0–26 weeks), 	 (-1.2, 0.4)
						      cm 	  

Castillo-Duran 	 Full term SGA	 None	 None	 100%	 Breastfed infants who	 Weight for age	 MD 0.7
et al (221)	 infants				    received 3 mg/day elemental	 z-score at	 (0.15 to 1.25)
RCT (LII)					     zinc daily (n=20) compared 	 6 months
					     with breastfed infants who 
					     received placebo (n=9)	 Length at	 MD 1.1
						      6 months, cm	 (-1.6, 3.8)
a	 If gestational age was not available in the publication, infants with birth weight <1500 g are assumed to be <32 wk gestation, those weighing 

1501–2000 g to be 32–36 wk gestation, and those weighing 2001–2500 g to have a gestation of 37 weeks or more.
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Calcium and phosphorus 
supplementation
If calcium and phosphorus supplements are 

provided to LBW infants, they are often admin-

istered as individual supplements of calcium 

(2.0 mmol/kg/day) and phosphorus (0.5 mmol/

kg/day) or in a multicomponent fortifier. 

Results 

Effect on mortality, morbidity, 
neurodevelopment and malnutrition

No studies were located which examined the 

impact of calcium or phosphorus supplemen-

tation on mortality rates, serious clinical dis-

ease, neurodevelopment or malnutrition in 

LBW infants. 

Effect on bone mineralization

A number of studies evaluated the short-term 

impacts of calcium and phosphorus sup-

plementation in pre-term infants <33 weeks 

gestation; virtually all reported significant 

improvements in bone mineralization in sup-

plemented infants up to 2 years of age (223–

230). However, only three RCTs were located 

which examined the impact of calcium and 

phosphorus supplementation as individual 

components (not as part of multicomponent 

fortification) on longer-term bone mineraliza-

tion (after 2 years of age) (198, 231, 232). 

Only Backstrom et al compared the out-

comes in supplemented and unsupplemented 

infants (198). From 1985 to 1987 he randomized 

70 infants <34 weeks gestational age to receive 

108 mg/kg calcium with 53 mg/kg phospho-

rus or a placebo from the time of tolerance of 

full enteral nutrition until the infant reached 3 

months of age. This study had a factorial design 

and the infants also received vitamin D (500 

IU or 1000 IU per day); this is described in the 

section on vitamin D. At 3 months of age the 

infants who received calcium and phosphorus 

supplementation had a statistically significant 

higher bone mineral content than those who 

received the placebo. The lowest bone mineral 

content was found in infants who received 1000 

IU/day vitamin D and no calcium or phospho-

rus. At 9 to 11 years, only 50% of infants (n=35) 

were available for follow-up; no difference was 

found in bone mineral content or bone min-

eral density between the infants who received 

calcium and phosphorus supplementation and 

those on the placebo (198).

Laing et al randomized 74 US infants (birth 

weights <1500 g) receiving human milk to be 

given additional calcium and phosphorus sup-

plements from birth until 47 days of age (231). 

The infants received either calcium 21 mmol/l 

(84 mg/dl) or calcium 31.2 mmol/l (125 mg/dl) 

and phosphorus 15.7 mmol/l (49 mg/dl). It was 

reported that both groups had no radiologi-

cal evidence of rickets at 6 weeks chronologi-

cal age. Combined calcium and phosphorus 

supplementation maintained plasma alkaline 

phosphatase activity within the normal range 

for age of 6 weeks. 

Holland et al randomized 50 UK infants 

(birth weight <1250 g) to receive either 50 

mg phosphate per day or a placebo from birth 

until discharge from hospital (232). No infant 

receiving phosphate supplements (50 mg per 

day) from birth until discharge had radiologi-

cal evidence of rickets at the time of discharge; 

bone changes were apparent in 42% of the con-

trol group (risk difference [RD] 42%, 95%CI 

19% to 64%).

In addition, a number of studies reported 

the beneficial effects of a long period of breast-

feeding on bone mineral status in mineral-

supplemented pre-term infants (186, 198, 226). 

In two studies, a dose response was apparent; 

the higher the breastmilk received, the higher 

the radial bone mineral content at 8–12 years 

of age (186, 226).

Conclusions and implications
There is some evidence that phosphorus and 

calcium supplementation reduces the risk of 

metabolic bone disease in pre-term infants 

and leads to short-term increases in bone 

mineralization in infants with gestation <32 

weeks or birth weight <1500 g. There are no 

data on the effect of phosphorus and calcium 

supplementation on key clinical outcomes in 

infants with birth weight >1500 g. There are 

no studies from developing countries, where 

the prevalence of deficiency may be higher.
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Recommendations

International and national organizations 

describe the importance of providing phos-

phorus and/or calcium supplements to infants 

who weigh <1500 g at birth for improving bone 

mineralization and growth. Standard practice 

in many neonatal units is to give such infants 

calcium 2.0 mmol/kg/day and phosphorus 

0.5 mmol/kg/day in addition to breastmilk 

until the infant attains a weight of 2000 g. The 

findings of this review support these recom-

mendations.

Multivitamin supplementation
Neonatal multivitamin preparations com-

monly contain vitamins A, D, C, B1, B2, B6, 

pantothenic acid and niacin.

Results 

No studies were located which examined the 

impact of multivitamin supplementation on 

any outcomes in LBW infants. 

Recommendations

Policy statements from organizations in devel-

oped countries describe the importance of 

providing multivitamin supplementation with 

a standard neonatal multivitamin preparation 

containing vitamins A, D, C, B1, B2, B6, pan-

tothenic acid and niacin to all LBW infants 

receiving human milk from birth until the 

infant attains a weight of 2000 g. Standard 

practice in many neonatal units is to provide 

commercially available multivitamin prepara-

tions to all LBW infants receiving unfortified 

human milk until 6 months chronological age. 

It was not possible to provide additional rec-

ommendations due to insufficient evidence.

Multicomponent fortification
Multicomponent fortifiers commonly contain 

protein, fat, carbohydrate, calcium, phospho-

rus, iron, zinc, vitamins A, D, E, K, and ribo-

flavin. The constituents of commonly used 

fortifiers are described in Box 1.3.3. 

Results 
Effect on mortality

Two RCTs were located which reported the 

impact of multicomponent supplementation 

of human milk on mortality rates, although 

the studies were not designed to examine the 

effect on mortality (see summary Table 2.2.7) 

(17, 168). Lucas et al randomized 275 UK pre-

term infants (birth weight <1850 g, gesta-

tional age range 23–36 weeks) to receive either 

human milk with added standard human 

milk fortifier or human milk with only added 

vitamins, phosphate and sodium (17). These 

interventions were provided from the time 

that full enteral feeds were tolerated until the 

infant attained a weight of 2000 g. This study 

reported no significant impact on mortality 

rate (RR 0.78, 95%CI 0.30 to 2.04). Pettifor 

et al randomized 59 South African pre-term 

infants <1500 g at birth to receive maternal 

milk supplemented with a multicomponent 

fortifier or unsupplemented maternal milk 

from the time that enteral feeds were toler-

ated until hospital discharge (168). There were 

seven deaths among the study infants, all of 

them in the group randomized to receive the 

fortifier. A recently updated meta-analysis 

(233) of these two studies showed that the 

combined estimate of RR of death was not sig-

nificantly different from 1 (RR 1.48, 95%CI 

0.66 to 3.34). However, the confidence limits 

were wide and the RR was above 1, thus a trend 

towards an increased mortality risk from mul-

ticomponent fortifier cannot be discounted.

Effect on serious morbidity

A meta-analysis of five RCTs (17, 168, 234–236) 

(see summary Table 2.2.8.) showed no signifi-

cant difference in the risk of necrotising ente-

rocolitis between the multicomponent-fortifier 

supplemented and control groups (pooled RR 

1.33, 95%CI 0.69 to 2.54) (233). However, con-

fidence limits were wide and the RR was above 

1, thus a trend towards an increased morbid-

ity risk from multicomponent fortifier cannot 

be discounted. In addition, the large study 

by Lucas et al reported an increase in clinical 

infection (suspected or proven) in the fortified 

group (43% compared with 31%, P = 0.04) 
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(17). There was also a non-significant increase 

in the risk of necrotising enterocolitis (5.8% 

compared with 2.2%, P = 0.12). 

Effect on neurodevelopment

Only one RCT was located which examined the 

impact of multicomponent supplementation 

of human milk on neurodevelopmental out-

comes (see summary Table 2.2.9.) (17). In this 

study no significant differences in neurodevel-

opment were detected at 9 or 18 months in the 

fortified compared to the unfortified group, 

though some advantages were reported in a 

subgroup of male infants.

Effect on malnutrition

Ten clinical trials were located which exam-

ined the impacts of multicomponent sup-

plementation on short-term growth (17, 168, 

234, 237–243). All trials were from developed 

countries and are summarized in Table 2.2.10. 

The two largest studies (17, 168) did not find 

a statistically significant increase in weight 

gain in the fortification group. Nevertheless, 

the meta-analysis showed greater weight gains 

in infants receiving multicomponent fortifier 

compared to the controls (WMD 2.3 g/kg/

day, 95%CI 1.7 to 2.9). Similarly, the meta-

analysis reported significantly greater length 

gains (WMD 0.12 cm/week, 95%CI 0.07 to 

0.18) and head growth (WMD 0.12 cm/week, 

95%CI 0.07 to 0.16) in the fortifier group. Two 

studies evaluated long-term growth at 12 and 

18 months of age (17, 241); both found no dif-

ferences in weight, length and head circumfer-

ence between the study groups.

Effect on bone mineralization 

Two RCTs were located which examined the 

role of calcium and phosphorus supplementa-

tion as a part of multicomponent fortifier in 

improving bone mineralization. Modanlou et 

al randomized 18 US infants (243) and Pettifor 

et al randomized 59 South African infants (168) 

who weighed 1000–1600 g at birth. Both trials 

provided infants with calcium (2.0 mmol/kg/

day) and phosphorus (0.5 mmol/kg/day) from 

the time when full enteral feeds were tolerated 

(mean age 14 days) until hospital discharge. 

Both studies reported that infants receiv-

ing fortification had significantly better bone 

mineralization than those receiving unsup-

plemented milk at hospital discharge. A meta-

analysis of these two trials also demonstrated a 

significant improvement by hospital discharge 

(WMD 8.3mg/cm, 95%CI 3.8 to 12.8mg/cm) 

(233). However, no significant differences in 

bone mineralization between the interven-

tion and the control groups were detected at 

3 months by Pettifor et al and no longer-term 

follow-up has been reported.

Conclusions and implications

In infants of <32 weeks gestation, there is 

evidence that use of multicomponent forti-

fier leads to short-term increase in weight 

gain, linear growth, head growth and bone 

mineralization. There are insufficient data to 

evaluate long-term neurodevelopmental and 

growth outcomes, although there appears to 

be no effect on growth beyond one year of 

age. Use of multi-component fortifiers does 

not appear to be associated with increased 

risk of mortality or necrotizing enterocolitis, 

although the small number of infants and the 

large amount of missing data in the studies 

reduces confidence in this conclusion. Also, 

in the largest trial undertaken there was a sig-

nificant increase in the incidence of infection 

among infants receiving the fortifier. There 

are no data examining the efficacy of multi-

component fortifier in infants of 32–36 weeks 

gestation or in term LBW infants.

Almost all the studies are from developed 

countries. A higher prevalence of infections, 

greater potential for contamination, and high 

fortifier costs are additional issues to consider 

when deciding use of multicomponent forti-

fiers in developing countries 

Recommendations 
Policy statements from developed countries 

describe the importance of giving supple-

ments with a standard multicomponent for-

tifier from birth to growing pre-term infants 

weighing <1500 g at birth who receive human 

milk until a weight of 1800–2000 g has been 

reached (43, 45). Standard practice in many 
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neonatal units in infants with birth weights 

<1500 g is to add a multicomponent fortifier 

to human milk until the infant reaches 1800–

2000 g. 

The findings of this review raise doubts on 

the routine use of multicomponent fortifiers, 

particularly in developing countries. The ben-

efits appear to be only short-term increases 

in growth, the safety is uncertain, and could 

be of more concern in developing countries 

with a greater risk of contamination. Further 

research in developing countries is needed to 

examine the role of multicomponent fortifiers. 

Meanwhile, their use should be restricted to 

infants <32 weeks gestation or <1500 g birth 

weight who fail to gain weight despite adequate 

breastmilk feeding.

Summary Table 2.2.7 
Effect of multicomponent fortification of human milk on mortality in LBW infants

Study, Design 		  Approximate proportion of
(Level of 	 Inclusion	 participants with gestation agea		O  utcome	 Effect measure
evidence)	 criteria	 <32 wk	 32–36 wk	 ≥37 wk	 Comparison groups	 measure 	 [95% CI]

Lucas et al 	 Birth weight	 80%	 20%	 None	 Infants who received	 Mortality	 RR 0.78
(17) 	 <1850 g				    maternal milk supplemented	 until	 (0.30, 2.04)
RCT (LII)					     with multicomponent fortifier 	 discharge
					     (n=137) compared with 
					     infants who received maternal 
					     milk supplemented with 
					     phosphate alone (n=138)

Pettifor et al 	 Birth weight	 100%	 None	 None	 Infants who received	 Mortality	 Adjustedb 
(168 ) 	 1000–1500 g, 				    maternal milk supplemented	 during first	 RR 13.3
RCT (LII)	 enteral intake at 				    with multicomponent fortifier	 3 months of	 (0.78, 227.4)
	 least 45 ml/kg/day				    (n=53) compared with 	 life
					     infants who received 
					     unsupplemented maternal 
					     milk (n=47)		
a	 If gestational age was not available in the publication, infants with birth weight <1500 g are assumed to be <32 wk gestation, those weighing 

1501–2000 g to be 32–36 wk gestation, and those weighing 2001–2500 g to have a gestation of 37 weeks or more.
b	 Adjusted for birth weight and gestational age.
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Summary Table 2.2.8 
Effect of multicomponent fortification of human milk on necrotising enterocolitis in LBW infants

Study, Design 		  Approximate proportion of
(Level of 	 Inclusion	 participants with gestation agea		O  utcome	 Effect measure
evidence)	 criteria	 <32 wk	 32–36 wk	 ≥37 wk	 Comparison groups	 measure 	 [95% CI]

Lucas et al 	 Birth weight	 80%	 20%	 None	 Infants who received maternal	 Necrotising	 RR 2.69
(17) 	 <1850 g				    milk supplemented with	 enterocolitis	 (0.73, 9.91)
RCT (LII)					     multicomponent fortifier 
					     (n=137) compared with 
					     infants who received maternal 
					     milk supplemented with 
					     phosphate alone (n=138)

Pettifor et al 	 Birth weight	 100%	 None	 None	 Infants who received maternal	 Necrotising	 Adjustedb 
(168 ) 	 1000–1500 g, 				    milk supplemented with	 enterocolitis	 RR 2.66
RCT (LII)	 enteral intake at 				    multicomponent fortifier		  (0.29, 24.7) 
	 least 45 ml/kg/day				    (n=53) compared with infants 
					     who received unsupplemented 
					     maternal milk (n=47)

Kashyap et al 	 Birth weight	 63%	 37%	 None	 Infants who received maternal	 Necrotising	 RR 0.53
(234 )	 900–1750 g				    milk supplemented with	 enterocolitis	 (0.18, 1.56)
RCT (LII)					     multicomponent fortifier 
					     (n=30) compared with infants 
					     who received unsupplemented 
					     maternal milk (n=36)

Zuckerman 	 Birth weight	 100%	 None	 None	 Infants who received maternal	 Necrotising	 RR 0.83
et al (235)	 <1200 g				    milk supplemented with	 enterocolitis	 (0.05, 12.6)
RCT (LII)					     multicomponent fortifier 
					     (n=29) compared with infants 
					     who received unsupplemented 
					     maternal milk (n=24)

Faerk et al 	 Gestational age	 100%	 None	 None	 Infants who received maternal	 Necrotising	 RR 1.11 
(236 ) 	 <32 weeks				    milk supplemented with	 enterocolitis	 (0.07, 17.12)
RCT (LII)					     multicomponent fortifier 
					     (n=36) compared with infants 
					     who received maternal milk 
					     supplemented with phosphorus
					     (n=40)	
a	 If gestational age was not available in the publication, infants with birth weight <1500 g are assumed to be <32 wk gestation, those weighing 

1501–2000 g to be 32–36 wk gestation, and those weighing 2001–2500 g to have a gestation of 37 weeks or more.
b	 Adjusted for birth weight and gestational age.
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Summary Table 2.2.9 
Effect of multicomponent fortification of human milk on neurodevelopment in LBW infants

Study, Design 		  Approximate proportion of
(Level of 	 Inclusion	 participants with gestation agea			   Effect measure
evidence)	 criteria	 <32 wk	 32–36 wk	 ≥37 wk	 Comparison groups	O utcome measure 	 [95% CI]

							       Difference in 
							       mean scores

Lucas et al 	 Birth weight	 80%	 20%	 None	 Infants who received	 Overall	 0.5 (-2.7 to 3.7)
(17) 	 <1850 g				    maternal milk	 developmental
RCT (LII)					     supplemented with 	 quotient at 9 months
					     multi-component 
					     fortifier (n=137) 	 Bayley’s mental	 2.2 (-3.4 to 7.8)
					     compared with infants 	 development index
					     who received maternal 	 score at 18 months
					     milk supplemented 
					     with phosphate alone 	 Bayley’s psychomotor	 2.4 (-1.9 to 6.7)
					     (n=138)	 development index 
						      score at 18 months 	
a	 If gestational age was not available in the publication, infants with birth weight <1500 g are assumed to be <32 wk gestation, those weighing 

1501–2000 g to be 32–36 wk gestation, and those weighing 2001–2500g to have a gestation of 37 weeks or more.

Summary Table 2.2.10 
Key studies which examine the effect of multicomponent fortification of human milk on growth outcomes in LBW infants

Study, Design 		  Approximate proportion of
(Level of 	 Inclusion	 participants with gestation agea		O  utcome	 Effect measure
evidence)	 criteria	 <32 wk	 32–36 wk	 ≥37 wk	 Comparison groups	 measure 	 [95% CI]

							       Weighted 
							       mean difference

Lucas et al 	 Birth weight	 80%	 20%	 None	 Maternal milk supplemented	 Weight gain 	 0.60
(17)	 <1850 g				    with multicomponent fortifier	 (g/kg/day)	 (-0.38, 1.58)
RCT (LII)					     (n=137) compared with 
					     maternal milk supplemented 
					     with phosphate alone (n=138)

Pettifor et al 	 Birth weight	 100%	 None	 None	 Maternal milk supplemented	 Weight gain	 -0.10b

(168 )	 1000–1500 g				    with multicomponent fortifier	 (g/kg/day)	 (-3.15, 2.95)
RCT (LII)	  				    (n=53) compared with 
					     unsupplemented maternal 
					     milk (n=47)

Kashyap et al 	 Birth weight	 63%	 37%	 None	 Maternal milk supplemented	 Weight gain	 4.02
(234 ) 	 900–1750 g				    with multicomponent fortifier	 (g/kg/day)	 (2.30, 5.74)
RCT (LII)					     (n=30) compared with 
					     unsupplemented maternal 
					     milk (n=36)

Carey et al 	 Birth weight	 100%	 None	 None	 Maternal milk supplemented	 Weight gain	 5.7
(237) 	 <1500 g				    with multicomponent fortifier	 (g/kg/day)	 (2.66, 8.74)
RCT (LII)					     (n=6) compared with 
					     unsupplemented maternal 
					     milk (n=6)

continued 
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Summary Table 2.2.10 continued

Study, Design 		  Approximate proportion of
(Level of 	 Inclusion	 participants with gestation agea		O  utcome	 Effect measure
evidence)	 criteria	 <32 wk	 32–36 wk	 ≥37 wk	 Comparison groups	 measure 	 [95% CI]

							       Weighted 
							       mean difference

Greer et al 	 Infants	 90%	 10%	 None	 Maternal milk supplemented	 Weight gain	 3.86
(238 )	 <32 weeks or 				    with multicomponent fortifier	 (g/kg/day)	 (2.50, 5.22)
RCT (LII)	 <1600g				    (n=10) compared with 
					     unsupplemented maternal 
					     milk (n=10)

Nicholl et al 	 Birth weight	 100%	 None	 None	 Maternal (or donor) milk	 Weight gain	 1.90
(239 ) 	 <1500 g				    supplemented with multi-	 (g/kg/day)	 (-2.45, 6.25)
RCT (LII)					     component fortifier (n=13) 
					     compared with unsupplemented 
					     maternal or donor milk (n=10)

Pollberger et 	 AGA preterm	 100%	 None	 None	 Maternal (or donor) milk	 Weight gain	 5.10
al (240 ) 	 infants <1500 g				    supplemented with human	 (g/kg/day)	 (1.95, 8.25)
RCT (LII)					     milk protein and fat (n=7) 
					     compared with unsupplemented 
					     human milk (n=7)

Wauben et al 	 Preterm infants	 85%	 15%	 None	 Maternal milk supplemented	 Weight gain	 2.40
(241) 	 <1800 g,				    with multicomponent fortifier	 (g/kg/day)	 (0.99, 3.81)
RCT (LII)	 aged > 1 week 				    (n=12) compared with 
					     unsupplemented maternal 
					     milk (n=13)	  

Gross et al 	 Birth weight	 100%	 None	 None	 Maternal milk supplemented	 Weight gain	 10.30
(242)	 <1600 g				    with multicomponent fortifier	 (g/day)	 (6.68, 13.92)
RCT (LII)					     (n=8) compared with 
					     unsupplemented maternal 
					     milk (n=9)

Modanlou et 	 Birth weight	 100%	 None	 None	 Maternal milk supplemented	 Weight gain	 4.20
al (243 ) 	 1000–1500 g				    with multicomponent fortifier	 (g/day)	 (0.72, 7.68)
RCT (LII)					     (n=8) compared with 
					     unsupplemented maternal 
					     milk (n=10)	
a	 If gestational age was not available in the publication, infants with birth weight <1500 g are assumed to be <32 wk gestation, those weighing 

1501–2000 g to be 32–36 wk gestation, and those weighing 2001–2500 g to have a gestation of 37 weeks or more.
b	 Adjusted for birth weight and gestational age
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2.3	Breastmilk substitutes 
Breastmilk substitutes are used if human milk 

feeding of a LBW infant is not possible. There 

are many different commercial formulations 

and the nutrient composition of each breast-

milk substitute is slightly different, reflecting 

the uncertainty about a pre-term infant’s need 

for nutrients, specifically the protein-energy 

ratio, fat blend, and amounts of calcium and 

phosphorus. Breastmilk substitutes also do not 

contain any of the biologically active immune 

substances, or hormones or growth factors 

that are found in human milk. 

The effect of different breastmilk substitutes 

on clinical outcomes is important to consider 

when choosing which breastmilk substitutes to 

use for LBW infants who cannot be fed human 

milk. The following are reviewed below:

•	 Locally prepared animal milk;

•	 Pre-term versus standard infant formula 

during the first few days of life;

•	 Nutrient-enriched formula versus stand-

ard formula after discharge from the 

hospital.

Locally prepared animal milk 

Results 

No studies examining the impact on clinical 

outcomes were located. 

Recommendations

No policy statements on the use of local prepa-

rations of animal milk were located from inter-

national or national organizations in developed 

or developing countries. Standard practice in 

neonatal units of developing countries is to 

provide artificial infant formula when human 

milk is not available. If artificial infant formula 

is not available, then pasteurized (heat treated/

boiled to 62 °C) and diluted animal milk (100 

ml milk + 50 ml water) has been used with 

sugar (10 g to 100 ml milk + 50 ml water) and 

nutritional supplements (iron, zinc, copper, 

manganese and iodine, vitamins A, D, E, K, C, 

B1, B2, B6, B12, niacin, folic acid, pantothenic 

acid and biotin) added, as available. It was not 

possible to provide additional recommenda-

tions due to insufficient evidence. 

Pre-term versus standard 
infant formula during the 
first few days of life

Results 

Effects on mortality and morbidity

No studies, which examined the impact of pre-

term compared with standard infant formula 

on mortality rates or serious clinical disease in 

LBW infants, were located. 

Effect on neurodevelopment

One large RCT was located which examined 

the impact of term and pre-term formula on 

neurodevelopmental outcomes in pre-term 

infants (244, 245) (see summary Table 2.3.1). In 

this multicentre study, Lucas et al randomized 

424 UK pre-term infants (whose mothers did 

not intend to breastfeed) to receive pre-term 

or standard infant formula from birth until 

a weight of 2000 g was attained. Lucas et al 

reported significant advantages in psycho-

motor developmental scores at 18 months in 

infants fed pre-term formula (244). This effect 

was greater in two subgroups – in infants who 

were small for gestation and in males (see sum-

mary Table 2.3.1). In a follow-up of partici-

pants of the same trial at 8 years of age, Lucas 

et al reported no significant benefit in overall 

IQ in the pre-term formula-fed infants (245). 

However, there was a significant advantage in 

verbal intelligence quotient among boys fed 

pre-term infant formula. In a post-hoc analy-

sis, the incidence of cerebral palsy was signifi-

cantly lower in the pre-term compared to the 

standard infant-formula-fed group (see sum-

mary Table 2.3.1).

Effect on malnutrition

Only one study was located which examined 

the long-term impacts of pre-term and stand-

ard infant formula on growth (182). It reported 

significantly higher weight gain at hospital 

discharge in infants fed pre-term formula but 

no significant differences in weight, height or 

head circumference at 18 months and at 7½–8 

years in infants who had been fed pre-term or 

standard infant formula (see summary Table 

2.3.2).



57Results

Effect on bone mineralization

Morley and Lucas conducted a large RCT 

which examined the effect of pre-term com-

pared with standard infant formula on bone 

mineralization (182). No significant differ-

ences in bone mineral calcium, bone mineral 

density and osteocalcin were measured at fol-

low-up of 244 infants at age 8–12 years (186). 

Effect on blood pressure, insulin 
resistance and lipid profile during 
adolescence

Data from follow-up at age 13–16 years of par-

ticipants of the trials conducted by Lucas et 

al have recently been published (24, 25, 183). 

There were no significant differences between 

infants fed pre-term formula or a standard 

infant formula in mean arterial blood pres-

sure (–1.5 mm Hg, 95%CI –3.9 to 2.0, P=0.51), 

fasting 32–33 split proinsulin (–23.1%, –48% 

to 1.8%, P=0.07), or LDL/HDL ratio (–0.3, 

95%CI –0.7 to 0.3, P=0.07).

Conclusions and implications

There is some evidence that pre-term infant 

formula is better than standard infant for-

mula for pre-term infants <1500 g at birth. 

Infants (<1500 g) fed pre-term infant formula 

had higher psychomotor developmental scores 

than those fed standard infant formula up to 

18 months of age. Although there was no over-

all effect observed in these children at 7½–8 

years of age, there was some effect on verbal 

IQ scores in a subgroup. In infants <1500 g, 

pre-term compared to standard infant for-

mula also improved growth during the neona-

tal period, but there is no evidence that this 

benefit was sustained during later infancy and 

childhood. No other longer-term benefits (e.g. 

related to blood pressure, serum lipid profile 

or pro-insulin levels) have been reported.

No studies from developing countries were 

located. In case breastmilk feeding is not pos-

sible, it may be preferable to use pre-term 

infant formula for pre-term infants <1500 g at 

birth. LBW infants with birth weight >1500 g 

are not likely to benefit from the use of pre-

term infant formula and can be given standard 

infant formula in case breastmilk feeding is 

not possible.

Recommendations

Policy statements from international and 

national organizations confirm the impor-

tance of providing mother’s own breastmilk 

for the LBW infant. For the nonhuman-milk-

fed infant, pre-term formula is recommended 

until the infant attains a body weight of 2000 g, 

followed by iron-fortified standard infant for-

mula until the infant is 12 months of age. The 

findings from this review support these rec-

ommendations.
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Summary Table 2.3.2 
Effect of pre-term formula compared with standard infant formula on growth outcomes in LBW infants

Study, Design 		  Approximate proportion of
(Level of 	 Inclusion	 participants with gestation agea			   Effect measure
evidence)	 criteria	 <32 wk	 32–36 wk	 ≥37 wk	 Comparison groups	O utcome measure 	 [95% CI]

							       Mean difference

Morley and 	 Birth weight	 80%	 20%	 None	 Infants of mothers	 Weight gain in neonatal	 3.2
Lucas (182) 	 <1850 g				    choosing not to provide	 period (g/kg/day)	 (1.8, 4.6)
RCT (LII)					     breast milk allocated 	
					     to receive pre-term 	 Length gain in neonatal	 0.2 		
					     formula (n=67)  	 period (mm/d)	 (-0.07, 0.47)
					     compared with infants 	
					     who were allocated	 Weight at 18 months	 0.2 
					     to receive a standard	 post term (kg)	 (-0.32, 0.72)
					     infant formula (n=68)	  
						      Length at 18 months 	 1.2
						      post term (cm)	 (-0.28, 2.68)

						      Weight at 7.5–8 years 	 0.3
						      post term (kg)	 (-1.0, 1.6)

						      Length at 7.5–8 years 	 1.3
						      post term (cm)	 (-0.71, 3.31)
a	 If gestational age was not available in the publication, infants with birth weight <1500 g are assumed to have <32 wk gestation, those weighing 

1501–2000 g to have 32–36 wk gestation, and those weighing 2001–2500 g to have a gestation of 37 weeks or more.

Summary Table 2.3.1 
Effect on neurodevelopment of pre-term formula compared with standard infant formula from birth until LBW infants attained a 
weight of 2000 g 

Study, Design 		  Approximate proportion of
(Level of 	 Inclusion	 participants with gestation agea		O  utcome	 Effect measure
evidence)	 criteria	 <32 wk	 32–36 wk	 ≥37 wk	 Comparison groups	 measure 	 [95% CI]

							       Difference in 
							       mean score

Lucas et al 	 Birth weight	 80%	 20%	 None	 Infants of mothers choosing	 Bayley mental	 6.0
(244 )	 <1850 g				    not to provide breastmilk	 development	 (-0.4, 12.6)
RCT (LII)					     allocated to receive pre-term 	 index score at
					     formula (n=81) compared with 	 18 months
					     infants who were allocated to 
					     receive a standard infant 	 Psychomotor	 14.7
					     formula (n=79)	 development 	 (8.7, 20.7)
						      index score at 
						      18 months 	

Lucas et al 	 Birth weight	 80%	 20%	 None	 Infants of mothers choosing	 Verbal IQ at	 All children: 
(245) 	 <1850 g				    not to provide breastmilk	 7.5–8 years	 4.8
RCT (LII)					     allocated to receive pre-term 	 with	 (-0.6 to 10.2)
					     formula (n=67) compared with 	 abbreviated
					     infants who were allocated to 	 Weschler	 Boys: 12.2
					     receive a standard infant 	 intelligence	 (3.7 to 20.6)
					     formula (n=66)	 scale for 	
						      children 	 Girls: -2.2 
							       (-9.0 to 4.6)
a	 If gestational age was not available in the publication, infants with birth weight <1500 g are assumed to be <32 wk gestation, those weighing 

1501–2000 g to be 32–36 wk gestation, and those weighing 2001–2500 g to have a gestation of 37 weeks or more.
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Nutrient-enriched formula 
versus standard formula 

Results 

Effect on mortality and morbidity

No studies were located which examined the 

impact of infant formula on mortality rates or 

serious clinical disease in LBW infants. 

Effect on neurodevelopment

Two RCTs was located which examined the 

impact of nutrient-enriched formula on neu-

rodevelopmental outcomes, compared with 

standard infant formula (160, 246). Lucas et al 

randomized 284 UK pre-term infants (whose 

mothers did not intend to breastfeed) to receive 

nutrient-enriched or standard infant formula 

from hospital discharge until 9 months of 

chronological age (160). There was a 2.8-point 

advantage in Bayley’s psychomotor index sub-

scale in infants fed nutrient-enriched formula 

when they had reached 18 months of chrono-

logical age, but this difference was not statis-

tically significant. There was no difference in 

mental development scores in the two study 

groups (see summary Table 2.3.3). Cooke 

et al randomized 125 US pre-term infants 

(whose mothers did not intend to breast-

feed) to receive nutrient-enriched or standard 

infant formula from hospital discharge until 

6 months of chronological age (246). He also 

did not find a statistically significant differ-

ence in Bayley’s mental development index or 

psychomotor development index at 18 months 

post-term. Meta-analysis of data from Cooke 

et al and Lucas et al did not find a statistically 

significant difference in either the mental 

development index (WMD 0.23, 95%CI –2.99 

to 3.45) or psychomotor development index 

(WMD 0.56, 95%CI –1.95 to 3.07)) (247). No 

longer-term follow-up for neurodevelopment 

has been reported. 

Effect on malnutrition

Six studies were located which examined 

the impacts of nutrient-enriched formula on 

growth outcomes (160, 161, 246, 248–250). 

Studies examining long-term growth impacts 

are summarized in Table 2.3.4. Litmanowitz 

(249), de Curtis et al (250) and Cooke et al 

(246) did not find any statistically significant 

short-term growth gains in their nutrient-

enriched formula groups. However, Carver et 

al (248), Lucas et al (160) and Cooke et al (246) 

reported variable long-term (up to 18 months 

of age) linear and weight gains in their nutri-

ent-enriched formula groups. Meta-analysis of 

data from Cooke et al and Lucas et al found 

a statistically significant effect of calorie and 

protein-enriched formula milk on crown-heel 

length at 18 months post-term (WMD 9.8, 

95%CI 2.9, 16.6 mm), but not on weight (WMD 

24.0, 95%CI –4.1 to 51.9 g), or head circumfer-

ence (WMD 0.3, 95%CI –3.6 to 4.3 mm) (247). 

In the study of term SGA infants by Fewtrell et 

al, infants fed nutrient-enriched formula had 

significantly greater gains in length and head 

circumference at 9 and 18 months chronologi-

cal age (161). He also reported that the dietary 

effects were independent of the pattern of 

growth retardation. No studies were located 

which reported impacts on standard deviation 

scores or malnutrition rates. 

Conclusions and implications
There is weak evidence that nutrient-enriched 

formula results in higher weight and length 

gains over standard infant formula in pre-term 

infants. There is no evidence of benefit on any 

other outcomes. There is some evidence that 

term SGA infants fed nutrient-enriched for-

mula had improved ponderal, linear and head 

growth. The longer-term implications of faster 

growth in these infants on later blood pres-

sure, insulin resistance and lipid profile needs 

to be carefully examined before making any 

recommendations for use of nutrient-enriched 

formula. 

No studies from developing countries were 

located. Considering the weak evidence of ben-

efits and substantially higher costs of nutrient-

enriched formula, its routine use cannot be 

justified in developing country settings.

Recommendations 
Policy statements from international and 

national organizations confirm the impor-

tance of providing mother’s own breastmilk 
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for LBW infants. For the nonhuman-milk-

fed infant, pre-term formula is recommended 

until the infant attains a body weight of 2000 g, 

followed by iron-fortified standard infant for-

Summary Table 2.3.3 
Effect of nutrient-enriched formula compared with standard infant formula on neurodevelopment in LBW infants

Study, Design 		  Approximate proportion of
(Level of 	 Inclusion	 participants with gestation agea		O  utcome	 Effect measure
evidence)	 criteria	 <32 wk	 32–36 wk	 ≥37 wk	 Comparison groups	 measure 	 [95% CI]

							       Difference in 
							       mean score

Lucas et al 	 Birth weight	 70%	 30%	 None	 Infants of mothers choosing	 Bayley mental	 0.9 (-3.3, 5.0)
(160 ) 	 <1750 g				    not to provide breastmilk	 development
RCT (LII)					     allocated to receive nutrient-	 index score at
					     enriched formula (n=91) 	 18 months
					     compared with infants who 
					     were allocated to receive for 	 Psychomotor	 2.8 (-1.3, 6.8)
					     9mo a standard infant formula 	 development 
					     (n=93) after discharge from 	 index score at
					     the hospital 	 18 months 	

Cooke et al 	 Birth weight	 80%	 20%	 None	 Infants of mothers choosing	 Bayley mental	 -1.0 (-6.4, 4.4)
(246 )	 <1750 g				    not to provide breastmilk	 development
RCT (LII)					     allocated to receive nutrient-	 index score at
					     enriched formula (n=49) 	 18 months
					     compared with infants who 
					     were allocated to receive for 	 Psychomotor	 -1.0 (-4.3, 2.3)
					     6mo a standard infant formula	 development 
					     (n=54) after discharge from 	 index score at
					     the hospital 	 18 months 	
a	 If gestational age was not available in the publication, infants with birth weight <1500 g are assumed to be <32 wk gestation, those weighing 

1501–2000 g to be 32–36 wk gestation, and those weighing 2001–2500 g to have a gestation of 37 weeks or more.

mula until the infant is 12 months of age. It 

was not possible to provide additional recom-

mendations due to insufficient evidence. 
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Summary Table 2.3.4 
Effect of nutrient-enriched post-discharge formula compared with standard infant formula on growth outcomes in LBW infants

Study, Design 		  Approximate proportion of
(Level of 	 Inclusion	 participants with gestation agea			   Effect measure
evidence)	 criteria	 <32 wk	 32–36 wk	 ≥37 wk	 Comparison groups	O utcome measure 	 [95% CI]

							       Difference 
							       in means

Lucas et al 	 Birth weight	 70%	 30%	 None	 Infants of mothers	 Weight (kg) at 9mo	 0.37
(160 ) 	 <1750 g				    choosing not to provide		  (0.084, 0.66)
RCT (LII)					     breastmilk allocated 	 Length (cm) at 9mo	 1.10
					     to receive post-		  (0.31, 1.89)
					     discharge formula 	 Head circumference	 0.001
					     (n=116) compared 	 (cm) at 9 mo	 (-0.45, 0.46)
					     with infants who were 	
					     allocated to receive a 	 Weight (kg) at 18mo	 0.094
					     standard infant formula 		  (-0.26, 0.44)
					     (n=113) after discharge 	 Length (cm) at 	 0.82
					     from the hospital	 18 mo	 (-0.039, 1.69)
						      Head circumference 	 -0.38 
						      (cm) at 18 mo	 (-0.90, 0.13)

Carver et al 	 Pre-term infants	 100%	 None	 None	 Infants allocated to 	 Weight (kg) at 	 0.51
(248 ) 	 <1800 g				    receive nutrient-enriched	 12 mo	 (-0.26, 1.28)
RCT (LII)					     formula (n=27) 
					     compared with infants	 Length (cm) at 	 1.1 (-0.87, 3.1)
					     allocated to receive a	 12 mo
					     standard infant formula	
					     (n=27) from just before	 Head circumference	 0.3 (-0.87, 3.1)
					     hospital discharge to 	 (cm) at 12 mo
					     12 mo age

Cooke et al 	 Birth weight	 80%	 20%	 None	 Infants of mothers	 Weight (kg) at 	 0.05
(246 ) 	 <1750 g				    choosing not to provide 	 18 mo	 (0.003, 0.097)
RCT (LII)					     breastmilk allocated to 
					     receive nutrient-enriched	 Length (cm) at 	 1.1 ( -0.02, 2.2)
					     formula (n=49)	 18 mo
					     compared with infants	
					     allocated to receive a	 Head circumference	 0.5 (-0.1, 1.1)
					     standard infant formula 	 (cm) at 18 mo
					     (n=54) after discharge 
					     from the hospital for 6mo

Fewtrell et al	 Healthy term 	 None	 None	 100%	 Infants allocated to	 Enrolment to 9 mo
(161) 	 infants with birth				    receive nutrient-enriched	 Weight (kg) gain	 0.22
RCT (LII)	 weights below the 				    formula (n=152)		  (-0.01, 0.45)
	 10th centile				    compared with infants 	 Length (cm) gain	 1.1 (0.38, 1.8)
					     who were allocated to 	 Head circumference	 0.5 (0.1, 0.9)
					     receive a standard infant 	 (cm) gain	
					     formula (n=147) after 	  
					     discharge from the 	 Enrolment to 18 mo
					     hospital	 Weight (kg) gain 	 0.25
							       (-0.032, 0.54)	
						      Length (cm) gain	 1.0 (0.25, 1.82) 
						      Head circumference 	 0.63 (0.2, 1.1)
						      (cm) gain 
a	 If gestational age was not available in the publication, infants with birth weight <1500 g are assumed to have <32 wk gestation, those weighing 

1501–2000 g to have 32–36 wk gestation, and those weighing 2001–2500 g to have a gestation of 37 weeks or more.
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3. Feeding methods
Enteral feeding is defined as the administra-

tion of any feed into the gastrointestinal tract 

and includes intragastric feeding, feeding 

by cup, bottle, spoon or paladai, and breast-

feeding. In this section we review the types of 

enteral feeding options available. Intravenous 

fluids and total parenteral nutrition are not 

discussed. A pre-term infant’s progression to 

breastfeeding must pass through a number 

of stages before the infant begins to swallow, 

coordinate and then learn proper attachment 

and sucking. Different forms of enteral and 

oral feeding have been used during this transi-

tion. 

3.1	 Oral feeding 
Oral feeding methods discussed below include 

administration of any feed directly into the 

oral cavity by a method other than breast-

feeding: cup, paladai, spoon, syringe, direct 

expression and bottle feeding. In this section, 

studies that compared these different oral 

feeding methods are compared. The studies 

utilized small medicine cups, standard infant 

feeding bottles, standard 10 or 20 ml syringes, 

or a paladai shaped like a small cup with an 

open spout on one side.

Results 

Effects on mortality, serious morbidity, 
neurodevelopment or malnutrition 

No studies were located which compared the 

effects of different oral feeding methods (cup, 

bottle, paladai, spoon, direct expression) on 

mortality, severe morbidity, neurodevelop-

ment, growth or malnutrition rates in LBW 

infants. 

Effects on other important outcomes 

Breastfeeding rates, at the time of discharge 

from hospital or at subsequent follow-ups, and 

physiological parameters were the outcomes 

reported in studies that compared different 

feeding methods. Most studies compared cup 

feeding with bottle feeding. One Indian study 

compared cup, bottle and paladai feeding 

(251). No studies were identified that com-

pared spoon feeding or direct expression of 

breastmilk into the infant’s mouth with other 

oral feeding methods. 

Only one RCT (Level II evidence) from 

Australia, which compared the effect of cup 

feeding with bottle feeding on breastfeeding 

patterns (see Table 3.1.1) (252), reported that 

infants randomized to cup feeds were more 

likely to be fully breastfed (with no other types 

of milk or solids other than breastmilk) on 

discharge home (odds ratio [OR] 1.73, 95%CI 

1.04 to 2.88), and had a longer length of stay in 

hospital (hazard ratio [HR] 0.71, 95%CI 0.55 

to 0.92). The prevalence of any breastfeed-

ing was apparently higher in the cup-feeding 

group compared with the bottle-feeding group 

at 3 and 6 months, but the differences were 

not statistically significant. Another small 

RCT showed no differences in the proportion 

of infants receiving any breastfeeding at dis-

charge between cup-fed and bottle-fed pre-

term infants, but there was a higher prevalence 

of breastfeeding at 3 months among those who 

were breastfeeding at the first follow-up visit 

(253). This study did not report the effect on 

exclusive or full breastfeeding rates. 

Small observational studies (LIII-3 evi-

dence) from the UK, US and India have 

reported mixed effects of cup, bottle and 

paladai feeding on breastfeeding rates, milk 

volume intake, feeding duration, and feeding 

difficulties at the time of hospital discharge 

in LBW infants (32–42 weeks gestation) (251, 

254–256). These studies all had problems with 

observer and selection biases, insufficient dis-

cussion of confounding factors, and lack of 

follow-up after hospital discharge. 

The impact of oral feeding on physiological 

parameters in LBW infants has been reported 

in four studies (251, 253, 256, 257). Rocha et 

al reported no significant differences between 

cup-fed and bottle-fed infants with regard to 

the time spent in feeding, feeding problems, 

weight gain, or breastfeeding prevalence at 

discharge or at the 3-month follow-up (253). 

A possible beneficial effect of cup feeding was 



63Results

a lower incidence of desaturation episodes 

(13.6% versus 35.3%, CF vs. BF, P = .024). 

Another US study used a randomized cross-

over trial in pre-term infants (LII evidence) 

(257) to receive either 1 cup feed followed 

by 1 bottle feed, or 1 bottle feed followed by 

1 cup feed when they reached 34 weeks cor-

rected gestational age (there was a minimum 

of 1 intragastric feeding between the two oral 

feeding sessions). Lower mean heart rate and 

oxygen saturations in bottle-fed compared to 

cup-fed infants were reported in this study, 

but all other physiological parameters were 

not significantly different. Finally two small 

observational studies, which examined the 

impacts of different oral feeding methods in 

LBW infants (LIII-3 evidence) (Malhotra et 

al (251): cup, bottle and paladai; and Howard 

et al (256): cup and bottle), reported small 

deteriorations in physiological parameters in 

bottle-fed infants. 

Conclusions and implications 

None of the available studies examined the 

effects of different oral feeding methods on 

mortality, morbidity, neurodevelopment or 

malnutrition. The findings are largely based 

on three RCTs and small observational stud-

ies which examined the effect of cup feeding 

compared to bottle feeding on breastfeed-

ing rates at the time of hospital discharge in 

pre-term infants. Some studies, including the 

larger RCT, reported modest benefits of cup 

feeding on EBF rates at discharge from hospi-

tal. Evidence was insufficient to allow conclu-

sive statements on the safety of the methods. 

Overall, the above findings suggest that cup 

feeding has some benefits over bottle feeding 

with regard to achieving full breastfeeding and 

physiological stability in pre-term infants. 

Most of the studies comparing cup feeding 

with bottle feeding were conducted in devel-

oped countries. Avoidance of bottle feeding 

Summary Table 3.1.1 
Effects of cup feeding compared with bottle feeding on breastfeeding patterns in LBW infants 

Study, Design 		  Approximate proportion of
(Level of 	 Inclusion	 participants with gestation agea			   Effect measure
evidence)	 criteria	 <32 wk	 32–36 wk	 ≥37 wk	 Comparison groups	O utcome measure 	 [95% CI]

Collins et al 	 Gestational age	 62%	 38%	 None	 After breastfeeding or	 Proportion of infants	 OR 1.73
(252)	 <34 weeks, no 				    when mother unable 	 fully breastfed at	 [1.04, 2.38]
RCT (LII)	 previous cup or 				    to be present, infants	 hospital discharge
	 bottle feeding, 				    fed by cup (n = 151) 
	 mother intended 				    compared with infants	 Proportion of infants	 OR 1.37
	 to breastfeed				    fed by bottle (n = 152)	 receiving any BF at 	 [0.78, 2.38]
						      hospital discharge 

						      Proportion of infants 	 OR 1.31
						      receiving any BF at 	 [0.77, 2.23]
						      3 months after 
						      discharge

						      Proportion of infants 	 OR 1.44
						      receiving any BF at 	 [0.81, 2.57]
						      6 months after 
						      discharge

Rocha et al 	 Gestational age	 None	 100%	 None	 Infants randomized	 Proportion of infants	 RR 1.03
(253 )	 32–36 weeks				    to cup feeding (n=44) 	 receiving any breast-	 (0.83, 1.28)
(RCT LII)					     compared with those 	 feeding at discharge
					     randomized to bottle 
					     feeding (n=34)	
a	 If gestational age was not available in the publication, infants with birth weight <1500 g are assumed to be <32 wk gestation, those weighing 

1501–2000 g to be 32–36 wk gestation, and those weighing 2001–2500 g to have a gestation of 37 weeks or more.
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is likely to have greater benefits in developing 

countries because of the higher risk of con-

tamination of bottle feeds in these settings.

Recommendations 

Cup feeding is recommended as a feeding 

method for sick and LBW infants by WHO and 

UNICEF. Bottle feeding is not recommended. 

Standard practice in many neonatal units is to 

progress from cup feeding to breastfeeding, 

or bottle feeding to breastfeeding, or paladai 

feeding to breastfeeding. The findings from 

this review support these recommendations. 

3.2	 Intragastric feeding
Intragastric feeding involves the administra-

tion of milk feeds through a thin small plastic 

tube that passes through the nose or mouth 

directly into the stomach. Intragastric feed-

ing is commonly used in developed countries 

when infants are too developmentally imma-

ture to swallow or coordinate feeds or when 

more mature LBW infants have associated 

pathology which might limit oral feeding. This 

is generally before 32 weeks gestation but can 

extend to 34–35 weeks gestation depending on 

the developmental maturity of the infant. Con-

siderable skill is required to insert intragastric 

tubes in small infants. Nasogastric rather than 

orogastric tubes appear to be more commonly 

used in pre-term babies with ≥32 weeks ges-

tation as they are more easily fixed in place. 

However, nasogastric tubes partially occlude 

the nasal passages and may impair respira-

tory function. Orogastric tubes may be better 

for very premature infants who usually have 

smaller nostrils. Intragastric feeding is usu-

ally provided as either a bolus feeding session 

(where a calculated amount of milk is poured 

into the tube over a period of 10–30 minutes 

every 1–3 hours, depending on the infant’s 

weight and gestational age) or a continuous 

feed (where the tube is attached to a syringe 

pump, from where the milk runs through the 

tube into the infant’s stomach continuously 

for 18–24 hours). 

The following issues are reviewed below:

•	 Use of nasogastric versus orogastric 

tubes;

•	 Bolus versus continuous intragastric 

feeding.

Use of nasogastric versus 
orogastric tubes

Results 

Effects on mortality, serious morbidity, 
neurodevelopment and malnutrition 

No studies were located which examined the 

effects of intragastric tube type on mortality, 

severe morbidity, neurodevelopment, growth 

or malnutrition in LBW infants. 

Effects on other important outcomes

In one RCT (LII evidence), which examined 

the effects of intragastric tubes in pre-term 

infants on gastrointestinal tolerance (see sum-

mary Table 3.2.1), 70 Swedish VLBW infants 

weighing <1200 g (<29 weeks gestation) were 

randomized to receive continuous nasogas-

tric, intermittent orogastric or intermittent 

nasogastric tube feeds (258). The primary 

analysis was the comparison between con-

tinuous and intermittent/bolus tube feeding. 

A secondary objective was to assess the impact 

of orogastric versus nasogastric tube feed-

ing on gastrointestinal tolerance and infant 

behaviour; however, no sample size calcula-

tions were performed and the study numbers 

were small (n=46). No significant differences 

between orogastric and nasogastric tube feed-

ing on the time to achieve full enteral feeding, 

total energy intake or total protein intake were 

reported.

One RCT (LII evidence) (258) and three 

descriptive studies (LIV evidence) examined 

the effects of intragastric tubes in pre-term 

infants on physiological parameters (259–

261). The study of Dsilna et al, described 

above, examined the impacts on physiologi-

cal parameters as a post-hoc analysis and 

reported no significant impacts on respiratory 

distress syndrome, mechanical ventilation or 

need for supplemental oxygen (see summary 

Table 3.2.2). Greenspan et al examined lung 

function in a small US study of 39 healthy 
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infants; 24 of them had an orogastric or naso-

gastric tube in situ (14 weighed <2000 g and 

10 weighed >2000 g at birth); 15 had no intra-

gastric tube (260). No infant showed clinical 

compromise after nasogastric and orogastric 

tube placement, but infants <2000 g at birth 

had signs of subclinical pulmonary compro-

mise (diminished minute ventilation, low 

respiratory rate, increased pulmonary resis-

tance, resistive work of breathing, and peak 

transpulmonary pressure change) with naso-

gastric compared to orogastric tube place-

ment. Daga et al examined oxygen saturations 

during the passage of orogastric and nasogas-

tric tubes and 10–30 minutes after feeds in 10 

stable Indian newborns (4 term infants with 

birth weights >2500 g and 6 pre-term infants 

of 31–35 weeks gestation) (261). Mean oxygen 

saturations were significantly lower during the 

passage of nasogastric compared to orogastric 

tubes and persisted for up to 30 minutes after 

feeding. In a small UK study, nasal resistance 

and total airway resistance were reported to 

increase after nasal tubes were inserted into 

the nostrils of 20 LBW infants <32 weeks ges-

tation (259). The infants were also assessed one 

Results

month after removal of the nasogastric (n=20) 

or orogastric tube (n=20); no differences were 

detected in nasal resistance and total airway 

resistance between the two groups. No stud-

ies provided data about potential confounding 

factors or selection and observer biases.

Conclusions and implications 

Overall, data on the effect of nasogastric com-

pared with orogastric feeding tubes on clinical 

outcomes are limited. There is some evidence 

that physiological parameters may be worse 

with nasogastric tube placement in very pre-

term infants. 

Recommendations 

No consensus statements or expert committee 

reports were located which recommended oro-

gastric or nasogastric tubes in LBW infants. 

Both nasogastric and orogastric feeding tubes 

are used in neonatal intensive care units. Some 

units use orogastric rather than nasogastric 

feeding tubes for very premature infants. It 

was not possible to provide additional recom-

mendations due to insufficient evidence.

Summary Table 3.2.1 
Effects of nasogastric compared with orogastric feeding on feeding patterns in LBW infants 

Study, Design 		  Approximate proportion of
(Level of 	 Inclusion	 participants with gestation agea			   Effect measure
evidence)	 criteria	 <32 wk	 32–36 wk	 ≥37 wk	 Comparison groups	O utcome measure 	 [95% CI]

Dsilna et al 	 Birth weight	 100%	 None	 None 	 Nasogastric tube	 Time to achieve full	 WMD -2.7
(258 )	 <1200 g,				    feeding (n=22) 	 enteral feeding (days)	 [-12.31, 6.92]
RCT (LII)	 gestation 				    compared with
	 24–29 weeks 				    orogastric tube 	 Total energy intake	 WMD 1
					     feeding (n=24) 	 (kcal/kg/day)	 [-9.06, 11.06]
a	 If gestational age was not available in the publication, infants with birth weight <1500 g are assumed to be <32 wk gestation, those weighing 

1501–2000 g to be 32–36 wk gestation, and those weighing 2001–2500 g to have a gestation of 37 weeks or more.
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Bolus versus continuous 
intragastric feeding

Results 

Effects on mortality

No studies were located which examined the 

effects of bolus and continuous intragastric 

feeding on mortality in LBW infants. 

Effects on severe morbidity – 
necrotising enterocolitis

A meta-analysis of all available RCTs up to the 

year 2003 (four US trials) (Level I evidence) 

indicated no significant difference in feed-

ing infants <1500 g with bolus or continuous 

regimens on proven necrotising enterocolitis 

(Bells stage II or greater) (262) (see summary 

Table 3.2.3). In three trials there were no dif-

ferences between groups in the incidence of 

proven necrotising enterocolitis (263–265) 

and the fourth trial showed no cases of necro-

tising enterocolitis in the study infants (see 

summary Table 3.2.3) (266). One additional 

study was published after the meta-analysis 

(258). Dsilna et al randomized 70 Swedish 

VLBW infants <1200 g (<29 weeks gestation) 

to receive continuous nasogastric or intermit-

tent orogastric or intermittent nasogastric 

tube feeding (258) (Table 3.2.3). The primary 

analysis was to compare continuous and inter-

mittent/bolus tube feeding; however, no sam-

ple size calculations were performed and the 

study numbers were small (n=68). Dsilna et al 

reported that only two infants in the continu-

ous group and one infant in the bolus feed-

ing group developed necrotising enterocolitis, 

Summary Table 3.2.2 
Effects of nasogastric compared with orogastric feeding on physiological parameters in LBW infants 

Study, Design 		  Approximate proportion of
(Level of 	 Inclusion	 participants with gestation agea			   Effect measure
evidence)	 criteria	 <32 wk	 32–36 wk	 ≥37 wk	 Comparison groups	O utcome measure 	 [95% CI]

Dsilna et al 	 Birth weight	 100%	 None	 None 	 Nasogastric tube	 Respiratory distress	 RR 1.09
(258 )	 <1200 g,				    feeding (n = 22) 	 syndrome	 [0.77, 1.53]
RCT (LII)	 gestation 				    compared with
	 24–29 weeks 				    orogastric tube 	 Need for mechanical	 RR 1.31
					     feeding (n = 24)	 ventilatory support	 [0.91, 1.88]
a	 If gestational age was not available in the publication, infants with birth weight <1500 g are assumed to be <32 wk gestation, those weighing 

1501–2000 g to be 32–36 wk gestation, and those weighing 2001–2500 g to have a gestation of 37 weeks or more.

with no significant differences between the 

two groups. 

Effects on malnutrition

Meta-analyses of all available RCTs until 2003 

(four US trials) (Level I evidence) indicated 

no significant differences in feeding infants 

(birth weights <1500 g) with bolus or con-

tinuous regimens on growth parameters (see 

summary Table 3.2.4) (262). Only one RCT 

demonstrated slower weight gain among the 

continuously fed infants (264). All other tri-

als demonstrated no significant difference in 

growth (263, 265, 266). No studies examin-

ing the impacts on malnutrition and standard 

deviation scores were located and no studies 

reporting outcomes in infants >1500 g were 

located. Dsilna et al also reported no signifi-

cant impacts on the time to regain birth weight 

or lower limb growth in VLBW infants (Table 

3.2.4). 

Effects on other important outcomes 

Three RCTs were located which reported the 

impact of feeding infants <1500 g on respira-

tory complications such as apnoea, respiratory 

distress syndrome and the need for ventila-

tory support (Level II evidence) (258, 264, 

265) (see summary Table 3.2.5). Schanler et 

al demonstrated a trend towards increased 

number of apnoeic episodes during the study 

period in infants fed by continuous feeding 

method (264). On the other hand, Silvestre 

et al reported that only infants in the inter-

mittent feeding group (750–999 g weight cat-

egory) had feedings withheld due to recurrent 
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apnoea (data not provided) (265), and Dsilna 

et al reported no differences between the two 

groups on the need for mechanical ventilatory 

or continuous positive airway pressure sup-

port (258).

A meta-analysis of four US trials (Level I 

evidence) also reported that infants took sig-

nificantly longer to reach full enteral feeds when 

fed by the continuous tube feeding method 

compared to bolus feeding (262). However, 

a recent study by Dsilna et al reported that 

continuously fed VLBW infants achieved 

full enteral feeding significantly faster than 

the intermittently fed infants (adjusted haz-

ard ratio [HR] 1.86, 95%CI 1.07 to 3.22). In 

a stratified analysis according to birth weight, 

the improvement was even more pronounced 

in the smallest infants, those with birth 

weights ≤850 g (adjusted HR 4.13, 95%CI 1.48 

to 11.53). 

No difference was reported in the one trial 

that was designed to detect outcome on the 

number of days to full oral feeds (264), and no 

difference was reported in three RCTs on rates 

of feeding tolerance (263, 265, 266). No studies 

reporting outcomes in infants >1500 g were 

located.

Nutrient losses from human milk during 

tube feeding have been determined from labo-

ratory models. Fat and protein losses can occur 

and continuous feeding has been reported to 

result in significantly greater losses than bolus 

feeding (267–269).

Conclusions and implications 

The findings of this section are based on meta-

analyses or large RCTs performed in the US 

or the UK in infants who weighed <1500 g at 

birth. Infants reached full enteral feeds sooner 

when fed by intermittent bolus tube feeding. 

There is some evidence that continuous feed-

ing could result in loss of some nutrients that 

stick to the syringe pump and tube. However, 

the clinical risks and benefits of continuous 

and bolus nasogastric tube feeding of milk 

cannot be reliably discerned from the current 

available evidence because of the small sam-

ple sizes and inconsistencies in controlling the 

variables that affect the outcomes. 

Results

Infants <32 weeks gestation  
(or birth weights <1500 g if gestation  
is not available)

Impacts were variable in these infants but 

there is some evidence that bolus feeding can 

reduce the time to full enteral feeding; no con-

clusions can be made about other advantages 

or disadvantages. 

Infants 32–36 weeks gestation  
(or birth weights 1500–2000 g if 
gestation is not available)

There are no data for this group of infants 

comparing continuous with bolus intragastric 

feeding.

Term LBW infants (or birth weights 
>2000 g if gestation is not available)

There are no data for this group of infants 

comparing continuous with bolus intragastric 

feeding. These infants do not routinely require 

intragastric feeding. 

All studies were conducted in developed 

countries. An additional issue in developing 

countries is that continuous feeding requires a 

syringe pump and frequent monitoring, which 

is often not possible in many maternity wards 

or neonatal units. On the other hand, bolus 

feeding requires only a gastric tube and moni-

toring of individual feeds which may be more 

feasible in these settings.

Recommendations

No consensus statements or expert committee 

reports were located which examined the role 

of bolus or continuous feeding in LBW infants. 

Standard practice in many neonatal units is to 

use bolus feeding in infants (<1500 g at birth) 

with a gastric tube. The findings from this 

review support these recommendations. 
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Summary Table 3.2.3 
Effects of continuous feeding compared with bolus feeding on necrotising enterocolitis in LBW infants 

Study, Design 		  Approximate proportion of
(Level of 	 Inclusion	 participants with gestation agea			   Effect measure
evidence)	 criteria	 <32 wk	 32–36 wk	 ≥37 wk	 Comparison groups	O utcome measure 	 [95% CI]

Premji et al 	 Birth weight	 100%	 None	 None	 Continuous feeding	 Proven necrotising	 RR 0.96
(262)	 <1500 g				    (n=192) compared	 enterocolitis Bell’s	 [0.49, 1.90]
Meta-analysis 					     with bolus feeding	 stage II or greater
of 4 RCTs (LI) 					     (n=192) 

Dsilna et al 	 Birth weight	 100%	 None	 None 	 Continuous feeding	 Proven necrotising	 RR 4.18
(258 )	 <1200 g,				    (n=22) compared	 enterocolitis Bell’s	 [0.40, 43.7]
RCT (LII)	 gestation 				    with bolus feeding	 stage II or greater
	 24–29 weeks 				    (n=46) 
a	 If gestational age was not available in the publication, infants with birth weight <1500 g are assumed to be <32 wk gestation, those weighing 

1501–2000 g to be 32–36 wk gestation, and those weighing 2001–2500 g to have a gestation of 37 weeks or more.

Summary Table 3.2.4 
Effects of continuous feeding compared with bolus feeding on growth outcomes in LBW infants 

Study, Design 		  Approximate proportion of
(Level of 	 Inclusion	 participants with gestation agea			   Effect measure
evidence)	 criteria	 <32 wk	 32–36 wk	 ≥37 wk	 Comparison groups	O utcome measure 	 [95% CI]

Premji et al 	 Birth weight	 100%	 None	 None	 Continuous feeding	 Days to regain	 WMD -0.6
(262)	 <1,500 g				    (n=192) compared	 birth weight	 [-1.78, 0.6]
Meta-analysis 					     with bolus feeding
of 4 RCTs (LI)					     (n=192)	 Weight gain 	 WMD -1.1
						      g/kg/day	 [-2.3, 0.03]

Dsilna et al 	 Birth weight	 100%	 None	 None 	 Continuous feeding	 Time to regain birth	 WMD -0.1
(258 )	 <1200 g,				    (n=22) compared	 weight (days)	 [-2.15, 1.95]
RCT (LII)	 gestation 				    with bolus feeding
	 24-29 weeks 				    (n=46	 Growth rate of the 	 WMD 0.1
						      lower leg, from birth 	 [0.04, 0.16]
						      to 32 weeks post-
						      menstrual age 
						      (mm/day)

						      Growth rate of the 	 WMD 0.08
						      lower leg, from birth 	 [0.03, 0.13] 
						      to 36 weeks post-
						      menstrual age  
						      (mm/day)
a	 If gestational age was not available in the publication, infants with birth weight <1500 g are assumed to be <32 wk gestation, those weighing 

1501–2000 g to be 32–36 wk gestation, and those weighing 2001–2500 g to have a gestation of 37 weeks or more.
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4. Feeding schedules

Results

Summary Table 3.2.5 
Effects of continuous compared with bolus feeding on respiratory complications in LBW infants 

Study, Design 		  Approximate proportion of
(Level of 	 Inclusion	 participants with gestation agea		O  utcome	 Effect measure
evidence)	 criteria	 <32 wk	 32–36 wk	 ≥37 wk	 Comparison groups	 measure 	 [95% CI]

Schanler et 	 Birth weight	 100%	 None	 None 	 Continuous feeding (n=86) 	 Mean episodes	 WMD 14.0
al (264 )	 <1500 g				    compared with bolus	 of apnoea/day	 [-0.2, 28.2]
RCT (LII)					     feeding (n=85)

Toce et al 	 Birth weight	 100%	 None	 None 	 Continuous feeding (n=30)	 Mean episodes	 WMD -0.6
(266 )	 <1500 g				    compared with bolus feeding	 of apnoea/day	 [-1.99, 0.79]
RCT (LII)					     (n=23)	  	  

Dsilna et al 	 Birth weight	 100%	 None	 None 	 Continuous feeding (n=22) 	 Respiratory	 RR 1.11
(258 )	 <1200 g,				    compared with bolus feeding	 distress	 [0.85, 1.44]
RCT (LII)	 gestation 				    (n=46)	 syndrome
	 24–29 weeks 				  
						      Need for 	 RR 0.95
						      mechanical 	 [0.68, 1.33]
						      ventilatory 
						      support
a	 If gestational age was not available in the publication, infants with birth weight <1500 g are assumed to be <32 wk gestation, those weighing 

1501–2000 g to be 32–36 wk gestation, and those weighing 2001–2500 g to have a gestation of 37 weeks or more.

4.1	 Initiation of enteral feeding
Milk feeding is generally initiated in stable 

infants >32 weeks gestation in the first 24 

hours of life. However, the optimal timing 

of initiation of enteral feeding in infants <32 

weeks gestation has been disputed. Practice 

differs considerably in developed and devel-

oping countries. Trophic feeding or minimal 

enteral nutrition (also known as low-volume 

enteral feeding, gut priming, and early hypo-

caloric feeding) is utilized commonly in devel-

oped countries and is defined as any enteral 

milk feed in the first few days of life in sub-

nutritional quantities (e.g. 5–10 ml/kg/day on 

the first day), with parenteral nutrition pro-

viding the remainder of the infant’s nutrient 

needs. It has been suggested that trophic feed-

ing can promote gut development and reduce 

the time to enteral and breastfeeding without 

the potential complications of high-volume 

feeding (270). In developing countries, total 

parenteral nutrition (TPN) has limited appli-

cation and many clinicians put LBW infants 

on maintenance enteral feeds as quickly as 

possible on day 1. However, other health prac-

titioners commence enteral feeding on day 

2, after the infants have been assessed to be 

stable and not developing respiratory distress 

syndrome. 

This section reviews the evidence for: 

•	 trophic feeding or minimal enteral nutri-

tion, beginning on day 1 with volumes of 

5–10 ml/kg/day;

•	 initiation of ‘maintenance’ enteral feed-

ing on day 1 with volumes >40ml/kg/

day.

Intragastric feeding, oral feeding and direct 

breastfeeding are also considered. 

Trophic feeding or minimal 
enteral nutrition 

Results

A recently updated systematic review and 

meta-analysis (271) summarized 10 trials of 

trophic feedings compared with no feedings in 

pre-term infants <33 weeks gestation, and one 

trial which compared trophic feedings with 

advanced feedings. 
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Effects on mortality and 
neurodevelopment

No studies were located which examined the 

impact on mortality or neurodevelopment. 

Effects on severe morbidity – 
necrotising enterocolitis

A meta-analysis of nine studies with 650 par-

ticipants showed no significant difference 

in the incidence of necrotising enterocolitis 

among infants given trophic feedings or no 

feedings, although the findings do not exclude 

an important effect (RR 1.16, 95%CI 0.75 to 

1.79) (271).

Effects on malnutrition 

No study examined the impact on standard 

deviation scores or malnutrition rates. In eight 

studies with 590 participants, the pooled effect 

on the number of days to regain birth weight 

was not significantly different in the trophic-

feeding and no-feeding groups (WMD –0.44 

days, 95%CI –1.32 to 0.44). 

Other important outcomes

Nine studies (617 participants) included in the 

meta-analysis by Tyson et al (271) examined 

the role of trophic feeding on the number of 

days to reach full enteral feeding, and six stud-

ies (370 participants) examined the duration 

of hospital stay. Trophic feeding resulted in 

significant benefits in both these outcomes. 

The WMD in number of days to reach full 

enteral feeding was lower by 2.55 days in the 

trophic feeding group (95%CI 0.99 to 4.12). 

The duration of hospital stay was shorter by 

11.44 days among infants in the trophic-feed-

ing group (95%CI 5.7 to 17.7).

Conclusions and implications 

The findings of this section are based on meta-

analyses of RCTs from developed countries. 

Significantly less time to reach full enteral 

feeding was reported by the meta-analysis in 

the trophic-feeding group, but this group also 

had a higher incidence of necrotising entero-

colitis although the difference was not statisti-

cally significant. However, the 95% confidence 

interval does not exclude an important increase 

in the risk of necrotising enterocolitis which 

could potentially outweigh any short- or long-

term benefits of trophic feedings. 

The studies included in the meta-analyses 

were heterogeneous and subject to observer 

and diagnostic surveillance bias. All stud-

ies were performed in pre-term infants <33 

weeks gestation and even the meta-analysis 

had a limited sample size. All infants received 

supplemental intravenous fluids or parenteral 

feeds; the results are thus difficult to extrap-

olate to developing country settings where 

administration of intravenous fluids may not 

be available. 

Recommendations 

No consensus statements or expert committee 

reports were located which examined the role 

of trophic feedings in LBW infants. Standard 

practice in some neonatal units is to provide 

trophic feedings in infants weighing <1500 g 

at birth in addition to total parenteral nutri-

tion. This review was unable to provide addi-

tional recommendations due to insufficient 

evidence.

Initiation of ‘maintenance’ 
enteral feeding

Results 

Effects on mortality 

In the early 1960s, intravenous infusions were 

technologically not feasible for newborn infants 

and there was disagreement regarding the best 

time to administer full maintenance enteral 

fluids. A number of trials were conducted at 

this time to compare the effects of initiation of 

maintenance nasogastric feeds with no feeding 

on day 1 of life. Key studies include three trials 

from the US and UK in LBW infants, which 

are summarized in Table 4.1.1 (Level III-3 evi-

dence and above) (272–274). 

Cornblath et al randomized pre-term <1500 

g infants into three groups who received dif-

ferent feeding regimens for the first 72 hours 

of life (272). The intravenous group received 

65 ml/kg of 10% glucose intravenously for the 

first 24 hours of life and 75–85 ml/kg of 5% 
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glucose in 0.22% saline from 48 to 72 hours. 

The second group received nasogastric feeds of 

60 ml/kg of 10% glucose in 12 equal feedings 

on day 1 and 80 ml/kg of 5% glucose in 0.22% 

saline in 8 equal feedings from 48 to 72 hours. 

The third group received no food or fluids on 

day 1 of life and enteral feedings (nasogastric 

glucose and half-strength formula) from 48 to 

72 hours with ‘the timing depending on the 

condition of the infant’. 

Wharton and Bower randomized all infants 

<2250 g at birth to receive either early enteral 

feeds (starting within 4 hours of birth at 

30  ml/kg on day 1 and progressing to 45 ml/

kg on day 2, 60 ml/kg on day 3, and 75 ml/

kg on day 4) or small-volume later enteral 

feeds (starting at 12–16 hours after birth at 8 

ml/kg on day 1 and progressing to 16 ml/kg 

on day 2, 24 ml/kg on day 3, and 30 ml/kg on 

day 4) (273). The enteral feeds were undiluted 

breastmilk for infants <2000 g and half-cream 

evaporated milk for infants >2000 g. No intra-

venous fluids were provided and infants were 

fed 1–3 hourly depending on tolerance. 

Smallpeice and Davies examined the impact 

of early feeding of human milk in 111 infants 

from 1000–2000 g admitted to the Radcliffe 

Infirmary in Oxford (274). These infants were 

fed within 2 hours of birth with 60 ml/kg on 

day 1 and progressed to 90 ml/kg on day 2, 

120 ml/kg on day 3 and 150 ml/kg on day 4. 

Infants were fed 1–3 hourly depending on tol-

erance. Smallpeice and Davies also included 

‘comparison observations’ made during the 

same 17-month period in infants who were 

born in the Churchill Hospital, Oxford. These 

infants were not fed until 4–32 hours after 

birth. While the majority of these infants had 

some feed during the first 24 hours, the amount 

and rate of increase over the 4 days was con-

siderably less than in the Radcliffe group. No 

additional details were provided. 

Cornblath et al reported lower mortality in 

the infants given IV fluids but no difference in 

death rates between the enterally fed infants 

and those given no food or fluids on the first 

day of life. Smallpeice and Davies also reported 

no significant difference between early and late 

enterally fed groups. However, Wharton and 

Results

Bower reported a significant increase in mor-

tality in the early enteral feeding group, com-

pared to those fed smaller volumes from 12 to 

16 hours. It is important to note that all these 

studies had major design flaws, including small 

sample sizes in all studies (272–274) and use of 

controls from a different hospital in one study 

(274) . Infants who became unwell during the 

study by Wharton and Bower were excluded. 

No studies were located which examined the 

impacts of early initiation of oral feeding in 

term LBW infants. 

Effects on malnutrition 

Only two studies reported on the impact of 

early nasogastric feeding on growth param-

eters in LBW infants (Level III-3 evidence and 

above) (see summary Table 4.1.2) (272, 274). 

Smallpeice and Davies indicated that there 

was a significant improvement in the time to 

regain birth weight in the early feeding group 

among infants 1000–2000 g at birth, but 

Cornbath reported no significant difference in 

mean weight gain. No study reported on mal-

nutrition rates or standard deviation scores 

and no studies were located which examined 

the impacts of early initiation of oral feeding 

or breastfeeding in term LBW infants. 

Effects on other important outcomes

Three studies reported on the impact of early 

nasogastric feeding on hypoglycaemia and 

hyperbilirubinaemia in LBW infants (Level 

III-3 evidence and above) (see summary Table 

4.1.3) (272–274). Mixed results were reported. 

No studies were located which examined the 

impacts of early initiation of oral feeding or 

breastfeeding in LBW infants, compared with 

delayed feeding. 

Conclusions and implications

Limited data are available from small trials 

during the 1960s in developed countries which 

examined the impact of early nasogastric feed-

ing in pre-term infants. No study examined 

the role of early initiation of oral feeding or 

breastfeeding in infants with birth weights 

>2000 g. All studies had important design 
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flaws. The available results indicate that very 

pre-term infants may benefit from adminis-

tration of intravenous fluids and avoidance of 

full enteral feeds on the first day of life.

There are no studies from developing coun-

try settings, where administration of intrave-

nous fluids in all health facilities is less feasible 

and could be associated with higher risks. 

Recommendations

No policy statements from international or 

national organizations were located which 

Summary Table 4.1.1 
Effects of initiation of maintenance enteral feeds in the first 24 hours of life on mortality rates

Study, Design 		  Approximate proportion of
(Level of 	 Inclusion	 participants with gestation agea		O  utcome	 Effect measure
evidence)	 criteria	 <32 wk	 32–36 wk	 ≥37 wk	 Comparison groups	 measure 	 [95% CI]

Cornblath et 	 Birth weight	 100%	 None 	 None	 60 ml/kg enteral glucose in	 Mortality rate	 RR 1.00
al (272)	 <1500 g				    the first 24 hours (n=30) 	 by day 14	 [0.60, 1.66]
RCT (LII)					     compared with no food or 
					     fluids for the first 24 hours
					     (n=30)

					     60 ml/kg enteral glucose in 	 Mortality rate	 RR 1.67
					     the first 24 hours (n=30) 	 by day 14	 [0.87, 3.2]
					     compared with intravenous 
					     10% glucose 65 ml/kg in 
					     the first 24 hours (n=30)

Wharton & 	 Birth weight	 22%	 56%	 22%	 Enteral milk feeds from 2–4	 Mortality rate 	 RR 2.93
Bower (273 ) 	 <2250 g				    hours of birth, 30 ml/kg on	 at hospital	 [1.29, 6.67]
RCT (LII)					     day 1, increased to	 discharge
					     75 ml/kg/day by day 4 
					     (n=108) compared with 
					     enteral feeds started after 
					     12–16 hours, 8 ml/kg/day 
					     increased to 30 ml/kg/day 
					     by day 4 (n = 116)

Smallpeice 	 Birth weight	 34%	 66%	 None	 Enteral milk feeds 60 ml/kg	 Mortality rate	 RR 0.91
& Davies 	 between 1000				    on the first day started from	 by day 28	 [0.51, 1.64]
(274 )	 and 2000 g				    2 hours of birth (n=111) 
Double cohort					     compared to lower volume
(LIII-3)					     enteral feeds started after 
					     4–32 hours of birth (n=45)
a	 If gestational age was not available in the publication, infants with birth weight <1500 g are assumed to have <32 wk gestation, those weighing 

1501–2000 g to have 32–36 wk gestation, and those weighing 2001–2500 g to have a gestation of 37 weeks or more.

examined the role of early initiation of ‘main-

tenance’ enteral feeding in the first 24 hours 

of life in infants <1500 g. Many neonatal units 

withhold enteral feeds in the first 24 hours of 

life in all infants <1500 g and give them intrave-

nous fluids. Other units provide small enteral 

feeds to stable pre-term infants >1200 g on day 

1 and monitor them closely. This review was 

unable to provide additional recommenda-

tions due to insufficient evidence.
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Summary Table 4.1.2 
Effects of initiation of maintenance enteral feeds in the first 24 hours of life on growth outcomes in LBW infants 

Study, Design 		  Approximate proportion of
(Level of 	 Inclusion	 participants with gestation agea			   Effect measure
evidence)	 criteria	 <32 wk	 32–36 wk	 ≥37 wk	 Comparison groups	O utcome measure 	 [95% CI]

Cornblath et 	 Birth weight	 100%	 None 	 None	 60 ml/kg enteral	 Mean weight loss	 MD 0.2
al (272)	 <1500 g				    glucose in the first 	 from 72–87 hours	 [sd not
(LII)					     24 hours (n=30) 		  available]
					     compared with no food 
					     or fluids for the first 
					     24 hours (n=30)
a	 If gestational age was not available in the publication, infants with birth weight <1500 g are assumed to be <32 wk gestation, those weighing 

1501–2000 g to be 32–36 wk gestation, and those weighing 2001–2500 g to have a gestation of 37 weeks or more.

Summary Table 4.1.3 
Key studies which examine the effects of initiation of maintenance enteral feeds in the first 24 hours of life on biochemical 
measures in LBW infants

Study, Design 		  Approximate proportion of
(Level of 	 Inclusion	 participants with gestation agea			   Effect measure
evidence)	 criteria	 <32 wk	 32–36 wk	 ≥37 wk	 Comparison groups	O utcome measure 	 [95% CI]

Cornblath et 	 Birth weight	 100%	 None 	 None	 60 ml/kg enteral	 Bilirubin concen-	 MD -1.8
al (272)	 <1500 g				    glucose in the first 	 tration (mg/100 ml) 	 [-2.6, -1.0]
RCT (LII)					     24 hours (n=30) 	 at 72–87 hours of age
					     compared with no food 
					     or fluids for the first 	 Bilirubin concen-	 MD -7.0
					     24 hours (n=30)	 tration (mg/100 ml)	 [-10.3, -3.68] 
						      at 72–87 hours of age

Wharton & 	 Birth weight	 22%	 56%	 22%	 Enteral milk feeds	 Hyperbilirubinaemia	 RR 0.23
Bower (273 ) 	 <2500 g				    from 2–4 hours of	 by hospital discharge	 [0.03, 1.96]
RCT 					     birth, 30 ml/kg on	 (bilirubin
(LIII-1)					     day 1, increased to 	 concentration
					     75 ml/kg/day by day 	 >15 mg/100ml)
					     4 (n=108) compared 
					     with enteral feeds 	 Hypoglycaemia by	 RR 0.11
					     started after 12–16 	 hospital discharge	 [0.01, 2.09]
					     hours, 8 ml/kg/day 	 (blood glucose
					     increased to 30 ml/	 <20 mg/100 ml)
					     kg/day by day 4  
					     (n=116)

Smallpeice & 	 Birth weight	 34%	 66%	 None	  Enteral milk feeds	 Hyperbilirubinaemia	 RR 0.23
Davies (274 )	 1000– 2000 g				    60 ml/kg on the first	 by hospital discharge	 [0.13, 0.40]
RCT (LIII-3)					     day started from 	 (bilirubin
					     2 hours of birth 	 concentration
					     (n=111) compared to 	 >15 mg/100ml)
					     lower volume enteral 
					     feeds started after 
					     4–32 hours of birth 
					     (n=45)
a	 If gestational age was not available in the publication, infants with birth weight <1500 g are assumed to be <32 wk gestation, those weighing 

1501–2000 g to be 32–36 wk gestation, and those weighing 2001–2500 g to have a gestation of 37 weeks or more.
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4.2	Progression and scheduling  
	 of enteral feeding
Scheduling of feeds is also a matter of some 

controversy. Some clinicians advocate rapid 

progression, while others increase the feeds 

slowly to reduce the risk of aspiration and feed 

intolerance. This section examines how much 

and how frequently to feed LBW infants. We 

first review how feeds from day 1 to day 7 

should be managed and if the daily feeding 

volumes should be increased rapidly or slowly. 

We then consider feeding in the second week 

of life, examining the evidence on frequencies 

and intervals (i.e. when to change from 1, 2, 3 

and 4-hourly feeding regimens), and when an 

infant should be given demand feeding.

The following issues are considered below:

•	 rapid versus slow progression of enteral 

feeding;

•	 volume of enteral feeds in the second 

week of life;

•	 feeding frequencies and intervals;

•	 demand or scheduled feeding.

Rapid versus slow progression 
of enteral feeding during the 
first week of life
This section examines the trials that compared 

the clinical impacts of different enteral fluid 

volume advancement rates in the first week of 

life (slow versus fast enteral feeding progres-

sion). All trials provided infants with intrave-

nous fluids in addition to enteral feeds. 

Results 

Effects on mortality and neurodevelopment

No studies were located which examined 

the impact of enteral feeding progression on 

mortality rates or neurodevelopment in LBW 

infants. 

Effects on serious morbidity – 
necrotising enterocolitis

A meta-analysis (275) of all available RCTs till 

year 2003 examined the impacts on necrotis-

ing enterocolitis (Level I evidence). In three 

US trials (276–278), the infants were provided 

with supplemental intravenous glucose or total 

parenteral nutrition (TPN). The meta-analysis 

demonstrated no significant effect of varying 

the rate (10–35 ml/kg/day) of feed advance-

ment in infants <2000 g from day 2 to 7 on 

proven necrotising enterocolitis (Bell’s stage 

II or greater) (see summary Table 4.2.1). In 

these trials there were no differences between 

groups in the incidence of proven necrotis-

ing enterocolitis, but the confidence intervals 

were wide. Another trial in 2004 randomized 

infants of birth weight 1000–2000 g to receive 

30 ml/kg/day (rapid) or 20 ml/kg/day (slow 

advancement) (see summary Table 4.2.1) 

(279). This trial reported that three infants in 

the intervention group and two in the control 

group developed necrotising enterocolitis, but 

the difference was not statistically significant. 

No trial was located that examined the impact 

in infants who did not receive intravenous  

fluids. 

One trial in VLBW infants (mean gesta-

tional age 28 weeks), who were given TPN for 

the first 10 days of life, compared trophic feed-

ings (20 ml/kg/day for 10 days after initiation 

of feeds) with advancing the feeds (starting 

with 20 ml/kg/day and increasing every day by 

20 ml/kg/day until 140 ml/kg/day)(280). The 

trial was stopped early because of the larger 

number of cases of necrotising enterocolitis 

in the group assigned to advancing feeding 

volumes (7 vs. 1, one-sided Fischer exact test 

value 0.03) (relative risk 7.1, 95%CI 0.9 to 56.2; 

risk difference 8.6%, 95%CI 1% to 16.1%). 

Effects on malnutrition

This meta-analysis (275) examined the impacts 

on growth rates (Level I evidence) of the above 

three US trials (276–278). A significantly 

lower number of days to regain birth weight 

was detected in those infants who received 

rapid feeding progression (see summary Table 

4.2.2). The impact on rates of malnutrition 

was not reported. Caple et al reported in a later 

trial that infants in the 30 ml/kg/day rapid 

advancement group regained the birth weight 

faster (Table 4.2.2) (279).
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Effects on other important outcomes

This meta-analysis (275) also examined the 

impacts on time to reach full enteral feeds 

(Level I evidence) of the same three US trials 

(276–278) (see Table 4.2.3) and concluded that 

rapid progression of feed advancement signifi-

cantly reduced the time to reach full enteral 

feeds. Caple et al also reported that infants in 

the 30 ml/kg/day rapid advancement group 

had a reduced time to reach full enteral feeds 

(see summary Table 4.2.2) (279). Berseth et al 

reported that advancing the feeds reduced the 

time to reach full enteral feeding (shorter by 

13.4 days, 95%CI 8.2 to 18.6) (280). 

Conclusions and implications 

The findings of this section are based on meta-

analyses of RCTs from developed countries 

and two subsequently published RCTs. The 

studies included in the meta-analyses were 

heterogeneous and subject to observer and 

diagnostic surveillance bias. All the infants 

received supplemental intravenous fluids or 

parenteral feeds so that the results are difficult 

to extrapolate to developing country settings 

where administration of intravenous fluids 

may not be feasible. The results show that fast 

rates of advancement of feeding (up to 35 ml/

kg/day) may shorten the time to reach full 

enteral feeds and may increase weight gain but 

may increase the risk of necrotizing entero-

colitis in infants of <32 weeks gestation. There 

is limited information regarding safety (broad 

confidence intervals for incidence of necrotis-

ing enterocolitis) and the effect on length of 

hospital stay. 

Infants <32 weeks gestation  
(or birth weights <1500 g if gestation  
is not available)

In infants 1000–1500 g, rapid progression of 

enteral feeding decreases the time to regain 

birth weight and may reduce the time till full 

enteral feeding. The limited information on 

safety suggests that rapid progression may 

be safe, but the wide confidence intervals do 

not exclude an important effect on necrotis-

ing enterocolitis. One RCT in pre-term infants 

Results

with mean birth weight about 1000 g showed 

a higher risk of necrotizing enterocolitis even 

with “slow” progression of feeding (20 ml/kg/

day) as compared to trophic feedings. 

Infants 32–36 weeks gestation  
(or birth weights 1500–2000 g if 
gestation is not available)

Only 20% of infants in the studies included 

in the meta-analyses were of this gestation 

period and thus it is difficult to draw any con-

clusions for this group. However, these infants 

are more robust and should accept rapid feed-

ing regimens better than the more immature 

infants. 

Term LBW infants (or birth weights 
>2000 g if gestation is not available)

No data were available for this subgroup. How-

ever, these infants are developmentally mature 

and should tolerate full demand feeding from 

day 1 or 2.

Recommendations 

No policy statements from international or 

national organizations were located which 

examined the role of rapid progression of 

enteral feeding in LBW infants or enteral fluid 

rates or feeding regimens in LBW infants. Flu-

ids are commonly provided at 60 ml/kg/day on 

day 1, with daily stepwise increments of up to 

20 ml/kg/day for pre-term infants. Some units 

use a slower feeding progression (≤10 ml/kg/

day for the first few days) for pre-term infants 

with birth weights <1200 g. Many units use 

developmental and clinical cues and gastric 

aspirates to decide on progression of feeds. 

This review supports these recommendations. 
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Summary Table 4.2.1 
Effects of rapid compared with slow fluid progression on necrotising enterocolitis in LBW infants

Study, Design 		  Approximate proportion of
(Level of 	 Inclusion	 participants with gestation agea		O  utcome	 Effect measure
evidence)	 criteria	 <32 wk	 32–36 wk	 ≥37 wk	 Comparison groups	 measure 	 [95% CI]

Kennedy & 	 Birth weight	 80%	 20%	 None	 Feeding volumes increased	 Proven	 RR 0.90
Tyson (275) 	 <2000 g				    by 20–35 ml/kg/day 	 necrotising	 [0.46, 1.77]
Meta-analysis 					     (n=171) compared with	 enterocolitis
of 3 RCTs (LI)					     feeding volumes increased by	 (Bell’s stage II
					     10–20 ml/kg/day (n=191) 	 or greater)

Caple et al 	 Birth weight	 80%	 20%	 None 	 Feeding volumes increased 	 Necrotising	 RR 1.73
(279 )	 1000-2000 g				    by 30ml/kg/day (n=72) 	 enterocolitis	 [0.3, 10.06]
RCT (LII)					     compared with feeding 	 (Bell’s stage
					     volumes increased by 20ml/	 IIA or greater)
					     kg/day (n=83) 

Berseth et 	 Birth weight	 100%	 None	 None	 Feeding volumes increased 	 Necrotizing	 RR 7.1
al (280 )	 <1500 g,				    by 20 ml/kg/day (n=72) 	 enterocolitis	 [0.9, 56.2]
RCT (LII)	 given total 				    compared with feeding
	 parenteral 				    volumes not increased for
	 nutrition for 				    10 days (n=77)
	 irst 10 days of life 				  
a	 If gestational age was not available in the publication, infants with birth weight <1500 g are assumed to be <32 wk gestation, those weighing 

1501–2000 g to be 32–36 wk gestation, and those weighing 2001–2500 g to have a gestation of 37 weeks or more.

Summary Table 4.2.2 
Effects of rapid compared with slow fluid progression on growth outcomes in LBW infants 

Study, Design 		  Approximate proportion of
(Level of 	 Inclusion	 participants with gestation agea		O  utcome	 Effect measure
evidence)	 criteria	 <32 wk	 32–36 wk	 ≥37 wk	 Comparison groups	 measure 	 [95% CI]

Kennedy & 	 Birth weight	 78%	 22%	 None	 Feeding volumes increased	 Days to regain	 WMD -2.1
Tyson (275) 	 <2000 g				    by 20–35 ml/kg/day (n=156) 	 birth weight	 [-1.5, -3.0]
Meta-analysis 					     compared with feeding
of 3 RCTs (LI)					     volumes increased by 
					     10–20 ml/kg/day (n=179) 

Caple et al	 Birth weight	 80%	 20%	 None 	 Feeding volumes increased	 Days to regain	 MD -5
RCT (LII)	 1000–2000 g				    by 30 ml/kg/day (n=72) 	 birth weight	 [-8.0, 0.0]
					     compared with feeding 
					     volumes increased by 
					     20 ml/kg/day (n=83) 
a	 If gestational age was not available in the publication, infants with birth weight <1500 g are assumed to be <32 wk gestation, those weighing 

1501–2000 g to be 32–36 wk gestation, and those weighing 2001–2500 g to have a gestation of 37 weeks or more.
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Summary Table 4.2.3 
Effects of rapid compared with slow fluid progression on time to reach full enteral feeds in LBW infants

Study, Design 		  Approximate proportion of
(Level of 	 Inclusion	 participants with gestation agea		O  utcome	 Effect measure
evidence)	 criteria	 <32 wk	 32–36 wk	 ≥37 wk	 Comparison groups	 measure 	 [95% CI]

Kennedy & 	 Birth weight	 78%	 22%	 None	 Feeding volumes increased	 Time to reach	 WMD -3.2 days
Tyson (275) 	 <2000 g				    by 20–35 ml/kg/day (n=156)	 full enteral	 [-4.1, -1.4]
Meta-analysis 					     compared with feeding	 feeds
of 3 RCTs (LI)					     volumes increased by
					     10–20 ml/kg/day (n=179) 

Caple et al	 Birth weight	 80%	 20%	 None 	 Feeding volumes increased	 Time to reach	 Difference in 
RCT (LII)	 1000–2000 g				    by 30 ml/kg/day (n=72)	 full enteral 	 medians
					     compared with feeding 	 feeds	 -3.0 days
					     volumes increased by 		  [-3.0, -2.0]
					     20 ml/kg/day (n=83) 
a	 If gestational age was not available in the publication, infants with birth weight <1500 g are assumed to be <32 wk gestation, those weighing 

1501–2000 g to be 32–36 wk gestation, and those weighing 2001–2500 g to have a gestation of 37 weeks or more.

Volume of enteral feeds in  
the second week of life

Results 

Effects on mortality, serious morbidity 
or neurodevelopment 

No studies were located which examined the 

impact of feeding in the second week of life on 

mortality, serious morbidity, or neurodevelop-

ment in LBW infants. 

Effects on malnutrition 

One Australian RCT (Level II evidence) was 

located which compared the impacts of two 

different feeding regimens (150 ml/kg/day 

compared to 200 ml/kg/day) from the time 

full enteral feeds were tolerated at day 7–14 

in infants <30 weeks gestation (281). Daily 

weight gains and weights and arm fat area at 

35 weeks were significantly higher in the high 

volume compared to the low volume group. 

However, there was no difference in length or 

head circumference at 35 weeks and no differ-

ence in any growth parameter at 1 year of age. 

Impacts on malnutrition or weight-for-age 

standard deviation scores were not reported. 

No information regarding the timing of initia-

tion of demand feeding or hospital discharge 

was reported in this study. 

Conclusions and implications

Only one small RCT was located which com-

pared the administration of different daily 

fluid volumes in the second week of life in 

infants who were <30 weeks gestation at birth 

(Level II evidence). This trial reported variable 

short-term impacts on different outcomes and 

no long-term impact on growth parameters 

at 1 year of age. Overall, no implications can 

be drawn for infants of particular gestational 

ages or birth weights. 

Recommendations

No policy statements from international or 

national organizations were located which pro-

vided recommendations for feeding beyond 

the first week of life in LBW infants. Feeds are 

commonly provided in neonatal units in the 

second week of life in increments until 180–

200 ml/kg/day of fluid intake is reached. It was 

not possible to provide additional recommen-

dations due to insufficient evidence. 

Feed frequencies and intervals

Results 

Effects on mortality, serious morbidity, 
neurodevelopment or malnutrition

No RCTs or observational studies were located 

which examined the impact of feeding fre-

quencies or intervals on mortality, serious 
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morbidity, neurodevelopment or malnutrition 

in LBW infants. 

Effects on other important outcomes

Only case series and descriptive studies were 

located which examined outcomes such as feed 

tolerance and biochemical measures (Level IV 

evidence) (270, 282). These studies indicated 

that feeding regimens such as 4-hourly feeds 

for infants >2000 g, 3-hourly for infants 1500–

2000 g, 2-hourly for infants 1000–1500 g, and 

hourly in infants <1000 g were well tolerated, 

promoted biochemical stability, and produced 

minimal gastric aspirates.

Evidence for increasing feed intervals is even 

less well documented. Only one case series was 

located and demonstrated that increasing the 

feed interval on a weekly basis can be well tol-

erated in LBW infants (270).

Conclusions and implications 

Only case series and descriptive studies were 

located in this section. These describe the 

safe implementation of standard regimens as 

monitored by biochemical and physiological 

outcomes. However, no comparative studies 

were available to allow decisions to be made 

about the safest or most effective regimens. No 

implications can be drawn for infants of par-

ticular gestational ages or birth weights. 

Recommendations 

No policy statements from international or 

national organizations were located which 

examined the frequency of feeding in LBW 

infants. Standard practice in many neonatal 

units is to commence feeding 4-hourly for 

infants >2000 g, 3-hourly for infants 1500–

2000 g, 2-hourly for infants 1000–1500 g, 

and hourly in infants <1000 g. Feeding inter-

vals are then extended on an individual basis 

depending on feed tolerance, gastric aspirates 

and physiological stability. It was not possible 

to provide additional recommendations due to 

insufficient evidence. 

Demand or scheduled feeding

Results 

Effects on mortality, serious morbidity, 
neurodevelopment or malnutrition

No studies were located which examined the 

influence that the timing of demand feeding 

may have on mortality, serious morbidity, or 

malnutrition in LBW infants. 

Effects on other important outcomes

An integrated review of eight studies evalu-

ated the impact of demand feeding in pre-term 

infants (283–290). The studies employed a vari-

ety of research methods including non-experi-

mental, quasi-experimental, and experimental 

designs. The earliest studies are difficult to 

interpret due to inadequate sample sizes and 

incomplete descriptions of methodology. Tri-

als from the 1980s and early 1990s were better 

described; however, their interventions were 

facilitator-dependent and difficult to replicate. 

Overall, the integrated review indicated that 

pre-term infants who were fed on demand had 

a shorter duration of hospitalization and had 

weight gains that were equivalent to or greater 

than non-demand-fed infants.

Conclusions and implications 

There is limited evidence that demand feeding 

of LBW infants reduces the duration of hospi-

talization. All studies had methodologic weak-

nesses and most analyses also suffered from a 

significant lack of statistical power. Overall, 

no implications can be drawn for infants of 

particular gestational ages or birth weights. 

It may be advantageous to start demand 

feeding as early as possible in developing coun-

tries because of the costs and risks of prolonged 

hospitalization. However, demand feeding ini-

tially requires more monitoring and training 

as feeding and hunger cues in LBW infants 

must be detected by health professionals and 

care is needed with weight monitoring. 

Recommendations 

No policy statements from international or 

national organizations were located which 

examined the timing of demand feeding in 
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LBW infants. Decisions about when a LBW 

infant should begin demand feeding are cur-

rently made on the basis of an individual 

infant’s developmental maturity. Cues include 

conscious state and the ability of the infant to 

wake spontaneously for feeds and respond to 

hunger by crying. Standard practice in many 

neonatal units is to progress to demand feed-

ing when infants can tolerate 3–4 hourly feeds, 

are stable and alert, and have no problems with 

hypoglycaemia. Kangaroo mother care (KMC) 

guidelines include rousing LBW infants for 

feeding if the baby sleeps longer than 2–3 

hours in order to prevent hypoglycaemia. It 

was not possible to provide additional recom-

mendations due to insufficient evidence. 

5. Support 

5.1	 Supportive care for the  
	 LBW infant 
Warmth, developmental care and food are 

basic, interrelated needs for the LBW infant. 

Infants who are not nurtured and stimulated 

grow poorly, while hypothermic infants have 

feeding difficulties and may utilize calories to 

produce heat. Interventions that reduce hypo-

thermia and promote development are integral 

to the nutritional status and health outcomes 

of all LBW infants.

The following interventions are reviewed in 

this section:

(1)	 Kangaroo mother care or only skin-to-

skin contact;

(2)	 Non-nutritive sucking;

(3) Maternal participation in caring for 

LBW infants in hospital;

(4) Timing and criteria for hospital dis-

charge.

(1) Kangaroo mother care or 
only skin-to-skin contact
Skin-to-skin contact is defined as any con-

tact between the mother’s and the infant’s 

skin over any period of time, usually com-

mencing immediately after birth. Kangaroo 

mother care (KMC) was first described in 

the late 1970s as an alternative to the conven-

tional contemporary method of care for LBW 

infants. The major components of KMC are: 

skin-to-skin contact (i.e. infants are kept, day 

and night, between the mother’s breasts firmly 

attached to the chest in an upright position), 

frequent and exclusive breastfeeding, and early 

discharge from hospital regardless of weight or 

gestational age.

Results 
Effects on mortality 

No studies were located which examined the 

impact of only skin-to-skin contact on mortal-

ity rates. Two RCTs were located that examined 

the effect of KMC, compared to conventional 

care, in stabilized LBW infants on the risk of 

mortality (Level II evidence); these are sum-

marized in Table 5.1.1 (291–293). Both studies 

randomized infants of birth weight 1500–2000 

g and were conducted in developing countries; 

one was a multi-centre study from Ethiopia, 

Mexico and Indonesia, and the other was a 

larger trial from Colombia. Cattaneo et al fol-

lowed up infants till hospital discharge only, 

while Charpak et al completed follow-up till 12 

months of age. The findings from these studies 

suggest that KMC may be at least as effective as 

conventional care in reducing mortality rates 

in eligible infants. Definitive conclusions can-

not be made because of the wide confidence 

intervals. It should be noted that less than half 

of the <2000 g infants were eligible for KMC 

according to the inclusion criteria. Most of the 

mortality in this group occurred before the 

infants became eligible for KMC. 

A recently published RCT from Ethiopia 

enrolled babies <2000 g before stabilization 

around 10 hours after birth (294). A little less 

than half of all babies born in the hospital 

with birth weights <2000 g during the study 

period were included in the study. Lower mor-

tality rates were reported in the KMC group, 

compared with the conventional method of 

care group (RR 0.59, 95%CI 0.34 to 1.04). 

These results are consistent with two previous 

observational studies from Zimbabwe (295) 

and Mozambique (296), which initiated KMC 
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for all babies <1800 g without any stabiliza-

tion in incubators. In the Zimbabwean cohort 

study, mortality among 126 KMC babies was 

lower than historical controls (improvement 

from 50–10%). In the cross-sectional study 

from Mozambique, mortality was reported 

to be lower in 22 KMC babies, compared 

with 10 babies who could not be provided 

KMC because the mother was not available or 

there was no room in the KMC ward (mortal-

ity 20% in KMC infants, compared to 73% 

in non-KMC infants, p <0.01). It is impor-

tant to note that both of these studies had 

small sample sizes and methodological flaws 

(including insufficient blinding and losses to 

follow-up). In addition, the study by Bergman 

et al compared the outcomes to a historical 

control group with insufficient adjustment for 

confounding factors. No longer-term impacts 

after hospital discharge were reported.

Effects on serious morbidity –  
serious illness/infection

Three RCTs, which examined the impact of 

KMC on serious illness or infection (Level II 

evidence), are summarized in Table 5.1.2 (291–

293, 297). All three trials were of moderate to 

poor methodological quality (with a large pro-

portion of drop-outs and loss to follow-up), two 

were the studies discussed above, and the third 

was implemented in Ecuador (297). One of the 

studies showed a significant reduction in noso-

comial infections and the other a significant 

reduction in episodes of severe illness during 

the first 6 months of life (292, 297). No stud-

ies were located which examined the impact of 

skin-to-skin contact only on serious morbidity.

Effects on neurodevelopment

Only Charpak et al evaluated the impacts on 

neurodevelopment (Level II evidence) (see 

Table 5.2.3) (292, 293). He reported that there 

was no significant difference between KMC 

and conventional care in mean Griffith’s quo-

tient at 6 and 12 months of corrected age. There 

was no longer-term follow-up (see summary 

Table 5.1.3). No studies were located which 

examined the impact of skin-to-skin contact 

only on neurodevelopmental outcomes.

Effects on malnutrition

All three RCTs described above evaluated the 

differences on growth rates (Level II evidence), 

but none evaluated the impacts on standard 

deviation scores or malnutrition (291–293, 

297). No significant differences, compared 

to conventional care, were reported on any 

growth parameters except for one trial which 

reported that KMC infants gained slightly 

more weight per day by the time of discharge, 

compared with the controls (WMD 3.6 g/d, 

95%CI 0.78 to 6.42), and had a larger head 

circumference at 6 months corrected age (0.34 

cm, 95%CI 0.11 to 0.57) (291). 

Effects on other important outcomes 

Three RCTs were located which evaluated the 

impact of KMC on breastfeeding rates (Level 

II evidence) (291–293, 297). These trials have 

been described above and are summarized in 

Table 5.1.4. Improvements in exclusive breast-

feeding (EBF) at the time of hospital discharge 

and in any breastfeeding up to 3 months of 

corrected age were reported in two of the tri-

als in KMC infants (291–293). A meta-analysis 

of two studies (291, 297) showed no significant 

difference in EBF at 1 month follow-up (RR 

0.77, 95%CI 0.49 to 1.23) (298). 

A meta-analysis of studies in healthy full-

term babies has shown that early skin-to-skin 

contact is associated with higher breastfeeding 

rates at 1–3 months, compared with standard 

contact (OR 2.15, 95%CI 1.10 to 4.22) (299). A 

subsequent study in healthy, full-term infants 

showed that skin-to-skin contact with the 

mother starting 15–20 minutes after birth for 

one hour was associated with sleeping longer, 

more flexor movements and postures and less 

extensor movements in observations starting 

four hours after birth (300). In addition, two 

small studies in LBW infants (one RCT and 

one cohort study) (Level III-3 evidence and 

above) examined the impact of skin-to-skin 

contact alone in LBW infants on breastfeed-

ing patterns (301, 302). Both studies detected 

a significant impact on breastfeeding rates. In 

the study by Whitelaw et al, mothers random-

ized to a skin-to-skin contact group lactated 

for 4 weeks longer on average than the control 
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group, and at 6 months of age the skin-to–skin 

contact group of infants was reported to cry 

significantly less than the control group. In 

the study of Hurst et al, skin-to-skin contact 

infants were reported to have a strong linear 

increase in milk volume in contrast to no 

indicative change in the control group’s milk 

volume. It is important to note that both these 

studies had small sample sizes and method-

ological flaws (including insufficient blind-

ing and losses to follow-up). In addition, the 

study by Hurst et al compared the outcomes 

to a historical control group with insufficient 

adjustment for confounding factors. No lon-

ger-term impacts after hospital discharge were 

reported.

Another RCT compared skin-to-skin con-

tact from birth with conventional incubator 

care on physiological parameters during the 

first 6 hours of life in babies weighing 1200–

2199 g (303). Thirty-five LBW infants (1200-

2199 g) from two secondary-level referral 

hospitals in South Africa were included in the 

study over a period of 8 months. Of the infants 

included in the analysis, 3/18 in the skin-to-

skin contact group, compared with 12/13 in 

the conventional care group, exceeded the 

pre-determined parameters of stability (P 

<0.001); stabilization scores in the two groups 

respectively were 77.11 and 74.23, mean differ-

ence 2.88 (P = 0.031). All 18 babies in the skin-

to-skin contact group were stable in 6 hours, 

compared with 6/13 incubated infants.

A pilot test of a community-based feasibility 

of KMC has been reported from Bangladesh 

(304). Of the 35 post-partum women who were 

taught KMC in the community, 77% initiated 

skin-to-skin contact and 85% of them with 

LBW babies did so (37% were LBW infants); 

66% provided skin-to-skin contact most of 

the time during the first two days, and 45% 

during the first week. These mothers delayed 

bathing the newborn but few slept upright with 

the newborn; 17% of the babies were taken to a 

health facility due to illness. KMC was quickly 

adopted by the community. 

Results

Conclusions and implications 

Most of the available studies are from devel-

oping countries. Effective KMC requires 

appropriate skills and support but could be 

very useful in resource-poor settings. Limited 

data on its efficacy are available. Most studies 

only included stabilized LBW infants. There is 

some evidence that KMC can also be used in 

unstabilized infants in resource-poor settings. 

The available evidence suggests that KMC 

is at least as effective as conventional care in 

eligible infants in reducing mortality. It may 

have benefits over conventional care in reduc-

ing infections, and in improving weight gain 

and exclusive breastfeeding during hospital 

stay. Community-based KMC has been tried 

successfully in some settings, but more data 

are needed on its efficacy. There seems to be 

no evidence to suggest that KMC or skin-to-

skin contact is unsafe and should not be used, 

especially in environments without access to 

any other forms of thermal care. No data were 

available for term SGA infants.

Infants <32 weeks gestation  
(or birth weights <1500 g if gestation  
is not available)

There was no clear evidence regarding the 

effect of KMC in these infants. Many of them 

were excluded due to instability. 

Infants 32–36 weeks gestation  
(or birth weights 1500–2000 g if 
gestation is not available)

In stable infants between 32 and 36 weeks ges-

tation, there is evidence that KMC is at least 

as effective as conventional care in reducing 

mortality. There may be benefits in terms of 

reducing infections and in improving exclu-

sive breastfeeding rates and weight gain. How-

ever, the impact among unstable infants of 

these gestational ages is unclear.

Term LBW infants (or birth weights 
>2000 g if gestation is not available)

There are no data regarding the effect of KMC 

in these infants. 
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Recommendations 

A recent publication from WHO (305) pro-

motes the role of KMC in stable LBW infants 

in resource-poor countries. KMC and skin-

to-skin contact are standard practice in 

Summary Table 5.1.1 
Effects of Kangaroo mother care compared with conventional care on mortality in LBW infants 

Study, Design 		  Approximate proportion of
(Level of 	 Inclusion	 participants with gestation agea		O  utcome	 Effect measure
evidence)	 criteria	 <32 wk	 32–36 wk	 ≥37 wk	 Comparison groups	 measure 	 [95% CI]

Cattaneo 	 Birth weight	 14%	 86%	 None 	 Kangaroo mother care	 Mortality	 RR 0.91
et al (291)	 1000–2000 g. 				    (n=149) compared with	 before	 [0.19, 4.45]
RCT (LII)	 Stable infants 				    conventional care (n=136)	 hospital
	 only. 					     discharge 	

Charpak 	 Birth weight	 12%	 88%	 None	 Kangaroo mother care	 Mortality at	 RR 0.59
et al (292) 	 <2000 g.				    (n=364) compared with	 40–41 wks	 [0.21, 1.55]
RCT (LII)	 Stable infants 				    conventional care (n=345)	 gestational
	 only.					     age

Charpak et 	 Birth weight	 12%	 88%	 None	 Kangaroo mother care	 Mortality at	 RR 0.57
et al (293 ) 	 <2000 g.				    (n=350) compared with	 12 months	 [0.27, 1.17]
RCT (LII)	 Stable infants 				    conventional care (n=343)	 chronological
	 only.					     age

Worku & 	 Birth weight				    Kangaroo mother care	 Mortality	 RR 0.59
Kassie (294 )	 <2000 g.				    (n=62) compared with	 before	 [0.34, 1.04]
RCT (LII)	 Stable or 				    conventional care (n=61)	 hospital
	 unstable infants 					     discharge
	 starting around 
	 10 hours of birth.
a	 If gestational age was not available in the publication, infants with birth weight <1500 g are assumed to be <32 wk gestation, those weighing 

1501–2000 g to be 32–36 wk gestation, and those weighing 2001–2500 g to have a gestation of 37 weeks or more.

many neonatal units and health facilities in 

resource-poor areas, especially those without 

access to incubators and radiant heaters. The 

findings of this review support these recom-

mendations. 



83

Summary Table 5.1.2 
Effects of Kangaroo mother care compared with conventional care on severe morbidity in LBW infants 

Study, Design 		  Approximate proportion of
(Level of 	 Inclusion	 participants with gestation agea			   Effect measure
evidence)	 criteria	 <32 wk	 32–36 wk	 ≥37 wk	 Comparison groups	O utcome measure 	 [95% CI]

Cattaneo 	 Birth weight	 14%	 86%	 None 	 Kangaroo mother care	 Episodes of severe	 RR 0.63
et al (291)	 1000– 2000 g. 				    (n=149) compared	 infection up to	 [0.33, 1.21]
RCT (LII)	 Stable infants 				    with conventional care	 hospital discharge
	 only. 				    (n=136)

Charpak 	 Birth weight	 12%	 88%	 None	 Kangaroo mother care	 No. of infectious	 RR 0.69
et al (292) 	 <2000 g.				    (n=343) compared	 episodes requiring	 [0.43, 1.12]
RCT (LII)	 Stable infants 				    with conventional	 hospital treatment
	 only.				    care (n=320)	 up to 40–41 weeks 
						      gestational age
					   
						      Nosocomial infections	 0.49 
						      up to 40–41 weeks 	 [0.25, 0.93]
						      gestational age

Charpak 	 Birth weight	 12%	 88%	 None	 Kangaroo mother care	 No. of infectious	 RR 0.86
et al (293 )	 <2000 g.				    (n=325) compared	 episodes requiring	 [0.71, 1.03]
RCT (LII)	 Stable infants 				    with conventional	 hospital treatment at
	 only.				    care (n=305)	 up to 12 months age

Sloan et al 	 Birth weight	 20%	 80%	 None	 Kangaroo mother care	 Episodes of severe	 RR 0.30
(297)	 <2000 g. 				    (n=140) compared	 illness up to 40–41	 [0.14, 0.67]
RCT (LII)	 Stable infants 				    with conventional	 weeks gestational age
	 only.				    care (n=160)

					     Kangaroo mother care 	 Episodes of severe	 RR 0.30
					     (n=131) compared 	 illness up to 6 months	 [0.14, 0.61]
					     with conventional 	 age
					     care (n=152)
a	 If gestational age was not available in the publication, infants with birth weight <1500 g are assumed to be <32 wk gestation, those weighing 1501-

–2000 g to be 32–36 wk gestation, and those weighing 2001–2500 g to have a gestation of 37 weeks or more.

Results

Summary Table 5.1.3 
Effects of Kangaroo mother care compared with conventional care on neurodevelopment in LBW infants 

Study, Design 		  Approximate proportion of
(Level of 	 Inclusion	 participants with gestation agea			   Effect measure
evidence)	 criteria	 <32 wk	 32–36 wk	 ≥37 wk	 Comparison groups	O utcome measure 	 [95% CI]

Charpak 	 Birth weight	 12%	 88%	 None	 Kangaroo mother	 Psychomotor	 WMD 1.05
et al (293 ), 	 <2000 g.				    care (n=308) 	 development	 [-0.75, 2.85]
RCT (LII)	 Stable infants 				    compared with	 (Griffith quotients) 
	 only.				    conventional care 	 at 12 months
					     (n=271)	 corrected age 
a	 If gestational age was not available in the publication, infants with birth weight <1500 g are assumed to be <32 wk gestation, those weighing 

1501–2000 g to be 32–36 wk gestation, and those weighing 2001–2500 g to have a gestation of 37 weeks or more.
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(2) Non-nutritive sucking 
Non-nutritive sucking refers to sucking with-

out oral fluid intake, e.g. when a ‘dummy’ or 

‘pacifier’ is used. Another reported method is 

sucking on the ‘emptied’ breast. Non-nutri-

tive sucking has been postulated to improve 

breastfeeding and to shorten the time to oral 

feeding in pre-term infants.

Results 
Effects on mortality, serious morbidity 
and neurodevelopment 

No studies were located which examined the 

influence of non-nutritive sucking on mortal-

ity, serious morbidity and neurodevelopment 

in LBW infants. 

Effects on malnutrition 

In a meta-analysis of all available RCTs till the 

year 2003 (Level I evidence), three trials in 

Summary Table 5.1.4 
Effects of Kangaroo mother care compared with conventional care on breastfeeding patterns in LBW infants 

Study, Design 		  Approximate proportion of
(Level of 	 Inclusion	 participants with gestation agea		  Comparison	 Effect measure
evidence)	 criteria	 <32 wk	 32–36 wk	 ≥37 wk	O utcome measure	 groups 	 [95% CI]

Cattaneo 	 Birth weight	 14%	 86%	 None 	 Kangaroo mother care	 No EBF at	 RR 0.41
et al (291) 	 1000–2000 g. 				    (n=146) compared with	 discharge	 [0.25, 0.68]
RCT (LII)	 Stable infants 				    conventional care (n=133)
	 only. 				  
					     Kangaroo mother care (n=93) 	 No EBF at	 RR 0.77
					     compared with conventional 	 1 month	 [0.46, 1.29]
					     care (n=82)	 follow-up 

Charpak 	 Birth weight	 12%	 88%	 None	 Kangaroo mother care	 No EBF at	 RR 0.98
et al (292)	 <2000 g.				    (n=343) compared with	 40–41 weeks	 [0.85, 1.13]
RCT (LII)	 Stable infants 				    conventional care (n=320)	 gestational
	 only.					     age

Charpak 	 Birth weight	 12%	 88%	 None	 Kangaroo mother care	 Any BF at	 RR 1.08
et al (293 )	 <2000 g.				    (n=320) compared with	 3 months	 [1.01, 1.18]
RCT (LII)	 Stable infants 				    conventional care (n=305)	 corrected age
	 only.					   

Sloan et al 	 Birth weight	 20%	 80%	 None	 Kangaroo mother care	 No EBF at	 RR 0.80
(294 ) 	 < 2000 g. 				    (n=93) compared with	 1 month	 [0.29, 2.15]
RCT (LII)	 Stable infants 				    conventional care (n=111)	 follow-up
	 only.				  
					     Kangaroo mother care (n=66) 	 No EBF at	 RR 1.01 
					     compared with conventional 	 6 month	 [0.90, 1.13]
					     care (n=80)	 follow-up
a	 If gestational age was not available in the publication, infants with birth weight <1500 g are assumed to be <32 wk gestation, those weighing 

1501–2000 g to be 32–36 wk gestation, and those weighing 2001–2500 g to have a gestation of 37 weeks or more.

the US (see Table 5.1.5) demonstrated no sig-

nificant advantage from non-nutritive sucking 

among infants <1800 g in terms of weight gain 

per day until hospital discharge (306). Field’s 

trial demonstrated a trend favouring the con-

trol group (307), but the other two showed no 

difference between the groups (308, 309). The 

results are difficult to interpret as all the stud-

ies were of poor methodological quality with 

small sample sizes. No impacts on standard 

deviation scores or malnutrition were identi-

fied. 

Effects on other important outcomes

Another meta-analysis (Level I evidence), in 

which two trials in the US (see Table 5.1.6) 

were included (307, 310), demonstrated a 

significant advantage in providing infants 

<1800 g with non-nutritive sucking on dura-

tion of hospital stay (306). However, the indi-
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vidual trials reported conflicting results and 

were of poor methodological quality (small 

sample sizes and inadequate allocation con-

cealment). In particular, Field found no differ-

ence between the groups, but Bernbaum et al 

demonstrated a significant reduction in length 

of hospital stay. A small study in 32 babies 

with an average gestation of 33 weeks exam-

ined the effect of suckling at the breast (after 

as much milk as possible had been expressed) 

on breastfeeding rates after discharge from the 

hospital. The infants in the intervention group 

had longer durations of exclusive breastfeed-

ing (WMD 1.8 months, 95%CI 1.1 to 2.5) and 

total breastfeeding (WMD 1.8 months, 95%CI 

0.3 to 3.3). 

Conclusions and implications

The results indicate that non-nutritive suck-

ing may decrease the length of hospital stay in 

pre-term infants, but has no effect on growth 

outcomes in pre-term infants who weigh 

<1800 g at birth. The results are difficult to 

interpret owing to the small sample sizes and 

other methodological flaws. There is lack of 

data on safety with regard to an increased risk 

of infections with pacifiers and dummies in 

resource-poor settings. Sucking on the emp-

tied breast might provide sucking experience 

for LBW infants without interfering with their 

nutritional intake and without increased risk 

of infection. 

Recommendations

No consensus statements or expert committee 

reports were located which examined the role 

of non-nutritive sucking in LBW infants. It 

was not possible to provide recommendations 

due to insufficient evidence. 

(3) Maternal participation in 
caring for LBW infants  
in hospital

Results 

In this section, the effects of maternal partici-

pation in caring for LBW babies in hospital are 

summarized. Three studies from south Asia 

were identified. Karan and Rao studied the 

effects of a change in nursery policy towards 

Summary Table 5.1.5 
Effects of non-nutritive sucking compared with conventional care on growth outcomes in LBW infants 

Study, Design 		  Approximate proportion of
(Level of 	 Inclusion	 participants with gestation agea		O  utcome	 Effect measure
evidence)	 criteria	 <32 wk	 32–36 wk	 ≥37 wk	 Comparison groups	 measure 	 [95% CI]

Pinelli et al 	 Birth weight	 58%	 42%	 None	 Non-nutritive sucking (n=59) 	 Weight gain	 WMD 1.57
(306 )	 <1800 g				    compared with conventional	 (grams per	 [-0.37, 3.50]
Meta-analysis 					     care (n=58)	 day)
of 3 RCTs (LI)	

*	 If gestational age was not available in the publication, infants with birth weight <1500 g are assumed to be <32 wk gestation, those weighing 
1501–2000 g to be 32–36 wk gestation, and those weighing 2001–2500 g to have a gestation of 37 weeks or more.

Summary Table 5.1.6 
Effects of non-nutritive sucking compared with conventional care on hospitalization rates in LBW infants 

Study, Design 		  Approximate proportion of
(Level of 	 Inclusion	 participants with gestation agea		  Comparison 	 Effect measure
evidence)	 criteria	 <32 wk	 32–36 wk	 ≥37 wk	O utcome measure	 groups	 [95% CI]

Pinelli et al 	 Birth weight	 58%	 42%	 None	 Non-nutritive sucking (n=44) 	 Length of	 WMD -7.1
(306 ) 	 <1800 g				    compared with conventional	 hospital stay	 [-12.6, 1.7]
Meta-analysis 					     care (n=43)	 in days
of 2 RCTs (LI) 
a	 If gestational age was not available in the publication, infants with birth weight <1500 g are assumed to be <32 wk gestation, those weighing 

1501–2000 g to be 32–36 wk gestation, and those weighing 2001–2500 g to have a gestation of 37 weeks or more.
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increased maternal participation in the care 

and feeding of infants <1800 g, using a before-

after comparison (311). Narayanan et al fol-

lowed up two groups with 25 LBW infants in 

each; the mothers of the first group of infants 

stayed in the neonatal care unit, while those 

in the second group were separated from their 

infants (312). Bhutta et al reported the effects 

of establishment of a step-down unit where 

the mothers provided all basic nursing care for 

their infants (<1500 g at birth) before being 

discharged under supervision, using a before-

after comparison (313).

Effect on mortality, morbidity, 
neurodevelopment or growth

None of the identified studies reported the 

effect of maternal participation on mortal-

ity rates, morbidity, neurodevelopment or 

growth.

Other important outcomes

Maternal participation in the care of pre-term 

infants in hospital-based newborn care units 

was reported to lead to early discharge in all 

three studies (311–313). Bhutta et al reported 

that maternal participation in a step-down unit 

resulted in earlier discharge of VLBW infants 

(hospital stay before and after the establishment 

of the step-down unit was 34 ± 18 days and 16 

±14 days, respectively) without any increase 

in short-term complications or readmissions 

(313). Narayanan et al reported that the group 

of infants whose mothers had participated in 

caring and feeding during hospitalization had 

a significantly higher breastfeeding rate at 

2.5 months postnatal age, compared with the 

group whose mothers had been separated from 

them (80% vs. 20%, p <0.05) (312).

Conclusions and implications

The results indicate that maternal participa-

tion in the care and feeding of hospitalized 

LBW infants led to improved mother’s confi-

dence in providing care, earlier discharge from 

hospital, and improved breastfeeding rates. 

Recommendations

No consensus statements or expert committee 

reports were located which examined the role 

of maternal participation in the care of LBW 

infants. It is standard practice in many neo-

natal units in developed and developing coun-

tries to involve mothers in the care and feeding 

of their LBW infants. The findings from this 

review support these recommendations.

(4) Timing and criteria for 
hospital discharge 

Results 

This section summarizes the evidence related 

to the optimal duration of stay in the hospi-

tal for pre-term babies. Until about 1980, the 

traditional policy was to delay the discharge 

of pre-term infants until a pre-determined 

weight (2000 g or more) had been achieved. For 

many VLBW babies this implied several weeks 

of hospital stay. However, prolonged hospitali-

zation is associated with an increased risk of 

contracting infections, delays in mother-child 

bonding, and higher costs. Early discharge is a 

component of KMC (described above) and is 

not discussed in this section.

Eight RCTs were located which examined 

the effect of early discharge of LBW infants 

on outcomes such as mortality, re-hospital-

ization, weight gain, and breastfeeding rates 

after discharge (314–321). The criteria for 

early discharge used in these studies included: 

baby able to breastfeed or bottle-feed (full 

oral feeds); baby able to maintain body tem-

perature in an open crib; no evidence of clini-

cal illness or serious apnoea; no weight loss; 

mother demonstrated satisfactory care-taking 

skills; and adequate physical environment for 

home care of the infant.

Effect on mortality 

Only one RCT (Level II evidence) reported the 

effect of early discharge (when no weight loss, 

partial or full oral feeds; n = 28), compared 

with conventional discharge (when gaining 

weight, crossed birth weight, and fully accept-

ing oral feeds; n = 39) (314). The mortality up 

to 3 months postnatal age was similar in the 
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two groups (RR 0.80, 95%CI 0.26, 2.46), but 

the wide confidence intervals do not allow any 

firm conclusions. 

Effect on serious morbidity

Six RCTs, summarized in Table 5.1.7, exam-

ined the effect of early discharge on subse-

quent re-hospitalizations (315–320). None of 

the studies reported any significant difference 

between early and conventional discharge 

groups. Although the confidence intervals 

of all the individual studies were wide, most 

reported relative risks below 1 or close to 1.

Effect on neurodevelopment 

There were no studies that examined the effect 

of early discharge on neurodevelopment.

Effect on malnutrition

Five RCTs, summarized in Table 5.1.8, exam-

ined the effect of early discharge on subsequent 

weight gain (315, 316, 318, 320, 321). None of 

the studies reported any significant differ-

ence between early and conventional discharge 

groups. No studies reported on malnutrition 

rates.

Effect on other important outcomes

The RCT by Gunn et al also compared the 

effect of early discharge (full oral feeds but not 

yet gaining weight, n = 148) with routine dis-

charge (full oral feeds and also gaining weight, 

n =160) on breastfeeding rates at 6 weeks and 6 

months after discharge (Table 5.1.9) (319). The 

rate of any breastfeeding at 6 weeks (RR 0.91, 

95%CI 0.75 to 1.11) or 6 months (RR 0.99, 

95%CI 0.73 to 1.33) after discharge was not 

significantly different in the two groups. 

A meta-analysis examined the effects of a 

policy of early discharge of stable pre-term 

infants with home support of intragastric 

feeding, compared with a policy of discharge 

of such infants when they had reached full 

oral feeds (322). Only one quasi-randomized 

trial with 88 infants was identified (323). It 

reported a lower risk of infection during the 

home intragastric feeding period, compared 

with the corresponding time in hospital for the 

control group (RR 0.35, 95%CI 0.17 to 0.69). 

There was no significant difference between 

groups in the duration and extent of breast-

feeding, weight gain, and re-admission within 

12 months post-discharge.

Conclusions and implications

The results indicate that early discharge of 

LBW infants (on full oral feeds, able to main-

tain body temperature in an open crib, no 

clinical illness or serious apnoea or weight loss, 

and the mothers have satisfactory care-giving 

skills) is not associated with adverse outcomes 

and may have advantages in terms of cost sav-

ings. No conclusions can be drawn about the 

safety of discharging pre-term infants still on 

intragastric feeds.

Most of the studies were from developed 

countries. Experience from some developing 

countries (e.g. Pakistan, Bhutta et al., 313) 

suggests that the findings are generally appli-

cable to these settings also. The high risk of 

nosocomial infections in developing countries 

may make it even more important to discharge 

infants early. However, the lack of health facil-

ities and follow-up support in the community 

is a significant challenge in most countries.

Recommendations

International groups recommend early dis-

charge of pre-term infants when the babies are 

gaining weight, maintaining temperature, are 

competent at suckle feeding and physiologi-

cally mature, and with family and community 

readiness to provide the necessary support for 

their home care (11). There were no consen-

sus statements or expert committee reports 

located which examined the role of maternal 

participation in the care of LBW infants. It is 

standard practice in many neonatal units in 

developed and developing countries to dis-

charge pre-term infants when they are stable 

and on full oral feeds. The findings of this 

review support these recommendations.
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Summary Table 5.1.7 
Effects of early compared with conventional discharge of LBW infants on hospital re-admission rates after discharge 

Study, Design 		  Approximate proportion of
(Level of 	 Inclusion	 participants with gestation agea		O  utcome	 Effect measure
evidence)	 criteria	 <32 wk	 32–36 wk	 ≥37 wk	 Comparison groups	 measure 	 [95% CI]

Dillard et al 	 Birth weight	 15%	 UK	 UK	 Early discharge: at least	 Hospital	 RR 0.87
(315) 	 <2268 g				    2000 g, weight gain and	 re-admission	 (0.35, 2.15)
RCT (LII)					     absence of acute illness 	 within 4 weeks
					     (n=183) compared with 	 of discharge
					     conventional discharge: weight 
					     at least 2268 g, weight gain 
					     and absence of acute illness 
					     (n=198) 

Lefebvre 	 Birth weight	 50%	 45%	 5%	 Early discharge: clinically well, 	 Hospital	 RR 1.62
et al (316 )	 <2000 g				    outgrown their birth weight, 	 re-admission	 (0.34, 7.8)
Double cohort 					     full oral feeding, maintain	 from discharge
(LIII-3)					     body temperature, mother 	 to term
					     capable of caring for the infant 
					     (n=21) compared with 
					     conventional discharge at 
					     weight 2200–2400 g

Brooten et al 	 Birth weight	 66%	 34%	 None	 Early discharge when full oral	 Hospital	 RR 0.82
(317)	 <1500 g				    feeding, maintenance of	 re-admission	 (0.24, 2.83)
RCT (LII)					     temperature, no serious	 within 14 days
					     apnoea and mother able to 	 of discharge
					     care for the baby (n=39) 
					     compared with conventional 	 Hospital	 RR 1.03
					     discharge at 2200 g weight 	 re-admission	 (0.48, 2.19)
					     (n = 40)	 within 18 
						      months of 
						      discharge

Casiro et al 	 Birth weight	 50%	 30%	 20%	 Early discharge: clinically well	 Hospital	 RR 1.14
(318 )	 <2000 g				    with no serious apnoea, full	 re-admission	 (0.45, 2.91)
RCT (LII)					     oral feeds, maintains body 	 within the first 
					     temperature and mother able 	 year of life 
					     to care for the baby (n=50)  
					     compared with conventional  
					     discharge at discretion of the  
					     attending physician (n=50)

Gunn et al 	 Pre-term infants	 40%	 60%	 None	 Early discharge: full oral feeds	 Hospital	 RR 0.74
(319 )					     but not yet gaining weight	 re-admission	 (0.38, 1.44)
RCT (LII)					     (n=148) compared with routine 	 within 6 weeks
					     discharge when on full oral 	 after discharge
					     feeds and also gaining wt 
					     (n=160)

Cruz et al 	 Very low birth	 100%	 None	 None	 Early discharge (n=27) 	 Infection 	 No significant
(320 )	 weight infants				    compared with conventional	 rates	 difference
RCT (LII)					     discharge (n=16)	
a	 If gestational age was not available in the publication, infants with birth weight <1500 g are assumed to be <32 wk gestation, those weighing 

1501–2000 g to be 32–36 wk gestation, and those weighing 2001–2500 g to have a gestation of 37 weeks or more.



89Results

Summary Table 5.1.8 
Effect of early discharge compared with conventional discharge of LBW infants on growth outcomes after discharge 

Study, Design 		  Approximate proportion of
(Level of 	 Inclusion	 participants with gestation agea		O  utcome	 Effect measure
evidence)	 criteria	 <32 wk	 32–36 wk	 ≥37 wk	 Comparison groups	 measure 	 [95% CI]

Dillard et al 	 Birth weight	 15%	 UK	 UK	 Early discharge: at least	 Weight gain	 MD -0.04 kg
(315) 	 <2268 g				    2000 g, weight gain and	 at 4 weeks	 (p>0.1)b

RCT (LII)					     absence of acute illness 	 from discharge
					     (n=183) compared with 
					     conventional discharge: weight 
					     at least 2268 g, weight gain 
					     and absence of acute illness 
					     (n=198) 

Davies et al 	 Gestation	 95% 	 5%	 None	 Early discharge (n=20) 	 Weight at MD 	 -0.07 kg
(321) 	 <33 weeks				    compared with conventional	 term	 (-0.37, 0.23)
RCT (LII)					     discharge (n=20)
						      Weight at 	 MD -0.24 kg
						      3 months 	 (-0.86, 0.37)
						      beyond term

Lefebvre 	 Birth weight	 50%	 45%	 5%	 Early discharge: clinically	 Weight at	 MD -0.05 kg
et al (316 )	 <2000 g				    well, outgrown their birth	 term	 (-0.33, 0.23)
Double cohort 					     weight, full oral feeding, 
(LIII-3)					     maintain body temperature, 
					     mother capable of caring for 
					     the infant (n=21) compared 
					     with conventional discharge at 
					     weight 2200–2400 g

Casiro et al 	 Birth weight	 50%	 30%	 20%	 Early discharge: clinically well	 Weight at	 MD 0.1 kg
(318 )	 <2000 g				    with no serious apnoea, full	 1 year	 (-0.34, 0.54)
RCT (LII)					     oral feeds, maintains body 
					     temperature and mother able 
					     to care for the baby (n=50) 
					     compared with conventional 
					     discharge at discretion of the 
					     attending physician (n=50)

Cruz et al 	 Very low birth	 100%	 None	 None	 Early discharge (n=27) 	 Weight gain	 No significant
(320 )	 weight infants				    compared with conventional		  difference
RCT (LII)					     discharge (n=16)	
a	 If gestational age was not available in the publication, infants with birth weight <1500 g are assumed to be <32 wk gestation, those weighing 

1501–2000 g to be 32–36 wk gestation, and those weighing 2001–2500 g to have a gestation of 37 weeks or more.
b	 Standard deviations not provided, thus confidence intervals not calculated.
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5.2	Support for the  
	 breastfeeding mother 
The importance of providing mother’s own 

milk to LBW infants has been described in 

previous sections. The following interventions 

to improve breastfeeding rates in mothers of 

pre-term and term LBW infants have been 

reviewed:

•	 Breastfeeding counselling 

•	 Drug therapy 

•	 Breast milk supplementer.

	

Breastfeeding counselling
A meta-analysis of 20 randomized or quasi-

randomized trials involving 23,712 mother-

infant pairs (infants with any birth weight, 

four trials specifically excluded LBW), showed 

that professional support was effective in 

increasing the rates of any breastfeeding at 6 

months (RR0.89, 95%CI 0.81 to 0.97), but its 

effect on EBF was not significant. Lay sup-

port was effective in increasing EBF rates 

(RR0.66, 95%CI 0.49 to 0.69), but its effect on 

any breastfeeding was not significant (324). 

The few studies among LBW infants that were 

located are summarized below.

Results

Effects on mortality and 
neurodevelopment

No studies were identified which examined 

the influence of breastfeeding counselling 

on mortality and neurodevelopment in LBW 

infants. 

Effects on malnutrition 

Two RCTs were located that examined the 

impacts of breastfeeding counselling in LBW 

infants (187). One large RCT was located 

which examined the impacts of breastfeed-

ing on malnutrition rates in a subset of pre-

dominantly SGA LBW Indian infants (Level 

II evidence, see summary Table 5.2.1) (187, 

325). The trial by Bhandari et al compared 

the impact of counselling mothers in EBF at 

multiple opportunities (including immuniza-

tion sessions, illness contacts, women’s group 

meetings, and home visits) with routine care. 

Rates of EBF at 3 months of age increased (see 

below) and no significant disadvantages were 

detected in mean weight, mean length, height-

for-age (<2 z scores) or weight-for-height (<2 

z scores) in the intervention, compared to the 

control group of infants. In a hospital-based 

RCT in Manila the efficacy of postnatal peer 

counselling was examined in a group of 204 

term LBW infants (Level II evidence, see sum-

mary Table 5.1.1) (325). A total of 204 moth-

ers were randomized into three groups; two 

intervention groups received home-based 

counselling visits (one by counsellors trained 

in breastfeeding counselling, the other by 

counsellors trained in general childcare), and 

a control group where the mothers did not 

receive counselling. No growth disadvantages 

were detected in the counselled group in this 

trial; all groups had improved mean weight-

for-age standard deviation scores (z-scores) 

at 6 months, with no significant differences 

between the groups.

Effects on other important outcomes

One US RCT (Level II evidence, see summary 

Table 5.2.2) examined the impact of an inten-

sive breastfeeding counselling package pre- and 

post-discharge to mothers of pre-term infants 

on the mean duration of breastfeeding (326). 

This package included individual counselling 

by a lactation consultant, weekly in-hospital 

contact, and frequent post-discharge contact. 

This was compared to standard breastfeeding 

support during the hospitalization period with 

no specialized lactation consultant available. 

In this study the mean breastfeeding dura-

tion increased from 24.2 weeks in the control 

group to 26.2 weeks in the intervention group, 

but the mean difference was not statistically 

significant. Exclusive breastfeeding at 1, 3, 6, 

and 12 months post-discharge was also not 

statistically different between the two groups. 

However, these results may be explained by 

the high motivation to breastfeed in both 

groups, a relatively advantaged population, 

and the availability of community breastfeed-

ing resources, which may have diminished any 

significant differences that could have resulted 
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from a breastfeeding intervention. In con-

trast, the two RCTs described above detected 

significant improvements in EBF rates at 6 

months (187,  325) (Table 5.2.2); breastfeeding 

counselling by skilled peers or professionals 

increased the breastfeeding rates in moth-

ers of term infants (327–329), and case series 

of breastfeeding counselling interventions in 

developed countries reported increases in the 

incidence and mean duration of breastfeeding 

(330–332).

Conclusions and implications 

The findings of this section are based on the 

results of a number of RCTs in term, pre-term 

Results

Summary Table 5.2.1 
Effect of breastfeeding counselling on growth outcomes in LBW infants 

Study, Design 		  Approximate proportion of
(Level of 	 Inclusion	 participants with gestation agea		O  utcome	 Effect measure
evidence)	 criteria	 <32 wk	 32–36 wk	 ≥37 wk	 Comparison groups	 measure 	 [95% CI]

							       Difference in 
							       proportions

Bhandari et al 	 Mothers of LBW	 <1%	 15%	 85%	 Subgroup of LBW infants in:	 Height-for-age	 9% 
(187)	 infants (<2500 g				    Intervention group	 <–2 z-score	 [-2%, 20%]
Cluster 	 at birth)				    (community promotion of EBF
RCT (LII) 					     for 6 mo) [n=159] compared	 Weight-for- 	 -2%
Subgroup 					     with control group [n=124]	 height	 [-6%, 1%]
analysis						      <–2 z- score

Agrasada et al 	 Mothers of term	 None	 None	 100%	 Home-based breastfeeding	 Weight-for-age	 MD -0.18
(325)	 LBW infants				    counselling (n=60) compared	 z-score at	 (-0.50, 0.14)
RCT (LII)	 <2500 g who were 				    with home- based counselling	 6 mo
	 admitted to 				    in general child care (n=59)
	 hospital
					     Home-based in breastfeeding	 Weight-for-age	 MD -0.18 
					     counselling (n=60) compared 	 z-score at	 (-0.48, 0.12)
					     with no counselling at home 	 6 mo
					     (n=71)
a	 If gestational age was not available in the publication, infants with birth weight <1500 g are assumed to be <32 wk gestation, those weighing 

1501–2000 g to be 32–36 wk gestation, and those weighing 2001–2500 g to have a gestation of 37 weeks or more.

and SGA infants from developing and devel-

oped countries. A large effect of counselling on 

improving the rates of EBF in mothers of LBW 

infants was demonstrated with no apparent 

disadvantage in growth rates or malnutrition 

prevalence. 

Recommendations 

No consensus statements or expert committee 

reports that examined the role of breastfeeding 

counselling in LBW infants were identified. 

Standard practice in many neonatal units is to 

provide breastfeeding counselling to mothers 

of LBW infants. The findings from this review 

support these recommendations.



92 Optimal feeding of low-birth-weight infants: technical review

Drug therapy 

Results 

Effects on mortality rates, serious 
morbidity, neurodevelopment and 
malnutrition 

No studies were located which examined the 

impact of lactogogues on mortality rates, seri-

ous morbidity, neurodevelopment and malnu-

trition in mothers of LBW infants. 

Effects on other important outcomes

Three small studies from the US and Canada 

(Level III-3 evidence and above) evaluated 

the effects of metoclopramide or domperi-

done therapy on daily breastmilk volume in 

women who delivered infants <34 weeks ges-

tation (333–335). In the comparative cohort 

study by Ehrenkranz et al, the women received 

metoclopramide 10 mg three times per day for 

7 days (333). In contrast, de Silva et al rand-

omized the women who were having difficulty 

Summary Table 5.2.2 
Effects of breastfeeding counselling on breastfeeding patterns in LBW infants 

Study, Design 		  Approximate proportion of
(Level of 	 Inclusion	 participants with gestation agea		O  utcome	 Effect measure
evidence)	 criteria	 <32 wk	 32–36 wk	 ≥37 wk	 Comparison groups	 measure 	 [95% CI]

Pinelli et al 	 Parents of infants	 100%	 None 	 None 	 Breastfeeding counselling	 Mean	 MD 2.10
(326 )	 with birth weight				    package (n=64) compared	 duration of	 [-5.12, 9.32]
RCT (LII)	 <1500 g who 				    with standard package (n=64)	 breastfeeding
	 intended to 					     (weeks)
	 breastfeed

Bhandari et al 	 Mothers of LBW	 <1%	 15%	 85%	 Subgroup of LBW infants in:
(187)	 infants (<2500 g				    Intervention group (community	 EBF at	 RR 1.99
Cluster 	 at birth)				    promotion of EBF for 6 mo) 	 3 months	 [1.58, 2.51]
RCT (LII) 					     (n=159) compared with
Subgroup 					     control group (n=124)	 EBF at	 RR 9.67
analysis						      6 months	 [4.01, 23.3]	

Agrasada 	 Mothers of term	 None	 None	 100%	 Home-based breastfeeding	 EBF at	 RR 6.39
et al (325)	 LBW infants				    counselling (n=60) compared	 6 months	 [2.38, 17.2]
RCT (LII)	 <2500 g who  				    with home-based counselling
	 were admitted to 				    in general child care (n=59)
	 hospital
					     Home-based in breastfeeding 	 EBF at	 RR 26.4
					     counselling (n=60) compared 	 6 months	 [3.70, 188.7]
					     with no counselling at home 
					     (n=71)
a	 If gestational age was not available in the publication, infants with birth weight <1500 g are assumed to be <32 wk gestation, those weighing 

1501–2000 g to be 32–36 wk gestation, and those weighing 2001–2500 g to have a gestation of 37 weeks or more.

maintaining milk production by milk expres-

sion to receive either domperidone or placebo 

for 7 days (334), while Hansen et al rand-

omized women to receive either metoclopra-

mide 10 mg or a placebo three times per day 

for 7 days (335). Ehrenkranz et al and de Silva 

et al reported large increases in milk produc-

tion. In the study by Ehrenkranz et al, daily 

milk production doubled between the first 

and seventh day of therapy, which was associ-

ated with significantly increased basal serum 

prolactin levels (333). In the study by de Silva 

et al, milk volume also doubled in the inter-

vention compared to the control group (334). 

However, Hansen et al reported no significant 

differences between breastmilk volumes in the 

metoclopramide and placebo groups on each 

of the 17 days of the study (335). Hansen et al 

also reported no significant difference between 

the groups in duration of breastfeeding, with 

a median of 8.8 weeks, an interquartile range 

of 3.4 to 12.0 weeks for the metoclopramide 
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group, and a median of 8.6 weeks and an inter-

quartile range of 5.6 to 16.9 weeks for the pla-

cebo group (P = .09).

Other studies in mothers of term infants 

reported no effect of supplemental metoclo-

pramide in women who received a package of 

counselling, motivation, support, and repeated 

suckling (336), while another study reported 

on the safety and efficacy of metclopramide 

therapy (337).

Conclusions and implications

The findings of this section are based on three 

small trials which reported conflicting effects 

on increasing milk volume in mothers of 

infants under 34 weeks gestation, and one trial 

which reported no impact on the duration of 

breastfeeding. No information was presented 

on safety and no information was available 

concerning mothers of larger LBW infants. 

Recommendations 

No consensus statements or expert committee 

reports which examined the role of lactogogues 

in LBW infants were identified. Standard prac-

tice in many neonatal units is to use metclo-

pramide 10 mg three times per day as part of 

a package which includes counselling, support 

and education to improve lactation in mothers 

of LBW infants. It was not possible to provide 

additional recommendations due to insuffi-

cient evidence. 

Breastmilk supplementer
A breastfeeding supplementer is a device for 

giving an infant a supplement while he is suck-

ling at a breast which is not producing enough 

milk. A hungry infant may suckle at an ‘empty’ 

breast a few times, but he may become frus-

trated and refuse to suckle any more, especially 

if he has become used to sucking from a bottle. 

A breastfeeding supplementer helps to sustain 

the infant in suckling at the breast.

Results 

Effects on mortality, serious morbidity, 
neurodevelopment and malnutrition

No studies were located which examined the 

influence of breastfeeding supplementer on 

mortality, serious morbidity, neurodevelop-

ment and malnutrition in LBW infants. 

Effects on other important outcomes

Two case series were located which described 

the impact of the breastfeeding supplementer 

on exclusive breastfeeding rates (337, 338). Both 

studies selected pre-term infants with birth 

weights <2500 g and showed that the sup-

plementer could result in re-establishment 

of EBF. However, the methodological quality 

of the studies was poor, making it difficult to 

draw any conclusions.

Conclusions and implications 

The only studies located in this section were 

small case series that were likely to suffer from 

selection and observer bias, making it difficult 

to draw any conclusions. 

Current recommendations 

No consensus statements or expert committee 

reports were located which examined the role 

of breastfeeding supplementer in LBW infants. 

Standard practice in many neonatal units is 

to use the breastfeeding supplementer with 

mothers who have difficulties in breastfeed-

ing LBW infants. It was not possible to provide 

additional recommendations due to insuffi-

cient evidence. 
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6. MONITORING
Monitoring of LBW infants includes regular 

measurements of vital signs (i.e. temperature, 

heart rate, respiratory rate and blood pressure), 

oxygen saturation, gastric residual volumes, 

blood tests, and the monitoring of growth and 

neurodevelopment. In this section, blood glu-

cose monitoring and growth monitoring are 

reviewed.

6.1	 Blood glucose monitoring

Results 

Effects on mortality, serious morbidity 
and malnutrition

No studies were identified which examined 

the influence of blood glucose monitoring on 

mortality, serious morbidity and malnutrition 

in LBW infants. 

Effects on neurodevelopment

Four studies (3 comparative cohort studies, 1 

case series) were located which examined the 

impact of low blood glucose measurements on 

neurodevelopmental outcomes in LBW infants. 

Lucas et al compared the outcomes in a cohort 

of 661 UK infants with birth weights <1800 g 

(mean gestation 31 weeks, mean birth weight 

1400 g) who were exposed and not exposed to 

‘moderate neonatal hypoglycaemia’ (defined 

as plasma glucose concentration <2.6 mmol/l 

on ≥5 separate days) (340). Duvanel et al com-

pared the outcomes in a cohort of 85 Swiss SGA 

infants (mean gestational age 32 weeks (range 

27–34 weeks), mean birth weight 1200 g (range 

580–1680 g) who were exposed and not exposed 

to ‘moderate neonatal hypoglycaemia’ (plasma 

glucose concentration <2.6 mmol/l on ≥5 sepa-

rate days) (341). Pildes et al compared the out-

comes in a cohort of 57 pre-term US infants 

with birth weights <2000 g (mean gestation 

33 weeks, mean birth weight 1600 g) who were 

exposed and not exposed to ‘moderate neonatal 

hypoglycaemia’ (plasma glucose concentration 

<2.6 mmol/l on ≥5 separate days) (342). Brown 

et al described a case series of 15 infants of pre-

term and SGA infants weighing <1500 g at birth 

with blood glucose levels of <1.1 mmol/l (343). 

All four studies reported that blood glu-

cose levels <2.6 mmol/l that occurred repeat-

edly were likely to be associated with poorer 

clinical outcomes in LBW infants. Lucas et 

al reported that frequent “moderate” hypo-

glycaemia (plasma glucose <2.6 mmol/l on 

at least 5 occasions) was strongly associated 

with abnormal neuromotor and intellectual 

performance at 18 months (340). Longer-term 

follow-up to 7½–8 years of age demonstrated 

persistent associations between moderate 

hypoglycaemia and developmental deficits in 

arithmetic and motor test scores after control-

ling for mother’s education, social class and 

other important confounding factors, but the 

effect on the overall intelligence quotient was 

not significant (344). Duvanel et al reported 

that there was also an association between 

plasma glucose measurements of <2.6 mmol/

l and developmental delay at 5 years of age 

(341). Pildes et al demonstrated that frequent 

“moderate” hypoglycaemia (plasma glucose 

<2.6 mmol/l) was associated with develop-

mental deficit at the time of hospital discharge 

(342). Brown et al reported that 95% of the 

LBW infants in his case series with blood glu-

cose levels <1.1 mmol/l had convulsions and 

abnormal neurological signs (343).

 

Conclusions and implications
Studies in pre-term and term LBW infants 

indicate the need for avoiding prolonged and 

recurrent hypoglycaemia. However, no studies 

were found that examined the impact of such 

monitoring on improved survival, growth or 

neurodevelopment.

Recommendations
Guidelines from WHO and other international 

groups recommend monitoring blood glucose 

in healthy LBW infants at 4-hourly intervals, 

each time before giving a feed, for the first 48 

hours or until two measurements are >2.6 

mmol/l and then daily until the infant is estab-

lished on full enteral feeds (345). However, pre-

vention by early enteral feeding (or provision of 

intravenous glucose for those unable to feed) is 
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more important than frequent blood glucose 

testing. Daily or twice daily laboratory meas-

urements are preferable to frequent but inaccu-

rate reagent strip measurements. They should 

be sufficient in most cases to tailor feeding regi-

mens to the individual infant’s requirement. 

WHO recommendations also include treat-

ing symptomatic infants with blood glucose 

levels <2.6 mmol/l, monitoring asymptomatic 

infants with blood glucose levels <2.6 mmol/

l closely, and treating asymptomatic LBW 

infants if the blood glucose level remains below 

this level or does not increase after a feed, or 

abnormal clinical signs develop (345). Others 

recommend close surveillance in term LBW 

infants if the plasma glucose concentration is 

<2.0 mmol/l and there are no symptoms (346). 

WHO and other international groups also 

recommend treating any asymptomatic LBW 

infants when the blood glucose concentration 

is <1.1 mmol/l (346, 347). It is recommended 

that the decisions for treatment should be 

based on clinical signs and laboratory values 

and not on reagent strip values only.

6.2	Growth monitoring

Results 

No studies were located which examined the 

impact of growth monitoring on mortality 

rates, serious clinical disease, neurodevelop-

ment or growth in LBW infants. 

Results

Intrauterine growth references

Many growth references such as the National 

Centres for Health Statistics (NCHS)/WHO 

chart do not provide data for pre-term infants 

(347, 348). Several intrauterine growth refer-

ences have been published for assessing size 

at birth according to gestational age. Some of 

these references for pre-term infants are sum-

marized in Box 6.2.1. 

Most of these were cross-sectional popu-

lation-based studies reviewing routinely-

collected hospital separation data, vital 

registration data and death certificates (349–

356). There was one cross-sectional hospital-

based study (357). WHO criteria were used to 

assess the pre-term anthropometric data sets 

and growth curves (Box 6.2.1) (9). No study 

fulfilled all of these criteria. Many of the ref-

erences have problems, such as the cross- 

sectional nature of the data collection, round-

ing and inaccurate dating, selection bias (e.g. 

elective delivery for intrauterine growth fail-

ure), and secular change (e.g. change in infant 

feeding patterns and improvement in socio-

economic status over time). This can cause 

significant misclassification of infants as SGA 

and LBW and growth faltering (354, 358). The 

variability in four of these growth references is 

shown in Figure 6.2.1. The red lines represent 

the 90th, 50th and 10th centiles of the Wil-

liams 1982 reference (9). 

Figure 6.2.1  Comparison of growth references for preterm infants (from reference 359 )
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Early postnatal growth references

Postnatal growth references from two prospec-

tive cohort studies of pre-term infants who 

received optimal nutritional management in 

neonatal care units in developed countries are 

summarized in Box 6.2.2 (282, 360). 

Postnatal growth curves of infants weigh-

ing 500–1500 g at birth in some neonatal care 

centres in the US show that infants at about 

the 50th centile for gestation lose about 10% 

of birth weight during the first week of life and 

regain birth weight by about 2 weeks of age, 

ending up at about the 10th 

centile of the intrauterine 

reference at this stage. Sub-

sequent growth until term 

continues to diverge further 

from the 10th centile (see 

Figure 6.2.2) (360). Figure 

6.2.2 has been drawn using 

a cross-sectional reference 

from 1996 which displays 

birth weight compared to 

gestational age (solid lines) 

(354). Longitudinal growth 

data from infants hospital-

ized in neonatal intensive 

care units in the US were 

used to draw the dashed 

lines (360). 

The UK 1990 intrauter-

ine growth reference chart provides a 9-cen-

tile format (Child Growth Foundation 1990) 

which allows the approximation of changes in 

growth in terms of z-score, each band width 

being 0.66SD. The lowest centiles on these 

charts are 2nd and 0.4th, which are very useful 

for plotting growth of babies <1500 g at birth. 

These charts should not be considered to be a 

prescriptive depiction of optimal growth but 

to be an indicator of a baby’s position relative 

to a term-born counterpart. 

Box 6.2.2  Reference data for postnatal growth with optimal nutritional management (Format adapted from reference 9)

Location	 Design	 Sample size	 Represent-	 Validity of	 Ethnicity	 Socio-	 Multiple	 Congenital	 Maternal	 Quality of	 Level of
Author		  Duration of	 ativeness	 gestational		  economic	 births	 malform-	 pathologies	 data source	 current
Year		  data 		  age		  status		  ations	 and intra-		  use
		  collection							       uterine 
									         infections

Ehrenkranz 	 Prospective	 1660	 Hospital	 Best	 35.6% White, 	 Births	 No	 Excluded	 No	 Prospective	 New 
et al (360), 	 hospital	 1994–1995	 based study	 obstetric	 64.4% Non	 included	 information		  information	 measurement	 reference
Multicentre, 	 based study		  of Infants	 estimate	 White.	 regardless of				    by hospital
USA	 of live births		  born at	 or LMP	 No other	 socio-economic				    staff
	 with optimal 		  500–1500 g		  information	 status
	 nutritional 		  birth weight
	 management

Pauls	��������������������������������������������������������������������������������������������������             Prospective	 136	 Hospital	 Best	 No	 Births included	 Included	 Included	 Included	 Prospective	 Appears to
 et al (282)	��������������������������������������������������������������������������������������������           hospital	 1991–1997	 based study	 obstetric	 information	 regardless of				    measurement	 be limited
Berlin, 	���������������������������������������������������������������������         based study		  of Infants born 	 estimate		  socio-economic				    by hospital
Germany	���������������������������������������������������          of live births 		  at <1000 g	 or LMP		  status				    staff
	 with optimal 		  birth weight
	 nutritional 
	 management

Figure 6.2.2  Average body weight versus postmenstrual age in weeks 
(From reference 360 )
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Later postnatal growth of  
pre-term infants 

Post-term growth in premature infants can 

be assessed using growth references created 

for term infants after correcting for gestation. 

Prior to 2006, the NCHS/WHO growth ref-

erence was commonly used (347). However, 

this reference was based on predominately 

formula-fed infants (9, 361) and many stud-

ies have demonstrated that breastfed infants 

grow less rapidly and deviate significantly 

from this reference (9, 348, 361, 362). A new 

international growth reference has been devel-

oped (348), which is based on predominately 

breastfed infants living in favourable socio-

economic conditions in six developing and 

developed countries (Brazil, Ghana, India, 

Norway, Oman, USA). 

Conclusions and implications

No studies were located that studied the 

impact of growth monitoring in LBW infants 

on clinical outcomes.

Intrauterine growth can be assessed using 

references for size at birth such as the Wil-

liams 1982 or the UK 1990 references. Achiev-

ing a postnatal growth that approximates the 

in utero growth of a normal fetus at the same 

post-conception age is considered to be the 

logical approach by some experts. However, 

whether achieving fetal growth during post-

natal life is optimum remains a hypothesis. 

Early postnatal growth should be plot-

ted against an intrauterine growth reference. 

However, it must be recognized that even in 

Results

well-resourced neonatal care units in devel-

oped countries, exact mimicry of intrauterine 

growth in the postnatal period is not possible. 

Infants with birth weights <1500 g who are at 

the 50th centile of weight for gestation at birth 

lose about 10% of birth weight during the first 

week of life, regain the birth weight by about 2 

weeks of age, and end up well below the 10th 

centile of the intrauterine reference by the time 

they reach term.

Postnatal growth after premature infants 

have reached term should be assessed using 

the new WHO Growth Reference. Corrected 

age should be used at least during the first year 

of life.

Recommendations

Standard practice is to weigh the LBW infant 

daily for the first week of life or until discharge 

from hospital, then twice a week or weekly 

until term, and then monthly until 12 months 

of chronological age. Babies who are unwell 

are weighed more frequently, especially if they 

are given IV fluids or if discharged early from 

the hospital, and particularly if the weight 

at discharge is <1500 g. Standard practice in 

many neonatal units is to plot early growth 

on an intrauterine growth reference chart. 

Many centres also use the Ehrenkranz post-

natal growth reference to assess the adequacy 

of postnatal growth. Standard practice is also 

to use the WHO Road to Health charts from 

term to 12 months of chronological age. It was 

not possible to provide additional recommen-

dations from this review.

7. FEEDING INFANTS OF HIV-POSITIVE MOTHERS
The risk of intrauterine and intrapartum 

mother-to-child transmission (MTCT) of 

HIV in term newborn infants, who were born 

to mothers who are known to be HIV-positive 

and who have not taken antiretroviral medi-

cation, has been described as 20–30% (363, 

364). The risk of MTCT through human milk 

in term newborn infants, born to mothers 

who are known to be HIV-positive and who 

have not taken antiretroviral medication, is 

10–15% (363, 364).

The risk of delivering a LBW infant is 

higher in HIV-positive women than in HIV-

negative women (365). The risk of MTCT 

through human milk may be higher in LBW 

than non-LBW infants as the mother may 

have additional risk factors for transmission 

(e.g. a sexually transmitted infection, masti-
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tis or cracked nipples). Among infants born 

to HIV-positive mothers, there is a twofold 

higher risk of becoming HIV-infected during 

intrapartum and early breastfeeding periods 

in pre-term infants than in infants born after 

37 weeks (366–368). The risks of infection 

from replacement feeding are also likely to be 

higher in LBW than non-LBW infants as the 

former have a higher risk of impaired immu-

nity and of infection (see sections 2.1 and 

2.3). Thus, the balance of benefits and risks of 

breastfeeding in LBW infants may be similar 

to that in non-LBW infants. 

HIV-infected mothers of LBW infants may 

not know their HIV status at the time of birth, 

especially if this is earlier than expected. Fur-

ther, even if the mother knows her HIV sta-

tus she may not have received HIV and infant 

feeding counselling.

We looked for published studies on the fol-

lowing issues:

•	 Choice of milk in infants born to HIV-

positive mothers;

•	 Counselling on infant feeding for HIV-

positive mothers of LBW infants. 

Results 

Effects on mortality, 
neurodevelopment and malnutrition

No studies were located which examined the 

impact of choice of milk or counselling on 

HIV and infant feeding on mortality rates, 

severe morbidity, neurodevelopment and 

malnutrition/growth in LBW infants born to 

HIV-positive mothers.

Effects on serious morbidity – HIV 
transmission

There is evidence from observational studies 

in South Africa that the risk of HIV transmis-

sion is lower if infants are exclusively breastfed 

(EBF), compared with mixed feeding, in the 

first months of life (367). A recent study from 

Zimbabwe supports this observation (369). 

HIV transmission rates/100 child-years at 6 

months were 5.1 for exclusive breastfeeding, 

6.7 for predominant breastfeeding, and 10.5 

for mixed feeding. However, some studies have 

questioned a causal link and have provided data 

suggesting the potential for reverse causality, 

i.e. infants who are HIV-positive and unwell 

are more likely not to be exclusively breastfed 

(370). There are no data on the risks of HIV 

transmission in infants who moved from for-

mula/mixed feeding to EBF early in life.

No data were located that examined the 

impacts of heat treatment of mother’s own milk 

in HIV-positive mothers of LBW infants. In 

non-LBW infants, heat treatment by flash and 

Pretoria pasteurization methods inactivates 

HIV (76–79). Both methods have been shown 

to reduce HIV-1 by >3 logs and eliminate bac-

terial contaminants, while flash treatment 

resulted in undetectable reverse transcriptase 

activity (76–79). Neither method was reported 

to cause significant decrease in any vitamin, 

lactoferrin or lysozyme. These methods could 

be implemented by a mother in a developing 

country, but studies have shown that accept-

ability is variable (371, 372). 

Recommendations

The current UN recommendations on feeding 

infants of HIV-positive women are replace-

ment feeding when this is acceptable, feasible, 

affordable, sustainable and safe, or EBF for the 

first few months of life and cessation of breast-

feeding as early as possible. There is no differ-

ence in the recommendations for normal and 

LBW infants. It was not possible to provide 

additional recommendations due to insuffi-

cient evidence.
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Annex 1

Definitions

Low birth weight infant (LBW) = infant with 

birth weight less than 2500 g.

Very low birth weight infant (VLBW) = infant 

with birth weight less than 1500 g.

Pre-term infant = infant born before 37 weeks 

of gestational age.

Term infant = infant born between 37 and 42 

weeks of gestational age.

Pre-term birth = birth occurring before 37 

weeks of gestational age.

Term birth = birth occurring between 37 and 

42 weeks of gestational age.

Post-term birth = birth occurring after 42 

weeks of gestational age.

Small for gestational age (SGA) = an infant 

whose birth weight is less than the 10th cen-

tile for gestational age at birth. 

Appropriate for gestational age (AGA) = an 

infant whose birth weight is between the 

10th centile and the 90th centile for gesta-

tional age at birth. 

Corrected age (i.e. corrected for prematurity) 

= the age of the infant in weeks from the 

date of birth minus the number of weeks 

that the infant was born early. 

Chronological age = the age of the infant in 

weeks from the date of birth without cor-

recting for prematurity.

Transition period = the period from birth to 

7 days when infants are likely to be clini-

cally and metabolically unstable and to lose 

weight.

Stable growing period = the period begin-

ning when the infant is metabolically and 

clinically stable and ending when the infant 

reaches 37 weeks of post-conception age.

Kangaroo mother care (KMC) = early con-

tinuous and prolonged skin-to-skin contact 

between the mother and infant combined 

with exclusive breastfeeding. 

Standard infant formula = formula designed 

for term infants, based on the composition 

of mature breastmilk. The typical energy 

content is 68 kcal/100ml. The concentra-

tion of protein is approximately 1.5 g/100ml 

and the calcium and phosphorus content 

50 mg/100ml and 30 mg/100ml respec-

tively. 

Pre-term infant formula = formula especially 

designed for premature infants. Pre-term 

formulas are enriched in calories (approxi-

mately 80 kcal/100ml) and variably in pro-

tein and minerals to support intra-uterine 

nutrient accretion rates. The calories may 

be provided as protein, fat or carbohydrate 

and the balance between calories and pro-

tein may be critical in determining the type 

of growth. Compared to unsupplemented 

human milk or ‘standard infant formula’, 

pre-term formulas contain more protein, 

sodium, calcium, phosphorus, zinc, copper 

and vitamins, often in a form that is more 

easily absorbed and metabolised. Most have 

an energy content of about 80 kcal/100ml. 

In spite of the higher carbohydrate and 

mineral content, the osmolality of ‘pre-

term formulas’ remains low at around 250–

320 mOsm/kg H2O. ‘Pre-term formulas’ 

also contain at least 2 g/100ml of protein so 

that the premature infant will receive 3 g/

kg/d of protein when fed at 150 ml/kg/day.

Nutrient-enriched post-discharge formula = 

formula especially designed for LBW infants 

after they have reached term gestational 

age. ‘Post-discharge formulas’ are interme-

diate in composition between ‘pre-term’ 

and ‘term’ formulas. Compared to unsup-

plemented human milk or ‘standard infant 

formula’, ‘post-discharge formulas’ contain 

more protein, sodium, calcium, phospho-
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rus, zinc, copper and vitamins, often in a 

form that is easily absorbed and metabo-

lised. Most have an energy content of about 

70 kcal/100ml (22 kcal/oz). In spite of the 

higher carbohydrate and mineral content, 

the osmolality of ‘post-discharge formula’ 

remains low at around 250–320 mOsm/kg 

H2O. ‘Post-discharge formulas’ also con-

tain at least 2 g/100ml of protein so that the 

infant will receive 3 g/kg/d of protein when 

fed at 150 ml/kg/day. 

Enteral feeding = administration of any feed 

into the gastrointestinal tract; it includes 

intragastric feeding and cup, bottle and 

breastfeeding. 

Early initiation of ‘maintenance’ enteral 
feeds = enteral feeding of at least 40 ml/kg/

day for the first 24 hours of life

Trophic feeding or minimal enteral nutrition 
= any enteral milk feed in the first 24 hours 

of life in sub-nutritional quantities (e.g. 5–

10 ml/kg/day on the first day) (also called 

“minimal enteral feeding”, “gut priming”, 

and “early hypo-caloric feeding”).

Bolus feeding = a calculated amount of fluid, 

given intermittently, every 1–4 hours 

depending on weight and gestational age.

Oral feeding = administration of any feed 

into the oral cavity; it includes cup, paladai, 

spoon, syringe, direct expression, bottle and 

breastfeeding but not gastric tube feeding. 

Paladai = a traditional feeding device used 

in some South Indian communities. It is 

shaped like a small cup (30 ml capacity) 

with an open spout for pouring the milk 

gently into the infant’s mouth.

Rooting = the response of a baby when the 

side of the cheek is touched, which makes 

him turn to the breast with the mouth wide 

open

Feasibility = the practicability of implement-

ing an intervention in a first referral health-

care facility in a developing country. 

Catch-up growth = any improvement in cen-

tiles or z scores. Early catch-up is defined 

as fast growth in infancy among small 

newborns and late catch-up is defined as 

improvement in growth from 1 year of age 

until adulthood.

Metabolic bone disease or osteopenia of 
prematurity = characteristic osteopenic 

radiological appearance, a low bone min-

eral content or peak alkaline phosphatase 

of >1200 IU.

Stable infant = an infant whose vital functions 

(particularly the respiration and heart rate) 

are not subject to rapid and unexpected 

worsening, regardless of intercurrent dis-

ease, and do not depend on continuous 

medical monitoring and support (e.g. use 

of a mechanical ventilator).

Unstable infant = an infant who has danger 

signs and is subject to rapid and unexpected 

worsening, whose vital functions depend 

on continuous medical monitoring and 

support.

Exclusive breastfeeding (EBF) = breastfeed-

ing with no supplemental liquid or solid 

foods other than medications or vitamins. 

Predominant breastfeeding = breastfeeding 

plus water-based fluids (e.g. water, juice or 

tea) but no solids, milks or gruels.

Partial breastfeeding = breastfeeding plus 

water-based fluids, solids, milks or gruels.

Non-breastfed = no breastmilk given.
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Annex 2

Levels of evidence

Levels of evidence were rated according to the following scale (US Preventative Services Task 

Force 1989).

I.	 Evidence obtained from a systematic review of all relevant randomized controlled tri-

als

II	 Evidence obtained from at least one properly designed randomized controlled trial

III-1	 Evidence obtained from well-designed pseudo-randomized controlled trials (alternate 

allocation or some other method)

III-2	 Evidence obtained from comparative studies with concurrent controls and allocation 

not randomized (cohort studies), case control studies, or interrupted time series with a 

control group

III-3	 Evidence obtained from comparative studies with historical control, two or more sin-

gle-arm studies, or interrupted time series without a parallel control group

IV	 Evidence obtained from case series, either post-test or pre-test and post-test



Annex 3

Sources and quality of evidence

topic	s ources and quality of evidence

NUTRITION
Breastfeeding or mother’s 	 Three of the five studies that examined the effects on infection 

own expressed milk	 were observational. One of the three observational studies did  

	 not adjust for confounding. A meta-analysis of cohort  

	 studies, which adjusted for appropriate confounders, was the basis  

	 of findings related to neurodevelopment. In most studies,  

	 comparison group was infants fed standard infant formula.

Donor human milk	 The findings are based on 5 RCTs and their meta-analyses.  

	 The trials were small and unblinded. Most of these studies used  

	 donor drip milk, which is predominantly fore milk. Further,  

	 most studies were initiated over 20 years ago and used standard  

	 infant formula milk as the comparison. 

Optimal duration of 	 There are limited data available. The 3 RCTs identified did not 
exclusive breastfeeding	 measure effect of EBF duration on mortality and morbidity and  

	 only one trial reported effects on neurodevelopment. The sample  

	 sizes of two of these studies were small. Contrary to other issues,  

	 most studies were conducted in term, SGA infants. 

Human milk 	 Findings are largely based on RCTs and their meta-analysis. The 
supplementation with 	 studies examining the effects on mortality and necrotising 
multicomponent fortifier	 enterocolitis were too small to get precise estimates. There was a  

	 large amount of missing data in the studies

Human milk 	 Vitamin A  There are no data examining the effect of usually 
supplementation with 	 recommended dose of 700–1500 IU/kg body weight daily. Three 
single nutrients	 RCTs (2 small, one with adequate sample size) examined the  

	 mortality effect of a large dose (50,000 IU in one or two divided  

	 doses) of vitamin A during the first days of life. 

	 Vitamin D  The findings are from case series and a single RCT  

	 that compared a high dose of vitamin D (2000 IU per day) with  

	 the usual dose of 400 IU per day. 

	 Calcium and phosphorus  The findings are based on two small  

	 RCTs.

	 Iron  The findings are based on observational studies examining  

	 iron status of breastfed LBW infants and two RCTs that examined  

	 effects of iron supplementation on iron status in LBW infants. 

	 Zinc  Findings are based on RCTs. Most of these RCTs had  

	 smaller than appropriate sample sizes.
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topic	s ources and quality of evidence

Pre-term vs. standard 	 The findings are largely based on one large, well designed RCT 
infant formula	 comparing pre-term infant formula with standard term infant  

	 formula in pre-term infants. 80% of study participants were  

	 <1500 g at birth.

Nutrient-enriched post-	 The findings are largely based on 3 RCTs examining the 
discharge formula vs. 	 effect of nutrient-enriched post-discharge formula compared with 
standard formula	 standard formula on neurodevelopment and growth. There are  

	 no data for other outcomes

FEEDING METHODS
Cup feeding vs. 	 None of the available studies examined the effects of different 
bottle feeding	 oral feeding methods on key clinical outcomes. Two RCTs and  

	 6 observational studies examined the effect of cup feeding  

	 compared to bottle feeding on breastfeeding rates at hospital  

	 discharge. One study compared cup, ‘paladai’ and bottle feeding.  

	 Most studies were of poor quality and longer-term outcomes  

	 (post hospital discharge) were not assessed. 

Use of nasogastric vs. 	 Only one small descriptive study was located. 
orogastric tubes

Bolus vs. 	 The findings are based on meta-analyses of RCTs or large RCTS 
continuous feeding	 performed in developed country infants <1500 g at birth. The  

	 studies had small sample sizes and inconsistencies in controlling  

	 variables that affect outcomes.

FEEDING SCHEDULES
Trophic feeding or 	 A systematic review and meta-analysis of 10 RCTs was located.  
minimal enteral nutrition	 The trials were of intermediate methodological quality. Many  

	 studies did not mention how randomization was concealed, did  

	 not attempt blind assessments and did not include results for all  

	 infants randomized.

Initiation of ‘maintenance’ 	 No studies examined the role of early initiation of breastfeeding 
enteral feeding 	 in LBW infants. The only available studies were from the 1960s  

	 which examined impacts of nasogastric feeding on day 1 in  

	 pre-term infants. All had design flaws and two of the 4 studies  

	 did not provide results stratified by birth weight or gestation.

Progression of enteral 	 The findings are based on meta-analyses of RCTs from developed 
feeding	 countries. The studies included in the meta-analyses were  

	 heterogeneous and subject to observer and diagnostic  

	 surveillance bias. 

Volume of enteral feeds in 	 Only 1 small RCT was located which compared the 
the second week of life	 administration of different daily fluid volumes in the second week 

	 of life in infants who were <30 weeks gestation at birth.
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topic	s ources and quality of evidence

Feed frequencies and 	 Only case series and descriptive studies were located in this 
intervals	 section. However, no comparative studies were available to allow  

	 decisions to be made about the safest or most effective regimes.  

	 No implications can be drawn for infants of particular gestational 

	 ages or birth weights. 

Demand or scheduled 	 Only 1 small study was located which examined impacts of 
feeding	 demand feeding of pre-term infants by the time they had reached  

	 1800 g. 

SUPPORT
Kangaroo mother care	 The 3 available RCTs only included stabilized LBW infants. The  

	 studies were of moderate to poor methodological quality  

	 (unblinded, large proportion of drop-outs and loss to follow-up).  

	 One RCT and two observational studies which examined the  

	 effects of KMC in un-stabilized LBW infants were identified 

Non-nutritive sucking 	 Findings are based on a meta-analysis of 3 small RCTs. Results are 

	 difficult to interpret due to small sample sizes and other  

	 methodological flaws. An intervention study that examined the  

	 effect of sucking on ‘emptied breast’ was also identified

Early discharge from 	 Eight RCTs in infants <2000 g were located which examined the 
hospital 	 effect of early discharge of low birth weight infants after they were  

	 clinically stable, on full oral feeds and mother demonstrated  

	 satisfactory care-taking skills. 

Involvement of mothers in 	 Three studies were located which described the effects of 
care and feeding of their 	 maternal participation in care of their LBW infants 
LBW infants 

Breastfeeding counselling	 The findings are based on results of two RCTs in pre-term and  

	 SGA infants. One was a small study in infants <1500 g and the  

	 other was a subgroup analysis of a community-based intervention 

	 trial of EBF promotion.

Drug therapy 	 The findings of this section are based on 2 small trials in mothers 

	 of infants <32 weeks gestation, but no information on safety is  

	 available. No information was available in mothers of larger LBW  

	 infants. 

MONITORING
Blood glucose monitoring	 No studies were found that examined the impact of such  

	 monitoring on improved survival, growth or neurodevelopment.  

	 Four observational studies were located that examined the  

	 association of low blood glucose with subsequent outcomes. 

Growth monitoring 	 No studies were located which examined the impact of growth  

	 monitoring on key clinical outcomes.

HIV AND INFANT FEEDING
	 No studies were located which examined the impact of HIV and  

	 infant feeding counselling of HIV-positive mothers of LBW  

	 infants or the choice of milk on key clinical outcomes.
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