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Abstract

Background: Pasteurized donor human milk (DHM) use for healthy newborns is increasing; 

however, no studies have explored its effect on breastfeeding outcomes.

Patients and Methods: We enrolled 60 healthy, term breastfeeding newborns with ≥4.5% 

weight loss in the first 36 hours in a randomized controlled trial. 30 were randomly assigned to 

early limited-volume DHM supplementation, 30 to exclusive breastfeeding. Mothers were 

surveyed at 1 week, 1, 2, & 3 months, regarding mode of infant feeding. Comparing infants 

randomized to DHM supplementation to those exclusively breastfeeding, there was no significant 

difference in the proportion using formula at 1 week (21% vs 7%, p=.15), nor in the proportion of 

any BF (79% vs 90%, p=.30) or BWF at 3 months (62% vs 77%, p=.27).
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Conclusion: For newborns with ≥4.5% weight loss in the first 36 hours, early limited-volume 

supplementation with DHM is unlikely to have a significant favorable impact on breastfeeding 

outcomes.
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Introduction

Use of pasteurized donor human milk (DHM) in the well newborn population has become 

increasingly common over the last two decades 1–3. This is in part due to concerns that 

formula use in the neonatal period is associated with decreased breastfeeding duration as 

well as concerns about the effect of exposure to formula on infant intestinal microbiota and 

oxidative stress 4–7. In alignment with recommendations by the World Health Organization 

(WHO) and the American Academy of Pediatrics (AAP), the Joint Commission Perinatal 

Care Measures call for avoiding formula use for breastfed infants during the birth 

hospitalization but do not discourage the use of DHM.8,9 Infants who receive DHM meet the 

definition of exclusively breast milk fed used by these groups.

Although these public health recommendations all support the use of donor milk for healthy 

term infants, no published studies have explored the effect of DHM supplementation during 

the birth hospitalization on outcomes for this population. In contrast, a variety of studies 

have examined the impact of formula supplementation during the birth hospitalization. 

While many observational designs have demonstrated an association between in-hospital 

formula use and shortened breastfeeding duration, controlled trials exploring this 

relationship have not reported similar results; 10,11 DHM supplementation might have an 

impact on breastfeeding that is similar to, or different from, formula. We set out to explore 

the effect of early, small-volume, banked DHM supplementation prior to maternal mature 

milk production on formula use at 1 week and rates of any and exclusive breastfeeding at 3 

months. We hypothesized that for infants with a high first-day weight loss, short-term 

supplementation with small volumes of donor human milk prior to maternal mature milk 

production would bridge dyads through the challenges of breastfeeding prior to maternal 

mature milk production and would lead to decreased formula use at 1 week of age and 

increased rates of breastfeeding and breastfeeding without formula supplementation at 3 

months.

Materials and Methods

Setting

Between August 2014-June 2016 we enrolled in a randomized controlled trial 60 healthy, 

term breastfeeding newborn infants and their mothers cared for in the mother baby unit in a 

suburban academic medical center. This study was approved by the Institutional Review 

Board and was registered at clinicaltrials.gov (NCT02221167). All participant mothers gave 

written informed consent.
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Participants

Inclusion criteria included infant gestational age ≥37 weeks, weight loss ≥ 4.5% from birth 

weight by 36 hours of age, and chronologic age of 24–48 hours at the time of enrollment. 

The value of 4.5% weight loss was chosen because previous evidence suggests that infants 

with this degree of weight loss in the first day are at a significantly increased risk of eventual 

weight loss >10% of birth weight 12, a frequently used threshold for excessive neonatal 

weight loss 13. Infants were excluded if they had received >1 formula or DHM supplement 

prior to enrollment, had chromosomal or craniofacial anomalies that might interfere with 

breastfeeding (trisomy 21, cleft lip and/or palate, micrognathia, ankyloglossia), were 

admitted to the neonatal intensive care unit, had lost ≥10% from birth weight, or if their 

mother was <18 years old, incarcerated, unable to speak or read in English, or indicated she 

had already experienced the onset of mature milk production.

Recruitment

A study investigator (research nurse or principal investigator) screened infants for eligibility 

using the electronic medical record. Potentially eligible dyads were approached in the 

mother’s hospital room. The study investigator discussed the study with eligible mothers and 

sought their consent. While describing the study to parents, prior to obtaining written 

informed consent, the study investigator explained that for infants randomized to the 

intervention group, parents would provide donor human milk supplementation via syringe, 

and for infants randomized to the control group, parents would be advised to continue 

exclusive breastfeeding unless otherwise directed by their clinicians. Written informed 

consent to participate was obtained from the mothers.

Randomization

Prior to enrollment of the first participant, an investigator unaffiliated with the study 

generated a block randomization sequence using a computer and concealed the 

randomization sequence in numbered opaque envelopes. Immediately following obtaining 

consent, the study investigator opened the next opaque envelope in the sequence to reveal 

treatment assignment.

Interventions

Infants randomly assigned to the intervention group were instructed to continue maternal 

breastfeeding and to supplement after each maternal breastfeeding with 10 mL DHM fed via 

finger-feeding with a syringe, until the onset of maternal milk production, identified by a 

validated technique 14. The study investigator met with the mother each subsequent day until 

hospital discharge and inquired whether her mature milk had come in. At the time of 

hospital discharge, mothers whose mature milk had not yet come in received 200 mL DHM 

in a breast milk storage cooler for home use. All mothers were instructed to discontinue 

DHM supplementation and resume exclusive breastfeeding at the onset of mature maternal 

milk production. Infants randomly assigned to the control group were advised to continue 

exclusive breastfeeding unless otherwise directed by their health care providers. A study 

investigator met with mothers in the control group daily while they were inpatient and asked 
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whether their mature milk had come in. At the time of hospital discharge, mothers in the 

control group received a breast milk storage cooler.

Blinding

Study investigators, participants, and the medical teams caring for participant infants and 

mothers were not blinded to study group.

Outcome Measures and Follow-up

The primary outcome of this study was formula use at 1 week, and secondary outcomes 

were prevalence of any breast milk feeding and breastfeeding without formula use at 1, 2, 

and 3 months. Structured telephone interviews were completed at 1 week and at 1, 2, & 3 

months. Any breast milk feeding was defined by a mother answering “yes” in response to 

items querying about whether she had, in the past 24 hours, breastfed directly, fed her own 

expressed milk, and/or fed DHM. Exclusive breast milk feeding was defined by a mother 

answering “yes” to items querying about whether she had, in the past 24 hours, breastfed, 

fed her own expressed milk, and/or fed DHM and “no” to an item querying about whether 

she had fed formula in the last 24 hours.

Power

The sample size of 60 for this study was selected for feasibility of enrollment in a 1–2 year 

period. We estimated that a sample size of 60 would provide a power of 80%, with alpha of 

0.05, to detect a 37 percentage point difference in formula use at 1 week (from 50%, 

estimated from national data 15, to 13%, given the effect size seen in a previous intervention 

trial 10,16. Based on effects seen previously and using alpha of 0.05, we also estimated that a 

sample size of 60 would provide a power of approximately 80% to detect a 37 percentage 

point difference in the proportion of infants breastfeeding without formula at 3 months and 

66% power to detect a 27 percentage point difference in the proportion of infants receiving 

any breast milk at 3 months 10,16.

Analysis

Using an intention-to-treat approach, we used Chi-square or Fisher’s Exact Test analysis, as 

appropriate, to compare differences between the two treatment arms with respect to 

dichotomous outcomes, and we used Student’s t-test to compare the two groups with respect 

to continuous outcomes. All analyses were conducted using SPSS Statistics Version 23 

(IBM Corporation, Chicago, IL).

Results

Of 397 eligible mother-infant dyads, consent was obtained from 60 (15%). (Figure 1) Of 

those 60 dyads, 59 completed all study activities and follow up assessments, and one (DHM 

group) dropped out immediately after randomization. Demographic characteristics of 

participants are shown in Table 2. More women who were married or lived with their partner 

were randomized to the control group than the DHM intervention group (100% of control 

mothers vs. 83% of donor milk mothers, p=0.02), and all other characteristics were similar 

between groups.
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There were no statistically significant differences between the two groups with respect to 

formula use at 1 week nor with respect to any breast milk feeding or breastfeeding without 

formula at 1 week, 1, 2, or 3 months (Table 2). One mother in the DHM group was not 

breastfeeding due to health concerns at 1 month, but had resumed breastfeeding by the time 

of the 2-month call. The relative risks (RR) for breastfeeding cessation by 3 months and for 

cessation of exclusive breast milk feeding by 3 months, respectively, were 2.07 (95% 

confidence interval: 0.57–7.51) and 1.63 (95% CI 0.73–3.61) for the DHM group compared 

to the control group. Prevalence of feeding the infant at breast within the last 24 hours was 

lower in the DHM group than the control group (66% vs. 90% at 3 months, p=0.03, RR 3.45 

with 95% CI 1.05–11.28). No significant adverse events were reported by participants in 

either study group.

Discussion

Our study is the first randomized trial to explore the effect of early, short-term donor milk 

supplementation versus exclusive breastfeeding prior to maternal mature milk production on 

ongoing exclusive breastfeeding in healthy, term infants. In our sample size of 60 healthy, 

breastfeeding infants followed for 3 months, short-term supplementation with 10 mL donor 

milk after each breastfeeding prior to the onset of maternal mature milk production did not 

demonstrate a significant impact on duration of any breast milk feeding or use of formula. 

However, the prevalence of feeding directly at breast (as opposed to feeding expressed breast 

milk without any feedings at breast) was lower in the DHM than in the control group. This 

result may be important, because using donor milk to supplement well newborns has become 

increasingly common, but no previous studies have assessed its impact on rates of maternal 

breastfeeding.

The use of donor milk might possibly impact well newborns in a number of potentially 

advantageous or deleterious ways. The potential benefits of donor milk are numerous. For 

those infants who would otherwise have fed formula, feeding donor milk instead of formula 

might provide less exposure to the potentially allergenic components of formula, and might 

provide greater intake of human milk oligosaccharides and glycans, thought to be important 

to the development of a healthy intestinal microbiota 17. Feeding donor milk instead of 

formula might also help maintain maternal breastfeeding by allowing mothers to feel 

satisfaction in maintaining an exclusively breast milk diet for their infant; some preliminary 

research supports this hypothesis 2,18. For those who would otherwise have breastfed 

exclusively, such as those in our study, feeding donor milk might provide additional fluid 

and calories that could prevent dehydration or ameliorate hyperbilirubinemia. Donor milk 

might also have potential disadvantages for newborns, if feeding donor milk satiates them so 

they do not latch or suck vigorously with their mothers or if feeding donor milk leads 

mothers to undervalue the provision of their own maternal milk. While DHM did not have a 

statistically significant impact on breastfeeding rates in our small study, a trend toward 

shorter duration of breastfeeding was noted in the DHM group compared to the control 

group (RR 2.07, 95% CI 0.57–7.51 for cessation of breastfeeding by 3 months).
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Limitations

Our study also had several important limitations. First, given the low rates of breastfeeding 

cessation in our study population, our sample size of 60 infants could not exclude a 

clinically important effect of donor milk on breastfeeding outcomes. Future studies on this 

topic should include larger sample sizes. Second, our study was conducted in a single 

hospital where donor milk is already the standard-of-care supplement choice in the well 

newborn nursery. This may limit the generalizability of our findings. Third, only 15% of 

eligible mothers consented to participate in the study. If DHM has a differential impact on 

mothers who are open to either DHM or continued exclusive maternal breastfeeding, DHM 

might have had a different impact had it been used by those who declined to participate. 

Fourth, all five single mothers in our cohort were randomly assigned to DHM by chance. 

This may have introduced confounding, but the sample size of our study prohibited 

multivariable regression analysis.

Our study also had several important strengths, including excellent outcome ascertainment 

and a randomized design. While important health benefits from DHM have been identified 

in the high-risk, preterm infant population 19,20, our results indicate that further evaluation of 

the impact of donor milk on breastfeeding is needed before DHM can be recommended for 

use in the well newborn nursery setting. Since it is possible that the effect of donor milk on 

breastfeeding duration may vary based on the degree of newborn weight loss, future projects 

might consider categorizing newborn weight loss using published nomograms 21,22. 

Assessment of the impact of donor milk supplementation on infant intestinal microbiota and 

allergic status may also be informative, as the benefits for infants of pasteurized, banked 

donor milk may not be identical to the benefits of fresh maternal milk.

Conclusion

For breastfeeding newborns with ≥4.5% weight loss in the first 36 hours, early limited 

supplementation with DHM is unlikely to have a significant favorable impact on 

breastfeeding outcomes. Future research is needed to help clarify whether healthy, full-term 

infants with a medical indication for supplementation would benefit from use of DHM rather 

than formula. Because DHM is a limited resource and significant health benefits from DHM 

have been identified in the high-risk, preterm population 19,20, if donor milk is inefficacious 

but not harmful to well newborns, it may nevertheless be important to avoid its routine use in 

this population so as to preserve its availability for those who will receive benefit.
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Abbreviations:

BF breastfeeding

BWF breastfeeding without formula

CI confidence interval

DHM donor human milk

RCT randomized controlled trial

RR relative risk

References

1. Kair LR, Colaizy TT, Hubbard D, Flaherman VJ. Donor milk in the newborn nursery at the 
University of Iowa Children’s Hospital. Breastfeed Med. 2014;9(10):547–550. [PubMed: 
25167368] 

2. Kair LR, Flaherman VJ. Donor Milk or Formula: A Qualitative Study of Postpartum Mothers of 
Healthy Newborns. J Hum Lact. 2017:890334417716417.

3. Brown Belfort M, Drouin K, Riley JF, et al. Prevalence and Trends in Donor Milk Use in the Well-
Baby Nursery: A Survey of Northeast United States Birth Hospitals. Breastfeed Med. 2017.

4. Chantry CJ, Dewey KG, Peerson JM, Wagner EA, Nommsen-Rivers LA. In-hospital formula use 
increases early breastfeeding cessation among first-time mothers intending to exclusively 
breastfeed. J Pediatr. 2014;164(6):1339–1345 e1335. [PubMed: 24529621] 

5. DiGirolamo AM, Grummer-Strawn LM, Fein SB. Effect of maternity-care practices on 
breastfeeding. Pediatrics. 2008;122 Suppl 2:S43–49. [PubMed: 18829830] 

6. Bokulich NA, Chung J, Battaglia T, et al. Antibiotics, birth mode, and diet shape microbiome 
maturation during early life. Sci Transl Med. 2016;8(343):343ra382.

7. Friel JK, Diehl-Jones B, Cockell KA, et al. Evidence of oxidative stress in relation to feeding type 
during early life in premature infants. Pediatr Res. 2011;69(2):160–164. [PubMed: 21045751] 

8. World Health Organization. International Code of Marketing of Breast-milk Substitutes. Geneva

9. American Academy of Pediatrics. Breastfeeding and the use of human milk. Pediatrics. 
2012;129(3):e827–841. [PubMed: 22371471] 

10. Flaherman VJ, Aby J, Burgos AE, Lee KA, Cabana MD, Newman TB. Effect of early limited 
formula on duration and exclusivity of breastfeeding in at-risk infants: an RCT. Pediatrics. 
2013;131(6):1059–1065. [PubMed: 23669513] 

11. Gray-Donald K, Kramer MS, Munday S, Leduc DG. Effect of formula supplementation in the 
hospital on the duration of breast-feeding: a controlled clinical trial. Pediatrics. 1985;75(3):514–
518. [PubMed: 3883306] 

12. Flaherman VJ, Kuzniewicz MW, Li S, Walsh E, McCulloch CE, Newman TB. First-day weight 
loss predicts eventual weight nadir for breastfeeding newborns. Arch Dis Child Fetal Neonatal Ed. 
2013;98(6):F488–492. [PubMed: 23864443] 

13. Dewey KG, Nommsen-Rivers LA, Heinig MJ, Cohen RJ. Risk factors for suboptimal infant 
breastfeeding behavior, delayed onset of lactation, and excess neonatal weight loss. Pediatrics. 
2003;112(3 Pt 1):607–619. [PubMed: 12949292] 

14. Chapman DJ, Perez-Escamilla R. Maternal perception of the onset of lactation is a valid, public 
health indicator of lactogenesis stage II. J Nutr. 2000;130(12):2972–2980. [PubMed: 11110856] 

15. Bartick M, Stuebe A, Schwarz E, Luongo C, Reinhold A, Foster E. Cost analysis of maternal 
disease associated with suboptimal breastfeeding. Obstetrics & Gynecology. 2013;122(1):111–
119. [PubMed: 23743465] 

16. Kohn M, Jarrett M. Online Sample Size Calculator 2013; http://www.quesgen.com/SSProp.php.

Kair et al. Page 7

Clin Pediatr (Phila). Author manuscript; available in PMC 2020 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.quesgen.com/SSProp.php


17. Underwood MA, Gaerlan S, De Leoz ML, et al. Human milk oligosaccharides in premature 
infants: absorption, excretion, and influence on the intestinal microbiota. Pediatr Res. 2015;78(6):
670–677. [PubMed: 26322410] 

18. Rabinowitz MR, Kair LR, Sipsma HL, Phillipi CA, Larson IA. Human Donor Milk or Formula: A 
Qualitative Study of Maternal Perspectives on Supplementation. Breastfeed Med. 2018;13(3):195–
203. [PubMed: 29437491] 

19. Colaizy TT. Donor Human Milk for Very Low-Birth-Weight Infants. JAMA. 2016;316(18):1875–
1876. [PubMed: 27824996] 

20. Sisk PM, Lambeth TM, Rojas MA, et al. Necrotizing Enterocolitis and Growth in Preterm Infants 
Fed Predominantly Maternal Milk, Pasteurized Donor Milk, or Preterm Formula: A Retrospective 
Study. Am J Perinatol. 2017;34(7):676–683. [PubMed: 27936476] 

21. Flaherman VJ, Schaefer EW, Kuzniewicz MW, Li SX, Walsh EM, Paul IM. Early weight loss 
nomograms for exclusively breastfed newborns. Pediatrics. 2015;135(1):e16–23. [PubMed: 
25554815] 

22. Schaefer EW, Flaherman VJ, Kuzniewicz MW, Li SX, Walsh EM, Paul IM. External Validation of 
Early Weight Loss Nomograms for Exclusively Breastfed Newborns. Breastfeed Med. 
2015;10(10):458–463. [PubMed: 26565592] 

Kair et al. Page 8

Clin Pediatr (Phila). Author manuscript; available in PMC 2020 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Flow diagram for Rx Milk Trial
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Table 1.

Demographic and Clinical Characteristics of Participating Dyads

Characteristic Mean ± SD or N (%) Donor Milk (Intervention) Group N=29 Exclusive Breastfeeding (Control) N=30 p

Maternal age, years 30.4 ± 4.7 31.0 ± 4.5 0.63

Gestational age at delivery, weeks 39.4 ± 0.9 39.5 ± 1.2 0.76

Cesarean delivery 5 (17) 8 (27) 0.38

Race 0.18

 White 24 (83) 29 (97)

 Black 2 (7) 0 (0)

 Asian 3 (10) 1 (3)

Hispanic ethnicity 2 (7) 2 (7) 1.00

Multiparous 13 (45) 18 (60) 0.30

Married/live in partner 24 (83) 30 (100) 0.02

Insurance 0.42

 Medicaid 5 (17) 3 (10)

 Private 24 (83) 25 (83)

 Medicaid + Private 0 (0) 1 (3)

 Other 0 (0) 1 (3)

Maternal education 0.70

 High school or GED 3 (10) 1 (3)

 Some college/ Associate’s 6 (21) 5 (17)

 Bachelor’s Degree 9 (31) 11 (38)

 Graduate Degree 11 (38) 13 (43)

Planning to use formula 6 (21) 5 (17) 0.75

Male infant 18 (62) 13 (43) 0.20

Weight loss % at enrollment 5.9 ± 1.1 5.8 ± 1.2 0.88

Hour of age weight loss measured 27.0±5.9 27.3±6.4 0.88

Breastfeeding self-efficacy 50±12 49±9 0.75

Maternal pain

 Breast 1.3±1.5 1.8±1.7 0.30

 Abdominal 2.0±2.6 2.3±2.1 0.55

 Back 1.1±1.9 0.9±1.7 0.67

 Vaginal 2.3±2.2 2.5±2.5 0.76
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Table 2.

Infant feeding outcomes

Feeding outcome Donor Milk (Intervention) Group N=29 Exclusive Breastfeeding (Control) N=30 p

Any formula use

 1 week 6 (21) 2 (7) 0.15

 1 month 9 (31) 5 (17) 0.23

 2 months 9 (31) 6 (20) 0.38

 3 months 11 (41) 7 (23) 0.27

Any donor milk use

 1 week 4 (14) 1 (3) 0.20

 1 month 1 (3) 0 (0) 0.49

 2 months 1 (3) 0 (0) 0.49

 3 months 0 (0) 0 (0) -

Feeding at breast*

 1 week 26 (90) 29 (97) 0.35

 1 month 21 (70) 29 (97) 0.01

 2 months 21 (70) 27 (90) 0.10

 3 months 19 (66) 27 (90) 0.03

Feeding mother’s expressed milk

 1 week 8 (27) 9 (30) 1.00

 1 month 13 (45) 13 (43) 1.00

 2 months 13 (45) 19 (63) 0.20

 3 months 18 (62) 18 (60) 1.00

Any breast milk feeding**

 1 week 28 (96) 30 (100) 0.49

 1 month 23 (79) 29 (97) 0.05

 2 months 24 (83) 28 (93) 0.25

 3 months 23 (79) 27 (90) 0.30

Breastfeeding without formula***

 1 week 23 (79) 28 (93) 0.15

 1 month 20 (69) 25 (83) 0.23

 2 months 20 (69) 24 (80) 0.38

 3 months 18 (62) 23 (77) 0.27

*
feeding at breast means the infant breastfed directly at breast within the last 24 hours

**
any breast milk feeding means the infant received mother’s own milk at breast, mother’s own pumped or expressed milk, and/or donor human 

milk in the last 24 hours

***
breastfeeding without formula means the infant received mother’s own milk at breast, mother’s own pumped or expressed milk, and/or donor 

human milk and did not receive formula in the last 24 hours
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