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Abstract. Background. To prevent breastfeeding
problems, cup-feeding has been recommended as a
method of providing medically necessary supplemental
feedings to breastfed infants.
Objectives. To compare amounts ingested, administration time, and infant physiologic stability during
cup-, bottle-, and breastfeeding.
Design/Methods. A total of 98 term, healthy newborns were randomized to either cup-feeding (n 5 51) or
bottle-feeding (n 5 47). The heart (HR), respiratory (RR),
and oxygen (O2) saturation rates were monitored on
these infants and 25 breastfed newborns during 1 feeding. Differences in amounts ingested and administration
times were evaluated with t tests and physiologic data
with repeat measures analysis of variance.
Results. There were no significant differences in administration time, amounts ingested or overall HR, RR,
and (O2) saturation rates, between cup and bottle
groups. Breastfed infants had longer administration
times and lower overall HR, RR, and higher O2 saturation as compared with cup- and bottle-fed infants.
Conclusions. Administration times, amounts ingested, and infant physiologic stability do not differ with
cup- and bottle-feeding. Breastfeeding takes longer than
cup- or bottle-feeding, but infants experience less physiologic variability. These data support cup-feeding as an
alternative to bottle-feeding for supplying supplements
to breastfed infants. Pediatrics 1999;104:1204 –1207;
breastfeeding, bottle-feeding, cup-feeding.
ABBREVIATIONS. O2, oxygen saturation (rate); HR, heart rate;
RR, respiratory rate; ANOVA, analysis of variance.

B

reastfeeding is widely acknowledged as optimal infant nutrition.1– 6 Successful breastfeeding requires an infant learn proper attachment and suckling during the first few days of
life.7,8 Early oral experiences that illicit sucking
mechanics different from those of breastfeeding are
believed to cause improper latch and subsequent
breastfeeding failure—a problem termed “nipple
confusion.”8 –10 Thus, many experts recommend
avoiding artificial suckling experiences including
bottle-feeding in breastfed infants.5,11,12
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To prevent “nipple confusion,” cup-feeding has
been recommended for providing medically indicated supplements to breastfed infants for problems including hypoglycemia, hyperbilirubinemia,
and dehydration.15–17 A lack of empiric evidence
and concerns about potential choking, aspiration
and time efficiency, however, have impeded its
implementation in most US facilities.13,15 Although
historical evidence of cup-feeding exists,18 the scientific literature is limited to descriptive studies
and anecdotal reports.13,14,19 Such reports describe
similar physiologic stability and weight gain in
cup- and bottle-fed premature infants and improved adaptation to full breastfeeding after cupfeeding.19,13,20
Studies comparing cardiorespiratory changes
during breast and bottle-feedings demonstrate better coordination of sucking, swallowing, and
breathing in breastfed preterm infants21 and fewer
episodes of oxygen desaturation below 90% in
breastfed term infants.22 No comparative data, however, are available for cup-fed infants.
We undertook this study as a preliminary step in
evaluating the safety of cup-feeding. Our primary
objectives were to compare infant physiologic stability, quantities ingested, and administration time
for cup- and bottle-feeding. A secondary objective
was to compare these findings to data in breastfed
infants.
METHODS
Term, healthy, appropriate-for-gestational age, 1- to 3-day-old
formula-fed newborns were randomized and fed by either cup
(n 5 51) or bottle (n 5 47). Oxygen (O2) saturation and heart rates
(HR) were recording using a Nellcor (Nellcor, Hayward, CA)
cardiorespiratory monitor. Respiratory rates (RR) were assessed
by a registered nurse. Data were recorded every 30 seconds
during feedings, including a 2-minute pre- and postfeeding time
interval. For comparison purposes, a group of 25 breastfed newborns were also evaluated.
Cup- and bottle-fed infants were brought to a quiet room at
the time of a regularly scheduled feeding. Infants were readied
for monitoring and allowed to attain a quiet, alert state before
data collection began. Cup- and bottle-feedings were administered by a nurse. Breastfed infants were fed in the mother’s room
with monitoring limited to feeding time on 1 breast. Pre- and
postfeeding data were recorded while the infant was cuddled by
the nurse or mother (breast).
Cup-feedings were administered using a small plastic medicine cup. Fifteen milliliter aliquots of formula were fed to infants held in a semi-upright position with head and upper back
support. Infants were stimulated to root by stroking the lower lip
with the edge of the cup. Small amounts of formula were fed to
the infant until the infant appeared satiated.23
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Analysis
Data were analyzed using SPSS (SPSS, Chicago, IL) Statistical
Analysis Software (Version 7.5). The number of data points
obtained for physiologic outcomes necessarily varied with the
time required to administer a feeding. For purposes of analysis,
mean values were calculated for prefeeding and postfeeding
stages and each tercile of time during the feeding (1st, 2nd, 3rd
terciles; n 5 5 feeding stages). Physiologic outcomes for cup and
bottle groups were evaluated using repeat measures analysis of
variance (ANOVA). Because of significant differences at baseline between the bottle-fed, cup-fed, and breastfed groups,
ANOVA analyses were conducted with the prefeeding value
entered as a co-variate.
Repeat measures ANOVA accounts for the possibility of spurious positive findings when multiple analysis are conducted
because of a repeatedly measured outcome. Differences between
groups at specific time points (eg, feeding stages), are properly
analyzed only if the P value for the overall ANOVA is significant
(Table 2). In this study, group differences during specific feeding
stages were conducted using Tukey’s B test when the overall
ANOVA was significant at the P # .05 level (see Table 3).

RESULTS

The breastfed, cup-fed, and bottle-fed groups did
not differ with regard to infant gestational age, Apgar score, sex, birth weight, or mode of delivery.
Use of analgesia, however, was higher among
women who breastfed (P # .05; Table 1).
Cup- (5.3 6 2.1 minutes) and bottle-feedings (5.9
6 1.9 minutes) were shorter than breastfeedings
(9.6 6 3.5 minutes; P , .05). Administration time
for cup- as compared with bottle-feedings and
amounts ingested during cup- (1.04 6 0.48 oz.) and
bottle-feedings (1.26 6 0.58 oz.) did not significantly differ.
There were no significant differences in overall
HR, RR or O2 saturation for the cup-fed and bottlefed groups (Table 2). Compared with breastfed infants, cup- and bottle-fed infants had significantly
increased overall HR (P , .001), RR (P 5 .03), and
decreased O2 saturation (P 5 .05; Table 2). Group
differences during specific feeding stages are displayed in Table 3. No significant differences occurred between the breastfed (n 5 0), cup-fed (n 5
3), and bottle-fed (n 5 7) groups for the number of
infants whose O2 saturation decreased to #85%
during the feeding.
DISCUSSION

This is the first randomized trial to provide comparative data about physiologic stability, quantities
ingested, and administration time during bottleTABLE 1.

and cup-feeding. These data demonstrate that O2
saturation, HR, and RR do not significantly vary in
infants fed by cup or bottle. Furthermore, in experienced hands, neither the quantity of formula or
the time to administer a feeding varies significantly.
Additionally, these results confirm studies showing less physiologic variability in infants during
breastfeeding as compared with bottle-feeding,21
and provide the first evidence of improved stability during breastfeeding as compared with cupfeeding.
These data are limited by the nonrandomized
nature of the breastfed group. It is possible that had
breastfed infants been randomized to cup and bottle, infant responses to feeding would differ. Findings in the breastfed, cup-fed, and bottle-fed groups
also could be unrelated to the feeding method, but
rather attributable to the study design wherein
breastfed infants were fed by their mother, in her
room, while cup-fed and bottle-fed infants were
moved and fed by a nurse. Our findings of reduced
baseline HRs in breastfed as compared with formula-fed study groups, however, could alternatively
denote a physiologic response to breast milk, as
HRs are known to be lower in breastfed infants.24
Ideally, this study should be conducted in breastfed infants who require supplements, with feedings
administered by the mother. Given the novelty of
cup-feeding, and our primary purpose of comparing cup-feeding to bottle-feeding, a study design
allowing direct comparison of cup-feeding and bottle-feeding with the aforementioned limitations
was elected.
Currently, there is limited evidence that exposure to artificial nipples during bottle-feeding interferes with breastfeeding.9,10,13 The process of
suckling, however, is complex and the mechanics
of breastfeeding and bottle-feeding are known to be
different.13,25,26 Comparative studies of the mechanics of cup-feeding are unavailable. Research into
the cause of “nipple confusion” including the mechanics of cup-feeding are needed.
Although the utility of cup-feeding in preventing
“nipple confusion” remains unproven, findings
from this study provide evidence of infant physiologic stability during cup-feeding and demonstrate
that cup-feeding is both effective and time-effi-

Group Comparisons
Bottle (n 5 47)
Mean (95% CI)

Cup (n 5 51)
Mean (95% CI)

Breast (n 5 25)
Mean (95% CI)

39.9 (39.6, 40.2)
8.9 (8.8, 9.0)
3434.5 (3281.2, 3587.8)

39.7 (39.4, 40.0)
8.9 (8.8, 9.0)
3439.0 (3292.7, 3585.3)

39.8 (39.4, 40.2)
9.0 (8.9, 9.2)
3497.2 (3354.8, 3639.6)

n (%)

n (%)

n (%)

25 (53.2%)
22 (46.8%)
29 (61.7%)
38 (80.9%)*

26 (51.0%)
25 (49.0%)
33 (64.7%)
44 (86.3%)*

12 (48.0%)
13 (52.0%)
20 (80.0%)
25 (100.0%)

Characteristic
Gestational age (wk)
Apgar (5 minutes)
Birth weight (g)
Sex
Male
Female
Vaginal delivery
Anesthesia/analgesia
for labor or delivery
* P , .05 referent to the breastfed group.
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TABLE 2.
Differences in Overall Physiologic Outcomes in Breastfed, Bottle-fed, and Cup-fed Infants
Value
Outcome
(I) Treatment
(J) Treatment
Mean Difference
95% CI for
Group
Group
(I–J)
Difference
HR (beats/min)
RR (breaths/min)
O2 saturation (percent)

Bottle
Breast
Breast
Bottle
Breast
Breast
Bottle
Breast
Breast

Cup
Bottle
Cup
Cup
Bottle
Cup
Cup
Bottle
Cup

3.55
211.81
26.50
.34
22.35
22.72
.15
1.71
1.43

2.85
215.95
210.62
21.71
24.44
24.78
2.91
.30
.05

7.95
27.67
22.38
2.40
2.26
2.66
1.22
3.11
2.82

P
Value
.11*
.000†
.002†
.74*
.028†
.010†
.78*
.018†
.043†

* Analysis conducted with repeat measures ANOVA.
† Because of significant differences in baseline measures (prefeeding values) between breastfed versus cup- and bottle-fed infants,
analyses were conducted with repeat measures ANOVA with prefeeding values entered as a covariate.
TABLE 3.

Physiologic Outcomes of Breastfed as Compared With Bottle- and Cup-fed Infants for Individual Feeding Stages

Feeding Stage/Outcome
HR (beats/min)
Breast
Bottle
Cup
RR (breaths/min)
Breast
Bottle
Cup
O2 saturation (percent)
Breast
Bottle
Cup

First Tercile of Feeding
Mean (SD)

Second Tercile of Feeding
Mean (SD)

Third Tercile of Feeding
Mean (SD)

Recovery
Mean (SD)

123.1 (14.4)
136.6 (11.2)**
132.6 (14.7)

118.8 (12.7)
139.0 (12.0)***
133.4 (12.6)***

119.9 (12.2)
140.7 (10.8)***
132.8 (12.1)**

117.2 (13.2)
133.6 (14.1)***
129.5 (12.1)*

52.5 (5.9)
51.9 (5.5)
53.5 (6.4)

50.3 (6.3)
54.1 (5.5)**
53.0 (6.5)*

49.2 (7.3)
53.1 (6.1)*
52.6 (6.6)*

49.0 (5.8)
51.7 (6.0)
51.8 (6.8)*

97.4 (1.8)
94.6 (3.3)**
94.8 (3.7)**

97.8 (1.7)
95.4 (4.1)**
95.6 (2.9)*

97.1 (1.6)
95.5 (5.3)
95.7 (2.9)

98.8 (5.2)
96.2 (1.9)
95.1 (8.0)*

* P # .05; ** P # .01; *** P # .001; referent to breastfed study group.

cient. We believe these findings will be useful to
pediatricians in their efforts to limit artificial nipple exposure in breastfed infants. Findings from
this study support cup-feeding as a time-efficient
and effective alternative to bottle-feeding for term,
healthy breastfed infants who require supplementation.
ACKNOWLEDGMENTS
This study was supported by the Maternal and Child Health
Bureau (Grant #MCJ-360752-01-0).
We thank Suzanne Kolb, RN, IBCLC, and Susan Costanza,
RN, IBCLC, for their assistance with the implementation of this
study.

REFERENCES
1. Institute of Medicine. Nutrition During Lactation: Report of the Subcommittee on Nutrition During Lactation of the Committee on Nutritional Status During Pregnancy and Lactation. Washington, DC: National Academy Press; 1991:11
2. American Academy of Family Physicians. Breastfeeding and infant
nutrition. In: American Academy of Family Physicians, eds.
1994 –1995 Compendium of AAFP Positions on Selected Health Issues. Kansas City, MO: American Academy of Family Physicians;
1996
3. American Academy of Pediatrics, American College of Obstetricians
and Gynecologists. Maternal and newborn nutrition. In: American
Academy of Pediatrics, American College of Obstetricians and Gynecologists, eds. Guidelines for Perinatal Care. Elk Grove Village, IL:
American Academy of Pediatrics; 1997:284
4. US Department of Health and Human Services, Public Health Service, and Health Resources and Services Administration. Report of
the Surgeon General’s Workshop on Breastfeeding and Human Lactation. Rockville, MD: US Department of Health and Human Services;
1984;1:1–93
5. World Health Organization. Twenty-seventh World Health Assembly
and United Nations Children’s Fund. Protecting, Promoting and Sup-

1206

SUPPLEMENT

6.
7.
8.
9.
10.
11.

12.

13.
14.

15.
16.
17.

18.
19.
20.
21.

porting Breastfeeding: The Special Role of Maternity Services (A Joint
WHO/UNICEF Statement). Geneva, Switzerland: World Health
Organization; 1989
AAP Work Group on Breastfeeding. Breastfeeding and the use of
human milk. Pediatrics. 1997;100:1035–1039
Lawrence RA. Breastfeeding: A Guide for the Medical Profession. St
Louis, MO: Mosby; 1994
Righard L, Alade MO. Sucking technique and its effect on success of
breastfeeding. Birth. 1992;19:185–189
Neifert M, Lawrence RA, Seacat J. Nipple confusion: toward a formal
definition. J Pediatr. 1995;126:S125–S129
Newman J. Breastfeeding problems associated with the early introduction of bottles and pacifiers. J Hum Lactation. 1990;6:59 – 63
United Nations Children’s Fund. Feeding Low Birth Weight Babies.
New York, NY: UNICEF Division of Information and Public Affairs;
1996
World Health Organization. Twenty-seventh World Health Assembly:
I. Infant Nutrition and Breastfeeding. Official Records of the World
Health Organization. 1974;217:20
Lang S, Lawrence CJ, Orme RL. Cup-feeding: an alternative method of
infant feeding. Arch Dis Child. 1994;71:365–369
World Health Organization. Infant feeding: the physiological basis.
Bull World Health Organ. 1998:85–95. (1989 Supplement to Volume 67)
Kuehl J. Cup-feeding the newborn: what you should know. J Perinatal
Neonatal Nurs. 1997;11:56 – 60
Wight NE. Cup-feeding. ABM news and views. Academy of Breastfeeding Medicine. 1998;4:1–5
International Baby Food Action Network. International Baby Food
Action Network Statement on Cups. Toronto, Ontario, Canada: International Baby Food Action Network; 1996
Fildes VA. Breasts, Bottles, and Babies: A History of Infant Feeding.
Edinburgh, Scotland: Edinburgh University Press; 1986
Armstrong H. Feeding low birthweight babies: advances in Kenya. J
Hum Lactation. 1987;3:34 –37
Fredeen RC. Cup-feeding of newborn infants. Pediatrics. 1948;2:
544 –548
Meier P, Anderson GC. Responses of small preterm infants to bottleand breastfeeding. Am J Matern Child Nurs. 1987;12:97–105

Downloaded from www.aappublications.org/news by guest on September 20, 2019

22. Mathew OP, Bhatia J. Sucking and breathing patterns during breastand bottle-feeding in term neonates. Am J Dis Child. 1989;143:
588 –592
23. ViaHealth Rochester General Hospital. Infant Feeding Protocol for
ViaHealth Rochester General Hospital. Rochester, NY: ViaHealth
Rochester General Hospital; 1993

24. Butte NF, Smith EO, Garza C. Heart rates of breastfed and formula-fed
infants. J Pediatr Gastroenterol Nutr. 1991;13:391–396
25. Nowak AJ, Smith WL, Erenberg A. Imaging evaluation of artificial nipples during bottle-feeding. Arch Pediatr Adolesc Med. 1994;148:40–42
26. Woolridge MW. The “anatomy” of infant sucking. Midwifery. 1998;
2:164 –171

Downloaded from www.aappublications.org/news by guest on September 20, 2019

SUPPLEMENT

1207

Physiologic Stability of Newborns During Cup- and Bottle-feeding
Cynthia R. Howard, Elisabeth A. de Blieck, Cynthia B. ten Hoopen, Fred M. Howard,
Bruce P. Lanphear and Ruth A. Lawrence
Pediatrics 1999;104;1204

Updated Information &
Services

including high resolution figures, can be found at:
http://pediatrics.aappublications.org/content/104/Supplement_6/1204

References

This article cites 14 articles, 3 of which you can access for free at:
http://pediatrics.aappublications.org/content/104/Supplement_6/1204
#BIBL

Subspecialty Collections

This article, along with others on similar topics, appears in the
following collection(s):
Nutrition
http://www.aappublications.org/cgi/collection/nutrition_sub
Breastfeeding
http://www.aappublications.org/cgi/collection/breastfeeding_sub

Permissions & Licensing

Information about reproducing this article in parts (figures, tables) or
in its entirety can be found online at:
http://www.aappublications.org/site/misc/Permissions.xhtml

Reprints

Information about ordering reprints can be found online:
http://www.aappublications.org/site/misc/reprints.xhtml

Downloaded from www.aappublications.org/news by guest on September 20, 2019

Physiologic Stability of Newborns During Cup- and Bottle-feeding
Cynthia R. Howard, Elisabeth A. de Blieck, Cynthia B. ten Hoopen, Fred M. Howard,
Bruce P. Lanphear and Ruth A. Lawrence
Pediatrics 1999;104;1204

The online version of this article, along with updated information and services, is
located on the World Wide Web at:
http://pediatrics.aappublications.org/content/104/Supplement_6/1204

Pediatrics is the official journal of the American Academy of Pediatrics. A monthly publication, it
has been published continuously since 1948. Pediatrics is owned, published, and trademarked by
the American Academy of Pediatrics, 141 Northwest Point Boulevard, Elk Grove Village, Illinois,
60007. Copyright © 1999 by the American Academy of Pediatrics. All rights reserved. Print ISSN:
1073-0397.

Downloaded from www.aappublications.org/news by guest on September 20, 2019

