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Importance of Milk Expression for Preterm Infants
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Mothers of preterm infants may find it difficult to express breast milk. There is a low breast milk rate
among preterm infants at discharge at our hospital, and here we tested the hypothesis that milk
expression factors were the cause of the low rate. The study subjects were born before 33 gestational
weeks at our hospital between March 2005 and June 2014. Nutritional evaluation was performed at
discharge and noted whether breast milk, infant formula, or a mix of the 2 was being given. We
compared the group given breast milk or the mix versus the group given formula. Of the 337 infants,
40 cases were excluded. Data from 297 infants were analyzed. The mean (SD) gestational age and
birth weight were 29.5 (2.4) weeks and 1,230 (391) g, respectively. At discharge, 26 (8.8%), 102 (33.3%),
and 174 (57.9%) infants were given breast milk, formula, and the mix, respectively. A multivariate
logistic regression analysis showed that the first milk expression (h) was the risk factor for the for-
mula group: adjusted odds ratio (95% confidence interval) 1.06 (1.02-1.09) and p = 0.002. Delayed first
milk expression could affect the low breast milk rate at discharge. Improvement of milk expression
should be achieved to promote breastfeeding.
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B reast milk is beneficial for preterm infants, not

only nutritionally, but also to prevent necrotiz-
ing enterocolitis (NEC), obesity, and for improved
neurodevelopment [1-5]. For the mothers of preterm
infants, it can be difficult to express breast milk [6].
Reports of the proportion of preterm infants given
breast milk upon discharge from the NICU have var-
ied widely from 60-68% [7, 8] to 6-29% [9]. Risk
factors for the need for infant formula were reported:
delayed start of milk expression, infrequent milk
expression, young mother, an unmarried mother,
smoking, early gestational age (GA) and low educa-
tional background [6, 7, 10-12].

According to an unpublished report in our hospital,
the breast milk rate at the discharge of the preterm
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infants (born before 33 gestational weeks) was very
low at 8.8%, and insufficient maternal support for milk
expression was identified. In the present study, we
tested the hypothesis that milk expression factors
were the cause of the low breast milk rate among
preterm infants at discharge at our hospital.

Materials and Methods

For this retrospective analysis, we obtained the
medical records data on all surviving infants born
before 33 gestational weeks between March 2005 and
June 2014 at the study hospital, Kochi Health Sciences
Center in Kochi, Japan. Exclusion criteria included
maternal factors (inability to express milk due to dis-
ease or a postpartum condition, lack of milk expres-
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sion data) and infant factors (chromosomal abnormali-
ties, multiple anomalies, congenital infection, inability
to be discharged home).

Outcomes. The primary outcome was the
breastfeeding status at the time of NICU discharge,
i.e., breast milk, formula, or a mix of the two. We
defined breast milk in accord with the definition set by
the World Health Organization: “no supplemental
liquids or solid foods other than medications or vita-
mins.” Formula’ indicated that an infant was receiving
only formula at the time of discharge. ‘Mix’ indicated
that both breast milk and formula were being used.
Furman et al. analyzed their data at the corrected age
of 40 weeks in order to reduce the discrepancy in
discharge days [10]. If infants were discharged after
the corrected 40 weeks/0 days point, the data from
the corrected 40 weeks/0 days point were used to
determine the breastfeeding status at discharge.

Confounding factors. We adjusted for the
confounding factors of maternal age, marital status,
smoking status, primiparity, pregnancy-induced
hypertension, diabetes mellitus, first milk expression
time, interval between milk expressions, singleton,
GA, sex, Apgar scores (1 and 5min), birth weight,
birth height, birth head circumference (HC), mode of
delivery, respiratory distress syndrome (RDS), chronic
lung disease (CLLD), intraventricular hemorrhage (IVH),
and NEC [13-16]. The best estimate for GA was
determined according to an early prenatal ultrasound
examination, the last menstrual period, and the
physical examination of the infant at birth. Milk
expression was performed by midwives and the moth-
ers. In this retrospective study, we could not distin-
guish the ways that milk was expressed, i.e., manually
or mechanically.

We could not find an appropriate definition of the
interval between milk expressions, and we therefore
defined this interval by using the following equation:
(time of 10th milk expression—time of first milk
expression)/9. RDS was defined as the diagnosis of
RDS based on clinical and radiographic findings. CLLD
was defined as the oxygen requirement at corrected
36 weeks. The grade of IVH was diagnosed by cranial
echography using the Papile classification system,
whereby grades III and IV correspond to severe IVH
[17]. NEC was defined as stage II or higher on the
Bell classification system [18].

Statistical analysis. We performed a univari-
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ate logistic regression analysis to compare the groups
given breast milk and mix with the formula group,
because of the very low rate of breast milk being
provided at discharge. The mean differences, risk
ratios, and 95% confidence intervals (95%Cls) were
calculated using a simple descriptive analysis. We
conducted multivariate logistic regression analyses to
adjust for confounding factors, including maternal age,
marital status, smoking status, primiparity, first milk
expression time, interval between milk expressions
and GA. Adjusted odds ratios (AORs) and their
95%Cls were also calculated.

The shortest number of days and the mean (SD)
number of days until discharge were 22 and 65.3
(21.8) days, respectively. We took note of whether or
not a certain day (from day 4 to day 21) after birth
might predict the breastfeeding status at discharge.

Our hospital prioritizes breastfeeding over formula
feedings in infants. The increase rate of feeding was
10-20ml./kg/day. Human milk from donors was not
used. During this research period, there was no spe-
cific program for breastfeeding for preterm infants.

Statistical analyses were performed using JMP
10.0.2 (SAS Institute, Cary, NC, USA). The pres-
ent study protocol was approved by the Ethics Review
Committee of Kochi Health Sciences Center (141023).

Results

Of the 337 infants born during the specified period,
the cases of 40 were excluded, and the data from the
remaining 297 infants were subjected to the analyses.
The reasons for the excluded cases were as follows.
Maternal factors: tumor 2, systemic lupus erythema-
tosus 1, stroke 1, sepsis 1, lack of milk data 3.
Neonatal factors: death 20, transfer 5, malformation
3, cytomegalovirus infection 2, short bowel syndrome
1, milk allergy 1. The means (SD) of the GA and BW
values were 29.5 (2.4) weeks and 1,230 (391) g, respec-
tively. The means (SD) of the first milk expression
time and the interval between milk expressions were
6.5 (8.5) h and 5.3 (1.7) h, respectively. The numbers
of infants in the breast milk, formula, and mix groups
at discharge were 26 (8.8%), 99 (33.3%), and 172
(57.9%), respectively.

The univariate logistic regression analysis for the
formula group revealed that the risk factors were
young mother, unmarried, smoking, multiparity,
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delayed first milk expression, early GA and small HC
(number of cases lacking data, 83) (Table 1). The first
milk expression times of the breast milk and mix
groups versus the formula group were 5.7+ 7.1 and
8.1+10.5h, respectively.

The multivariate logistic regression analysis for the
formula group showed that the risk factors were young
mother, unmarried, smoking, multiparity and delayed
first milk expression (Table 2). The AOR (95%CI,
p-value) of first milk expression was 1.06 (1.02-1.09,

Table 1
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0.002). The rates of breast milk and mix classified by
maternal age were 1/5 (20.0%), 54/95 (56.8%),
127/177 (71.8%) and 16/20 (80.0%) for <20 years,
20-30 years, 30-40 years and > 40 years old, respec-
tively.

Table 3 displays the results of our analysis of
predicted breastfeeding status at discharge based on
the infant status on days 4-21 after birth. The AOR
(95%CI, pvalue) of day 5 was 2.17 (1.15-4.22,
0.017). After day 5, the AORs were significantly

Characteristics of infants receiving breast milk or mix versus only formula at the time of NICU discharge

Breast milk and mix

Formula (n=99) MD or RR (95%CI) p-value

(n=198)

Maternal age (year) 32.7+5.1 29.9+6.1 2.7 (1.4-4.0) <.0001
Unmarried 11 (5.6%) 15 (15.2%) 0.37 (0.17-0.77) 0.006
Smoking 3 (1.5%) 12 (12.1%) 0.13 (0.04-0.43) 0.0002
Primiparity 116 (58.6%) 33 (33.3%) 1.76 (1.30-2.38) <.0001
PIH 37 (18.7%) 14 (14.1%) 1.32 (0.75-2.33) 0.328
DM 5 (2.5%) 0 (0%) - 0.173
First milk expression (h) 57+7A1 8.1+£10.5 —2.4 (—4.4-—0.35) 0.022
Interval between milk expressions (h) 55+1.6 53+15 0.16 (—0.22-0.53) 0.420
Singleton 146 (73.7%) 72 (72.7%) 1.01 (0.88-1.17) 0.853
GA (wks) 29.7+23 29.1+24 0.70 (0.13-1.26) 0.016
Male 104 (52.5%) 48 (48.5%) 1.08 (0.85-1.38) 0.511
AS 1min 6.2+2.1 6.0+ 2.1 0.23 (—0.28-0.74) 0.369
AS 5min 79+1.6 76+t14 0.23 (—0.14-0.60) 0.221
BW (g) 1,253 + 389 1,183 + 394 69 (—25-164) 0.149
Height (cm)* 36.5+4.8 359+34 0.64 (—0.60-1.87) 0.312
HC (cm)* 264 +24 255+29 0.94 (0.20-1.68) 0.013
CS 165 (83.3%) 83 (83.8%) 0.99 (0.89-1.11) 0.912
RDS 137 (69.2%) 73 (73.7%) 0.94 (0.81-1.09) 0.417
CLD 5 (2.5%) 7 (7.1%) 0.36 (0.12-1.10) 0.061
IVH 3-4 1(0.5%) 1(1.0%) 0.50 (0.03-7.91) 1.000
NEC 0 (0%) 1(1.0%) - 0.333
AS, Apgar score; BW, birth weight; Cl, confidence interval; CLD, chronic lung disease; CS, caesarean section; GA, gestational age;
DM, diabetes mellitus; HC, head circumference; IVH, intraventricular hemorrhage; MD, mean difference; NEC, necrotizing
enterocolitis; PIH, pregnancy-induced hypertension; RDS, respiratory distress syndrome; RR, risk ratio.
*Lack of data; Height 71, HC 83.
Table 2  Multivariate logistic regression analysis for the formula group

AOR 95%Cl p-value
Maternal age (yrs) 0.90 0.86-0.95 <0.0001
Unmarried 2.74 1.06-7.23 0.038
Smoking 8.74 2.26-44.40 0.001
Primiparity 0.31 0.17-0.54 <0.0001
First milk expression (h) 1.06 1.02-1.09 0.002
Interval between milk expressions (h) 0.85 0.70-1.02 0.085
GA (wks) 0.99 0.97-1.004 0.156

AOR, adjusted odds ratio; ClI, confidence interval; GA, gestational age.
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Table 3 Prediction of breastfeeding status (breast milk and mix) at discharge

OR (95%Cl) P-value AOR (95%Cl) P-value
Breast milk at day: 4 0.93 (0.56-1.56) 0.792 1.65 (0.89-3.15) 0.115
5 1.16 (0.70-1.92) 0.553 217 (1.15-4.22) 0.017
6 1.38 (0.84-2.28) 0.208 2.29 (1.22-4.44) 0.010
7 1.12 (0.67-1.86) 0.667 1.78 (0.93-3.46) 0.080
8 1.14 (0.69-1.90) 0.607 2.33 (1.20-4.65) 0.012
9 1.05 (0.62-1.77) 0.859 2.07 (1.06-4.15) 0.033
10 0.88 (0.53-1.45) 0.604 1.56 (0.84-2.97) 0.165
11 1.32 (0.80-2.17) 0.276 2.56 (1.35-5.02) 0.004
12 1.57 (0.95-2.59) 0.079 2.37 (1.30-4.45) 0.005
13 1.52 (0.93-2.49) 0.098 2.38 (1.30-4.47) 0.005
14 1.56 (0.94-2.57) 0.080 248 (1.34-4.72) 0.004
15 2.06 (1.26-3.40) 0.004 3.35(1.81-6.42) <0.0001
16 2.35(1.42-3.89) 0.0008 3.72 (1.98-7.22) <0.0001
17 2.00 (1.21-3.30) 0.006 3.41 (1.83-6.60) <0.0001
18 2.51 (1.52-4.17) 0.0003 3.86 (2.09-7.37) <0.0001
19 3.04 (1.81-5.11) <0.0001 4.66 (2.46-9.21) <0.0001
20 3.07 (1.82-5.18) <0.0001 3.55(1.93-6.73) <0.0001
21 2.73 (1.63-4.56) 0.0001 2.97 (1.64-5.55) 0.0003

elevated except for days 7 and 10.
Discussion

In this study, delayed first milk expression was the
risk factor for the formula group at discharge.
Furman et al. showed that the start of milk expres-
sion within 6h was the significant factor [10]. Our
findings of 5.7 £ 7.1h and 8.1 =10.5h for the start of
milk expression in the breast milk group and mix group
versus the formula group are compatible with the
Furman et al. result.

Success for breastfeeding preterm infants has been
reported to include “maternal education, early and
frequent milk expression, and continuous support”
[19]. As is the case for mothers of infants delivered
at term, preterm mothers also need to achieve early
and frequent milk expression [20]. Ideal first milk
expression and the interval between milk expressions
are within 1h after birth and at least 2-3h, respec-
tively [21]. Here, the mean (SD) of the first milk
expression was 6.5 (8.5) h, with 5.3 (1.7)-h intervals.
Clearly, there is much room for improvement.

Young mother, unmarried, and smoking were also
risk factors for formula use in this study, and this is
compatible with previous reports [6, 10-12]. Multiparity
was a risk factor in this study, although Furman et al.
observed no difference between primiparity and multi-
parity in this regard [10]. The reason for our result

might be that it was difficult to continue milk expres-
sion because the multiparous mothers had to take care
of their older children after their discharge.

Our results showed that the breastfeeding status on
day 5 and after day 5 would be better for predicting
formula use, except for days 7 and 10 (Table 3).
Previous studies showed that the amount of expressed
milk on day 4 [22] and day 7 [23] could predict the
breastfeeding status at week 6. Delayed milk expres-
sion would lead to the delay of the establishment of
breastfeeding, which would affect the nutritional sta-
tus at discharge. In the present study, the mothers
stayed at the hospital for approx. 1 week after deliv-
ery. It may be useful to target successful milk expres-
sion during this week.

There are some limitations of the present study.
First, we were unable to analyze sociological data
such as parental income and education level, which
could affect the breastfeeding status at the time of
discharge [24]. Although further studies should be
conducted to corroborate our data, we propose peri-
natal education as one method that could help lessen
the disadvantages caused by sociological factors [25,
26]. Second, we did not have maternal factors such
as skin-to-skin contact at birth, breast massage, and
frequency of maternal visits to the NICU. These fac-
tors should be analyzed as clinical data for future
research.

Other risk factors such as maternal age and marital
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status, which we could not easily intervene, were
statistically significant. On the other hand, we are
able to support milk expression at our hospital. The
active involvement of post-natal healthcare personnel
is beneficial. In addition to early-initiated and frequent
milk expression, the amount of breast milk expressed
should be investigated in the near future. We should
also help mothers to continue milk expression on their
own.

In conclusion, we found that delayed first milk
expression was the risk factor for the formula group
at discharge. Improvement of milk expression should
be achieved in order to promote breastfeeding.

References

1. Beaino G, Khoshnood B, Kaminski M, Marret S, Pierrat V, Vieux R,
Thiriez G, Matis J, Picaud JC, Roze JC, Alberge C, Larrogue B,
Breart G, Ancel PY and Group ES: Predictors of the risk of cogni-
tive deficiency in very preterm infants: the EPIPAGE prospective
cohort. Acta Paediatr (2011) 100: 370-378.

2. Roze JC, Darmaun D, Boquien CY, Flamant C, Picaud JC,
Savagner C, Claris O, Lapillonne A, Mitanchez D, Branger B,
Simeoni U, Kaminski M and Ancel PY: The apparent breastfeed-
ing paradox in very preterm infants: relationship between breast
feeding, early weight gain and neurodevelopment based on results
from two cohorts, EPIPAGE and LIFT. BMJ Open (2012) 2:
€000834.

3. Sisk PM, Lovelady CA, Dillard RG, Gruber KJ and O’Shea TM:
Early human milk feeding is associated with a lower risk of necro-
tizing enterocolitis in very low birth weight infants. J Perinatol
(2007) 27: 428-433.

4. Vohr BR, Poindexter BB, Dusick AM, McKinley LT, Higgins RD,
Langer JC, Poole WK, National Institute of Child H and Human
Development National Research N: Persistent beneficial effects of
breast milk ingested in the neonatal intensive care unit on out-
comes of extremely low birth weight infants at 30 months of age.
Pediatrics (2007) 120: €953-959.

5. Vohr BR, Poindexter BB, Dusick AM, McKinley LT, Wright LL,
Langer JC, Poole WK and Network NNR: Beneficial effects of
breast milk in the neonatal intensive care unit on the developmen-
tal outcome of extremely low birth weight infants at 18 months of
age. Pediatrics (2006) 118: e115-123.

6. Killersreiter B, Grimmer |, Buhrer C, Dudenhausen JW and
Obladen M: Early cessation of breast milk feeding in very low
birthweight infants. Early Hum Dev (2001) 60: 193-205.

7. Maastrup R, Hansen BM, Kronborg H, Bojesen SN, Hallum K,
Frandsen A, Kyhnaeb A, Svarer | and Hallstrom |: Factors associ-
ated with exclusive breastfeeding of preterm infants. Results from
a prospective national cohort study. PLoS One (2014) 9: €89077.

8. Zachariassen G, Faerk J, Grytter C, Esberg B, Juvonen P and
Halken S: Factors associated with successful establishment of
breastfeeding in very preterm infants. Acta Paediatr (2010) 99:
1000-1004.

9. Bonet M, Blondel B, Agostino R, Combier E, Maier RF, Cuttini M,

20.

21.

22.

23.

24,

25.

26.

Milk Expression for Preterm Infants 49

Khoshnood B, Zeitlin J and MOSAIC research group: Variations in
breastfeeding rates for very preterm infants between regions and
neonatal units in Europe: results from the MOSAIC cohort. Arch
Dis Child Fetal Neonatal Ed (2011) 96: F450-452.

Furman L, Minich N and Hack M: Correlates of lactation in moth-
ers of very low birth weight infants. Pediatrics (2002) 109: e57.
Kaneko A, Kaneita Y, Yokoyama E, Miyake T, Harano S, Suzuki K,
lbuka E, Tsutsui T, Yamamoto Y and Ohida T: Factors associated
with exclusive breast-feeding in Japan: for activities to support
child-rearing with breast-feeding. J Epidemiol (2006) 16: 57-63.
Lee HC and Gould JB: Factors influencing breast milk versus for-
mula feeding at discharge for very low birth weight infants in
California. J Pediatr (2009) 155: 657-662 651-652.

Bertino E, Coscia A, Mombro M, Boni L, Rossetti G, Fabris C,
Spada E and Milani S: Postnatal weight increase and growth
velocity of very low birthweight infants. Arch Dis Child Fetal
Neonatal Ed (2006) 91: F349-356.

Ehrenkranz RA, Dusick AM, Vohr BR, Wright LL, Wrage LA and
Poole WK: Growth in the neonatal intensive care unit influences
neurodevelopmental and growth outcomes of extremely low birth
weight infants. Pediatrics (2006) 117: 1253-1261.

Latal-Hajnal B, von Siebenthal K, Kovari H, Bucher HU and Largo
RH: Postnatal growth in VLBW infants: significant association
with neurodevelopmental outcome. J Pediatr (2003) 143: 163-170.
Pylipow M, Spector LG, Puumala SE, Boys C, Cohen J and
Georgieff MK: Early postnatal weight gain, intellectual perfor-
mance, and body mass index at 7 years of age in term infants with
intrauterine growth restriction. J Pediatr (2009) 154: 201-206.
Papile LA, Burstein J, Burstein R and Koffler H: Incidence and
evolution of subependymal and intraventricular hemorrhage: a
study of infants with birth weights less than 1,500 gm. J Pediatr
(1978) 92: 529-534.

Bell MJ, Ternberg JL, Feigin RD, Keating JP, Marshall R, Barton
L and Brotherton T: Neonatal necrotizing enterocolitis. Therapeutic
decisions based upon clinical staging. Ann Surg (1978) 187: 1-7.
Meier PP, Engstrom JL, Patel AL, Jegier BJ and Bruns NE:
Improving the use of human milk during and after the NICU stay.
Clin Perinatol (2010) 37: 217-245.

Parker LA, Sullivan S, Krueger C, Kelechi T and Mueller M: Effect
of early breast milk expression on milk volume and timing of lacto-
genesis stage Il among mothers of very low birth weight infants: a
pilot study. J Perinatol (2012) 32: 205-209.

American Academy of Pediatrics: Breastfeeding and the use of
human milk. Pediatrics (2012) 129: e827-841.

Hill PD and Aldag JC: Milk volume on day 4 and income predic-
tive of lactation adequacy at 6 weeks of mothers of nonnursing
preterm infants. J Perinat Neonatal Nurs (2005) 19: 273-282.

Hill PD, Aldag JC, Chatterton RT and Zinaman M: Comparison of
milk output between mothers of preterm and term infants: the first
6 weeks after birth. J Hum Lact (2005) 21: 22-30.

Flacking R, Nyqvist KH and Ewald U: Effects of socioeconomic
status on breastfeeding duration in mothers of preterm and term
infants. Eur J Public Health (2007) 17: 579-584.

Miracle DJ, Meier PP and Bennett PA: Mothers’ decisions to
change from formula to mothers’ milk for very-low-birth-weight
infants. J Obstet Gynecol Neonatal Nurs (2004) 33: 692-703.

Lu MC, Lange L, Slusser W, Hamilton J and Halfon N: Provider
encouragement of breast-feeding: evidence from a national survey.
Obstet Gynecol (2001) 97: 290-295.



