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AbsTrACT
Aim To determine the impact of the pumping regimes 
of women with preterm infants on the daily milk 
production, and on the short-term rate of milk synthesis 
during early lactation to support evidence-based 
recommendations for optimising milk production.
Methods Mothers of preterm infants (n=25) recorded 
start time, finish time and expression volumes from every 
breast expression on days 10, 15–20 postpartum.
results Expressing more often than five times per 
day did not result in a significant increase in daily milk 
production. Milk volume per expression per breast 
increased for intervals between expressions of between 
2and6 hours then reached a plateau when the interval 
between expression was 7 hours or longer. The short-
term rate of milk synthesis decreased as the interval 
between expressions increased until about 7.5 hours at 
which point it begun to increase (p value associated with 
interval between expressions^2<0.001).
Conclusion The strong inverse association between 
the short-term rate of milk synthesis and the interval 
between expressions for intervals up to 7 hours suggest 
that the maximum interval between expressions should 
be 7 hours. Data suggest that, on average, the mothers 
should express at least five times a day to maximise daily 
milk production. Considering inter-individual variation, 
determination of an individual mother’s maximum 
interval between expressions that does not compromise 
the short-term rate of milk synthesis will help to optimise 
daily milk production while minimising the demands on 
the mother’s time.

InTroduCTIon
Women who deliver prematurely are encouraged to 
provide their own milk for their infants because a 
human milk diet in the neonatal intensive care unit 
is associated with improvements in host defences, 
digestion and absorption of nutrients, gastrointes-
tinal function, neurodevelopment and a lower rate 
of necrotising enterocolitis.1 2 Necrotising entero-
colitis is a devastating gastrointestinal disease in 
preterm infants, especially in very low birthweight 
preterm infants.3 Introduction of human milk or 
donor human milk as early as within 48 hours of 
birth could result in a decline in the rate of necro-
tising enterocolitis from 4.1% to 0.4%.4 

Mothers of preterm infants typically use breast 
pumps to express milk for their infants because 
of the inability of preterm infants of <34 weeks 
of gestation to effectively coordinate sucking, swal-
lowing and breathing.5 Early and frequent expres-
sion also increases the probability of establishing 

a full milk supply adequate to meet the infants’ 
needs. There is strong evidence that the frequency 
of breast expressions per day is positively related to 
both daily and weekly milk production.6–9 There-
fore, the common advice is to encourage mothers 
of preterm infants to expression 8–10 times day and 
double pumping when possible. However, mothers 
might not be able to follow this advice due to the 
level of support that they have.10

In addition, high frequency of expression reduces 
the interval between expressions and promotes 
increased milk production because long intervals 
between expressions have been shown to slow the 
rate of short-term rate of milk synthesis in mothers 
of term infants.11

The aim of this observational study was to deter-
mine the impact of the pumping regimes of women 
with preterm infants on the daily milk production, 
and on the short-term rate of milk synthesis during 
early lactation to support evidence-based recom-
mendations for optimising milk production.

MeThods And MATerIAls
subjects
Participants were recruited in special care baby 
nursery of King Edward Memorial Hospital, 
Subiaco, Western Australia.

What is already known on this topic?

 ► For mothers of preterm infants, frequency of 
breast expressions per day is positively related 
to both daily and weekly milk production.

 ► Common advice includes expression at least six 
times a day.

 ► Long intervals between expressions have been 
shown to slow the rate of short-term rate of 
milk synthesis.

What this study adds?

 ► We have shown a higher short-term rate of 
milk synthesis when the interval between 
expressions is shorter, but there are differences 
between individuals.

 ► Determining mother’s maximum interval 
between expressions without compromising 
short-term rate of milk synthesis could optimise 
milk production while reducing the demands on 
the mother’s time.
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Inclusion criteria: Participants were 18 years or older, had 
delivered before 34 weeks of gestation, intended to breast feed, 
had initiated their lactation by day 8 postpartum and were 
expressing breast milk for their infant but had not begun 
breast feeding.

Exclusion criteria: Individuals were excluded from recruit-
ment if they did not intend to express breast milk for their 
infants from days 10 to 20 postpartum or if the infant was not 
expected to survive.

Participants (n=25) provided written informed consent to 
participate in the study, which was approved by the Human 
Research Ethics Committee of King Edward Memorial Hospital, 
Western Australia (818/EW). Ethics approval only allowed 
recruitment and participation of mothers after day 8 postpartum.

data recording and measures
Participants followed the breast expression instructions provided 
by the lactation consultant in hospital. Participants recorded all 
expressions on days 10, 15–20 postpartum. All participants used 
the electric pump (Symphony, Medela AG, Switzerland) for 
all expression sessions. In all, 23 participants were expressing 
simultaneously and two participants were expressing sequen-
tially. This record included the starting and finishing time of each 
expression from each breast and the volume of milk per expres-
sion (by weighing the bottle before and after each expression). 
Where breast feeds commenced within the study period, milk 
volumes were recorded by test-weighing the infant with a digital 
scale (BabyWeigh; Medela, McHenry, IL; resolution, 2 g; accu-
racy, 0.034%) before and after the each breast feed.12 Therefore, 
all volumes are expressed in grams because the density of milk 
is 1.03 g/mL.13

Daily milk production was calculated as the sum of amount of 
milk from both breasts from midnight to midnight. Milk transfer 
during breast feeding was added where appropriate. The interval 
between expressions was defined as the period between the end 
of one breast expression and the end of the subsequent breast 
expression. The short-term rate of milk synthesis was calculated 
as the volume of milk of each expression divided by the interval 
between expressions. A pumping regime was defined as the 

frequency of expressions on a given day; therefore, mothers can 
have a different regime on different days.

statistics
Demographic and expression summaries are presented as 
median ±IQR (range).

We analysed volume per expression as explained by frequency 
of expression and intervals between expressions (as a polynomial 
of degree 2). We also analysed the rate as explained by intervals 
between expression. Additionally, we modelled daily volumes 
were explained by frequency. All models fitted were linear mixed 
effect models with a random effect for participant. Contrasts 
were examined for all pairwise comparisons with Tukey correc-
tions. Significance was set at the 5% level and data were analysed 
using the R environment for statistical computing.14

resulTs
In all, 25 participants consented to being in the study. In total, 17 
participants were begun data recording on day 10 postpartum 
while eight participants were begun data recording on day 15 
postpartum (online supplementary table 1). Due to personal 
commitments, data were missing for one participant for days 
17–18 postpartum, one participant for days 17–20 postpartum 
and one participant  for day 20 postpartum. One participant 
attempted to breast feed for one session on day 17 postpartum. 

Table 1 Maternal and infant characteristics

Median IQr Minimum Maximum

Maternal age 34 4.5 23 44

Maternal height 165 7.5 151 180

Maternal weight 70 10.5 58 90

Maternal BMI 25.71 4.87 18.83 35.16

Infant gestational age 29 4 24 32

Infant birth weight 1270 375 500 2155

Table 2 Breast expression characteristics

Median IQr Minimum Maximum

Volume per expression (g) 52 42.65 1.8 2.57

Volume per expression (left breast) (g) 53 37 5 257

Volume per expression (right breast) (g) 49.8 50.8 1.8 243

Duration per expression (minute) 17.5 10 4 80

Short-term rate of milk synthesis (g/
hour) 16.2 12.7 1.1 106.6

Number of expressions per day 6 1 3 9

Daily milk volume (g) 676.9 462.5 139.4 1801

Figure 1 Expected (plus one standard error) daily milk production 
according to pumping regime (n = 162, one missing value) based on 
modelling.

Figure 2 Expected (plus one standard error) volume of milk per 
expression for preterm mothers for different pumping regimes (n=1886 
individual expressions).
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The maternal, infant and breast expression characteristics are 
summarised in tables 1 and 2, respectively.

The daily milk production was associated with pumping 
regime (frequency of expressions). Comparing three expres-
sions a day to four, five and six there was no significant increase 
between three and four expressions or three and five expres-
sions, but an increase between three and six expressions (228 g 
(95% CI: 43 to 414), p=0.006). Comparing four expressions a 
day to five and six, there were increases for both (five: 170 g 
(95% CI: 42 to 298), p=0.002, six: 223 g (95% CI: 77 to 370), 
p<0.001). However, the daily milk production was no differ-
ence found when comparing between frequency of expressions 
of five, six, seven, eight and nine times (95% CI: −317 to 332, 
p=1). The daily milk production according to pumping regime 
is shown in figure 1.

The volume of milk per expression according to pumping 
regime is shown in figure 2. Tukey post-hoc comparisons 
showed differences between pumping regimes in volume of milk 
per expression (table 3).

The volume of milk per expression was not linear with 
interval between expressions (figure 3) but increased for inter-
vals of between 2 and 6 hours and reached a plateau for intervals 
greater than 7 hours.

The short-term rate of milk synthesis is modelled with a poly-
nomial of degree 2 giving the following equation: short-term 
rate=32.38–5.26*interval between expressions+0.32*interval 
between expressions ^2 (p value associated with interval 
between expressions ^2<0.001) (figure 4).

dIsCussIon
The short-term rate of milk synthesis was affected by the interval 
between breast expressions, showing the rate of milk synthesis 
was decreasing with longer intervals between expressions. The 
larger volume of milk per expression after longer intervals 
(figure 3) or when there are fewer expressions per day (figure 2) 
may give mothers a false impression that they produce more 
milk if they express less frequently. However, the current results 
concur with previous findings that higher daily milk production 
is associated with more expressions per day.8

The relationship between the short-term rate of milk synthesis 
and the interval between breast expressions is consistent with 
the results of Daly et al (1996) for four-term mothers. They 
showed that the short-term rate of milk synthesis was lower 
than the average for each mother after 6, 7, 8 and 12 hours for 
the four mothers studied. The decrease in the short-term rate of 
milk synthesis after longer intervals between expressions may be 
attributed to autocrine control.15 16 The less thoroughly the breast 
is drained, the lower the subsequent rate of milk synthesis.15 
When mothers express every hour, the volume of milk removed 
per expression is consistently more for the first two expres-
sions compared with subsequent hourly expressions.17 18 These 
results imply that the breast was not thoroughly drained after 
the first expression, which occurred at various intervals from 
the previous expression or breast feed, and the breasts were at 
different degrees of fullness. It has been demonstrated that when 
more milk is present in the breast less of the available milk is 
removed during a single expression.19 In that case, the drainage 

Table 3 Volume of milk per expression (g) for different pumping regimes (shown in figure 2), mean difference estimates from a linear mixed 
model (g) (95% CI, p value)

number of 
expressions 
per day 4 5 6 7 8 9

3 11.5 (−3 to 26.0, 0.226) 12.8 (− 1.2 to 6.9, 0.097) 17.9 (3.4 to 32.4, 0.005) 26.9 (11.9 to 41.8,<0.001) 30.1 (13.6 to 46.7,<0.001) 35.8 (14.4 to 57.3,<0.001)

4 1.4 (−7.6 to 10.4, 0.999) 6.5 (−3.8 to 16.7, 0.509) 15.4 (4.5 to 26.2,<0.001) 18.6 (5.7 to 31.4,<0.001) 24.4 (5.5 to 43.2, 0.003)

5 5.1 (−0.7 to 10.7, 0.124) 14.0 (7.2 to 20.8,<0.001) 17.2 (7.6 to 26.8,<0.001) 23.0 (6.1 to 39.8, 0.001)

6 8.9 (4.7 to 13.1,<0.001) 12.2 (4.0 to 20.3, 0.003) 17.9 (1.9 to 33.8, 0.017)

7 3.2 (−4.4 to 10.9, 0.878) 9.0 (−6.5 to 24.4, 0.609)

8 5.7 (−10.9 to 22.4, 0.950)

Figure 3 Relationship between the volume of milk per expression (g) 
and the interval between expressions (hours) for preterm mothers. Fitted 
model (solid line) and individual expressions from each mother, each 
participant represented by a colour, n = 1886.

Figure 4 Relationship between the short-term rate of milk synthesis 
(g/h) and the interval between expressions (hours). Fitted model (solid 
line) and individual expressions from each mother, each participant 
represented by a colour, n = 1886.
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of the breast will be less complete and the subsequent rate of 
milk synthesis will be compromised.11 Therefore, to increase 
daily milk production, it is important to optimise the interval 
between expressions so that the residual milk in breast is mini-
mised. This would, in turn, minimise the autocrine inhibition of 
milk synthesis and maintain an optimal rate of milk synthesis. 
Hence, consideration should be given not just to the number of 
expressions per day but to the longest interval between expres-
sions to optimise milk production.

The standard advice for increasing milk production in pre-term 
mothers is to increase the frequency of expressions. While the 
current results support this concept in principle, analysis of the 
short-term rate of milk synthesis suggests that the focus should 
be on the interval between expressions rather than simply on the 
number of expressions per day. Data shown in figure 4 indicate 
that the average short-term rate of milk after an interval between 
expressions of 4 hour is 15 g/h per breast. That is, expressing at 
regular intervals six times a day results in a daily milk production 
of 720 g. Although there was no significant difference in volume 
of milk per expression between pumping regimes of four or six 
expressions per day (figure 2), fewer expressions would have a 
negative impact on daily milk production.

The lower short-term rate of milk synthesis for intervals 
of more than 5 hours (figure 4) reinforces the suggestion that 
the number of expressions should be distributed over the day 
ensuring that there are no extended intervals between expres-
sions. The actual maximum interval between expressions may 
be different for each breast. However, from a practical point of 
view, it would be difficult to apply different pumping regimes to 
each of the mother’s breasts, and advice should be based on the 
breast that is more sensitive to intervals between expressions.

It has been shown that milk production in mothers of preterm 
infants who were expressing breast milk for their infants at 
week 2 is related to milk production at week 6.20 Therefore, 
we suggest that application of the results of the current study 
to optimise milk expression in this early period will be advanta-
geous for the subsequent lactation period.

lIMITATIons
Although this observational study had a small sample size 
(n=25), we were able to collect over 1500 individual milk 
volume results on day 10, 15–20 postpartum. It illustrates the 
strong associations between short rate of milk synthesis, milk 
volume per expression and interval between expressions, that 
needs to be considered when optimising individual expression 
regime that mother is willing to carry on without compromising 
the provision of her own milk to her infant.

ConClusIon
There is a strong inverse association between the short-term 
rate of milk synthesis and the interval between expressions 
for intervals up to 7 hours. Data suggest that, on average, the 
maximum interval between expressions should be 7 hours, and 
mothers should express at least five times a day. Considering 
inter-individual variation, we suggest that the determination of 
an individual mother’s maximum interval between expressions 
that does not compromise the short-term rate of milk synthesis 
will help to optimise daily milk production while minimising the 
demands on the mother’s time.
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