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Abstract
Background

Mothers of preterm infants face challenges in breastfeeding. The aim of the study was to investigate
lactation status and challenges in breastfeeding faced by mothers of preterm infants.

Methods

Mothers giving birth to preterm infants between May 26th 2018 and October 31st 2018 were enrolled.
Lactation status and challenges in breastfeeding on day 7 postpartum, at discharge of infants, 2 weeks
post-discharge, and 3 months of corrected age (CA 3m) were collected by questionnaires.

Results

Seventy mothers were enrolled, and 51.4% had delayed lactogenesis II. Multivariate logistic regression
analysis revealed that cesarean section (OR=3.368, p=0.032), older maternal age (OR=1.189, p=0.008), and
primiparity (OR=5.091, p=0.012) were signi�cant independent predictors of delayed lactogenesis II. Mothers
with delayed lactogenesis II had signi�cantly lower milk output (day 7 postpartum: 160.0mL vs. 300.0mL,
p=0.001; at discharge: 425.0mL vs. 612.5mL, p=0.005) and lower proportion of exclusive breastfeeding (at
discharge: 38.9% vs. 70.6%, p=0.008; CA 3m: 12.5% vs. 33.3%, p=0.050). The ROC showed that milk output
>190mL/d and >245mL/d on day 7 postpartum signi�cantly predict milk output ≥300mL/d at discharge
and exclusive breastfeeding at post-discharge two weeks, respectively. Insu�cient human milk was the top
reason for breastfeeding discontinuation at CA 3m, and mother’s own milk ≥50% of total milk uptake at
postpartum two weeks (OR=5.303, p=0.007) was an independent predictor of continuous breastfeeding at
CA 3m. Feeding complications in infants, poor breastfeeding techniques, and low milk output were the top
challenges in breastfeeding.

Conclusion

Interventions to improve early postpartum lactation and breastfeeding techniques may increase
breastfeeding adoption in mothers of preterm infants.

Background
Preterm infants bene�t from breastfeeding in many ways, including shorter hospital stay [1-3], lower
incidences of severe complications including necrotizing enterocolitis [3-5] and bronchopulmonary dysplasia
[2], better developmental outcomes, and lower incidence of rehospitalization [6]. Therefore, human milk has
been recognized as the ideal food for preterm infants in neonatal intensive care units (NICUs). However, the
prevalence of breastfeeding in preterm infants varies greatly worldwide.

In the United States, 75% of NICU preterm infants were breastfed in 2015 [7]. In Europe, 58.5% of preterm
infants (gestational age, GA < 32 weeks) received human milk at discharge, and 42.6% of the infants in the
study received donor milk [8]. In China, the prevalence of breastfeeding varies widely in different hospitals [9].
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Hei et al investigated the preterm infants (GA 28-35 weeks) of 9 NICUs in China and found a breastfeeding
prevalence of only 34.9% in 2017 [10]. In the NICU of the Peking Union Medical College Hospital, 65% of
preterm infants (GA<32 weeks) were breastfed in 2011 [11]. In Nanjing Maternity Hospital A�liated to
Nanjing Medical University, human milk from a donor milk bank was available for all of the infants with very
low or extremely low birth weight [12].

Parents usually participate in breastfeeding education and training during pregnancy, however, the stress
associated with preterm delivery often disrupts their original breastfeeding plan. Although the breastfeeding
of preterm infants improved a lot in recent years, it remains to be a big challenge for mothers who give birth
to sick infants and thus have to be separated from their infants in NICU. In addition, to reduce the risk of
infection for preterm infants, healthcare professionals have to limit the time and frequency of the mothers’
visits to their infants in the NICU. Preterm infants admitted to NICU often have critical conditions and low
birth weight, and their mothers’ milk is de�nitively the best food for them. Thus, to support breastfeeding,
hospitals encourage mothers to feed their preterm infants with their own expressed milk. Expressed milk can
be sent to NICU frequently. Currently, human milk bank has not been commonly practiced in China [13]. Thus,
preterm infants in China mostly rely on their mother’s own milk (MOM). 

In order to understand the challenges in breastfeeding faced by mothers giving birth to preterm infants and
develop effective interventions to improve breastfeeding in preterm infants in NICU, we aimed to investigate
the lactation status of mothers of preterm infants.

Methods
Study Design and Setting

This was a prospective cohort study. The study protocol was approved by the Institutional Review Board of
the hospital (project identi�cation code: 2018-88; date of approval: May 23rd, 2018). Written informed
consent was obtained from all participating mothers.

Study Participant Inclusion and Exclusion Criteria

Preterm infants’ mothers were recruited between May 26th and October 31st, 2018 on day 1 to day 4 of
infants’ NICU entry, and they were followed up till 3 months of corrected age (CA). The inclusion criteria
were: (i) mothers giving birth to infants before 37 weeks of GA and their infants were admitted to the NICU;
(ii) mothers intended to breastfeed their infants. The exclusion criteria were: (i) mothers did not sign the
informed consent form; (ii) infants died; infants were transfer to other departments; or mothers took their
infants home against medical advice

Infant Feeding Procedure

Enteral feeding was started as soon as the infant’s condition getting stable and no contraindications. The
expressed mother’s own milk was prioritized. The mothers were encouraged to express milk postpartum as
soon as their conditions became stable, and their expressed milk was sent to the NICU directly when the
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mothers stayed in the obstetric ward. After the mothers were discharged from the hospital, their expressed
milk was frozen at home and then transported to the NICU by their family members. The infants were fed
with MOM by either gastric tube or bottle during their hospital stay by healthcare staff. Human milk forti�er
(HMF) was added if the total volume of consumed human milk reached 50mL/kg/d in infants with a GA <32
weeks or birth weight <2000g. All the feeding information was documented daily in medical records,
including feeding volume, human milk volume, and tolerance. Direct-breastfeeding was recommended after
the infant no longer need full strength HMF after discharge. If MOM was insu�cient, infants were fed with
additional preterm formula or post-discharge formula. The criteria to discharge the infants were that infants
matured, reached corrected GA ≥ 34 weeks, had a bodyweight > 2000 g, had a daily milk intake volume >
150mL/kg/d, were able to suck and drink all milk orally, and had stable vital signs. The mothers and their
infants were required to come back for regular post-discharge follow-up examination until CA (corrected
age) of 2 years. Infant’s information, including perinatal data, feeding, and medical condition in hospital and
follow-up clinics, were collected from the hospital electric medical record systems.

Questionnaire Survey for Participating Mothers

Participating mothers were required to complete questionnaires on lactation and breastfeeding practice on
day 7 postpartum, at discharge day of infants, 2 weeks after the discharge of infants, and 3 months of CA
of infants either by �lling the questionnaires by themselves or by telephone conversation.

In general, the questionnaires collected mothers’ input on expressing milk practice, milk output volume, and
challenges in breastfeeding. In particular, on day 7 postpartum, the questionnaire collected the information
regarding milk output volume in the past 24 hours, the type of pump that was used, milk expression
frequency, and the day of lactogenesis II onset. At the discharge of infant, the questionnaire, which was
completed in 48 hours before the discharge, collected data of expressed milk volume in the past 24 hours,
milk expression frequency, and the challenges in breastfeeding during the infant hospital stay. The
questionnaires that were conducted 2 weeks after infant discharge and CA of 3 months collected infants’
feeding method, mothers’ perception of milk volume changes, reasons to discontinue breastfeeding, and
challenges in breastfeeding at home.

De�nitions

Breastfeeding was de�ned as feeding infants with either partial or exclusive human milk in 24 hours of each
time point. Human milk volume was de�ned as the volume of human milk in 24 hours. Human milk
proportion was the proportion of human milk in the total milk consumed by infants in 24 hours. Expressed
milk volume was the total expressed human milk volume in 24 hours. Lactogenesis II onset was de�ned as
the day when mothers were able to express 20mL milk (the total amount from both sides) for consecutive
three times. Delayed lactogenesis II onset was de�ned as the failure of lactogenesis II onset within
postpartum 4 days. Feeding complications includes abdominal distension, vomiting, diarrhea,
hematochezia, and poor weight gain.

Statistical Analysis
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Continuous variables with non-normal distribution are presented as median (1st quartile, 3rd quartile).
Categorical variables are presented as the number of cases and percentages. Chi-square and the Mann-
Whitney U test were performed to compare variables of different groups and analyze independent
predictors. The receiver operating characteristic (ROC) curve was prepared to use milk output volume on day
7 postpartum to predict later breastfeeding status. Logistic regression analyses were performed to identify
factors associated with delayed lactogenesis II onset and with continuation of breastfeeding at CA of 3
months. The statistical signi�cance level was set at p<0.05 for all analyses. IBM SPSS Statistics Version
22.0 (SPSS, Chicago, IL, USA) was used for all the statistical analyses.

Results
Participant Flow Chart and Clinical Characteristics

The participant �ow chart is presented in Figure 1. A total of 157 preterm infants with a GA < 37 weeks from
124 mothers were admitted to the NICU between May 26th and October 31st, 2018. Of the 124 mothers, 30
were excluded for the following reasons: did not intend to breastfeed (n=12), did not sign the informed
consent (n=1), neonatal death (n=2), infants being transfer to other departments (n=3), or neonatal non-
medical discharge (n=12). A total of 94 eligible mothers (Full analysis set) participated in the study. During
the study, 24 mothers failed to complete the questionnaire during the infant hospital stay. Data from 70
mothers (per protocol set) were analyzed. 

Table 1 displays the clinical characteristics of mothers The median age of the 70 mothers was 34.0 (31.0,
36.0) years. Of the 70 mothers, 64.3% (45/70) were primiparous; 62.9% (44/70) had pregnant complications,
including hypertensive disorders of pregnancy, gestational diabetes mellitus, thyroid disease, intrahepatic
cholestasis, appendicitis, and glomerulonephritis; 70.0% (49/70) gave birth by cesarean section. The clinical
characteristics were similar between the full analysis set and per protocol set (Table 1). The subsequent
analyses were performed on the per protocol set. Of the 94 infants, 52.1% (49/94) were twins; the median
GA and birth weight were 32.9 (31.2, 34.0) weeks and 1770 (1477.5, 2042.5) g, respectively; the median of
NICU stay was 25.0 (16.0, 35.5) days. At 3 months of CA of infants, 62 mothers with their 81 preterm infants
came back to the follow-up examination.

Table 1. Clinical Characteristics of Mothers
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  Full analysis set

n=94

Per protocol set

n=70

p*

Age (year) 34.0 (31.0, 36.0) 34.0 (31.0, 36.0) 0.740

Complications during pregnancy, n (%) 57 (60.6) 44 (62.9) 0.773

Cesarean section, n (%) 67 (71.3) 49 (70.0) 0.859

Gestational age (week) 32.6 (31.0, 34.1) 32.8 (30.9, 34.0) 0.991

Primiparous, n (%) 61 (64.9) 45 (64.3) 0.936

Twin, n (%) 30 (31.9) 26 (37.1) 0.485

Note. Data are represented as number (%) or median (interquartile); * p-value is based on the results of a
Mann-Whitney U test for continuous variables and a chi-square test for categorical one.

Lactation Status

Survey of the types of breast pump used by mothers showed that 65.7% (46/70), 32.9% (23/70), and 1.4%
(1/70) of the mothers used unilateral electric, bilateral electric, and manual breast pumps, respectively. The
median of expressing frequency per 24 hours was 7.5 (5.5, 9.5) times and 6.0 (5.0, 8.0) times on day 7
postpartum and at infant discharge, respectively (Figure 2A).

The median daily milk output was 220.0 (110.0, 400.0) mL on day 7 postpartum and then increased to
525.0 (277.5, 762.5) mL at discharge (p <0.001). On day 7 postpartum, 65.7% of the mothers expressed
more milk than their infants' uptake, and this proportion raised to 68.6% at the discharge of infants. The
proportions of the mothers showing increased milk output at discharge, post-discharge 2 weeks, and CA of 3
months compared with the previous time point were 81.4%, 50.0%, and 33.9%, respectively (Figure 2B),
indicating that fewer mothers had increased milk output and an increasing number of mothers produced
less milk as time went by. At CA of 3 months, 53.2% of the mothers produced less milk than at post-
discharge 2 weeks.

The ROC analysis found that milk output volume on day 7 postpartum reaching 190mL/d was an optimal
threshold for predicting milk output volume > 300 mL/d at discharge (sensitivity 72.5%, speci�city 73.7%,
area under the curve [AUC] 0.772; p=0.001, Figure 2C). The milk output volume of 245 mL/d on day 7
postpartum predicted the possibility of exclusive breastfeeding at post-discharge two weeks (sensitivity 72.7
%, speci�city 65.9%, AUC 0.725; p<0.001) (Figure 2C).

Of the 70 mothers, 51.4% (36/70) and 20.0% (14/70) failed to achieve lactogenesis II within postpartum 4
and 7 days, respectively. Compared with the mother with normal lactogenesis II onset, the mothers with
delayed lactogenesis II onset showed a signi�cantly higher proportion of cesarean section (80.6% vs. 58.8%,
p=0.047) and a higher percentage of the primiparous mothers (75.0% vs. 52.9%, p=0.054). Maternal age,
complications during pregnancy, singleton, infant gestational age, and infant Apgar score and mechanical
ventilation duration were similar between the normal and delayed groups (Table 2). Multivariate binary
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logistic regression analysis adjusted by twin, pregnant complications, GA, mechanical ventilation > 3 days,
and Apgar score at postpartum 5 minutes revealed that cesarean section (OR= 3.368; 95%CI: 1.043-10.869,
p = 0.032), older maternal age (OR=1.189; 95%CI: 1.015-1.393, p = 0.008), and primiparous status
(OR=5.091; 95%CI 1.525-16.994, p = 0.012) were signi�cant independent predictors of delayed lactogenesis
II onset.

The mothers with delayed lactogenesis II onset had signi�cantly lower daily mild output on day 7
postpartum [160.0 (88.1, 287.5) mL vs. 300.0 (187.5, 550.0) mL, p=0.001] and discharge day [425.0 (200.0,
600.0) vs. 612.5 (465.0, 850.0), p=0.005] than the mother with normal onset (Table 2). In addition, the
exclusive breastfeeding rate at discharge (38.9% vs 70.6%, p=0.008) and CA of 3 months (12.5% vs 33.3%,
p=0.050) were also signi�cantly lower in the delayed group (Table 2).

Table 2. Comparison of the Characteristics and Breastfeeding Status of Delayed versus Normal
Lactogenesis II Onset Groups

  Delayed group Normal group p*

Mothers’ characteristic n = 36 n = 34  

Age years, Median (min, max) 34.0 (31.0, 36.0) 34.0 (32.0, 36.0) 0.415

Complications during pregnancy n (%) 26 (72.2) 18 (52.9) 0.095

Gestational age (week), Median (min, max) 32.4 (30.3, 33.7) 33.1 (31.2, 34.3) 0.055

Cesarean section, n (%) 29 (80.6) 20 (58.8) 0.047

Primiparous, n (%) 27 (75.0) 18 (52.9) 0.054

Twin, n (%) 16 (44.4) 10 (29.4) 0.193

Infants characteristic1      

Apgar score at 5’ 7, n (%) 1 (2.8) 0 1.0002

Mechanical ventilation ≥3 days, n (%) 3 (8.3) 4 (11.8) 0.632

Daily milk output (mL)      

On postpartum day 7, median (interquartile) 160.0 (88.1, 287.5) 300.0 (187.5, 550.0) 0.001

At discharge, median (interquartile) 425.0 (200.0 600.0) 612.5 (465.0, 850.0) 0.005

Breastfeeding status      

Exclusive breastfeeding at discharge, n (%) 14 (38.9) 24 (70.6) 0.008

Breastfeeding at CA 3 months, n (%)3 12 (37.5) 14 (46.7) 0.465

Exclusive breastfeeding at CA 3 months, n (%)3 4 (12.5) 10 (33.3) 0.050



Page 8/20

Note. Data are represented as number (%) or median (interquartile); * p-value is based on the results of a
Mann-Whitney U test for continuous variables and a chi-square test for categorical one.

1Mothers with twin preterm infants were counted if either of the twins had the following characteristics.

2Fisher’s test was used.

3At CA of 3 months, 62 mothers participated in the follow-up; of them, 32 had delayed lactogenesis II onset
and 30 had normal onset.

Breastfeeding Status at Discharge and Post-discharge

The proportions of infants receiving breastfeeding (70.4%) and exclusive breastfeeding (33.3%) at CA of 3
months reduced compared with those at discharge (breastfeeding: 78.7%, exclusive breastfeeding 48.9%)
and post-discharge two weeks (breastfeeding: 83.0%, exclusive breastfeeding 48.9%, Table 3), although the
differences were not statistically signi�cant. Of the 94 infants, 21.3% (20/94) were fed with formula at
discharge, and the top reason for discontinuing breastfeeding was infant clinical condition (14/20, Table 3),
including one infant having cytomegalovirus (CMV) infection and 13 having gastrointestinal (GI) problems,
including hematochezia, abdominal distension, diarrhea, and necrotizing enterocolitis (6 of the 13 infants
resumed breastfeeding two weeks after discharge). At post-discharge two weeks, 17.0% (16/70) infants
discontinued breastfeeding, and the top reason was also infant clinical condition (11/16, 10 cases of GI
problems and 1 case of CMV infection). At CA of 3 months, 29.6% (24/62) infants discontinued
breastfeeding, and the most common reason was insu�cient human milk (14/24, Table 3). Compared with
the proportion of infant discontinuing breastfeeding because of insu�cient human milk at discharge (3/94,
3.2%) and post-discharge two weeks (5/94, 5.3%), a signi�cantly higher proportion (14/81, 17.3%) of the
infant at CA of 3 months discontinued breastfeeding for the same reason (p<0.0167, Table 3).

Table 3. Breastfeeding status at discharge, post-discharge two weeks, and CA of 3 months
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  Discharge, n
(%)

Two weeks post-discharge,
n (%)

CA 3 months, n
(%)

p*

Mothers, n 70 70 62 -

Infants, n 94 94 81 -

  Breastfeeding, n (%) 74 (78.7) 78 (83.0) 57 (70.4) 0.130

  Exclusive breastfeeding,
n (%)

46 (48.9) 46 (48.9) 27 (33.3) 0.061

  Formula feeding, n (%) 20 (21.3) a 16 (17.0) 24 (29.6) 0.130

Reasons for discontinuing breastfeeding  

  Infants’ factors 14 (14/20,
70.0)

11 (11/16, 68.8) 10 (20/24,
41.7)

0.814

Insu�cient human milk 3 (3/20,
15.0)

5 (5/16, 31.3) 14 (14/24,
58.3) cd

0.001

  Others 3 (3/20,
15.0) b

0 0 -

Note. Data are represented as number (%); * p-value is based on the results of chi-square test. Bonferroni
adjustment was made at p=0.0167(0.05/3).

a Three infants were formula-fed during hospitalization because their mothers expressed very little milk and
the families did not transport it to the hospital, and they started breastfeeding post-discharge.

b Three infants were breastfed during hospitalization, but their family did not transport milk to the hospital
during the last three days of the infant hospital stay, but they all resumed breastfeeding post-discharge.

c Insu�cient human milk rate higher than discharge.

d Insu�cient human milk rate higher than two weeks post-discharge.

We then investigated the factors that could be associated with continuous breastfeeding at CA of 3 months.
Of the 62 mothers, 46 (46/62, 74.2%) practiced breastfeeding and 16 (25.8%) did not at CA of 3 months
(Table 4). Exclusive breastfeeding at discharge (63.0% vs. 31.3%, p=0.028), infants receiving MOM ≥ 50% of
total milk uptake at postpartum two weeks (76.1% vs. 37.5%, p=0.005), and direct feeding at postpartum
two weeks (73.9% vs. 43.8%, p=0.028) were signi�cantly associated with continuous breastfeeding at CA of
3 months (Table 4). Multivariable binary logistic regression analysis adjusted by twin, pregnant
complications, cesarean section, primiparous status, breastfeeding at discharge, exclusive breastfeeding at
discharge, MOM ≥50% at postpartum two weeks, and direct feeding at postpartum two weeks, revealed that
MOM ≥50% at postpartum two weeks (OR=5.303; 95%CI 1.569-17.925, p = 0.007) was an independent
predictor of continuous breastfeeding at CA of 3 months.
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Table 4. Factors Associated with Continuous Breastfeeding at CA of 3 Months

  Breastfeeding no breastfeeding p*

  n=46 n=16  

Twin, n (%) 14 (30.4) 8 (50.0) 0.159

Breastfeeding at day 7, n (%) 38 (82.6) 11 (68.8) 0.241

Exclusive breastfeeding at day 7, n (%) 16 (34.8) 3 (18.8) 0.231

Breastfeeding at discharge, n (%) 24 (92.3) 25 (69.4) 0.029

Exclusive breastfeeding at discharge, n (%) 29 (63.0) 5 (31.3) 0.028

OMM≥50% at postpartum two weeks, n (%) 35 (76.1) 6 (37.5) 0.005

Direct feeding at two weeks postpartum, n (%) 34 (73.9) 7 (43.8) 0.028

Note. Data are represented as number (%); * p-value is based on the results of chi-square test. CA of 3
months: corrected age of three months; BPD: bronchopulmonary dysplasia; MOM: mother’s own milk.

Challenges in Continuing Breastfeeding

Survey of the challenges in continuous breastfeeding faced by mothers found that di�culties in
breastfeeding their infants and low milk volume were the predominant challenges during the infant hospital
stay. At post-discharge 2 weeks, feeding complications in infants and poor breastfeeding techniques
became the predominant challenges. At CA of 3 months, di�culties in breastfeeding their infants and low
milk volume were the top two challenges (Table 5).

Table 5. Challenges in Breastfeeding during Hospitalization and after Post-discharge
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  Challenges in breastfeeding Response n (%)

During hospital stay (n = 70) *

Associated with infants Di�culties in feeding 22 (31.4)

Feeding complications 5 (7.1)

Breastfeeding discontinuation for diseases 3 (4.2)

Associated with mothers Low human milk volume 13 (18.6)

Lack of breastfeeding knowledge 9 (12.9)

Di�culties in expressing milk 3 (4.2)

Di�culties in milk transportation 2 (2.9)

Post-discharge 2 weeks (n = 70)

Associated with infants Feeding complications 20 (28.6)

Di�culties in feeding 16 (22.9)

Associated with mothers Poor breastfeeding techniques 17 (24.3)

Low human milk volume 14 (20.0)

Di�culties in expressing milk 3 (4.3)

Lack of breastfeeding knowledge 4 (5.8)

CA of 3 months (n = 62)

Associated with infants Di�culties in feeding 36 (58.1)

Feeding complications 26 (41.9)

Associated with mothers Low human milk volume 22 (35.5)

Lack of breastfeeding knowledge 14 (24.7)

Di�culties in expressing milk 6 (9.7)

Lack of support from family 3 (4.8)

Lack of support from the workplace 2 (3.2)

Note. Data are represented as number (%); CA of 3 months: corrected age of three months;

*Infants were fed mainly by health care staff during hospitalization, and by parents after discharge.

Discussion
Lactogenesis II Onset and Breastfeeding
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Previous studies have found that mothers giving birth to preterm infants experienced di�cult lactation,
including delayed lactation [14], low milk output [15], and premature discontinuation of lactation [16]. In early
lactation, one of the important indicators is lactogenesis II onset, which marks the time when mothers begin
to produce copious amounts of milk [17].

Lactogenesis II usually occurs at postpartum 50-73 hours although the de�nition and measurement method
of lactogenesis II onset may vary [14, 17]. In our study, mothers were discharged from hospital earlier than
their infants and they expressed milk at home during their infant hospital stay. Thus, we de�ned the day
when mothers were able to express 20mL milk (the total amount from both sides) for consecutive three
times as the day of lactogenesis II onset [18].

Delayed lactogenesis II is generally de�ned as a failure to achieve the initiation of lactogenesis II in
postpartum 72 hours [19]. In this study, we found that 48.6% of the mothers of preterm infants achieved
lactogenesis II within postpartum 4 days (72-96 hours) whereas the rest (51.4%) failed. Some studies
suggest that lactogenesis II onset occurred at postpartum 97.15 hours among preterm infants’ mothers
(infants birth weight<1500g) [20], and 36% of mothers of preterm infants (GA<37weeks) had delayed
lactogenesis II onset (>postpartum 72 hours) [21], which are similar to our results. Therefore, delayed
lactogenesis II onset appears very common in mothers of preterm infants.

Delayed lactogenesis II onset can adversely affect breastfeeding in the later period. Previous studies found
that mothers with delayed onset of lactogenesis II had lower milk output on day 7 postpartum than normal
group [202.50 (164.75-280.00)vs 357.50 (200.00-545.25)] (p <0.001) [21], and that mothers with delayed
lactogenesis II onset were less likely to have exclusive breastfeeding postpartum 4 weeks (OR: 1.62; CI
1.18–2.22) (p <0.01) [22]. We also found that the mothers with delayed lactogenesis II onset had
signi�cantly lower milk output and a lower proportion of exclusive breastfeeding. Delayed lactogenesis II
onset was also found to be associated with premature discontinuation of breastfeeding [23, 24]. Although we
observed a similar trend at infants’ 3 months of corrected age in this study, the association was not
statistically signi�cant. ,

We found that cesarean section, older maternal age, and primiparous status were independent risk factors
for delayed lactogenesis II onset, which are consistent with the results from previous studies [25][26][27][19, 28].
First birth and unscheduled cessation delivery might adversely affect lactogenesis and breastfeeding by
increasing mothers’ stress [28].

Predictive Values of Milk Output at Day 7 postpartum

Our ROC analysis revealed that milk output >190mL/d on day 7 postpartum predicted milk output > 300
mL/d at discharge and that output > 245 mL/d on day 7 postpartum predicted exclusive breastfeeding at
post-discharge two weeks. These results suggest that low milk output on day 7 postpartum might predict
low milk output later and a low chance of later breastfeeding. Flacking et al [29] found that insu�cient
human milk output by the end of the �rst week postpartum was associated with low breastfeeding rate in
preterm infants in postpartum two months (p=0.039) and four months (p=0.001). Notably, Omarsdottir et al



Page 13/20

[30] used expressed milk output at postpartum two weeks to predict the breastfeeding status at postpartum 6
weeks and discharge. We used milk output at day 7 postpartum for the prediction. Our method could
effectively identify mothers with lactation di�culties at earlier stage and thus guide healthcare
professionals to intervene earlier to improve mothers’ lactation and breastfeeding.

Breastfeeding Status at CA of 3 Months

In this study, at CA of 3 months, 70.4% of the infants were continuously breastfed, and only 33.3% were
breastfed exclusively. Meio et al reported that breastfeeding and exclusive breastfeeding rate in preterm
infants (GA<33 weeks) at CA of 3 months was 62.4% and 4.3%, respectively [31], which are lower than our
results. The continuous patient education in our institution and higher GA of the preterm infants may
contribute to the higher breastfeeding rate at CA of 3 months in this study.

We found at CA of 3 months, 53.2% of the mothers reporting a decreased human milk output, a lower
exclusive breastfeeding rate (33.3%) in the infants, and a higher proportion of infants discontinuing
breastfeeding because of insu�cient human milk (58.3%), which are similar to the results from previous
studies [16, 32]. Because long-lasting and a high proportion of human milk are bene�cial to the nervous
system development and the overall health of preterm infants [33], we believe induction of early lactogenesis
II onset and continuous breastfeeding during infants’ hospital stay and after discharge are critical to
effectively manage preterm infants.

In addition to mothers’ effort, the overall health status and feeding tolerance of preterm infants also
in�uence breastfeeding [34]. In this study, feeding was performed by healthcare professionals during infants’
hospital stay. With the involvement of parents in feeding post-discharge, the concerns and anxiety about
feeding complications (abdominal distention, vomiting, choking, constipation, diarrhea, and hematochezia)
increased signi�cantly (28.6% vs.7.1% 2=10.957, p=0.001) and maintained, which is consistent with the
�ndings of Callen J et al [34].

Our study found that at post-discharge two weeks, the top challenge in breastfeeding associated with
mothers was poor breastfeeding techniques. To improve breastfeeding skills, we recommend providing
training on how to use human milk forti�er, adjust milk volume, clean breastfeeding devices, and practice
direct breastfeeding. It is also important to train mothers on how to coordinate feeding rhythm with infants'
needs as described by Ikonen and Palmer [15, 35]. In addition, mothers should be instructed to recognize
signs of hunger and to develop �exible feeding plans [36].

Limitations

This was a single-center study. Although the number of participants was relatively small, the management
and education of the mothers were highly consistent in this study. The GA range of the participating preterm
infants was wide. Twins were also included in the analysis. Longer follow-up than CA of 3 months might
further elucidate the breastfeeding status of mothers of preterm infants. In addition, in this study, frozen
expressed milk was used to feed the infants. We did not investigate how frozen breast expressed milk could
in�uence the breastfeeding duration and human milk proportion.
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Conclusions
Cesarean section, older mother age, and primiparous status were independent predictors of delayed
lactogenesis II. Milk output volume on day 7 postpartum > 190mL/d and > 245 mL/d predicted >300 mL
milk output at discharge and exclusive breastfeeding post-discharge, respectively. Di�culties in
breastfeeding infants, poor breastfeeding technique, and insu�cient milk output were the predominant
challenges faced by mothers. Thus, interventions targeting to improve early postpartum lactation and
trainings targeting to improve breastfeeding technique and reduce the di�culties in breastfeeding may
increase breastfeeding adoption in mothers giving birth to preterm infants.

Abbreviations
CA 3m: 3 months of corrected age; MOM: mother’s own milk; NICU: neonatal intensive care unit; GA:
gestational age; CA: corrected age; HMF: Human milk forti�er; ROC: receiver operating characteristic.
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Figure 1

Flow Chart of Study Participants
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Figure 2

Expressing Frequency and Changes and Prediction Value of Milk Output A. Expressing frequency on day 7
postpartum and discharge of infants. B. The proportions of mothers with increased, same, or decreased milk
output compared with the previous time point. The time points of milk output measurement were day 7
postpartum, the time of discharge of infants, post-discharge 2 weeks, and CA of 3 months. C. The predictive
values of expressed milk output volume at day 7 postpartum. Output volume at day 7 postpartum reaching
190mL/d was an optimal threshold for predicting (ROC) expressed milk volume more than 300ml/d at
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discharge (right). Output volume at day 7 postpartum reaching 245mL/d predicted the possibility of
exclusive breastfeeding at post-discharge two weeks (left).
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