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ABSTRACT
OBJECTIVE: To compare breastfeeding difficulties attributable to the baby and mother/milk and exclusive breastfeeding between a group of late
preterm (LP) infants and term infants.
METHODS: We utilized data from a prospective community-based cohort (n=2977) in Calgary, Alberta, and performed bivariate and multivariable
analyses to identify demographic, obstetric, maternal and infant health indicators that were independently associated with term status and
breastfeeding outcomes.
RESULTS: Multivariable analyses found that LP status was an independent risk factor for breastfeeding difficulties attributable to the baby (OR 1.72,
95% CI 1.24-2.38), but not for difficulties due to mother/milk (defined as not producing enough milk or having flat or inverted nipples). Among women
who were breastfeeding at hospital discharge, mothers of LP infants were less likely to report exclusive breastfeeding at 4 months (OR 0.67, 95% CI
0.46-0.97), after controlling for household income level, mode of delivery and postpartum maternal physical health.
CONCLUSIONS: Mothers of LP infants need increased support to establish successful breastfeeding outcomes and to ensure that these infants receive
the full benefits of breast milk.
KEY WORDS: Breastfeeding; infant, preterm; epidemiology
La traduction du résumé se trouve à la fin de l’article.

P

reterm birth is defined as delivery of a live born infant before
37 weeks of completed gestation.1 Worldwide, about 15 million babies (more than 10% of all births) are born preterm.1
There are three commonly used or established categories of preterm
birth based on gestational age: very early (<32 weeks), early (320/7336/7 weeks), and late preterm (LP; 340/7-366/7weeks). “Late preterm”
was introduced to replace the “near term” descriptor to differentiate this group as more similar to preterm infants and more vulnerable compared to term infants.2 The increase in preterm birth rates
in recent years can be largely attributed to increases in LP births.3
The Canadian preterm birth rate was approximately 8.1% in 2006
to 2007 and almost three quarters (74.0%) of these births were late
preterm.4 Indeed, LPs are the largest and fastest growing subgroup
of preterm births, a trend that constitutes a growing public health
concern given its increased risk of morbidity compared to longer
gestations.5 Despite assumptions that LP infants are similar to term
infants, LPs are physiologically and metabolically immature.5 LP
infants are more likely to be diagnosed with temperature instability, hypoglycemia, respiratory distress, apnea, jaundice, and feeding difficulties during birth and in the first month of life.5 Although
less is known about long-term outcomes for LPs and their families,
recent reports suggest that there are subtle developmental delays
that present as poor school outcomes,6 cognitive impairments, and
behavioural and emotional problems.7 In addition, mothers of LPs
tend to report both short-term and long lasting distress, including
breastfeeding difficulties, anxiety and depression, and post© Canadian Public Health Association, 2013. All rights reserved.
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traumatic stress.5,8-12 Given the large population attributable risk
associated with the LP gestation category, such findings may have
major implications for health and education services.
Although the benefits associated with breastfeeding for infants
and mothers are well documented,13 the rates of exclusive breastfeeding at 4 to 6 months are far from optimal in many countries,14
including Canada,15 which fail to meet WHO’s recommendation of
exclusive breastfeeding for the first six months of life.16 In Canada,
the rate of breastfeeding initiation is promising at 90.3%, however
only 14.4% of mothers surveyed reported exclusively breastfeeding at 6 months.15
Preterm birth is a risk factor for early discontinuation of breastfeeding, along with other known factors such as maternal age,
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Table 1.

Comparison of Demographic and Maternal Characteristics Between LP and Full-term Groups

Characteristic
Maternal age
Education
High school or less
College, trade, university
Graduate school
Household income
<$80,000
≥$80,000
Marital status
Married/common-law
Other
Ethnicity
White/Caucasian
Other
Born in Canada
Canadian-born
Foreign-born
Parity
Nulliparous
Multiparous
Mode of delivery
Vaginal
Cesarean

Total Sample
(n=3472)
Mean (SD)
31.1 (4.4)
n (%)

Terms
(n=2778)
Mean (SD)
31.2 (4.4)
n (%)*

Late-preterms
(n=173)
Mean (SD)
31.1 (4.5)
n (%)*

P-value

361 (11.0)
2404 (73.3)
513 (15.7)

268 (9.7)
2063 (74.8)
428 (15.5)

17 (10.0)
122 (71.8)
31 (18.2)

985 (31.0)
2191 (69.0)

747 (27.9)
1930 (72.1)

59 (35.8)
106 (64.2)

0.03

3093 (94.4)
182 (5.6)

2634 (95.5)
125 (4.5)

162 (95.9)
7 (4.1)

0.81

2576 (78.7)
699 (21.3)

2221 (80.5)
537 (19.5)

119 (70.4)
50 (29.6)

0.001

2568 (78.3)
713 (21.7)

2201 (79.7)
562 (20.3)

123 (72.8)
46 (27.2)

0.03

1588 (48.7)
1674 (51.3)

1331 (48.4)
1418 (51.6)

85 (51.2)
81 (48.8)

0.48

2256 (75.8)
719 (24.2)

2116 (76.3)
659 (23.7)

123 (71.1)
50 (28.9)

0.12

0.76

0.62

* Denominator varies due to missing values for some variables.

Table 2.

Comparison of Breastfeeding Outcomes, and Infant and Maternal Health Indicators Between LP and Full-term Groups

Characteristic

Terms
(n=2778)
n (%)/
Median (IQR)*

Infant health indicators
Baby stayed in NICU
Baby stayed overnight in hospital
Maternal health indicators
Poor emotional health at 4 months postpartum
Poor physical health at 4 months postpartum
Inadequate social support
Breastfeeding outcomes
Exclusively breastfed at 4 months among women able to breastfeed upon hospital discharge from birth
Had breastfeeding difficulties attributable to baby
Had breastfeeding difficulties attributable to mother/milk
Montreal Children’s Hospital Feeding Scale

Late-preterms
(n=173)
n (%)/
Median (IQR)*

P-value

69 (2.5)
133 (4.8)

33 (19.1)
23 (13.3)

<0.001
<0.001

203 (7.3)
320 (11.5)
360 (13.1)

25 (14.4)
27 (15.6)
30 (17.7)

0.001
0.11
0.09

1506 (64.2)
1255 (45.2)
845 (30.4)
23 (10)

63 (54.76)
103 (59.5)
66 (38.2)
24 (11.5)

0.03
<0.001
0.03
0.17

* Denominator varies due to missing values for some variables.

income, education, smoking, physical and mental health problems.17-20 The mechanisms underlying the associations between
shortened gestation and breastfeeding difficulties, including early
cessation, have been the focus of recent investigations.21-24 There
may be several reasons as to why preterm delivery is associated with
early cessation of breastfeeding, including the length of NICU
stay,25,26 as longer hospitalization results in longer mother–infant
separation. In fact, infants who are cared for longer in hospitals are
more likely to be formula fed at the time of hospital discharge.25 In
addition, late preterm infants have less effective (immature) sucking during breastfeeding, which can limit the removal of available
milk.22 The immature sucking of preterm babies and the delayed
lactogenesis are cyclic, as immature sucking can further reduce milk
production, which can limit the milk available to the infant, and
could interfere with successful breastfeeding.22 Among mothers of
late preterm infants who are at risk of delayed lactogenesis, evidence suggests that if breasts are stimulated and available milk is
regularly removed, lactation can be preserved by 7 to 10 days postbirth.22
A synthesis of published research pertaining to the establishment
of breastfeeding outcomes among LP infants found that the duration of breastfeeding can be difficult to determine because studies
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vary in measurements, type of breastfeeding examined, and classifications of preterms.23 Breastfeeding rates for LP infants may even
be less than those for early preterm infants at several weeks postpartum,27 possibly because mothers with high-risk infants in NICU
often receive extra breastfeeding support. Further research is needed using prospective investigations to better understand lactation
issues for the LP population in order to develop innovative strategies to establish and maintain breastfeeding success. The current
study evaluated the independent influence of LP birth status on
breastfeeding difficulties attributable to the baby and to the mother/milk and on breastfeeding exclusivity at 4 months postpartum
among those able to breastfeed upon leaving hospital after birth,
while controlling for demographic, obstetric, maternal and infant
health indicators.

METHODS
The All Our Babies (AOB) study is a community-based prospective
pregnancy cohort in Alberta, Canada that began in 2008. The
objectives of the AOB study were to examine maternal well-being,
health service utilization, risk and protective factors for adverse
birth events and trajectories of child development. Participants
completed questionnaires at three time points: twice during the
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Table 3.

Adjusted Logistic Regression Models Examining the Independent Contribution of LP Birth Status to Breastfeeding
Difficulties Attributable to Baby and Mother/Milk and Exclusive Breastfeeding at 4 Months Postpartum Among Women
Who Were Breastfeeding at Hospital Discharge

Independent Variable

LP birth status
Foreign-born
Income <$80,000
Multiparous
Caesarean delivery
Poor physical health at 4 months postpartum
Inadequate social support

BF Difficulties
Attributable
to Baby*
OR (95% CI)
1.72 (1.24-2.38)§
1.34 (1.11-1.61)
–
0.45 (0.39-0.52)
1.27 (1.07-1.51)
1.40 (1.10-1.76)
–

BF Difficulties
Attributable
to Mom/Milk*
OR (95% CI)
1.34 (0.96-1.87)
–
–
0.48 (0.40-0.56)
1.56 (1.30-1.87)
1.42 (1.10-1.81)
1.59 (1.26-2.00)

EBF at 4 Months†
OR (95% CI)
0.67 (0.46-0.97)‡
–
0.71 (0.59-0.85)
–
0.68 (0.56-0.82)
0.53 (0.41-0.69)
–

Only those variables that remained significant at p<0.05 in the final model for each respective outcome are shown.
* Reference group: No BF difficulties.
† Reference group: Not EBF.
‡ Significance value for OR is p=0.03.
§ Significance value for OR is p=0.001.

prenatal period (at <25 weeks and at 34-36 weeks) and once during
the postpartum period (at 4 months). Participants provided consent for medical record linkage. Information on recruitment, data
collection and questionnaires utilized in the AOB study is described
in detail elsewhere.28 For the purposes of this study, we restricted
the sample to women giving birth to a singleton infant (n=2977).
The All Our Babies study was approved by the Child Health
Research Office and the Conjoint Health Research Ethics Board of
the Faculties of Medicine, Nursing, and Kinesiology, University of
Calgary.

Outcome and explanatory factor variables
Women who reported gestational age at delivery as between 34 and
36 weeks (LP group; n=173) were compared to those who reported
gestational age as 37 weeks or more (n=2778). We assessed perceived breastfeeding difficulties attributable to baby (i.e., trouble
latching or sleepy baby), perceived breastfeeding difficulties attributable to mother (i.e., not producing enough milk or having flat or
inverted nipples), and exclusive breastfeeding at 4 months postpartum among those able to breastfeed upon leaving hospital after
birth. Risk factors assessed included income, ethnicity, foreign-born
status, parity, mode of delivery, admission to Neonatal Intensive
Care Unit (NICU) stay, infant overnight hospital stay, postpartum
emotional and physical health, and postpartum maternal social
support. Postpartum physical health was assessed by one item from
the SF-12, “In general, how would you rate your physical health?”,
and dichotomized into positive and negative responses. Similarly,
postpartum emotional health was assessed by, “In general, how
would you rate your emotional health?” Social support was assessed
using the Medical Outcomes Study Social Support Scale (MOS SSS).
The MOS SSS is a 19-item, self-report questionnaire scored on a
5-point Likert scale, measuring functional social support and subscales that measure emotional/informational, affectionate, tangible, and positive social interaction.29 We also assessed NICU stay
and overnight hospitalization stay as potential mediators. Items
from questionnaires used to derive variables of interest for the current study are shown in Appendix A.

Data analysis
All analyses were performed in Stata S/E Version 11. Demographic,
obstetric, and maternal and infant health indicators and breastfeeding characteristics were examined and summarized as frequen-

cies and percentages using the Chi Square test for categorical variables and means, SDs, medians and Interquartile Range (IQR) using
t-tests/Mann-Whitney tests for continuous variables. Multivariable
logistic regression modeling was used to examine the independent
effect of a LP birth on the odds of breastfeeding difficulties and
exclusive breastfeeding at 4 months postpartum among women who
were able to breastfeed upon leaving hospital after birth, compared
to a term birth after controlling for known risk factors. Any variables with a p-value <0.10 at the bivariate level were eligible for the
final adjusted model. A hierarchal model-building approach was
adopted by adding blocks of variables (demographic/obstetric factors, maternal and infant health indicators) in a manual stepwise
fashion to the main predictor (LP birth status). Individual variables
were assessed for confounding and independent effects; all excluded variables were added to the final model, one at a time, to ensure
robustness of the model (likelihood ratio test).

RESULTS
Of the 2,977 women in the cohort, 2,778 delivered at term and
173 delivered between 34 and 36 weeks of gestation (26 missing).
As reported in Table 1, mothers of late-preterm infants were significantly more likely to be non-Caucasian (29.6% vs. 19.5%;
p=0.001), foreign-born (27.2% vs. 20.3%; p=0.03) and report lower
household income levels (35.8% vs. 27.9%; p=0.03) compared to
mothers of term infants. Table 2 shows comparisons between LPs
and term infants on maternal and child health indicators and
breastfeeding outcomes. Mothers of late-preterm infants were more
likely to have poor emotional health at 4 months postpartum compared to mothers of term infants (14.4% vs. 7.3%; p=0.001).
LP infants were also more likely to have stayed in the NICU
(19.1 vs. 2.5%; p<0.001), and have an overnight hospital stay after
discharge (13.3% vs. 4.8%; p<0.001) than term infants.
We performed separate multivariable logistic regression models
for each breastfeeding outcome, after controlling for risk factors.
Final models are shown in Table 3; each model presents odds ratios
and 95% confidence intervals for the adjusted model for breastfeeding difficulties due to baby and mother/milk and exclusive
breastfeeding among women able to breastfeed upon hospital discharge at birth. Only those variables that remained significant at
p<0.05 in the final model are shown. Mothers of LP infants were
more likely to report having breastfeeding difficulties attributable
to the baby (i.e., trouble latching or sleepy baby) (OR 1.72; 95% CI
CANADIAN JOURNAL OF PUBLIC HEALTH • JULY/AUGUST 2013 e353
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1.24-2.38) than mothers of term infants at 4 months postpartum
after controlling for foreign-born status, parity, mode of delivery
and maternal postpartum physical health. LP status was not an
independent risk factor of breastfeeding difficulties attributable to
the mother/milk. Among those who were breastfeeding at discharge, mothers of LP infants were less likely than mothers of term
infants to report exclusive breastfeeding at 4 months (OR 0.67;
95% CI 0.46-0.97), after controlling for household income level,
mode of delivery and postpartum maternal physical health.

DISCUSSION
We assessed the independent contribution of LP births on breastfeeding difficulties and exclusivity after controlling for demographic, obstetric, maternal and infant health indicators using
prospectively collected information from a community-based pregnancy cohort study.
Mothers of LP infants were more likely to be of non-Caucasian
ethnicity, foreign-born, and have lower income levels than mothers of term infants. We found an association between LP births and
breastfeeding difficulties attributable to the baby after adjusting for
foreign-born status, parity, mode of delivery and maternal postpartum physical health. There was no independent association
between LP and term birth and breastfeeding difficulties attributable to mother/milk. The association of LP birth status on breastfeeding difficulties attributable to the infant in this study
corroborates previous studies that suggested that LP infants are at
increased risk of breastfeeding problems.8,27,30 A retrospective analysis evaluating indications for LP birth found significant increases in
rates of feeding problems (36% vs. 5%; p<0.001) among LP (n=149)
and term (n=150) infants, respectively. However, no details of feeding problems were provided.30 Breastfeeding difficulties attributable
to the infant that are common to LP infants include poor feeding
skills which consequently lead to inadequate milk intake.21,24 LP
infants are developmentally immature and are born with low energy stores and high energy demands, and often have uncoordinated suck-swallow-breathe mechanisms and limited feeding durations
from tiring quickly.21,24 Tiring quickly when feeding limits the
length and number of nutritive sucking bursts and reduces the
intake of colostrum or milk.24
In addition, among women who were breastfeeding on hospital
discharge, LP birth status was associated with lower odds of exclusive breastfeeding at 4 months after controlling for household
income level, mode of delivery and maternal postpartum physical
health. This finding is supported by several studies that find that
breastfeeding tends to decrease over the postpartum period within
the LP population.27,31 The lower odds of exclusive breastfeeding
can be related to breastfeeding-associated morbidities among LP
infants.23 Results from a recent review suggest that LP infants who
were breastfeeding on hospital discharge and discharged to usual
community supports tend to be readmitted to the hospital with
diagnoses of failure to thrive, jaundice, and dehydration more frequently than full-term breastfeeding infants or infants of similar
gestation who were not breastfeeding.23,32 A population-based
cohort study involving 9,522 “healthy” singleton LP infants found
that infants who were breastfed at first discharge were at higher
risk (adjusted Risk Ratio(aRR)=1.65; 95% CI 1.33-2.04) of requiring
subsequent hospital care in the neonatal period than their nonbreastfed counterparts.32 They found that 63% of LP infants who
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were readmitted to the hospital or for an observational stay had
jaundice as the primary diagnosis, and 89% of those infants diagnosed with jaundice were breastfed.32 A study of 127 mother–
patient pairs in Ottawa that examined whether jaundice in
newborn infants increases the risk of breastfeeding discontinuation
found that breastfeeding rates following the discharge of infants
diagnosed with jaundice were not significantly different from those
reported for the general population.33 They reported that even
when mothers were informed that jaundice was related to the
breastfeeding while admitted to hospital, there was no difference in
breastfeeding duration compared with mothers who were not
informed.33 In addition, receiving guidance with breastfeeding
either inside or outside the hospital did not affect breastfeeding
duration or age of formula introduction. However, a majority of
the women reported needing help with their breastfeeding skills
after hospital discharge, suggesting inadequate breastfeeding support during their infant’s hospitalization. The authors speculated
this may be due to physicians being ill prepared to address issues
relating to breastfeeding difficulties, and to women receiving inconsistent information from their health care providers.33
Breastfeeding is the preferred nutrition for neonates and has
many advantages to infants and mothers, however not maintaining successful breastfeeding can result in failure-to-thrive and dehydration.23,32 In our study, NICU stay and overnight hospitalization
stay were not found to mediate the association between exclusive
breastfeeding and LP birth status. However, our study did not allow
for the examination of specific reasons for hospitalization or NICU
stay. On the other hand, we found that breastfeeding difficulties
attributable to baby partially mediated the association between LP
status and exclusive breastfeeding among women able to breastfeed at hospital discharge (results not shown). That is, mothers of
LP infants were more likely to report having baby-related breastfeeding difficulties than mothers of term infants, which in turn was
associated with lower odds of exclusive breastfeeding at 4 months
postpartum. However, a prospective cohort study of 116 premature
infants found that higher maternal perception of child vulnerability was not associated with lower gestational age or birth weight,
but rather associated with maternal anxiety at discharge.34 These
findings suggest that mothers of LP infants might benefit from supplementary support in the postpartum period, especially as it relates
to maternal anxiety, infant feeding and overall health.34
A limitation of this study was the use of maternal self-report to
assess the research objectives. Birth status was classified based on
maternal report of gestational age, which may be slightly inaccurate,35 and could result in the possibility of misclassification bias.
However, a recent validation analysis36 comparing self-report information and information obtained from electronic medical records
in the AOB study showed high agreement and low risk for bias
when gestational age categories were used. There may also be limitations surrounding the use of one-item measures to assess physical and emotional health. Finally, this study was limited to women
who could complete a written questionnaire in English and therefore study findings may only be generalizable to women who have
adequate language skills to do so. The strengths of the study include
the prospective nature of data collection that minimizes the risk of
recall bias, and the population-based sample that allows for study
findings to be generalizable to pregnant women in urban centres in
Canada.28
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Appendix A
Variable

Item

Scoring and/or
Coding Information

Ethnicity

“How would you describe your ethnic background?”

Other/Caucasian

Foreign-born status

“Were you born in Canada?”

Yes/No

Income

“What is the total income of all household members from all sources
in the past 12 months?”

≥$80,000/<$80,000

Parity

Combination of the following: “Have you been pregnant before?”;
“Have you ever experienced a miscarriage, stillbirth, abortion,
neonatal death or live birth?”

Nulliparous/Multiparous

Mode of delivery

“How was your new baby delivered?”

Vaginal/Caesarean

Baby NICU stay

“Has your baby stayed in the Neonatal Intensive Care Unit (NICU)?”

No/Yes

Baby overnight hospital stay

“Has your baby stayed overnight in the hospital (not including when
he/she was first born nor NICU)?”

No/Yes

Social support at 4 months postpartum

Medical Outcomes Survey Social Support Scale
A cut-off of 69 or greater was used to define adequate social support.

Adequate /Inadequate

Emotional health at 4 months postpartum

“In general, how would you rate your emotional health?”

Good/Poor

Physical health at 4 months postpartum

“In general, how would you rate your physical health?”

Good/Poor

Breastfeeding difficulties attributable to baby

“As a result of breastfeeding your baby, have you experienced
difficulties with the baby such as the baby having trouble latching
or having a sleepy baby?”

No/Yes

Breastfeeding difficulties attributable to mother/milk “As a result of breastfeeding your baby, have you experienced
difficulties such as not producing enough milk, or having flat
or inverted nipples?”

No/Yes

Exclusive breastfeeding at 4 months postpartum

Not EBF/EBF

“In the past week, what best describes what your baby was fed?”

CONCLUSION
LP infants may seem similar to their term birth peers, however, they
are less mature, and mothers of LP infants are at increased risk for
baby-related breastfeeding difficulties and have lower rates of exclusive breastfeeding at 4 months. Increased support and care should
be provided for these mothers to optimize breastfeeding successes,
monitor health, and optimize growth and development.
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RÉSUMÉ
OBJECTIF : Comparer les difficultés à allaiter imputables au bébé et celles
imputables à la mère/au lait et la pratique de l’allaitement maternel
exclusif entre un groupe de nourrissons peu prématurés (PP) et de
nourrissons nés à terme.
MÉTHODE : Nous nous sommes servis des données d’une cohorte
communautaire prospective (n=2 977) à Calgary, en Alberta, pour
effectuer des analyses bivariées et multivariées afin de cerner les
indicateurs de santé démographiques, obstétriques, maternels et du
nourrisson indépendamment associés à la naissance à terme et aux
résultats de l’allaitement maternel.
RÉSULTATS : Selon nos analyses multivariées, le statut PP était un facteur
de risque indépendant pour les difficultés d’allaitement imputables au
bébé (RC 1,72, IC de 95 % 1,24-2,38), mais pas pour les difficultés
imputables à la mère/au lait (définies comme ne produisant pas assez de
lait ou ayant des mamelons plats ou invertis). Chez les femmes qui
allaitaient à leur sortie de l’hôpital, les mères de nourrissons PP étaient
moins susceptibles de déclarer pratiquer l’allaitement maternel exclusif à
4 mois (RC 0,67, IC de 95 % 0,46-0,97), après prise en compte du
revenu du ménage, du mode d’accouchement et de la santé physique
maternelle post-partum.
CONCLUSIONS : Les mères de nourrissons PP ont besoin de soutien
supplémentaire pour allaiter avec succès et pour que leurs nourrissons
profitent entièrement des avantages du lait maternel.
MOTS CLÉS : allaitement maternel; nourrisson, prématuré;
épidémiologie
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