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Abstract

Objective: This study sought to determine the maternal prepregnancy, pregnancy, and delivery risk factors that
predicted coming to volume (CTV; achieving pumped mother’s own milk [MOM] volume >500 mLs/day) and
the continuation of MOM provision through to discharge from the neonatal intensive care unit (NICU) in
mothers and their very low birthweight (VLBW; <1,500 g at birth) infants.

Study Design: Secondary analysis of prospectively collected data from 402 mothers of VLBW infants admitted
to an urban NICU, including detailed MOM pumping records for a subset (51%) of the cohort. Analyses
included inverse probability weighting, multivariate regression, and chi-square statistics.

Results: In this high-risk cohort (51.2% black, 27.1% Hispanic, 21.6% white/Asian; 72.6% low income; 61.4%
overweight/obese prepregnancy), CTV by day 14 was the strongest predictor of MOM feeding at NICU
discharge (odds ratio [OR] 9.70 confidence interval [95% CI] 3.86-24.38, p<0.01.). Only 39.5% of mothers
achieved CTV by postpartum day 14, an outcome that was predicted by gestational age at delivery (OR 1.41,
95% CI 1.15-1.73, p<0.01), being married (OR 3.66, 95% CI 1.08-12.39, p=0.04), black race (OR 7.70, 95%
CI 2.05-28.97, p<0.01), cesarean delivery (OR 0.22, 95% CI 0.08-0.63, p=0.01), and chorioamionitis (OR
0.14, 95% CI 0.02-0.82, p=0.03).

Conclusion: Continued provision of MOM at NICU discharge can be predicted in the first 14 postpartum days
on the basis of achievement of CTV. We posit that CTV can serve as a quality indicator for improving MOM
feedings in the NICU and that lactation support resources should target this early critical postbirth period.
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Introduction (CTV), which we have defined as achieving a threshold daily

MOM volume of >500 mL/day by postpartum day 14.**

HIGH—DOSE MOTHER’S OWN MILK (MOM) feedings
through to discharge from the neonatal intensive care
unit (NICU) represent an essential part of a bundle of best
practices to reduce potentially preventable NICU morbid-
ities, their sequelae, and associated costs in very low birth-
weight (VLBW; <1,500 g) infants. However, a global barrier
to achieving this outcome is insufficient volumes of MOM.
Insufficient MOM volume has its origins in the first 2 weeks
postpartum, a critical period during which the mammary
epithelial cells appear to undergo programming processes that
regulate long-term MOM synthesis.”” We have previously
referred to this early phase of lactation as coming to volume

Healthy mothers with exclusively breastfeeding term in-
fants typically experience CTV between 4 and 7 days post-
partum.* However, impaired CTV in healthy populations has
been associated with predisposing risk factors, including
primparity,*> cesarean delivery,”’ and prepregnancy over-
weight and obesity.®® Most importantly, impaired CTV
predicts early cessation of exclusive and any breastfeeding in
otherwise healthy populations.'®

Little is known about CTV in mothers of preterm VLBW
infants. However, these mothers are over-represented in the
risk categories mentioned earlier for impaired CTV, and they
also experience mammary gland immaturity,'"'? stress
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associated with the infant’s NICU admission,'? breast pump
dependency, and prepregnancy and pregnancy-related health
problems and delivery complications that may result in blood
loss, inflammation, or other secondary morbidities. These
conditions directly impact the regulation of lactation pro-
cesses as well as early pumping behaviors. Although some
data suggest that impaired CTV is merely delayed or tem-
porary in these vulnerable mothers,'* other data show that it
predicts long-term insufficient MOM volume in this popu-
lation.'>'¢

Understanding the origins of insufficient MOM volume in
mothers of VLBW infants is central to prioritizing evidence-
based lactation care. Thus, the purposes of this study were to
identify previously unreported maternal predictors of CTV
based on prepregnancy, pregnancy, and delivery factors that
are common sources of morbidity in mothers who deliver
VLBW infants and to determine whether CTV predicts
continued MOM provision through to NICU discharge.

Materials and Methods

This study is a secondary analysis of a prospective cohort
study of 430 VLBW infants and their mothers for whom
inclusion and exclusion criteria have been previously de-
tailed.'” Cohort enrollment took place in the level III NICU at
Rush University Medical Center between February 2008 and
December 2012, and mothers provided signed informed
consent for themselves and their infants. Both the original
cohort study and this secondary analysis were approved by
the Rush University Institutional Review Board.

Measures

For this analysis, prospectively collected maternal and
infant characteristics, including complete health and demo-
graphic data (n=402 mothers), were accessed from the co-
hort study database. Maternal characteristics included: age,
marital status, race/ethnicity (non-Hispanic black [black],
non-Hispanic white [white], Hispanic, and Asian), low in-
come status (yes/no for maternal eligibility for Special Sup-
plemental Nutrition Program for Women, Infants, and
Children [WIC]), formal education attained (<high school,
high school, trade school/some college without attainment of
a bachelor’s degree, and >bachelor’s degree), and previous
breastfeeding experience (yes/no). Seven mothers who were
Asian were re-categorized as white given similar socio-
demographic characteristics and breastfeeding rates.'®

Maternal lactation risk factors that had been obtained from
the medical record during the prospective cohort study were
organized within three categories: prepregnancy health fac-
tors, pregnancy complications resulting in an indication for
delivery, and labor and delivery factors. These lactation risk
factors were not mutually exclusive, and most mothers had
more than one risk factor. Prepregnancy health factors in-
cluded body mass index (normal [<25] or overweight/obese
[>25]1)," and diagnoses of hypertension or type 2 diabetes
listed in the medical record.

Pregnancy complications included: multiple gestation,
pre-eclampsia/eclampsia, premature rupture of membranes
(PROM), placental abruption, fetal heart rate abnormalities/
poor biophysical profile, intrauterine growth restriction,
uterine abnormalities or cerclage, chorioamnionitis, and
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preterm labor. Labor and delivery factors included sponta-
neous labor, induced labor, and cesarean delivery.

Prospectively collected infant data extracted from the co-
hort study database included birth weight (BW), gestational
age at delivery (GA; marker of mammary gland immaturity),
and daily intake (mL) of MOM and formula from birth
through to NICU discharge. The variable MOM feeding at
NICU discharge was determined based on the type of feed-
ings received on the last full day of NICU hospitalization (12
AM-11:59 PM), and it was categorized into the mutually
exclusive categories of any MOM or no MOM. Donor human
milk was not used.

As standard practice in our NICU, mothers are strongly
encouraged, but not required, to keep detailed pumping re-
cords to assist with lactation support. Similarly, completion
of pumping records was encouraged but not a requirement of
the cohort study. Reasons for noncompletion were not col-
lected. A subset of the 402 mothers in the study (n=205;
51%) provided detailed MOM pumping data, including self-
recorded timing and volume of MOM pumping sessions
during the first 14 postpartum days. Mothers were taught by
study staff how to record date, time, and duration of pumping
session, as well as how to visually assess and record pumped
MOM volume from marked pumping containers. The re-
maining 197 mothers did not provide pumping records during
the first 14 postpartum days.

The 205 pumping records were used to determine whether
mothers experienced CTV, defined as a total pumped MOM
volume =500 mL/day for at least one 24-hour period during
the first 14 days postpartum.? If mothers had incomplete re-
cords that stopped before day 14 and had not yet experienced
CTV (n=06), they were presumed not to have achieved CTV
by day 14.

Data analysis

Descriptive statistics included frequencies, percentages,
and mean £ SD. Characteristics of mothers with and without
MOM pumping data (Table 1) were compared by chi-square
and independent ¢ tests to determine the best approach for
statistical adjustment and weighting of the 205 MOM
pumping records so that the records reflected the total study
sample of 402 mothers. Significant differences in mothers
who provided and did not provide MOM pumping records
were noted, especially for sociodemographic characteristics
and delivery indications.

Because these differences suggested that completion of
pumping logs was nonrandom, we performed the following
steps. First, we conducted a logistic regression in which the
completion of pumping data was regressed on the following
variables: sociodemographic factors, GA, prepregnancy
health factors, pregnancy complications, and labor and de-
livery factors (Table 1). Using the results of this regression,
we applied inverse probability weighting methods™ to re-
duce bias that was introduced by analyzing only the sample
with available pumping data.

Using these weighted data, we conducted a series of bi-
variate and multivariate analyses to determine the predictors
of CTV by postpartum day 14 (CTV by day 14). An addi-
tional multivariate regression, using the variable of CTV by
day 14 as well as the significant predictors of CTV them-
selves were entered into the analyses to determine the extent
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to which each variable predicted MOM feeding at NICU
discharge. Analyses were performed by using SAS software
(SAS Institute, Inc., Cary, North Carolina). SAS Proc Sur-
veyLogistic was used for all analyses that incorporated
sampling weights. Type 1 error was set at p <0.05.

Results
Characteristics of the sample

Mothers who provided (n=205) and did not provide
(n=197) pumping log data had several dissimilar charac-
teristics (Table 1), so the pumping data were weighted to
reflect the entire cohort of 402 mothers. Mothers who pro-
vided pumping data were older, more educated, and less
likely to be low income and black. In addition, mothers who
provided pumping data were significantly more likely to have
experienced PROM. Although nearly all (98%) of the 402
mothers provided some MOM for their infants, mothers who
provided pumping data were more likely to have infants re-
ceiving MOM feedings at NICU discharge (51.7% versus
14.7%, p <0.01).

Of the six mothers with incomplete pumping records who
were presumed not to have experienced CTV, four had MOM
volumes below 150 mL/day at the time of record discontin-
uation (mean 8.8 days) and the remaining two had MOM
volumes <375 mL/day on day 12.

CTV by day 14

Of the many socioeconomic and prepregnancy health
factors, pregnancy complications, and labor/delivery factors
evaluated, few retained significance as predicting CTV by
day 14 in multivariate analysis: marital status, race/ethnicity,
chorioamnionitis, cesarean delivery, and GA (Table 2). Un-
weighted models are available in Supplementary Tables S1
and S2 (Supplementary Data are available online at www.
liebertpub.com/bfm).

MOM feeding at NICU discharge

In the multivariate model (Table 3), only maternal age and
achievement of CTV by day 14 were significant predictors of
MOM feeding at NICU discharge. Achievement of CTV by
postpartum day 14 was the strongest predictor of MOM
feeding at discharge (odds ratio [OR] 9.70, 95% confidence
interval 3.86-24.38). Of mothers who achieved CTV by day
14, 75.3% provided MOM at NICU discharge, versus 36.3%
of mothers who did not achieve CTV (p<0.001). Un-
weighted models are available in Supplementary Tables S1
and S2.

Discussion

To our knowledge, this is the first study to report predictors
of achieving and not achieving CTV and to describe the re-
lationship between CTV and continued MOM feeding
through to NICU discharge in breast pump-dependent
mothers of VLBW infants. In this primarily minority, low
income cohort, we found that achievement of CTV by post-
partum day 14 was the strongest predictor of the infant’s
receiving MOM feedings at NICU discharge, with an odds
ratio of 9.70. This strong relationship suggests that the
achievement of CTV can be incorporated as an early quality
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TABLE 1. CHARACTERISTICS OF MOTHERS WITH AND
WiTtHOUT PUMPING DATA

Characteristic, Pumping  No pumping

n (%) or data data
mean*SD (n=205) (n=197) p
Sociodemographic
Maternal age (years) 28.8+6.2 253+63 <0.01%*
Low socioeconomic status 120 (58.5) 172 (87.3) <0.01*
Married 105 (51.2) 49 (24.9) <0.01*
Race/ethnicity
White/Asian 54 (26.3) 33 (16.8) <0.01*
Hispanic 75 (36.6) 34 (17.3)
Black 76 (37.1) 130 (66.0)
Highest education completed
<High school 27 (13.2) 41 (20.8) <0.01*
High school 51 (24.9) 54 (27.4)
Trade or <BA/BS 75 (36.6) 79 (40.1)
BA/BS or higher 52 (25.4) 23 (11.7)
Previous breastfeeding experience
No (primiparous) 119 (58.0) 101 (51.3) 0.06
No (multiparous) 28 (13.7) 45 (22.8)
Yes 58 (28.3) 51 (25.9)
Prepregnancy health factors
Prepregnancy 28.5+72 28778 0.73
BMI, kg/m?
Prepregnancy 126 (61.5) 121 (61.4)  0.87
overweight/obese
(BMI >25)
Hypertension 20 (9.8) 17 (8.6) 0.70
Type 1I diabetes 4 (2.0) 4 (2.0 0.96
Pregnancy and infant characteristics
Multiple gestation 39 (19.0) 24 (12.2) 0.06
Infant male sex 114 (55.6) 101 (51.3) 0.38
Infant gestational 27.8+25 282124 0.08
age (weeks)
Infant birth weight (grams) 1,036+246 1,064%261 0.26
Pregnancy complications
Multiple gestation 37 (18.0) 22 (11.2) 0.05
Pre-eclampsia/eclampsia 47 (22.9) 59 (29.9) 0.11
Premature rupture 59 (28.8) 37 (18.8) 0.02*
of membranes
Placental abruption 12 (5.9) 22 (11.2) 0.06
Fetal heart rate 30 (14.6) 31 (15.7) 0.76
abnormalities/poor
biophysical profile
Intrauterine growth 13 (6.3) 15 (7.6) 0.62
restriction
Uterine abnormalities/ 16 (7.8) 7 (3.6) 0.07
cerclage
Chorioamnionitis 25 (12.2) 21 (10.7)  0.63
Preterm labor 68 (33.2) 66 (33.5) 0.94
Labor and delivery factors
Spontaneous onset of 123 (60.0) 104 (52.8) 0.15
labor
Induction of labor 20 (9.8) 18 (9.1) 0.83
Cesarean delivery 126 (61.5) 126 (64.0)  0.61
Coming to volume
By day 14 81 (39.5) N/A N/A
*p<0.05.

BA/BS, bachelor of arts/bachelor of science; BMI, body mass index.

indicator for evidence-based NICU benchmarks that target
the increased use of MOM at the time of NICU discharge.
Although CTV and its definition as 2500 mLs of pumped
MOM by postpartum day 14 may seem novel, we have pre-
viously published a detailed description of this phase of lac-
tation and its specific importance for breast pump-dependent
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TABLE 2. PREDICTORS OF COMING TO VOLUME
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TABLE 3. PREDICTORS OF INFANT RECEIVING

BY DAy 14 MOTHER’S OWN MILK FEEDINGS AT NEONATAL
INTENSIVE CARE UNIT DISCHARGE
Characteristic, n=205" OR (95% CI) P
Sociod et Characteristic, n=205" OR (95% CI) p
ociodemographic factors
Maternal age (years) 0.98 (0.90-1.07) 0.70  Sociodemographic factors
Low socioeconomic status  1.25 (0.44-3.50) 0.67 Maternal age (years) 1.11 (1.02-1.21) 0.02*
Married 3.66 (1.08-12.39)  0.04* Low socioeconomic 0.47 (0.16-1.42) 0.18
Race/ethnicity (white 0.01%* status
is reference) Married 1.52 (0.56-4.15) 0.41
Hispanic 1.70 (0.51-5.64) 0.38 Race/ethnicity (white 0.61
Black 7.70 (2.05-28.97) <0.01* is.refer'ence)
Highest education (<high 0.10 Hispanic 1.43 (0.37-5.43) 0.60
school is reference) .Black . 0.77 (0.20-2.98) 0.71
High school 3.33 (0.49-22.60)  0.22 Highest education 0.18
Trade or <BA/BS 1.10 (0.15-8.23) 092 (<high school
BA/BS or higher 0.89 (0.11-7.24) 091 is reference)
Previous breastfeedin 011 High school 0.24 (0.06-0.98) 0.05
X g : Trade or <BA/BS 0.60 (0.14-2.51) 0.48
eXIi):rrl:erI:izn(cyee)s BA/BS or higher 0.48 (0.09-2.48) 0.38
No (primiparous) 1.02 (0.36-2.92)  0.97 P rg;’g‘j;fji;fz:dmg 0.06
No (multiparous) 0.24 (0.05-1.11) 0.07 is reference)
Prepregnancy health factors No (primiparous) 3.22 (1.22-8.51) 0.02
Prepregnancy 0.44 (0.18-1.11) 0.08 No (multiparous) 1.19 (0.33-4.28) 0.79
ogiz\l)ve;lzgglt/obese Prepregnancy health factors
Hy(perten_siog 0.56 (0.10-3.05) 051 Pre%regn?chonvzeg\):veight/ 2.05 (0.71-5.90) 0.19
: i : obese >
Pregnancy complications Hypertension 0.46 (0.10-2.07) 0.31
Multiple gestation 1.31 (0.35-4.93) 0.69 ot
Pre-eclampsia/eclampsia 0.70 (0.17-2.86) 0.62 Pri%[ﬁtrilglyecgo;lgligitlons 0.28 (0.07-1.10) 0.07
P f‘ﬁiﬂ%ﬁ rupture of 1.90 (0.44-8.18)  0.39 Pre-eclampsia/eclampsia ~ 0.31 (0.07-1.31) 0.1
Placental abruption 417 (0.87-2005) 007 ~remature mpture 158 (032-750) 057
Fetal heart rate 1.59(042-5.95) 049 placental abruption 043 (0.08-232) 033
ﬁiél;ﬁgls?cg}e;rgglg""f Fetal heart rate 3.31 (0.65-16.77)  0.15
. abnormalities or poor
Intrr:;';?(r:lt?gngrowth 0.47 (0.06-3.54) 0.46 biophysical profile
Uterine abnormalities/ 1.93 (0.56-6.63)  0.30 Imlf:;tr??tﬁfnngth 0.46 (0.08-2.59) 038
Ch?;ﬁ;%; conitis 0.14 (0.02-082)  0.03* Uterine abnormalities/ 0.85 (0.18-4.11) 0.84
: Pl : cerclage
Preterm labor 0.41(0.08-2.03)  0.28 Chorioamnionitis 0.46 (0.08-2.54)  0.38
Labor and delivery factors Preterm labor 0.53 (0.13-2.22) 0.38
Induction of labor 1.26 (0.26-6.03) 0.77 :
Cesarean delivery 0.22 (0.08-0.63)  0.01% o duction of labor 080 (016388 078
Gestational age (Weeks) 1.41 (115—173) <0.01 Cesare.an de]lVery 1.06 (042_27]) 0.90
“Results weighted to reflect entire cohort of 402 mothers. Gestational age (weeks) 1.13 (0.92-1.39) 0.24
*p<0.05. MOM
CIL, confidence interval; OR, odds ratio. Coming to volume 9.70 (3.86-24.38) <0.01*
by day 14

mothers of VLBW infants.? Despite the fact that VLBW infants
require far less than 500 mL of MOM a day in the first weeks of
life, this volume is useful as a quality indicator for successful
lactogenesis, as studies suggest that the mammary gland is
programmed for long-term lactation during these early post-
partum days, including increases in the numbers of secretory
cells and prolactin receptors.’

Multiple studies have reported that mothers of premature,
low birthweight (<2,500g) and VLBW infants produce
lower MOM volumes than mothers who breastfeed healthy
infants.'>'° However, few studies have focused on delin-

“Results weighted to reflect entire cohort of 402 mothers.
*p<0.05.

eating critical postpartum periods during which these
mothers are at the highest risk for MOM volume problems.
In a classic study of 95 breast pump-dependent mothers of
infants born <31 weeks GA, Hill et al.!® reported that
pumped MOM volume at the end of postpartum week 1
predicted MOM volume at postpartum week 6. These in-
vestigators concluded that interventions to prevent low
MOM volume in this population should be targeted during
the first postpartum week.
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Two additional randomized studies in mothers of VLBW
infants support the idea of early postpartum mammary gland
programming. The interventions in both studies, which in-
cluded pumping within the first postpartum hour®' and
electric breast pump use versus hand expression during
the first seven postpartum days,?? were short-term, but had
a measurable impact on pumped MOM volume weeks
thereafter.

A recent retrospective record review of 85 mothers and
their infants born <32 weeks GA also revealed that pumped
MOM volumes below the sample median on postpartum day
4 predicted formula use at NICU discharge.”® Thus, our
finding that CTV by day 14 predicts the continuation of
MOM feedings through to NICU discharge is consistent with
other studies, postulating an early critical window for es-
tablishment of long-term adequacy of pumped MOM volume
in this population.

CTV encompasses the short but vital period between the
onset of secretory activation and the achievement of a
threshold MOM volume >500 mLs per day.” This period is
fraught with difficulties for both healthy and vulnerable pop-
ulations, resulting in high rates of unplanned early weaning, 4
low pumped MOM volumes,2 and/or lack of exclusive MOM
feeding.'” Several randomized and observational studies have
linked maternal demographic characteristics, prepregnancy,
pregnancy, and delivery risk factors with delayed onset of
lactation (e.g., delayed lactogenesis II) and/or MOM supply
concerns during the first two postpartum weeks in otherwise
healthy populations.*~® However, little research has focused on
the timing-specific impact of these maternal risk factors when
they occur in breast pump-dependent mothers of premature
infants.

Multivariate model predictors of achieving CTV by day 14
in our population included black race and being married,
whereas predictors of not achieving CTV included chor-
ioamnionitis, cesarean delivery, and lower GA. However, it is
likely that cesarean delivery served as a proxy variable for
other maternal prepregnancy, pregnancy, and delivery risk
factors that were not mutually exclusive with respect to each
other or with cesarean delivery. Thus, mothers could have
had one or more of these risk factors, which increase the
likelihood of cesarean delivery.>>?® One previous retro-
spective study reported that cesarean delivery increased the
odds (4.3-fold) of low pumped MOM volume on postpartum
day 4 in 85 mothers of premature infants born <32 weeks GA,
and that gregnancy—indueed hypertension predicted cesarean
delivery.? Thus, cesarean delivery may serve as a marker for
other maternal risk factors that potentially influence pumped
MOM volume.

We speculate that an underlying mechanism to explain the
negative impact of maternal morbidities on CTV may be the
presence of inflammation, seen with both cesarean delivery
and chorioamionitis, as well as with preterm birth.>2° Since
inflammation interrupts the closure of mammary epithelial
tight junctions,”®>' downregulates lactose synthesis, and
decreases milk volumes in in vitro and animal models,32’33
we hypothesize that these inflammatory conditions may pose
additional challenges to the already ‘‘at-risk” immature
mammary gland in mothers who deliver at an early GA,'""'?
itself a negative predictor of CTV.

To date, the majority of interventions to improve CTV and
pumped MOM volume have been primarily focused on be-
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havioral and motivational approaches such as breast pump
type and use, skin-to-skin holding, and the integration of
breastfeeding peer counselors.>'>~*% However, future re-
search addressing the mechanisms by which these maternal
risk factors impact the physiology of CTV may lead to tar-
geted interventions for women with specific risk factors.

Our study has several strengths, including the large ra-
cially, ethnically, and socioeconomically diverse sample, and
the prospective collection of data, including maternal health
and intrapartum conditions. The use of documented pumped
MOM volumes to measure CTV through the first two post-
partum weeks is a particular strength of our study, as most
studies on this topic have used infant feeding data as a proxy
variable for pumped MOM volume.*”-*® Premature and/or
VLBW infants require very small volumes of human milk
during the first 2 weeks of life to receive exclusive MOM
feedings, often only 150-200mLs per day.*® Thus, early
exclusive MOM feedings may be accomplished even though
mothers of these infants have not achieved CTV, which po-
tentially leads to later insufficient MOM volume as feeding
requirements increase and resultant discontinuation of ex-
clusive or any MOM provision. Thus, the use of infant
feeding rather than pumped MOM volume data makes the
results of these studies difficult to interpret.

Although the use of pumped MOM volumes is a strength of
this study, we acknowledge that these measures were self-
recorded and may be subject to maternal error. Although
mothers were taught how to visually measure and record their
MOM volumes from marked containers after pumping, the
MOM was not measured directly by the study team. In ad-
dition, if pumping records were incomplete and mothers had
not yet CTV (n=6), it was assumed that they did not CTV.
Thus, we may have underestimated rates of successful CTV,
although the volumes recorded by these mothers before dis-
continuation of record keeping suggest that this assumption is
accurate.

In addition, MOM feedings at discharge were measured by
using infant feeding data records rather than daily pumped
MOM volume. Although MOM feeding data are more likely
to reflect pumped MOM volumes at NICU discharge than
during the first two postpartum weeks, it is possible that some
mothers in our study were no longer pumping but had suffi-
cient frozen MOM for partial or exclusive MOM feedings at
discharge, although this suggests an adequate MOM supply
before discontinuation of pumping. Another limitation of our
study is the low number of mothers in our cohort with dia-
betes, which limits our analysis of the impact of this risk
factor and CTV. Previous studies in mothers of term and
premature infants have revealed delayed onset of lactation
and/or insufficient MOM volumes in the presence of maternal
diabetes.*”

Finally, the subset (n=205) of mothers who maintained
pumped MOM volume records was more educated, less
likely to be low income, more likely to be white, and more
likely to have experienced PROM than the subset (n=197) of
mothers who did not. Although we corrected for these dif-
ferences by using propensity score-weighting, it is possible
that some confounding findings remain. The higher rates of
continued MOM provision through to NICU discharge in the
pumping record group, as well as their willingness to keep
records, suggest that these mothers may have been more
highly motivated to provide MOM, and may have had
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different pumping behaviors, which were not analyzed in this
study.

Although maternal length of stay was not measured, higher
rates of PROM suggest that this group of mothers was likely
to have been hospitalized for days to weeks before preterm
delivery. We hypothesize that a longer hospitalization would
allow more time for prenatal education on the importance of
MOM for preterm infants and result in higher motivation to
provide both pumping records and long-term MOM than
mothers who had an unexpected or urgent preterm delivery.
Overall, however, the fact that only 39.5% of highly moti-
vated mothers with strong lactation support were able to CTV
2 weeks after preterm delivery sheds light on the scale of this
problem, as the rate in a typical mother is likely even lower.

In summary, we found that multiple maternal pregnancy
and delivery risk factors negatively affected CTV in this di-
verse urban cohort of mothers, and that CTV was, by far, the
strongest predictor of MOM feeding at NICU discharge. We
speculate that these maternal risk factors manifest in higher
rates of cesarean delivery, hence the strength of this predictor
in the multivariate model for CTV by day 14. Overall, the
high percentage of mothers who experience a delay in or
failure to CTV is concerning from a public health standpoint.
Mothers and providers should be educated regarding early
mammary gland programming and the importance of optimal
pumping behavior to maximize MOM volumes in the first
14 days postpartum as an intervention to improve long-term
lactation outcomes.
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