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Abstract

Background: Human milk diet, preferably mother’s own milk (MOM) over donor milk (DM), is recommended
for preterm infants. Expression of MOM in proximity to preterm infants, especially during or immediately after
skin-to-skin contact (SSC), is associated with greater milk production. However, the correlation between SSC
and MOM production during hospital admission in preterm infants has not yet been studied. Our study in-
vestigated the relationship between SSC and MOM production and consumption in preterm infants during the
first postnatal month of life.
Materials and Methods: This was a prospective cohort study. Mothers and their preterm infants born at <35
weeks by gestational age (GA) and eligible for SSC within the first 5 postnatal days were eligible for the study.
Mothers were given a binder to document pumped breast milk volumes and SSC sessions. Pumped breast milk
volumes, enteral feeding type and volume, and SSC duration and frequency were collected daily over the first
28 days of life, along with demographic, perinatal, and feeding data from electronic medical records (EMR).
Results: Mean birth GA and weight were 30 – 3 weeks and 1,443 – 576 g, respectively. SSC duration was
inversely correlated with GA and weight. The SSC duration was positively correlated with ingested MOM
volume after correcting for birth GA. The SSC duration was predictive of increased volumes of pumped MOM.
Conclusion: Our findings suggest that SSC duration is associated with improved MOM production and con-
sumption. SSC can be a useful tool to increase MOM exposure and improve long-term health outcomes in
preterm infants.
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Introduction

Human milk diet, preferably mother’s own milk
(MOM) over donor milk (DM), is recommended for

preterm infants.1 DM is often lower in fat, protein, and mi-
cronutrients compared to preterm MOM and has lower pro-
tective immunological components due to the pasteurization
process.2 Colostrum, the initial milk produced by lactating
mothers, contains almost double the protein and decreased fat
compared to mature human milk. It contains large quantities
of lactoferrin, immunoglobulin A, and white blood cells.3

Once human milk transitions to mature milk, there are sig-
nificant day-to-day changes in the protein and fat content of
milk. Preterm MOM differs from full-term MOM because it
contains more protein, fat, free amino acids, and sodium.3

DM is typically pooled mature milk from term infants’
mothers. When compared with the use of DM alone or with
supplementation with MOM, preterm infants have improved
growth with exclusive MOM unfortified diets.4

MOM has been shown to improve neurodevelopmental
outcomes and reduce the risk of mortality, bronchopulmonary
dysplasia, and necrotizing enterocolitis (NEC).2,3,5 Promoting
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skin-to-skin contact (SSC) in the neonatal intensive care unit
(NICU) can be an effective method for increasing MOM
production and subsequently increasing MOM consumption
and improving the long-term health outcomes of preterm
infants.

However, mothers of preterm infants in the NICU often
produce inadequate amounts of breast milk due to many
barriers, such as separation from their infants, delayed lac-
togenesis,1 maternal stress, and perinatal complications.6 In a
report by the CDC, only *70% of preterm infants (born <37
weeks) received any breast milk during their hospital stay.7

The number of preterm infants receiving MOM at discharge
is significantly lower.7 In a national Swedish study, only 13%
of extremely preterm infants (born 22–27 weeks), 34% of
very preterm infants (born 28–31 weeks), and 49% of mod-
erately preterm infants (born 32–36 weeks) were exclusively
breastfed at hospital discharge.8

SSC has been shown to be an important bonding tool for
mothers with their preterm infants. SSC is described as
placing an infant clothed in only a diaper and a hat in a prone
or lateral position onto a caregiver’s bare chest. Beneficial
effects of SSC include decreased infant pain scores during
procedures9 and improved infant–mother bonding.5,10–14

SSC has been shown to increase salivary oxytocin levels in
mothers, fathers, and infants, which can help reduce stress15

and is associated with decreased parental cortisol levels.16

SSC also increases the likelihood of successful breast-
feeding. SSC has been associated with increased overall rates
of breastfeeding during hospital stay and up to 1 month after
discharge.11,17,18 Infants receiving kangaroo mother care
(defined as prolonged SSC, breastfeeding, and timely dis-
charge home) have been associated with earlier initiation of
breastfeeding than those receiving care in an incubator or
warmer,19 as well as decreased time to full oral feeds and
reduced feeding intolerance.20

Although multiple studies have shown that SSC can in-
crease breastfeeding in healthy term infants, no study to date
has shown a direct correlation between SSC duration and

MOM production during NICU admission in preterm infants.
This study aims to clarify the relationship between SSC and
production and consumption of MOM in preterm infants
during the first postnatal month, a crucial time for estab-
lishing MOM production and infant gut microbiome.

Methods

Study design and patient population

We performed a prospective cohort study of preterm in-
fants born at <35 weeks’ gestational age (GA) and admitted
to the level III academic NICU at Tampa General Hospital
between November 1, 2019, and December 30, 2020. Inclu-
sion criteria were eligibility for SSC within the first 5 post-
natal days. Our unit had a concurrent quality improvement
project to encourage parents to start SSC during the first 5–7
days after birth, if medically qualified (Table 1). This crite-
rion was used to reduce the variability in the studied popu-
lation. The exclusion criteria were as follows: infants born to
HIV-positive mothers, infants with unrepaired gastroschisis
or omphaloceles, and infants who died or were discharged
before 28 days of life. This study was approved by the In-
stitutional Review Board of the University of South Florida.

Skin to skin contact guidelines

Nursing staff were trained on proper SSC techniques
through educational videos describing proper SSC. Infants
were clothed in only a hat and diaper and placed prone onto
the bare caregiver’s chest for a minimum of 60 minutes. If
caregivers were not using a kangaroo wrap, a warm blanket
was provided to place over the infant. Caregivers were in-
structed that SSC could be terminated early at the parents’
request or if the infant showed intolerance to SSC. Signs of
intolerance included hypothermia despite appropriate
warming techniques, an increase of FiO2 >10–15% over
baseline, or an increase in episodes of apnea, bradycardia, or

Table 1. Eligibility Criteria for Skin-to-Skin Contact

Category Criteria

Green (eligible for SSC) Medically stable (no recent increases in ventilatory support, without rapidly rising
serum bilirubin levels, low doses of dopamine with stable blood pressure, events at
baseline)

Stable respiratory status on nasal continuous positive airway pressure or intubated
May be done simultaneously with twins if neither twin has suspected or proven

infection
Yellow (may be eligible after

discussion with medical team)
Infants during the first 24 hours of mechanical ventilation
Apnea requiring significant stimulation
Chronic persistent pulmonary hypertension
Infants with umbilical artery catheters, peripheral arterial lines, or chest tubes
Infants on phototherapy
Infants requiring increased ventilatory support (increasing pressures, oxygen

requirements, or reintubation)
Red (not eligible) Acute persistent pulmonary hypertension

Acute sepsis
Unrepaired omphalocele/gastroschisis
Severe hypotension requiring multiple continuous IV vasopressors
ELBW infants (ELBW, defined as birth weight <1,000 g) in the first 72 hours of life
Hypoxic ischemic encephalopathy requiring cooling

ELBW, extremely low birth weight; SSC, skin-to-skin contact.
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desaturation over the infant’s baseline that were not resolved
with normal interventions.

In addition, local Best Practice guidelines were revised and
provided for consistency in practice (Table 1). The guidelines
describe the criteria for determining an infant’s eligibility for
SSC via a color-coding system. The infants were evaluated
daily for SSC eligibility by bedside nurses. Infants catego-
rized ‘‘green’’ could have SSC without discussion with the
medical team, infants categorized ‘‘red’’ were ineligible for
SSC, and infants categorized ‘‘yellow’’ would require a
discussion with the entire medical team on rounds to deter-
mine SSC eligibility for that day.

Data collection

Mothers of eligible infants were given a binder at the
bedside to document their daily volumes (mL) of pumped
MOM. They also documented the occurrence of SSC, dura-
tion of SSC, and the caregiver who performed SSC. The
families were given detailed explanations of the binders by
the research team and all bedside nurses were educated on
proper documentation.

Data were collected from inpatient electronic medical re-
cords (EMR) of infants and mothers from both delivery and
NICU admissions. The collected demographic and clinical
information included birth weight (BW), GA, sex, ethnicity,
race, maternal age, multiple gestation, type of pump used
(hospital versus manual grade pump), prenatal and postnatal
infections, and grade 3 or 4 intraventricular hemorrhage
(IVH). Detailed information on enteral intake was recorded,
including the type of feeding (MOM/DM/formula), feeding
volume, and feeding readiness scores over the first 28 post-
natal days. Other information recorded included times enteral
and oral feeding was started, when infants took all feedings
by mouth, and what the infant was primarily feeding upon
discharge home.

Statistical analysis

Maternal and infant characteristics were summarized using
descriptive statistics. Continuous variables were summarized
as mean and standard deviation or median and interquartile
range, and categorical variables were summarized as
rates/percentages. Fisher’s exact test was used to evaluate the
associations between categorical variables. Differences in
continuous variables were assessed using the Student’s t test
or the Mann–Whitney U test. The correlation between two
continuous variables with non-normal distribution was as-
sessed using a nonparametric Spearman’s correlation test.
The adjusted and unadjusted relationships between the de-
pendent and independent variables were assessed using
simple linear regression analysis. All p-values were two-
tailed, and statistical significance was set at 5% for all
comparisons.

For a simple linear regression model to detect multiple
partial correlation coefficients of moderate size (0.36) be-
tween SSC duration and breast milk volume, we needed a
sample size of 55 for a two-sided test with a 5% significance
level and a power of 80.2%. With this sample size and re-
peated measures, we were able to detect smaller correlations.
All statistical analyses were performed with IBM SPSS sta-
tistical software (IBM Corp. released 2020, IBM SPSS Sta-
tistics, Version 27.0; IBM Corp., Armonk, NY).

Results

Patient characteristics

A total of 100 preterm infants were born at <35 weeks of
age during the study period. The final analysis included 56
patients who met our inclusion criteria. Of these, 46 com-
pleted the pumping logs. The mean GA and BW were 30 – 3
weeks and 1,443 – 576 g, respectively. The infants were also
stratified by very low birth weight (VLBW, defined as BW
<1,500 g, 57%) and extremely low birth weight (ELBW,
defined as BW <1,000 g, 25%). The mean maternal age was
30 – 7 years. Of the mothers, 45% were Caucasian, 32% were
African American, and 39% were Hispanic. Of the mothers,
84% had access to a hospital-grade pump at home (Table 2).

Skin to skin contact and perinatal data

There was a negative correlation between SSC duration
and GA (r = -0.339, p = 0.005) and BW (r = -0.367,
p = 0.011). Of the 56 infants who were eligible for SSC, there
were 41 (73%) infants who received weekly SSC (defined as
SSC conducted at least once weekly for 60 minutes during the
first 28 days or until discharge) and 15 (27%) infants who did
not receive weekly SSC. The weekly duration of SSC was
widely distributed with median duration peaking at week 2
and decreasing at week 4 (Table 3).

Skin to skin contact and feedings

Analysis of ingested MOM in the 56 patients who met the
inclusion criteria showed a positive correlation between total
SSC duration and total ingested MOM volume during the first
28 days when controlling for GA (r = 0.270, p = 0.047). With
close to 30% of the study population were not receiving SSC

Table 2. Patient Demographics

and Characteristics

Characteristics N = 56

Gestational age (weeks) 30 – 3
Minimum, maximum (weeks) 24.0, 34.6

Birthweight (g) 1,443 – 576
Minimum, maximum (g) 590, 2,820

Maternal age (years) 30 – 7
Vaginal delivery, n (%) 33 (59)
Multiple gestation, n (%) 16 (29)
Male, n (%) 26 (46)
Apgar 1 minute 6 – 2
Apgar 5 minutes 8 – 1
Caucasian, n (%) 25 (45)
African American, n (%) 18 (32)
Hispanic ethnicity, n (%) 22 (39)
English language, n (%) 50 (89)
Electric pump, n (%) 47 (84)
Antenatal corticosteroids, n (%) 54 (96)
Maternal magnesium, n (%) 38 (68)
Surfactant, n (%) 18 (32)
Intraventricular hemorrhage, n (%) 4 (7)
Age at full enteral feeds (days) 7 – 5
Age at first breastfeeding (days) 26 – 27
Age at full oral feedings (days) 42 – 35
Length of hospital stay (days) 51 – 40
Gestational age at discharge (weeks) 38 – 4
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at least once per week, we chose to analyze the frequency of
SSC categorically (weekly versus nonweekly) in addition to
analyzing the total duration of SSC over 28 days. Infants who
had SSC at least once per week during the first postnatal
month ingested higher volumes of MOM than infants who did
not have regular SSC (mean = 4,132 mL versus 2,226 mL,
p = 0.001) (Fig. 1).

The average age at full enteral feeding was 7 – 5 days, age
at first breastfeeding was 26 – 27 days, and age at full oral
feeds was 42 – 35 days (Table 2).

The analysis of pumped MOM volumes was conducted in
the 46 patients who had completed pumping logs in the
provided binders. The daily pumped MOM volume increased
over time as breast milk production was established. In these
patients, the total SSC duration was not significantly corre-
lated with the total pumped MOM volume (r = 0.266,
p = 0.074) during the first 28 days of life.

However, weekly SSC duration was significantly correlated
with weekly pumped MOM volume during weeks 3 (r = 0.385,
p = 0.008) and 4 (r = 0.309, p = 0.036) (Fig. 2), but not during
weeks 1 and 2 (r = 0.254, p = 0.088 and r = 0.032, p = 0.835,
respectively). Regression analysis showed that the total SSC
duration was a significant predictor of pumped milk volumes.
For every minute of SSC, there was an associated increase of
2.5 – 1.2 mL of pumped MOM ( p = 0.049) (Table 4).

Discussion

Mothers are often encouraged to perform SSC with their
infants to improve their breast milk production. Our study
showed that SSC duration was positively correlated with in-
gested MOM volume and that SSC duration was a positive

predictor of pumped milk volume in preterm infant-mother
dyads. For every minute of SSC, there was a potential increase
of *1.3–3.7 mL in MOM production. This is equivalent to an
increase of 2.6–7.5 oz with one 60-minute SSC session.

There are also cost benefits associated with SSC. DM cost
ranges $3.00–5.00 USD per ounce.21 According to our study,
a 1 hour SSC session would increase pumped MOM volume

Table 3. Skin-to-Skin Contact Duration by Postnatal Week

Total 28 days Week 1 Week 2 Week 3 Week 4

SSC duration
(minutes),
median (IQR)

610 (335, 1,074) 103 (0, 310) 128 (0, 335) 120 (0, 338) 45 (0, 300)

Pumped MOM
(mL), median
(IQR)

7,176 (3,844, 12,796) 1,177 (384, 18,19) 2,208 (947, 4,081) 1,858 (412, 3,959) 3,429 (758, 5,108)

IQR, interquartile range; MOM, mother’s own milk; SSC, skin-to-skin contact.

FIG. 1. Ingested MOM volumes for infants without versus
with weekly SSC. Infants who had regular SSC had higher
ingested MOM volume than infants who did not have reg-
ular SSC (mean = 2,226 mL versus 4,132 mL, p = 0.001).
MOM, mother’s own milk; SSC, skin-to-skin contact.

FIG. 2. Weekly SSC duration versus pumped MOM vol-
ume. Weekly SSC duration was significantly correlated with
pumped MOM volume during week 3 (r = 0.385, p = 0.008)
and week 4 (r = 0.309, p = 0.036). MOM, mother’s own
milk; SSC, skin-to-skin contact.
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by 2.6–7.5 oz. For every hour of SSC conducted, the hospital
could potentially save up to $37.50 USD compared to feeding
with DM. If conducted only once per week, this would
amount to savings of $150 USD per infant in a 1-month
period. Our study also demonstrated that Infants who had
SSC at least once per week during the first postnatal month
ingested higher volumes of MOM than infants who did not
have weekly SSC. Due to numerous benefits of MOM espe-
cially in preterm infant population, this cost saving will also
reflect in long-term deduction of comorbidities during NICU
admission.

The low frequency of SSC in our population is similar to
findings in other centers. Despite the multitude of benefits,
there are many barriers for mothers to perform SSC fre-
quently in the NICU. A California perinatal quality im-
provement initiative showed that while clinicians value
SSC, there was moderate variability in which infants were
considered ‘‘stable’’ for SSC. The barriers identified in that
study included having enough staff to assist with transfers
from the incubator to the caregiver, getting staff internally
motivated, and issues precluding visitation, especially in
low-income families.22 According to a systematic review of
the barriers and enablers of SSC for preterm infants, the top
barriers identified by mothers were primarily resource-
related, including issues with facilities, perceived negative
attitudes from staff, lack of help, and low awareness of
SSC.23

Furthermore, infants born to mothers with low socioeco-
nomic status as well as mothers who spoke a language other
than English have also been shown to experience lower rates
of SSC in the NICU.24 We reduced the variabilities in de-
termination of eligibility by standardizing the guidelines as
outlined in Table 1. Our study duration was concurrent with a
quality improvement project in the unit that trained NICU
staff and caregivers to increase awareness of and encourage
SSC during the first 5–7 days of life. However, our study did
not control for factors such as socioeconomic status or lan-
guage barriers.

We demonstrated that total SSC duration was predictive of
total pumped MOM over first postnatal month. As we ex-
amined this relationship more granularly by week, we dis-
covered that this positive association was present during
week 3 and 4 but not during the first 2 weeks. The stages of
lactation consist of the initial colostrum stage, the transitional
milk stage, and the mature milk stage. While there is no
formal definition, the period of transitional milk production is
generally considered to start at 2–5 days postpartum and lasts
until *14 days postpartum.25–27

Our study may suggest that SSC duration is correlated with
the production of mature breast milk but not the production of
colostrum or transitional milk. While colostrum and transi-
tional milk are important for the initial immunologic devel-

opment and rapid growth, mature milk is responsible for
long-term nutrition and growth of the infant.28,29 Alter-
natively, our study may suggest that the positive effects of
SSC on milk production in volume may not be observed until
later in milk production. Perhaps, the effect of SSC on the
early stages of lactation should be evaluated by other vari-
ables other than concurrent pumped milk volume, such as
days to achieve full feeding volume.

We have overcome some of the challenges of conducting
clinical studies during the Covid 19 pandemic. There was a
significant restriction in parental visits which limited the
ability to recruit extremely premature infants. The data on
SSC duration and ingested MOM volumes were extracted
from EMR; however, we relied on maternal documentation
of pumped milk volumes. The exclusion criteria for partici-
pation in the study included criteria that indicated illness
acuity of feeding intolerance. We chose to exclude patients
with these characteristics (Table 1) because in addition to
being indicative of medical instability precluding SSC, they
were also possible confounders of breast milk consumption.
Therefore, our study is applicable only to late preterm infants
without significant illness acuity and without gastrointestinal
illness.

This study is one of the first studies to examine the cor-
relation between SSC and MOM production and consump-
tion during the first month postpartum in preterm NICU
infants. Our study showed that SSC duration correlates with
MOM production and consumption. Possible directions for
future studies include further investigation of the clinical
and/or social barriers that hinder mothers and infants from
performing and receiving SSC, especially in minority and
underserved populations. Additional studies may include
investigating the optimal frequency and duration of SSC in
resource-rich countries, the timing of SSC in relationship to
the different stages of milk production, and further explora-
tion of the economic benefits of MOM as opposed to formula
and DM feeding.
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Table 4. Regression Analysis of Total Skin-to-Skin Contact Duration and Pumped Breast Milk Volumes
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SSC, skin-to-skin contact.
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