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Abstract 

Background  Preterm birth is a leading cause of childhood mortality and developmental disabilities, with persistent 
socioeconomic disparities in incidence and outcomes. Maternal presence during prolonged neonatal intensive care 
unit (NICU) hospitalization is critical for preterm infant health, enabling mothers to provide breast milk, directly breast-
feed, and engage in skin-to-skin care—all of which promote infant physiological stability and neurodevelopment. 
Low-income mothers face significant barriers to visiting the NICU and participating in caregiving due to financial 
burdens and the psychological impact of financial stress. This randomized controlled trial aims to evaluate the effec-
tiveness of financial transfers in promoting maternal caregiving behaviors that directly impact preterm infant health 
outcomes during NICU hospitalization.

Methods  We will conduct a two-arm, single-blinded randomized controlled trial with 420 Medicaid-eligible mothers 
of infants born between 24 weeks 0 days to 34 weeks 1 day gestation across four Level 3 NICUs in Georgia and Mas-
sachusetts. Mothers in the intervention arm will receive standard of care enhanced with weekly financial transfers 
and will be informed that these funds are intended to help them spend more time with their infants in the NICU. All 
participants will be provided with a hospital-grade breast pump and educational materials on the benefits of breast 
milk and skin-to-skin care. Participants will complete surveys during their infant’s hospitalization and following dis-
charge, capturing outcomes related to maternal mental and physical health, caregiving behaviors, cognitive func-
tion, financial and socioeconomic factors, infant health and growth, and perceptions of NICU care quality. Primary 
outcomes are the provision of breast milk and engagement in skin-to-skin care. Secondary outcomes include infant 
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growth and health outcomes, NICU visitation, financial and socioeconomic hardship, maternal physical and mental 
health measures, cognitive function, and perception of NICU care quality.

Discussion  This study will provide evidence of the impact of financial transfers on maternal caregiving behaviors 
in the NICU, addressing critical gaps in our understanding of how financial stress affects low-income mothers. Find-
ings may inform health policy, particularly regarding Medicaid coverage of non-medical services, and contribute 
to understanding how to address disparities in preterm infant care.

Trial registration  The trial was prospectively registered with the American Economic Association Trial Registry, 
the primary registry for academic economists conducting policy trials, on 16 April 2024 (AEARCTR-0013256). It 
was also registered on ClinicalTrials.gov (NCT06362798) on 10 April 2024.
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Introduction
One in ten births in the United States was preterm in 
2022 [1]. Preterm birth is the leading cause of childhood 
mortality and developmental disabilities [2]. There are 
persistent socioeconomic disparities in the incidence of 
preterm birth [2] and morbidities, mortality, and quality 
of care for preterm infants [3–5]. An important predictor 
of the long-term consequences of preterm birth is mater-
nal presence during the prolonged infant hospitalization 
(weeks to months) in the neonatal intensive care unit 
(NICU). Mothers who visit the NICU can pump breast 
milk, directly breastfeed and engage in skin-to-skin care, 
which facilitates breast milk production and promotes 
infant physiologic stability and neurodevelopment [6–8]. 
Studies of maternal caregiving in the NICU have found 
evidence of reduced length of stay, lower likelihood of 
re-admission and reduced billing costs [9–12]. Moth-
ers also benefit from modeling and training in infant 
care practices [6, 7, 13]. Randomized trials of innova-
tive family integration programs predicated on frequent 
maternal presence in the NICU have repeatedly demon-
strated health benefits for mother-preterm infant dyads 
[9, 13–16].

Being consistently present in the NICU poses a major 
challenge for low-income mothers [17]. Regularly vis-
iting a NICU requires mothers to shoulder significant 
costs, including parking, childcare for other children, 
transportation, and accommodations, in addition to for-
going income [18, 19]. Low-income mothers report that 
these costs impede their ability to visit their infants in 
the NICU as often as they desire [18, 20]. Moreover, the 
psychological impact of financial stress can impede cog-
nitive functions such as attention and inhibitory control 
[21–23], further hindering low-income mothers’ abil-
ity to actively participate in NICU caregiving activities. 
Low-income mothers are less likely than their more afflu-
ent counterparts to provide breast milk [24], participate 
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in skin-to-skin care [25], and adhere to health-promoting 
post-discharge infant care practices, such as safe sleep 
positioning [26].

We will conduct a RCT to test the effectiveness of 
labeled financial transfers among 420 Medicaid-eligi-
ble mothers with infants 24 weeks 0 days to 34 weeks 
1 day  gestation in four level 3 NICUs: Boston Medical 
Center (BMC) in Boston, MA, UMass Memorial Medi-
cal Center (UMass) in Worcester, MA, Baystate Medical 
Center in Springfield, MA, and Grady Memorial Hospi-
tal in Atlanta, GA. Mothers in the intervention arm will 
receive standard of care enhanced with financial trans-
fers of $160/week and will be informed that these trans-
fers are meant to help them spend more time with their 
infant in the NICU vs. a control arm (standard of care). 
Our primary hypothesis is that labeled financial transfers 
can enable economically disadvantaged mothers to visit 
the NICU, reduce the negative psychological impacts 
of financial distress, and increase maternal caregiving 
behaviors associated with positive preterm infant health 
and development.

Identification of effective, replicable interventions that 
offset the burdens of prematurity and reduce disparities 
in preterm infant outcomes is a national public health 
priority [27]. The median cost of a day of NICU care in 
the US for infants < 32 weeks was $3,045 in 2017 [28]. 
Temporary financial transfers provided within the high 
cost NICU environment could be highly cost-effective or 
potentially cost saving if they can reduce the length of a 
NICU stay. Our study will provide evidence on the cost 
implications of providing cash transfers and will con-
tribute to discussions around financing similar programs 
through health insurance systems such as Medicaid. 
Medicaid insurers are increasingly covering non-medical, 
social services that directly impact health [29].

Methods/design
Study design
We will conduct a two-arm single-blinded 1:1 superior-
ity RCT of providing labeled financial transfers ($160 
per week) vs. standard of care. In all sites, we have 
enhanced supports available for maternal caregiving to 
meet recommended guideline-based care, including pro-
viding additional training and support for clinical staff 
surrounding skin-to-skin care and the provision of hospi-
tal-grade breast pumps for mothers to take home during 
their infant’s NICU stay [30]. We will enroll 420 Medic-
aid-eligible mothers with preterm infants 24 weeks 0 days 
to 34 weeks 1 day gestation within four Level 3 NICUs to 
assess its effectiveness in improving maternal caregiving 
outcomes linked to preterm infant health and develop-
ment. We will also conduct qualitative interviews with a 
subset of mothers enrolled in the RCT (~ 48 participants) 

to gain perspectives and understand barriers and facilita-
tors to NICU visitation and caregiving behaviors.

Setting and study population
The study will be conducted at Boston Medical Center 
(BMC) in Boston, MA, UMass Memorial Medical Center 
(UMass) in Worcester, MA, Baystate Medical Center 
in Springfield, MA, and Grady Memorial Hospital in 
Atlanta, GA, Level 3 NICUs that serve mother-infant 
dyads with Medicaid insurance (at least 40% of NICU 
population in all sites) and have high rates of discharge 
home (≥ 85%). The four NICU sites serve urban, sub-
urban and rural communities and vary in material sup-
ports provided to families during hospitalization such 
as parking costs, accommodations for families to sleep 
overnight and the availability of vouchers for transporta-
tion, and food. This degree of heterogeneity in geography 
and material support is representative of similar variation 
across U.S. NICUs. We chose these study sites because 
of the low-income populations served and the NICUs 
themselves are generalizable to many other areas in the 
U.S.

Eligibility criteria
We will enroll English and Spanish-speaking Medicaid-
eligible [31] mothers (in this study, we use the term moth-
ers to describe birthing and lactating people, however, we 
recognize that not all of these individuals may consider 
themselves mothers) with infants 24 weeks 0 days to 34 
weeks 1 day gestation who are at least 18 years old and eli-
gible to breastfeed per medical record review (according 
to the hospital criteria at the time of the study) [32]. The 
study will initially launch in English only, followed shortly 
by expansion to Spanish-speaking families. If there are 
sufficient resources, the study will expand to Portuguese- 
and or Haitian Creole-speaking mothers. The study will 
also enroll mothers whose babies are cared for at one of 
the four enrolling study sites located in Massachusetts or 
Georgia. We include infants weeks’ 24 weeks 0 days to 
34 weeks 1 day gestation because the vast majority (98%) 
survive until discharge [33, 34], have lengthy hospitaliza-
tions (average 60 days for a 24–30 week and 22 days for 
a 31–34 week infant) [34], and are highly medically vul-
nerable. We exclude infants with anticipated short hos-
pitalizations where the intervention will have less time 
to provide support to families. Short hospitalizations 
may occur among infants < 24 weeks’ gestation because 
up to 40% may not survive and those > 34 weeks’ gesta-
tion, many of whom experience relatively short NICU 
stays (3–10 days) [34]. Mothers with multiples will be 
included, as multiples are very common among preterm 
infants and excluding mothers of multiples would make 
our study results less generalizable.
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Enrollment and consent procedures
A screening log of NICU admissions and maternal eli-
gibility will be tracked daily on weekdays by study staff. 
Trained research assistants will manage the recruitment 
and enrollment procedures. For Spanish-speaking moth-
ers, study staff will facilitate recruitment and enroll-
ment in Spanish. Eligible mothers will be approached 
within the first 10 days after birth. Teams will attempt to 
approach mothers during their postpartum hospitaliza-
tion (2–7 days) while they are in postpartum rooms. If 
a mother is discharged prior to being enrolled, she will 
be approached in a private space in the NICU, such as 
a family meeting room. Mothers who consent will sign 
a paper consent form (Additional File 2), which will be 
scanned and uploaded to a secure database. They will 
then complete a baseline survey on sociodemographic 

data, finances, mental health, and cognitive functions via 
a study tablet or web-based link sent to their smart phone 
devices. An overview of the study timeline is provided in 
Fig. 1.

Randomization procedures
Immediately following completion of the baseline sur-
vey, we will randomize mothers to either the financial 
transfer group or control group. Randomization will be 
stratified by hospital and gestational age strata (24–30 
and 31–34 weeks). We stratify by hospital because some 
structural and material supports provided to families 
during hospitalization vary by hospital and by gesta-
tional age strata because illness and length of stay vary 
by gestational age. Randomization will be conducted via 

Fig. 1  Study timeline
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computer-generated sequence using stratified randomi-
zation by site, and gestational age strata. The allocation 
sequence will be implemented using a secure, web-based 
randomization module in REDCap and concealed from 
research staff until participants are assigned. Clinical staff 
will be blinded to group assignments. Participants cannot 
be blinded due to the nature of the intervention. Blinding 
is maintained by instructing participants not to disclose 
their group to clinical staff and by ensuring intervention-
related questions are directed only to the site research 
coordinator or central research team via study email or 
phone maintained only by the site research coordinator 
(not by the clinical team).

The intervention
The intervention consists of financial transfers of $160 
every week delivered via a debit card that we call a “Cud-
dleCard” (Fig. 2). The CuddleCard will be delivered with 
a one-time “label” or scripted message that states: “The 
money you will receive on the CuddleCard is intended 
to help you spend more time visiting and caring for 
your baby/babies in the NICU, including doing things 
like making breastmilk or breastfeeding and skin-to-
skin care.” The use of a “label” is based on evidence that 
labeled transfers – which provide guidance on how 
financial transfers is intended to be used but maintain 
individual autonomy – can be as effective in directing 
behaviors as conditional incentives without the need 
for costly monitoring of behaviors to verify conditions 
[35]. Because receiving the transfers is not conditional 
on maternal behaviors, we reduce the possibility that 
the transfer is viewed as coercive [36]. The intervention 
was developed based on evidence from a pilot trial of 
cash transfers conducted by members of the study team 

between 2016 and 2018 that demonstrated increases in 
maternal visitation in the NICU and increased breastmilk 
provision and skin-to-skin care [37]. Compared to the 
pilot study, this study will identify the impacts of finan-
cial transfers within a larger sample of younger infants, 
expand our outcomes to include mental health, cognitive 
function and post-discharge infant care practices, and 
explore cost outcomes. While the weekly financial trans-
fer amount in this study is slightly less than what was 
tested in our feasibility pilot ($160 compared to $200), 
the transfers will take place over a longer period of time 
and sum to a more substantial amount (total maximum 
payment of $2,560, compared to a maximum of $600 pro-
vided in our pilot).

Financial transfers of $160/week will begin within 48 h 
of consent and continue until the infant is discharged or 
reaches 42 weeks corrected age, whichever comes first. 
The funds will be automatically deposited on a weekly 
basis, regardless of whether prior funds were spent, and 
lost or stolen cards will be replaced at no cost. In cases 
of multiple births, transfers will continue until the last 
infant is discharged. Participation in research activities is 
not required for continued financial support.

Intervention consent procedures
Mothers in the intervention group will be informed pri-
vately that they are eligible for the intervention by the 
research assistant in a private location away from NICU 
clinical staff to facilitate blinding of clinical staff, either 
in her postpartum room or in a private family room in 
the NICU. Mothers assigned to the intervention will go 
through an additional separate informed consent pro-
cess to consent to the intervention. This consent pro-
cess provides information about the transfers and their 

Fig. 2  CuddleCard for NICU financial transfers
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implications for mothers’ access to other public benefits. 
We developed benefits counseling materials (written 
materials and high-yield didactic videos, which can be 
found in Additional File 4) with support from legal advi-
sors and trained benefits counselors for each state, and 
we worked with federal and state agencies in Massachu-
setts and Georgia to obtain specific waivers for benefit 
programs, ensuring that cash transfers would not impact 
participants’ eligibility for those programs whenever pos-
sible. Waivers were obtained from the U.S. Department 
of Housing and Urban Development (HUD) to exclude 
CuddleCard transfers from income calculations for hous-
ing assistance programs in both states. In Massachusetts, 
additional waivers were granted for specific programs, 
including SNAP, TAFDC, and EAEDC, ensuring that the 
cash transfers do not affect eligibility for these benefits. 
In Georgia, a similar waiver was not granted; however, 
the state confirmed that CuddleCard transfers would not 
impact eligibility for Medicaid. Mothers who consent will 
sign a paper consent for intervention form (Additional 
File 3), which will be scanned and uploaded to a secure 
database. Mothers have until the infant’s 7th day of life to 
decide whether to consent to the intervention. Mothers 
are asked not to discuss the transfers with clinicians or 
other patients. A packet will be provided to participants 
that outlines details about the debit card, fees, how to use 
the debit card mobile app, and guidance on how transfers 
might impact taxes and government benefits, with links 
to benefits counseling videos created specifically for the 
purpose of the study, and the option to connect with a 
trained benefits counsellor. All documents will be avail-
able both in English and Spanish.

Post‑randomization procedures
Immediately following randomization, all participants 
will be offered a hospital-grade breast pump and pump 
kit, regardless of their assignment group, as part of the 
standard of care. This standard of care includes enhance-
ments to meet recommended guidelines for supporting 
breast milk provision and skin-to-skin care. Specifically, 
we are providing all participants with information sheets 
on the benefits of breast milk for premature babies, 
methods for milk production, timing of breastfeeding ini-
tiation, and techniques for milk expression by pump or 
hand. Participants will also receive materials on the ben-
efits of skin-to-skin contact, who can engage in it, and 
how to practice it. Additionally, NICU lactation consult-
ants will offer instructions on using the hospital-grade 
breast pump, and local research teams will provide guid-
ance on returning the pump before the infant’s discharge, 
handling lost or damaged pumps, and seeking assistance 
before maternal discharge. All documents will be avail-
able in both English and Spanish.

Data collection procedures
In addition to the baseline survey conducted prior to 
randomization, mothers will receive biweekly follow-
up surveys during their infant’s NICU stay, measuring 
mother’s time use, hospital-related spending, financial 
distress, cognitive function, and mental health. These 
surveys will be administered through a web-based link 
that are provided to mothers via text or email. Within 
1–2 weeks of discharge mothers will complete a pre-
discharge survey assessing household finances, housing 
stability, access to utilities, food security, transporta-
tion challenges, overall NICU experiences, and support 
received during the NICU stay. Four to eight weeks 
post-discharge, mothers will complete a post-discharge 
survey covering caregiving practices at home, parental 
bonding, ongoing financial and housing stability, and the 
infant’s follow-up healthcare needs. For multiple births, 
the surveys will be timed according to the latest infant’s 
discharge, and mothers will report on care practices for 
all infants. In the baseline biweekly and discharge sur-
veys, participants will be asked to participate in cognitive 
tasks designed by cognitive scientists to measure atten-
tion, executive control, sustained vigilance, and reaction 
time. These tasks are typically administered in-person, in 
highly standardized settings with substantial amounts of 
training and controlled procedures. We have partnered 
with the Cognition Lab, which runs a web-based soft-
ware, to adapt procedures that make it possible for these 
tasks to be self-administered on a participant’s phone, 
tablet or computer in any setting. At baseline, research 
staff will provide training and support on completing the 
cognitive tasks and in all follow-up surveys, tasks will be 
self-administered on a participant’s device. To stream-
line data collection and ensure secure tracking, we have 
directly linked the Cognition Lab database with the RED-
Cap platform using a unique ID linked to a participant. 
Additional details on the adaptation of tools to this set-
ting is provided in Additional File 5. To encourage par-
ticipation, mothers will receive a $10 gift card for each 
biweekly survey and $20 gift card for baseline, discharge, 
and post-discharge surveys (provided after completion of 
both the survey and cognitive tasks). Mothers will receive 
reminders every other day for a total of 3 reminders to 
encourage survey completion.

In addition to data from surveys, we will collect data 
from maternal and infant charts, including medical fac-
tors, access to NICU supports (lactation consulting, 
social work, discharge planning), and daily tracking of 
breast milk provision, skin-to-skin care, and NICU vis-
its. These data will be abstracted from EMR systems and 
inputted into the central secure database. For Baystate 
Medical Center and Grady Memorial Hospital, nurses 
will complete paper forms for skin-to-skin, feeds, and 
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visitation data. Additionally, medical billing data will 
assess length of stay, hospital readmission, emergency 
department visits, and total costs. We will extract trans-
action data from study debit cards on the platform man-
aging the CuddleCard, including withdrawals, charges, 
transaction dates, business where the transaction was 
made, and balances for each participant.

All collected data will be securely stored in a password-
protected REDCap system managed by the coordinating 
center, with de-identified data from external platforms 
securely transferred and linked by participant IDs. Par-
ticipant identifiers will be replaced with unique study 
IDs in all datasets. Personal information will be stored 
separately from study data in encrypted files. Access to 
the linkage key is restricted to authorized personnel. 
Data will be entered into REDCap with built-in range 
checks and validation rules. Weekly backups will be per-
formed. A Data Safety Monitoring Committee (DSMC) 
will be established, consisting of three external clinicians 
and researchers with expertise in neonatology and clini-
cal trials. The DSMC will meet annually and as needed 
to review study progress, data quality, and participant 
safety. The committee will have the authority to recom-
mend modifications to the study protocol if required.

Participants can voluntarily withdraw from the inter-
vention at any time without penalty. To improve adher-
ence, participants will receive regular reminders about 
upcoming surveys, have flexibility in when surveys are 
completed, and contact information will be updated 
regularly to maintain communication. Concomitant 
care, including standard of care provided by the NICU, 
remains permitted and unchanged by intervention, 
except that this standard of care includes enhancements 
to meet American Academy of Pediatrics recommended 
clinical guidelines [30]. Specifically, this includes provid-
ing all participants with a hospital-grade breast pump for 
home use during NICU hospitalization, materials on the 
benefits of breast milk and skin-to-skin contact (STSC), 
and additional training and support for nurses on STSC 
practices at all sites.

Infant transfer and maternal or infant death procedures
For infants transferred to another facility for any reason 
before 42 weeks corrected gestational age, RAs will call 
facilities weekly to track whether or not they are still 
admitted. Similar to infants that are not transferred, the 
cash transfers will stop when the infants are discharged 
or reach 42 weeks corrected age, whichever occurs ear-
lier. In the case of maternal death, all study procedures 
and cash support are discontinued, and in the case of 
infant death(s), cash support continues for one additional 
week after infant death, and mothers will receive a ver-
sion of the discharge survey that is sensitive to infant 

death (e.g., no questions about post-partum bonding, 
etc.). For multiples, the study continues unless all infants 
have passed, in which case the same protocol applies as 
for singletons.

Maternal mental health monitoring and support 
procedures
We will administer the Edinburgh Postnatal Depression 
Scale (EPDS) [38] during the baseline survey, every other 
biweekly survey, and the discharge-survey. Given that 
postpartum depression affects 33% of this population [39] 
and is routinely assessed in the NICU, our study includes 
additional safety measures. A score of 14 or higher, indi-
cating moderate depression, will trigger a prompt with a 
link to Postpartum Support International and a recom-
mendation to consult a healthcare provider. A score of 
19 or higher, indicating severe depression, or any positive 
response to physical harm in question 10, will prompt 
similar resources along with a suicide hotline link. In 
addition, a score of or higher, or any positive response to 
physical harm in question 10, both the research team and 
the site clinical staff will be notified immediately. Clinical 
staff, including the site PI or social worker, will contact 
the mother within 72 h for further assessment, referrals, 
or guidance to seek emergency care. For post-discharge 
assessments showing severe depression or suicidality, the 
site PI will work with their local social worker to directly 
contact the mother to provide referrals or encourage an 
emergency room visit if necessary. This approach aligns 
with standard clinical care practices for addressing 
maternal mental health concerns in the NICU.

Qualitative interviews
We will approach a sub-sample of approximately 48 
mothers for more extensive qualitative interviews fol-
lowing the participant’s completion of the post-discharge 
survey. We will conduct maximum variation sampling, 
selecting mothers for interviewing by stratifying based 
on frequency of visitation and treatment group. We plan 
to interview ~ 48 mothers in total (10–12 per category) 
but will continue to sample until thematic saturation is 
reached. Interviews will be conducted by Zoom or tel-
ephone and scheduled at the mothers’ convenience up to 
2 months after completion of the post-discharge survey 
(3–5 months post-discharge). Interviews will last approx-
imately 30–60 min and will be audio-recorded. Mothers 
will receive a $40 gift card incentive for participation in 
qualitative interviews.

Outcome measures
We designed the intervention with four key objectives in 
mind as outlined in the conceptual model and summa-
rized in Fig. 3. The intervention aims to enable maternal 
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caregiving including breastfeeding and skin-to-skin care, 
which improve infant health outcomes. By alleviating 
financial burdens, it also seeks to encourage maternal 
presence in the NICU, improving discharge readiness 
through bonding with the infant and increased interac-
tion with NICU staff. Additionally, the intervention aims 
to reduce maternal stress by addressing financial pres-
sures, which can positively affect maternal mental health. 
Financial support may also address maternal barriers to 
care with the potential to directly impact maternal health 
through utilization of postpartum care and adherence to 
recommended postpartum care for those with chronic 
conditions. Furthermore, cash transfers are intended to 
alleviate household financial distress, supporting fam-
ily stability during the NICU stay and beyond. Finally, 
our study has the exploratory objective of determin-
ing whether changes in maternal caregiving can impact 
drivers of cost including maternal and infant health care 
utilization. We outline specific primary and secondary 
outcomes below and map outcomes into their objectives 
in Table 1.

The primary outcome measures for this study include 
the provision of breast milk and skin-to-skin care. The 
provision of breast milk will be measured as the propor-
tion of nursing shift-total enteral intake that is maternal 
breast milk fed via gavage tube or bottle, assessed from 
NICU admission to discharge or 42 weeks corrected ges-
tational age, whichever comes first. We chose the per-
centage of all nutritional intake that is mother’s milk as 
a primary outcome because it is associated with dose-
dependent reductions in life-threatening infections in the 
blood and gut and improvements in neurodevelopment 
[40–42]. One study demonstrated that an increase of 10 
percentage points in the proportion of total nutritional 
intake that was human milk was associated with a 17% 
reduction in the relative risk of necrotizing enterocolitis 
or death in a sample of extremely low birth weight infants 
[42]. Furthermore, as overall nutritional intake is compa-
rable across infants at similar gestational ages (i.e. ~ 150–
160 ml/kg/day is the typical goal for “full feeds” for an 
infant at 25 through 35 corrected gestational weeks), the 
percentage of nutritional intake that is mothers’ milk 
will provide a strong signal of the amount of milk pro-
vided by mothers. Skin-to-skin care will be measured as 
the proportion of nursing shifts where the mother per-
forms skin-to-skin care for at least one hour, during the 
same time frame. We chose skin-to-skin care because it 
has been linked to a myriad of health benefits for pre-
term infants during the NICU period and beyond [6], 
with some evidence suggesting improvements in devel-
opmental outcomes as many as ten years after hospitali-
zation [8]. Existing literature does not provide guidance 
on metrics for a specific “dose” of skin-to-skin care that 

is sufficient to generate clinically meaningful changes in 
longer-term outcomes [6]. A greater amount and fre-
quency of skin-to-skin care has been linked to increased 
cognitive and communication Bayley Scales of Infant 
Development (Second Edition) scores at six and twelve 
month follow-up [43, 44]. We therefore define an out-
come that captures duration and frequency—whether a 
mother performed skin-to-skin care for at least 60 min 
measured daily, the recommended duration per profes-
sional nursing guidelines [45]. Whenever possible, we 
will also document the number of minutes of skin-to-
skin care provided and will conduct exploratory analyses 
on continuous measures of skin-to-skin care.

Secondary outcome measures include various aspects 
of the four key objectives defined in Fig.  3  and Table  1. 
The duration of the mother’s milk expression will be 
tracked in weeks, from NICU admission to discharge or 
42 weeks corrected age. Infant growth will be assessed 
through changes in sex-specific gestational weight-for-
age, length-for-age, and head circumference z-scores 
while admitted to the NICU, with data extracted from 
medical records 1–2 weeks post-discharge. Additional 
health outcomes include occurrences of necrotizing 
enterocolitis and late-onset bacterial or fungal sepsis, 
both measured using Vermont Oxford Network (VON) 
definitions, also from medical records. Safe sleep prac-
tices will be assessed, including sleep position (exclusive 
supine) and sleep location (room-sharing without bed-
sharing), reported 4–8 weeks post-discharge within the 
last 2 weeks. Maternal NICU visitation will be measured 
by the proportion of nursing shifts where the mother is 
present in the NICU, while postpartum bonding will 
be assessed using a modified version of the Postpartum 
Bonding Questionnaire, measured within 4–8 weeks 
post-discharge. The occurrence of direct breastfeeding 
episodes during each shift will be recorded. Breastfeed-
ing continuation will also be measured 4–8 weeks post-
discharge. Maternal physical health will be assessed using 
the Short Form Health Survey-1 Physical Health Item 
[46], while mental health will be evaluated using the Per-
ceived Stress Scale (PSS-10) [47] for anxiety, which has 
been validated and used to assess perceived stress in a 
number of different populations, including pregnant 
and postpartum women [48, 49], and the Edinburgh 
Postnatal Depression Scale (EPDS) [38], which has been 
validated for detecting depression in postpartum popu-
lations and is sensitive to changes in maternal mental 
health [50]. Maternal knowledge of skin-to-skin care 
and breastfeeding will be assessed through survey ques-
tions post-discharge. Additionally, maternal happiness 
and life satisfaction will be tracked using the Happiness 
Indicator and Life Satisfaction Scale [51]. Sleep quality 
will be measured using the Sleep Quality Score (SQS) 
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[52]. Health care utilization (and cost-related) outcomes 
include maternal and infant hospital readmissions and 
emergency department visits, as well as the total length 
of stay during the NICU admission. The number of rou-
tine postpartum visits attended by the mother will also 
be tracked between 4–8 weeks post-discharge. Cogni-
tive function will be assessed through the Reaction Time 
and Accuracy Performance of the Attention Network 
Test-Revised (ANT-R) [53] and the Psychomotor Vigi-
lance Task (PVT) [54], measured at baseline, biweekly 
during the NICU stay, and at discharge. The ANT-R 
measures attentional contrasts among alerting, orient-
ing, and executive control networks, with performance 

evaluated using reaction time (RT) and accuracy across 
cue conditions. Efficiency is calculated by comparing 
performance differences between conditions. The PVT 
assesses sustained attention and psychomotor speed, 
with performance evaluated using response speed and 
lapse frequency to gauge fatigue effects and attentional 
lapses. The demands of maternal NICU caregiving, 
such as sustained pumping schedules and long periods 
of skin-to-skin care, are influenced by cognitive func-
tions like attention and inhibitory control, which can be 
heavily taxed under stress and fatigue [55, 56]. As the 
adaptation of cognitive function measures for this study 

Fig. 3  Program conceptual model

Table 2  Statistical Power under Different Assumptions (MDE = minimal detectable effect)

Primary outcome Control group assumption Assumed correlation across days MDE 90% power MDE 80% power 
Bonferroni 
correct

Daily percentage of all 
nutritional intake 
that consists of mothers’ 
milk

Mean: 59%; SD: 40% 0.56 (based on pilot data) 10 percentage points (pp) 9.5 pp

0.30 7.7 pp 7.3 pp

Mother performs skin-
to-skin care for ≥ 60 min 
(measured daily)

Percentage of days: 0.23 0.24 (based on pilot data) 7.7 pp 7.3 pp

0.15 6.5 pp 6.2 pp
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is innovative, we provide additional details about their 
specification in Additional File 5.

Sample size and power
Randomization will occur at the level of the mother, 
and we expect that NICU caregiving behaviors, such as 
breastfeeding and skin-to-skin care, will be observed on 
at least 15 days of infant hospitalization. Based on pilot 
data, we assume within-mother correlations of 0.56 for 
breastfeeding and 0.24 for skin-to-skin care. To account 
for variability, we also estimate power assuming lower 
correlation rates, particularly in younger infants. Mini-
mum detectable effects (MDEs) are calculated for both 
90% power with a 5% significance level and 80% power 
with a 2.5% significance level using Bonferroni correction 
for multiple hypotheses testing across two outcomes, 
yielding conservative estimates. For breastfeeding, the 
sample size is designed to detect a 10 percentage-point 
increase in the proportion of nutritional intake from 
mother’s milk, which is expected to significantly reduce 
risks of necrotizing enterocolitis or mortality. Assuming 
the control group’s average intake is 59%, with a standard 
deviation of 40%, a sample size of 200 mothers per arm is 
required, accounting for 5% attrition. Thus, 420 mothers 
will be enrolled to achieve 90% statistical power. For skin-
to-skin care, we anticipate mothers in the control group 
will perform at least 60 min of care on 23% of hospital 
days. Minimum detectable effects for this outcome are 
provided in Table 2.

Analysis plan
We will estimate intent-to-treat effects for our primary 
outcomes comparing outcomes for mothers assigned 
to the intervention to those assigned to control. While 
study arms are not expected to differ on demographic 
characteristics due to randomization, we will adjust for 
participant demographics and variables used for strati-
fication of randomization (site and gestational age). All 
outcomes will be defined at the level of the mother, which 
is where random assignment to treatment will occur. We 
will analyze primary caregiving outcomes daily to maxi-
mize power by measuring repeated endpoints for each 
mother. Similarly, we will consider secondary outcomes 
measured during NICU hospitalization and at discharge 
as repeated measures to maximize power. We will aggre-
gate outcomes for mothers who have multiple births by 
averaging across measures for continuous outcomes and 
by measuring whether the indicated behavior or outcome 
occurs for any infant in the case of binary outcomes. 
We assume that maternal behaviors will be highly simi-
lar across infants. We will use case deletion for missing 
outcome data and will use multiple imputation to impute 
missing covariates. Missing data may occur for primary 

outcomes related to NICU-based caregiving; since we are 
collecting repeated measures for each mother the poten-
tial bias appears small. We will estimate the impact of 
financial transfers using linear regression models for the 
primary provision of breast milk outcome and binomial 
regression models for the primary skin-to-skin care out-
come, including a random effect for mother to account 
for repeated measures since these outcomes will be 
observed during each day of hospitalization. Given the 
significant number of secondary outcomes we are meas-
uring, we may report analysis with adjusted p-values that 
control for the False Discovery Rate [57] within each of 
our four outcome domains (Table 1) [58]. If attrition rates 
are higher for biweekly surveys, we may include robust-
ness analyses that focus on endpoints measured at the 
pre-discharge survey (within 1–2 weeks of discharge), as 
we expect to take additional measures to reduce attrition 
at this endpoint. Furthermore, we may consider explora-
tory analyses that analyze how treatment effects vary 
over the course of the NICU stay. Finally, we may run 
exploratory analyses that consider whether the impacts 
differ across the 4 sites or for infants at younger or older 
gestational ages (using our stratification of infants 24–30 
weeks and 31–34 weeks).

For the qualitative analysis, recordings will be profes-
sionally transcribed verbatim following a structured pro-
tocol including replacing identifiers with pseudonyms 
[59]. Spanish interviews will be translated and back trans-
lated to ensure accuracy. Qualitative analysis software 
will be used to organize, code and analyze the data. Data 
will be initially coded based on constructs in our concep-
tual framework, and using inductive coding principles 
and a grounded theory-based iterative approach [60], we 
will also identify additional themes that emerge organi-
cally from the data. After consensus coding is reached, 
research team will code the transcripts independently 
and convene to assure uniform coding. Coding inconsist-
ences will be discussed to achieve consensus. Themes will 
be revised iteratively as patterns within the data emerge 
until no new themes emerge (thematic saturation). We 
will assess validity of our data by: 1) investigator triangu-
lation, where investigators read transcripts independently 
before meetings to reach consensus; 2) expert triangula-
tion, where investigators convene separate meetings in 
which the methodology, coding scheme, and results will 
be presented to a group of researchers and other provid-
ers who interact with mothers of preterm infants; and 3) 
member checking, where findings are communicated to 
mothers to ensure their accuracy and intended meaning 
[61, 62].
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Study status
At the time this manuscript was submitted for review, 
three subjects had enrolled, and no participants have 
completed outcome assessments to date.

Discussion
In this protocol, we provide details of the design of an 
intervention to provide direct financial support to low-
income families of preterm infants who are expected to 
experience an extended stay in the NICU. The interven-
tion differs from common clinical approaches to address-
ing social needs which rely on screening and referral to a 
variety of different organizations and programs, each of 
which may have different eligibility and application pro-
cesses [63]. Our intervention increases access to critical 
caregiving behaviors that are already well-supported in 
U.S. NICUs by addressing immediate, short-term finan-
cial burdens of low-income mothers.

We considered several “doses” of transfers, weigh-
ing the importance of establishing the intervention’s 
impact on key outcomes and future scalability. Our goal 
was to choose a transfer level that could address short-
term pressing financial needs for mothers (maximizing 
effectiveness) and still be on par with other programs 
addressing specific social needs of low-income families 
(maximizing potential scale-up). Regarding intervention 
effectiveness, the goal of our project is to allow families 
to cover their most pressing expenses during the birth 
hospitalization, not to resolve the underlying conditions 
contributing to financial vulnerability. For intervention 
replicability, we considered that the transfer amount 
should likely not be higher than other kinds of assistance 
programs for low-income families in the U.S. We chose 
$160/week because this represents the maximum weekly 
food assistance (SNAP) benefits to a family of 4 [64]. Our 
average total transfer amount would be sufficient to cover 
a month of rent for a low rental rate apartment [65]. In 
our study, we anticipate that mothers of 24 0/7  to 30 
week infants would receive an average payment of $1,120 
(average length of stay 60 days [34]) and mothers of 31 to 
34 1/7 week infants would receive an average payment of 
$480 (average length of stay 22 days) [34]. The maximum 
total payment would be $2,560, similar in size to the aver-
age annual earned income tax credit nationally (aver-
age payment of $2541 in 2022 [66]) – a program with an 
explicit objective to provide a pathway out of child pov-
erty [67]. We see this amount as the upper bound for a 
policy-relevant intervention seeking to offset short-term 
financial stressors for low-income families. The cost of 
our intervention at $160/week is still substantially lower 
than a NICU hospitalization, where the median cost of a 

single NICU care day for infants < 32 weeks in 2017 dol-
lars was $3,045 [28].

We also considered a multi-arm trial to compare fea-
tures of our intervention, such as conditional vs. uncon-
ditional transfers, transfers vs. vouchers, or high vs. low 
doses of financial transfers. However, this trial is a neces-
sary next step at providing formative, policy relevant evi-
dence of the potential of financial transfers to impact key 
outcomes. Therefore, we chose to maximize our statisti-
cal power to compare the financial transfer group with 
a control group instead of spreading the sample more 
thinly across 3 or more study arms. Follow-up studies 
may compare impacts across different transfer amounts 
or delivery vehicles for financial transfers. We also con-
sidered whether the “dose” should differ across sites, as 
the cost of living and expenses related to hospitalization 
may differ by geographic area. We chose to maintain the 
same “dose” for all participating sites similar to other 
social programs like SNAP [68], as we expect this would 
be necessary for scale-up.

One concern about our intervention is that staff may 
alter their care if they know which mothers are receiving 
financial transfers (e.g. providing more food vouchers to 
the control group). We mitigate this concern by blind-
ing clinical staff to treatment status, discreetly inform-
ing mothers of the financial transfers over the phone 
and asking them not to discuss with others and measur-
ing reports of material support from NICU staff in both 
the control and treatment group at discharge, matching 
procedures used in our pilot study. Dozens of providers 
constantly interact with large numbers of families in the 
NICU, which makes it unlikely providers will become 
aware of treatment status.

To address potential reporting bias in self-reported 
data on sensitive topics, the survey instruments are 
designed with neutral questions, validated measures, and 
a comprehensive scope to encourage honest and accu-
rate responses, acknowledging that mothers are likely to 
report non-recommended practices even when they do 
not align with best practices.

Our trial also innovates by measuring cognitive func-
tions relevant to attentive parenting during the postpar-
tum period for mothers of preterm infants in the NICU, a 
set of outcomes that have not been examined in previous 
studies. Adapting the cognitive function tasks for mobile 
devices presented several challenges, including the need 
to ensure the tests were both self-administered and 
smartphone-compatible, while still accurately capturing 
the constructs of interest. To address this, we partnered 
with Cognition Lab, a platform specifically designed 
to host and run computerized cognitive assessments. 
Together, we optimized the cognitive tasks for perfor-
mance on smaller screens and integrated user-friendly 
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interfaces. Our study will provide new insights into the 
relative importance of direct financial costs, psychologi-
cal distress and cognitive strain in explaining income dis-
parities in critical maternal caregiving behaviors.

Conclusion
Maternal presence is increasingly recognized as a criti-
cal component to NICU quality of care. Evidence from 
our trial will help determine whether financial transfers 
can offset barriers to participating in clinical support for 
maternal caregiving among low-income mothers and 
therefore promote equity in preterm infant health and 
developmental outcomes.
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