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Purpose: We examined whether maternal stress in the Neonatal Intensive Care Unit (NICU) predicts parental involvement, measured
as functional parenting (FP) and physical contact (PC), during hospitalization. We hypothesized that higher stress, particularly related
to perceived lack of control, would be associated with reduced FP and PC.

Patients and Methods: A retrospective analysis was conducted on 51 parent—preterm infant dyads from a prospective longitudinal
cohort in a level IV NICU. Maternal stress and anxiety were assessed within 2 weeks of birth using a reduced version of the Parental
Stressor Scale: NICU (PSS: NICU), the Perceived Stress Scale (PSS), and the State—Trait Anxiety Inventory (STAI). FP and PC were
extracted from medical chart logs and adjusted for hospitalization length. Multivariable regression models were tested, with best-fit
models determined by Bayesian Information Criterion (BIC), and adjusted for gestational age of infant at delivery, caregiver education,
and infant sex.

Results: Maternal stress associated with perceived lack of control over the infant’s medical care was significantly related to reduced
FP (B =-0.55, p <0.001, BIC =-10.78) and PC (B =-0.50, p <0.001, BIC =—15.38), when controlling for gestational age at birth and
maternal education. PSS and STAI were not associated with FP or PC in unadjusted or adjusted models, p > 0.35.

Conclusion: Elevated maternal stress linked to lack of control in the NICU predicts lower caregiver involvement, placing families at
risk for disrupted bonding and poorer long-term outcomes. Findings underscore the need for dyadic interventions that reduce maternal
stress, enhance caregiver agency, and promote parent-infant connection in the NICU. Findings are limited by the retrospective design,
potential measurement variability in chart-documented parental involvement, small sample size, and single-site setting, which further
limit generalizability.

Keywords: parental involvement, prematurity, maternal stress, relational health

Introduction

Approximately 12% of pregnant women worldwide deliver preterm, or before 37 weeks of gestation.' Preterm birth
(PTB) is associated with neonatal illness, death, and long-term neurodevelopmental challenges,”* with increasing rates
over the period between 2016 and 2023, representing a significant public health issue. For parents and infants, being in
the neonatal intensive care unit (NICU) is particularly stressful due to the consistent, frequent disruption, early
separation, invasive medical procedures, and medical outcome uncertainty. Higher levels of toxic stress and co-
regulation difficulties in infants admitted to the NICU occur in part from early separation and limited access of infants
to nurturing caregiving. Infants requiring NCU admissions are prone to challenges in self-regulation, attention, and
socioemotional development, with up to 26.4% experiencing developmental delays.” During adolescence, children who
were hospitalized in the NICU show higher rates of psychiatric disorders, including attention deficit hyperactivity
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disorder (ADHD), depression, anxiety, and autism spectrum disorder (ASD).? These developmental outcomes likely
result from both medical exposures related to underlying prematurity as well as relational risks from disrupted caregiving
and attachment.

Parents of infants in the NICU also face significant psychological risks. Early separation due to NICU admission can
interfere with the transition to parenthood and weaken early bonding.®” Compared to the general perinatal population,
caregivers of infants admitted to the NICU are 30% more likely to develop perinatal mood and anxiety disorders.® PTB
disrupts parental attachment representations—the internal models through which they interpret their relationship with
their infants”—as well as caregiver sensitivity (ability to understand their infant cues) and organize caregiving
behavior.'” Parents of preterm infants are also more likely to exhibit disengaged or distorted attachment
representations,'’ which in turn predict less effective parenting behaviors. For example, in a review of 52 studies
comparing preterm to full-term dyads,'? approximately half of those studies, a decrease in maternal sensitivity and an
increase in intrusiveness were observed. Similarly, heightened parental perceptions of child vulnerability—referred to as
the vulnerable child syndrome—are common after preterm birth, affecting up to 27% of NICU parents.'*'* High parental
perception of child vulnerability is linked to impaired parenting, increased healthcare use, and adverse developmental and
behavioral outcomes for the child."?

Despite these known risks to parental mental health and disruptions to early caregiving and attachment, less is known
about the associations between parental mental health and developmental care (ie, medical-led treatments centered on
emotional and developmental needs, such as decreasing auditory and visual stimulation, and Kangaroo care) within the
NICU admission. Integrated, dyadic NICU interventions may benefit from combining developmental care with mental
health support for caregivers. This study explored whether maternal stress related to the NICU experience was associated
with physical contact (PC; eg, holding, skin-to-skin, touch) and functional parenting (FP; eg, feeding, diaper changing)
behaviors. We hypothesized that higher maternal stress levels would correlate with lower FP and PC.

Prior studies have linked global maternal stress to caregiving behaviors in the NICU.">™'7 Most of this work has
assessed stress using standardized self-report measures, such as the Parental Stressor Scale: Neonatal Intensive Care Unit
(PSS: NICU) and has relied on self-reported indicators of parental participation (eg, Assessment of Mothers’
Participation in Caregiving Scale'). While these studies have identified significant associations between higher maternal
stress and lower caregiving involvement, they are limited by their reliance on subjective reports and relatively limited use
of objective, behavioral measures of parent engagement (eg, chart-derived indicators of caregiving involvement).
Furthermore, the literature has largely focused on global measures of psychological distress, with comparatively limited
attention to NICU-specific dimensions of stress. In particular, perceived control within the NICU context has been
understudied as a distinct and potentially significant factor influencing parental involvement. This represents an important
gap, as perceived lack of control may more directly reflect the caregiving environment and day-to-day constraints
shaping parent—infant interaction than global distress measures. Building on this literature, the present study differentiates
between global maternal stress and NICU-specific perceived control and examines perceived control as a context-
sensitive predictor of parental involvement. In doing so, it identifies a targeted, potentially modifiable mechanism
underlying parent engagement in the NICU.

Materials and Methods

This study is a retrospective analysis of data from a prospective longitudinal cohort on brain development in preterm
infants admitted to a level IV Neonatal Intensive Care Unit (NICU) conducted at Children’s National Hospital (CNH) in
Washington, DC. Study procedures were approved by the CNH Institutional Review Board (Project PROTECT IRB
Pro00002391), and written informed consent was obtained by at least one parent or legal guardian. This study complies
with the Declaration of Helsinki.

Participants

Inclusion criteria for enrollment were premature infants, born before 37 weeks of gestational age (GA), whose parents
spoke English or Spanish. Participants were excluded from the study if they presented the following: dysmorphic features
or congenital anomalies suggestive of a genetic syndrome, metabolic disorders, chromosomal abnormalities, or
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congenital infection. By doing so, we aimed to reduce the biological confounders of parental involvement in the NICU
while avoiding systematic biases in parental involvement associated with high prognostic uncertainty.

Parental Care in the NICU

Parent-newborn involvement was recorded as part of routine clinical care each shift by the bedside nurse in the electronic
health record as follows:

Parent visited, parent called, caregiver interacted with care team, parent held patient, parent did skin-to-skin with patient, parent
diapered patient, caregiver involvement in child care, parent bottle-fed patient, parent breastfed patient, caregivers at bedside,

parent bathed patient, parent touched patient.

Parental care events were extracted from the medical record and categorized into two main groups: functional parenting
(FP, ie, task-oriented caregiving, focused on meeting the infant’s basic physiological and medical needs, without
requiring emotional attunement or relational engagement), which included bottle-feeding, diaper change, and bathing
and physical contact (PC), which included the following caring behaviors: touch, holding, breastfeeding, and skin-to-
skin. The number of days with at least one event in each group, classified as either FP or PC, was summed, and the total
for each category was divided by the length of hospitalization. Caregiving involvement data were extracted from the
electronic medical record using a standardized protocol defining specific caregiving activities (eg, feeding, holding,
diapering) based on structured chart fields and nursing documentation. Data extraction was conducted by a single trained
reviewer, and a subset of records was reviewed to ensure consistency in coding. Caregiving involvement is documented
in the electronic medical records by the bedside nurse using a standardized protocol defining specific caregiving activities
(eg, feeding, holding, diapering) under structured chart fields. Data extraction was conducted by business analytic tools
of the identified chart field. A single trained reviewer conducted a second review of 10% of the records, selected
randomly, to ensure consistency in coding. No inconsistencies were found. Each instance of PC and FP documented in
the medical record was coded as present (1) or absent (0) for each hospital day. Scores were added and normalized by
total length of stay to generate a standardized measure of caregiving involvement per day. This standardized approach
ensured consistent application of extraction procedures across all records and improved reproducibility.

Caregiver Questionnaires
Standardized mental health assessments were administered to newborns’ mothers in the first two weeks after birth and are
detailed below.

Perceived Stress Scale (PSS)
The PSS'¢ is a widely psychometrically sound tool to measure how stressful situations in one’s life are perceived. Each
item is a statement that participants rate based on their feelings and experiences, and on how unpredictable, uncontrol-
lable, and overloaded they perceive their lives to be over the past month. The scale is designed to be easy to understand
and use across diverse populations.'’

The PSS has multiple validated forms, with the 10- and 14-item versions being most common, each using a 5-point
Likert scale with ten and fourteen items, respectively. In this study, we used the PSS-10 because of its higher
psychometric properties compared to other versions, with Cronbach’s alpha and test-retest reliability above 0.70.

State-Trait Anxiety Inventory (STAI)

The STAI'® comprises two 4-point Likert scales of 20 items each, differentiating between state anxiety (short-term
experience of anxiety) and trait anxiety (long-lasting experience of anxiety associated with a personality trait). This scale
has an internal consistency coefficient that ranges from 0.86 to 0.95; test—retest reliability coefficients from 0.65 to 0.75
over a 2-month interval. Considerable evidence attests to the construct and concurrent validity of the scale.'’

The State-Anxiety Scale is a sensitive indicator of changes in transitory anxiety experienced by patients in counseling,
psychotherapy, and behavior-modification programs. It has been used to assess the level of anxiety induced by
unavoidable real-life stressors. The Trait-Anxiety scale has proven helpful in identifying people who differ in motivation
or drive level. STAI has been widely used in clinical research with parents, including studies of parental anxiety when
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a child is hospitalized in a pediatric ICU,?° maternal anxiety in the NICU setting and its impact on bonding,>' and the
assessment of anxiety during pregnancy in relation to early attachment.?

The Parental Stressor Scale: Neonatal Intensive Care Unit (PSS:NICU)

The PSS: NICU? is a 47-item 5-point Likert scale to measure the unique stressors experienced by parents of infants
hospitalized in a neonatal intensive care unit. It is widely used in both clinical and research settings. It has three
subscales: 1) Sights and Sounds (eg, monitors, alarms, and unfamiliar medical environment), 2) Infant Behavior and
Appearance (eg, baby’s fragile or altered appearance), and 3) Parental Role Alteration (eg, inability to hold, feed, or
comfort one’s baby). Internal consistency coefficients for the subscales range from 0.73 to 0.94, and test-retest reliability
has been reported as satisfactory.

For this study, we used a 10-item adapted PSS: NICU for brevity and feasibility (Supplement B). We divided this
questionnaire into two subscales: PSS: NICU A (Medical Vulnerability: stress associated with parents’ perception of their
infant’s vulnerability, n=3 items), and PSS: NICU B (Parental Control: stress associated with parents’ perception of their
lack of control over their infant’s condition and care, n=7 items).

Statistical Plan

Descriptive statistics were used to characterize the study sample. Continuous variables (eg, gestational age at birth,
postmenstrual age at scan, maternal age, gravida, para, total hospitalization days, stress scores, and parenting involve-
ment scores) were summarized using medians and interquartile ranges (IQR) when not normally distributed and using
means and standard deviations when normally distributed. Categorical variables (eg, infant sex, delivery mode, maternal
education) were summarized as frequencies and percentages.

PSS: NICU internal consistency was calculated to demonstrate acceptable internal consistency for both subscales
Medical Vulnerability and Parental Control. We used PSS: NICU as predictors and adjusted for covariates (eg,
gestational age, hospitalization days, infant sex, maternal parity). PSS: NICU scales were assessed as continuous
variables and categorical variables (eg, level of anxiety) where appropriate. Both parenting involvement variables, FP
and PC, were assessed separately. We compared the distribution of variables for both FP and PC (eg, differences by
infant sex, postmenstrual age at PSS: NICU on FP and PC groups) using Fisher’s exact tests for categorical outcomes or
the Kruskal-Wallis test for non-normal continuous data.

To test the central hypothesis, we conducted primary analysis using unadjusted models, followed by a secondary
analysis with a multivariable regression model adjusted for infant gestational age at birth, maternal education, and
potential confounders. Finally, we conducted an exploratory analysis through a backward stepwise regression. We
calculated BIC and standardized betas for all models. No corrections for multiple testing were applied, given the
exploratory nature of this study.

All statistical analyses were performed in R, version 4.5.0 (R Core Team, 2025). Linear regression models were
computed using the stats package. Stepwise model selection was performed using the step() function. Bayesian
Information Criterion (BIC) was calculated using the BIC() function, and standardized beta coefficients were obtained
with the Im.beta package (version 1.5-1). Tables summarizing model coefficients and fit statistics were generated using
sjPlot (version 2.8.12). Data manipulation and visualization were conducted using dplyr (version 1.2.1) and ggplot2
(version 3.5.3). Significance was set at p <0.05 (two-tailed).

Results

Sample Characteristics

From the initial 136 subjects enrolled, 51 mothers completed the PSS: NICU within the first 2 weeks of birth and were
included in the primary analyses. Maternal age at delivery ranged from 19 to 38 years. Gestational age at birth was
available for 51 infants, ranging from 24.00 to 34.57 weeks, with a median of 30.4 weeks (IQR = 6.9). Delivery mode
was vaginal in 45.1% (n = 23), cesarean in 47.1% (n = 24), and unknown in 7.8% (n = 4). Among the infants, 52.9% (n =
27) were male. Median length of hospitalization was 56 days (IQR = 57). FP events (without a normal distribution),
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normalized to length of stay, had a median of 0.403 (IQR = 0.485), and PC (with a normal distribution) events had
a mean of 0.625 and a standard deviation of 0.302. We then categorized these into low-moderate-high through
a distribution-based approach, +1 standard deviation (SD). Low parental involvement levels were assigned to values
<1 SD, moderate levels for values between —1 and 1 SD, and high levels for values >1 SD (see Table 1 and Supplemental
Tables la and 1b). Forty-five percent of infants did not have additional comorbdities beyond prematurity. Additional
single comorbditiy was present in 15.7% of the cases, dual diagnoses in 13.7% of the cases, and three or more additional
diagnoses in 25.6% of cases (see Table 2).

Table | Patient Characteristics

N Percentage
Mean SD
Median | IQR
Maternal data
Maternal Age (years) 29.22 +5.44
Mode of delivery Vaginal 23 45.10%
C-section (stat) 24 47.06%
Unknown 4 7.84%
Race White 13 25.49%
Asian 4 7.84%
Black or African American 10 19.61%
Other 3 5.88%
Multiple 17 33.33%
Not reported 4 7.84%
Ethnicity Non-Hispanic or Latino 33 64.71%
Hispanic or Latino 7 13.72%
Not Reported 11 21.57%
Maternal education | < Seventh grade | 1.96%
Junior — partial high school (9th grade) | 1.96%
High school graduate 12 23.53%
Partial college or specialized training 12 23.53%
Standard college or university graduation | 9 17.65%
Graduate or professional training 4 7.84%
Infant Data
GA at Birth (weeks) 30.4 69
Lengths of Stay (days) 56 + 57
Sex Male 27 52.29%
Female 24 47.71%
(Continued)
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Table | (Continued).

N Percentage
Mean SD
Median | IQR
Race White 14 27.5%
Asian 2 3.9%
Black or African American 21 41.2%
Other 6 11.8%
Multiple 5 9.9%
Not reported | 2%
Ethnicity Non-Hispanic or Latino 37 72.5%
Hispanic or Latino 8 15.7%
Unknown 6 11.8%

Notes: Measures are presented as n (%), continuous measures are presented as Mean (SD) when normally
distributed and Median (IQR) when non-normally distributed.
Abbreviation: GA, Gestational Age.

Table 2 Infants’ Comorbidities Characteristics

Infant Comorbidities N | Percentage
Single comorbidity 8 15.7
Dual comorbidities 7 13.7
Three comorbidities 6 1.9
More than 3 comorbidities | 7 13.7
No comorbidities 23 45

Notes: The following diagnoses are represented as n (%)
on the table, referring to the following diagnoses:
Respiratory  Distress  Syndrome, Bronchopulmonary
Dysplasia, Retinopathy of Prematurity, Patent Ductus
Arteriosus, Sepsis, Chorioamnionitis, Seizure, necrotizing
Enterocolitis, Hydrocephalus, Ventriculomegaly,
Intraventricular Hemorrhage, and other.

The adapted PSS: NICU subscales demonstrated acceptable to excellent internal consistency for our sample.
Cronbach’s o for PSS: NICU A (medical vulnerability) was a = 0.741, and for PSS: NICU B (lack of control) was a
=0.916. The two subscales, PSS: NICU A (associated with stress due to parental perception of the infant’s vulnerability,
without a normal distribution), had a median of 25 (IQR 15.5), and PSS: NICU B (associated with stress due to parental
perception of lack of control, with a normal distribution) had a mean of 6.593 and a standard deviation of 3.092.

The PSS had a mean of 19.86 (SD = 7.49). STAI-State had a mean of 44.73 (SD = 12.23), and STAI-Trait had a mean
of 41.9 (SD = 10.80). The distribution of these stress measures is compressed toward the moderate range, with up to 71%
of participants in this category. To mitigate the impact of this range restriction, we will treat these measures as continuous
variables in all analyses (see Table 3).

Associations Between Parental Stress and Anxiety with Parenting Involvement
To test our central hypothesis, we first examined whether individual measures of maternal stress or anxiety predicted

parental involvement (see Supplemental Table 3). We examined whether maternal stress predicted parenting involvement

using multivariable linear regression models with FP and PC as dependent variables. Predictor variables included PSS:
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Table 3 Patient’s Mental Health Characteristics

Stress Measures | Mean or Median | SD or IQR
PSS 19.86275 7.49405
STAI State 44.72917 13.22914
STAI Trait 41.89583 10.80039
PSS: NICU A 6.592593 3.091667
PSS: NICU B 25 15.5

Notes: Continuous measures are presented as Mean (SD) when
normally distributed and Median (IQR) when non-normally distrib-
uted. There are no differences between the three levels of FP and
PC for mental health measures.

Abbreviations: PSS, Perceived Stress Scale; PSS: NICU, Perceived
Stress Scale: Neonatal Intensive Care Unit; PSS: NICU A, Perceived
Stress Scale: Neonatal Intensive Care Unit Sub-scale A (Medical
vulnerability), PSS: NICU B, Perceived Stress Scale: Neonatal
Intensive Care Unit sub-scale B (Perceived lack of control); STAI-
Trait, State-Trait Anxiety Inventory—Trait; STAI-State, State-Trait
Anxiety Inventory—State.

NICU subscales (A and B), overall PSS scores, and maternal anxiety (STAI-State and STAI-Trait). Linear regressions
indicated that FP was not significantly associated with PSS, STAI State, STAI Trait, NICU: PSS. Similarly, PC was not
significantly associated with PSS, STAI or PSS: NICU B. These findings suggest that maternal stress, in isolation, did
not predict parenting involvement.

To estimate the effect of maternal stress while accounting for potential confounding variables, we developed models
controlling for infant gestational age at birth, infant sex, and maternal education (see Supplemental Table 4). Because

maternal stress (PSS, STAI-State, STAI-Trait) was colinear with maternal stress related to infant NICU hospitalization,
these variables were analyzed separately in the adjusted models. To identify the most parsimonious set of predictors, we
calculated each model’s Bayesian Information Criterion (BIC) as a measure of fit (see Table 4). Only maternal education
(p <0.003) and PSS: NICU B (Parental Control) (<.001) showed significant associations across all models. For both FP
and PC, Model 4—which included GA at birth, maternal education, and PSS: NICU B (Parental Control)—offered the
best fit, with BIC values of —10.78 and —15.38, respectively. These outperformed the next best models by ABIC = 13.90
and 13.63, providing strong evidence that this is the optimal model. For FP, the final model explained 66% of the
variance (adjusted R? = 0.66, p < 0.001). Significant predictors included maternal education (p < 0.001), gestational age
at birth (p = 0.004), and PSS: NICU B (p < 0.001). Higher education and greater gestational age were linked to higher FP
levels, while higher PSS: NICU B (Parental Control) scores were associated with lower FP levels. For PC, the final
model explained 76% of the variance (adjusted R* = 0.76, p < 0.001). Significant predictors included maternal education
(p <0.001), gestational age at birth (p < 0.001), and PSS: NICU B (Parental Control) (p < 0.001). Higher education and
greater gestational age were associated with higher PC levels, whereas higher PSS: NICU B scores correlated with lower
PC levels.

Exploratory Analysis Stepwise Regression
To explore both theory-driven models and data-driven selection procedures and identify the most parsimonious model,
we perform an exploratory stepwise regression. Due to the colinear impact of maternal stress (PSS, STAI-State, STAI-
Trait) on maternal stress related to infant NICU hospitalization, these variables were excluded from the adjusted models
(see Tables 5 and 6). The results aligned with BIC-based model comparison, supporting Model 4 as the best-fitting and
most parsimonious model.

For functional parenting, the final model explained 66.4% of the variance (adjusted R* = 0.664, model p < 0.001).
Significant predictors included maternal education (p < 0.001), gestational age at birth (p = 0.004), and PSS: NICU B
(Parental Control) (model p < 0.001). Higher education and greater gestational age were linked to higher levels of
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Table 4 Adjusted Models

Model | Primary Mental Health Factor | Adj. R*> | Model P BIC B

FP | PSS 0.36 0.005* 5.96 —0.15
FP 2 STAI State 0.35 0.008* 7.09 —0.13
FP 3 STAI Trait 0.36 0.008* 6.86 —0.16
FP 4 PSS: NICU B 0.66 <0.001*** | —10.78 | —0.55
FP 5 PSS: NICU A 0.43 0.002* 3.12 —-0.29
PC I PSS 0.49 <0.00 [#** 3.97 —0.05
PC 2 STAI State 0.49 <0.00 [*** 5.03 —0.13
PC3 STAI Trait 0.476 0.001* 5.03 —0.085
PC 4 PSS:NICU B 0.76 <0.001*#* | —15.38 | —0.50
PC5 PSS:NICU A 0.59 <0.001*# | —1.75 —-0.31

Notes: Lower BIC values indicate better model fit. The best-fitting model for each outcome is highlighted in
bold. ABIC values represent the difference between the best-fitting model and the next best model. ABIC >
10 indicates very strong evidence favoring the best-fitting model (Raftery, 1995). Significance levels: *p <0.05;
**kp <0.001.

Abbreviations: FP, Functional Parenting; PC, Physical Contact; PSS, Perceived Stress Scale; PSS: NICU A,
Perceived Stress Scale: Neonatal Intensive Care Unit Sub-scale A (Medical vulnerability), PSS: NICU B,
Perceived Stress Scale: Neonatal Intensive Care Unit sub-scale B (Perceived lack of control); STAI Trait,
State-Trait Anxiety Inventory—Trait; STAI State, State-Trait Anxiety Inventory—State; GA, Gestational Age; p,
p-value; Std E., Standard Error; T-value, t statistic; p, probability value; Adij. RZ, adjusted coefficient of
determination; Model p, overall model significance; BIC, Bayesian Information Criterion; B, standardized
regression coefficient.

Table 5 Stepwise Regression for Functional Parenting

Model Factors Estimate | Std E. | T-value P Adj. R* | Model p BIC p
FP | PSS:NICU B -0.016 0.004 —4.032 | <0.001%** 0.626 <0.00 |+ -2.31 —0.585
STAI State 0.001 0.003 0.219 0.829 0.037
STAI Trait 0.002 0.005 0.397 0.696 0.072
GA at birth 0.025 0.009 2.702 0.015% 0.368
Maternal Education 0.173 0.032 5.469 <0.00 | *#* 0.8
FP 2 PSS:NICU B -0.015 0.004 —4.162 | <0.00|*** 0.643 <0.001*** | —5279 —0.57
STAI State 0.002 0.003 0.547 0.591 0.075
GA at birth 0.025 0.009 2.801 0.01I* 0.372
Maternal Education 0.168 0.029 5.88 <0.00 | *#¥* 0.778
FP 3 PSS:NICU B —0.009 0.005 -1.774 0.089" 0.063 0.176 19.317 —0.338
GA at birth 0.012 0.013 0.934 0.36 0.178
FP 4 PSS:NICU B -0.015 0.003 —4.622 | <0.001%** 0.664 <0.001** | —10.776 | —0.551
GA at birth 0.027 0.008 3212 0.004* 0.392
Maternal Education 0.165 0.026 6.367 | <0.00|*** 0.790
(Continued)
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Table 5 (Continued).

Model Factors Estimate | Std E. | T-value P Adj. R> | Model p BIC p
FP 5 PSS:NICU B —0.011 0.006 | —1.815 0.085" 0.043 <0.00 | *#* 16.423 —0.397
STAI State 3.5%x10°° 0.004 0.08 0.937 0.0179
GA at birth 0.011 0.014 0.777 0.446 0.163
FP 6 PSS:NICU B -0.014 0.004 | —3.556 0.002* 0.569 | <0.001*% | —4.037 | —0.498
Maternal Education 0.139 0.029 4.77 <0.00 | *#* 0.668

Notes: Significance levels: Ap<0.1; *p <0.05; ***p <0.001.Lower BIC values indicate better model fit. The best-fitting model for each outcome is
highlighted in bold. ABIC values represent the difference between the best-fitting model and the next best model. ABIC > 10 indicates very strong
evidence favoring the best-fitting model (Raftery, 1995).

Abbreviations: FP, Functional Parenting; PC, Physical Contact; PSS, Perceived Stress Scale; PSS: NICU A, Perceived Stress Scale: Neonatal Intensive
Care Unit Sub-scale A (Medical vulnerability); PSS: NICU B, Perceived Stress Scale: Neonatal Intensive Care Unit sub-scale B (Perceived lack of
control); STAI Trait, State-Trait Anxiety Inventory—Trait; STAI State, State-Trait Anxiety Inventory-State; GA, Gestational Age; p, p-value; BIC,
Bayesian Information Criterion.

Table 6 Stepwise Regression for Physical Contact

Model Factors Estimate | Std E. | T-value p Ad;j. R? | Model p BIC B
PC | PSS:NICU B -0.016 0.003 —4.659 | <0.00|*+* 0.742 <0.001*+* | —8.134 | —0.561
STAI State —0.001 0.003 —0.289 0.776 —0.04
STAI Trait 0.005 0.004 1.213 0.241 0.18
GA at birth 0.031 0.008 3.874 0.001** 0.438
Maternal Education 0.207 0.028 7413 <0.00 [#** 0.901
PC2 PSS:NICU B —0.015 0.003 —4.444 | <0.00|*** 0.735 <0.001*** | —9.428 | —0.524
STAI State 0.001 0.003 0.468 0.645 0.055
GA at birth 0.032 0.008 3.924 <0.00 | #** 0.448
Maternal Education 0.195 0.026 7424 | <0.00[*+* 0.845
PC3 PSS:NICU B —0.008 0.006 | —1.412 0.171 0.035 0.251 19.317 | —0.273
GA at birth 0.016 0.014 1.097 0.284 0.212
PC4 PSS:NICU B —0.015 0.003 —4.956 | <0.00|*** 0.76 <0.001*** | —15.38 -0.5
GA at birth 0.033 0.008 4.393 <0.00 | ##* 0.454
Maternal Education 0.197 0.024 8314 <0.00 | ##* 0.873
PC5 PSS:NICU B —-0.01 0.006 -1.517 0.145 0.02 0.352 20.061 | —0.336
STAI State -1.4 x10* | 0.005 —-0.03 0.977 —0.007
GA at birth 0.016 0.015 1.043 0.309 0.221
PCé PSS: NICU B —0.013 0.004 | -3.273 0.003** 0.569 | <0.001** | —2.268 | —0.438
Maternal Education 0.165 0.032 5462 | <0.00[*+* 0.731

Notes: Significance levels:**p <0.01; ***p <0.001. Lower BIC values indicate better model fit. The best-fitting model for each outcome is
highlighted in bold. ABIC values represent the difference between the best-fitting model and the next best model. ABIC > 10 indicates very strong
evidence favoring the best-fitting model (Raftery, 1995).

Abbreviations: FP, Functional Parenting; PC, Physical Contact; PSS, Perceived Stress Scale; PSS: NICU A, Perceived Stress Scale: Neonatal
Intensive Care Unit Sub-scale A (Medical vulnerability); PSS: NICU B, Perceived Stress Scale: Neonatal Intensive Care Unit sub-scale B (Perceived
lack of control); STAI Trait, State-Trait Anxiety Inventory—Trait; STAI State, State-Trait Anxiety Inventory—State; GA, Gestational Age; p, p-value;
BIC, Bayesian Information Criterion.
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functional parenting, while higher PSS: NICU B scores, consistent with higher scores of maternal stress surrounding
perceived control, were linked to lower levels of functional parenting. For physical contact, the final model explained
76% of the variance (adjusted R? = 0.76, model p < 0.001). Maternal education (p < 0.001), gestational age at birth (p <
0.001), and PSS: NICU B (p < 0.001) were significant predictors. Similar to functional parenting, higher education and
gestational age predicted more frequent physical contact, while higher PSS: NICU B scores predicted less physical
contact. The regression analysis demonstrated adequate statistical power (power = 0.99; df = 47; critical t = 1.678) for
both FC and PC. This study identifies NICU-specific perceived maternal control (PSS: NICU B), rather than global
maternal stress, as a key predictor of parental involvement in the NICU.

Discussion

Main Findings

Parental involvement in the NICU, whether expressed as FP or PC, is influenced by multiple factors, particularly infant
gestational age and maternal education. Stepwise regression revealed that both FP and PC were negatively related to
maternal stress associated with perceived lack of control over their infant’s medical condition and care. The model fit for
FP (BIC = -10.78) and PC (BIC = —15.38) surpassed the best alternative models by more than 13 BIC units, providing
solid evidence for these final models. Maternal stress related to perceived lack of control was strongly and negatively
associated with both functional parenting (B = —0.55, p < 0.001) and physical contact (B = —0.50, p < 0.001), indicating
that parents who felt more helpless and with minimal control were less likely to engage in hands-on caregiving and
physical bonding activities. This represents a large effect size, underscoring the central role of parental perceptions of
helplessness in shaping real-time caregiving behaviors in the NICU. Interestingly, we found no significant association
between parental involvement in the NICU and scores on the PSS or STAI. These measures reflect mothers’ global
perceptions of stress and anxiety in daily life, which may not directly translate to caregiving behaviors in the NICU.
Global measures of stress and anxiety may fail to predict parental involvement because: (1) they are not context-specific,
(2) coping strategies and motivation can buffer general distress, (3) situational constraints in the NICU influencing
behavior (eg, hospital policies, limited parental leave), and (4) infant-specific stress is more proximally related to hands-
on caregiving and bonding.** Additionally, the unique environment of a Level 4 NICU and our relatively small sample
may limit the ability to detect associations between global stress measures and parental involvement.

Previous research has shown maternal stress in the NICU is associated with several factors: 1) parents’ mental
health, 2) parents’ perception of infants’ vulnerability, 3) attachment representation, 4) parental self-efficacy, and 5)
medically fragile infants’ characteristics (eg, communication, level of discomfort or distress).”>*® These factors impact
parental emotional availability to connect with their infant, as well as the quality and quantity of their interactions.>”**
Indeed, premature newborns are often perceived as difficult and fussier than term newborns. Caregivers of premature
infants have difficulties discerning their newborn’s cues and therefore responding to their needs appropriately, which
impacts their sense of parenting self-efficacy. All these components add to the stress of having a newborn in the NICU,
parents’ representation of their baby and, consequently, on their parenting behaviors, described as intrusive, controlling,
or withdrawal and avoidant.> ' In contrast, our findings showed no significant associations between global stress
measures (PSS, STAI) and parental involvement. This divergence may reflect the difference between generalized distress
and context-specific stress related to the NICU environment. Consistent with studies that emphasize context-

stressors,24’3 2,33

our results suggest that infant-specific stress (PSS: NICU) is a stronger predictor to parental engagement
in caregiving within a specific multifactorial environment. Parents may experience elevated global stress yet remain
actively involved in caregiving when hospital context or use engagement as coping resources. This distinction under-
scores the importance of assessing contextualized stress constructs when predicting parental behavior in intensive care
settings.

PC may be influenced by infant medical stability,** unit policies and staffing,®> and practical or structural barriers
such as transportation, leave, and visiting hours. Parental psychological readiness is important, but structural and infant
clinical factors often have a larger impact on uptake.*® Parental involvement in the NICU is inversely related to GA at

birth, meaning that greater prematurity is associated with lower parental involvement rates, both in FC and PC. This may
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be due to more complex medical conditions for the infant, which are closely associated with GA at birth, as well as
structural barriers that may limit extended employment leave. This contrasts with FP, which is strongly connected to
parental skills/education,”’ training/support from staff to involve parents in their infant’s care,®® and validation of
caregivers’ emotional experiences, leading to an empowering transition into parenthood.>® Reduced time at the bedside
is paramount for opportunities for PC, which requires more extended visits than FP, for which trained parents can
participate in care tasks during shorter visits. Parents with higher education can have more resources (eg, parental leave,
childcare support, enhanced medical literacy), thereby predicting greater engagement in functional tasks (such as feeding
and diapering) when invited/supported, and in PC. While previous studies have identified predictors of maternal stress
and correlates of involvement (eg, infant illness severity, NICU structure, parental education), few have connected
specific dimensions of stress—particularly perceived loss of control—to observable, moment-to-moment caregiving
behaviors (functional and physical contact).

GA at birth is linked to higher parental negative feelings and maternal stress, which predict lower quality in parent—
infant interactions (eg, sensitivity, responsiveness, warmth, reciprocity, involvement).>” Our findings highlight caregiver
perception of lack of control, as well as their infant condition and maternal stress, as key factors affecting their behavior.
Caregiver sense of a lack of control diminishes as staff manage the daily care of premature infants. Parents often feel
helpless and excluded, struggling with the transition into their new roles as parents.*® The stress related to caregivers’
lack of control in the NICU undermines parental identity and self-efficacy. As a result, it reduces engagement in both
essential PC and FP and may lead to maladaptive parenting styles such as withdrawal or overprotection.’

Maternal stress caused by a lack of control in the NICU, prematurity level, and caregivers’ educational level all affect
parental involvement during the infant’s hospitalization. Within established psychological frameworks, perceived lack of
control may influence caregiving behavior through several mechanisms. According to stress appraisal theory, parents
who perceive the NICU environment as unpredictable and uncontrollable are more likely to experience heightened stress
and emotional dysregulation.*! In parallel, reduced perceived control may undermine parental self-efficacy, lowering
confidence in engaging in caregiving tasks.*? Over time, this diminished sense of agency may contribute to behavioral
disengagement, whereby parents defer caregiving responsibilities to medical staff, further limiting active participation.
Together, these processes provide a plausible mechanism linking perceived control to parental involvement in the NICU.
These mechanisms are particularly relevant in the NICU, where medical complexity and role disruption may amplify the
impact of perceived control on caregiving engagement. The degree of prematurity in infants may worsen parental stress
related to a lack of control. Premature infants are more easily dysregulated, and their communication methods are
unfamiliar to parents.*’ This can further decrease maternal self-efficacy and raise stress levels, which are connected to
parental involvement and overall maternal psychological distress. Consequently, this impacts infant—parent interactions.’
Intrusive or disengaged parenting behaviors can, in turn, further increase infant disengagement or distress, resulting in
feedback loop for parents and infants. Together, this can lead to higher rates of insecure attachment and maladaptive

parenting behaviors,***°

and consequently long-lasting psychiatric (eg, ADHD, personality disorders) and health
consequences.*’ By identifying control-related stress as a behavioral inflection point, our study refines the pathway
from NICU stress to long-term relational and regulatory outcomes, providing a concrete target for early intervention
within high-acuity NICU contexts.

To our knowledge, this is among the first studies to demonstrate that NICU-specific perceived maternal control rather

than global maternal stress, is a key and potentially modifiable predictor of parental involvement in the NICU.

Strengths and Limitations

Our study highlights several strengths that support a novel, real-time understanding of maternal stress related to their
NICU experience and their level of involvement. Specifically, a perceived lack of control significantly impacts their
involvement in bonding and routine care activities in the unit. To account for significant variation in hospitalization
length and control for exposure time, we normalized parental involvement on a given day based on hospitalization length.
Additionally, we reduced recall bias using objective observational logs on participants’ charts. Applying a multistep
analytical approach improves transparency of the baseline relationships between variables, accounts for confounding
effects, strengthens causal inference, and reliably identifies the most parsimonious best-fitting model.
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The retrospective nature of this analysis imposes several limitations. Data were collected from existing records,
limiting the establishment of causal relationships between maternal stress and caregiving behaviors to association
inferences only. Documentation of parental involvement relied on medical chart review, which may have introduced
variability in measurement. In addition, stress measures were completed by the mother, while the parental involvement in
the medical chart was often documented undifferentiable (eg, parent). Although our models adjusted for important
covariates, other unmeasured factors (eg, staffing patterns, parental leave, social support) may have influenced both
maternal stress and parental involvement. The modest sample size and recruitment from a single level IV NICU limit the
generalizability of our findings, as they may not reflect experiences in lower-acuity NICU settings. Although post hoc
power estimates were high, this likely reflects the large observed effect size. While the final model included a limited
number of predictors, the modest sample size and use of stepwise model selection may still contribute to inflation of
effect estimates. Findings should therefore be interpreted with caution pending replication in larger samples.

While the PSS: NICU subscales demonstrated excellent internal consistency in our sample, very high reliability
coefficients can sometimes indicate item redundancy. Infant medical comorbidities and treatment characteristics may
influence maternal stress and perceptions of control in the NICU. While those were documented in the clinical record,
they were not incorporated in the present analyses. Given the modest sample size, gestational age at birth was selected as
a robust and widely used proxy for overall neonatal medical risk to maintain model parsimony and avoid overfitting.
Gestational age does not fully reflect the clinical heterogeneity or treatment intensity characteristic of infants cared for in
a level IV NICU. Future studies should also incorporate standardized medical severity indices or detailed comorbidity
profiles to more precisely account for infant health status in modeling parental involvement. The retrospective study
design precluded the ability to assess changes in caregiving involvement post-discharge, or longer-term parenting and
infant outcomes. The impact of NICU specific stress and early caregiving activities on long-term parent and infant
outcomes warrants additional study.

Clinical Implications and Future Directions
Identifying caregiver stress levels related to the lack of control over the NICU environment and infant care is essential for
establishing dyadic NICU interventions. Screening caregivers in the NICU can enhance parent-infant involvement and
emotional bonding, leading to long-term benefits for the infant’s attachment and neurodevelopmental progress.
Implementing standardized screening for caregiver risk factors associated with decreased parental involvement is vital
for improving parental self-efficacy and caregivers’ sensitivity. Early dyadic interventions, such as the Family Nurture
Intervention and Kangaroo Care, are positive parent-infant relational outcomes (eg, increased parental attunement and
reflective capacity) and infant neurodevelopmental benefits.** Using a trauma-informed approach, parents can be
supported by enhancing their sense of predictability, agency, and self-efficacy in the NICU. While parents cannot control
many aspects of medical care, offering choices over small, immediate decisions that do not interfere with infant care can
increase a realistic sense of control and competence. For example, parents could decide which intervention to prioritize
when multiple procedures are scheduled, the order of feeding or diapering, when to engage in skin-to-skin or holding
sessions, or whether to participate in comforting activities such as reading, singing, or gentle touch during procedures.
Combining these choices with predictable schedules and clear communication about upcoming care tasks helps parents
anticipate routines, feel empowered, and remain actively engaged in caregiving, even in a high-stress, medicalized
environment. By doing so, parental involvement is enhanced, which may support parents in cultivating greater tolerance
for uncertainty and practicing radical acceptance of their infants’ medical condition. Several strategies could be
implemented within existing family-centered NICU care models. Introducing structured bedside protocols and nursing-
led communication routines that identify and facilitate opportunities for parental participation in daily care, while
increasing parental choice, may enhance tolerance of uncertainty by strengthening parents’ sense of control.
Embedding these practices into routine workflows—such as multidisciplinary rounds or scheduled caregiving sessions
—may promote consistent implementation across providers and improve feasibility within standard NICU practice.

In addition to individual psychological factors, parental involvement in the NICU is also shaped by different
strategies could be implemented within that were not directly measured in the present study. Institutional policies,
such as visitation guidelines, staffing models, and unit-level caregiving practices, may facilitate or constrain opportunities
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for parental engagement. Similarly, socio-economic conditions, including parental leave availability, work demands,
transportation barriers, and financial stressors, may influence the extent to which parents are able to participate in
caregiving activities. Social support systems, including partner involvement and extended family support, may further
buffer or exacerbate these constraints. These external factors likely interact with perceived control and stress appraisals to
shape parental involvement and represent important directions for future research. Parental involvement practices are
influenced by cultural norms surrounding caregiving roles, family structure, and expectations for parental presence in
medical settings. In addition, institutional policies, resource availability, and models of family-centered care vary across
hospitals and health systems, which may shape opportunities for parental engagement. As this study was conducted
within a single clinical setting, findings may not fully extend to NICUs with different organizational structures or socio-
cultural contexts. Future multi-site and cross-cultural studies are needed to examine the robustness of these associations
across diverse care environments.

In addition to include a larger and more diverse NICU population to replicate our findings, to future studies should
incorporate longitudinal outcomes (eg, attachment, neurodevelopment, and readmission rates) would provide a more
comprehensive understanding of how caregivers’ perceived lack of control in the NICU impacts the parent—infant
relationship and child development. To gain a better understanding of these relationships, dual EEG and functional
connectivity (fMRI) could offer deeper insights into parent—infant interactions.

Conclusion

This study demonstrates that parental involvement in the NICU, whether expressed as functional parenting or physical
contact, is shaped by infant prematurity, maternal education, and, most critically, parents’ perceived lack of control.
Consistent with prior research, greater gestational maturity and higher maternal education were associated with increased
involvement. Early premature infants in less educated families are especially vulnerable, with higher maternal stress due
to a lack of control in the NICU. These families face fewer opportunities for engagement and, therefore, are at greater
risk of poorer long-term attachment and development. Heightened stress related to lack of control was strongly associated
with reduced caregiving behaviors. The strength and robustness of our models underscore the clinical relevance of these
findings.

By elucidating that situated stress appraisals (control over infant care) are more proximal determinants of caregiving
behavior than global distress measures, our findings can directly inform NICU-based programs to include structured
opportunities for caregiving and decision-making that strengthen control and competence. Despite several interventions
developed to improve parent—infant bonding in the NICU (eg, Kangaroo Care, Family Nurture Intervention), these follow
standardized behavioral protocols with limited attention to maternal readiness, stress, or emotional needs.*” These results
highlight the importance of early, dyadic interventions that reduce maternal stress, enhance caregiver agency, and
promote positive parent—infant bonding, ultimately aiming to improve long-term developmental and attachment
outcomes.

Our findings should be interpreted in light of several limitations. The use of retrospective records precludes causal
inference, and reliance on chart-documented parental involvement may have introduced measurement variability,
particularly given the lack of differentiation between caregivers. Although models adjusted for key covariates, unmea-
sured factors (eg, staffing, parental leave, social support) may have influenced results. Finally, the modest sample size and
single-site design limit generalizability beyond a level IV NICU context.

Data Sharing Statement

Participants provided informed consent that allows for the sharing of de-identified data. Accordingly, de-identified
datasets generated during this study may be made available from the corresponding author upon reasonable request
and in accordance with IRB approval.
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