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Premature infants enter the world facing the dual 
disadvantages of being deprived of the ability to 
fully develop within their mother’s womb and 

of being physically separated from their mothers. 
Western maternal/neonatal care is to a large extent 
based on routine physical separation that is consid-
ered necessary to deliver the highly technological 
critical care that ensures premature infants’ survival. 

However, parent–infant separation is associated with 
lifelong negative health consequences that impose a 
significant burden on both families and society.1-3 The 
cost of caring for premature infants in the United 
States totaled $25 billion in 2019.4

In developed countries, modern technology has 
increased the survival rates of premature infants and 
pushed the boundaries of viability so that infants as 
young as 23 to 24 weeks’ gestation can survive. 
However, the provision of this care and the associated 
physical separation of infants from their mothers 
contributes to the inevitable risk of poor infant–
mother interactions that have significant negative 
effects on both neonates and mothers.2 While the 
impact of early physical separation is bidirectional, 
research on infants’ outcomes suggests that prema-
ture separation is associated with increases in neuro-
developmental and behavioral problems, maladjusted 
cognition, and learning disabilities that have a nega-
tive impact on emotional and psychological well-
being of infants across their lifespan.5,6

The purpose of this systematic review is to sum-
marize the current state of knowledge on changes in 
biomarkers (ie, oxytocin [OT], salivary or plasma 
cortisol, hypoxanthine [Hx], xanthine [Xa], uric acid 
[UA], and allantoin), associated with skin-to-skin 

ABSTRACT
Background: Premature infants and their parents experience significant stress related to separation and lifesaving pro-
cedures. While evidence suggests that skin-to-skin contact (SSC) is a stress-reducing intervention for both neonates and 
parents, the mechanisms that underlie its efficacy are not well understood.
Objective: Purpose of this systematic review is to summarize the current state of knowledge on changes in biomarkers 
(ie, oxytocin [OT], cortisol, hypoxanthine, xanthine, uric acid, and allantoin), associated with SSC in premature infants and 
parents, that may reflect physiologic responses to stress.
Methods: A comprehensive literature search was conducted from 1990 to 2020. Studies were selected using prespeci-
fied inclusion and exclusion criteria.
Results: Of the 175 studies identified, only 19 are included in this review. Ten studies evaluated only infants, 2 evaluated 
only parents, and 7 evaluated for changes in biomarkers in both infants and parents. Cortisol was the most common 
biomarker evaluated. While changes in infants’ cortisol levels were highly variable, in 55% of the parent studies, parent 
cortisol levels decreased following SSC. In both parents and infants, OT levels decreased following SSC. Only 1 study 
found that allantoin levels were significantly lower in infants who received SSC.
Implications for Practice and Research: While evidence suggests the numerous benefits of SSC, additional research is needed 
to identify the optimal biomarker to determine the mechanisms that underlie these effects. The use of novel biomarkers (eg, gene 
expression changes microbiome) may provide new insights into the mechanisms that underlie the efficacy of SSC.
Video Abstract available at: https://journals.lww.com/advancesinneonatalcare/Pages/videogallery.aspx?autoPlay=false&videoId=48
Key Words: allantoin, biochemical markers, cortisol, hypoxanthine, kangaroo mother care, neonatal intensive care unit 
(NICU), oxidative stress, oxytocin, skin-to-skin contact, xanthine
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contact (SSC) in premature infants and parents, that 
may reflect physiologic responses to stress.

BACKGROUND

Skin-to-skin contact and kangaroo mother care 
(KMC) are often incorrectly and synonymously used 
as being one the same. However, KMC is a wider 
term that includes breastfeeding and early discharge 
from the hospital as a step-down way to care for 
growing infants before discharge home. SSC is used 
as an intermittent intervention immediately after 
birth that is part of the conventional care in postbirth 
settings.7 SSC is a model of care that aims to improve 
the interactions between premature infants and their 
mothers to minimize the negative consequences of 
physical separation.8 This care model involves a par-
ent/representative (eg, mother, father, and partner) 
holding an unclothed infant on his/her bare chest 
with just a diaper between them for extended peri-
ods. Evidence suggests that SSC reduces morbidity 
and mortality among premature infants.8 Some of the 
direct effects of SSC for the infants include improved 
temperature stability, stabilization of breathing, and 
improved oxygen saturation and heart rate.9 In addi-
tion, research findings suggest improvements in 
infants’ brain development, better motor and mental 
development, as well as better behavioral responses 
including state regulation and motor regulation.10,11 
For the mothers, SSC is associated with improve-
ments in milk production and breastfeeding.12

Bergman and Bergman12 described the mother’s 
body as the optimal environment that allows for the 
development of regulatory processes that ultimately 
provide physiologic stability for the infant. While 
these in utero benefits are well documented, the neu-
robiological mechanisms that underlie the benefits of 
SSC remain unclear. The current hypothesized mecha-
nism suggests that direct SSC connects sensory nerve 
pathways between the mother and infant, which opti-
mizes the premature infant’s neurosensory pathway 
development. The observed improvements in infants’ 
physiologic stability, associated with SSC, suggest 
that stress is being reduced in response to SSC.2

Research on SSC began in the 1970s with physician 
scientists Edgar Rey Sanabria and Hector Martinez-
Gomez in the neonatal unit at San Juan de Dios Hos-
pital in Bogotá, Colombia, South America.13 These 
researchers found it difficult to treat preterm low-
birth-weight infants because of the lack of technology 
and resources. They developed the KMC program as 
a simple and low-cost method to care for these prema-
ture infants.13 In 1984, a method of increased contact 
emerged in Europe that was described as “extra con-
tact” between the mother and infant.14 However, it is 
not clear whether this approach included SSC or sim-
ple forms of contact (eg, touching, holding, and physi-
cal closeness with the mother).

Across these early studies,14,15 while only full-term 
infants were included and the assessments were done 
in the first1 to 2 hours post birth, the behaviors of 
mothers toward their infants improved. In 1979, the 
term SSC appeared in the literature.15 In 1983, an 
evaluation of the Colombia program, which was 
done in conjunction with the United Nations Interna-
tional Children’s Emergency Fund (UNICEF), was 
published.13 This report received significant attention 
from British neonatal researchers who traveled to 
Bogotá to analyze the data on the efficacy of the KMC 
program. In a Lancet publication,13 these researchers 
reported that KMC was effective in treating low-
birth-weight infants in Colombia.13 Two nurse scien-
tists, Susan Ludington-Hoe and Gene Cranston 
Anderson, were instrumental in introducing SSC into 
the United States.16 While several systematic reviews 
and meta-analyses have documented the benefits of 
SSC for preterm infants,17-19 data suggest that infants 
in the United States receive less than 1 hour of SSC per 
day.20,21 In addition, no systematic reviews have eval-
uated the effects of SSC on biomarkers of stress in 
infants and parents who used this intervention. Evi-
dence of physiologic effects on stress responses may 
increase the use of SSC.

METHODS

In collaboration with a medical librarian (M.L.F.), 5 
electronic databases (PubMed, EMBASE, American 
Psychological Association [PsycINFO], Web of Sci-
ence [WoS], and the Cumulative Index to Nursing 
and Allied Health Literature [CINAHL]) were 
searched. Systematic search strategies were designed 
using a combination of MeSH/Emtree terms and 
various key words to identify peer-reviewed studies 
related to the effects of SSC on biomarkers of stress 
in preterm. Articles written in English were included 
if published between 1990 and 2020. All of the stud-
ies were reviewed by D.F. and C.M. Any discrepan-
cies were resolved through discussion. Details of 
sample search strategies are included as Appendix 
(available at: http://links.lww.com/ANC/A95). In 
addition, Web of Science was searched to review cit-
ing references, cited references, and related articles 
of included studies for additional studies.

Studies were included if they met all of the follow-
ing criteria: (1) evaluated a biomarker of short-term 

What This Study Adds
	 • A focused review of the scientific evidence on various bio-

markers that were used to evaluate the effects of skin-to-skin 
contact (SSC) on physiologic responses to stress in both neo-
nates and their parents.

	 • Identification of the need to develop a longitudinal random-
ized clinical trial with rigorous methodologies and a compre-
hensive set of biomarkers to be able to identify the mecha-
nisms that underlie the benefits of SSC in infants and 
mothers.
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physiologic stress in conjunction with the adminis-
tration of SSC; (2) evaluated these biomarkers in a 
preterm infant and/or a mother or father; and (3) 
evaluated 1 or more of the following biomarkers: 
cortisol, OT, Hx, Xa, UA, and allantoin.

The search strategy yielded 35 studies identified in 
PubMed, 65 in EMBASE, 29 in PsycINFO, 50 in 
WoS, and 28 in CINAHL (Figure 1). After duplicates 
were removed, the abstracts from 175 studies were 
evaluated. Of these 175 studies, full articles for 35 
studies were reviewed. After eliminating studies that 
did not meet our prespecified inclusion criteria, 19 
studies are included in this systematic review. Of these 
19 studies, 10 (52.6%) evaluated only infants,21-30 2 
(10.5%) evaluated only parents,31,32 and 7 (36.9%) 
evaluated both infants and parents.33-39

For the purposes of this review, the findings from 
the infant (see Supplementary Table 1, available at: 
http://links.lww.com/ANC/A93)21-30,33-39 and parent 
(see Supplementary Table 2, available at: http://
links.lww.com/ANC/A94)31-39 studies are presented 
separately. Standardized criteria were developed to 
review the 2 groups of studies. Across both groups 
of studies, information was obtained on author, 
year, purpose, study design, sample size, study pro-
cedures (ie, SSC procedure, amount of time for SSC), 
how and the frequency with which biomarker speci-
mens were collected, major findings, strengths, and 
limitations. For the infant studies, specific informa-
tion was obtained on gestational age, gender, ethnic-
ity, birth weight, Apgar score, Score for Neonatal 
Acute Physiology with Perinatal Extension II 

FIGURE 1 

PRISMA 2009 flow diagram.

http://links.lww.com/ANC/A93
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(SNAPPE II), and birth mode. For the parent studies, 
specific information was obtained on age, ethnicity, 
employment status, education level, and marital/
partner status.

RESULTS OF THE INFANT STUDIES

Description of the Studies
As shown in Supplementary Table 1 (http://links.
lww.com/ANC/A93), 11 (64.7%) of the 17 studies 
that evaluated biomarkers in preterm infants were 
prospective randomized controlled trials (RCTs) of 
SSC.22-27,30,34-36,38 Across the 17 studies, 5 studies 
were conducted in the United States,21,22,30,36,38 2 each 
in Sweden33,34 and the Netherlands,28,29 and 1 each in 
Canada,35 the United Kingdom,25 Germany,24  
Serbia,37 Egypt,27 Iran,26 Israel,23 and Brazil.39 Sample 
sizes ranged from 1733 to 14623 patients and 
5 studies28,29,33,35,38 had fewer than 30 patients.

Across 14 studies, the grand mean for the infant’s 
gestational age was 30.5 weeks. Two of the stud-
ies33,37 reported median gestational age and 1 study34 
reported postmenstrual age of the infants. Across 
the 15 studies that reported weight, the grand mean 
birth weight was 1488.9 g. Across the 6 studies that 
reported 5-minute Apgar scores, the grand mean 
score was 8.4. Across the 14 studies that reported 
gender, the grand mean percentage of females was 
44%. Of the 8 studies that reported type of delivery, 
the grand mean rate of cesarean delivery was 69.0%. 
All 17 studies were conducted in the intensive care 
nursery.

Characteristics of SSC
Across the 17 studies, the duration of SSC was 
extremely variable (ie, 2025-12027,30,37 minutes per 
session). The total number of sessions varied from 
126,29 to 56.36 The initiation of SSC varied across the 
studies (ie, immediately after delivery,34 140-1421 days 
after birth, or when the infant was considered sta-
ble37). In terms of the comparator groups in the 
RCTs, a variety of approaches were used including 
having some opportunity to provide SSC,22 mothers 
being present for visitation and breastfeeding only,27 
and mothers performing other care functions.26 The 
various timing of sample collection noted across the 
studies made it difficult to make specific or uni-
formed generalizations.

In terms of biomarkers, cortisol was the most 
common one evaluated.23-27,30,33-37,39 Four studies 
examined OT,21,28,29,38 and 1 study evaluated both 
cortisol and OT.38 One study examined biochemical 
markers of adenosine triphosphate (ATP) degrada-
tion (i.e., Hx, Xa, UA) and allantoin as a marker of 
oxidative stress.22 In 8 studies,22,26,27,29,34,35,38,39 speci-
mens were collected before and after an SSC session. 
In 12 studies,22,23,26-30,34-36,38,39 changes over time in 
the various biomarkers were evaluated. Cortisol and 

OT measures were obtained from salivary specimens 
using a cotton swab,25,29,33,35,38 eye sponge,30,37 filter 
paper,36 or direct aspiration from the floor of the 
mouth23,26,27 and in 1 study from plasma.39 The bio-
chemical markers were assayed from urine obtained 
from cotton balls placed in the infant’s diaper.22

Biomarker Outcomes in Infants
In terms of changes in infants’ cortisol levels in 
response to SSC, the results were highly variable. In 
2 of the studies that utilized a pre-/posttest design,33,39 
no differences in cortisol levels were found. In 6 of 
the RCTs,24-27,30,35 no differences in cortisol levels 
were found between the intervention and control 
groups. In 1 study,38 cortisol levels decreased follow-
ing a session of SSC. The various study procedures 
(ie, SSC procedure, amount of time for SSC), the 
method, and the frequency with which biomarker 
specimens were collected could have contributed to 
the high variability in the results across the studies.

Four studies21,28,29,38 reported on changes in OT 
levels in response to SSC. In 3 of these studies21,29,38 
significant increases in OT were reported. In the 
other study,28 OT levels decreased during SSC. In the 
only study that evaluated for biomarkers of ATP 
degredation,22 mean allantoin levels were signifi-
cantly lower in the infants who received SSC.

RESULTS OF THE PARENT STUDIES

Description of the Studies
As shown in Supplemental Table 2 (available at: 
http://links.lww.com/ANC/A94), 5 of the 9 studies 
that evaluated biomarkers in parents were prospec-
tive RCTs of SSC.32,35,36,38,39 Across these 9 studies, 3 
were conducted in the United States,32,36,38 2 in 
Canada,31,35 2 in Sweden,33,34 1 in Brazil,39 and 1 in 
Serbia.37 Sample sizes ranged from 1733 to 7936 par-
ticipants. Across the 9 studies, the grand means for 
maternal and paternal ages were 30.1 and 33.4 
years, respectively. In the 2 studies that reported 
employment status,31,38 94.5% of the fathers and 
69.0% of the mothers were employed. In the 6 stud-
ies that reported on the educational level of the par-
ents,31-34,38,39 47.0% of the mothers and 60.0% of the 
fathers had 4 years or more of college. For the 4 
studies that reported marital status,32,34,38,39 83% of 
mothers and 87% of fathers were married or 
partnered.

Characteristics of SSC
Across the 9 studies, the duration and number of 
SSC sessions were extremely heterogeneous. The 
duration of each session ranged from 3032,39 to 120 
minutes.37 The number of sessions ranged from 131 
to 56.36 In terms of biomarkers, 7 studies31,33-37,39 
evaluated cortisol and 2 studies32,38 evaluated both 
cortisol and OT. The salivary specimens were 

http://links.lww.com/ANC/A93
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collected using an eye sponge,37 oral swabs,31,35,39 fil-
ter paper,36 cotton tip applicators,33,34 and passive 
drool38 methods.

Biomarker Outcomes in Parents
In terms of changes in parents’ cortisol levels in 
response to SSC, the results were inconsistent. While 
in 4 studies34,35,38,39 no significant differences were 
found, in the other 5 studies,31-33,36,37 cortisol levels 
decreased following SSC. In the one study that found 
decreases in cortisol in both mothers and fathers 
during SSC,32 while maternal levels continued to 
drop in the 30 minutes following SSC, paternal lev-
els of cortisol rose during the same period.

In the 2 studies that evaluated for changes in OT,32,38 
measures were done in both mothers and fathers. In 
both studies and for both mothers and fathers, OT 
levels increased during SSC. However, in 1 study,32 
while mothers’ OT levels decreased, fathers’ levels 
remained stable in the 30 minutes following SSC. In 
the other study,38 the pattern of change was the same 
for both parents, namely OT levels increased during 
SSC and then decreased post-SSC.

DISCUSSION

This review is the first to summarize the findings 
from studies that evaluated for changes in biomark-
ers of physiologic stress (ie, cortisol, OT, Hx, Xa, 
UA, and allantoin) in response to SSC in both pre-
term infants and their parents. Of our prespecified 
biomarkers, the most common one evaluated was 
cortisol (ie, 76.5% of infant and 100% of parent 
studies). Cortisol is considered a major biomarker of 
stress for both infants41 and adults.32 In the fetus,  
the hypothalamic-pituitary-adrenal (HPA) axis, 
which regulates the release of cortisol, is functional 
by the second trimester.42 In healthy, full-term 
infants, beginning at 1 month of age, cortisol is 
secreted in a circadian rhythm pulsatile fashion, 
peaking in the morning and showing a nadir in the 
evening.42 In preterm infants, the data suggest that 
the circadian rhythm for cortisol is established by 
1 month corrected age.42 Of note, the establishment 
of the circadian rhythm for cortisol is more related 
to gestational age than postnatal age, illness, antena-
tal steroid administration, environmental stressors, 
and varying levels of neurodevelopmental care.17 
However, high and prolonged levels of cortisol dur-
ing acute and chronic stress contribute to dysregula-
tion of allostatic processes that mediate unhealthy 
and inadequate adaptations to stress.43

Across 90% of the studies, the findings regarding 
changes in infants’ cortisol levels in response to SSC 
were highly variable (see Supplemental Table 1, 
available at: http://links.lww.com/ANC/A93). In 
contrast, in 55% of the parent studies, cortisol levels 
decreased following SSC. Across both sets of studies, 

the variability in the findings may be related to: the 
relatively small sample sizes; the timing of the corti-
sol measures in relationship to diurnal variability; 
the wide range in infants’ gestational ages; and a 
lack of consistency in the SSC procedures (ie, dura-
tion, frequency, position, and timing of the initiation 
of the intervention in relationship to the infant’s 
birth). While these findings suggest that cortisol may 
be an appropriate biomarker to evaluate the biologi-
cal mechanisms that underlie SSC in adults who 
have a more established circadian rhythm, its use as 
a biomarker in infants warrants additional consider-
ation. Researchers who propose to use this bio-
marker may want to establish rigorous inclusion and 
exclusion criteria for the infants, particularly in 
terms of gestational age and standardization of spec-
imen collection that accounts for circadian rhythm.

In terms of the findings related to OT, the rela-
tionships between stress and OT are extremely com-
plex. OT is produced by the hypothalamus and 
released from the posterior pituitary gland or other 
parts of the brain and spinal cord, where it binds to 
receptors to influence both physiology and behav-
ior.43 Oxytocin is released during both eustress and 
distress. Its release elicits differential effects on the 
HPA axis and the sympathetic adrenal medullary 
system based on the type, severity, and duration of 
the stressor.43

SSC is hypothesized to activate this oxytocinergic 
system in both infants and parents with associated 
decreases in stress and anxiety.44 For example, if the 
release of OT during SSC decreased social anxiety in 
the dyad, socially based behaviors and emotions 
during parental–infant engagement would be facili-
tated.44 In addition, it is known that during periods 
of decreased stress (eg, during SSC), the hypothala-
mus stimulates the posterior pituitary gland to 
release OT, which acts on the nucleus ambiguus.45 
This action can decrease muscle tone in the infant’s 
head and face, which facilitates eye contact, obser-
vation of facial expressions, and the ability of the 
infant to differentiate human voices. These changes 
facilitate engagement cues with parents. In addition, 
the enhancement of the muscle tone of the pharynx, 
soft palate, and larynx leads to better sucking, swal-
lowing, and rhythmic breathing during feeding. 
Enhanced muscle tone in the gastrointestinal tract 
results in increased tone of the esophageal sphincter 
and increased motility. This effect results in decreases 
in reflux and constipation, as well as increased toler-
ance to enteral feeding.46 Finally, OT stimulates the 
release of gastrointestinal enzymes that improves 
digestion and overall growth of the infant.47

In the 3 studies that evaluated for changes in OT 
in response to SSC,28,32,38 in both parents and infants 
OT levels increased following SSC. Unlike cortisol, 
OT levels increase during the sleep, and then rapidly 
decline upon awakening to basal levels. Of note, OT 
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is known to modulate cortisol levels during stressful 
conditions.48 While only 3 studies have evaluated 
this biomarker,28,32,38 the relatively consistent find-
ings suggest that SSC may influence levels of OT in 
both infants and parents. While the data suggest that 
OT may be a useful biomarker to evaluate the effects 
of SSC, 150 μL of saliva is required to conduct the 
assay. In addition, OT needs to be placed on ice and 
frozen in a −80°C freezer within an hour after speci-
men collection.

Only 1 study evaluated for changes in urinary 
markers of ATP degradation (ie, Hx, Xa, and UA) 
and oxidative stress (ie, allantoin) in response to 
SSC.22 In this pilot study, mean allantoin levels over 
2 days were significantly lower in the SSC group 
than in the control group. These results provide pre-
liminary evidence that SSC reduces neonatal oxida-
tive stress processes and that allantoin may be a non-
invasive marker for future studies. In terms of ATP 
degradation, the stress and associated morbidities 
experienced by preterm infants may be partially 
explained by an oxygen supply that cannot meet the 
body’s demands and the switch from aerobic to 
anaerobic metabolism. As a result of this metabolic 
switch, ATP is broken down to generate energy.49 
The degradation of ATP results in elevated levels of 
adenosine monophosphate and free adenosine that 
are catabolized into inosine monophosphate and 
inosine, respectively. Then, inosine and inosine 
monophosphate are converted into Hx, Xa, and UA. 
Uric acid acts as an antioxidant by scavenging reac-
tive oxygen species, which converts the UA com-
pound mainly to allantoin, a marker of oxidative 
stress in humans.50 Interventions to reduce anaero-
bic metabolism and oxidative stress, such as SSC, 
may partially blunt the occurrence and severity of 
preterm morbidities. These biochemical markers 
may be a more objective measure of stress and can 
be combined with the study of cortisol and OT to 
determine the mechanisms that underlie the benefits 
of SSC.

LIMITATIONS

This systematic review has a number of limitations that 
warrant consideration. First, only studies published in 
English were included in the review. One of the pri-
mary purposes of this review was to examine the cur-
rent state of the knowledge on changes in biomarkers 
associated with SSC in preterm infants and their par-
ents that may reflect physiologic responses to stress. 
These findings from the limited number of studies 
showed inconsistent results. The inconsistent findings 
may be related to the relatively small samples sizes; the 
considerable variability in the duration of each SSC 
session, as well as the total number of sessions; and the 
lack of a control group in some studies. Given this het-
erogeneity, a meta-analysis was not done.

IMPLICATIONS FOR RESEARCH

Currently, the optimal biomarker to evaluate the 
effects of SSC on short- or long-term physiologic 
responses to stress is unknown. Randomized con-
trolled trials that control for infant’s gestational age, 
the timing of the initiation of SSC in relationship to 
the infant’s birth, type and duration of SSC, timing 
of biomarker collection in relationship to circadian 
variability in the various biomarkers, and standard-
ization of control group procedures are needed to 
determine the physiologic mechanisms that underlie 
the benefits of SSC. Research is needed that investi-
gate the effects of SSC in the neonatal intensive care 
unit (NICU) environment on the infant’s long-term 
structural brain development, stress reactivity, and 
additional neurodevelopmental outcomes. Longitu-
dinal analyses of biobehavioral outcomes, as well as 
biomarkers of stress in the dyad, are vital to deter-
mine the effects of SSC on parenting quality, mater-
nal/paternal health, infant neurodevelopment, and 
dyadic attachment over time. Sophisticated analytic 
methods and multisite studies that allow for larger 
sample sizes will be needed to parse out the effects 

Summary of Recommendations for Practice and Research
What we know: •   Scientific evidence suggests that skin-to-skin contact (SSC) is a stress-reducing intervention for both 

neonates and parents.

•  Data suggest that preterm infants in the United States receive less than 1 hour of SSC per day during 
their hospital stay.

•  Parent–infant separation contributes to increased stress for the dyad that has been shown to have sig-
nificant negative health outcomes for both neonates and their mothers.

What needs to be 
studied:

•  Determination of the optimal biomarker(s) to use to evaluate the effects of SSC on physiologic 
responses to stress.

•  Investigation of the effects of SSC in the intensive care environment on the infant’s structural brain 
development, stress reactivity, and neurodevelopmental outcomes.

•  Longitudinal evaluation of biobehavioral outcomes as well as biomarkers of stress and their influence 
on dyadic engagement over time.

What we can do 
today:

•   Continue to encourage clinicians to use SSC as an important therapeutic intervention for both parents 
and infants.
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associated with SSC and infant health, maternal/
paternal caregiving, and the physical environment in 
the NICU. Consideration needs to be given to an 
evaluation of additional biomarkers including 
genetic and epigenetic markers.

IMPLICATIONS FOR PRACTICE

While this systematic review did not identify the 
optimal biomarker to evaluate the effects of SSC, 
one needs to note that the increased stress experi-
enced by both parents and infants is a risk factor for 
poor infant outcomes. Clinicians need to employ 
effective strategies to implement SSC as a stress 
reducing intervention. Considering the potential 
benefits of this relatively simple intervention, nurs-
ing staff should explain the benefits of SSC to par-
ents and support them to be close to their infant. 
Clinicians should continue to provide guidance, edu-
cation, and support to parents regarding SSC with 
the ultimate goal of reducing stress and promoting 
well-being in both preterm infants and parents.

CONCLUSIONS

In this systematic review, we evaluated 26 studies 
from 11 countries. Across these studies, the findings 
on the associations between SSC and biomarkers of 
stress were inconsistent and highly variable. In terms 
of the infants’ cortisol levels in response to SSC, no 
statistically significant differences in cortisol levels 
were found on 2 pre-/posttest design studies33,39 and 
in 6 RCTs.24-27,30,35 In terms of parents’ cortisol levels 
in response to SSC, in 4 studies34,35,38,39 no significant 
differences were found, and in 5 31-33,36,37 studies cor-
tisol levels decreased following SSC. In yet another 
study,32 maternal levels of cortisol dropped 30 min-
utes following SSC, while paternal cortisol levels 
rose during the same period.

The reported changes in OT levels among parents 
and infants were more consistent in 2 studies32,38 that 
found statistically significant increases followed by sig-
nificant decreases in OT levels in response to SSC. In a 
single pilot study,22 allantoin showed promise as a 
potential biomarker of ATP degradation. The findings 
from this systematic review support the use of bio-
markers in future RCTs to determine the underlying 
mechanisms for SSC. The addition of other biomarkers 
(eg, changes in gene expression, metabolomics, and 
microbiome) may provide new and novel insights into 
the mechanisms that underlie this important therapeu-
tic intervention for both infants and parents.
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