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Salivary cortisol levels as a biomarker for severity
of withdrawal in opioid-exposed newborns
Nicolas Rodriguez1, Mark Vining1 and Elisabeth Bloch-Salisbury1

BACKGROUND: Scoring tools used to quantify withdrawal in infants with neonatal abstinence syndrome (NAS) are often
confounded by subjective measurements. This study assessed salivary cortisol as an objective biomarker of withdrawal severity in
opioid-exposed newborns.
METHODS: A prospective study was conducted in 25 full-term opioid-exposed newborns monitored for NAS. Morning and evening
salivary cortisol levels were collected starting within 48 h post birth until initiation of pharmacologic treatment for withdrawal (Pre-
Treatment) or when the infant was discharged without pharmacotherapy (No Treatment).
RESULTS: Cortisol levels in the Pre-Treatment group (n= 11) were significantly higher within the first week of life (median 1.74 µg/
dl) than in the No Treatment group (n= 11; median 0.72 µg/dl; P= 0.003); three infants had inadequate saliva volume for cortisol
assay. Cortisol significantly decreased after 72 h post birth among infants discharged without pharmacotherapy (≤72 h median 1.25
µg/dl; ≥72 h median 0.58 µg/dl; P= 0.022), whereas cortisol remained elevated for infants subsequently treated for severity of
withdrawal. No cortisol circadian rhythm was observed for either group.
CONCLUSIONS: Salivary cortisol in opioid-exposed newborns may provide an index of stress and help identify infants who will
have more severe clinical presentation of NAS. Such a biomarker would allow risk stratification for early treatment and discharge
decisions.
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INTRODUCTION
The incidence of neonatal abstinence syndrome (NAS) due to in
utero exposure to prescribed and/or illicit drugs in the United
States has more than doubled between 2009 and 2012, with
estimated hospitalization costs surging from US$732 million to US
$1.5 billion.1 Newborns with NAS present with physiologic and
behavioral impairments that manifest as central nervous system
dysregulation, gastrointestinal symptoms, and autonomic instabil-
ity.2–4 Signs and symptoms of drug withdrawal typically develop
within 72 h post birth.2–4 NAS symptoms result from maternal use
of full-opioid agonists such as heroin, oxycodone, methadone,
fentanyl and morphine, and partial or mixed agonists such as
buprenorphine and tramadol.2,4,5

Non-pharmacologic strategies such as swaddling, minimizing
environmental stimuli, breastfeeding, and skin-to-skin care are
first-line treatments for reducing the severity of withdrawal in
infants with NAS.3,4,6,7 However, many infants still need pharma-
cologic treatment to manage withdrawal.2–4

Current clinical decisions for the initiation, maintenance, and
weaning of pharmacologic treatment of infants with NAS are
determined by scores on symptom checklists.3,8 Lack of consis-
tency and accuracy in assessing symptoms may result in
discrepancies among caregiver ratings, which has implications
for management decisions.9

The hypothalamic pituitary adrenal (HPA) axis is part of the
neuroendocrine system that helps maintain homeostasis, with a
key function of controlling the body’s response to stress. In
newborns exposed to opioids in utero, the abrupt cessation of

opioids at birth causes the upregulation of cyclic adenosine
monophosphate, which differentially stimulates and hinders the
production and release of several neurotransmitters, leading to
symptoms of drug withdrawal, for example, tachypnea, tachycar-
dia, hypertonicity, hyperthermia, sleep disturbances, vomiting, and
poor feeding.2,10,11 The major endogenous glucocorticoid
secreted in response to stress is cortisol.12 Serum and salivary
cortisol levels are highly correlated in pain-related stress response
studies in infants.12 Salivary cortisol may yield more accurate levels
of underlying stress compared to serum cortisol because pain and
discomfort experienced during invasive blood draws may trigger
physiologic responses that affect serum cortisol levels.13,14

Obtaining salivary cortisol is an easy, minimally invasive procedure
not confounded by painful venipuncture, which is particularly
helpful when working with infants.
Autonomic dysregulation observed in opioid-exposed new-

borns may be indexed by elevated salivary cortisol levels. We
hypothesized that newborns who are subsequently medicated to
treat severity of withdrawal would have higher salivary cortisol
levels during the first week of life compared to at-risk infants who
did not develop severe signs and symptoms of withdrawal and
were not pharmacologically treated.

METHODS
Setting
A prospective, observational study was conducted at UMass
Memorial Healthcare (UMMHC) over a 2-year period between
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December 2015 and January 2018. The study was approved by the
UMass Medical School Institutional Review Board. Written
informed consent was obtained from the biological mother of
each infant either prenatally or within 48 h post birth. Enrolled
infants were studied in the Mother-Baby Unit where they were
admitted and cared for after birth.

Participants
Twenty-five full-term (≥37 weeks gestational age), opioid-exposed
newborns monitored for NAS participated in the study. Candidates
with opioid exposure were identified to study personnel by
treating physician in the prenatal clinic or Mother-Baby Unit at
UMMHC. Inclusion criteria required in-utero opioids with or
without other drug exposures. Exclusion criteria included partici-
pation in other research studies that included an intervention,
preterm (<37 weeks gestational age), congenital defects, hydro-
cephalus, intraventricular hemorrhage >grade 2, clinically sig-
nificant cardiac anomalies, anemia (hemoglobin <8 g/dl), human
immunodeficiency virus, and/or methicillin-resistant Staphylococ-
cus aureus or other infection requiring treatment at the
time of study. Custodial placement into the Department of
Children and Families was a withdrawal criterion after initial
enrollment.

Procedures
Infants were studied at their bedside in the Mother-Baby Unit
during the clinical observation period for opioid withdrawal as per
standard of care at UMMHC, that is, on average 4–7 days. The
study end time was defined by when medical providers
determined pharmacotherapy was warranted and the infant was
transferred to the neonatal intensive care unit (NICU) for
treatment (Pre-Treatment cohort), or medical providers deter-
mined it was safe to discharge the infant without medication (No
Treatment cohort). Nurses performed routine clinical assessment
of the infant’s withdrawal severity in accordance with the
Institution’s standard clinical care, approximately every 3 to 4 h
using the Restructured Finnegan Scoring Tool.9 Prenatal drug
exposure was determined by confirmation of a positive opioid
screen with or without poly-drug exposure (9-panel: Ampheta-
mines, Barbiturates, Benzodiazepines, Cocaine Metabolite, Mar-
ijuana Metabolite, Methadone Metabolite, Opiates, Oxycodone,
Phencyclidine) from infant urine or meconium toxicology,
maternal urine toxicology, or from documented prescribed
maternal opiate medications (in instances when buprenorphine
toxicology was not performed). Finnegan scores and toxicology
reports were obtained by study staff from the infant and maternal
medical records.

Salivary cortisol collection. Buccal/sublingual salivary samples
were collected twice daily, between ~7 a.m. and 10 a.m. (morning
sample) and between ~4 p.m. and 6 p.m. (evening sample).
Salivary cortisol collection began within 48-h post birth while the
infant was being observed clinically for withdrawal. Collection
continued throughout the infant’s hospital stay until the infant
was either started on pharmacologic treatment for severe
withdrawal symptoms (i.e., three consecutive Finnegan scores
≥8 or two consecutive Finnegan scores ≥12) or the infant was
discharged from the hospital without pharmacologic treatment.
Salivary cortisol collection started before anticipated feed or 30

min after infant completed feed.15 To collect the samples, research
study staff held one end of a salivary swab (Salimetrics® SalivaBio
Infant Swab, Carlsbad, CA) and placed the other end of the swab
inside the infant’s buccal mucosa or sublingually to absorb saliva.
Infant was placed supine with head to the side in his/her crib to
help ensure pooling of saliva.
Research staff noted the infant’s behavioral state at the start

and end of the sample collection on a continuum: 0= Sleeping
defined by eyes closed, no/minimal sound, minimal movement;

1=Quiet Awake defined by eyes opened, no/minimal sound,
minimal movement; 2= Partial Distress defined by eyes opened
or closed, movements, intermittent cries; 3= Full Distress defined
by eyes opened or closed, movements, continuous cries. Sample
collection time was increased during the study sessions to
improve the saliva quantity output (recommended collection
volume 75 µl for a test volume 25 µl16). Immediately following
salivary collection, swabs were placed in a de-identified coded
swab storage tube (Salimetrics®, State College, PA). Samples were
either immediately placed in frozen storage (−30 °C) or centri-
fuged (15 min; 3000 r.p.m.; 4 °C) and placed in frozen storage until
the time of assay.16 Batches of frozen samples were sent out for
duplicate assay of each sample within 3–6 months of
collection and tested using cortisol enzyme immunoassay
(Salimetrics®, Carlsbad CA; serum-saliva correlation 0.91, sensitivity
<0.007 µg/dl).

Statistics
Statistical calculations were performed using commercially avail-
able software (SPSS version 25, Chicago, IL). Non-parametric
analyses were used for analysis of data sets. Kruskal–Wallis one-
way analysis of variance was used to compare likelihood of
adequate sample volume among the buccal swab durations.
Bonferroni adjustment is reported for post hoc tests with
multiple comparisons. Spearman’s rank tests were used to
establish associations between cortisol levels, swab duration, and
behavioral state. Wilcoxon’s rank-sum test was used to
compare matched samples (pre and post swab behavioral states;
morning and evening cortisol levels). Mann–Whitney U test was
used to compare distributions over the course of the week
between infants who were subsequently pharmacologically
managed (Pre Treatment) and those who were not (No Treatment).
Values are expressed as median and interquartile range (IQR). P
values <0.05 were considered statistically significant.

Missing data. Cortisol was collected within the first week of life
among infants. Reasons for missing samples include varying entry
times into the study (impacting the total number of samples
collected per subject in the first 48 h of life), shorter nursery stay
due to earlier discharge home or start of pharmacotherapy,
insufficient quantity of saliva obtained (samples in which one or
both assays were inadequate), and inability to obtain sample
within allotted morning or evening collection period.

RESULTS
Subject demographics and clinical characteristics
Pertinent demographic, prenatal, and postnatal characteristics are
listed in Table 1. A total of 41 mothers were approached to
participate in the study. Seven mothers declined. Three subjects
who consented prenatally were subsequently excluded at birth
prior to the start of salivary sample collection because one mother
opted to withdraw post partum, one infant whose mother
consented prenatally was not delivered at UMMHC, and one
infant was <37 weeks of gestation. Six subjects were withdrawn
after the start of salivary sample collection: two subjects were
withdrawn from the study on the first day of data collection
because the infants were irritable and their mothers chose to
withdraw from the study, two subjects entered into a separate
study within 30 h of birth and received an intervention that would
confound results, and two subjects were placed in state custodial
care within the first days of life.

Sample collection duration to achieve adequate saliva sample
For the 25 subjects who completed participation in the study, only
cortisol samples in which duplicate assay results were obtained
were included in analysis. The mean cortisol level of the duplicate
assay collection was used. A total of 179 salivary cortisol samples
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were collected; 59 samples did not have adequate volume (i.e.,
were <25 µl) for duplicate assay, including three infants who did
not have adequate amount of saliva in any of their samples to
obtain cortisol levels. Increasing the duration of the buccal/
sublingual swab collection (range 2–25min) increased the like-
lihood of obtaining the minimum volume needed to perform
the assay (P < 0.001). Post-hoc pairwise comparisons among
five intervals [2 min (>1 ≤ 2min); 5 min (>2 ≤ 5min); 10 min
(>5 ≤ 10min); 15 min (>10 ≤ 15min) and 25min (>15 ≤ 25min)]
revealed a significant increase in collection rate with longer
collection duration among all intervals (P < 0.03), except between
2 and 5min and between 15 and 25min (see Fig. 1).
There was no change in behavioral state between the start and

end of salivary swab collection in 53% of subjects, with 43%
infants remaining at 0 distress (Sleeping) throughout the sampling
period. In 42% of subjects distress increased and in 5% of subjects
distress decreased over the sampling period. The increase in infant
distress between the start and end of saliva collection was
observed for both the Pre-Treatment group (P= 0.001) and No
Treatment group (P < 0.001). At the start of the salivary swab, the
Pre-Treatment group had a higher behavioral state score than the
No Treatment group (P= 0.002). There was no difference in
behavioral state scores between groups at the end of salivary
collection (P= 0.101). There was no correlation between cortisol
level and observed infant behavioral state for either the Pre-
Treatment or No Treatment group, or the start or end of saliva
collection.

Cortisol levels and pharmacological treatment
Of the 22 subjects in whom reliable cortisol samples were
obtained, 11 subjects were subsequently treated pharmacologi-
cally for symptoms of severe withdrawal and 11 subjects were
discharged home without pharmacologic intervention. As indi-
cated in Table 1 more infants in the Pre-Treatment group had
prenatal exposure to buprenorphine (n= 10) than infants in the
No Treatment group (n= 4; P= 0.028). In the Pre-Treatment
group, maternal buprenorphine dose at the time of delivery was
≥8mg/day in 9/10 subjects, and 4/10 buprenorphine-exposed
subjects had poly-drug exposure including one whose mother was
on low-dose buprenorphine (<8mg/day) at the time of delivery.
The No Treatment group included four buprenorphine-exposed
infants (maternal dose at time of delivery was ≥8mg/day in

3/4 subjects; 1 with unknown dose), including two who had poly-
drug exposure.

Diurnal cortisol. Of the 120 reliable cortisol samples, there were
42 “paired” samples in which a morning and evening sample were
obtained on the same day. There was no statistically significant
difference in salivary cortisol levels between morning (median
0.89 µg/dl, IQR 0.38–1.52 µg/dl) and evening (median 0.75 µg/dl,
IQR 0.32–2.33 µg/dl; P= 0.425). There was also no difference
between the morning and evening cortisol levels for pharmaco-
logically treated infants (n= 16 pairs; median 1.45 µg/dl, IQR
0.43–2.18 µg/dl; 1.74 µg/dl, IQR 0.38–2.67 µg/dl, respectively; P=
0.581) or for infants who were not treated with medication (n= 26
pairs; median 0.78 µg/dl, IQR 0.31–1.17; 0.75 µg/dl 0.25–1.36,
respectively; P= 0.679).

Cortisol in the first week of life. Given that there were no
differences in the diurnal cortisol levels among subjects in the Pre-
Treatment or No Treatment group, for weighting purposes a single
daily value was obtained for each subject on a given day, that is,
morning and evening values were averaged if both samples were

Table 1. Infant demographics, prenatal exposures, and postnatal outcomes

Characteristic Pre-treatmenta No treatmentb p Value

Subjects, n (%) 11 (50) 11 (50) 1.000

Male, n (%) 6 (55) 4 (36) 0.478

Gestational age (weeks), median (IQR) 39 (38–41) 38 (37–39) 0.133

Birth weight (g), median (IQR) 3334 (3070–3780) 2965 (2608–3208) 0.034*

Delivery mode cesarean section, n (%) 4 (36) 2 (18) 0.478

Apgar 1min median (IQR) 8 (7–9) 8 (7–9) 0.699

Apgar 5min median (IQR) 9 (8–9) 9 (9–9) 0.562

MAT buprenorphine with or without illicit substances, n (%) 10 (91) 4 (36) 0.028*

MAT methadone only, n (%) 1 (9) 5 (46) 0.151

Non-MAT opioid with or without illicit substances, n (%) 0 (0) 2 (18) n/a

In-utero smoking exposure, n (%) 8 (73) 9 (82) 0.949

Formula fed only, n (%) 5 (46) 3 (27) 0.478

Note: Pre-Treatment= infants who were subsequently treated pharmacologically for NAS; No Treatment= infants who were discharged home without
pharmacological treatment for NAS; IQR= 25th–75th quartiles; MAT=medication-assisted treatment
*P < 0.05
aData not included for two subjects who had inadequate saliva volume for cortisol assay
bData not included for one subject who had inadequate saliva volume for cortisol assay
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Fig. 1 Increasing saliva collection duration improves sample rate.
Longer saliva collection times [duration range: 2 min (>1 ≤ 2min);
5 min (>2 ≤ 5min); 10 min (>5 ≤ 10min); 15 min (>10 ≤ 15min); and
25min (>15 ≤ 25min)] significantly increased rate of obtaining
salivary cortisol levels (P < 0.001), except between 2 and 5min and
between 15 and 25min (NS, not significant)
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obtained (n= 42), or only the morning (n= 17) or evening (n=
19) values were included in analysis if both cortisol samples were
not obtained on the same day. Accordingly, there were 32 cortisol
values in the Pre-Treatment group (23 samples ≤72 h post birth;
9 samples >72 h post birth), and 46 cortisol values in the No
Treatment group (24 samples ≤72 h post birth; 22 samples >72 h
post birth).
Figure 2 shows individual daily cortisol levels within the first

week of life among the 22 subjects in whom reliable cortisol
samples were obtained, based on hours from birth. On average,
cortisol levels were significantly higher for infants who subse-
quently received pharmacological management for NAS (median
1.74 µg/dl, IQR 0.78–3.23 µg/dl) compared to infants who were not
pharmacologically treated (median 0.72 µg/dl, 0.37–1.64 µg/dl;
P= 0.003). Analysis adjusting for when no cortisol levels were
obtained in the Pre-Treatment group due to the start of
pharmacotherapy (i.e., exclude values >138 h post birth) showed
over equivalent time periods cortisol levels remained significantly
higher in the Pre-Treatment cohort (median 1.74 µg/dl, IQR
0.78–3.23 µg/dl) compared to the No Treatment cohort (median
0.86 µg/dl, IQR 0.40–1.75 µg/dl; P= 0.010).
There was no difference in cortisol levels between opioid-only

and opioid-poly-drug exposure for either the Pre-Treatment
cohort (P= 0.25) or the no Treatment cohort (P= 0.51). Among
the opioid-only exposed infants (n= 16), cortisol levels were
higher in the Pre-Treatment than No Treatment cohort (P= 0.037).
Of note, cortisol values were not affected by circumcision; among
the 11 males studied, cortisol values were obtained in only one
infant pre- and post circumcision, and the post-circumcision
cortisol level was lower than the cortisol pre-circumcision.
As illustrated in Fig. 2, for subjects who did not receive

pharmacologic treatment, cortisol levels were twice as high within
the first 72 h of birth (median 1.25 µg/dl, IQR 0.47–1.97 µg/dl)
compared to the latter part of the week (median 0.58 µg/dl, IQR
0.27–1.08 µg/dl; P= 0.022), whereas cortisol levels remained
elevated throughout this study period (respectively, ≤72 h median
2.06 µg/dl, IQR 0.49–3.75 µg/dl; >72 h median 1.47 µg/dl, IQR
0.96–2.18 µg/dl; P= 0.536) for infants who were subsequently
treated for severe withdrawal symptoms.

Traditional measures of NAS severity. Finnegan scores nearest the
salivary sampling period were higher in the first week of life
among infants who were subsequently treated (median 5.0, IQR
2–7) than among infants who were discharged without pharma-
cological management (median 4.0, IQR 2–5; P= 0.021). Infants
who were subsequently treated pharmacologically (median days

on morphine 23.0, IQR 11–36 days) had a significantly longer
length of hospitalization (median 26.0 days, IQR 16–42 days) than
infants discharged without pharmacotherapy (median 6.0 days,
IQR 5–7 days; P < 0.001).

DISCUSSION
This study describes a novel approach to examine salivary cortisol
levels as a biomarker for severity of withdrawal in opioid-exposed
newborns. Salivary cortisol levels within the first week of life were
higher in infants who subsequently received pharmacologic
treatment to manage their withdrawal symptoms compared to
infants who were discharged home without the need for
pharmacotherapy. As is typically observed in healthy infants, we
found cortisol levels decreased a few days after birth in our cohort
of infants who were not treated with pharmacotherapy.17,18 In
contrast, cortisol levels remained elevated after 72 h of life in
study infants who subsequently were admitted to the NICU to
treat their withdrawal. These findings support our hypothesis that
salivary cortisol may provide an index of underlying autonomic
dysregulation and help identify infants who will have more severe
withdrawal.
We found that a 2 min buccal/sublingual swab collection period,

common protocol for obtaining salivary cortisol,16 resulted in
inadequate aliquot for obtaining reliable cortisol levels in nearly
70% of samples. Increasing saliva collection duration significantly
improved sample rates. Durations <5min resulted in inadequate
volumes to obtain reliable cortisol levels in half the samples,
whereas durations >10min increased sample rates to 80%; 100%
adequate volumes were obtained for swab durations between 15
and 25min. These data suggest that a minimum of 10 min
collection period with a buccal/sublingual swab should be used to
help ensure adequate salivary aliquot necessary for a reliable
cortisol assay in opioid-exposed newborns.
Consistent with Francis et al.19 who found no relationship

between state of arousal and adrenal activity, we observed no
significant relationship between behavioral state during the
collection period and salivary cortisol levels. It is possible salivary
swab collection served as a stressor in some infants (i.e., increased
arousal/distress). However, studies suggest that cortisol levels
peak 20–25min after initiation of an acute stressor.20 Because
nearly all swab durations in this study lasted under 20 min (two
swabs were 20 min, one swab was 25min), we feel salivary swab
collection did not likely affect cortisol levels within the sampling
period. Rather, the cortisol levels obtained in this study reflected
the infant’s underlying “resting” postprandial stress state.
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Fig. 2 Salivary cortisol levels in the first week of life. Panel A Pre-Treatment Cohort. Closed circles indicate individual salivary cortisol levels
among subjects who subsequently received pharmacological treatment for withdrawal. Panel B No Treatment Cohort. Open circles indicate
individual salivary cortisol levels among subjects who did not need pharmacotherapy. Sun symbol (¤) indicates two overlapping values at
time point (closed and open, respective panels). Dotted lines indicate median salivary cortisol level over the course of the study period. Solid
lines indicate median salivary cortisol levels for time intervals ≤72 h post birth and >72 h post birth
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Unique to this study were findings that salivary cortisol levels
were significantly higher within the first week of life in opioid-
exposed infants who subsequently received pharmacologic
treatment for withdrawal compared to infants whose withdrawal
was not treated with pharmacotherapy. Cortisol levels within the
first week of life among the No Treatment cohort (range
0.091–2.75 µg/dl, one outlier at 5.433 µg/dl) were nearly identical
to those observed in healthy newborns (e.g., 0.09–2.08 µg/dl; 19) In
contrast, cortisol levels in the Pre-Treatment group were
significantly higher (range 0.273–5.433; nearly 50% of the samples
>2.0 µg/dl). Moreover, there was a significant reduction in mean
cortisol levels ~3 days after birth among infants who had minimal
withdrawal signs and symptoms, consistent with adrenal function
in healthy newborns, compared to infants who subsequently
received pharmacologic treatment. This suggests newborns that
were opioid exposed but not symptomatic enough to receive
pharmacologic treatment are physiologically similar to non-
exposed healthy newborns.
Subjects in this study presented with elevated cortisol levels

over the first days of life consistent with physical and emotional
stressors of labor and delivery. Higher cortisol levels are commonly
observed with spontaneous parturition, prolonged labor, and
delivery complications, whereas lower cortisol levels are observed
with cesarean section deliveries.21–23 In the present study, very
few infants were delivered via cesarean section (four Pre-
Treatment, two No Treatment). Notably, cortisol levels in the
Pre-Treatment group remained elevated throughout the study
period. Acute pain associated with circumcision did not play a role
in these findings as only one infant in the Treatment group had
cortisol levels surrounding circumcision and these levels were
lower post circumcision.
We speculate that cortisol differences between the Pre-

Treatment and No Treatment cohorts may reflect inherent
differences in the HPA axis response to stressors caused by
withdrawal among opioid-exposed infants. It may be that in
infants with more severe withdrawal, the capacity to respond to
stressors and maintain homeostasis via the HPA axis is not
functioning properly, resulting in an overstimulation of cortisol
release. This is consistent with findings in adults where the HPA
axis is activated during opioid withdrawal, resulting in increased
cortisol production that is also associated with signs and
symptoms of acute withdrawal.24–26 While responding to stressors
may serve as a protective immediate response, continuously
elevated cortisol levels may result in persistent changes in the HPA
axis with detrimental long-term neurodevelopment conse-
quences, including cognitive and memory impairments, affective
disorders, depression, anxiety, as well as immune deficiencies,
suppression of proper gonadal function, and increase in insulin
resistance.27–31

Salivary cortisol concentrations did not vary between morning
and evening samples, consistent with reports that healthy full-
term newborns do not demonstrate a circadian rhythm of salivary
cortisol until at least 1 month of age.32,33 Although the fetal HPA
system responsible for cortisol release is functional by the second
trimester of human gestation, cortisol circadian rhythms with a
peak in the morning and nadir in the evening are not established
until the first few months of life in healthy infants.32,33 It is
unknown from the present study whether infants exposed to
opioids develop typical cortisol circadian rhythms in later months,
or if disrupted sleep and other physiologic stressors associated
with drug withdrawal affect the HPA axis and impair the
development of healthy cortisol-releasing responses. It is also
possible that the constellation of dysregulated autonomic nervous
system responses often observed in opioid-exposed newborns are
due to an immature HPA system or early programming of stress
response and overexposure to glucocorticoids in utero.34 Jansson
et al.35 observed lower vagal tone and higher heart rate were
associated with symptom severity in the first few days of life

among methadone-exposed newborns, supporting the hypothesis
that in utero programming may be responsible for withdrawal
symptoms associated with dysregulated autonomic functioning
post birth. Future studies that examine the development of
cortisol circadian rhythm among opioid-exposed newborns are
warranted to help delineate whether persistent stressors alter the
infant’s HPA axis prenatally or post partum, or if opioid exposure
in utero results in an immature HPA system that exacerbates
autonomic system dysregulation that often characterizes pro-
longed withdrawal in newborns.
Most infants in our study cohort were exposed prenatally to

buprenorphine (72%; 14/22). Infants of mothers who are treated
with buprenorphine for substance use disorder have comparable
risk for NAS that warrants pharmacologic treatment to those
infants prenatally exposed to methadone.36,37 Consistent with this
literature, half the subjects in our study cohort developed
symptoms that subsequently warranted treatment, whereas half
were discharged without pharmacotherapy.38 In our study 10/14
buprenorphine-exposed infants were subsequently treated; this is
not extraordinary, although the higher treatment rate may reflect
other exposure confounds. Nine buprenorphine-exposed infants
in the Pre-Treatment group had mothers whose dose was ≥8mg/
day at the time of delivery, including three infants with poly-
exposure; the 10th infant whose dose was <8mg also had poly-
exposure. Higher buprenorphine exposure doses (≥8mg/day),
polysubstance use, and exposures to medications such as
antidepressants may contribute to exacerbated symptoms and
increased risk for prolonged treatment.36,39 However, it remains
unclear why some infants develop symptoms that warrant
pharmacotherapy, whereas others do not. This challenge is in
part due to scoring tools that are complicated to use and prone to
subjective interpretation of withdrawal.9 Salivary cortisol levels
may prove to be a useful objective marker of withdrawal severity.
In the present study, birth weight was significantly higher

among infants who were subsequently treated for severity of
withdrawal than infants whose symptoms did not warrant
pharmacotherapy, corroborating findings that higher infant birth
weight increases likelihood of pharmacological management of
NAS.38 However, others have found no relationship between birth
weight and severity of NAS symptoms.4 Birth weight is likely
dependent on other factors that may also contribute to severity of
symptoms, such as gestational period, drugs of exposure, timing
and duration of drug exposure in utero, and genetics.2,11,38 Larger
studies examining these covariates and other factors, as well as
biomarkers such as salivary cortisol, are needed to identify infants
at risk for severity of withdrawal.
Limitations to this study are small sample and incomplete

results from all time points limiting extrapolation of findings. We
were not able to obtain salivary cortisol samples daily in every
subject in the study. Our initial sampling time was based on
standard guidelines,16 but this was an inadequate duration for
obtaining adequate volume of saliva for analysis resulting in no
data points for several of the initial samples. Although
we corrected this problem by adjusting saliva collection duration,
we had fewer values to analyze for the first several infants in the
study, reducing power to assess repeated measures over time.
Furthermore, once an infant was treated with medication or
discharged home, we did not obtain cortisol levels, limiting the
number of samples towards the end of the first week.
Trials with a larger cohort that include multiple exposures and a

control group with no exposures will serve to determine whether
infants with elevated salivary cortisol levels in the first week of life
are at risk for more severe and prolonged withdrawal. Studies
designed to minimize missing samples will also help confirm this
risk. Studying newborns receiving pharmacologic treatment will
help determine if salivary cortisol levels can also be a marker of
medication capture of withdrawal symptoms. Further, continuing
collection past the “observation” period (e.g., for entirety of

Salivary cortisol levels as a biomarker for severity of withdrawal in. . .
N Rodriguez et al.

1037

Pediatric Research (2020) 87:1033 – 1038



treatment; after discharge from hospital) will help determine if
opioid-exposed newborns with elevated salivary cortisol levels
during first weeks of life have the capacity to respond to stressors
and maintain homeostasis via the HPA axis over time.

CONCLUSION
In this cohort of opioid-exposed newborns, salivary cortisol levels
were significantly higher within the first week of life in infants who
were subsequently managed with pharmacotherapy compared to
infants who were discharged home without medication to treat
withdrawal. This is noteworthy because levels were twice as
high in the Pre-Treatment cohort in the first few days of life, even
prior to being symptomatic enough to warrant treatment.
This suggests that salivary cortisol in opioid-exposed newborns
may provide an index of stress levels and help identify infants who
will have more severe withdrawal. Such a biomarker would allow
risk stratification for early treatment and/or discharge decisions.
Larger prospective studies are needed to validate salivary cortisol
as a clinical biomarker of withdrawal before it can be used as a
monitoring tool for withdrawal in opioid-exposed neonates.
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