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Background and Objectives: The present study examined the
psychometric characteristics of the Neonatal Abstinence Scoring
System (NASS; “Finnegan Scale”) and the MOTHER NAS Scale
(MNS).
Methods: Secondary analysis of data from 131 neonates from the
Maternal Opioid Treatment: Human Experimental Research
(MOTHER) study, a randomized trial in opioid-dependent pregnant
women administered buprenorphine or methadone.
Results: Both the NASS and MNS demonstrated poor psychometric
properties, with internal consistency (Cronbach’s as) failing to
exceed .62 at ﬁrst administration, peak NAS score, and NAS
treatment initiation.
Conclusions: Findings support the need for development of a NAS
measure based on sound psychometric principles.
Scientiﬁc Signiﬁcance: This study found that two frequently used
measures of neonatal abstinence syndrome suffer inadequacies in
regard to their basic measurement characteristics. (Am J Addict
2016;25:370–373)

INTRODUCTION
Neonatal abstinence syndrome (NAS) is characterized by
signs and symptoms indicating central nervous system
hyperirritability, and dysfunction of the autonomic nervous
system, gastrointestinal tract, and respiratory system,1 resulting from prenatal exposure to opioids.2 Untreated NAS can be
a source of signiﬁcant morbidity.1 Treatment often requires
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extended hospitalization, pharmacotherapy, and monitoring of
the neonate.
Diagnosis and treatment for NAS have been based on any
one of numerous instruments, the most notable being the
Neonatal Abstinence Scoring System (NASS), often termed
the “Finnegan Scale.”3 The scoring systems devised for these
instruments has nonetheless been criticized as subjective.
The NASS appears to be the most frequently used
instrument to measure NAS, with estimates of its use ranging
between 52% and 65% of hospital settings where NAS is
treated.4,5 However, the issue of how best to measure NAS
is complicated by the wide variety of modiﬁcations of the NASS
that are in use—local variants of the measure are used more
frequently in both research and clinical practice than is the
original NASS.4,5 The MOTHER NAS Scale (MNS)2, a new
instrument developed to measure NAS and based in part on the
NASS, represents a potential improvement to the NASS.
The present study answers two speciﬁc questions: What are
the psychometric properties of the NASS and the MNS?; and is
one measure superior in terms of its psychometric properties?

METHODS
MOTHER Study
The MOTHER (Maternal Opioid Treatment: Human
Experimental Research) study2 was a double-blind, doubledummy, ﬂexible-dosing, two-group trial in opioid-dependent
pregnant women randomly assigned to either methadone or
buprenorphine pharmacotherapy in the context of comprehensive prenatal care and substance use treatment.
MOTHER had exclusionary criteria that required participants to have neither current DSM-IV abuse of nor
dependence on either alcohol or benzodiazepines. Moreover,

MOTHER utilized a contingency management approach to
minimize use of illicit substances, and participants were
rewarded with monetary vouchers for providing urine samples
negative for opioids and other illicit substances excluding their
respective study medication for which testing was not
conducted. This contingency management program yielded
a very low level of illicit substance use during the study: 73%
of the urine samples were opioid-negative and 81% were
cocaine-negative during prenatal testing, and only 13% of the
sample tested positive for opioids at delivery.
The information that follows summarizes aspects of
MOTHER central to the present paper.
MOTHER Sites
Seven university hospitals provided outcome data. The
number of participants at some US sites was quite small, so the
seven sites were combined into three categories (US Urban vs.
US Rural vs. European) in order to create a factor that would
control for possible site effects.
MOTHER Participants
Recruitment targeted opioid-dependent pregnant women
with a singleton fetus between 6 and 30 weeks gestation who
met eligibility criteria.2 One hundred seventy-ﬁve women
participated, of whom 131 delivered an infant while enrolled
in the study. The secondary analyses reported in the present
paper use the NAS data from these neonates.
Measurement of Neonatal Abstinence Syndrome
Neonatal Abstinence Scoring System (NASS)
The NASS3 consists of 31 signs of central nervous,
gastrointestinal, or respiratory/vasomotor disturbances that are
scored either zero (absence of) or, variously, one through ﬁve,
indicating presence and/or degree of severity, with a score
range of 0–46, inclusive.
MOTHER NAS Scale (MNS)
The MNS2 includes all NASS items, but uses a revised
scoring procedure in an attempt to incorporate a number of
modiﬁcations and improvements. It does not score 14 NASS
items due to their overlap with other items (eg, nasal ﬂaring)
or because they are unresponsive to opioid treatment
(eg, myoclonic jerking), and adds two items: failure to thrive
(to assess neonates who experience excessive weight loss
due to their hypertonicity, excessive movements, and/or
difﬁculties feeding) and irritability (to assess neonates who are
irritable but do not cry). Thus, MNS total scores are based on
19 weighted item scores, and can range from 0 to 42, inclusive.
Jones et al.2 discuss the degree of inter-rater agreement.
Raters were trained in administration and scoring of the
NASS (and hence 17/19 of the MNS items) as well as the two
additional MNS items.2
The MNS was administered every 3–4 hours during
neonatal inpatient hospitalization for a minimum of 10 days
by trained staff. NAS treatment utilized a protocol based on
MNS scores.2
Jones et al.

Statistical Analyses
Scores on all NASS and MNS items for each participant
were recorded in the study database. Thus, obtaining NASS
scores after completion of the MOTHER study2 was possible.
Because the primary focus was on the psychometric
properties of the two measures, corrected item-total correlations and internal consistency reliabilities (Cronbach’s a)6,7
were calculated for each measure, controlling for pharmacotherapy condition, site, and neonatal gender. Cronbach’s
a represents how closely related a set of items are as a group,
and is often viewed as an index of “accuracy” of measurement
of a measure. The difference between two Cronbach’s as was
evaluated with a test of dependent Cronbach’s as.8
A critical issue in determining the psychometric properties
of the NASS and MNS was the time at which NAS
was assessed. To address this issue systematically, corrected
item-total correlations and Cronbach’s a were estimated at
three administration time points: (1) at ﬁrst MNS administration; (2) at peak MNS score; and (3) at time of medication
treatment initiation in the neonates treated for NAS. Estimates
at ﬁrst administration of the MNS and at peak MNS score
might represent underestimates, given possible ﬂoor and
ceiling effects, respectively. To maximize the range and,
hence, the variability of NASS and MNS scores, neonates not
diagnosed with NAS were randomly matched within medication condition by the day and time of assessment with neonates
diagnosed with NAS at treatment initiation, thus maximizing
the possible range of NASS and MNS scores in the total
sample.

RESULTS
Table 1 contains the corrected item-total correlations and
the internal consistency reliability (Cronbach’s as) for the
NASS and MNS at the three administration time points. At
ﬁrst administration, the NASS had 6/31 items with no
variance, 5/31 items signiﬁcantly positively, and 1/31
signiﬁcantly negatively correlated (ps < .05) with the total
NASS score, while the MNS had 6/19 items with no variance,
and 6/19 items signiﬁcantly positively correlated with the total
MNS score. At peak NAS score, the NASS had 1/31 items with
no variance, 10/31 items were signiﬁcantly positively
correlated, and 4/31 items were signiﬁcantly negatively
correlated with the total NASS score, while the MNS had
11/19 items signiﬁcantly positively and 1/19 items signiﬁcantly negatively correlated with the total MNS score. At
treatment initiation, the NASS had 2/31 items with no
variance, 9/31 items that were signiﬁcantly positively
correlated, and 1/31 items signiﬁcantly negatively correlated
with the total NASS score, while the MNS had 1/19 items with
no variance and 11/19 items signiﬁcantly positively correlated
with the total MNS score.
The Cronbach’s as were not signiﬁcantly different between
the NASS and the MNS at all three administration time points
(ps > .1).
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TABLE 1. Corrected item total correlations and internal consistency as for the Neonatal Abstinence Scoring System (NASS) and MOTHER NAS
Scale (MNS) at ﬁrst assessment, Peak NAS score, and treatment initiation (N ¼ 131)

First assessment
NASS
Excessive high pitched crying
Continuous high pitched crying
Crying
Sleeps <1 hour after feeding
Sleeps <2 hour after feeding
Sleeps <3 hour after feeding
Sleeping
Hyperactive moro reflex
Markedly hyperactive moro reflex
Moro reflex
Mild tremors: disturbed
Mod-severe tremors: disturbed
Disturbed tremors
Mild tremors: undisturbed
Mod-severe tremors: undisturbed
Undisturbed tremors
Increased muscle tone
Excoriation
Myoclonic jerk
Generalized convulsions
Sweating
Fever 37.2–38.3 °C
Fever 38.4 °C
Fever 37.2 °C
Frequent yawning (>3)
Mottling
Nasal stuffiness
Sneezing (>3)
Nasal flaring
Respiratory rate (>60/min)
Respiratory rate (>60/min with retractions)
Excessive sucking
Poor feeding
Regurgitation
Projectile vomiting
Vomiting
Loose stools
Watery stools
Failure to thrive
Excessive irritability
Internal consistency as

MNS

Peak NAS score
NASS
.08
.13

.17
0
.21
.03
.09
.01

.11

.23
.12

.30

0
.08
.05
.09
.15
.12
.15
.04
.14
.02
.04
0
0

.38

.06
.04
.02

.02

.25
.29
.38

.27

.13
.12
.12
.16
.29
.30
0
.13
.08
.33
.14
.27
.20
.13
.32
.09
.08
.36

.07
0
0
.31
.43

.27
.19

.36

.34
.01
.20

.07
.17

.07
0

.29
.15
.11

.19

.34

0
0

.42

.24
.15
.29

.06
.28

MNS

.12
.03
.11

.25
.27

.46
.40
0

NASS
.19
.16

.13
.28
.23

.30
.29
.35

.31
.08
.12
0
0
.04
.21

MNS

Treatment initiation

.34
.25
.17
.20
.35

.36
.10
.29
.05
.20

.08

.02
.07
.01
.50
.48

.25
.06
.03
0
.18
.13
.01
.02
.04
.19
.09
0
.23
.03
.45
.24
.02
.05
.23
.18

.45

.32
.36
.14
0
.16

.14
.07
.25
.03
.22

.28

.01
.17
.21
.47
.62

NAS, Neonatal Abstinence Syndrome; NASS, Neonatal Abstinence Scoring System; MNS, MOTHER NAS Scale; a, Cronbach’s a measure of internal
consistency.
Corrected item-total correlations are corrected for the fact that the total would also contain the item itself. Corrected item-total correlations are estimated
controlling for site, pharmacotherapy condition, and neonatal gender (ie, site, pharmacotherapy condition, and neonatal gender have been partialled out of the
correlation between each item and its total score). Corrected item-total correlations that are zero are due to the fact that the item in question had no variance.
Significant (p < .05) corrected item-total correlations are in bold.
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DISCUSSION
Findings from the present study clearly indicate that neither
NAS instrument can be said to have acceptable psychometric
properties. These ﬁndings are hardly surprising, for three
reasons. First, both instruments required considerable clinical
interpretation of neonatal behavior, even with extensive
training of raters. Second, both instruments were developed
using what has been termed a “rational approach” to scale
construction—that is, items are developed based on a fund of
knowledge of the researcher(s), rather than following an
empirical procedure for scale development. Third, item
scoring is likewise based on a rational weighting scheme
that was not empirically tested. As a result, some subset(s) of
items suffer from any one or more drawbacks, including
ambiguity, ﬂoor or ceiling effects, or lack of discrimination.
As such, rationally derived measures often suffer in terms of
reliability—and hence, validity. Finally, for both measures,
the problem with ambiguity is magniﬁed by a number of items
that prove difﬁcult for raters to make discriminations between
degree or amount of symptom expression (eg, undisturbed vs.
disturbed tremors).
Critical review of both measures indicates that they assess
many signs that do not necessarily relate to the clinical course
or severity of NAS in newborns (eg, sneezing, yawning,
tremors) yet neglect or underemphasize more clinically
relevant symptoms such as excessive weight loss or poor
weight gain, feeding difﬁculty, difﬁculty sleeping, and
inability to be consoled.9,10
The present study is limited by its use of secondary analyses
of data collected as part of a study whose primary aims did not
focus on a psychometric examination of either the NASS or
the MNS. A study whose focus was examination of the
psychometric characteristics of the two measures could have
reached different conclusions. Moreover, use of the MNS
rather than the NASS to determine NAS treatment might have
biased the ﬁndings regarding reliability of either measure in
some unknown way.
CONCLUSIONS
Current measures in use do not accurately reﬂect
the clinical condition of the newborn with NAS with an
acceptable degree of reliability. Findings support the need
for the development of a measure of NAS based on sound
psychometric principles.
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