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Objective: The present study aimed to validate a severity cut-off of negative symptoms for persistent negative
symptoms (PNS) identification using the Clinical Assessment Interview for Negative Symptoms (CAINS).
Method: A total of 206 patients with schizophrenia were recruited and divided into the PNS group (n=57) and
the Non-PNS group (n=149) using PNS criteria based on the SANS and the SAPS. To determine the appropriate
cut-offs on the CAINS in identifying PNS, Receiver Operating Characteristic (ROC) curve analysis was conducted
in the PNS and Non-PNS groups.
Results:Our results showed that the cutoffs for identifying PNS on the CAINS total score, theMotivation and Plea-
sure (MAP) subscale score and the Expression (EXP) subscale score were 25, 17, and 5 respectively. Area Under
the Curve (AUC) analysis indicated excellent discrimination of the PNS group from the Non-PNS group using the
cut-off for the CAINS total score. However, discrimination was somewhat better for the MAP subscale score than
the EXP subscale score. The Positive Predictive Value (PPV) andNegative Predictive Value (NPV) of theMAP sub-
scale were 81.54% and 97.16%.
Conclusion: We found that the cut-off scores derived from the CAINS to identify PNS are comparable to existing
scales. The CAINS offers an alternative means in identifying PNS patients in clinical trials that overcomes meth-
odological and conceptual limitations of older scales.

© 2018 Elsevier B.V. All rights reserved.
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1. Introduction

Negative symptoms, a major contributor to poor functional out-
comes (Kirkpatrick et al., 2006), are oftenmore persistent than positive
symptoms (Kirkpatrick and Fischer, 2006; Tandon et al., 2010). The con-
struct of Persistent Negative Symptoms (PNS) has been put forward to
describe negative symptoms that are enduring, trait-like and resistant
to currently available treatment (Buchanan, 2007). The PNS classifica-
tion is based on longitudinal and cross-sectional evaluation of negative
symptoms. These symptoms should reach at least a moderate level of
severity with low level of positive symptoms, depressive symptoms
and extrapyramidal symptoms assessed by a validated rating scale
and should persist for at least six months. The PNS concept is designed
to be inclusive and easy to identify for research purposes, and it has
been recognized by a National Institute of Mental Health consensus
inese Academy of Sciences, 16
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statement in 2006 (Kirkpatrick et al., 2006). However,many researchers
have used different scales with different criteria to identify PNS which
may lead to heterogeneous results (Bottlender et al., 2003; Edwards
et al., 1999; Malla et al., 2004).

Studies have identified PNS cut-offs using several existing negative
symptom scales. For example, using the Scale for the Assessment of
Negative Symptoms (SANS), PNS criteria aremet if a global item reaches
a score of 3 or more (excluding the attentional impairment domain be-
cause this is no longer part of the negative symptom construct) (Malla
et al., 2004). Using the Positive and Negative Syndrome Scale (PANSS),
a PNS cut-off of 21 has been identified for the negative subscale
(Hovington and Lepage, 2012). Other criteria must also be present for
a PNS classification to bemade on the PANSS or SANS. For example, neg-
ative symptoms should demonstrate clinical stability for at least six
months, and patients should have low severity of common secondary
negative symptoms, including positive, depressive, disorganization
and extrapyramidal symptoms (Buchanan, 2007).

However, there are conceptual and methodological limitations with
early scales, like the SANS and PANSS (Kirkpatrick et al., 2006). To
symptoms proxy score using the Clinical Assessment Interview for
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address these limitations, the NIMH recommended the development of
new negative symptom rating scales. Two next-generation clinical in-
struments resulted from this recommendation: the Brief Negative
Symptom Scale (BNSS) (Kirkpatrick et al., 2011) and the Clinical Assess-
ment Interview for Negative Symptoms (CAINS). These measures were
developed based on current conceptualization of negative symptoms
(Daniel, 2013), informed by evidence from affective neuroscience
(Horan et al., 2011; Knutson and Greer, 2008), and have demonstrated
strong psychometric properties. Although they are becoming the gold-
standard measures in the field, PNS score cut-offs have yet to be vali-
dated for the CAINS or the BNSS. Deriving PNS proxy procedures, similar
to what was done for the PANSS and SANS, is of critical importance for
clinical trials and the use of these new measures to identify more clini-
cally homogeneous subgroups. The present study aimed to validate a se-
verity cut-off of negative symptoms for PNS identification on the CAINS.
ROC curve analysis was used to derive a cutoff score on the CAINS and
determine its sensitivity and specificity. Area Under the Curve (AUC)
was also calculated to ascertain the accuracy of the CAINS in identifying
PNS. We hypothesized that both the subscales of the CAINS and the
whole scale would have excellent validity.

2. Methods

2.1. Participants

Participants in the study were patients recruited from the Haidian
District Psychiatry Hospital and several Community Health Service Cen-
tres in the Haidian District. Diagnoses were made by experienced psy-
chiatrists using the Structured Clinical Interview for DSM-IV (SCID-IV).
The study protocol was approved by the Ethics Committee of the
Haidian District Psychiatry Hospital Authority. All participants provided
written informed consent before the study. Exclusion criteria included:
1) a history of head injury and neurological disorder; 2) comorbid sub-
stance dependence or abuse; 3) any serious medical condition; and
4) having fewer than nine years of education. A total of 220 patients
with schizophrenia were recruited in this study. Six patients were ex-
cluded according to the exclusion criteria and finally 214 patients with
110 males and 104 females were included in present study. The mean
age was 44.72 years (standard deviation = 8.69), the mean length of
education was 11.89 years (standard deviation = 2.79), the mean age
of onset was 24.67 years (standard deviation = 7.97), the mean dura-
tion of illness was 20.89 years (standard deviation = 9.92), and the
mean antipsychotic dose was 361.23 mg (standard deviation =
197.32).

2.2. Instruments

2.2.1. CAINS
The CAINS (Kring et al., 2013) includes 13 items, each of which is

scored on a five-point scale from 0 (corresponding to no impairment)
to 4 (corresponding to severe deficit). The CAINS has a two-factor
structure, namely “Motivation and Pleasure” and “Expression”, corre-
sponding to the Motivation And Pleasure (MAP) subscale and the
Expression (EXP) subscale. The MAP subscale includes ratings on moti-
vation and pleasure for relevant social, vocational and recreational ac-
tivities, while the EXP subscale assesses emotion expression including
vocal prosody, gestures, facial expressions and speech. Items 1 to 9 cor-
respond to the MAP subscale, while items 10 to 13 correspond to the
EXP subscale. This two-factor structure has been shown to be stable in
the Spanish, German and Chinese versions (Chan et al., 2015; Engel
et al., 2014; Valiente-Gomez et al., 2015).

The CAINS is a semi-structured interview requiring at least 30min to
complete. Probes and descriptive anchor points are provided through-
out the interview. In this study, we used the Chinese version of the
CAINS, which has been translated and shown to possess good reliability
(Cronbach's alpha for theMAP, EXP and thewhole scalewere 0.85, 0.90,
Please cite this article as: Li, Y., et al., Revisiting the persistent negative
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and 0.91 respectively) and divergent and convergent validity in the Chi-
nese context (Chan et al., 2015; Kring et al., 2013). Two clinical raters
with master degree and one experienced psychiatrist were trained in
conducting the CAINS,with good inter-rater reliability (Intraclass Corre-
lation Coefficient ≥ 0.85).

2.2.2. Other instruments
The SANS (Andreasen, 1989) was used to identify PNS based on an

established method. The PANSS (Kay et al., 1987) was used to assess
positive, negative and general psychopathology symptoms of schizo-
phrenia. The negative subscale of the PANSS was also used for PNS
identification. The Scale for the Assessment of Positive Symptoms
(SAPS) (Andreasen, 1984) was used to assess positive symptoms. The
Simpson-Angus Scale (SAS) (Simpson and Angus, 1970) was used to
measure extrapyramidal side effects. Functioning was assessed using
the Global Assessment of Functioning Scale (GAF) (Endicott et al.,
1976). The Calgary Depression Scale for Schizophrenia (CDSS)
(Addington et al., 1993), a semi-structured interview with nine items,
was used to assess depressive symptoms.

Inter-rater reliability between all raters in this studywas established
for all the aforementioned instruments. A total of three raters attended
training in conducting all the aforementioned instruments by watching
five interview videos. Inter-rater reliability was calculated after
watching and assessing the five interview videos. The Inter-rater reli-
ability of all instruments was ≥0.85: CAINS (0.86), PANSS (0.91), SANS
(0.85), SAS (0.87), SAPS (0.88), CDSS (0.85) and GAF (0.89). In the base-
line assessment and follow-up assessment, the three raters were blind
to each other and conducted the assessment independently. Patients
were assigned to each rater randomly at each assessment.

The type and dosage of antipsychotic medications taken were re-
corded and converted into chlorpromazine equivalence.

2.3. Identification of the PNS and the non-PNS group

To identify PNS, the following inclusion criteria were formulated. In-
clusion criteria of the PNS group were (Buchanan, 2007; Mucci et al.,
2017): 1) a score of ≥3 in at least one global Item of the SANS (excluding
the global item of attentional impairment), except if the global rating on
“affective flattening” or “alogia” was based entirely on the score of the
items “inappropriate affect” or “poverty of content of speech”; 2) a
score of b3 on the global items of the SAPS and a total SAPS score of
b10 (low level of positive symptoms) (Andreasen et al., 1995); 3) a
total SAS score of b3 (low level of extrapyramidal symptoms)
(Blanchet and Rompre, 2014); and 4) a total CDSS score of b4 (low
level of depressive symptoms) (Xiao et al., 2009). For the Non-PNS
group, no global item on the SANS was ≥3.

A total of 214 patients with schizophrenia were recruited in the
present study (Fig. 1). They underwent baseline assessment using the
instruments listed above. According to inclusion criteria 1, we divided
the whole group into the PNS group and the Non-PNS group based on
scores on the global items of the SANS. A total of 149 patients were clas-
sified into the Non-PNS group. The PNS group then underwent follow-
up assessment after three and six months. Participants whose follow
up assessment results met criteria 1 to 4 on both occasions were identi-
fied as patients with PNS. At the end of six months, 57 patients were in-
cluded in the PNS group according to the above method (Table 1).

2.4. Data analysis

Data were analyzed with SPSS 19.0 and MedCalc 17.6. First, we con-
ducted independent t-tests or chi-square test to compare the demo-
graphic and clinical characteristics of the PNS group (N = 57) and the
Non-PNS group (N = 149). We then performed ROC curve analysis to
calculate the applicable cutoff score of the PANSS negative symptoms
subscale (PANSS-N), the CAINS and its subscales and the corresponding
sensitivity and specificity. Ninety-five percent confidence intervals (CI)
symptoms proxy score using the Clinical Assessment Interview for
res.2018.07.005
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Fig. 1. Flow chart for the recruitment of participants (including PNS group and Non-PNS group).

3Y. Li et al. / Schizophrenia Research xxx (2018) xxx–xxx
were reported where relevant. Then, Area Under the Curve (AUC) was
calculated to assess the discriminatory property of the CAINS (Linden,
2006). We defined an AUC of 0.7–0.79 as indicating acceptable level of
Table 1
Descriptive and clinical information for patients with PNS and Non-PNS

PNS (N = 57) Non-PNS (N =
149)

Statistics
(t/χ2)

P

Sex (male/female) 34/23 76/73 1.237 0.266
Age (years) 45.70 (7.94) 44.38 (9.57) 0.925 0.356
Education (years) 11.00 (3.24) 12.12 (2.58) −2.839 0.005
Onset age (years) 26.07 (8.17) 23.85 (7.91) 1.789 0.075
Duration Of illness
(years)

19.91 (9.87) 21.42 (10.00) −0.973 0.332

Antipsychotic dose (mg) 348.18
(153.64)

368.18
(208.18)

−0.660 0.510

GAF 65.23 (6.33) 69.01 (6.98) −3.569 b0.001
PANSS-N 18.88 (4.54) 13.02 (3.29) 10.237 0.000
PANSS-P 9.46 (3.48) 10.42 (3.64) −1.725 0.086
PANSS-G 25.30 (4.93) 23.93 (5.01) 1.766 0.079
SAPS 8.32 (9.21) 8.53 (9.5) −1.620 0.107
SANS 32.68 (10.50) 17.91 (8.66) 10.317 0.000
SAS 0.77 (1.70) 0.85 (1.90) −0.280 0.780
CDSS 1.51 (1.92) 1.7 (1.87) 1.389 0.166
CAINS Total 29.05 (4.99) 18.89 (5.43) 12.292 b0.001
CAINS-MAP 21.54 (3.85) 13.85 (4.10) 12.244 b0.001
CAINS-EXP 7.51 (1.74) 5.03 (1.70) 9.274 b0.001

GAF: the Global Assessment of Functioning Scale; PANSS: the Positive and Negative Syn-
drome Scale (PANSS); PANSS-N: the negative symptoms subscale of PANSS; PANSS-P:
the Positive symptoms subscale of PANSS; PANSS-G: the general pathology scale of
PANSS: SAPS: the Scale for the Assessment of Positive Symptoms; SANS: the Scale for
the Assessment of Negative Symptoms (SANS); SAS: the Simpson-Angus Scale; CDSS:
the Calgary Depression Scale for Schizophrenia; CAINS: the Clinical Assessment Interview
for Negative Symptoms; CAINS-MAP: the Motivation And Pleasure (MAP) subscale of
CAINS; CAINS-EXP: the expression subscale of CAINS. (Non-PNS data from initial assess-
ment and PNS data from the last assessment.)
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discrimination, an AUC of 0.8–0.89 as indicating excellent discrimina-
tory property, and an AUC of 0.9–1.0 as indicating outstanding discrim-
inatory property (Albeck and Borgesen, 1990). Finally, z-test was used
to compare the AUC of the PANSS-N, CAINS and its subscales (alpha
was set at 0.05). In order to compare the diagnostic performance of
the SANS and the CAINS in identifying PNS, the PPV and NPV of the
MAP subscale and items 16 and 21 from the SANS (SANS16/SANS21)
(mainly assessing anhedonia and amotivation) were also calculated.
Chi-square test was used to compare the PPV and NPV of the MAP sub-
scale and SANS16/SANS21 (alpha was set at 0.05).

3. Results

3.1. Demographic and clinical characteristics of participants

The prevalence of PNSwas 27.67% based on the SANS. Table 2 shows
the clinical data of the 207 schizophrenia patients who were classified
into the PNS (n= 57) and the Non-PNS (n= 149) group. Independent
sample t-tests revealed that patients in the PNS grouphad a significantly
shorter length of education compared with the Non-PNS group (P b

0.05). The PNS group had more severe negative symptoms assessed by
the SANS, the PANSS-N and the CAINS compared with the Non-PNS
group (P b 0.05). The PNS group also had poorer global function mea-
sured by the GAF (P b 0.05). The two groups did not differ in other clin-
ical parameters such as duration of illness, depressive symptoms,
positive symptoms and extrapyramidal symptoms.

Table 2 shows clinical data of the PNS group on follow-up assess-
ment. Skewness and Kurtosis were also calculated to describe the
shape of the probability distribution. Furthermore, we used the baseline
assessment and the three-month assessment to calculate the test-retest
reliability of the CAINS total and subscale scores, which were 0.92
(total), 0.89 (MAP) and 0.87 (EXP).
symptoms proxy score using the Clinical Assessment Interview for
res.2018.07.005
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Table 2
Clinical data of PNS group in follow-up assessment

Baseline 3-month follow-up 6 months

Mean SD Skewness Kurtosis Mean SD Skewness Kurtosis Mean SD Skewness Kurtosis

SANS 32.37 9.69 0.81 1.45 32.02 9.17 0.723 1.23 32.12 9.13 0.983 0.284
CAINS 29.02 4.97 1.65 3.81 28.21 4.85 1.43 2.66 28.58 5.05 1.76 4.00
PANSS-N 18.88 4.54 0.75 0.61 19.12 4.13 0.59 −0.27 18.82 4.19 0.88 1.24

PANSS-N: the negative symptoms subscale of PANSS; SANS: the Scale for the Assessment of Negative Symptoms; CAINS: the Clinical Assessment Interview for Negative Symptoms.
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3.2. Cutoff score, sensitivity and specificity of the CAINS and the PANSS-N

Table 3 shows the cutoff scores for the PANSS-N subscale, the CAINS
total and theMAP and EXP subscales of the CAINSwith the correspond-
ing sensitivity and specificity values. The cutoff scores for the CAINS
total (ranged from 21 to 26) showed high sensitivity (98.25–71.93)
Table 3
The cutoff points and corresponding sensitivity and specificity of PANSS-N, total and sub-
scale scores of CAINS

Criterion Sensitivity 95% CI Specificity 95% CI +LR -LR

CAINS
≥6 100.00 93.7–100.0 0.00 0.0–2.4 1.00 –
N20 100.00 93.7–100.0 58.39 50.0–66.4 2.40 0.00
N21 98.25 90.6–100.0 63.76 55.5–71.5 2.71 0.028
N22 96.49 87.9–99.6 69.13 61.0–76.4 3.13 0.051
N23 91.23 80.7–97.1 81.21 74.0–87.1 4.85 0.11
N24 87.72 76.3–94.9 87.25 80.8–92.1 6.88 0.14
N25 85.96 74.2–93.7 89.93 83.9–94.3 8.54 0.16
N26 71.93 58.5–83.0 91.95 86.4–95.8 8.93 0.31
N27 49.12 35.6–62.7 95.97 91.4–98.5 12.20 0.53
N28 43.86 30.7–57.6 97.99 94.2–99.6 21.78 0.57
N29 35.09 22.9–48.9 100.00 97.6–100.0 – 0.65
N46 0.00 0.0–6.3 100.00 97.6–100.0 – 1.00

MAP
≥4 100.00 93.7–100.0 0.00 0.0–2.4 1.00 –
N15 100.00 93.7–100.0 65.77 57.6–73.3 2.92 0.00
N16 91.23 80.7–97.1 73.83 66.0–80.7 3.49 0.12
N17 89.47 78.5–96.0 79.87 72.5–86.0 4.44 0.13
N18 78.95 66.1–88.6 88.59 82.4–93.2 6.92 0.24
N19 71.93 58.5–83.0 89.93 83.9–94.3 7.15 0.31
N20 56.14 42.4–69.3 94.63 89.7–97.7 10.46 0.46
N21 45.61 32.4–59.3 97.99 94.2–99.6 22.65 0.56
N22 36.84 24.4–50.7 99.33 96.3–100.0 54.89 0.64
N23 22.81 12.7–35.8 100.00 97.6–100.0 – 0.77
N34 0.00 0.0–6.3 100.00 97.6–100.0 – 1.00

EXP
≥1 100.00 93.7–100.0 0.00 0.0–2.4 1.00 –
N3 100.00 93.7–100.0 13.42 8.4–20.0 1.16 0.00
N4 94.74 85.4–98.9 41.61 33.6–50.0 1.62 0.13
N5 91.23 80.7–97.1 61.07 52.8–68.9 2.34 0.14
N6 71.93 58.5–83.0 79.87 72.5–86.0 3.57 0.35
N7 54.39 40.7–67.6 89.93 83.9–94.3 5.40 0.51
N8 15.79 7.5–27.9 100.00 97.6–100.0 – 0.84
N12 0.00 0.0–6.3 100.00 97.6–100.0 – 1.00

PNASS-N
≥7 100.00 93.7–100.0 0.00 0.0–2.4 1.00
N11 100.00 93.7–100.0 34.90 27.3–43.1 1.54 0.00
N12 94.74 85.4–98.9 46.31 38.1–54.7 1.76 0.11
N13 89.47 78.5–96.0 61.07 52.8–68.9 2.30 0.17
N14 80.70 68.1–90.0 71.14 63.2–78.3 2.80 0.27
N15 73.68 60.3–84.5 77.85 70.3–84.2 3.33 0.34
N16* 70.18 56.6–81.6 83.89 77.0–89.4 4.36 0.36
N17 59.65 45.8–72.4 90.60 84.7–94.8 6.35 0.45
N18 49.12 35.6–62.7 94.63 89.7–97.7 9.15 0.54
N19 42.11 29.1–55.9 95.97 91.4–98.5 10.46 0.60
N20 29.82 18.4–43.4 97.32 93.3–99.3 11.11 0.72
N21 22.81 12.7–35.8 98.66 95.2–99.8 16.99 0.78
N22 17.54 8.7–29.9 100.00 97.6–100.0 – 0.82
N33 0.00 0.0–6.3 100.00 97.6–100.0 – 1.00

CAINS: the Clinical Assessment Interview for Negative Symptoms; MAP: the Motivation
and Pleasure subscale of CAINS; EXP: the expression subscale of CAINS; PANSS-N: the neg-
ative symptoms subscale of PANSS; CI: confidence interval; +LR: Positive Likelihood
Ratio; -LR: Negative Likelihood Ratio. The bold and italic items were the suggested cutoff
scores.
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and specificity (63.76–91.95). The cutoff scores for the PANSS-N sub-
scale (ranged from 13 to 16) also showed high sensitivity
(89.47–70.18) and specificity (61.07–83.89). The maximum Youden's
index was used as a criterion for selecting the optimum cutoff point
when a diagnostic test gives a numeric rather than a dichotomous re-
sult. According to the ROC curve analysis, the cutoff scorewith themax-
imum Youden's index was 25 when the CAINS total score was used to
identify PNS. The suggested cutoff score for the PANSS-N subscale was
16. The cutoff score of the MAP subscale ranged from 15 to 19 and
showed high sensitivity (100–71.93) and specificity (66.77–89.93).
The cutoff score of the EXP subscale ranged from 5 to 6 with high sensi-
tivity (91.23–71.93) and specificity (61.07–79.87). According to the
ROC curve analysis, 17 on the MAP subscale and 5 on the EXP subscale
were the best cutoffs of the two subscales.

3.3. Diagnostic accuracy comparison between the CAINS and the PANSS-N

Fig. 2 illustrate the diagnostic accuracy of the PANSS-N subscale, and
the CAINS and its subscales. TheAUCwas0.938 (CI=0.896 to 0.967) for
the CAINS total and 0.928 (CI = 0.883 to 0.959) for the MAP subscale,
indicating outstanding discriminatory property. The AUC was 0.842
(CI = 0.785 to 0.889) for the EXP subscale and the AUC of the PANSS-
N subscale was 0.860 (CI = 0.805 to 0.904), indicating excellent dis-
criminatory property.

Pairwise comparison analysis of ROC curves between the CAINS and
its subscales revealed no significant difference between the AUC of the
CAINS and the MAP subscale (z = 1.284, P = 0.199), but both of their
AUCs were larger than that of the EXP subscale (EXP to CAINS: z =
Fig. 2. ROC curves of PANSS-N, CAINS and its subscales. The yellow one was CAINS, blue
one was EXP, green one was MAP, and the green dotted one was PANSS-N. (For
interpretation of the references to colour in this figure legend, the reader is referred to
the web version of this article.)

symptoms proxy score using the Clinical Assessment Interview for
res.2018.07.005
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3.720, P=0.002; EXP toMAP: z=2.737, P=0.006). However, pairwise
comparison between the CAINS and the PANSS-N subscale showed that
the AUC of the CAINS were larger than that of the PANSS-N subscale (z
= 2.662, P = 0.0078).

3.4. Diagnostic accuracy comparison between the CAINS and the SANS

We also conduct additional analysis in the supplementarymaterials.
We used the PANSS to classify the PNS and theNon-PNS groups. The cri-
terion for identifying PNS was a score of ≥21 on the PANSS-N subscale
(Hovington et al., 2012; Hovington and Lepage, 2012). Based on this cri-
terion, 36 patients were classified into the PNS group and 170 into the
Non-PNS group. ROC analysis was conducted to calculate the cutoff
score and compare the AUCs of the CAINS and SANS. According to the
ROC curve analysis, the cutoff score with the maximum Youden's
index was 24 (Youden's index = 0.5103) when the CAINS total score
was used to identify PNS, while the cutoff score of SANS was 28
(Youden's index = 0.5735). Moreover, through pairwise comparison
of the AUCs between the CAINS and the SANS, we found that there
was no significant difference between them (z = 0.188, P = 0.8507).

Furthermore, we compared the Positive Predictive Value (PPV) and
the Negative Predictive Value (NPV) of the CAINS and the SANS. The
PPV and the NPV of the CAINS were 85.62% and 96.31%, while those
for the SANS were 75.43% and 92.28%. Both the PPV and the NPV of
the CAINS were significantly larger than that of the SANS (χ2 = 5.456,
P = 0.021; χ2 = 4.535, P = 0.034).

4. Discussion

This present study developed and validated a proxy procedure for
classifying PNS using the CAINS in relation to established PNS proxy
procedures validated on other scales. We found that the applicable
proxy score for identifying PNS was 25 using the CAINS, while it was
16 using the PANSS-N subscale. The proxy score was 17 for the MAP
subscale and 5 for the EXP subscale. The CAINS and the MAP subscale
showed outstanding discriminatory properties, while the EXP subscale
and the PANSS-N subscale showed excellent discriminatory property.
The AUCs of both the CAINS total and theMAP subscalewas significantly
larger than that of the EXP subscale.Moreover, theAUCof PANSS-N sub-
scale was significantly smaller than that of the CAINS. Our results pro-
vide a solid foundation from which to explore the CAINS as a more
robust means of identifying PNS patients.

We found that the prevalence of PNS identified by the SANS was
27.67%, which is close to the estimates reported in recent studies
(Galderisi et al., 2013; Ucok and Ergul, 2014). In addition, only eight of
the 65 participants exhibiting moderate severity on at least one SANS
item no longer exhibited significant negative symptoms on follow-up
assessments, suggesting the temporal stability of primary negative
symptoms. However, due to the small number of patients whose nega-
tive symptoms did not persist, we were unable to calculate the discrim-
inant validity of the proxies for PNS. Further studies should recruit more
patients with moderate level of negative symptoms and compare the
discriminant validity of the SANS and the CAINS.

Our results suggest that the CAINS appears to be a suitable and ro-
bust means for the identification of PNS in schizophrenia patients,
which could facilitate future research. We recommend using the proxy
score of N25 on the CAINS total or the proxy score of N17 on the MAP
subscale to identify PNS in future studies. In the past, researchers have
predominantly used first-generation negative symptoms scales such
as the SANS and the PANSS to identify patients with PNS in previous
studies on negative symptoms (Buchanan, 2007; Malla et al., 2004).
The lack of a “gold standard” for identifying PNS has been an important
issue in research on negative symptoms (Buchanan, 2007; Kirkpatrick
et al., 2006). For example, most studies used a score of 3 or above on
at least one global item of the SANS as a cutoff (Buchanan et al., 2012;
Chang et al., 2011), while some studies regarded a score of 2 or above
Please cite this article as: Li, Y., et al., Revisiting the persistent negative
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on a global item of the SANS as the criterion of PNS and several studies
defined PNS as a score of 3 or above on at least two global items on the
SANS (Hovington et al., 2012; Malla et al., 2004).

Secondly, according to the previous criteria of PNS, PNS can be iden-
tified with one global item of the SANS reaching moderate level, which
may only reflect one facet of negative symptoms. Using a suitable cutoff
score on the CAINS may be a more comprehensive alternative in defin-
ing PNS. In the present study, we found a cutoff score of 25 on the CAINS
and a cutoff of 16 on the PANSS-N. Given the significant difference be-
tween the AUC of the PANSS-N and the CAINS, the CAINS appears to
be a more suitable tool to identify PNS. Moreover, the comparable
AUCs of the CAINS and the SANS suggests that the CAINS is as good as
the SANS in identifying PNS.

Negative symptoms include a cluster of symptoms such as alogia,
blunted affect, asociality, anhedonia and avolition (Kane, 2013). First-
generation tools have been found to be insufficient in capturing all di-
mensions of negative symptoms (Lincoln et al., 2017). The inclusion of
multiple aspects of the temporal dynamics of pleasure in the CAINS
may enhance its sensitivity for capturing individual differences in symp-
tom severity and changes in different stages of schizophrenia (Barch,
2013). In this study, by comparing the PPV and NPV between the MAP
subscale and SANS16/SANS21, we found that the MAP subscale, which
includes the anticipatory and consummatory aspects of anhedonia,
was superior in identifying PNS than the SANS.

In this study, we also found that theMAP subscale possessed greater
discriminatory power than the EXP subscale. The two-factor model of
negative symptoms includes the anhedonia/amotivation dimension
corresponding to theMAP subscale and expression deficits correspond-
ing to the EXP subscale (Barch, 2013; Kring et al., 2013). However, anhe-
donia and amotivation have been regarded as the core features of
negative symptoms associated with poor functional outcome in schizo-
phrenia (Kring and Barch, 2014). Motivational/hedonic deficits in
schizophrenia have also been associated with various cognitive deficits
including executive function and working memory deficits, while ex-
pression deficits may only affect verbal fluency (Faerden et al., 2009;
Konstantakopoulos et al., 2011; Roth et al., 2004). Our findings suggest
that deficits in hedonic capacity andmotivationmay bemore closely as-
sociated with PNS.

In this study, the CAINSwas shown to possess outstanding discrimina-
tory properties in identifying PNS. It is known that sensitivity and specific-
itymay vary and sensitivity is inversely related to specificity (Cook, 2008;
Hoo et al., 2017; Yang and Carlin, 2000). The cutoff scores for the CAINS
total which ranged from 21 to 26 showed good to very good sensitivity
and specificity. However, using only sensitivity and specificity as mea-
sures to determine the accuracy of the CAINS is problematic since these
measures depend on a threshold for positivitywhich is often chosen arbi-
trarily. As a result, 25 on the CAINS total with the highest Youden's index
was chosen as the appropriate cutoff scores for identifying PNS.

This study has twomain limitations. First, we recruited patientswith
chronic schizophrenia with moderate level of negative symptoms. The
results may therefore not be generalizable to schizophrenia patients in
other stages of illness. Secondly, we did not assess the Non-PNS group
longitudinally. Future study should examine the fluctuation of negative
symptoms of the Non-PNS groups.

In conclusion, we found that the CAINS is a valid and robust tool in
identifying PNS in patients with schizophrenia. Its psychometric proper-
ties in identifying PNS in patients with schizophrenia are comparable to
the SANS and superior than the PANSS-N. The appropriate cutoff scores
for identifying PNS based on the CAINS were also determined. Validation
of a novel tool like the CAINS, which captures important aspects of plea-
sure experience, could facilitate future research in negative symptoms.
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