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Primary and persistent negative symptoms (PPNS) represent an unmet need in the care of people with schizo-
phrenia. They have an unfavourable impact on real-life functioning and do not respond to available treatments.
Underlying etiopathogeneticmechanisms of PPNS are still unknown. The presence of primary and enduring neg-
ative symptoms characterizes deficit schizophrenia (DS), proposed as a separate disease entity with respect to
non-deficit schizophrenia (NDS). More recently, to reduce the heterogeneity of negative symptoms by using
criteria easily applicable in the context of clinical trials, the concept of persistent negative symptoms (PNS)
was developed.
Both PNS and DS constructs include enduring negative symptoms (at least 6months for PNS and 12months for
DS) that do not respond to available treatments. PNS exclude secondary negative symptoms based on a cross-sec-
tional evaluation of severity thresholds on commonly used rating scales for positive symptoms, depression and
extrapyramidal side effects; the DS diagnosis, instead, excludes all potential sources of secondary negative symp-
toms based on a clinical longitudinal assessment.
In this paper we review the evolution of concepts and assessment modalities relevant to PPNS, data on preva-
lence of DS and PNS, as well as studies on clinical, neuropsychological, brain imaging electrophysiological and
psychosocial functioning aspects of DS and PNS.

© 2016 Elsevier B.V. All rights reserved.
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1. Primary and persistent negative symptoms: evolution of concepts
and assessment

Negative symptoms of schizophrenia represent a heterogeneous
clinical construct and different strategies have been proposed to reduce
their heterogeneity in the context of clinical trials and neurobiological
research. The distinction between primary negative symptoms, a core
aspect of the illness (Carpenter et al., 1988) and negative symptoms sec-
ondary to other factors (e.g. positive symptoms, extrapyramidal side ef-
fects, depression or isolation) bears important therapeutic implications.
In fact, while secondary negative symptoms can be improved by remov-
ing underlying identifiable causes, primary negative symptoms are like-
ly to persist in spite of treatment with either conventional or second
generation antipsychotics.

In 1988, Carpenter et al. introduced the concept of deficit schizo-
phrenia (DS) to identify patients with schizophrenia showing primary
y, Second University of Naples
and enduring negative symptoms. In 2001 Kirkpatrick et al. proposed
that DS represent a separate disease entity with respect to non-deficit
schizophrenia (NDS). Although the DS/NDS categorization can be
made reliably, the information about the longitudinal course of the
symptoms required to make the primary/secondary distinction may
not always be available (Buchanan, 2007; Mäkinen et al., 2008). More-
over, the diagnosis of DS may be difficult in first-episode schizophrenia
subjects.

A different approach aimed to reduce heterogeneity of negative
symptoms was proposed within the frame of the National Institute of
Mental Health initiative Consensus Development Conference on Nega-
tive Symptoms that led to a consensus on the definition of persistent
negative symptoms (PNS) (Kirkpatrick et al., 2006; Buchanan, 2007)).
Proposed criteria are easily applicable in the context of clinical trials:
negative symptoms of at leastmoderate severity for an extended period
of time (usually 6months), in the presence of low levels of positive, de-
pressive and extrapyramidal symptoms, as assessed by cross-sectional
evaluation of severity thresholds on commonly used rating scales
(Buchanan, 2007). The present review will describe the evolution of
concepts and assessment modalities relevant to PPNS and will
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http://www.sciencedirect.com/science/journal/09209964
www.elsevier.com/locate/schres


20 A. Mucci et al. / Schizophrenia Research 186 (2017) 19–28
summarize data on the prevalence of DS and PNS, as well as studies on
clinical, neuropsychological, brain imaging electrophysiological and
psychosocial functioning aspects of DS and PNS.
2. Deficit schizophrenia

2.1. Definition

DS is defined by the diagnostic criteria outlined in the Box 1. The cat-
egorization of patients intoDS andNDSbymeans of the Schedule for the
Deficit Syndrome (SDS, Kirkpatrick et al., 1989) has been shown to have
good inter-rater reliability (Kirkpatrick et al., 1989; Fenton and
McGlashan, 1994; Amador et al., 1999; Galderisi et al., 2002; Peralta
and Cuesta, 2004) and a high degree of stabilitywith good test-retest re-
liability (Kirkpatrick et al., 1993; Fenton andMcGlashan, 1994; Amador
et al., 1999; Tek et al., 2001; Galderisi et al., 2013a; Strauss et al., 2010;
Peralta et al., 2014). The lowest percentage of stability was reported
by Strauss et al. (2010) in a 20-year follow-up study (67% vs over 82%
in Amador et al., 1999 and Galderisi et al., 2013a). It is not clearwhether
themethod used to classify DS (a proxymethod for Strauss et al and the
SDS in the other 2 studies) or the length of the follow-up (20years in
Strauss et al vs less than or equal to 5years in the other studies) might
explain the difference in the percentage of stability.

After DSwasfirst described, several studies comparing patients with
DS to those with NDS provided data supporting the hypothesis that DS
differs from NDS for risk factors, premorbid functioning, disease course,
neurobiological correlates and response to treatment (Kirkpatrick et al.,
2001, Kirkpatrick andGalderisi, 2008; Galderisi andMaj, 2009; Cohen et
al., 2010; Strauss et al., 2010; Galderisi et al., 2013a; Kirkpatrick, 2014).

Findings from investigations using taxometric statistical analyses
(Blanchard et al., 2005; Ahmed et al., 2015) support the hypothesis
that DS represents a separate disease entity with respect to NDS.
2.2. Assessment

The gold standard for the diagnosis of DS is the “Schedule for the
Deficit Syndrome” (SDS, Kirkpatrick et al., 1989). The SDS is a semi-
structured interview that can be carried out by psychiatrists, psycholo-
gists or social workers with clinical experience in schizophrenia. Its use
requires an ad hoc training, in a session led by an expert of the use of the
instrument. The SDS semistructured interview is conducted with the
patient; the use of all other available sources of information, such as cli-
nicians and family members, is strongly recommended to complete the
schedule. The DS/NDS classification should be carried out during pe-
riods of clinical stability.
Box 1
Diagnostic criteria for the deficit syndrome (Carpenter et al., 1988;
Kirkpatrick et al., 1989, 2001).

a) Presence of at least two out of the following six negative
symptoms:

i. restricted affect (referring to observed behavior)
ii. diminished emotional range (i.e., reduced range of the patient’s

subjective emotional experience)
iii. poverty of speech
iv. curbing of interests
v. diminished sense of purpose
vi. diminished social drive;

b)presence of the above symptoms for at least 12months including pe-
riods of clinical stability;c)the above symptomsare primary, i.e., not sec-
ondary to factors such as anxiety, drug effect, psychotic symptoms,
intellectual disability or depression;d)the patientmeets DSM (3rd edition
or later editions) criteria for schizophrenia.
To increase the practicability of the DS diagnosis, Kirkpatrick et al.
(1993) proposed the use of a proxy method (Proxy for the Deficit Syn-
drome, PDS). The first PDS was based on the Brief Psychiatric Rating
Scale (BPRS), and defined as the sum of the scores on the Anxiety,
Guilt Feelings, Depressive Mood and Hostility items subtracted from
the score on the item Blunted affect. When compared with SDS, the
PDS showed a sensitivity and specificity rates of 79% and 89%, respec-
tively. The PDS has been used in several investigations aimed at charac-
terizing DS (Kirkpatrick et al., 1996a, 1998, 2000, 2002; Messias and
Kirkpatrick, 2001; Subotnik et al., 2000, 1998; Tek et al., 2001; Cohen
and Docherty, 2004; Goetz et al., 2007; Strauss et al., 2010). Later on, a
proxy measure was derived from the Positive and Negative Syndrome
Scale (PANSS) and demonstrated good specificity (78.6%–79.5%) and
moderate to very good sensitivity (61.4%–86.4%)(Goetz et al., 2007).
However, concerns were raised about the temporal stability and exter-
nal validity of the proxymeasures and cautionwhen employing the PDS
in future research is suggested (Subotnik et al., 1998; Roy et al., 2001a;
Cohen et al., 2010). In fact, these measures reflect the severity of one
negative symptom, i.e. blunted affect, and consider few confounders,
but do not take into account negative symptoms clustering into the
avolition factor of the SDS (i.e., curbing of interests, diminished sense
of purpose and diminished social drive; Galderisi et al., 2013a) and
other potential sources of secondary negative symptoms (e.g. extrapy-
ramidal and positive symptoms). The temporal stability seems to be a
crucial point as a longitudinal study using the PDS to classify patients
could not confirm stability at 1 year follow-up (Subotnik et al., 1998).

A study has further demonstrated that transitory negative symp-
toms differ markedly from the deficit ones in terms of associations
with external validators, such as outcome (Peralta and Cuesta, 2004).
According to these findings, the distinction between transitory and per-
sistent negative symptoms is as important as the differentiation of pri-
mary vs secondary in defining the deficit syndrome (Peralta and
Cuesta, 2004).
2.3. Prevalence, demographic features and risk factors

According to epidemiological data, DS is a rare condition, with a
prevalence of 15% in first episode patients, 25–30% in clinical samples
and 14–17% in population studies (Kirkpatrick et al., 2000, 2001). An as-
sociation between DS andmale gender has been reported (Carpenter et
al., 1988; Bottlender et al., 2001; Roy et al., 2001b). DS is associatedwith
a family history of schizophrenia (Dollfus et al., 1998; Kirkpatrick et al.,
2000, 2001; Ross et al., 2000) and an increase in summer births com-
pared with the general population, unlike schizophrenia in general for
which a winter birth excess is reported (Kirkpatrick and Galderisi,
2008). Unreplicated associations were also reported between DS and
presence of serum antibodies to cytomegalovirus (Dickerson et al.,
2006) and low serum folate concentration (Goff et al., 2004).
2.4. Premorbid functioning

SubjectswithDShave poorer premorbid adjustment, even after con-
trolling for the severity of negative symptoms (Kirkpatrick and
Galderisi, 2008; Galderisi and Maj, 2009; Bucci et al., 2016). In DS
premorbid adjustment is poor in all developmental stages, while in
NDS the impairment appears in late adolescence/early adulthood
(Buchanan et al., 1990; Galderisi et al., 2002). The early impairment
might represent the onset of deficit symptoms (Galderisi and Maj,
2009) or a risk factor for the disorder (Yung et al., 2004; Peralta et al.,
2014). A study reported an association of DSwith longer duration of un-
treated psychosis (DUP) (Peralta et al., 2014), in agreement with evi-
dence of a link between DUP and enduring negative symptoms
(Edwards et al., 1999; Malla et al., 2004; Chang et al., 2011; Galderisi
et al., 2013b).
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2.5. Signs and symptoms

As compared with NDS, patients with DS have an insidious onset of
the illnessmore frequently, havemore negative symptoms, comparable
severity of positive symptoms, and lower prevalence of dysphoria, hos-
tility, suicidal ideation, depressive symptoms and substance abuse
(Kirkpatrick et al., 2001; Kirkpatrick and Galderisi, 2008; Galderisi and
Maj, 2009; Kirkpatrick, 2014).

Several studies showed that DS is associated with higher frequency
of neurological soft signs (NSS) and spontaneous movement disorders
(SMD) thanNDS, although there are discrepancies in the type of prevail-
ing abnormalities, probably due to confounding variables, such as the
overall negative symptom severity and treatment history, not always
controlled for (Fenton et al., 1994; Arango et al., 2000; Kirkpatrick et
al., 2001; Galderisi et al., 2002; Tiryaki et al., 2003; Cimmer et al.,
2006; Kirkpatrick and Galderisi, 2008; Galderisi and Maj, 2009; Telfer
et al., 2011). Only one study investigated the issue in drug-naïve pa-
tients and reported more NSS (motor sequencing) and SMD (excepting
akathisia) in DS than in NDS subjects, suggesting common underlying
neurobiological mechanisms for DS and these neurological abnormali-
ties (Peralta et al., 2014).

2.6. Neurocognitive impairment

Neuropsychological investigations reported discrepant findings,
with some studies reporting a greater impairment in DS than in NDS
on measures of fronto-parietal functions (i.e., attention, executive con-
trol and visuospatial functions, Buchanan et al., 1994; Bryson et al.,
2001; Yu et al., 2015), prefrontal functions (verbal fluency, concept for-
mation and cognitive flexibility, Cascella et al., 2008; Polgár et al., 2010)
or cortico-striatal functions (reinforcement learning, Farkas et al., 2008;
Polgár et al., 2010; Vogel et al., 2013). The majority of studies (Galderisi
et al., 2002, 2013a; Wang et al., 2008; Polgár et al., 2008; Réthelyi et al.,
2012; Fervaha et al., 2015a) and ameta-analysis (Cohen et al., 2007) re-
ported a generalized cognitive impairment in DS vs both NDS and con-
trols. Reduced general cognitive abilities in DS might be related to a
neurodevelopmental trajectory with early cognitive impairment inter-
fering with the acquisition of subsequent competences (Galderisi et
al., 2002). However, the hypothesis awaits further testing.

The relationship between cognitive impairments and deficit symp-
toms is not clear (Buchanan et al., 2011; Harvey et al., 2006): both are
present well before the psychotic decompensation, are more longitudi-
nally stable and have a greater impact on functional outcome than pos-
itive symptoms or disorganization (Galderisi et al., 2014; Harvey et al.,
2006). Although a common or overlapping pathophysiology has been
hypothesized, the extent to which there is a shared pathophysiology
has not been clarified (Harvey et al., 2006; Kirkpatrick et al., 2001). Sev-
eral studies have reported weak relationships between cognitive dys-
functions and negative symptoms, but overall evidence confirmed that
the two domains are independent; (Foussias et al., 2014; Galderisi et
al., 2014;Harvey et al., 2006). A longitudinal study inDS patients report-
ed that avolition and expressive deficit, as assessed by the SDS, were re-
lated to different dimensions of functional outcome with respect to
generalized cognitive impairment observed in these patients
(Galderisi et al., 2013a). These findings lend support to the hypothesis
of the independence of negative symptoms and cognitive impairment.

In the study by Fervaha et al. (2015a) the pattern of generalized cog-
nitive impairment in DS was found to be related to the presence of neg-
ative symptoms in the clinical picture, irrespective of their primary
nature; in fact, comparingDSwith a subgroup of NDS subjectswith neg-
ative symptoms did not reveal any difference between the two groups.
Since poor motivation in subjects with negative symptoms might con-
found the results of neuropsychological assessment due to inadequate
mental effort (Gorissen et al., 2005; Avery et al., 2009; Strauss et al.,
2015), Morra et al. (2015) investigated the relationships of DS categori-
zation and negative symptom severity with mental effort and general
cognitive abilities (IQ). They confirmed the association of negative
symptoms with poor mental effort (Gorissen et al., 2005; Avery et al.,
2009; Strauss et al., 2015) and reported that patients showing inade-
quate mental effort had an increased likelihood of being affected by
DS and showing low IQ. This pattern of findings did not clarify whether
the generalized impairment reflects motivational problems or genuine
cognitive deficits. The measure used in this study was designed to cap-
ture inadequate effort in populations with a less generalized
neurocognitive impairment (Morra et al., 2015), while in DS both gen-
eralized cognitive deficits and severe motivational problems are proba-
bly in play. To clarify the issue, future studies should include large
samples of DS and NDS with a wider range of IQ values and negative
symptom severity than the ones reported in previous studies. More re-
cently, the use of performance-based assessment tools to measure mo-
tivational deficits has become a focus of investigation (Fervaha et al.,
2013; Barch et al., 2014; Hartmann et al., 2015). Fervaha et al. (2015b)
used an effort-based decisionmaking task and found that DS exerted ef-
fort for reward at a significantly lower rate than NDS. No correlation be-
tween performance at this task and negative symptoms was observed,
suggesting that the deficit classification yields information in addition
to negative symptoms ratings. The performance on the task was not as-
sociated with an index of general cognitive functioning (based on the
Letter-Number Sequencing and Digit-Symbol substitution tests). These
results suggest that motivation problems and cognitive dysfunction
are independent domains of impairment in DS.

2.7. Electrophysiological investigations

While a number of studies examined the electrophysiological corre-
lates of negative symptoms in schizophrenia (Boutros et al., 2014), few
studies focused on DS. The indices investigated in DS include: 1) P50, an
index of sensory gating; 2) mismatch negativity (MMN) a measure of
automatic pre-attentive processes of stimuli monitoring; 3) P100 and
N100, indices of early sensory and attention processes; 4) the N2 and
P3, indices of effortful processing and task-relevance; 5) contingent
negative variation (CNV) and post-imperative negative variation
(PINV), components related to anticipation and orienting to upcoming
stimuli and response preparation, as well as 6) oculomotor functions,
i.e. smooth pursuit eye movements and visual reaction time.

Turetsky et al. (1998) found that, with respect to healthy controls,
NDS had reduced amplitude for all P3 subcomponents (left temporal,
right parietal and frontal, with greater reduction of the left temporal
one), while DS presented a reduced amplitude of two subcomponents
(right parietal and left temporal, with a more severe abnormality of
the right parietal one). The authors used a proxy measure to character-
ize DS subjects.Mucci et al. (2007) found a double dissociation in event-
related potentials showing that, compared to healthy controls, DS but
not NDS had reduced N1 amplitude and current source density, while
NDS but not DS had P3 topography and current source density abnor-
malities, as well as a reduction of global field power (a reference-free
measure of amplitude). The two patient groups also differed from
each other on the same measures. Both studies found that the pattern
of abnormalities in NDS was similar to the one generally observed in
schizophrenia, while the pattern found in DS had a qualitative diver-
gence from it, suggesting that DS and NDS represent different disease
entities.

Santos et al. (2010) did not finddifferences between the DS andNDS
in P50 gating; Li et al. (2013) investigated N1, N2, P3 (both P3a and P3b
subcomponents, indexing automatic attention allocation and effortful
processing, respectively), MMN, P50 and the CNV in DS and NDS. The
two subgroups shared most abnormalities; however, with respect to
healthy controls, PINV latency was delayed in NDS and shortened in
DS; furthermore, a delayed latency was found only in NDS for P3b and
only in DS for the CNV expectancy wave. The same research group has
recently investigated CNV and PINV in DS and matched psychotic bipo-
lar patients and reported that only DS had a reduced latency of PINV and
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an increased latency of CNV (Li et al., 2015). As to frequency analysis of
ERP data, only one EEG investigation addressed induced gamma activity
in DS andNDS patients and found a reduction of induced gamma power
only in the latter group (Bucci et al., 2007).

On the whole the pattern of ERP results suggests an impairment of
processes related to early attention, expectation and response prepara-
tion in DS as comparedwith NDS. At odds with consolidated findings in
subjects with schizophrenia, no impairment of P300 was found in DS.
The qualitative divergence of findings suggests that DS and NDS repre-
sent different disease entities.

More pronounced oculomotor dysfunction associated with poor
sensory integration (Ross et al., 1996, 1997, 1998; Bustillo et al., 1997)
was reported in DS and their relatives, with respect to NDS, in earlier
studies. A later investigation (Nkamet al., 2001) confirmed thepresence
of severe abnormalities in DS, using different oculomotor indices; how-
ever, both DS and NDS significantly differ from controls on the same in-
dices. Furthermore, Malaspina et al. (2002) reported an association
between oculomotor abnormalities andDS that was nomore significant
after controlling for the association of DSwith a deficit in olfactory iden-
tification (an index of limbic dysfunction) which was associated with
both oculomotor abnormalities and DS status. Another study used an
original paradigm to disentangle predictive smooth pursuit deficits
(showing an association with positive symptoms) from deficits in initi-
ation of eyemovementswhich resulted to be associatedwithDS and the
liability to the syndrome (Hong et al., 2003). However, a more recent
study using a similar paradigm (Nkam et al., 2010) did not confirm
the association of either abnormality with DS. At the moment, no con-
clusion can be drawn from these studies due to the heterogeneity of
employed paradigms and measured indices as well as to small average
sample size.

2.8. Structural and functional brain imaging findings

Findings from structural brain imaging studies investigating differ-
ences in gray and/or white matter volume or density in DS versus NDS
and healthy controls have been mixed. Buchanan et al. (1993) found
that patients with NDS (N = 24) had smaller prefrontal volumes with
respect to controls and to patients with DS (N = 17), while the latter
did not differ from controls. Similar findingsweremore recently report-
ed by an independent group (Volpe et al., 2012), who found greater re-
duction of the dorsolateral prefrontal cortex in NDS as compared to DS
patients.

Several studies reported greater abnormalities in the temporal lobe
in DS than in NDS patients. Turetsky et al. (1995) reported abnormal
temporal lobe asymmetry only in patients with DS (N = 21), who
showed a selective increase in left temporal lobe cerebrospinal fluid
(CSF) volume in comparison with both NDS (N = 49) patients and
healthy controls. Galderisi et al. (2008) studied 34 patients with DS,
32 with NDS, and 31 healthy comparison subjects. DS patients had sig-
nificantly smaller right temporal lobe volume as compared with NDS
patients, while NDS, but not DS patients, had larger lateral ventricles
than control subjects. Both patient groups had smaller dorsolateral pre-
frontal cortex and temporal lobes than healthy subjects.

Two further studies found evidence of gray matter reduction in the
temporal lobe in DS with respect to both healthy controls and NDS (in-
volving the superior temporal gyrus in one case, Cascella et al., 2010;
and the superior and middle temporal gyrus in the other paper, Fisher
et al., 2012).

Cortical thickness was evaluated by Voineskos et al. (2013) in 18 pa-
tients with DS, 59 patients with NDS, and 79 healthy controls. They did
not find any difference between DS and NDS patients and both groups
had reduced thickness compared with healthy controls.

A recent study investigated network-level properties of cortical
thickness, assessing interregional coupling and network parameters of
cortex in DS, NDS, healthy controls and bipolar I patients (Wheeler et
al., 2015). Results showed enhanced interregional coupling, associated
with high regional centrality in the inferior frontal, inferior parietal,
and middle and superior temporal cortices, in DS patients with respect
to the other groups. The pattern of results was contrary to findings of
previous investigations using network-based analysis in other groups
of schizophrenia patients suggesting reduced frontotemporal and
frontoparietal connectivity (Bassett et al., 2008; Skudlarski et al., 2010;
Zalesky et al., 2011; Fornito et al., 2012).Wheeler et al. (2015) therefore
concluded that DS patients may represent a subset of people with
schizophrenia who experience early-onset alterations that may inter-
ferewith basic socio-cognitive skills. Increased network densitymay re-
flect decreased differentiation of networks during development.

On the basis of these findings concerning graymatter abnormalities,
DS does not appear as just the extreme end of a severity continuum
within schizophrenia.

Several studies reported white matter abnormalities in DS, especial-
ly in frontoparietal and frontotemporal circuitry (Rowland et al., 2009;
Kitis et al., 2012). Voineskos et al. (2013), in the same MRI structural
study summarized above for the gray matter findings, investigated
also diffusion-basedmeasures of whitematter tracts. DS patients exhib-
ited disruption of whitematter tracts including the inferior longitudinal
fasciculus, arcuate fasciculus, and uncinate fasciculus compared to both
healthy controls and NDS, suggesting a possible link between these ab-
normalities and the emotional and social dysfunctions reported in DS
patients. Spalletta et al. (2015) compared microstructural diffusion-re-
lated parameters as measured by diffusion tensor imaging in 21 DS, 21
NDS, and 21 healthy controls. Fractional anisotropy was reduced in
the right precentral area in NDS patients, and in the left corona radiata
of the schizophrenia group as a whole. Axial diffusivity was reduced in
the left postcentral area of DS patients,whereas radial diffusivitywas in-
creased in the left forceps minor of DS patients and in the left internal
capsule of NDS patients.

Thus, as was concluded for patterns of gray matter alterations, DS
patients are not simply at the extreme end of a severity continuum of
white matter disruption.

As to functional brain imaging investigations, only few studies were
carried out in DS patients.

Earlier studies reported a decrease of glucosemetabolism or cerebral
bloodflow in the frontal (Gonul et al., 2003;Heckers et al., 1999; Lahti et
al., 2001; Tamminga et al., 1992; Vaiva et al., 2002) and parietal regions
(Gonul et al., 2003; Lahti et al., 2001; Tamminga et al., 1992) in DS ver-
sus NDS and healthy controls.

In a functional magnetic resonance (fMRI) study of reward process-
ing (using a monetary incentive delay task), Mucci et al. (2015a) ob-
served a significant reduction of dorsal caudate activity during reward
anticipation in DS patients as compared with both healthy controls
and NDS patients. The dorsal caudate activity was inversely related to
avolition as measured by the SDS. The relationship of dorsal caudate
dysfunction with avolition/apathy as measured by SANS was recently
confirmed (Morris et al., 2015). The dorsal caudate is involved in
forming associations between action and reward, thus the above data
seem to indicate that DS (especially when characterized by avolition)
is associated to an impairment in valuing own actions based on the
achievement of a reward.

2.9. Psychosocial functioning and response to treatment

Patients with DS have poorer psychosocial functioning than those
with NDS both before the appearance of positive symptoms and later
on in the course of the illness, even when controlling for demographic
variables (such as older age), greater anxiety, depressed mood and se-
verity of positive symptoms and disorganization (Fenton and
McGlashan, 1994; Kirkpatrick et al., 1993, 1994, 2001; Tek et al., 2001;
Strauss et al., 2010; Galderisi et al., 2013a; Peralta et al., 2014), as well
as antipsychotic medication (Kirkpatrick and Galderisi, 2008; Galderisi
and Maj, 2009; Peralta et al., 2014) or substance abuse (Kirkpatrick et
al., 1996a, 1996b).



Box 2
Criteria for definition of persistent negative symptoms (Buchanan,
2007).

a) Presence of at least moderate severity of negative symptoms, de-
fined on an accepted and validated rating scale;

b) defined threshold levels of positive symptoms, depression and
extrapyramidal symptoms on accepted and validated rating
scales;

c) persistence for at least 6 months.
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A clinical trial that used the SDS to defineDS andNDSgroups, report-
ed no improvement in the negative symptoms of patients with DS using
clozapine (Breier et al., 1994); in the 1-year follow-up of the same sub-
jects, clozapine did not have any superior efficacy with respect to halo-
peridol or long-term effect on primary or secondary negative symptoms
in DS (Buchanan et al., 1998). In linewith these results, Rosenheck et al.
(1999) reported that over a one year period there was no effect of clo-
zapine on enduring negative symptoms. A systematic review concluded
that studies investigating the effects of clozapine on primary and endur-
ing negative symptoms do not provide conclusive evidence of its effica-
cy (Murphy et al., 2006).

According to a meta-analysis (Leucht et al., 2002), among atypical
antipsychotics, amisulpride demonstrated an effect on deficit symp-
toms, especially at low doses. However, the drugwas significantly supe-
rior to placebo, but not to conventional antipsychotics (Leucht et al.,
2002). Furthermore, none of the placebo-controlled studies included
in this meta-analysis used the SDS for the diagnosis of DS. Vaiva et al.
(2002), in a small sample of patients categorized as having DS or NDS
using the SDS, reported that the efficacy of amisulpride was higher in
patients with NDS than in those with DS, suggesting an effect on sec-
ondary negative symptoms.

Two studies have examined the effects of olanzapine on negative
symptoms in patients diagnosed as having DS using the SDS
(Kopelowicz et al., 2000; Lindenmayer et al., 2007). The first study
found an improvement of positive, negative and extrapyramidal symp-
toms in NDS and of extrapyramidal symptoms only in DS (Kopelowicz
et al., 2000), suggesting an effect of olanzapine limited to the secondary
negative symptoms. The second study reported higher efficacy of
olanzapine, with respect to haloperidol, on primary negative symptoms
(Lindenmayer et al., 2007); however this study did not include an NDS
control group.

Möller et al. (2004) found that zotepine induced amarked improve-
ment of primary negative symptoms, but the drug was not discriminat-
ed from placebo.

Several studies examined the efficacy of adjunctive treatment on
negative symptoms (Arango et al., 2013; Fusar-Poli et al., 2015). A few
of these studies examined the effects on enduring negative symptoms
of antipsychotic augmentation with N-methyl-D-aspartate (NMDA) re-
ceptor-stimulating agents, such as glycine, D-serine or D-cycloserine
(Goff et al., 1995, 1999; Heresco-Levy et al., 1999; Buchanan et al.,
2007). However, the only studywhich assessed the effects of adjunctive
glycine or D-cycloserine (versus placebo) in DS and NDS subjects (cate-
gorized using the SDS) did not find any significant improvement of pri-
mary negative symptoms (Buchanan et al., 2007).

3. Persistent negative symptoms

3.1. Definition

The concept of PNS is broader than that of DS (Buchanan, 2007) and,
according to the NIMH-MATRICS consensus report, includes symptoms
that have not responded to theusual treatments, interferewith patient’s
ability to perform normal role functions, persist during periods of clini-
cal stability, and represent an unmet therapeutic need (Kirkpatrick et
al., 2006). PNS criteria according to Buchanan (2007) are listed in Box 2.

3.1.1. Relationships with other definitions used in clinical trials: prominent
and predominant negative symptoms.

Regulatory agencies and expert panels agreed on the definition of
ideal populations to be included in clinical studies aimed to demon-
strate an effect on negative symptoms. Two definitions have been
used (Kinon et al., 2006; Rabinowitz et al., 2013; Stauffer et al., 2012)
to identify a population with clinically-relevant negative symptoms:
prominent and predominant negative symptoms (Kinon et al., 2006;
Rabinowitz et al., 2013; Stauffer et al., 2012). Criteria were based on
the PANSS scores and identified different patient populations.
Prominent negative symptoms were defined as (1) Baseline score ≥4
(moderate) on at least three, or ≥5 (moderately severe) on at least
two negative PANSS subscale items (Kinon et al., 2006; Stauffer et al.,
2012; Rabinowitz et al., 2013). The definitions of predominant negative
symptomsweremore heterogeneous and included: (1) the same sever-
ity threshold for the PANSS negative subscale as for prominent negative
symptoms, plus a PANSS positive score of less than 19 (Stauffer et al.,
2012); (2) PANSS negative subscale score at least 6 points higher than
the PANSS positive subscale score (Olie et al., 2006); (3) PANSS negative
subscale score of at least 21 and at least 1 point greater than the PANSS
positive subscale (Riedel et al., 2005) and (4) a common sense defini-
tion: PANSS negative subscale greater than the positive one
(Rabinowitz et al., 2013). Thus, the definition of the predominant nega-
tive symptoms is characterized by the reduced severity of the positive
symptomatology with respect to the negative one. Stauffer et al.
(2012) also included a threshold for the depressive and extrapyramidal
symptomatology, as assessed by standard scales. With the exception of
the latter definition, the prominent and predominant definitions have
very limited overlap with the construct of PNS and include a mixture
of primary and secondary negative symptoms with possible large fluc-
tuation over time. A revision of these criteria in guidelines and regulato-
ry agencies requirements was advocated by panels of experts (Marder
et al., 2011; Marder and Kirkpatrick, 2014). As a matter of fact, instabil-
ity over time of the negative symptoms might confound the results of
clinical trials by increasing the proportion of subjects improving on
the control condition and can confound research findings by increasing
the variability of both experimental and control conditions (Marder et
al., 2011; Marder and Kirkpatrick, 2014). The PNS construct thus repre-
sents a clear improvement in the definition of the target population for
clinical trials and research on pathophysiology of negative symptoms.

3.2. Assessment

PNS definition requires the presence of negative symptoms of at
least moderate severity. An accepted and validated rating scale like
the PANSS, the Scale for the Assessment of Negative Symptoms
(SANS), the Negative SymptomAssessment Scale (NSA) ormore recent,
validated instruments like the Brief Negative Symptom Scale (BNSS,
Kirkpatrick et al., 2011; Mucci et al., 2015b) and the Clinical Assessment
Inventory for Negative Symptoms (CAINS, Kring et al., 2013) can be
used. Repeated assessments (i.e. every 3–6 months) are recommended
to make sure that negative symptoms persist. Persistence for at least 6
months is required (Buchanan, 2007).

Different studies have used heterogeneous criteria for the assess-
ment of PNS: persistence of at least one negative symptom above the
threshold in two repeated assessments (Malla et al., 2004; Hovington
et al., 2012; Galderisi et al., 2013b), or at least two supra-threshold neg-
ative symptoms, or persistence of the same symptoms in more than 2
repeated assessments (Hovington et al., 2012; Üçok and Ergül, 2014).
The assessment of PNS should take into account the most frequent
and measurable causes of secondary negative symptoms. Positive, de-
pressive and extrapyramidal symptoms should be lower than a defined
threshold on an accepted and validated rating scale. PANSSpositive sub-
scale, the Scale for Assessment of Positive Symptoms (SAPS) or BPRS
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positive symptom subscale can be used to assess the severity of positive
symptoms. Patients may be required to have a global rating of mild or
less on all positive symptoms. A total score of 6 (Galderisi et al.,
2013b) or 4 (Hovington et al., 2012) on the Calgary Depression Scale
for Schizophrenia (Addington et al., 1993), or b6 on theDepression sub-
scale of BPRS (Üçok and Ergül, 2014) are frequently used thresholds for
depression. Simpson-Angus Extrapyramidal Rating Scale, Extrapyrami-
dal Symptom Rating Scale, St Hans Rating Scale have been used to ex-
clude supra-threshold extrapyramidal symptoms; absence or a
threshold of mild for parkinsonism has usually been adopted.

3.3. Prevalence and demographic features

There is a great variability in the reported prevalence rates of PNS
due to differences in its definition and characteristics of study samples.
Epidemiological data pertaining to PNS are sparse. In the light of the es-
timated 15%–20% prevalence of DS, the prevalence of PNS is probably
higher because the latter might also include unresponsive secondary
negative symptoms (Buchanan, 2007). Reported rates of PNS in first-ep-
isode psychosis samples were between 3.8 and 31.5% at one-year fol-
low-up (Mayerhoff et al., 1994; Edwards et al., 1999; Malla et al.,
2004; Chang et al., 2011; Hovington et al., 2012; Galderisi et al.,
2013b; Üçok and Ergül, 2014). According to three recent studies pro-
spective consistency of negative symptoms from baseline to 12 months
is between 16 and 35% (Chang et al., 2011; Galderisi et al., 2013b; Üçok
and Ergül, 2014). Studying PNS early in the course of schizophreniamay
be advantageous as there are less confounding variables (e.g. side effects
of antipsychotics, social isolation, stigma and multiple relapses) in this
population than in chronic patients.

3.4. Risk factors

Duration of untreated psychosis (DUP)was consistently found in as-
sociation with PNS andmight be considered as a risk factor (Edwards et
al., 1999; Malla et al., 2004; Chang et al., 2011; Galderisi et al., 2013b;
Gonzalez-Valderrama et al., 2015). It might be hypothesized that the as-
sociation reflects insidious onset of psychosis aswell as delayed presen-
tation and access to treatment in patients in which negative symptoms
prevail in the clinical picture. Evidence has been provided that DUP re-
duction markedly decreases distress and disability, persistently im-
proves negative symptoms at 5 years and doubles the rate of recovery
(31 vs. 15%) at 10 years (Larsen et al., 2011; Ten Velden Hegelstad et
al., 2013).

3.5. Premorbid functioning and other demographic and clinical correlates

PNS are associatedwith poor premorbid functioning (Edwards et al.,
1999; Malla et al., 2004; Chang et al., 2011; Üçok and Ergül, 2014) and
male gender (Chang et al., 2011). Subjects with PNS versus those with-
out PNS have lower quality of life and real-life functioning, worse voca-
tional outcome, less adherence to treatment, and higher levels of
symptoms at follow-up (Edwards et al., 1999; Malla et al., 2004;
Chang et al., 2011; Hovington et al., 2012, Galderisi et al., 2013b; Üçok
and Ergül, 2014). Studies with longer than one year follow-up periods
are also recommended because PNS prevalence and relationship with
functioning may change over time (Chang et al., 2011; Ayesa-Arriola
et al., 2013).

3.6. Neurocognitive functioning

Neurocognitive functioning in subjects with PNS versus those with-
out PNS was analyzed in four FEP studies; no difference was found be-
tween the two groups in two of them (Chang et al., 2011; Galderisi et
al., 2013b); one study reported a worse performance on executive func-
tioning and attention tests at baseline in patients with PNS (Üçok and
Ergül, 2014) and another one (Hovington et al., 2013) found a greater
verbal memory impairment in the PNS group, which was stable over
time (12 month-follow-up). In the latter study, the verbal memory im-
pairment was associated with the severity of alogia. Thus it is possible
that the persistence of different dimensions of negative symptoms is as-
sociated with different patterns of cognitive impairment: the hypothe-
sis awaits further longitudinal studies.

3.7. Structural and functional brain imaging

A recent review on structural and functional brain abnormalities in
subjects with or without PNS concluded that gray matter reductions in
the temporal lobe and white matter alterations in the frontal lobe may
be related to PNS (Hovington and Lepage, 2012). In first-episode pa-
tients with schizophrenia-spectrum disorders a recent study (Bodnar
et al., 2014) reported that cortical thinningwasmoremarked in subjects
with PNS versus thosewithout PNS in the right superior temporal gyrus
(extending to the temporo-parietal junction), right parahippocampal
gyrus and left orbital frontal gyrus.With respect to healthy controls, pa-
tients with PNS showed thinner cortex in the right superior temporal
and right parahippocampal regions, while thosewithout PNS in bilateral
parahippocampal gyrus. These abnormalities might be the basis of im-
paired social functioning in subjects with PNS.

No study has specifically addressed functional brain imaging corre-
lates of PNS. Using PET-scans of regional glucose metabolism, Lubeiro
et al. (2016) found reduced thalamic and cingulate glucose metabolism
in comparison to controls, in a subgroup of schizophrenia patients that
showed persistence/worsening of negative symptoms at follow-up.
However, criteria for PNS were not applied and the confounding role
of EPS, depression or residual positive symptoms was not assessed.

3.8. Course and outcome

A worse global functioning after 1 year of treatment and poor daily
functioning in first-episode patients with PNS was consistently report-
ed, demonstrating that early in the course of the illness PNS predict
poor psychosocial functioning (Milev et al., 2005; Evensen et al., 2012;
Hovington et al., 2012; Galderisi et al., 2013b; Chang et al., 2013;
Ventura et al., 2015).

Themotivation domain of negative symptoms (anhedonia, asociality
and avolition) has been associated with poor functional outcome more
than the expressive domain (alogia and affective flattening) in most in-
vestigations (Malla et al., 2002; Atbaşoglu et al., 2003; Blanchard et al.,
2005; Avery et al., 2009; Galderisi et al., 2013a, 2014). According to
some authors, the majority of patients met the PNS criteria due to ele-
vated scores on either the avolition or anhedonia/asociality domains
of the negative symptoms, suggesting a key role of the latter symptoms
in the clinical presentation of PNS and in its association with poor func-
tional outcome (Foussias and Remington, 2010; Hovington et al., 2012).

4. Conclusions

In the last decades, the attempt to reduce heterogeneity of negative
symptoms of schizophrenia led to the identification of two psychopath-
ological constructs: DS and PNS.

Since the introduction of the criteria for diagnosing DS a large body
of research has been carried out, trying to distinguish DS from NDS.
An important research question is whether DS represents amore severe
form of the same illness with respects to NDS or a separate disease en-
tity. Brain imaging (Gonul et al., 2003; Heckers et al., 1999; Lahti et al.,
2001; Tamminga et al., 1992; Vaiva et al., 2002; Quarantelli et al.,
2002; Galderisi et al., 2008; Volpe et al., 2012; Voineskos et al., 2013;
Mucci et al., 2015a; Spalletta et al., 2015; Wheeler et al., 2015), electro-
physiological (Ludewig and Vollenweider, 2002; Bucci et al., 2007;
Mucci et al., 2007; Fisher et al., 2012; Li et al., 2013), and oculomotor
data (Ross et al., 1996, 1997, Hong et al., 2003), showing either less or
different abnormalities in patients with DS with respect to those with



25A. Mucci et al. / Schizophrenia Research 186 (2017) 19–28
NDS, suggest that DS represents a separate disease entitywith respect to
other forms of schizophrenia, and not just the extreme end of a severity
continuum. The evidence that DS and NDS have different risk factors
(Dollfus et al., 1998; Kirkpatrick et al., 2002, 2006; Messias et al.,
2004; Dickerson et al., 2006; Gallagher et al., 2007; Kallel et al., 2007)
and recent taxometric/latent class analyses further support this hypoth-
esis (Blanchard et al., 2005; Ahmed et al., 2015). Most findings, howev-
er, await replication.Moreover, although interesting findings have been
provided by subdividing patients into DS and NDS, it should be
highlighted that subjects with DS may still have secondary negative
symptoms, and thedifferentweight of the latter ones in different groups
of patientsmay produce someheterogeneity. Furthermore, themost re-
cent latent class analysis, carried out in a large sample of subjects
(Ahmed et al., 2015), reported that although there was evidence of a
separable class of individuals with enduring and idiopathic negative
symptoms, a hybrid categorical-dimensional structure was also sup-
ported (Ahmed et al., 2015) as enduringnegative symptoms, non neces-
sarily idiopathic, were significantly associated with the same variables
as the identified taxon and DS. In the light of these observations, while
the PNS construct was proposed for clinical trials aimed to test new
treatments, it should be considered a viable construct to promote re-
search also on pathophysiology of negative symptoms intrinsic to the
disease process. The few studies investigating the presence of the deficit
syndrome (using the SDS) in samples of patients with non-schizo-
phrenic disorders (Gerbaldo et al., 1997; Peralta and Cuesta, 2004), re-
ported that enduring negative symptoms occur also in disorders other
than schizophrenia (in 2-22% of the non-schizophrenic psychosis,
Peralta and Cuesta, 2004). In the latter study, the presence of enduring
negative symptoms per se was associated to poor outcome and risk fac-
tors generally observed for DS. As reviewed in the present paper, key
findings concerning risk factors and associations with external
validators seem to indicate that PNS andDS share several characteristics
relevant to pathophysiological models of enduring negative symptoms.
The association of both DS and PNS with poor premorbid adjustment
and DUP might indicate a relationship with early neurodevelopmental
abnormalities and a progression due to neurobiological changes occur-
ring after the onset of psychosis. The association of DS with reduced
general cognitive abilities, neurological soft signs and movement disor-
ders lends further support to the hypothesis of pervasive
neurodevelopmental abnormalities (Peralta et al., 2014). Recent find-
ings of increased network density only in DS patients, which might re-
flect decreased differentiation of networks during development,
would strengthen this hypothesis. In this perspective, early-onset alter-
ations of experience-dependent plasticity would interfere with struc-
tural and functional connectivity subserving the acquisition of basic
neurological and socio-cognitive skills in DS (Galderisi et al., 2002;
Galderisi et al., 2008; Peralta et al., 2014; Wheeler et al., 2015). The
onset of psychosis might add to this altered connectivity producing a
further impairment in brain plasticity related to abnormal salience attri-
bution to stimuli and eventswith no intrinsic reward value (Horga et al.,
2016; Howes and Kapur, 2009). If PNS and DS are the results of perva-
sive neurodevelopmental disorders, the implication for treatment are
complex: a combination of psychosocial rehabilitation programs and
techniques to improve brain plasticity should be implemented to favor
the development of never-acquired functions and facilitate experi-
ence-dependent plastic changes to re-shape functional and structural
connectivity within relevant networks.

Factor analyses and experimental studies suggest that even primary
and persistent negative symptoms include different psychopathological
domains, i.e., avolition and diminished expression. A study using both a
categorical and dimensional approach to characterize functional imag-
ing correlates of enduring negative symptoms (Mucci et al., 2015a) re-
ported that DS and avolition, but not expressive deficit, was associated
with a reduction of dorsal caudate activity during reward anticipation.
Both animal and human experimental data suggest that the dorsal stri-
atumhas a prominent role inmotivation (Balleine andO'Doherty, 2010;
Miller et al., 2014;Morris et al., 2015; Palmiter, 2008). A reduced ventral
striatal activation during anticipation of reward (Kirschner et al., 2016;
Radua et al., 2015) has also been reported in patients with anhedonia
and avolition. However, these studies did not characterize avolition
and anhedonia as enduring, and the relevance of these findings to PNS
or DS is not clear. A refinement of the hypothesis concerning the
avolition dimension of enduring negative symptoms heavily depends
on studies including subjects with persistent avolition and anhedonia.
Pathophysiological models of expressive deficit were not explored in
subjects with either DS or PNS.

In conclusion, studies using both categorical and dimensional ap-
proaches and a longitudinal design are needed to refine hypotheses
concerning enduring negative symptoms, whose treatment remains
an unmet need of schizophrenia. The association of both DS and PNS
with poor long-term outcome requires a focused and dedicated effort
to unravel their pathophysiology thus contributing to the development
of new treatments.
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