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Abstract

Deficits in odor identification have been the most frequently described in schizophrenia (SZ). A
relationship between dysfunction in odor identification and negative symptoms of SZ has also
been reported. Furthermore, deficit SZ (a subtype of the illness with primary, enduring negative
symptoms) has been found to be associated with a particularly poor performance on odor
identification tests indicating that deficits in smell identification could be differentially expressed
in some subtypes of SZ. We describe correlations of performance on smell identification with
positive and negative symptoms of SZ. Patients with SZ (n=15) and normal controls (h=19) were
tested by the University of Pennsylvania Smell Identification Test (UPSIT). Psychopathology was
assessed with the Scales for the Assessment of Positive and Negative Symptoms (SAPS and
SANS). SZ patients performed more poorly on the UPSIT test than did normal controls.
Consistent with previous findings, we observed a correlation of SANS with UPSIT performance.
In particular, specific subdomains of SANS, such as blunted affect, apathy and anhedonia, were
associated with odor identification deficits. Furthermore, UPSIT score predict these subdomains of
negative symptoms. No correlation was observed between positive symptom and odor
identification deficits. Our study further reinforces a relation between olfactory identification
deficit and negative symptoms in SZ and suggests that smell identification could be a candidate
endophenotype relevant to negative symptoms of SZ.
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1. Introduction

Schizophrenia (SZ) is a severe brain disorder characterized by positive symptoms (e.g.,
delusions and hallucinations), negative symptoms (e.g., affective flattening, apathy, and
social withdrawal), and cognitive dysfunction. The disease typically affects adolescents and
young adults, and the majority of the cases have a chronic course, resulting in abnormal
mental functions and significant social disability (Sawa and Snyder, 2002; Thaker and
Carpenter, 2001). Despite considerable research, neither the etiology nor pathogenesis that
underlies such functional deficits is yet fully understood.

The relevance of the olfactory system in the study of the pathophysiology of SZ is
underscored by several reports that patients with SZ exhibit significant deficits in olfactory
function, including odor identification (Stedman and Clair, 1998), detection threshold
sensitivity (Turetsky and Moberg, 2009), discrimination (Dunn and Weller, 1989), and
memory (Wu et al., 1993). Among such olfactory dysfunctions, deficits in odor
identification have been the most frequently described in SZ (Cascella et al., 2007). Studies
with use of the University of Pennsylvania Smell Identification Test (UPSIT) (Doty et al.,
1984), show that up to 80% of SZ patients have deficits in odor identification, whereas less
than 15% of the general population show such deficits (Moberg et al., 1999). These deficits
are seen early in the course of the illness and appear to be correlated with the duration of the
disorder, although independent of normal aging effects (Kopala et al., 1995). The impact of
possible confounding variables, such as gender, medication, or smoking history, has also not
been significant (Brewer et al., 2001; Corcoran et al., 2005; Malaspina and Coleman, 2003;
Moberg et al., 1999; Moberg et al., 2006; Roalf et al., 2006; Rupp et al., 2005a; Rupp et al.,
2005b; Ugur et al., 2005). The relationship between smoking and odor identification tasks
was even paradoxical in some studies indicating a “normalizing” effect of smoking (i.e.
nicotine) on odor identification (Brewer et al., 1996; Malaspina and Coleman, 2003;
McLean et al., 2004). A relationship between dysfunction in odor identification and negative
symptoms of SZ has also been described (Brewer et al., 1996; Brewer et al., 2001; Coleman
et al., 2002; Corcoran et al., 2005; Good et al., 2006; Malaspina and Coleman, 2003;
Moberg et al., 2006; Stedman and Clair, 1998). Furthermore, deficit SZ (i.e., a subtype of
the illness with primary, enduring negative symptoms) has been found to be associated with
a particularly poor performance on the UPSIT (Malaspina and Coleman, 2003; Malaspina et
al., 2002; Moberg et al., 2006; Strauss et al., 2009), indicating that deficits in smell
identification could be differentially expressed in some subtypes of SZ.

Here we report results on the association of olfactory deficits with clinical variables in SZ.
We found that specific subdomains of negative symptoms (apathy, anhedonia, and affective
flattening) were significantly correlated with and predicted poor performance on the UPSIT
in SZ patients.

2. Subjects and methods

2.1. Subjects and clinical measures

Nineteen subjects diagnosed with SZ according to criteria of the Diagnostic and Statistical
Manual of Mental Disorders—Fourth Edition (DSM-IV) (American Psychiatric Association.
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and American Psychiatric Association. Task Force on DSM-1V, 2000) and 20 age- and
education-matched normal controls participated in the study. Patients were recruited from
the outpatient psychiatric clinics of the Johns Hopkins Medical Institutions. Normal controls
were recruited from the general population through flyers posted at the Hopkins Hospital
and an ad-hoc ad placed in a local magazine. All subjects were administered the Structured
Clinical Interview for DSM-IV Axis | Disorders-Clinician Version (SCID-1V) (First et al.,
1997). All patients were assessed with the Scales for the Assessment of Positive and
Negative Symptoms (SAPS and SANS) (Andreasen and Olsen, 1982) by a study psychiatrist
that specializes in schizophrenia (NC). Subjects were excluded if they had a history of
traumatic brain injury with loss of consciousness for > 1 h, a history of drug abuse within 6
months of the study or drug dependence within 12 months of the study, a history of
untreated major medical illnesses. The study was approved by the Hopkins Institutional
Review Board, and all subjects gave their written consent for their participation.

2.2. Olfactory identification test procedures

Olfactory identification assessments were conducted using the UPSIT (Doty et al., 1984),
which is a scratch-and-sniff test consisting of four multiple-choice options for each of 40
items. In this study, the UPSIT was performed birhinally (both nostrils at a time) in a self-
administered way. Participants were asked to scratch each microencapsulated patch
containing the odor with a pencil, sniff it, and then select the name of the released odor from
among four alternatives. The number of correct items is summed to determine an overall
score (possible range, 0-40), with higher scores indicating better olfactory identification
ability. Subjects were excluded if they had conditions like colds or allergies that would limit
their ability to identify odors.

2.3. Data analysis

3. Results

Univariate analysis of variance was used to compare SZ patients and controls on continuous
variables. Chi-square was applied when necessary for categorical variables. Pearson’s r
correlation was used to correlate demographic and each subdomain and total of SANS and
SAPS with UPSIT scores. We exclude the subdomain of attention from SANS total, because
this subdomain does not represent negative symptoms that reflect diminished sense of
purpose, poverty of speech, diminished interest, and diminished social drive (Milev et al.,
2005). To assess possible confounding effects of age, sex, smoking status, years of
education, and duration of illness, each confounder was included individually in a multiple
linear regression with UPSIT score. This modeling strategy was utilized because of the
small sample size in the study. The estimated slopes from the multiple linear regression
models were compared to those obtained from the simple linear regressions.

Table 1 shows the demographic characteristics of the study subjects. Of the 19 SZ patients
recruited for the study, 15 had fully available data on the UPSIT test; while 19 of the 20
control subjects had full data sets. Univariate analysis of variance showed significant
differences between patients and controls on the smell identification test (Fig. 1 and Table
1). SZ patients and controls did not differ significantly in age, sex, education, smoking
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status, and smoking history assessed by Brinkman Index (the number of cigarette packs
smoked per day multiplied by the number of years of smoking) (Table 1). The differences
on UPSIT score between smokers and nonsmokers were not statistically significant within
each group. There was no correlation of the Brinkman index with UPSIT within each group
as well as for the two groups combined together.

To test a possible relationship between UPSIT score and clinical traits, we used simple
linear regression models to quantify the relationship of UPSIT score to SAPS or SANS
measures. Individual SANS subdomains of apathy, anhedonia, and affective flattening as
well as SANS total score were negatively associated with UPSIT score, even after
controlling for age, sex, smoking status, years of education, and duration of illness (Fig. 2
and Table 2). No positive symptoms were significantly correlated with smell test scores.

4. Discussion

In this study, we found significantly lower UPSIT scores in SZ patients compared to healthy
controls well-matched for age, education, and smoking status, which are consistent with the
majority of published reports (see Table 3). Previous reports have also suggested that odor
deficits are associated with negative symptoms. In the present study, we further characterize
this correlation and report that subdomains of SANS, such as anhedonia, blunted affect and
apathy, are specifically correlated with the odor deficit. Of importance, we found that those
specific subdomains predict UPSIT score.

Olfactory identification deficits might reflect abnormalities of both peripheral and central
olfactory circuitry. Several studies have suggested that the processing of olfactory
information is involved in several brain regions, including right orbitofrontal cortex and
amygdala, which also play a role in mediating emotional experience and expression
(Davidson and Slagter, 2000; Francis et al., 1999; Gur et al., 1994; Moberg et al., 2003;
Rolls, 1999; Zald and Pardo, 1997; Zatorre et al., 1992). In addition, recent evidence
indicates that there are abnormalities in olfactory epithelium and olfactory receptor neurons
in patients with SZ (Arnold et al., 2001; Arnold et al., 1998; Borgmann-Winter et al., 2009;
Feron et al., 1999; McCurdy et al., 2006).

The sample of this study is relatively small in size. Nonetheless, we could replicate a basic
tenet of an association between UPSIT score and negative symptoms of SZ. There have been
few exceptions to this association (Brewer et al., 2003; Roalf et al., 2006; Rupp et al.,

2005a; Rupp et al., 2005b; Szeszko et al., 2004; Ugur et al., 2005). However, these negative
studies have used different methods from the UPSIT to assess odor identification (Rupp et
al., 2005a; Rupp et al., 2005b; Ugur et al., 2005), UPSIT was administered unirhinally
(Roalf et al., 2006; Szeszko et al., 2004), or the study’s population consisted of subjects at
“ultra high-risk” for psychosis (Brewer et al., 2003). Successful replication of this
association with a small sample size may have particular significance in relation to some
biological studies of SZ. Molecular profiling with patient-derived neurons and induced
pluripotent stem cells is very important for exploring biomarkers and disease mechanisms
for SZ (Kano et al., 2009; Sawa and Cascella, 2009; Tajinda et al., 2009). However, a
drawback of studies with these cells/tissues may be the difficulty of achieving a large cohort.
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Studying UPSIT score in association with molecular profiles of these patient materials may
shed important biological insight in negative symptoms of SZ.
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Fig. 1.
Differences between schizophrenia patients and controls on UPSIT. Univariate analysis of

variance showed that UPSIT score of patients was significantly lower than that of controls.
Cross bars indicate mean + SD.
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Correlation between SANS total and UPSIT.
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Table 1

Characteristics of the patient and control groups.

Characteristics®

Schizophrenia (N=15) Control (N=19) p

Age (years) 37.47 +10.67 36.00+10.89  0.70
Sex (male/female) 9/6 14/5 0.402
Education (years) 11.93+2.71 12.84+1.86 0.26
Current smoking status (smoker/nonsmoker) 8/7 6/13 0.202
Smoking history (Brinkman Index)3 8.18+12.32 6.73+£8.69 0.72
SANS (total) 7.40 +3.44

SAPS (total) 4.40 + 2.90

Duration of illness (years) 17.25+9.69

Neuroleptics 14/15

Antidepressants 6/15

Mood stabilizers 1/15

Anticholinergic agents 3/15

UPSIT score 29.80 + 4.62 33.37+£3.13 0.01

1Values expressed as means * standard deviations unless otherwise indicated.

2
XZ-

3Brinkman Index = the number of cigarette packs smoked per day is multiplied by the number of years of smoking.
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