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Abstract

Given the presence of odor identification impairment in individuals with schizophrenia and recent

evidence of aberrant odor hedonic processing, the aim of this investigation was to examine the

influence of valence and intensity on odor identification in schizophrenia patients, their first-

degree family members, and young persons at clinical risk for psychosis. Participants completed

the 16-item Sniffin’ Stick Odor Identification Test. A logistic regression was conducted to assess

the influence of valence and intensity on odor identification accuracy. Identification performance

in the schizophrenia patients and youths at clinical risk for psychosis was significantly influenced

by odor valence, but not intensity. Identification accuracy in first-degree family members was not

influenced by valence or intensity. These data suggest that abnormalities in odor valence

perception may represent an environmentally-mediated marker for hedonic disturbance that could

have predictive utility in future conversion to psychosis. Further research examining the utility of

odor valence measures as markers for psychosis risk are warranted.
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Introduction

Prior studies have indicated that the ability to assign valence ratings to pleasant, but not

unpleasant, odors is aberrant in schizophrenia (Crespo-Facorro, Paradiso et al., 2001).

Notably, deficit syndrome patients under-rated the pleasantness of pleasant odors relative to

non-deficit patients and controls (Strauss, Allen et al., 2010). We previously examined how

schizophrenia patients rate the pleasantness of amyl acetate, a banana-like odor, at varying

concentrations (Kamath, Moberg et al., 2013; Moberg, Arnold et al., 2003). Patients under-

appreciated the pleasantness of amyl acetate at concentrations judged as pleasant by controls

and over-rated its pleasantness at the concentration judged by controls, as relatively

unpleasant (Kamath, et al., 2013). In contrast, first-degree family members of schizophrenia

patients showed normal odor hedonic ratings (Kamath, et al., 2013; Schneider, Habel et al.,

2007).

Given that odor hedonic processing and odor identification performance are disrupted in

schizophrenia (Moberg, Kamath et al., 2013), recent studies have examined whether odor

identification is influenced by valence. In one prior study, we found that patients were less

accurate when identifying pleasant and neutral odors, but were not impaired in their ability

to identify unpleasant odors (Kamath, Turetsky et al., 2011c). Similarly, schizophrenia

inpatients showed a selective deficit for identifying pleasant, but not unpleasant, odors on a

brief measure of odor identification (Kamath, Bedwell et al., 2011a). However, a third study,

which used only a limited subset of these odorants, found no influence of valence on odor

identification ability (Strauss, et al., 2010). Results are thus somewhat inconsistent. It is also

unclear if this pattern of deficits extends to first-degree relatives of schizophrenia patients or

to at-risk samples, two cohorts in which attenuated odor identification performance has been

repeatedly observed (Brewer, Wood et al., 2003; Kopala, Good et al., 2001). The aim of the

current study was to examine the influence of valence and intensity on odor identification

performance in a larger cohort of schizophrenia patients and separate cohorts of non-ill first-

degree relatives and youths at risk for psychosis. One limitation of all prior studies was the

use of a categorical classification of odors as either pleasant or unpleasant. We therefore

examined the influence of valence and intensity using continuous, rather than categorical,

normative ratings of both odor attributes.

Method

Participants

Adult Cohort—The sample included sixty-four individuals meeting DSM-IV criteria for

schizophrenia, 27 first-degree relatives of schizophrenia patients, and 54 healthy individuals

drawn from the available subject pool at the University of Pennsylvania Schizophrenia

Research Center (SRC). All subjects who participate in SRC studies are screened for any

history of neurological disorder, head trauma with loss of consciousness, substance abuse
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within the preceding six months, positive urine drug screen, or medical conditions affecting

cerebral functioning. Subjects who present with any of these conditions are not enrolled. On

average 22.6% of potential subjects are excluded. None of the participants in this study had

any obvious craniofacial abnormality (e.g., septal deviation) or acute respiratory condition.

All study procedures were approved by the University of Pennsylvania Institutional Review

Board (IRB), in compliance with the Declaration of Helsinki’s ethical standards in the

treatment of human research participants. Participants provided written informed consent

following a full explanation of the study procedures. Data from these subjects were included

in a previous publication (Kamath, Turetsky et al., 2011b).

Consensus best-estimate DSM-IV diagnoses for schizophrenia were established using a

semi-structured diagnostic interview (Structured Clinical Interview for DSM-IV - Patient

Edition; First, Spitzer et al., 1996), medical record review, and available information from

family and care providers. Patients were administered Scales for the Assessment of Negative

Symptoms (SANS; Andreasen, 1984a) and Positive Symptoms (SAPS; Andreasen, 1984b).

Controls and family members were assessed for current or past DSM-IV Axis I or Axis II

disorders (First, Spitzer et al., 1995) and excluded for any current Axis I disorder,

psychotropic medication use, or history of substance abuse or dependence in the preceding 6

months. Controls were also excluded if they had an Axis II cluster A disorder or a first-

degree relative with a psychotic illness. A prior history of depression (major depressive

disorder or depression not otherwise specified) was not exclusionary, provided there was no

current clinical symptomatology or pharmacologic treatment. Three controls and 3 family

members had diagnoses of past depression. The family member cohort was comprised of 5

parents, 18 siblings, and 4 offspring of schizophrenia patients. Four subjects from our family

member cohort were biological relatives of our schizophrenia cohort.

Groups did not differ in age [F(2,142) = 1.52, p = .22], sex composition [χ2 = 4.50, df = 2, p

= .11], or race [χ2 = 9.64, df = 6, p = .14]. Groups differed in educational attainment

[F(2,142) = 8.64, p < .01]. Controls had more education than patients [F(1,142) = 17.27, p

< .01]. Family members had an intermediate level of education, but did not differ

significantly from either controls [F(1,142) = 3.04, p = .08] or patients [F(1,142) = 2.42, p

= .12]. The three groups did not differ in parental education [Wilks’ Lambda = 0.95,

F(4,228) = 1.35, p = 0.25], an estimate of potential that minimizes the confound of illness

(Resnick, 1992). Group differences in smoking (packs/day) were statistically significant

[F(2,142) = 6.02, p < .01]. Patients reported a higher smoking burden than controls

[F(1,142) = 10.96, p < .01] or family members [F(1,142) = 4.77, p = .03; see Table 1].

Schizophrenia patients were either unmedicated (n = 4), taking atypical antipsychotic

medication (n = 8), typical antipsychotic medication (n = 39), combination of both typical

and atypical antipsychotic medications (n = 2), or other psychotropic medications at the time

of testing (n = 10). Medication dosages were converted to chlorpromazine equivalents using

published reference tables (Kroken, Johnsen et al., 2009). Medication data were unavailable

for one individual and medication dosages were unknown for three individuals.

Adolescent and Young Adult Cohort—Individuals who exhibited prodromal

symptoms but did not meet criteria for a DSM-IV axis I psychotic disorder (Clinical Risk;

CR, n = 15), and symptom-free comparison subjects (Low Risk; LR, n = 14) were recruited
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to the Neurodevelopment in Adolescence and Young Adulthood (NAYA) research program

at the University of Pennsylvania. Informed consent was obtained from all young adult

participants; parental consent and child assent were obtained for subjects under the age of

18. Exclusion criteria noted for the adult cohort above were applied, except that DSM-IV

substance use and mood or anxiety disorders were not exclusionary for CR subjects. Five

CR subjects had a depressive disorder and 2 had substance use disorders. Two CR subjects

had a prior history of depression. Individuals were administered the Wechsler Test of Adult

Reading (WTAR; Wechsler, 2001) to obtain an estimate of verbal intellectual functioning.

Participants with a standard score below 70 were excluded.

Trained diagnosticians administered the Diagnostic Interview for Genetic Studies (DIGS;

Nurnberger, Blehar et al., 1994), the Structured Clinical Interview for DSM-IV-F (Anxiety)

Module (SCID; First, et al., 1996), and the Family Interview for Genetic Studies (FIGS;

NIMH Genetics Initiative, 1992) to each participant. Participants were assessed for current

or history of a DSM-IV axis II cluster A disorder (First, Gibbon et al., 1997). Prodromal

symptomatology was assessed using the Structured Interview for Prodromal Syndromes

(SIPS; McGlashan, Miller et al., 2003) and the Scale of Prodromal Symptoms (SOPS;

McGlashan, Miller et al., 2001; McGlashan, et al., 2003; Miller, McGlashan et al., 1999).

Prodromal criteria included at least one positive symptom rated 3-5 or at least two negative

and/or disorganized symptoms rated 3-6 on the SOPS. Symptoms had to be present during

the 6 months prior to testing. Prodromal symptoms in the CR subjects were as follows: 9

showed a mixture of positive, negative and disorganized symptoms, 4 exhibited only

positive symptoms, and 2 had only disorganized symptoms. Medical, developmental,

psychiatric, and social history was collected for each individual and consensus diagnoses

were achieved via case review by two or more doctoral level clinicians (MEC, CGK, REG,

KBW, BIT). Two CR subjects (2 offspring from 2 families) were also first-degree biological

relatives of schizophrenia probands.

Groups did not differ in age [F(1,27) = 3.08, p = .09], sex [χ2 = 1.66, df = 1, p = .20], or race

[χ2 = 7.54, df = 3, p = .06]. Controls had more education than CR subjects [F(1,27) = 8.64, p

= .03]; however, groups did not differ in parental education [Wilks’ Lambda = 0.93, F(2,22)

= 0.79, p = 0.47]. CR subjects had significantly lower scores on the WTAR [F(1,27) =

12.61, p = .001]. Group difference in smoking (packs/day) was not statistically significant

[F(1,24) = 0.86, p = .36; see Table 2]. CR subjects were either unmedicated (n = 12), taking

atypical antipsychotic medication (n = 1), taking a stimulant medication (n = 1), or taking

other psychotropic medications at the time of testing (n = 1). With the exception of 5 CR

subjects, data from these subjects were included in a previous publication (Kamath, et al.,

2011b).

Psychophysical Olfactory Assessment

Each participant was administered the Sniffin’ Sticks Odor Identification test (Hummel,

Sekinger et al., 1997; Kobal, Hummel et al., 1996). Sixteen odor-impregnated markers were

presented sequentially to the participant’s nares birhinally by a trained technician. The

subject was asked to identify each odor, using a four-alternative multiple-choice format and

received one point for each correct response. Normative values for the valence and intensity
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of each odor were established, previously, by the inventors of the Sniffin’ Sticks (Hummel,

et al., 1997). Subjects in their normative sample of 63 healthy subjects (32 male, 31 female)

rated each of the 16 odors using a visual analog scale that ranged from −50 (absolutely

unpleasant) to 50 units (absolutely pleasant) for valence and from 0 (no odor perceived) to

100 (highest intensity possible) for intensity. For example, the odor ‘orange’ was coded with

an intensity value of 67 and a hedonics value of 24. Normative mean hedonic rating was

+9.5 ± 22.7 SD; normative mean intensity rating was 77.2 ± 8.4 SD.

Statistical Analyses

The influence of valence and intensity on identification accuracy was assessed using the

logistic regression model in the Generalized Linear Latent and Mixed Models (GLLAMM)

algorithm implemented in Stata 9.0 (StataCorp; College Station, TX, USA), to allow

adjustment for the nonindependence of within-subject odor scores.

In the initial logistic regression model, odor identification accuracy (coded as 1 or 0 for each

odor) was the dependent measure. Odor valence, odor intensity, group (patient/relative/

control), group-by-valence and group-by-intensity interactions were fixed-effect predictors

of response, with subject included as a random-effects factor. Non-significant interactions

(i.e., group-by-intensity interaction) were dropped from the final model. The significance

levels of individual model parameters were assessed using the Wald test statistic with χ2

distribution. Significant main effects and interactions were further parsed by post-hoc

computation of χ2 statistics for appropriate linear combinations of the model coefficients,

along with their associated z-statistic and p-value, and odds ratios for significant predictors

were determined.

Results

Odor Identification in Schizophrenia Patients and Non-ill Family Members

Effects of Odor Valence and Intensity—There were statistically significant main

effects of diagnosis [χ2 = 17.45, df = 2, p = 0.0002] and odor intensity [χ2 = 11.25, df = 1, p

= 0.0008], and a diagnosis-by-valence interaction [χ2 = 10.03, df = 2, p = 0.007]. The

diagnosis-by-intensity interaction was not significant [χ2 = 2.14, df = 2, p = 0.343]. Patients

were 57% as likely [OR = 0.5723092, χ2 = 16.07, df = 1, p = 0.0001] and family members

were 60% as likely [OR = 0.6009236, χ2 = 8.76, df = 1, p = 0.003] as controls to correctly

identify each odor. A 10-point increase in odor intensity increased the likelihood of correct

odor identification by 22% across all groups (OR = 1.224347; see Figure 1). Odor

identification performance was influenced by valence in schizophrenia patients [χ2 = 6.30, df

= 1, p = 0.012], but not in family members [χ2 = 0.18, df = 1, p = 0.675]. Every 10-point

increase in odor pleasantness reduced the likelihood of correct patient identification by 7%

(OR = 0.9331055, p = .040). Sex, age and smoking (packs/day) were not significant

independent predictors of odor identification accuracy and inclusion of these as covariates

did not alter the observed effects.

Relationships with Demographic and Clinical Indices—In schizophrenia patients,

negative symptoms (SANS total score) were inversely associated with identification
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accuracy [χ2 = 8.42, df = 1, p = 0.004], but the negative symptoms-by-hedonic valence

interaction was not significant [χ2 = 0.37, df = 1, p = 0.54]. Positive symptomatology, age,

sex, medication dosage, age of onset and illness duration were all unrelated to performance

and none of these measures interacted significantly with odor valence [all p’s > .10].

Odor Identification in At-Risk Youth

Effects of Odor Valence and Intensity—There were statistically significant main

effects of diagnosis [χ2 = 7.41, df = 1, p = 0.007] and intensity [χ2 = 6.47, df = 1, p = 0.01].

Clinical risk youths were 50% as likely as low risk controls to correctly identify each odor.

A 10-point increase in odor intensity increased the likelihood of correct odor identification

by 41% across both groups. The diagnosis-by-valence interaction for odor identification

accuracy was also statistically significant [χ2 = 4.71, df = 1, p = 0.03]. Performance of CR

subjects, like that of schizophrenia patients, was adversely affected by increasing odor

pleasantness. A 10-point increase in pleasantness reduced the likelihood of correct odor

identification in CR subjects by 10% (see Figure 2). The diagnosis-by-intensity interaction

was not significant [p = 0.17]. Inclusion of age, education, sex, and WTAR score as

covariates did not alter the findings. Similarly, the presence or absence of other psychiatric

comorbidity had no effect on performance.

Relationships with Demographic and Clinical Indices—Within the CR group, the

relationship between prodromal symptoms and overall performance was not statistically

significant [p = .82], and prodromal symptoms did not interact with odor valence to

modulate identification accuracy [p = .38].

Discussion

In this study, we observed that odor identification accuracy was influenced by valence in

schizophrenia patients and youths at clinical risk for psychosis, but not in individuals with

an isolated genetic vulnerability. Importantly, odor intensity was not a significant predictor

of identification accuracy. Therefore, the effects of odor valence on identification

performance were not secondary to impaired odor strength perception. These findings

replicate prior findings in schizophrenia (Kamath, et al., 2011a; Kamath, et al., 2011c) and

extend them to individuals at clinical risk for psychosis, using a more sophisticated

quantitative analysis of individual odor attributes. The significant effect of valence on

identification accuracy in patients and clinical-risk youth stands in contrast to the first-

degree family members. Notably, family members had reduced identification accuracy for

odors that was not impacted by the odors’ attributes. Though there is an abundance of

literature on neurobehavioral impairments in unaffected first-degree family members (for a

review, see: Snitz, Macdonald et al., 2006), these impairments are of relatively limited

utility for predicting either schizophrenia onset or prognosis, as conversion to schizophrenia

among family members is only about 10% (Seidman et al., 2010). Rather, measures that

clinical-risk subjects share with schizophrenia patients, but which distinguish them from

symptom-free family members, may be most informative regarding prospective or incipient

conversion to psychosis. A prior study by Seidman et al. (2010) found that clinical-risk

subjects had patterns of neurocognitive impairment that were distinct from those of family
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members with isolated genetic risk. Furthermore, domains of cognitive impairment were not

predictive of transition to schizophrenia in genetic-risk youths (Whyte, Brett et al., 2006),

suggesting relatively stable deficits. Thus, there is a need to ascertain what specific

impairments function as genetically mediated markers of neurodevelopmental vulnerability,

predictors of the emergence of psychotic symptoms, or both. The findings of the current

study suggest that, while patients, non-ill relatives, and at-risk youth all have impairments in

odor identification, they can be distinguished by the modulating effect of odor valence on

performance. It remains to be determined, of course, whether this odor hedonic disturbance

is, in fact, informative regarding conversion to psychosis or prognosis.

Studies of both schizophrenia patients and at-risk youths have noted that anhedonia and

emotional disturbance are trait-related deficits that are evident before the onset of illness and

may have predictive utility in differentiating converters from non-converters (Velthorst,

Nieman et al., 2009). In addition, altered sulcogyral patterns in the orbitofrontal cortex

(OFC), a key brain region involved in odor hedonic processing and sensory integration, were

found to differentiate schizophrenia patients and individuals who convert to schizophrenia

from non-converters and controls (Chakirova, Welch et al., 2010; Nakamura, Nestor et al.,

2007). Therefore, odor valence measures, reflective of both hedonic disturbance and

orbitofrontal impairment, could have predictive utility in identifying those at risk for the

development of schizophrenia. Also, there is growing evidence that pleasant and unpleasant

odors are processed, at least in part, in separate neural substrates (Grabenhorst, Rolls et al.,

2007; Kim & Watanuki, 2003; Rolls, Kringelbach et al., 2003). The differential effect of

positive vs. negative hedonic valence on odor identification performance may, therefore,

facilitate a more precise understanding of the neuropathology underlying patient olfactory

impairments.

Though odor hedonic processing has not received much attention in first-degree relatives of

schizophrenia patients, one study by our group found that relatives were not impaired in

odor pleasantness perception (Kamath, et al., 2013). Schneider et al. (2007) also found that

siblings of schizophrenia patients did not differ from controls in subjective valence

perception of either an unpleasant (yeast) or a pleasant (vanillin) odor, although they did

observe reduced frontal cortical activity in both patients and their siblings during the

processing of yeast but not vanillin. Thus, it is possible that relatives have abnormalities in

odor hedonic processing, but these subtle deficits do not translate to impairment at the

behavioral level. The evidence from this study, however, suggests that they have moderate

impairments in odor identification (~0.5 standard deviations below healthy comparison

subjects) that are not modulated by odor valence or intensity.

Given that olfactory deficits have also been observed in other psychiatric conditions, it

remains to be determined if the influence of valence on odor identification performance is

specific to schizophrenia or is also seen in other psychiatric disorders. Three prior studies

examined odor identification deficits in clinical high-risk subjects relative to low-risk

controls (Brewer et al., 2003; Kamath et al., 2012; Woodberry et al., 2010). These studies

showed a large composite effect size of −0.77 for odor identification deficits in these

subjects (Turetsky, Kamath et al., 2012) and in those individuals who subsequently

developed schizophrenia (−1.12). Notably, a small effect was observed in those who
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subsequently developed another psychotic illness (−0.24). These data provide initial

evidence that odor identification tests may be particularly sensitive to conversion to

schizophrenia. Future studies examining the effect of valence and intensity across

psychiatric diagnoses may provide additional utility in prediction of conversion to

schizophrenia. In the current study, we did not find that smoking or antipsychotic

medication dose significantly influenced olfactory performance. Both of these factors have

been previously shown to have a negligible impact on study effect sizes of olfactory

performance in schizophrenia. However, a recent meta-analysis by our group (Moberg, et

al., 2013) found that while overall medication status (medicated vs. unmedicated) and

chlorpromazine equivalents did not moderate study effect size, patients on a regimen of

typical antipsychotic medication showed significantly greater olfactory deficits than those

on a regimen of atypical antipsychotics. Our meta-analysis also found an overall beneficial

effect of smoking on olfactory function in patients which corresponds with a prior finding in

which patients with psychotic disorders who smoked showed enhanced olfactory scores

(McLean, Feron et al., 2004). Indeed, nicotine has been shown to facilitate cognition in

several prior studies as well (Jacobsen, D’Souza et al., 2004; Smith, Singh et al., 2002;

Smith, Warner-Cohen et al., 2006). Nevertheless, it is unclear how smoking and

antipsychotic medication use impacts the hedonic appreciation of odors. Thus, further work

is needed to address the impact of smoking and medication on odor valence processing.

The current study was limited by the lack of subjective participant intensity and valence

ratings, which would be useful in analyzing underlying differences in pleasantness and

intensity perception between groups. Instead, published normative data were used to capture

the dimensionality of odor valence and intensity ratings. Though we found that odor

identification performance in patients was influenced by normative differences in odor

valence, future studies are needed to determine if an individual participant’s perceptual

rating of hedonic quality would alter the observed results. Nevertheless, the results of the

current analysis suggest that valence affects odor identification in schizophrenia patients and

clinical risk youths, but not in first-degree relatives, reflecting an environmentally-mediated

disturbance associated with overt or subclinical illness.
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Figure 1.
Percent accuracy (mean±SE) by normative odor valence rating for schizophrenia patients

and healthy comparison subjects.
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Figure 2.
Percent accuracy (mean±SE) by normative odor valence rating for clinical-risk and low-risk

control groups.
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