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Background: Though olfactory deficits are well-docu-
mented in schizophrenia, fewer studies have examined
olfactory performance profiles across the psychosis spec-
trum. The current study examined odor identification,
discrimination, and detection threshold performance in
first-episode psychosis (FEP) patients diagnosed with
schizophrenia, schizoaffective disorder, bipolar disorder
with psychotic features, major depression with psychotic
features, and other psychotic conditions. Method: FEP
patients (n = 97) and healthy adults (» = 98) completed
birhinal assessments of odor identification, discrimination,
and detection threshold sensitivity for lyral and citralva.
Participants also completed measures of anticipatory plea-
sure, anhedonia, and empathy. Differences in olfactory
performances were assessed between FEP patients and
controls and within FEP subgroups. Sex-stratified post hoc
analyses were employed for a complete analysis of sex dif-
ferences. Relationships between self-report measures and
olfactory scores were also examined. Results: Individuals
with psychosis had poorer scores across all olfactory mea-
sures when compared to the control group. Within the
psychosis cohort, patients with schizophrenia-associated
psychosis had poorer odor identification, discrimination,
and citralva detection threshold scores relative to controls.
In schizophrenia patients, greater olfactory disturbance
was associated with increased negative symptomatology,
greater self-reported anhedonia, and lower self-reported
anticipatory pleasure. Patients with mood-associated psy-
chosis performed comparable to controls though men and
women in this cohort showed differential olfactory profiles.
Conclusions: These findings indicate that olfactory deficits
extend beyond measures of odor identification in FEP with
greater deficits observed in schizophrenia-related subgroups
of psychosis. Studies examining whether greater olfactory
dysfunction confers greater risk for developing schizophre-
nia relative to other forms of psychosis are warranted.
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Introduction

The central location of the olfactory system within
the medial forebrain makes it especially vulnerable
to disruption during early forebrain development.
Developmental abnormalities in schizophrenia during
a critical period of embryonic risk are thought to be
mirrored in both disturbed functional output and com-
promised structural integrity of the central olfactory
system.!” Olfactory epithelium-derived cells in patients
with schizophrenia also demonstrate molecular and cel-
lular changes relative to control cells,!? indicating that
abnormalities extend to the most peripheral aspects of
this system. Mounting evidence has pointed to the util-
ity of olfactory measures as informative surrogate bio-
logical markers of disease susceptibility tied to this fetal
risk period."

Studies of olfactory functioning have received the
greatest attention in schizophrenia with the largest defi-
cits observed on measures of odor identification ability.'
These findings persist after controlling for the influence
of sex,'> smoking burden,'® and task complexity.!” Odor
identification deficits are associated with increased nega-
tive symptoms, anhedonia, and poor personal hygiene.'*2
Olfactory impairment is also present irrespective of medi-
cation status as unmedicated patients show robust deficits
on measures of odor identification.?'?> Early investiga-
tions by Rupp et al**** found poor odor identification
and discrimination ability in adult men with schizophre-
nia, a finding that was replicated in a larger cohort.?
Schizophrenia patients also have variably reduced odor
detection threshold sensitivity. In particular, a selective
odor detection threshold deficit for lyral, an odorant that
has a low intracellular cyclic adenosine 3’,5-monophos-
phate (CAMP) response, but not citralva, an odorant with
a high adenylyl cyclase response, has been reported in
schizophrenia.* This finding is mechanistically insightful
as disrupted cAMP signaling has been implicated in the
pathophysiology of schizophrenia.?’

© The Author(s) 2017. Published by Oxford University Press on behalf of the Maryland Psychiatric Research Center.
All rights reserved. For permissions, please email: journals.permissions@oup.com


mailto:vkamath@jhmi.edu?subject=

Olfactory deficits have also been documented in unaf-
fected first-degree relatives of schizophrenia patients,*
adolescents and young adults with prodromal symptoms
of psychosis and patients newly diagnosed with a psy-
chotic condition.?>3%3! Though considerably fewer studies
have examined odor discrimination performance in pro-
dromal and first-episode psychosis (FEP) populations, at
least 1 study found that prodromal youth, but not first-
degree relatives, have impaired odor discrimination abil-
ity.” In neuroleptic-naive FEP subjects, the severity of
olfactory dysfunction did not improve with medication
stabilization®' and was found to predict poor outcome
when assessed longitudinally.®

Findings of olfactory deficits in schizophrenia have
propelled interest in other neuropsychiatric conditions
characterized by anhedonia, emotional disturbance, and
social impairment, particularly given the observation that
increased anhedonia during the schizophrenia prodrome
predicts conversion to psychosis.** Studies in bipolar dis-
order have generally found intact odor identification and
discrimination performances.*** In major depression,
olfactory findings are generally reported as intact,’¥40
though Clepce et al*® found reduced odor identification
ability in patients during a depressive episode compared
to their performances in the remitted state. Reduced
odor detection thresholds have been reported in major
depression,”* though see Swiecicki et al,** with nor-
malized olfactory scores following treatment.*' Though
multiple studies have found that olfactory disturbance is
associated with anhedonia and flat affect,** these inves-
tigations have not yet extended beyond schizophrenia
cohorts.

In the current study, we examined deficits in odor
identification, discrimination, and detection threshold in
newly diagnosed individuals across the psychosis spec-
trum and healthy controls. We then examined the extent
to which FEP patients with affective psychosis and FEP
patients with a core psychotic condition of schizophre-
nia or schizoaffective disorder differed from controls.
The relationships between clinician-administered and
self-report assessments of anhedonia and olfactory per-
formance were then explored within the FEP cohort and
these subgroups of interest.

Methods

Recruitment and Participants

This study was approved and conducted using guidelines
established by the Johns Hopkins School of Medicine
Institutional Review Board and in accordance with The
Code of Ethics of the World Medical Association (1964
Declaration of Helsinki). Each participant received a full
explanation of the study procedures. Written informed
consent was obtained for all participants 18 years and
older. Parental consent and assent was obtained for all
participants below age 18.

Olfaction in First-Episode Psychosis

Individuals with FEP (n = 97) and neurologically
and psychiatrically healthy participants (n = 98) were
recruited to the Johns Hopkins Schizophrenia Center.
Recruitment was limited to individuals between 13 and
35 years of age with the onset of psychosis within 24
months of the study. Diagnoses were established using
the Diagnostic Interview for Genetic Studies (DIGS)* or
the Structured Clinical Interview for DSM-IV—Patient
Edition (SCID)* and available information from the
patient’s care providers and medical record. Individuals
with a history of head trauma, nasal trauma, nasal sur-
gery, neurologic disorder, cancer, viral infection, and
reported history of intellectual disability were excluded.
Furthermore, participants with an estimated intellect
below 70 on the Hopkins Adult Reading Test* were
excluded from this study. Individuals who reported active
substance abuse or produced a urine drug screen positive
for illicit substance use, except marijuana, were excluded
from participation. Individuals were also excluded if
they were pregnant or taking anti-inflammatory agents.
Healthy comparison subjects were additionally screened
and excluded for a family history of schizophrenia or
schizophrenia-spectrum disorder. All participants were
instructed not to wear fragrances, smoke, eat or drink
anything 2 hours prior to olfactory testing. Individuals
were rescheduled if they had serious allergies or a sinus
cold on the day of testing.

The FEP cohort was comprised of individuals with
schizophrenia (n = 52), schizoaffective disorder (n = 12),
bipolar disorder with psychotic features (n = 19), major
depressive disorder with psychotic features (n = 6), psy-
chotic disorder not otherwise specified (n = 3), schizo-
phreniform disorder (n = 1), brief psychotic episode (n
= 1) and drug-induced psychosis (z = 3). Within the FEP
group, individuals were further categorized as having
schizophrenia-associated psychosis (SAP) or MAP. As 2
recent meta-analyses** found schizoaffective patients to
have illness characteristics more similar to schizophrenia
patients than that of individuals with bipolar psychosis
and major depression, we categorized individuals with
diagnoses of schizophrenia or schizoaffective disorder
into the schizophrenia-associated psychosis (SAP) group
(n = 64). Individuals with bipolar psychosis and major
depression with psychosis comprised the mood-associ-
ated psychosis (MAP) group (n = 25). Individuals with
psychotic disorder not otherwise specified, drug-induced
psychosis, schizophreniform disorder, and brief psychosis
were not categorized into the SAP and MAP subgroups.

In the FEP group, 11 patients were unmedicated at the
time of the study visit, of which 8 had been medicated with
a first or second generation antipsychotic medication in
the past. Four patients were taking a first-generation anti-
psychotic medication, 76 were taking second-generation
antipsychotic medication, and 6 were taking a combina-
tion of both first- and second-generation antipsychotic
medications. Available antipsychotic medication dosages
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were converted to chlorpromazine equivalents using pub-
lished reference tables.* Medication dosage information
was unavailable for 4 patients.

Demographic Analysis

Means, SDs, and frequencies for clinical and demographic
variables are presented in table 1. The FEP group and con-
trols did not differ with respect to age (¥, ,, = 1.56, P =.21)
and race (x> = 6.72, df = 4, P = .15). Groups differed with
respect to sex composition (x> = 18.56, df = 1, P < .001),
as the FEP group was comprised of a significantly greater
proportion of men (74.23%) than the comparison group
(43.88%). The control participants had more years of edu-
cation (F, ,,, = 19.37, P < .001). However, groups did not
differ with regard to parental education (Wilks F, ., = 0.05,
P =.95), an estimate of potential that minimizes the con-
found of illness.***! Overall group differences in smoking,
as measured by current packs per day, were statistically
significant as the FEP group smoked more than control
subjects (F) ,, = 13.00, P <.001).

Demographics variables were also compared between
the control group and the aforementioned SAP and MAP
subgroups. The 3 groups did not differ with respect to age,
race, or parental education but showed significant overall
differences with respect to sex composition (x> = 17.41,
df =2, P < .001), education (Fz,184 =9.21, P < .0l), and
current smoking (F, , = 8.34, P < .01). Healthy control
subjects and MAP subjects did not differ with respect to
education (F, ,, = 1.80, P = .18) but MAP subjects had
higher smoking levels (F, ,, = 4.01, P = .05). Compared
to controls, SAP subjects had lower educational attain-
ment (F = 19.99, P < .01) and higher smoking lev-
els (F) 4, = 16.57, P < .01). The MAP (x> = 3.23, df = 1,
P =.07)and SAP (y*=16.86, df =1, P <.001) subgroups
were comprised of a greater proportion of men than the

comparison group. The SAP and MAP subgroups did not
differ with respect to sex composition, education, mental
status, packs per day, age of onset, or duration of illness
(all Ps > .13). However, medication dosages, as measured
by chlorpromazine equivalents, were greater in the SAP

group (F1,83 =4.23, P=.04).

Olfactory Assessment

Odor Identification and Discrimination. Participants
were first administered the Sniffin® Sticks Odor

Identification and Discrimination test.’>> Each indi-
vidual was presented with a sequence of 16 scented pens
birhinally. Following the presentation of each odorant,
individuals were asked to identify the correct odor from
4 choices. During the 16-trial odor discrimination test, 3
scented pens were placed under the subject’s nares in suc-
cession. Subjects were asked to identify which odorant
differed from the other 2. Overall accuracy scores were
calculated by tallying the number of odors correctly iden-
tified and discriminated.

Odor Detection Threshold. Participants were then
administered 2 odor detection threshold tasks utilizing
lyral and citralva as the active odorants in a counterbal-
anced order. The task followed a single reversing staircase,
forced-choice format in which individuals were presented
with 2 vials, one with mineral oil and one containing the
active odorant diluted in mineral oil. Individuals were
then asked to identify which vial “smelled stronger.” The
concentration of the active odorant, citralva or lyral, to
mineral oil ranged from 107! molar (weakest) to 107!
molar (strongest); the test began at the 107° molar step.
The concentration was increased in full-molar incre-
ments until the participant correctly detected the odor on
5 consecutive trials. Once this baseline was established,

Table 1. Demographic and Clinical Characteristics of the Overall Sample

FEP (n =97) SAP (n = 64) MAP (n =25) HC (n = 98)
Mean (SD)/ n Mean (SD)/ n Mean (SD)/ n Mean (SD)/ n
Age (y) 22.45 (4.25) 22.41 (4.15) 23.52 (4.63) 23.17 (3.78)
Sex (men:women) 72:25 49:15 16:9 43:55
Education level (y) 13.25(2.44) 13.11 (2.34) 14.00 (2.78) 14.66 (2.04)
Pack-days 0.08 (0.19) 0.10 (0.22) 0.04 (0.14) 0.01 (0.05)
Illness duration (mo) 14.02 (11.04) 15.73 (11.40) 11.88 (9.74) —
Age of onset (y) 21.30 (4.32) 21.08 (4.28) 22.56 (4.63) —
Chlorpromazine equivalents 272.52 (272.65) 314.37 (290.51) 179.93 (212.58) —
MMSE? total score 27.67 (2.19) 27.48 (2.32) 28.21 (1.79) —
SANSP? total score 28.21 (20.38) 32.77 (20.44) 18.63 (17.60) —
SAPSe total score 14.93 (18.19) 17.84 (17.95) 9.67 (18.90) —

Note: FEP, First-Episode Psychosis; SAP, Schizophrenia-associated pyschosis; MAP, Mood-associated psychosis; HC, Healthy controls.

*MMSE, Mini-Mental State Examination.*
"SANS, Scale for the Assessment of Negative Symptoms.>
°SAPS, Scale for the Assessment of Positive Symptoms.®’
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the odor concentration was either increased following an
incorrect trial or decreased after 2 correct trials in half-
molar increments. The task was stopped once 7 reversal
points were reached. As described in prior work,*%* the
average of the last 4 threshold reversal points out of 7
total reversals was calculated for each task in order to
generate a total score. The total detection threshold score
reflected the weakest odor concentration reliably iden-
tified as stronger than mineral oil. The odor detection
task was initiated later in study enrollment resulting in
smaller analytic sample sizes. Fifty-five FEP patients and
66 control subjects had valid odor detection results for
inclusion.

Clinician-Administered and Self-Report Measures

The Mini-Mental State Examination (MMSE)* and
Scales for the Assessment of Negative Symptoms
(SANS)* and Positive Symptoms (SAPS)>” were admin-
istered by an experienced clinician to characterize men-
tal status and positive and negative symptom severity in
each patient. Participants completed inventories to assess
physical anhedonia, hedonic capacity, and empathic con-
cern. The 61-item Physical Anhedonia Scale (PAS)%>
is a self-report scale that assesses the diminished abil-
ity to experience pleasure. The Temporal Experience of
Pleasure Scale (TEPS)® is 18-item self-report inventory
designed to capture anticipatory and consummatory fac-
ets of hedonic pleasure. Individuals also completed two
7-item subscales of the Interpersonal Reactivity Index
(IRT)%! to assess empathic concern and perspective-taking
abilities.

Statistical Analyses

Raw olfactory scores were not normally distributed.
However, Kolmogorov-Smirnov tests conducted on
model residuals were not statistically significant and
normal probability plots of the residuals did not show
significant deviation from normality. As such, multi-
variate analysis of covariance was conducted to examine
overall differences in odor identification and discrimina-
tion performance between FEP patients and controls.
Group (FEP patient and control) and sex were entered as
between-group factors with scores on the odor identifica-
tion and odor discrimination measures entered as within-
subject factors. Given the significant group differences
in smoking, these analyses were repeated with pack-days
entered as a covariate. We then compared olfactory per-
formances between controls and the SAP and MAP sub-
groups. Group (control, SAP and MAP) and sex were
entered as between-group factors with scores on the odor
identification and odor discrimination measures entered
as within-subject factors. Given the significant group
differences in medication dosage between the MAP and
SAP subgroups, all post-hoc analyses between these sub-
groups were repeated with chlorpromazine equivalents

Olfaction in First-Episode Psychosis

entered as a covariate. Sex-stratified post hoc analyses
were employed as sex differences in olfactory perfor-
mance have been noted.'*%>% Means, SDs, and frequen-
cies for olfactory scores stratified by sex are presented in
supplementary table 1. To examine group differences in
odor detection threshold task performances, the above
analyses were repeated with performance on the lyral and
citralva trials entered as the within-subject factors.

Relationships between olfactory performance indi-
ces and clinical symptoms (negative symptoms, positive
symptoms), self-report measures, and medication dosage
were assessed with Pearson correlations in the FEP group
and MAP/SAP subgroups.

Finally, primary analyses were repeated using non-
parametric methods (ie, Kruskal Wallis ANOVA and
Spearman correlations) with the same pattern of findings
noted below.

Results

Odor Identification and Discrimination Performance

We first examined differences in odor identification and
discrimination performance between FEP patients and
healthy controls. The FEP group had greater difficulty
on measures of odor discrimination and odor identifica-
tion ability compared to healthy controls (£, = 10.26,
P < .001). The main effect of sex (F) ,, = 1.94, P =.16),
group by sex interaction (¥, ,, <0.01, P = .98), and group
by task interaction (F, , = 1.13, P =.29) was not statis-
tically significant. Overall group differences in olfactory
task performance persisted after including current smok-
ing as a covariate (F ,, = 10.02, P <.001) and when men
and women were examined separately. Means and SDs of
olfactory scores appear in table 2.

We then examined odor identification and discrimi-
nation performance in the controls and SAP and MAP
subgroups. The main effect of group was statistically sig-
nificant (F, ; = 7.96, P < .001; see figure 1). Individuals
in the MAP group did not differ significantly from
controls (F1,119 = 0.04, P = .84). In contrast, the SAP
group had significantly reduced odor identification and
discrimination performances relative to controls (F
= 15.59, P < .001) and the MAP subgroup (£, = 5.23,
P = .02). These latter differences between the SAP and
MAP subgroups persisted after including medication dos-
age as a covariate (F, ) = 4.82, P = .03). There was no
statistically significant group by task interaction (F,
1.02, P = .30).

Though the main effect of sex (F, ,, =1.21, P = .27) and
group by sex interaction (F, , = 0.50, P = .60) were not
statistically significant, we employed exploratory post hoc
analyses to examine differences separately between men
and women. Men and women in the MAP group did not
differ from healthy men and women (Ps > .62). Women in
the SAP group produced poorer odor identification and

discrimination scores compared to women in the MAP

181
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Table 2. Means (£ SDs) of Olfactory Performance Scores

FEP (n=97) SAP (n = 64) MAP (n = 25) HC (n=98)
Olfactory performance scores
Odor identification (16 items) 11.31 (2.46) 11.09 (2.43) 12.28 (2.28) 12.03 (1.89)
Odor discrimination (16 items) 9.72 (2.43) 9.50 (2.44) 10.32 (2.29) 10.96 (1.99)
(n=155) (n=135) (n=18) (n = 66)
Odor detection threshold scores?
Lyral detection threshold —4.22 (0.77) —4.18 (0.84) —4.29 (0.68) —4.49 (0.93)
Citralva detection threshold —4.52 (0.93) —4.26 (0.72) —4.99 (1.15) —4.96 (0.92)

Note: FEP, First-Episode Psychosis; SAP, Schizophrenia and schizoaffective disorder; MAP, Mood associated psychosis; HC, Healthy

controls.
“Lower scores reflect better detection threshold performance.
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Fig. 1. Olfactory task performance (£SE) in first-episode
psychosis (FEP) patients with schizophrenia-associated psychosis
(SAP) and mood-associated psychosis (MAP) relative to healthy
comparison (HC) subjects. Note: Individuals in the SAP group
performed significantly worse across both tasks compared to the
control group (P < .001) whereas the MAP group did not differ
significantly from controls.

group (F,,, = 4.72, P = .04) whereas differences between
men in the SAP and MAP subgroups were not statistically
significant (F) ., = 1.52, P = .22). This pattern of findings
remained after including current smoking burden as a
covariate in the overall analyses and medication dosage as

a covariate in contrasts between the FEP subgroups.

Relationship of Odor Identification and Discrimination
Performance to Iliness Characteristics and Self-Report
Measures

We examined relationships between odor identifica-
tion and discrimination performance and clinical and
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illness characteristics in the FEP group. In the FEP
group, poorer odor discrimination ability was associated
with increased clinician-rated negative symptomatology
(r = =27, P < .01) and lower self-reported empathic
concern (r = .23, P = .03). Furthermore, poorer odor
identification accuracy was associated with increased
self-reported physical anhedonia (r = —.23, P = .03) and
higher clinician-rated negative symptomatology (r =—.27,
P < .01) in the FEP group. Chlorpromazine equivalents
were not significantly related to odor identification or dis-
crimination scores in FEP patients (all Ps > .39).

In the SAP subgroup, increased self-reported physical
anhedonia (r =—.37, P < .01) and clinician-rated negative
symptomatology (r = —.28, P = .03) were associated with
reduced odor identification ability; these associations were
not observed in the MAP subgroup (all Ps > .16). Better
self-reported perspective-taking (» = .31, P =.01) and con-
summatory pleasure (» = .31, P = .01) was associated with
increased odor identification ability in the SAP group, but
not in the MAP group (all Ps > .16). These associations
were not robust to correction for multiple comparisons.

Odor Detection Threshold for Lyral and Citralva

Odor detection thresholds for lyral and citralva were then
examined in the FEP group relative to healthy subjects.
FEP patients had poorer odor detection thresholds com-
pared to the control group (F, ,, = 8.44, P < .01). The
main effect of sex (¥, = 0.16, P = .69) and sex by group
interaction (£, . = 0.63, P = .43) was not statistically
significant. Similarly, the interaction of group and odor-
ant type (lyral and citralva) was not statistically signifi-
cant (F,,, = 0.11, P =.74). After including smoking as a
covariate, the main effect of group persisted (F, = 7.77,
P < .01) and all other interactions remained nonsignifi-
cant (all Ps > .18). This pattern of findings persisted when
men and women were examined separately. Means and
SDs for odor detection thresholds are presented in table 2.

We then compared odor detection threshold perfor-
mances between controls and SAP and MAP subgroups.

The main effect of group was statistically significant



(F,,;; = 9.04, P < .01; see figure 2) with individuals in
the SAP, but not MAP group, showing overall differ-
ences from controls (F o7 = 16.87, P < .01). Furthermore,
the task (lyral and citralva) by sex by group interaction
approached statistical significance (F, ;= 2.70, P = .07).
Women in the MAP group tended to show better odor
detection thresholds for citralva but no differences for
lyral compared to healthy women and women in the SAP
group. Women in the SAP group produced poorer odor
detection thresholds for citralva (£, ,, = 9.01, P < .01) but
notlyral compared to healthy women (¥, ,,=2.88, P=.10).
In contrast, men in the MAP group did not differ from
healthy men or men in the SAP group on either odor
detection threshold task (all Ps > .28). Men in the SAP
group produced poorer odor detection thresholds for
citralva (F, ;; = 6.97, P = .01) but not lyral (¥, ;; = 0.18,
P = .67) compared to healthy men. This pattern of find-
ings remained after including current smoking burden as
a covariate in the overall analyses and medication dosage

as a covariate in contrasts between the FEP subgroups.

Relationship of Odor Detection Threshold Performance
to Illness Characteristics

In the FEP group, better odor detection threshold for cit-
ralva was associated with decreased clinician-rated posi-
tive symptomatology (r = .31, P = .02) whereas better odor

-4.00
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-4.75

Weaker

-5.00

Negative Log Molar Odorant Concentration

I sAP
I MAP
I HC

5.25 -
Citralva Lyral

Olfactory Detection Threshold

Fig. 2. Odor threshold detection sensitivity (£SE) to lyral

and citralva in first-episode psychosis (FEP) patients with
schizophrenia-associated psychosis (SAP) and mood-associated
psychosis (MAP) relative to healthy comparison (HC) subjects.
Note: The SAP subgroup had poorer odor detection thresholds
for citralva (P = .01) but not lyral compared to the control group.
The MAP group did not differ significantly from controls. Y-axis
values closer to —4.00 indicate poorer odor detection threshold
sensitivity.

Olfaction in First-Episode Psychosis

detection threshold for lyral was associated with increased
self-reported physical anhedonia (» = —.31, P = .02). No sig-
nificant associations were observed between lyral and citralva
detection thresholds and chlorpromazine equivalents (all
Ps > .29). In the SAP subgroup, better odor detection thresh-
old for lyral was associated with increased self-reported physi-
cal anhedonia (r =-.39, P =.02), which was not demonstrated
in the MAP cohort. These associations were not robust to
correction for multiple comparisons.

Discussion

In the present study, we found that individuals newly diag-
nosed with a psychotic disorder demonstrated reduced
odor identification, odor discrimination, and odor detec-
tion threshold performances when compared to healthy
controls. These results could not be explained by the influ-
ence of sex or current smoking burden. Further investiga-
tion within the FEP group revealed that schizophrenia and
schizoaffective patients had reduced olfactory functioning
relative to controls, whereas olfactory profiles in individu-
als with bipolar psychosis and psychotic depression were
similar to healthy controls. These findings indicate that
olfactory deficits extend beyond measures of odor identifi-
cation in FEP with greater olfactory dysfunction observed
in schizophrenia-associated subgroups of psychosis.
Though it is well-established that the diagnosis of
schizophrenia and schizoaffective disorder is associated
with olfactory dysfunction,' considerably fewer studies
have examined the degree of olfactory impairment in
other forms of psychosis. In one longitudinal study of
individuals at ultra-high risk for psychosis, greater odor
identification deficits at baseline assessment were observed
in subjects that ultimately converted to schizophrenia
when compared with individuals who transitioned to
another mental illness, such as bipolar psychosis.’! Prior
work has also indicated that youths with prodromal
symptoms of psychosis show similar profiles of odor
identification and discrimination impairment as those
observed in adults with schizophrenia.? Collectively, our
findings indicate that olfactory measures may be informa-
tive surrogate biological markers of disease susceptibility
given the widespread olfactory dysfunction observed in
schizophrenia and schizoaffective disorder. In contrast,
individuals with psychotic depression and bipolar psy-
chosis showed mild reduction in olfactory functioning
that was not statistically different from healthy controls.
Though several studies in bipolar disorder have indicated
intact odor identification and discrimination scores,’*3>%
2 investigations observed abnormal odor hedonic pro-
cessing in bipolar disorder**® and potential relationships
between odor identification accuracy and facial emotion
recognition.® Thus, further investigation on the utility of
odor hedonic measures in mood disorders is warranted.
We examined birhinal odor detection thresholds for
a strong cAMP activator, citralva, and a weak cAMP
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activator, lyral, across the psychosis spectrum. Previous
work by Turetsky and colleagues®*** found that schizo-
phrenia patients, their adult first-degree relatives, and
individuals with prodromal psychosis showed reduced
ability to detect lyral despite normal perception of citralva.
These differential odor detection threshold findings based
on adenylyl cyclase activation were thought to be associ-
ated with altered intracellular cAMP signaling in schizo-
phrenia. Contrary to expectation, we found the opposite
effect, in that first-episode patients with schizophrenia-
associated psychosis displayed reduced detection thresh-
old deficits for citralva but not lyral. In contrast, detection
threshold performances within the MAP group varied as
a function of sex. It remains unclear if differences in the
clinical characteristics of our population (positive symp-
tomatology, medication effects, sex distribution, estrogen
levels), method of assessment (birhinal vs unirhinal) and
instrumentation accounted for the inability to replicate
prior work. It is also possible that these differences reflect
the heterogeneity of schizophrenia populations assessed.
Though the small sample sizes within the MAP cohort
limited our ability to make inferences regarding the sex
differences observed, our preliminary findings indicate
possible differences in olfactory profiles between men and
women with bipolar psychosis and psychotic depression.
The extant literature in schizophrenia'*®*® and healthy
people has indicated that sex influences olfactory func-
tioning; however, the largest study of early psychosis
patients to date found no diagnosis-specific sex differ-
ences in odor identification performance.'* Even less is
known about how sex moderates olfactory performance
in MAP though investigations thus far have found no
influence of sex in bipolar disorder.®% As multiple stud-
ies have described differences in illness characteristics,
social functioning, disability level, and coping strategies
between men and women with psychosis (for review, see:
Hanlon®), future studies examining these factors in rela-
tion to olfactory performance would be an important
step in furthering our understanding of sex effects and
olfactory functioning across the psychosis spectrum.
Relationships between olfactory deficits and increased self-
reported and clinician-rated negative symptoms were exam-
ined in the FEP group and in the SAP and MAP subgroups.
Across all FEP patients, greater olfactory disturbance was
associated with increased clinician-rated negative symptom-
atology, greater self-reported physical anhedonia, and lower
self-reported anticipatory pleasure. These findings persisted
in the schizophrenia and schizoaffective subgroup but were
absent in the MAP subgroup. Though these associations
were not robust to correction for multiple comparisons, our
results are highly consistent with prior examinations noting
a strong association between olfactory dysfunction and neg-
ative symptoms of schizophrenia.'®'2>#70-72 Tt ig possible
that abnormalities in orbitofrontal-limbic pathways con-
tribute to the olfactory dysfunction and negative symptoms
observed in schizophrenia. Prior work has demonstrated
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that anhedonia is a significant predictor of conversion to
psychosis¥® and functional outcome in schizophrenia.”
Therefore, olfactory assessment may be useful in identify-
ing FEP patients at greatest need for psychosocial interven-
tion and as a translational correlate of negative symptoms
in treatment studies.

Collectively, the current study indicates that olfactory
deficits extend beyond measures of odor identification in
FEP and further indicates that olfactory processing abnor-
malities dissociate between primary mood and schizo-
phrenia-related subgroups. Future studies will allow us to
examine the relationship between olfactory measures and
neurocognitive performance, structural and functional neu-
roimaging indices, and molecular signatures ascertained
from olfactory neuronal cells collected via nasal biopsy.
Through these multilayered analyses, we previously found
that a molecular signature of the downregulated SMAD
pathway in olfactory neural epithelium was associated with
cognitive deficits in an independent chronic schizophrenia
cohort.™ The longitudinal component of the current study
will also allow us to examine whether widespread olfac-
tory deficits at the onset of illness can identify and properly
stratify those patients at increased risk for poor outcome.

Supplementary Material

Supplementary material is available at Schizophrenia
Bulletin online.
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