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Abstract

Objectives—Olfactory dysfunction is described in several neuropsychiatric disorders but there is
little research on olfactory processing in bipolar disorder.

Methods—We assessed odor detection threshold (sensitivity) and smell identification test scores
along with symptoms, cognition, and social function in 20 DSM-IV bipolar disorder patients and
44 control subjects.

Results—The patient and control groups had similar demographic measures, intelligence, and
mean olfaction scores, but significantly differed in social domains, including adjustment, function,
and anxiety. Odor detection sensitivity showed significantly opposite correlations for the
depressive and manic mood domains in bipolar disorder (r to z = 2.83, p = 0.005). Depressive
symptoms were related to increased sensitivity (the ability to detect odors at a lower
concentration) and mania symptoms were related to decreased sensitivity for odor detection.
Increased sensitivity for odor detection also predicted significantly better employment (r =
—0.642, p = 0.024), whereas less sensitivity was associated with social avoidance (r = 0.702, p =
0.024) and social fear (r =0.610, p = 0.046).

Conclusions—Diminished odor detection sensitivity predicted mania and social avoidance,
whereas more sensitive odor detection predicted more depressive symptoms but better
employment functioning in bipolar disorder patients. Odor acuity may be an illness state marker of
mood syndromes in bipolar disorder. Alternatively, differences in odor acuity may identify
heterogeneous subgroups within the bipolar spectrum. Longitudinal assessments in a large, sex-
stratified sample are needed to understand the implications of odor sensitivity in patients with
bipolar disorder.
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Bipolar disorder affects an estimated 2.6% of the adult population in the United States (1). It
is characterized by impaired executive function and severe emotional dysregulation with
episodes of mania and depression (2, 3). Furthermore, it is associated with significant
morbidity and mortality (3, 4); half of patients attempt suicide at least once and up to 20%
ultimately commit suicide (4-6). Bipolar disorder is also associated with substantial
disruptions in occupational and social functioning (3, 7, 8). The psychosocial difficulties
lead to impairments in social and vocational functioning, further contributing to
symptomatic expression of the illness (9). Notably, only 20% of bipolar disorder patients are
married as compared with 60% of the general population, and up to 19-58% do not live
independently (9). Subthreshold mood symptoms in technically euthymic patients are
common and contribute to increased risk for additional affective episodes and increased
rates of comorbidity (3, 10-13).

The etiology of bipolar disorder is unknown, but imaging studies have found functional and
anatomic differences in the amygdala, anterior cinguate, striatum, ventromedial prefrontal
cortex, and orbitofrontal cortex of patients with bipolar disorder (14-17). Of interest, a
number of these regions play important roles in olfactory processing; the amygdala,
hippocampus, and orbitofrontal cortex receive projections from the piriform cortex and are
key secondary olfactory areas (18, 19). These associations raise the possibility that olfactory
ability, which can be easily and quickly assessed during an office visit, may correspond to
bipolar disorder. Other features of olfactory processing that heighten this possibility include
the reciprocal interconnections between diverse limbic regions and olfactory regions that
modulate odor detection and higher olfactory processing (20). Notably, smell is the only
sense that directly projects to the prefrontal cortex without thalamic processing (18, 19).

There are a number of olfactory function studies in mood disorders, but relatively few that
focus on bipolar disorder. Several studies that included patients with bipolar disorder did not
clearly differentiate between bipolar disorder and other affective psychoses (21-23). Of the
studies on bipolar disorder with rigorous diagnostic procedures, Swiecicki et al. (24)
reported intact sensitivity for odor detection and no smell identification deficits in both
bipolar and unipolar depressed patients, although Kruger et al. (25) reported more sensitive
acuity in a subset of bipolar disorder patients with event-related episode. Studies of olfaction
in unipolar depression have provided conflicting results. There are reports of normal (26, 27)
and of diminished ability to detect and identify odors (28, 29), as well as reports of enhanced
odor acuity; decreased smell identification for the right nostril is also reported for seasonal
affective disorder patients (30, 31).

We undertook a study to comprehensively examine both right and left nostril sensitivity for
odor detection and smell identification performance in stable DSM-1V bipolar disorder
patients. We also examined the olfactory data with respect to psychiatric symptoms, social
anxiety, functionality, and cognitive performance.

The study sample was comprised of 20 patients with bipolar disorder and 44 healthy
controls. The patients were recruited from research and clinical settings at the New York
State Psychiatric Institute, and healthy controls were recruited from medical center postings
and internet advertisements. The study was Institutional Review Board approved in
accordance with the Helsinki Declaration of 1975 and Health Insurance Portability and
Accountability Act (HIPAA) compliant; all participants signed informed consent forms.
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Clinical measures

Subjects were diagnosed based on DSM-1V Axis-I criteria using data from clinical histories
and structured interviews completed by experienced clinical raters using the Diagnostic
Interview for Genetic Studies (DIGS) (32). Psychiatric symptoms were assessed using
clinician ratings from the Positive and Negative Syndrome Scale (PANSS) (33). The
PANSS contains three scales that measure positive, negative, and general psychopathology.
We also computed the five factors derived from the White et al. (34) factor analysis
assessing positive symptoms, negative symptoms, dysphoric mood, activation, and autistic
preoccupation. The 11-item Young Mania Rating Scale (YMRS) (35), a clinician-
administered mania rating scale with acceptable reliability, validity, and sensitivity, was
used to assess manic symptoms.

Social function and social anxiety measures

The Social Functioning Scale (SFS) (36) assessed functioning in the areas of work, school,
daily activities, and family and peer relationships. The Liebowitz Social Anxiety Scale
(LSAS) (37) assessed self-report social anxiety, social fear, performance anxiety, and
performance fear.

Olfactory processing

Coghnition

Odor sensitivity was determined as the detection threshold based on the Smell Threshold
Test (STT) (Sensonics, Inc., Haddon Heights, NJ, USA). For the STT, the subject was
presented with two squeeze bottles; one containing phenyl ethyl alcohol (PEA) and one
containing mineral oil, which was used as a blank. The subject was then asked to identify
which concentration of PEA smelled stronger. PEA concentrations ranged from —10 log vol/
vol to —2 log vol/vol and increased in half log steps. Testing was based on a single staircase
model. STT scores were then converted to absolute values so that higher STT scores
represent that lower concentrations are necessary for the subject to detect PEA,
corresponding to increased odor acuity or sensitivity. Odor identification was assessed using
the University of Pennsylvania Smell Identification Test (UPSIT) (38). The UPSIT contains
40 scratch-and-sniff odor strips and uses a forced multiple choice format.

The Wechsler Adult Intelligence Scale—third edition (WAIS-111) (39) was used to measure
full scale, verbal, and performance 1Qs. The revised Wechsler Memory Scale—revised
(WMS-R) (40) was used to assess verbal, visual, and general memory, as well as attention
and delayed recall memory. Visual attention, task switching, and processing speed were
assessed with the Trail Making Tests A and B (41).

Statistical analyses

SIR Database Management Software (SIR 2002, SIR Pty Ltd, Terrey Hills, NSW, Australia)
was used for data management and entry, and IBM/SPSS (PASW Statistics 17) was used for
statistical analyses. Descriptive statistics (means, standard deviations, distributions of
measures) were examined to identify salient characteristics for further analysis. The UPSIT
and STT scores were normally distributed within each of the study groups. Demographics,
olfactory, social adjustment, function, anxiety, and cognitive measures were examined using
either a two-by-two [diagnosis (healthy controls and bipolar disorder patients) by gender
(male and female)] analysis of variance (ANOVA), or a two-by-two multivariate analysis of
variance (MANOVA) for multiple measure domains. To examine the associations between
olfactory measures and measures from each domain, we calculated Pearson correlation
coefficients. To compare the correlations we then performed Fisher’s r to z transformations
using free online software [Calculation for the test of the difference between two
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independent correlation coefficients (42)]. Due to the unique nature of this data we did not
apply Bonferroni correction to the correlation coefficients, hoping to generate hypotheses
for future research.

The 20 patients diagnosed with bipolar disorder (5 males and 15 females) ranged in age
from 20 to 53 years [34.5 £+ 8.9 (mean + standard deviation)], and had a mean illness onset
age of 21.2 + 8.0 years. Among the bipolar disorder patients: 12 cases were in a depressed
episode, 5 were in a manic episode, 2 were in a hypomanic episode, and 1 was in a mixed
state. At the time of testing, all participants were clinically stable and the mean YMRS score
was 4.3 + 3.1 ranging from 0 to 9 (clinically significant YMRS mania = 12). The 44
comparison subjects (18 males and 26 females) ranged in age from 18 to 61 years (mean =
32.6 + 11.8). The patient and control groups did not significantly differ in age or in mean
olfactory measures, right or left nostril mean odor sensitivity, or smell identification test
scores. There were also no significant effects for sex, nor any sex-by-group interactions for
these measures (Table 1). There was no difference between the groups in level of education
(x2 = 6.66, df = 4, p = 0.155), or full scale IQ (Table 2).

The few cognitive deficits for the patient group were slower processing speed (specific to
Trails A times), and lower verbal memory index scores for the male cases as evidenced by
the significant interaction term. There was a significant sex effect for the WMS-R Attention
Index, with females exhibiting lower scores than males (ANOVA: F = 4.51, p = 0.040).
There was also a significant diagnosis-by-sex interaction for the WMS-R Verbal Index, with
lower scores in the male bipolar disorder patients as compared to the female bipolar disorder
patients, and healthy controls (both male and female) (ANOVA: F = 4.24, p = 0.046). None
of the cognitive measures were significantly associated with odor identification or the mean
odor sensitivity in the bipolar disorder patients.

There were significant relationships between symptoms and olfaction (Fig. 1); increased
odor detection sensitivity, equivalent to greater acuity, was associated with higher symptom
levels on the PANSS dysthymia factor, which is a depression measure (r = —0.67, p =
0.024). The direction of the association of odor sensitivity with depression was significantly
different than the relationship of sensitivity with mania (z = 2.83, p = 0.005), although the
magnitide of the correlation between less sensitivity and high mania scores reached only a
trend level of significance (r = 0.541, p = 0.085). There were no significant associations
between smell identification and any of the symptom scales.

While the overall MANOVA examining the four subscales of the LSAS was not significant,
each of the subscales exhibited a significant diagnosis effect (Table 3). LSAS scores were
significantly higher in the bipolar disorder group (F = 8.78, p = 0.005), an effect that was
predominantly explained by the female patients exhibiting the highest levels for each
subscale (all p < 0.011). There was a strong positive correlation between LSAS measures
and the sensitivity of the mean and left nostril for odor detection, respectively, for social
avoidance (r =0.702, p = 0.016; r =0.692, p = 0.018), performance avoidance (r = 0.671, p
=0.024; r =0.716, p = 0.013), total avoidance (r = 0.697, p = 0.017; r = 0.713, p = 0.014),
and social fear (r =0.610, p = 0.046; r = 0.620, p = 0.042). In all cases, lower levels of fear
and avoidance were associated with better odor acuity. In contrast, right nostril threshold did
not correlate with these subscales, nor did odor identification.

For social functon, a MANOVA examining the seven domains of the SFS yielded a
significant multivariate result for diagnosis [Wilks’ Lambda F(7/44) = 3.53, p = 0.004;
Table 3], as well as a marginally significant gender effect [Wilks” Lambda F(7/44) = 3.16, p
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= 0.009 (not tabled)]. An examination of the SFS domains revealed significant bipolar
deficits for social activities (p = 0.001), and employment (p = 0.038). A significant diagnosis
effect (p = 0.001) and interaction of diagnosis and gender (p = 0.034) were present for the
social withdrawal domain. These effects were specific to deficits among the female bipolar
disorder patients, since the other three subgroups were similar. The SFS Global mean also
exhibited significant deficits among the bipolar disorder group [ANOVA F(1/50) = 8.34, p =
0.006]. Significant deficits among the bipolar disorder group were not present for the
following SFS domains: relationships, recreation, independent competence, and
performance.

With respect to olfaction among the bipolar disorder patients, higher levels on the SFS
employment scale, indicative of health, were significantly associated with greater odor
sensitivity (mean threshold r = —0.642, p = 0.024; right nostril threshold r = —0.586, p =
0.045); and higher level of independent performance was marginally correlated with more
sensitive odor acuity (mean threshold r = —0.545, p = 0.067, left nostril threshold r =
—0.548, p = 0.065). Better odor identification (UPSIT) was marginally associated with
higher levels of independent competence (r = 0.478, p = 0.061).

Discussion

This study suggests the possibility that odor detection sensitivity is dichotomously related to
the different mood syndromes in stable bipolar disorder patients. Depressive symptoms
corresponded to greater sensitivity for detecting odors at lower concentrations, whereas
symptoms of mania were associated with diminished odor detection sensitivity. Odor
sensitivity also showed opposite associations with measures of functioning in the patients;
social fear and social anxiety were related to reduced sensitivity, whereas better employment
and independent function were strongly related to increased odor sensitivity.

Odor acuity may be a state measure of mood syndromes in bipolar disorder patients, with
decreasing acuity identifying the risk for mania symptoms and social anxiety. If so, a
heightened or increasing sensitivity to odor detection may mark the risk for depressive
episodes. Known risk factors for new depressive episodes include both subthreshold
depressive symptoms (12, 43) and higher occupational status (3, 13) which shared their
association with acuity. If this model is confirmed, odor acuity may be useful in clinical
treatment.

Another possibility is that odor acuity may be a trait measure in bipolar disorder patients that
identifies separate subtypes of the condition within the bipolar disease spectrum. This
explanation is supported by the finding by Kruger et al. (25) of increased sensitivity in a
subset of bipolar disorder patients with a history of even-related episodes compared to those
without such history. The relationships between mania and social anxiety with acuity are
consistent with the association of more social anxiety symptoms and social sensitivity in
mania (44, 45).

This preliminary study could not distinguish between these possibilities. Additional
longitudinal studies in larger, sex-stratified samples are necessary to confirm the current
findings and determine their relevance for treatment studies and genetic research. The
dichotomous relationship of acuity to illness features could underlie the conflicting findings
in the literature (25, 28, 29, 46).

Previous studies of odor sensitivity and major depressive disorder found either no difference
(24, 26), or decreased acuity (29, 46, 47). The initial presentation of bipolar disorder is often
a depressive episode, leading to frequent misdiagnosis as unipolar depression (48). As
treatment differs for the two disorders and many antidepressants can precipitate mania, it is
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important to get the correct diagnosis (48) and odor threshold could plausibly be a useful
diagnostic indicator if it is differentially related to depressive symptoms in bipolar and
unipolar depression.

The linkage of depressive symptoms in these bipolar disorder cases to hyperacuity is
comparable to our recent findings linking hyperacuity to emotional expression impairments
in schizophrenia (49). It is within consideration that hypersensitivity to olfactory stimuli
could be related to diminished positive affect across different disorders, perhaps because of
diminished central inhibitory processes. Some sufficient amount of olfactory function may
also subserve independent function and employment, perhaps unconscious chemoperception
for social signaling molecules or their associated higher pathways are involved in discerning
social expectations, as lesser acuity for odor detection was associated with social anxiety
symptoms in the bipolar disorder group.

In keeping with the previous bipolar disorder study (24), smell identification scores were
similar in the patient and comparison groups, and smell identification was unrelated to the
clinical features of bipolar disorder in this preliminary study. The normal smell
identification in bipolar disorder cases may indicate that higher cortical processing of
olfactory data is intact in bipolar disorder versus many schizophrenia patients, for whom
smell identification deficits are commonly reported (50). We previously showed that a group
of schizophrenia patients failed to increase hippocampal activity for a smell identification
task compared to control subjects (51). Odor detection threshold is considered a marker of
olfactory epithelium and olfactory bulb function, and also of the higher limbic regions that
modulate perception (19).

It is also notable that the left nostril was associated with social fear and avoidance, while the
right nostril threshold was associated with better employment function. Lateralization is a
common feature of neurobiological circuitry and lateralized findings are reported in bipolar
disorder subjects (52, 53). In their study of amygdala-orbitofrontal functional connectivity in
response to emotional faces, Versace et al. (53) proposed that increased left sides functional
connectivity for sad faces represented a state marker for bipolar depression. A similar
experiment found elevated left amygdala activity in response to sad faces to be a state
marker for bipolar depression (52). In this context, the left lateralization of our findings are
of particular interest.

It is also of interest that the olfactory system, along with the hippocampus, is a confirmed
site of ongoing adult human neurogenesis (18, 19), and abnormal neurogenesis is
increasingly implicated in mental illness (54, 55). Plasticity in the olfactory circuitry
suggests that olfactory tasks may have particular utility in elucidating or tracking episodic
mental disorders. Olfactory dysfunction is already linked to several neuropsychiatric
disorders, most notably Alzheimer’s disease, Parkinson’s disease, and schizophrenia (18, 19,
56, 57). Studies have found alterations in brain derived neurotrophic factor (BDNF) levels in
bipolar disorder patients during manic and depressive episodes and in the euthymic state
(15, 58, 59). As the olfactory bulb is a known site of neurogenesis, these findings also
encourage future longitudinal studies considering mood, growth factor changes, and
olfaction. BDNF is particularly noteworthy given its role in neurogenesis (15, 59).

In summary, while this study found similar mean smell identification scores and odor
detection threshold for bipolar disorder and comparison subject groups, it shines a new and
exciting light on the possible utility of odor detection acuity as a biomarker for the disorder.
Depressive symptoms corresponded to greater sensitivity, or hyperacuity—as noted by the
ability to detect odors at lower concentrations—and the symptoms of mania corresponded
with blunted odor detection, or hypoacuity. Like mania, social avoidance, social fear, and
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anxiety were also related to decreased odor detection. By contrast, better employment and
independent function were strongly related to better odor detection, or hyperacuity. These
two double dichotomies for odor detection threshold, wherein mania and social anxiety were
linked with less odor acuity while depressive symptoms and better function were linked with
more sensitive acuity, may explain the previous conflicting literature on odor acuity in
bipolar disorder cases.

Importantly, the significant correlation between odor detection threshold with both affective
syndromes and social symptoms and function may be a finding with enormous potential for
clinical translation. Limitations of this preliminary study include small sample size with
under-representation of males in the patient group, which did not permit sex-specific
analyses. As olfactory function has been noted to vary with gender (60), caution must be
used when applying these findings to the bipolar disorder population as a whole. We also
did not control for medication effects, however, previous studies examining olfactory
function in schizophrenia did not find medication effects (61-64). While we would expect
similar results in bipolar disorder, the effect of medication on olfactory function in this
population is an area for further exploration. Finally, it should be noted that the correlation
coefficients were not Bonferroni corrected in hopes of fostering new hypotheses and future
research.
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Correlations between mean odor threshold scores and psychiatric symptoms in the bipolar
disorder group. Lower odor threshold scores signify increased odor sensitivity. *p < 0.05;

**p < 0.10. Correlation coefficient probabilities were not Bonferroni corrected.
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