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Increased olfactory sensitivity in euthymic patients
with bipolar disorder with event-related episodes
compared with patients with bipolar disorder
without such episodes
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Objective: Some patients with bipolar disorder experience mood episodes following emotional life events, whereas others do not. There
is evidence that orbitofrontal hypoactivity may be related to this, because the orbitofrontal cortex is involved in the regulation of emotional
and behavioural responses to external events. The close anatomical and functional connection between the orbitofrontal cortex and ol-
factory processing suggests that patients with bipolar disorder and heightened emotional reactivity may exhibit altered olfactory function
compared with patients with bipolar disorder who do not exhibit this sensitivity. Methods: In this pilot study, olfactory function was as-
sessed in patients with bipolar disorder and a history of event-triggered episodes (n = 7) and in patients with bipolar disorder without
such a history (n = 9) at the Department of Psychiatry and the Taste and Smell Clinic of the University of Dresden, Germany. Each pa-
tient’s bipolar disorder was in remission at study entry, and they were on monotherapy with mood stabilizers. Assessment included olfac-
tory event-related potentials (ERP) and psychophysical tests for odour threshold, odour identification and olfactory quality discrimination.
Results: Odour thresholds were lower in patients with bipolar disorder and event-triggered episodes compared with the other patient
group. In addition, patients with event-triggered episodes exhibited shorter N1 peak latencies of the olfactory ERP. Conclusions: Our
findings indicate disinhibition of orbitofrontal areas involved in the processing of emotional events in a subset of patients with bipolar ill-
ness.

Obijectif : Certains patients atteints de trouble bipolaire ont des épisodes thymiques a la suite d’événements émotionnels de la vie, tandis
que d’autres n’en ont pas. Les données indiquent qu’une hypoactivité orbitofrontale peut étre reliée a ce phénoméne, parce que le cor-
tex orbitofrontal joue un réle dans la régulation des réactions émotionnelles et comportementales aux événements externes. Le lien
anatomique et fonctionnel étroit entre le cortex orbitofrontal et le traitement olfactif indique que les patients atteints de trouble bipolaire et
qui ont une réactivité émotionnelle accentuée peuvent présenter une altération de la fonction olfactive comparativement aux patients at-
teints de trouble bipolaire qui n’ont pas cette sensibilité. Méthodes : Au cours de cette étude pilote, on a évalué, au Département de psy-
chiatrie et a la Clinique du goQt et de I'odorat de I'Université de Dresde, en Allemagne, la fonction olfactive de patients atteints de trouble
bipolaire et ayant des antécédents de crises déclenchées par des événements (n = 7) et de patients atteints de trouble bipolaire qui ne
présentent pas ces antécédents (n = 9). Le trouble bipolaire de chaque patient était en rémission au début de I'étude et les patients sui-
vaient une monothérapie aux thymorégulateurs. L’évaluation a inclus les potentiels évoqués cognitifs (PEC) olfactifs et des tests psy-
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chophysiques visant a déterminer le seuil olfactif, I'identification des odeurs et la discrimination de la qualité olfactive. Résultats : Les
seuils olfactifs étaient moins élevés chez les patients atteints de trouble bipolaire et qui avaient des crises déclenchées par des événe-
ments comparativement a ceux de l'autre groupe. Les patients qui avaient des crises déclenchées par des événements montraient en
outre une période de latence de pointe N1 du PEC olfactif de plus courte durée. Conclusions : Nos constatations indiquent une désinhi-
bition des régions orbitofrontales qui interviennent dans le traitement des événements émotionnels chez un sous-ensemble de patients

atteints de trouble bipolaire.

Introduction

Bipolar disorder (BD) is characterized by episodes of fluctu-
ating moods of opposite polarity separated by periods of re-
mission.! Clinical remission from an acute episode is gener-
ally seen as a “symptom-free period.” However, there is
growing evidence that in many patients this state is fre-
quently accompanied by increased emotional reactivity, as
well as mood lability.** These impairments are reported to be
more pronounced in patients with BD* than in recovered pa-
tients with major depressive disorder.® Although often unde-
tected clinically, these phenomena suggest that, despite
remission of symptoms, patients remain in an unstable affec-
tive state. This state is thought to contribute significantly to
the vulnerability of some patients with BD to external stres-
sors such as life events or biological factors that may trigger
new episodes.*

In 2 recent studies using positron emission tomography
(PET), euthymic patients with BD exhibited a decreased re-
gional cerebral blood flow in the orbitofrontal cortex at rest
and an even stronger decrease after provocation with a sad
mood-induction paradigm compared with healthy volun-
teers.”* This finding was interpreted as a trait effect and was
clinically associated with a higher level of emotional arousal
in these patients. The following questions arose, however:
Why do some, but not all, patients with bipolar disorder ex-
hibit this vulnerability to external stressors? How could those
patients be identified?

Because the heightened emotional responsiveness in pa-
tients whose BD is in remission seems, at least in part, to be
linked to orbitofrontal hypoperfusion, and because the or-
bitofrontal cortex is strongly involved in odour processing,”
we hypothesized that euthymic patients with BD have alter-
ations in olfactory function in the form of either an increased
or a decreased olfactory sensitivity. This ambiguity is also the
reason why 2-tailed testing was performed. To this effect, ol-
factory function in clinically euthymic patients with BD was
assessed on both psychophysical (phenyl ethyl alcohol odour
thresholds, olfactory quality discrimination and odour identi-
fication) and electrophysiological levels (olfactory event-
related potentials [ERP]).

Methods

The study was conducted at the Departments of Psychiatry
and Otorhinolaryngology of the University of Dresden Med-
ical School, Dresden, Germany. Sixteen patients with BD type
I, whose disease was in remission after an acute episode of
depression or mania/mixed mania, were included in the

study. All participants were outpatients of the Department of
Psychiatry. The BD had previously been diagnosed by the
treating physician according to the International Statistical
Classification of Diseases and Related Health Problems, 10th revi-
sion (ICD-10)," and the Diagnostic and Statistical Manual of
Mental Disorders, fourth edition (DSM-IV).! Exclusion criteria
were other Axis I or II diagnoses, smoking, history of head
trauma or of substance abuse, serious medical and neurologi-
cal comorbidity, and taking medications other than mood
stabilizers (lithium and anticonvulsants), because there is no
evidence that these drugs have a major impact on olfaction,
although there are reports indicating possible effects on gus-
tatory function.” Testing was only performed in patients
without signs of an acute upper respiratory tract infection.
The study was performed in accordance with the Declaration
of Helsinki concerning biomedical studies in human subjects.
All patients gave informed consent.

Remission (euthymia) was defined as the absence of symp-
toms of depression, mania or mixed mania for a minimum of
3 months without recurrence. This was verified by both re-
view of clinical records and interview with one of the authors
(S.K.). During this evaluation, the Hamilton Rating Scale for
Depression” was administered to quantify current depressive
symptoms and the Self-Report Manic Inventory (SRMI)* to
assess a possible manic/hypomanic episode. Only patients
with a HAM-D score of 6 or less and a SRMI score of 2 or less
were enrolled. Although self-reporting of manic symptoms
may be limited by lack of insight, all our subjects acknowl-

Table 1: Characteristics of patients with bipolar disorder (BD)
whose mood episodes were event triggered (group A) and those
whose mood episodes were not event triggered (group B)

Group; mean (and standard deviation)*

Characteristic Group A (n=7) Group B (n=9)
Age, yr 33.9 (10.7) 46.1 (11.6)
Male:female ratio 6:1 4:5
Age at onset of BD, yr 211 (5.2) 245 (2.5)
Months in remission from 6.8 (3.2 6.0 (3.0
any mood episode
HAM-D score 0.8 (1.0) 0.4 (0.7)
SRMl-score 0.8 (1.2) 1.4 (1.0)
No. of manic episodes 28 (1.7) 3.1 (1.8)
No. of depressive episodes 47 (1.9) 5.8 (1.6)
Current medication, no. of patients

Lithium 7 8

Lamotrigine 4 2

HAM-D = Hamilton Rating Scale for Depression; SRMI = Self-Report Manic
Inventory.
*Unless indicated otherwise.
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edged their bipolar illness, thus justifying the use of the SRMI blown episodes as patients without event-triggered episodes.
instead of an observer-rated instrument. In addition, in the patient group with event-triggered
Patients were then divided into 2 groups: group A (1 =7) episodes, there were significantly fewer women compared
comprised patients whose recent episode had been triggered with the other group (3% = 5.13, p = 0.024).
by an external event that the patients had experienced as
emotionally stressful. These events included break-up of a re- Stimulation procedures
lationship (n = 2), birthday preparations (1 = 2), marriage (n =
1), occupational stress due to working longer hours (n = 1) Testing sessions took place during summer/fall 2003 in an
and overseas travel (1 = 1). In the absence of a systematic in- air-conditioned laboratory (21°C, about 40% relative humid-
strument to assess event-triggered episodes, events consid- ity). To record olfactory ERP, chemosensory nasal stimula-
ered to have triggered the last episode had been identified in tion was performed using an apparatus (Olfactometer OM2s;
the psychoeducational program for BD conducted at the hos- Burghart Instruments, Wedel, Germany) that allows applica-
pital; they were documented in the patients” charts. Group B tion of chemical stimuli without causing concomitant stimu-
(n = 9) comprised patients whose episodes occurred without lation of mechanoreceptors or thermoreceptors.”® This was
a trigger. Many patients in group B reported that they had achieved by embedding chemical stimuli of 200-ms duration
experienced similar events to those experienced by group A in a constantly flowing airstream (7.2 L/min) applied to the
patients but that they had not been affected by them. nasal mucosa by a cannula, with an inner diameter of 4 mm,
Demographic and illness-related parameters at baseline are inserted about 1 cm into the nostril beyond the nasal valve
summarized in Table 1. Patients differed with respect to their area. The temperature and humidity of the airstream were
ages: group A, mean 33.9 (standard deviation [SD] 10.7) years kept constant (36.5°C, 80% relative humidity). Stimulus onset
versus group B, mean 46.1 (SD 11.6) years. To exclude effects occurred within less than 20 ms. Both hydrogen sulfide ([H,S]
of age on the results, age was introduced as a covariate in 4 parts per million, smell of rotten eggs) and phenyl ethyl al-
the analysis (see below). Despite fewer years of illness, cohol ([PEA] 40% volume [of solute] per volume [of solvent],
patients with event-triggered episodes had as many full- smell of roses) were used for olfactory stimulation; they are
Patients with BD Patients with BD
with triggered episodes without triggered episodes
700+ 700+
6004
£
3
2
=
500
400+
H,S PEA H,S PEA
Stimulant Stimulant
Stimulation

Fig. 1: Electrophysiological measures of olfactory function: peak latencies N1 of olfactory event-related potentials (ERP) obtained at recording
position Cz (means and standard error of the mean). The results are presented separately for groups A (left side) and B (right side), re-
sponses to olfactory stimulation with H,S and phenyl ethyl alcohol (PEA), and for left-sided (black bars) or right-sided stimulation (grey bars).
Inset: schematic drawings of the 3 recording sites and of the ERP peaks are presented. Compared with patients without event-triggered
episodes, patients with event-triggered episodes had significantly shorter latencies N1.
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known to specifically activate the olfactory system with little
or no simultaneous trigeminal activation.”*” Twenty stimuli
of each odorant were alternately applied to the left or right
nostril with an interstimulus interval of 40 s to avoid habitua-
tion.” Patients were seated in a room that was darkened and
acoustically shielded to minimize concomitant sensory stim-
ulation; during measurements, patients also received white
noise through headphones. Further, the patient’s movements
were monitored through a video camera system.

Olfactory ERP

Electroencephalography (EEG) recordings were obtained
from 3 positions of the International 1020 EEG System (Cz,
Fz and Pz) referenced to linked earlobes (A1+A2) (see inset in
Fig. 1). Blink artifacts were monitored from an additional site
(Fp2). Stimulus-linked EEG segments of 2048 ms were digi-
tally recorded at a frequency of 250 Hz (bandpass filter of
0.2-30 Hz; off-line filtering with 15-Hz low-pass). Olfactory
ERP were obtained through off-line averaging of the digi-
tized EEG segments. Records contaminated by eye blinks
(> 50 pV in the Fp2 lead) or other disturbances (e.g., high-
frequency motor artifacts) were discarded during off-line, vi-
sual inspection of single trials.

In this study, olfactory ERP peaks were named N1 and P2,
according to the widely accepted nomenclature of Evans et al.”
On average, the first negative peak (N1) of olfactory ERP in re-
sponse to right-sided stimulation with H,S in this study oc-
curred at position Pz at a latency of 532 ms, followed by a ma-
jor positive peak (P2) at 709 ms (see inset in Fig. 1). ERP peak
latencies N1 and P2 (in relation to stimulus onset) and peak-to-
peak amplitudes N1P2 were evaluated by an experienced ob-
server (T.H.), who was blinded to the patients’ diagnoses.

Psychophysical testing of olfactory function

Psychophysical testing was performed separately for the left
and right nostrils; the sequence of testing was randomized
across all patients. Using the “Sniffin” Sticks” test kit,*** odor-
ants were presented in dispensers similar to felt-tip pens. The
pens are about 14 cm long and have an inner diameter of
1.3 cm. Instead of liquid dye, the pen is filled with 4 mL of
liquid odorants or odorants dissolved in propylene glycol.
For odour presentation, the cap is removed by the experi-
menter for about 3 s, and the pen’s tip is placed about 2 cm in
front of each nostril. Testing involved tests for odour thresh-
old, olfactory quality discrimination and odour identification.

Odour threshold

Odour thresholds for PEA were assessed using a single-
staircase, triple-forced-choice procedure. Sixteen dilutions
were prepared in a geometric series starting from a 4% PEA
solution (dilution ratio 1:2; diluent:propylene glycol). Three
pens were presented in a randomized order, with 2 contain-
ing the solvent and the third the odorant at a certain dilution.
The patient’s task was to identify the odour-containing pen.
Triplets were presented at intervals of 20 s. Reversal of the

staircase was triggered when the odour was correctly identi-
fied in 2 successive trials. The threshold was defined as the
mean of the last 4 of 7 staircase reversals.

Olfactory quality discrimination

In the olfactory quality discrimination task, triplets of pens
were presented in a randomized order, with 2 containing the
same odorant and the third, a different odorant. Patients had
to determine which of 3 odour-containing pens smelled dif-
ferent. Presentation of triplets was separated by 20-30 s. The
interval between presentation of individual pens of a triplet
was about 3 s. Sixteen of the following combinations were
tested: butanol — 2-phenyl ethanol; isoamyl acetate — anet-
hole; anethole — eugenol; limonene — fenchone; (-)carvone
— (+)carvone; eugenol — cinnamon aldehyde; dihydro
rosenoxide — menthol; acetaldehyde — isoamylacetate; cit-
ronellal — linalool; pyridine — limonene; limonene — cit-
ronellal; eucalyptol — dipyridyl; dipyridyl — cyclopentade-
canoate; butanol — fenchone; octyl acetate — cinnamon
aldehyde; and carvone — acetaldehyde (for a more detailed
description, see Hummel et al”). When measuring odour
thresholds and olfactory quality discrimination, patients
were blindfolded to prevent visual identification of some of
the odorant-containing pens.

Odour identification

Odour identification was assessed by means of 16 common
odours, namely, orange, peppermint, turpentine, cloves,
leather, banana, garlic, rose, fish, lemon, coffee, anise, cinna-
mon, licorice, apple and pineapple. Using a multiple-choice
task, identification of individual odorants was performed
from a list of 4 descriptors (for a more detailed description,
see Hummel et al”). The interval between odour presenta-
tions was 20-30 s. All measurements were performed in a
quiet, air-conditioned room.

Statistical analysis

The results were submitted to analyses of variance, adopting
“side of stimulation” (left/right) and, in the case of olfactory
ERP recordings, “recording site” (positions Fz, Cz and Pz)
and “odour” (H,S, PEA) as within-subjects factors. The factor
“group” (groups of patients with BD with/without event-
triggered episodes) was used as a between-subjects factor,
and the subjects” age was introduced as covariate. Degrees of
freedom were adjusted according to the Greenhouse-Geisser
method. Only significant main effects or 2-way interactions
will be reported. t tests for independent samples were used
for additional comparisons between groups. The level of sig-
nificance was set at 0.05.

Results
Electrophysiological investigations

Descriptive statistics for electrophysiological investigations
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are presented in Table 2. Because of significant contamination
with artifacts (blink artifacts, muscular artifacts, etc.), some of
the recordings could not be analyzed, which reduced the
sample size in group Bton = 4.

No significant main effect of the factor “group” was ob-
served for amplitudes (F,s = 1.64, p = 0.24). For latencies N1,
there was a significant main effect of the factor “group” (F,; =
10.6, p = 0.012, n? = 0.57), indicating that group A patients ex-
hibited shorter N1 latencies compared with group B patients
(Fig. 1). For latencies P2, a significant interaction between the

There was neither a significant effect of the factor “side of
testing,” nor a significant interaction between the factors
“side of testing” and “group.” However, when comparing re-
sults for the better nostril, group A patients were found to ex-

Table 3: Results of psychophysical testing of patients with bipolar
disorder whose mood episodes were event triggered (group A) and
those whose mood episodes were not event triggered (group B)

Group; mean (and standard
deviation) dilution steps

factors “side of stimulation” and “group” (F,s = 6.97, p = 0.03, Psychophysical
n? = 0.47) emphasized the fact that group A patients showed Stimulation  festing GroupA(n=7)  GroupB(n=9)
a pronounced difference in response to left-sided or right- Left-sided  Odour (PEA) 10.0 (5.5) 6.3 (4.4)
sided stimulation, whereas on average there was little differ- threshold
ence for group B patients. However, post hoc comparisons Olfactory quality 11.1(3.1) 11.2(3.0)
for individual parameters using f tests did not exhibit signifi- discrimination
or in p g gn
. Odour 13.4 (3.4) 12.0 (1.4)
cant group differences. identification
Right-sided  Odour (PEA) 10.4 (4.1) 7.8 (3.0)
Psychophysical testing threshold
Olfactory quality 11.7 (3.1) 10.3 (2.7)
Descriptive statistics for psychophysical testing are presented gzcnmmanon
. X our 13.6 (2.1) 11.9(1.9)
in Table 3. The results of psychophysical tests of olfactory identification
fgnctlon Performed separately for the left and right nostril PEA = phony! iyl aloohol.
did not differ between the 2 groups (F,,; < 0.84, p > 0.38).
Table 2: Results of electrophysiological testing of response to olfactory stimuli for patients with
bipolar disorder whose mood episodes were event triggered (group A) and those whose mood
episodes were not event triggered (group B)
Group: Side of Offactory event- Recording position; mean (and standard deviation)
odour stimulation related potentials® Cz Fz Pz
Group A (n=7) (n=7) (n=7)
H,S Left Ampl. N1P2, v 484  (217) 357 (269) 651  (4.05)
Latency N1, ms 496 (117) 500  (111) 494  (106)
Latency P2, ms 738 (89) 733 (90) 732 (83)
Right Ampl. N1P2, uV 542 (2.18) 482 (3.71) 610  (2.68)
Latency N1, ms 509 (59) 519 (72) 492 (55)
Latency P2, ms 722 (20) 723 (19) 719 (20)
PEA Left Ampl. N1P2, v 710 (1.64) 573 (217) 671  (3.00)
Latency N1, ms 495 (51) 493 (48) 495 (47)
Latency P2, ms 706 (91) 702 (86) 705 (83)
Right Ampl. N1P2, uV 700 (210) 737  (5.18) 819  (2.89)
Latency N1, ms 456 (64) 469 (32) 468 (60)
Latency P2, ms 659 (68) 677 (101) 682 (59)
Group B (n=4) (n=4) (n=4)
H,S Left Ampl. N1P2, v 772 (463) 808 (321) 639  (4.99)
Latency N1, ms 618 (94) 615 (98) 626  (101)
Latency P2, ms 760 (117) 798 (73) 764 (121)
Right Ampl. N1P2, uV 718 (3.38) 7.65 (3.40) 7.33  (4.60)
Latency N1, ms 554 (33) 554 (33) 573 (62)
Latency P2, ms 707 (85) 691 (61) 691 (61)
PEA Left Ampl. N1P2, pV 798 (2.44) 773  (224) 626  (3.51)
Latency N1, ms 554 (141) 532 (131) 562 (131)
Latency P2, ms 738 (107) 743 (113) 738 (107)
Right Ampl. N1P2, uV 891 (4.38) 811 (3.80) 858  (4.88)
Latency N1, ms 502 (62) 507 (66) 502 (62)
Latency P2, ms 697 (94) 686 (96) 702 (85)
Ampl. = amplitude; PEA = phenyl ethyl alcohol.
*For further details, see Methods section.
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hibit lower PEA thresholds (F,,, = 5.27, p = 0.038, n% = 0.27),
whereas no significant difference was observed for olfactory
quality discrimination (F,,, = 0.083, p = 0.78) or odour identi-
fication (F,,, = 1.51, p = 0.24) (Fig. 2). There was no seasonal
clustering of the measurements of the 2 groups of patients.

Discussion

The results from the current study in a relatively small group
of subjects indicate a difference in odour thresholds between
euthymic patients with BD whose mood episodes were event
triggered (group A) and those whose episodes were not
event related (group B). Furthermore, with respect to olfac-
tory ERP, group A patients showed significantly shorter peak
latencies than group B patients, indicating a relative increase
of processing speed of olfactory information. In addition,
group A patients exhibited larger differences for the latency
of P2 in response to left or right-sided stimulation.

To our knowledge, there are no published studies of olfac-
tory function in BD. However, in patients with “first-episode

Patients with BD

. with triggered episodes

. without triggered episodes
16

Olfactory Odour Odour

identification thresholds

quality
discrimination

Fig. 2: Psychophysical olfactory testing: results obtained for the
better nostril (means and standard error of the mean) separately
for groups A (black bars) and B (grey bars), for olfactory quality
discrimination, odour identification and phenyl ethyl alcohol (PEA)
odour thresholds. Higher scores indicate higher sensitivity. Com-
pared with patients without event-triggered episodes, patients with
event-triggered episodes were significantly better at detecting PEA
at lower concentrations (higher dilution steps).

psychosis,” one study has reported an increased olfactory
sensitivity and another has reported normal thresholds.?*
The diagnosis of first-episode psychosis comprises nosologi-
cally heterogeneous patients, all of whom present with
prominent delusions and hallucinations. It is likely that at
least some of the patients in these studies may have had
bipolar illness, whereas others may have had schizophrenia.
That said, the contradictory findings in these 2 studies may
be the result of heterogeneous patient samples subsumed un-
der the diagnostic term first-episode psychosis.

Studies of olfactory function in affective disorders diag-
nosed according to DSM-IV criteria have focused on olfac-
tory function during acute episodes or during periods shortly
after antidepressant treatment in recurrent depression and
seasonal affective disorder.** These studies have yielded
controversial results in that 2 studies** found a correlation
between odour identification scores and severity of depres-
sion (increased scores when depressed, normalization after
treatment), whereas 2 other studies did not.** Specifically,
Postolache et al” found that patients with seasonal affective
disorder exhibited a more acute sense of smell than healthy
controls, independent of the season during which they were
studied. Gross-Isseroff et al” reported a greater rather than
weaker odour detection ability in patients with major depres-
sion than in healthy controls. Olfactory acuity was highest af-
ter treatment with antidepressants. Lower odour thresholds in
depression that normalized after successful treatment have
been identified in 3 studies.”

One recent study investigated the similarities and differ-
ences in the olfactory and visual processing of emotional
stimuli in healthy subjects and in patients with major depres-
sive disorder before and after treatment. Before treatment, vi-
sual stimulus processing was attenuated in depressive sub-
jects at a relatively late processing level, whereas olfactory
stimulus processing had already been affected at an early
level. After successful medical treatment, ERP had normal-
ized. The authors suggested that functional deviations within
the primary olfactory cortex may be responsible for the lower
olfactory sensitivity, as well as for the altered emotional stim-
ulus processing in depressed patients.”

Our finding of a relative increase of olfactory sensitivity in
patients with BD with a known vulnerability to emotional
stress may be related to orbitofrontal and cingulate function
in these patients. The left medial region of the rostral or-
bitofrontal cortex and the more lateral orbitofrontal cortex are
known to be involved in olfactory processing in humans.”
The anterior cingulate cortex is also part of the olfactory net-
work and is activated when pleasant and intense odours are
detected. ™

Although our study results do not allow definitive conclu-
sions concerning the association between emotional vulnera-
bility, orbitofrontal cortex function and olfactory processing,
there are functional neuroimaging data in mood disorders
using PET suggesting”*** that orbitofrontal hypoactivity and
dorsal anterior cingulate hyperactivity may be trait markers
of emotional vulnerability in patients with BD, which may
put these patients at risk for new episodes.

Clinically, orbitofrontal hypoactivity seems to be related to
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disinhibition of emotional modulation. The orbitofrontal cor-
tex has extensive connections to the dorsal anterior cingulate
and other structures of the limbic system known to process
emotion. The interplay between these brain regions is known
to serve as a substrate to integrate viscerosensory information
with affective signals;* to guide behaviour, regulate mood
and reappraise spontaneous emotional responses;*”” and to
modulate the reward system.® One might speculate that be-
cause of their close anatomical proximity, orbitofrontal cortex
dysfunction contributing to emotional disinhibition may af-
fect olfactory processing areas by increasing sensitivity in a
subset of patients with BD. This does not explain, however,
why only sensitivity and not other aspects of olfactory func-
tion are altered. Future studies are required to further define
the association of orbitofrontal cortex function, emotional vul-
nerability and olfactory sensitivity in patients with BD.

The available literature does not allow for conclusive ex-
planations with respect to the finding of lateralization of P2
latencies in group A but not in group B.** Furthermore, be-
cause the presently observed interactions were not confirmed
by individual group comparisons, the effect appears to be
weak. Future studies are needed to determine whether the
present observations might be related to anatomical or func-
tional peculiarities in patients with BD with event-triggered
episodes.

Limitations of the present pilot study include the small
number of patients investigated. In addition, we did not ad-
just for menstrual cycle in our female participants. Although
menstrual cycle has been shown to be a modulator of olfac-
tory function, and endocrine, cardiovascular and psychologi-
cal correlates of olfactory sensitivity change across the men-
strual cycle, these effects are subtle.” In fact, numerous
carefully conducted studies have failed to demonstrate such
effects (see Hummel et al?). Accordingly, it can be assumed
that changes of olfactory sensitivity in relation to the men-
strual cycle may not have been a major confounding factor.

Although the groups were not balanced with regard to the
sex of the participants, it is important to note that group A
was largely composed of men. Considering that numerous
studies indicate a higher olfactory sensitivity/responsiveness
in women compared with men,* the present findings are not
readily explained by sex differences, with group A subjects
being relatively more sensitive than group B subjects. How-
ever, future studies will have to take sex-related differences
into account.

Conclusion

This is to our knowledge the first study to investigate olfac-
tory function in 2 subsets of euthymic patients with BD.
Based on psychophysical and electrophysiological measures,
our results point to a heightened olfactory acuity in those pa-
tients with BD whose mood episodes were triggered by emo-
tional events as opposed to those patients whose episodes oc-
curred without such triggers, possibly linking olfactory
function to a labile and disinhibited emotional modulation
system in these patients. In addition, the present findings
point to a close relation between olfactory function and mood

regulation. Replication studies with larger groups of patients
are required to validate the results of this study.
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