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ttention-deficit/hyperactivity disorder (ADHD) is
a behavioral disorder that is characterized by a
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Objective: This study compared unilateral
olfactory identification abilities in children with
and without attention-deficit/hyperactivity dis-
order (ADHD) and evaluated the utility of the
University of Pennsylvania Smell Identification
Test (UPSIT) as a potential screening tool for
the diagnosis of ADHD.

Method: Subjects comprised 44 children
with DSM-IV ADHD (aged 7–16 years) from 2
Melbourne, Australia, hospital outpatient clinics
and 44 healthy children matched for age and sex.
The children were assessed from March 2004 to
October 2004 for olfactory identification ability
using the UPSIT, and behavioral data were gath-
ered using the Rowe Behavioral Rating Inventory.
Background and demographic data were also
obtained through hospital records and parental
interview.

Results: Children with ADHD demonstrated
significantly poorer olfactory identification abil-
ity compared to healthy controls (p < .01). A sig-
nificant right nostril advantage for smell identifi-
cation was evident in the control group (p < .01),
whereas significant right nostril impairment was
evident among the children with ADHD (p < .01).

Conclusion: The results provide the first
evidence of olfactory identification deficits in
children with ADHD. As such deficits implicate
orbitofrontal regions, this finding is consistent
with previous reports of prefrontal compromise
in children with ADHD.
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persistent and developmentally inappropriate pattern of
hyperactivity, impulsivity, inattention, and distractibility.1

While current diagnostic schemes recognize a predomi-
nantly inattentive subtype, a predominantly hyperactive-
impulsive subtype, and a combined subtype,2 these have
been criticized for their heterogeneity and lack of symp-
tom specificity.3 Some researchers have asserted that
ADHD with aggression represents an alternative dis-
tinct subtype within ADHD with a unique developmental
course, symptoms, and prognosis.4–6 Others have suggest-
ed that ADHD with comorbid aggression has a strong bio-
logical basis, possibly mediated by distinctive deficien-
cies in neurologic substrate, including the orbitofrontal
cortex (OFC).7,8

Striking similarities are evident between symptoms
of ADHD and OFC dysfunction. Patients with lesions to
OFC typically display symptoms of disorganized hyperac-
tivity, impulsivity, and distractibility9,10 with disinhibited,
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inappropriate behavior and aggressive outbursts.10 Prob-
lems of behavioral response inhibition are also evident in
ADHD.11–13 Evidence of prefrontal compromise in ADHD
has been reported in neuroimaging studies showing reduc-
tions in prefrontal gray and white matter volumes in chil-
dren with ADHD compared to healthy controls,14–16 par-
ticularly evident in the right hemisphere.16–18 Hesslinger
et al.19 reported significant volume reductions in the left
OFC of adults with ADHD.

Increasingly, neurobiological research has emphasized
the importance of OFC function for controlling impulsive
aggression.20 Abnormalities of the left prefrontal cortex
including reduced gray matter and reduced metabolic ac-
tivity have been frequently observed in impulsive ag-
gressive patients.21,22 According to Davidson’s inhibition
control model of aggression,20 underactivation of the OFC
leads to poor regulation of emotional control and a greater
vulnerability for impulsive aggression. Consequently, le-
sions or dysfunction of the OFC, rather than any other
brain area, have been identified as producing the greatest
risk for displays of impulsive aggression.20

As the OFC becomes functionally mature much earlier
than other regions of the prefrontal cortex,23 dysfunction
of OFC, with its concomitant deficits of inattention, im-
pulsivity, hyperactivity, and impulsive aggression, may
be noticeable from early childhood. Consistent with this,
a subset of hyperactive ADHD children present with an
early pattern of impulsive aggression and emotional de-
regulation and cognitive problems of response inhibi-
tion.6,24 These children may be at risk of progressing to
violent and antisocial behavior in adulthood.6 Since there
is evidence for good treatment response in these chil-
dren,5,25 early identification may be very useful.

Tests of smell identification are a well-recognized
means of indirectly assessing the integrity of the OFC. In-
tact OFC is essential for olfactory identification process-
ing, which involves the recognition and naming of a per-
ceived odor.26 A reliable body of research confirms that
identification of odors represents a secondary stage in ol-
factory processing mediated by the OFC26–28 once intact
threshold detection levels (acuity) have been established.

The primary olfactory cortex appears to be fully func-
tional in childhood. Children from 8 years of age have
demonstrated a threshold sensitivity for detecting odors
that is equal to that of young adults.29 In tasks of odor
identification, which depend on secondary OFC process-
ing, children show less accuracy than adults. Marked im-
provement in smell identification, however, occurs be-
tween the ages of 7 to 11, coinciding with prefrontal
growth spurts during these ages.30 Further incremental im-
provements in smell identification ability occur during
adolescence leading to peak competency in early adult-
hood.31,32 Interestingly, smell identification in healthy
controls appears to depend on increased activation of
the right hemisphere OFC,33 and a strong right nostril

advantage for smell identification is reported by many
studies.34,35

The University of Pennsylvania Smell Identification
Test (UPSIT)32 has been widely used as a probe of OFC
function in psychiatric disorders such as schizophrenia,36

obsessive-compulsive disorder,37 and Asperger’s syn-
drome.28 Despite the success of the UPSIT in detecting
OFC functional impairments in schizophrenia,36,38,39 the
UPSIT has only been used in 2 studies of adults with
ADHD.40,41 Both Murphy et al.41 and Gansler et al.40 re-
ported impaired olfactory identification abilities in adults
with ADHD. To date, no study has used olfactory testing
in children with ADHD to investigate OFC functioning.

Therefore, the present study aimed to investigate puta-
tive OFC dysfunction in ADHD with particular relevance
to the subgroup of ADHD children with impulsive aggres-
sion relative to matched control participants.

Consistent with research showing early and ongoing
OFC dysfunction in ADHD, it is expected that the ADHD
group will demonstrate impaired olfactory identification
as measured by lower total UPSIT scores compared to
normal children. Further, as primary olfactory nerve pro-
jections are largely ipsilateral, olfactory tests presented
monorhinally can assess left and right OFC function sepa-
rately.42 Since OFC dysfunction in ADHD may be pre-
dominant in the right hemisphere,16–18 it is expected that
the ADHD group will demonstrate a right nostril impair-
ment in smell identification (in contrast to the right nostril
advantage found in controls).35 Finally, as evidence sug-
gests that left OFC dysfunction underpins impulsive ag-
gression,43 it is predicted that children with ADHD and
comorbid aggression will demonstrate greater deficits
in left nostril odor identification, reflected in lower left
nostril UPSIT scores, than nonaggressive ADHD children
or healthy children.

METHOD

Participants
The ADHD group was recruited from outpatient

mental health clinics at 2 major metropolitan hospitals
in Melbourne, Australia. Forty-four children aged 7–16
years met the DSM-IV2 criteria for ADHD diagnosis (40
combined-type, 4 inattentive) through semi-structured in-
terview44 and parent and child reports.45,46 Forty-four
healthy children matched for age, sex, years of education,
and handedness formed a control group. The control
group was similar in terms of age, sex, socioeconomic
status, and years of education (Table 1), with no docu-
mented history of clinical behavioral or psychological
problems, and was recruited as a sample of convenience
from families known to the research group. Children with
a documented history of organic brain disease, epilepsy,
thyroid disease, head injury with loss of consciousness,
nasal trauma, current viral illness, documented smell
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impairments, poor hearing, a non–English-speaking back-
ground, or a full-scale IQ score below 70 on the Wechsler
Intelligence Scale for Children-3rd Edition (WISC-III)47

were excluded from participation. Children with a family
history of diagnosed psychiatric illness were also ex-
cluded. In the ADHD group, 11 children were taking
stimulant medication, and 33 had no medication on the
day of UPSIT testing.

Materials and Method
Demographic and background information. Back-

ground information concerning the children with ADHD
including demographic details, medical and behavioral
data, and parental socioeconomic status was obtained
through hospital records. Daniel’s Scale of Occupational
Prestige48 was used to measure socioeconomic status of
all families by rating parental occupation between 1 and
7, with lower scores reflecting high socioeconomic status.
Both parents’ occupational scores were averaged to calcu-
late socioeconomic status.

Assessment of attentional function. Parents of all but
3 participants (2 control and 1 ADHD) completed the
Rowe Behavioral Rating Inventory (RBRI),49 consisting
of 20 bipolar behavioral statements (e.g., “Can concen-
trate” vs. “Cannot concentrate”), which measure typical
behavior problems exhibited in the home. Each item is
rated on a 5-point, ordinal dot scale with higher scores in-
dicating greater problems. The irritable/antisocial sub-
scale has 10 items measuring problems with emotional
and social lack of control, irritability, and aggression to-
ward family and friends, with scores ranging from 10 to
50. The inattentive subscale is composed of 5 items
that measure distractibility and aimless impulsive activ-
ity and is scored from 5 to 25. These RBRI subscales
demonstrate reliability with high internal consistency
(Cronbach’s α = .89 and .81, respectively).

Measures of intelligence. Full-scale IQ scores
(mean = 100, SD = 15) from the WISC-III47 provided a
measure of general intellectual functioning for the ADHD
group only. IQ data were not collected from the control

group because of time constraints. However, all controls
were attending mainstream schooling with no evidence
of learning disorders or intellectual impairment.

Measure of aggression. The Child Behavior Checklist
(CBCL)45 was utilized to identify behavioral problems
including aggression in all but 5 of the children with
ADHD. It is composed of 20 social competence items and
120 items reflecting behavioral or emotional problems
experienced over the last 6 months. Each item consists
of a statement (e.g., “Argues a lot”) that is rated on a
3-step scale, in which 0 = “not true,” 1 = “somewhat
true,” and 2 = “very true.” Responses are summed to form
a total behavior problem score (mean = 50, SD = 10).
Twenty-three items refer to aggressive behaviors and are
summed to form an aggression subscale. T scores of 70
and above represent behaviors in the clinical range.50

Smell identification. The UPSIT32 was utilized as a
measure of smell identification ability. It consists of 40
individual suprathreshold “scratch-and-sniff” microen-
capsulated patches on individual cards. The odors are
grouped into 4 booklets of 10 cards. Each card also con-
tains a single odor and a choice of 4 typed words to de-
scribe the smell (e.g., chocolate, peach, leather, pizza).
Scores on the UPSIT smell test range between 0 and 40,
with each correct identification scoring 1 point. The
UPSIT contains normative data and scores for children’s
smell identification abilities. UPSIT test-retest reliability
coefficients are high (r = 0.92), and satisfactory correla-
tions (r = 0.73 to 0.78) exist between scores on each test
booklet.32

Each odor patch was scratched and then presented to
the participant, who was asked to select the word that best
described the odor. The 4 odor choice words were read
aloud, and participants were asked to indicate that they
could detect a stimulus before attempting to identify it.
Twenty of the odor patches were presented to the left nos-
tril of the participant and twenty of the odor patches were
presented to the right nostril of the participant in order to
assess left and right OFC function separately. The partici-
pant was asked to block their untested nostril with a

Table 1. Demographic Characteristics of the ADHD and Control Groupsa

ADHD Group Control
Characteristic Total (N = 44) Aggressive (N = 19) Nonaggressive (N = 20) Group (N = 44)

Age, mean (SD), y 12.16 (2.19) 11.63 (2.14) 12.40 (2.33) 12.23 (2.21)
Male, N (%) 35 (79.5) 15 (78.9) 17 (85.0) 35 (79.5)
Socioeconomic status, mean (SD) 4.0 (0.9) 4.2 (0.9) 3.7 (0.9) 4.3 (0.6)
Education, mean (SD), y 7.16 (2.2) 6.63 (2.1) 7.40 (2.3) 7.23 (2.2)
Right-handed, N (%) 40 (90.9) 18 (94.7) 17 (85.0) 43 (97.7)
IQ, mean (SD) 99.60 (14.19) 101.05 (12.15) 97.88 (16.54) …
CBCL aggression score, mean (SD) 75.97 (12.3) 86.47 (5.96) 65.10 (8.07) …
aSocioeconomic status was calculated using Daniel’s (1983) Scale of Occupational Prestige.48 Aggression was measured using the CBCL aggression

subscale.45 Full-scale IQ was measured using the WISC-III.47

Abbreviations: ADHD = attention-deficit/hyperactivity disorder, CBCL = Child Behavior Checklist, WISC-III = Wechsler Intelligence Scale for
Children-3rd Edition.

Symbol: … = not applicable.
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simple external finger press34 as per the normal Unilateral
Test procedure.32 The order of nostril presentation was
counterbalanced across all participants.

Procedure
This study was approved by the Ethics Committees

of the Royal Children’s Hospital, Melbourne, the
Maroondah Hospital, Melbourne, and the University of
Melbourne, Australia. All participants and their parents
received detailed information concerning this study and
gave written informed consent before participation. Chil-
dren were assessed during a home visit from March 2004
to October 2004.

The present research accessed previously collected
data on the ADHD group from clinic records, includ-
ing demographic details, WISC-III47 scores, and CBCL45

scores. Parents of all participants completed the RBRI49

behavioral survey at the time of assessment for the current
study.

The ADHD group (excluding the 5 who did not com-
plete the CBCL) was divided into aggressive and non-
aggressive subgroups for subanalysis (see Table 1) using
the median aggression subscale T score (T = 77).

Statistical Analyses
Statistical analyses were conducted using the Statisti-

cal Package for the Social Sciences (SPSS) Version 11.5
(SPSS Inc., Chicago, Ill.). Independent group t tests and χ2

significance tests were used to explore differences be-
tween groups on demographic variables, and equality of
variance was checked using Levene’s test. A squared
transformation was performed on the UPSIT scores to
reduce the effect of negative skewness before further
analyses were conducted. Analysis of covariance, using
RBRI inattentive scores as the covariate, was also con-
ducted after checking for homogeneity of regression. A 2
(group) × 2 (nostril) mixed factorial analysis of variance
(ANOVA), with nostril as the within-subjects variable, in-
vestigated the predicted right versus left nostril smell
identification within the ADHD and control groups. A 3
(group) × 2 (nostril) mixed factorial ANOVA was con-
ducted to examine the effect of nostril usage on smell
identification for each aggressive status group.

RESULTS

Statistical analyses revealed no significant difference
in age (t = 0.15, df = 86, p = .89), socioeconomic status
(t = 1.3, df = 86, p = .20), handedness (χ2 = 2.46, df = 1,
p > .10), or gender distribution (χ2 < 0.001, df = 1, p =
1.00) between the ADHD and the control group partici-
pants (see Table 1). No difference was found in total
UPSIT scores for those receiving no medication and those
receiving stimulants or other medications (F = 2.02, df =
2,41; p = .15). Within the ADHD group, the total UPSIT

test results were not associated with IQ scores (r = 0.29,
p = .64). The ADHD group’s RBRI irritable/antisocial
subscale (mean = 34.23, SD = 8.46) and inattentive sub-
scale scores (mean = 17.42, SD = 4.99) were significantly
higher than the control group (mean = 16.19, SD = 4.98,
t = 12.01, df = 68.3, p < .01; mean = 8.0, SD = 2.75, t =
10.8, df = 65.6, p < .01, respectively).

A repeated measures ANOVA revealed, as predicted,
a significant main effect of diagnostic group (F =
44.65, df = 1,86; p < .01), indicating the ADHD subjects
were significantly poorer at smell identification than the
control subjects. Furthermore, there was a highly sig-
nificant group × nostril interaction (F = 30.51, df = 1,86;
p < .01; Figure 1). Post hoc comparisons, using repeated-
measures ANOVA separately for the 2 groups, revealed
a significant right nostril advantage in the control group
(F = 15.10, df = 1,43; p < .01) but a significant right nos-
tril impairment in the ADHD group (F = 15.41, df = 1,43;
p < .01). There was no effect of nostril (F = 0.00, df =
1,86; p = .97). This pattern did not differ in a subanalysis
that included gender as a main effect—both male and
female children with ADHD showed an impairment in
smell identification and a specific disadvantage for the
right nostril (male ADHD/control: left = 14.4/15.7, right =
12.7/16.6; female ADHD/control: left = 12.8/15.6, right =
12.6/17.4). Furthermore, the difference in UPSIT total per-
formance between the ADHD and control groups remained
significant after covarying for RBRI inattentive score
(F = 6.79, df = 1,82; p = .01), as did the group × nostril in-
teraction (F = 23.01, df = 1,82; p < .01).

Finally, a significant main effect of group in smell iden-
tification (F = 19.32, df = 2,80; p < .01) and a group ×
nostril interaction (F = 13.62, df = 2,80; p < .01) was
found between the aggressive ADHD, nonaggressive
ADHD, and control groups. Post hoc testing (Student-

Figure 1. Left and Right Nostril UPSIT Scores for the ADHD
and Control Groupsa

aMaximum score for each nostril is 400 (transformed), equivalent to a
raw score of 20. The equivalent mean raw scores for the ADHD
group are left = 14.3 and right = 13.0; and for the control group,
left = 15.8 and right = 16.8.
Abbreviations: ADHD = attention-deficit/hyperactivity disorder,
UPSIT = University of Pennsylvania Smell Identification Test.
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Newman-Keuls) showed that these effects were because
the ADHD groups (regardless of levels of aggression) per-
formed more poorly than the controls (both comparisons,
p < .001) but not different to each other (p = .633). Indeed,
the mean difference between the 2 ADHD subgroups was
only 7.8 (equivalent to a difference in raw score of 0.3).
This finding was confirmed by examining the correlation
coefficient between the continuous CBCL aggression
score and the transformed UPSIT score (in the ADHD
group only), which was nonsignificant (r = 0.2, p = .221).

DISCUSSION

The results provide evidence of a specific pattern of
olfactory deficits in children with ADHD. As predicted,
children with ADHD showed poorer olfactory identifi-
cation abilities overall compared to normal children. Al-
though this deficit was evident for both left and right
nostril identification, the children with ADHD displayed
significantly greater right nostril impairment. In contrast,
the control group children displayed the expected sig-
nificant right nostril advantage for odor identification. The
prediction of greater olfactory identification deficits in
children with ADHD and comorbid aggression was
not supported by the results. These olfactory deficits in
ADHD are consistent with reported differences in the un-
derlying neural substrate of children with ADHD.14–16

This study is the first to report significant olfactory
deficits in children with ADHD and is consistent with
limited previous research reporting impaired olfactory
processing in adults with ADHD.39,40 It is possible that
reduced ability to identify odors is due to reduced intellec-
tual ability in the ADHD group; however, our data do
not support this argument. First, the mean IQ for the
ADHD group was average and included many intellectu-
ally highly able children. Secondly, within the ADHD
group, measured intelligence was not associated with
the smell identification results. This is consistent with
Murphy and colleagues’41 finding that olfactory identifica-
tion represents a relatively independent component of
cognition.

Our findings are also unlikely to be attributable to poor
attention or restlessness while completing the smell test.
Individual testing by the researcher provided an oppor-
tunity to monitor attention. The task was short and engag-
ing for the children. Even when statistically controlling for
background differences in attention between the children,
significant group differences in olfactory abilities re-
mained. Alternatively, Murphy et al.41 interpreted the find-
ing of olfactory deficits in adults with ADHD as resulting
from diminished function in prefrontal cortex. As odor
identification relies on orbitofrontal cortex functioning34

once the integrity of threshold detection has been estab-
lished, the results of the present study also support the no-
tion of OFC dysfunction in children with ADHD.

A second major finding in the results was the predicted
lateralization of olfactory processing in both the control
and ADHD groups. In the control group, olfactory iden-
tification was more accurate for odors presented to the
right nostril than the left nostril (as previously shown
in adults34), suggesting early development of this hemi-
spheric advantage.51 In contrast, the ADHD group demon-
strated a reversal of this asymmetry.

As all the children in the present study agreed they
could smell the odors with either nostril, and as the odors
presented to each nostril were suprathreshold in strength,
the poor performance by the ADHD group is unlikely
to result from a primary processing problem of odor detec-
tion that would implicate lower-order pathways between
the olfactory bulb and limbic regions (see Brewer et al.52

for review). Rather, the impaired right nostril performance
by the ADHD group may reflect a specific deficit in the
secondary processes of odor identification, which are
dependent on OFC activation ipsilateral to the nostril
stimulated.26 While standard unilateral procedure involves
maintaining the integrity of the axis of the septum, it is
possible for the odorant to cross to the contralateral side
within the nasopharynx upon exhalation or the relaxation
of inhalation.32 However, given our finding of a right nos-
tril advantage in the control group is consistent with previ-
ous studies,32,33 we do not think this methodological issue
has contributed to the results. Nonetheless, future uni-
lateral assessment of children should amend the standard
procedural instructions to include a reminder at the presen-
tation of each odor element to exhale through the mouth.

Right nostril impairment for recognizing odors in the
ADHD group could potentially be due to predominantly
right OFC dysfunction or developmental delay. This inter-
pretation is consistent with reports highlighting underac-
tivation of the right OFC in children with ADHD12,13 and
right hemisphere volume reductions in the prefrontal and
OFC regions in children with ADHD.14–16,19

The third main finding of this study was that children
with high levels of aggressive behavior and ADHD did not
differ from their less aggressive peers, despite parental re-
ports on the RBRI49 and the CBCL45 indicating that the
aggressive children with ADHD had greater problems of
irritability and antisocial activity. Thus, while the results
of the present study suggest that both ADHD groups may
share a common impairment in right OFC function, the
basis for aggressive behavior in these patients remains to
be explored.

This failure to find clear significant olfactory differ-
ences between the aggressive and nonaggressive ADHD
groups may reflect a methodological weakness in the defi-
nition of these 2 groups. The majority of the ADHD chil-
dren in the present study, although randomly selected, had
CBCL aggressive scores in the clinical range. Conse-
quently, the nonaggressive group may not have been suffi-
ciently differentiated from the aggressive group to allow
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detection of any significant group differences in left nos-
tril olfactory tests. Future research incorporating children
with ADHD from the general community as well as hospi-
tal outpatients’ clinics may provide a more representative
sample and may enable a clearer distinction of the olfac-
tory deficits related to ADHD alone, as opposed to those
apparent in ADHD with aggression.

Two other methodological considerations should be
taken into account in interpreting these data. First, we did
not assess IQ in the control group, so it is unknown how
well matched the 2 groups were on this variable or the ef-
fect of such differences on smell identification. While it is
possible that the control group may have had a higher av-
erage IQ than the ADHD group, their UPSIT performance
was similar to previous research reporting control group
performance in young people. Second, the small number
of girls in the ADHD group means it is unclear to what
extent these findings are generalizable to females. Re-
plication of this study with more equal gender distribu-
tion would help clarify the relationship of gender to OFC
dysfunction.

In summary, the results of the present study provide
further evidence supporting a biologically based prefron-
tal impairment in ADHD and may have implications for
its early detection and treatment.
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