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Abstract
OBJECTIVE—22q11 deletion syndrome, a common human interstitial deletion syndrome (1:5000),
is associated with a heterogeneous physical phenotype, including several factors that markedly
increase the risk for olfactory disorder. Despite its potential consequences, pediatric studies of
impaired olfaction are rare, and odor detection in children with 22q11 deletion syndrome has not yet
been examined.

METHODS—The University of Pennsylvania Smell Identification Test was administered to 62
children, including 39 with 22q11 deletion syndrome and 23 neurotypical control siblings who ranged
in age from 5.3 to 14.8 years. Lowered smell detection accuracy among affected children was
predicted.

RESULTS—Substantially more children with 22q11 deletion syndrome (68%) as compared with
neurotypical control subjects (13%) had University of Pennsylvania Smell Identification Test scores
≥2 SDs below the standardization sample mean. Frequency of impairment in younger versus older
children did not differ. The score distributions of children with and without velopharyngeal
insufficiency did not differ; however, markedly lower score variance among children with
velopharyngeal insufficiency suggested its negative impact on olfaction. Posthoc error analyses
revealed that affected children had special difficulty detecting smells that are associated with fumes
and smoke.

CONCLUSIONS—Odor detection failures are ubiquitous among children with 22q11 deletion
syndrome and are not associated with developmental delay or performance characteristics of younger
affected children. Additional studies are needed to examine further the impact on olfaction of
velopharyngeal insufficiency and compromised nasal airway patency. Children with 22q11 deletion
syndrome should be evaluated routinely for olfactory disorder. When deficits are identified,
caregivers should be warned of potential dangers that are associated with this type of sensory
impairment.
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22Q11 DELETION SYNDROME (22q11DS), also referred to as DiGeorge or velocardiofacial
syndrome, results from a meiotic deletion at the q11.2 site on chromosome 22. It is estimated
to occur in at least 1:5000 live births1 and may be substantially more prevalent.2 22q11DS
results in the loss of ~30 gene copies3 and a broadly heterogeneous physical phenotype, most
typically including structural velopharyngeal anomalies, craniofacial or heart anomalies, and/
or immunologic deficits secondary to thymic irregularities.4 Interest in the early neurologic
and neurocognitive development of children with 22q11DS increased dramatically after reports
of higher-than-expected rates of schizophrenia among affected adults.5

Clues regarding the source of neurocognitive differences in 22q11DS may reside in its genetic
profile. Among the 30 deleted gene copies are 4 that have a direct and an indirect impact on
production and release of glutamate, γ-aminobutyric acid (GABA), and dopa-mine, the 3
neurotransmitters that selectively subserve pathways that link basal ganglia and frontal/
prefrontal cortex6 and that are implicated in the cause of schizophrenia.7 Neurocognitive and
neurophysiologic evidence has suggested abnormalities in these pathways among children with
22q11DS.8,9 Identifying the full complement of early deficits in at-risk children may be
essential for understanding why severe psychiatric disorder develops among a select few.

Olfaction is perhaps the most intriguing and least understood of the human senses. Olfaction
works by chemical reaction and can function at long distances for continual monitoring of air
quality, food and drink, and proximity to others. Aspects of olfaction are congenital, as
suggested by studies of facial grimacing to foul smells in neonates10; however, odor
discrimination also depends on exposure and learning.11 Glutamate, GABA, and dopamine are
the primary neurotransmitters of ol-faction,12–14 and, perhaps not surprising, olfactory disorder
has been recognized as one of the earliest signs of idiopathic Parkinson’s disease and thus
primary basal ganglia pathology.15 Other evidence has suggested that some olfactory disorders
result from abnormalities in networks of the lateral orbitofrontal cortex,16 and studies have
suggested that olfactory disorders are overrepresented among patients with schizophrenia.17–
19

There are many other sources of olfactory disorder in adults and children, the most common
of which include upper respiratory infection, sinonasal disease, and head trauma.20 Any
condition that alters upper airway patency might be expected to impair olfaction; however,
empirical reports of olfactory disorder in pediatric samples are rare. One study included 65
children who were aged 5 to 15 and suggested that nasal obstruction secondary to adenoid
hypertrophy, chronic rhinitis, and/or acute upper respiratory infection was associated with
diminished olfaction.21

Olfaction has not been examined previously in children with 22q11DS. Conditions that are
common to this population and that might be implicated in possible ol-factory disorder as a
result of compromised upper airway patency could include velopharyngeal insufficiency (VPI)
and history of nasal regurgitation/nasogastric tube feeding. No studies yet have examined the
association between VPI and olfaction. One study examined the association between early
nasal regurgitation/nasogastric tube feeding on diminished olfaction in children with the
genetic syndrome of coloboma, congenital heart disease, choanal atresia, mental and growth
retardation, genital anomalies, and ear malformations and hearing loss22; unexpectedly, no
associations were found. This study awaits replication. Given congenital anomalies that could
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alter upper airway patency, as well as chronic irregularities in glutamate/GABA/dopamine
systems, a majority of children with 22q11DS might be at high risk for olfactory disorder.

Pediatric studies of olfaction have broad clinical as well as etiologic significance. When food
smells are not perceived accurately, nutrition is endangered, and spoiled or inedible substances
may not be detected accurately. When odors such as smoke or fumes are not identified, safety
is jeopardized. Odor perception differences must be characterized in at-risk children before
caregivers can be forewarned.

As part of a longitudinal study of neurocognitive development in school-aged children with
22q11DS, we administered the University of Pennsylvania Smell Identification Test (UPSIT)
to 62 children, including 39 with 22q11DS and 23 neurotypical control siblings who ranged
in age from 5.3 to 14.8 years. We predicted lowered smell detection accuracy among affected
children as compared with sibling control subjects. In secondary analyses, we explored possible
sources of olfac-tory differences. Because olfactory discrimination is influenced by
learning11 and because younger children with 22q11DS have been observed to be both
generally delayed and impulsive,23 we examined possible differences in odor detection
accuracy between younger and older children with 22q11DS. We also compared subgroups of
affected children with and without a history of VPI and with and without a history of nasal
regurgitation/nasogastric tube feeding.

METHODS
Participants

Sixty-two children were included in these analyses, 39 (20 girls) with the 22q11DS and 23
neurotypical control siblings (16 girls). Racial composition was 95% white. Affected children
ranged in age from 5.9 to 14.8 years, with a mean age of 9.7 (±2.3). Siblings ranged in age
from 5.3 to 14.7 years, with a mean age of 9.8 (±2.9).

The institutional review board of The Rockefeller University approved this project before data
collection and at regular 1-year intervals. Parents learned of our project through Web site
postings and brochures that were sent to genetic counselors, doctors’ offices, speech and
language specialists, and parent support groups. All children were confirmed positive for the
22q11 deletion via florescence in situ hybridization assay before enrollment in the study.
Fluency in English was required for participation of both parents and children. Consent forms
were sent to parents 1 month before scheduled testing. The tests and testing procedures were
explained to the parents by study staff and to child participants by their parents. Child verbal
assent and parental informed consent were obtained on the morning of testing before the start
of assessment procedures. Before the first visit, parents completed a lengthy study intake form
regarding their child’s medical history, which included multiple questions regarding
velopharyngeal status, chronic feeding problems, nasal regurgitation, and nasogastric tube
feeding. In addition, medical charts were available for review by study staff.

Procedures
The UPSIT24 provides 40 scratch-and-sniff odorants embedded in 10- to 50-μm urea-
formaldehyde polymer microencapsules fixed in a proprietary binder and presented in 0.5 ×
1.5 inch scratch panels positioned at the bottom right corner of each booklet page. Stimuli are
released by scratching a pencil tip in a standardized manner across each panel. The test is forced
choice, with 4 response options printed above each odor strip [eg, “This odor smells most like
a) gasoline b) pizza c) peanuts d) rose”]. The extensive multistaged development of this
instrument was described previously.25 The third edition of the UPSIT used in this study
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provided normative data based on ~4000 male and female individuals who were aged 4 to 99
years, with valid gender-specific norms down to the fifth percentile in each 5-year age band.

The UPSIT is a simple task and was designed to be self-administered by children as young as
4 years. In the past decade, scratch-and-sniff technology has been used widely in children’s
stickers, advertisements, and coloring books and now is very familiar to even the youngest
children. Many children with 22q11DS, however, have weak pencil grip and poor graphomotor
control.26 Because of early learning disabilities,27 they are inconsistent in their reading ability.
To control for these possible confounders, testers administered each item of the UPSIT to all
children. Testers scratched each smell patch, read each of the response options, handed the
smell patch to the child, and answered possible questions about particular items. Overall,
children’s responses tended to be quick and certain. Children were allowed to complete the
task when they provided cogent responses in a timely manner. As is standard professional
practice, when a child seemed to be unengaged, unable, or unwilling to participate for any
reason, testing did not proceed. All control siblings completed the UPSIT testing with no
difficulty. UPSIT testing was discontinued for 3 affected children (ages 6.2, 6.5, and 7.1). Two
additional children came for testing with head colds and were not administered the UPSIT.

The UPSIT was given as part of a larger battery that spanned 2 consecutive mornings. Testing
was conducted by a licensed clinical psychologist or by 1 of 4 specially trained testers with a
minimum of 2 years of child testing and/or treatment experience at the doctoral level. A licensed
clinical psychologist supervised testers. All testing was completed by 1 PM to control for
circadian effects. Parents waited immediately outside the testing room for their children and
were available to the children as needed. For all administrations, the order of the booklets (1-4)
was maintained. In some cases, UPSIT smell test booklets were administered between other
subtests or on consecutive mornings. During testing, some children asked for clarification of
particular stimulus items, and testers provided analogous response options. Response options
that were queried most frequently included turpentine, “like paint cleaner”; menthol or
wintergreen, “like some cough drops”; cedar, “like a Christmas tree”; and leather, “like new
shoes.” No UPSIT items included response options that belonged to similar odor classes (eg,
2 types of mint), so these analogies were enough to trigger recognition while not invalidating
particular items. All children who were included in these analyses were healthy, without upper
respiratory infection, and unmedicated at the time of testing.

Scoring and Database and Data Analysis
Testers marked children’s responses to all items to ensure coding accuracy. A specially trained
research worker (S.M.) scored each test booklet with scoring templates provided in the UPSIT
manual. All accuracy scores were retallied to ensure accuracy. All individual item responses
were entered, total accuracy scores were calculated with a simple algorithm, and the age-
corrected percentile equivalences for total raw accuracy scores (heretofore referred to as UPSIT
scores) were obtained from the appropriate gender-specific, age-corrected norms table in the
UPSIT manual. VPI status and history of chronic nasal regurgitation/nasogastric tube feeding
were scored dichotomously on the basis of information in children’s medical charts and medical
history forms that were completed by parents before their first visit. All data were entered and
maintained in a Statview database and analyzed using Statview Version 3.0 for PC or SAS
Version 6.0 for PC.

Unpaired t tests were used to examine possible mean age differences between groups. Box
plots were used to examine distributional characteristics of UPSIT scores, and F tests were
used to examine variance equality between groups. Score distributions and variances differed
broadly. For analyses that compared affected children and control siblings, χ2 tests were
calculated to examine group differences in the frequency of children with scores in the impaired
range (≥2 SDs below the standardization sample mean).
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For secondary analyses that examined differences among affected children, UPSIT score
distributions by age group, history of VPI, and history of nasal regurgitation/nasogastric tube
feeding were examined. For all subgroups, distributions were similarly skewed (positive),
suggesting low percentile score clusters for all groups. Variances of age groups and by history
of VPI differed markedly. UPSIT scores of groups with and without a history of nasal
regurgitation/nasogastric tube feeding did not differ with regard to variance. UPSIT score
group differences were examined with Mann-Whitney U tests that compared subgroups of
younger and older affected children, children with and without a history of VPI, and children
with and without a history of nasal regurgitation/nasogastric tube feeding.

In additional exploratory analyses, error frequency differences of affected children and control
siblings were compared for specific odors using χ2 analysis, with probability set to .01 to correct
for multiple comparisons. Logistic regression was used to examine the likelihood of potentially
critical odor detection failures in children with 22q11DS.

RESULTS
Mean age of affected children and control siblings did not differ (mean difference: 0.04, degree
of freedom [df] = 60, t = 0.06). Initial review of UPSIT scores suggested that the distributions
of group scores and group variances differed broadly (Fig 1). UPSIT scores of affected children
were clustered tightly at the low end of the scale (positively skewed), and an F test of variances
revealed a large difference (variance ratio: 2.43, numerator df = 22, denominator df = 38, P = .
02). Group medians and interquartile ranges (IQRs) for UPSIT scores differed broadly (22q11
median: 4.0 [IQR: 6.75]; sibling median: 24.0 [IQR: 18.0]).

Given these distribution characteristics, nonparametric tests were used for the primary group
comparison. UPSIT scores were dichotomized (yes/no); scores ≥2 SDs below the
standardization sample mean indicated impairment. χ2 analysis of the frequency of impairment
by group suggested a large difference (χ2

[1,N = 62] = 16.7, P < .001); 26 (68%) of 39 affected
children, as compared with 3 (13%) of 23 control siblings, had UPSIT scores in the impaired
range.

Secondary analyses were conducted to explore possible factors that contributed to these
differences among affected children. To examine age effects on performance in affected
children (n = 39), younger and older subgroups were created using the sample median age (9.4;
younger n = 19, older n = 20). The distribution and variance characteristics of age subgroups
were compared. Both distributions were positively skewed, and variances differed (variance
ratio: 0.23, numerator df = 18, denominator df = 19, P = .003). Mann-Whitney U test suggested
that mean ranks for younger (19.6) and older (20.4) children did not differ (U = 182.5, z =−0.2,
P = .83). There was no evidence of an association between age and lowered UPSIT scores
among children with 22q11DS.

We also considered the scores of affected children with a history of VPI. No sibling control
subjects had a history of VPI. Among the 39 children with 22q11DS, 17 had a history of VPI,
9 of whom had undergone corrective (flap) surgery. Table 1 shows the descriptive statistics of
UPSIT scores for these children. Given the distribution characteristics and broad variance
differences between groups (variance ratio = 12.4, numerator df = 12, denominator df = 16,
P < .001), Mann-Whitney U test was calculated to compare distributions. Group mean ranks
did not differ (22q without VPI mean rank: 20.7; 22q with VPI mean rank: 19.1; U = 172.5,
z = −0.41, P = .68). Although the mean score of children without VPI seemed to be twice that
of children with VPI (Table 1), subgroup medians in these skewed distributions were
equivalent, indicating that the larger group mean among children without a VPI history was
attributable to sporadic high scores.

Sobin et al. Page 5

Pediatrics. Author manuscript; available in PMC 2009 September 29.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



To corroborate that group differences between affected children and siblings were not
dependent on the UPSIT scores of affected children with a history of VPI, we calculated a
second χ2 to compare the frequencies of UPSIT scores in the impaired range in affected children
without a history of VPI (n = 22) and control siblings (n = 23). Differences between groups
(excluding affected children with a history of VPI) were significant (χ2 = 12.2, df = 1, P < .
001).

We also examined the possible influence of early feeding problems on olfaction. Thirteen
(33%) affected children in this sample had an early history of chronic nasal regurgitation, 5 of
whom required nasogastric tube feeding for periods of up to 6 weeks. Mann-Whitney U test
suggested no difference in the mean ranks of UPSIT scores for these 2 groups of affected
children (U = 159, z =−0.3, P = .77). In contrast to VPI status results, variances between groups
did not differ.

For clinical purposes, we conducted additional exploratory analyses to compare the frequency
of specific smell errors in affected children and control siblings. To control for repeated tests,
significance for these analyses was P ≤ .01. Children with 22q11DS were found to be especially
inaccurate in detecting 7 of 40 odors (χ2 ≥ 6.5, P < .01). In the magnitude of error differences
from greatest to least, these included paint thinner, smoke, pine, watermelon, lilac, leather, and
licorice (Fig 2). Differences in detection accuracy for 3 additional odors (cherry, clove, and
menthol) approached significance (χ2 ≥ 6.1, P ≤ .02). No control siblings failed to detect paint
thinner as compared with 40% of affected children (logistic regression could not be used to
compare group likelihood risk with 1 group = 0). Logistic regression suggested that compared
with control siblings, children with 22q11DS were 2.4 times less likely to detect smoke (r =
0.40, P = .003). As an example of failure to detect pleasurable odors, children with 22q11DS
were found to be 2.8 times less likely to perceive watermelon accurately (r = 0.40, P = .011).

DISCUSSION
Studies of olfaction in pediatric samples are rare, and olfactory disorder in children with
22q11DS has not been reported previously. The UPSIT, standardized for children who are 4
years and older, was administered to 62 school-aged children who ranged in age from 5.3 to
14.8 years, including 39 with the 22q11DS and 23 neurotypical control siblings. UPSIT scores
for the affected group were nonnormally distributed, and group medians differed markedly.
χ2 analyses suggested that a substantially larger proportion of children with 22q11DS had
scores in the impaired range (≥2 SDs below the standardization sample mean). During testing,
virtually all children exhibited frequent spontaneous facial reactions, and the reactions of some
affected children seemed to indicate marked hypersensitivity. For this reason, we propose that
children with 22q11DS manifest dysosmia (distorted sense of smell) rather than anosmia (loss
of smell). This requires additional investigation.

In secondary analyses that examined possible sources of lowered UPSIT scores among affected
children, chronological age was considered. UPSIT norms are age corrected. If a given
population is globally delayed with early impulsivity, then younger as compared with older
affected children might be expected to perform especially poorly as compared with same-age
peers, and group differences might be attributable to markedly lowered scores among only
younger affected children. No age effects were found, however. Olfactory disorder in children
with 22q11DS seems to be equally prevalent in younger and older children and therefore is not
likely to reflect general developmental delay or impulsive responding among younger children.

Other medical conditions also might contribute to olfactory disorder in children with 22q11DS,
perhaps the most common of which is VPI. Medical charts indicated that 49% of affected
children in this sample were positive for VPI. Given the relatively small sample size, the VPI
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group included children with and without a history of corrective flap surgery (a surgically
created flap does not resolve altered airway patency). No differences were found in the UPSIT
scores of affected children with and without a history of VPI. However, sample distribution
characteristics importantly inform these findings. The variance of UPSIT scores in affected
children with VPI was significantly lower, and, interestingly, lowest among those without a
history of surgical correction (Table 1), perhaps indirectly indicating a consistent negative
impact of (uncorrected) VPI on olfaction in children with 22q11DS. At the same time, an
additional analysis that compared only affected children without VPI and siblings substantiated
a large group difference in odor detection. Olfactory disorder in this population seems to have
multiple determinants. These findings require replication and additional study.

Other factors that might affect olfaction in children with 22q11DS also were considered.
Affected children with a history of nasal regurgitation/nasogastric tube feeding were compared
with those without. Consistent with previous findings in children with the genetic syndrome
of coloboma, congenital heart disease, choanal atresia, mental and growth retardation, genital
anomalies, and ear malformations and hearing loss,22 no differences were found. Unlike the
variances among children with and without VPI, there were no variance differences in children
with and without a history of early feeding difficulties.

History of upper airway surgeries among children with 22q11DS also might be expected to
influence odor detection. In this sample, however, only 4 affected children (and no control
siblings) had a history of adenoidectomy and/or tonsillectomy. This was not a sufficient number
for statistical comparison (the percentile scores for these 4 cases were broadly distributed: 4,
10, 16, and 52). Mouth-breathing also might be expected to alter odor detection; however, only
3 children in this sample had this diagnosis, and their percentile scores were varied (4, 14, and
16). Generally speaking, research that examines the influence of VPI, early feeding problems,
and mouth-breathing in pediatric populations is rare. With regard to 22q11DS, its extremely
broad physical phenotype will require replications with larger samples of affected children.

Overall, the results suggested that olfactory disorder among children with 22q11DS is
ubiquitous across age bands and has multiple determinants, one of which may be VPI. A
majority of affected children have olfactory disorder, suggesting its centrality in the phenotypic
characterization of 22q11DS. Exploratory analyses that were conducted for clinical purposes
revealed that children with 22q11DS are particularly inaccurate in detecting potentially toxic
fumes and smoke, as well as pleasurable smells, which may reduce their quality of life. The
probability of odor detection impairment with serious safety consequences should be conveyed
to teachers, professionals, parents, and caregivers of children with 22q11DS. Many more
investigations of olfactory disorder in this and other at-risk pediatric populations are needed.
Comparisons of children with 22q11DS to nonsyndromic children with histories of nasal
airway difficulties would be especially valuable.

Limitations
The UPSIT was given as part of a larger battery that focused on neurocognitive development
in children with 22q11DS. VPI status for secondary analyses was determined by medical chart
review and parent report at intake. Independent evaluation of velopharyngeal structure was not
conducted. For future studies of olfaction in children with 22q11DS, direct measurement of
the degree of nasal obstruction should be made by rhinometry.

The extent to which this sample represents larger groups of children with 22q11DS cannot be
determined at this time. The number of publications that report findings from unique
populations of children with 22q11DS remains small. It is possible that the type of study
described here attracts the participation of children with a lower prevalence of serious medical
conditions. This awaits additional consideration.
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The administration method of the UPSIT was adapted to suit the needs of this particular child
population. All items were read to all children, and all children were provided with odor label
analogies as needed. In some cases, UPSIT booklets were administered between other subtests
or on consecutive mornings. These methodologic deviations were not ideal but were deemed
necessary to ensure the highest possible quality of participant responses. Furthermore, the
UPSIT does not provide a standardized means to query qualitative perceptions; however, this
is a very important area for future study. Reports have suggested that independent brain
pathways govern detection of odor valence (pleasant/unpleasant) versus detection accuracy.
28 Determining which types of errors are most typical among affected children could reveal
selective brain pathway vulnerabilities. This sample was predominantly white. Additional
studies are needed to determine the relevance of these findings to other races.
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FIGURE 1.
Comparison of UPSIT scores of children with 22q11DS and control siblings.
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FIGURE 2.
Error rates for selected odors in children with 22q11DS and sibling controls
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