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Background:Odor identification deficits occur in individuals with schizophrenia and their unaffected first-degree
relatives, while deficits are less pronounced in individuals with bipolar disorder. We hypothesized that children
at familial high-risk for schizophrenia (FHR-SZ) show odor identification deficits compared to population-based
controls and that children at familial high-risk for bipolar disorder (FHR-BP) perform intermediate.
Methods: Odor identification was assessed at age 7 in 184 children with FHR-SZ, 106 children with FHR-BP, and
186 population-based controls with the Brief Smell Identification Test. Dimensional and predefined categorical
outcomes were used in the analyses. Potential relationships with psychopathological, cognitive, and home envi-
ronmental variables were conducted using hierarchical and logistic multiple regression analyses.
Results: ANOVA revealed no between-group differences in odor identification. Using the recommended cut-off
(below 5), we found a significantly greater proportion of boys at FHR-SZ than population-based boyswith an ab-
normal odor identification (p= .013). However, a supplementary analysis using a Danish-based cut-off (below
4) did not support this. All children showed significant, positive associations of odor identification with female
gender, social responsiveness, and verbal working memory. Lower social responsiveness predicted abnormal
odor identification in boys at FHR-SZ, only using the recommended cut-off.
Conclusions: Odor identification efficacy and risk status appear independent in this early developmental phase.
Using the recommended threshold, abnormal odor identification is more frequent in young boys at FHR-SZ
than in population-based boys and is linked to lower social responsiveness. The validity of these results is
questioned by non-significant differences in the rates when using an exploratory Danish-based threshold.

© 2019 Elsevier B.V. All rights reserved.
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1. Introduction

Schizophrenia (SZ) and bipolar disorder (BP) are severe mental
disorders that are intricately connected partially through shared ge-
netic risk factors (Brainstorm et al., 2018). Both are considered as
neurodevelopmental disorders, with social, emotional, and cognitive
deficits that start long before the onset of the illness (Insel, 2010), al-
though some of the findings regarding the neurodevelopmental
stiani, et al., Odor identification in 7-year-old children at familial high
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nature of BP are still contradictory (Sanches et al., 2008). To study
the developmental trajectories prior to illness onset, one can exam-
ine children of patients with SZ or BP. Children of a parent with SZ
or BP carry the genetic liability for these disorders and are therefore
at familial high-risk (FHR) to develop such illnesses themselves (SZ:
12% and BP: 6%) (Rasic et al., 2014). By investigating relatively young
children at FHR for SZ (FHR-SZ) and BP (FHR-BP), we can provide ev-
idence of distinct or shared developmental pathways of two severe
mental disorders at an early phase, without the consequences of hav-
ing the illness.

Impairments of olfaction is a likely endophenotype for SZ (Moberg
et al., 2014; Turetsky et al., 2008). A recentmeta-analysis comparing ol-
faction in patients with chronic SZ to that in healthy controls found a
medium-large effect size for odor identification deficits in patients
with SZ, the highest effect size among other aspects of olfaction (e.g.
odor detection threshold and odor discrimination) (Moberg et al.,
2014). Unaffected FDR of patients with SZ primarily show deficits in
odor identification (Cohen's d: 0.25–0.69) (Compton et al., 2006;
Kamath et al., 2014; Kopala et al., 2001; Turetsky et al., 2008) while
individuals with first-episode psychosis (Kamath et al., 2018) and indi-
viduals at clinical high-risk (CHR) for psychosis (Turetsky et al., 2018)
also show deficits in odor discrimination. This may underline that iden-
tification deficits precede further deterioration of olfactory functioning
once the illness has commenced. Despite olfactory studies in other
neurodevelopmental disorders (Kronenbuerger et al., 2018; Muratori
et al., 2017), little is known about odor identification in patients with
BP. One study found odor deficits in both psychiatric groups, however,
deficits were more pronounced in patients with SZ than in those with
BP (Cumming et al., 2011).

Odor identification deficits in SZ are consistently present irrespec-
tive of illness phase, age, smoking status, task complexity, ormedication
status (Kopala et al., 1995; Moberg et al., 2014). Despite observations of
odor identification deficits in both males and females with SZ, some
found more pronounced deficits in male patients with SZ (Malaspina
et al., 2012; Seidman et al., 1997). Also, odor identification deficits are
correlated with negative symptoms (Pearson's r: 0.43–0.47) (Brewer
et al., 1996; Corcoran et al., 2005; Goudsmit et al., 2003), but not with
positive symptoms (Corcoran et al., 2005; Malaspina and Coleman,
2003; Malaspina et al., 2012; Seidman et al., 1997). In individuals with
CHR of psychosis, odor identification deficits are suggested to predict
transition to psychosis (Brewer et al., 2003) and in individuals with
first-episode psychosis, deficits predict the persistence of negative and
cognitive/disorganized symptoms after 1 year (Good et al., 2006).

In addition, cognitive links to olfaction exist because successful
identification of odors partially relies on semantic and olfactory
knowledge obtained through prior experience with these odors. Ac-
cordingly, odor identification is associated with intelligence, verbal
memory, and conceptualization (the ability to form abstract con-
cepts) (Pearson's r: 0.28–0.58) (Brewer et al., 1996; Compton et al.,
2006; Corcoran et al., 2005). Moreover, lower social drive (defined
as less interest in and initiation of social interaction) accounts for
23% of the variance of odor identification in SZ and explains the rela-
tionship between odor identification deficits and negative symptoms
(Malaspina and Coleman, 2003). This suggests common pathophysi-
ology and perhaps shared neurobiological mechanisms that underlie
olfaction and social functioning in SZ.

Finally, the olfactory bulbs, important for their direct connections to
the primary olfactory cortex, have been implicated in the psychopathol-
ogy of SZ; patients with SZ show reduced volumes of the olfactory bulbs
(Turetsky et al., 2000). Notably, smaller olfactory bulb volumes are re-
ported in their unaffected first-degree relatives (FDR) (Turetsky et al.,
2003) and also in male adolescents, but not female, with CHR for psy-
chosis whose reduced volumes correlate with negative symptoms
(Turetsky et al., 2018). Therefore, the smaller olfactory bulb volume ob-
served both in patients with SZ as well as their unaffected FDR might
represent a risk indicator for SZ.
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The current study assessed whether two FHR groups for SZ or BP
show common impairment in odor identification. Therefore, we com-
pared children at FHR-SZ, children at FHR-BP, and population-based
controls (PBCs) on a test of odor identification (Doty, 2001). We hy-
pothesized that both FHR groups would demonstrate significant odor
identification deficits compared to the controls, with more pronounced
deficits for children at FHR-SZ than for children at FHR-BP. Additionally,
we exploratively analyzed whether odor identification is differentially
associatedwith other cognitive functions in the three groups. The choice
of cognitive functions was based on previously observed associations
between odor identification and cognition (Compton et al., 2006;
Larsson et al., 2004) as well as on earlier studies of cognitive deficits in
children at FHR-SZ or FHR-BP (Burton et al., 2018; Christiani et al.,
2019;Hemager et al., 2018). Cognitive functionswere expected to relate
positively with olfaction. Exploratively, this study also included demo-
graphic, psychopathological, and home environmental characteristics
to provide a comprehensive identification of potential cross-sectional
relations to the child's odor identification. We expected less symptom-
atology and amore stimulating and stable homeenvironment to bepos-
itively associated with olfaction.
2. Methods

2.1. Study design and participants

This study is part of theDanishHigh Risk andResilience Study - VIA7
which is a nationwide population-based cohort study of 522 children.
The cohort was collected from the national population of 7-year-old
children with a parent diagnosed with schizophrenia spectrum psycho-
sis, defined as schizophrenia, delusional disorder or schizoaffective dis-
order (ICD 10-codes: F20, F22, F25 or ICD 8-codes: 295, 297, 298.29,
298.39, 298.89, 298.99), or bipolar disorder (ICD 10-codes F30 or F31
or ICD 8-codes 296.19 or 296.39), and a control group with none of
these two disorders (other diagnoses were allowed). The VIA 7 study
design is described elsewhere (Thorup et al., 2015). The project was ap-
proved by The Danish Data Protection Agency. The study procedures
were aligned with the guidelines of the National Committee for Health
Research Ethics, although formal ethical approval was not required
due to its observational design. With the help of the Danish Civil Regis-
tration System (Pedersen et al., 2006) and The Danish Psychiatric Cen-
tral Research Register (Mors et al., 2011), data from 202 children at
FHR-SZ, 120 children at FHR-BP, and 200 PBC children were collected;
controls were matched on age, sex, and municipality to the children at
FHR-SZ. Controls were not matched to children at FHR-BP, however,
the groups were comparable on the parameters in question. Data
were collected between January 1st, 2013 and January 31st, 2016.
Legal guardians of the children gavewritten informed consent to partic-
ipate after receiving a thorough oral and written explanation of the
study. Participants were required to have Danish as their first language.
b2% of the participants decided to stop study participation after giving
written informed consent.
2.2. Procedures

Odor identification was assessed as part of a comprehensive as-
sessment battery by trained psychologists, medical doctors, and
nurses. While most of the assessments took place at the research
sites in Copenhagen and Aarhus, Denmark, in few cases the test
was performed in the child's homes (only if there was a quiet room
with no distractions). Child assessors were blinded to the risk status
of the children. Caregivers were asked about the child's health, for
example, current nasal infections, allergies, sinus operations, or
other complications that may have a negative impact on the child's
olfaction.
stiani, et al., Odor identification in 7-year-old children at familial high
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2.3. Measures

2.3.1. Odor identification testing
To assess odor identification, we used the Brief Smell Identification

Test (BSIT) (VersionA, Danish version)which is a validated, standardized,
non-invasive, and quantitative test for all ages above 5 years (Doty, 2001).
With its 12 items (menthol, soap, gasoline, rose, cherry, cloves, leather,
strawberry, lilac, pineapple, smoke, and lemon), BSIT is a shorter version
of the 40-item University of Pennsylvania Smell Identification Test
(UPSIT) (Doty et al., 1984) and contains items based uponworld-wide re-
ports (e.g. from France, Sweden, Russia, China, and Japan) to broader
cross-cultural familiarity (Doty, 2001). Items were presented as micro-
encapsulated odorant strips in a “scratch 'n sniff”, forced multiple-choice
format; each odor corresponds to one of four odors names. To avoid po-
tential bias fromdifferences in the reading ability of these young children,
the assessor neutrally read out the fourmultiple-choice options to all chil-
dren. After the assessor scratched and the child sniffed, the options were
repeated and thereafter the child verbally reported her/his choice which
was registered by the assessor. The assessor repeated the four multiple-
choice options as many times as the child wanted.

The primary outcome is the sum of correctly identified odors, pro-
viding a total score ranging from 0 up to 12. Thus, a higher BSIT total
score reflects better odor identification. The secondary outcome is the
recommended sex- and age-based cut-off scores to distinguish individ-
uals with normosmia (normal olfaction) from those with microsmia,
defined as a significant impairment in odor identification which inter-
feres with functioning. The cut-off score for microsmia is a BSIT total
score below 5 for boys at ages 5–9 and a BIST total score below 4 for
girls at ages 5–9 (Doty, 2001).

2.3.2. Psychopathological measures
The Child Behavior Checklist (CBCL) (Achembach and Rescorla,

2001) and the Attention Deficit/Hyperactivity Disorder – Rating Scale
(ADHD-RS) (Makransky and Bilenberg, 2014) assessed the severity of
dimensions of psychopathology. These questionnaires were accom-
plished by the primary caregiver. The child's teacher filled in the Social
Responsiveness Scale (SRS), providing an index of social reciprocity re-
flective of the severity of potential autistic traits (Constantino and
Gruber, 2005). (The study cohort's dimensional psychopathology is de-
scribed elsewhere (Christiani et al., 2019; Ellersgaard et al., 2018).

2.3.3. Cognitive functioning
The Reynold's Intellectual Screening Test (RIST) (Reynolds and

Kamphaus, 2003) assessed intelligence. Verbal memory was assessed
with two subtests of Test of Memory and Learning, 2nd version
(TOMAL-2) (Reynolds and Voress, 2007), Memory for Stories (MFS)
andWord Selective Reminding (WSR; the immediate and delayed con-
ditions in both). MFS measures a verbal free-recall of orally presented
stories while WSR is a verbal learning test requiring participants to re-
call an orally presented list of words. MFS andWSR assess different as-
pects of verbal memory; semantic recall (MFS) and learning and
immediate recall functions (WSR), and these test scores were kept sep-
arate in the analyses (Reynolds and Bigler, 1996). Processing speed was
assessed with the subtests Coding and Symbol Search from the
Wechsler Intelligence Scale for Children – fourth edition (WISC-IV)
(Wechsler, 2003); the subtest Letter-Number Sequencing was used to
assess verbal working memory. The Rapid Visual Information Process-
ing (RVP) A' (A prime) from the Cambridge Neuropsychological Test
Automated Battery (CANTAB) assessed sustained attention (Sahakian
and Owen, 1992). (The study cohort's neurocognitive functioning is de-
scribed elsewhere (Hemager et al., 2018).)

2.3.4. Environmental exposure
To evaluate the child's home environment of potential relevance for

olfaction we choose one subscale (“Active Stimulation”) of the Middle
Childhood – Home Observation for Measurement of the Environment
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(MC-HOME) (Bradley et al., 1988). The Active Stimulation Subscale
evaluateswhether the family actively stimulates the child broadly. To il-
lustrate, one item askedwhether the child is taken on trips outside their
home, village, or city, which would potentially increase the chance of
smelling new odors. The primary caregivers social functioning was
assessed with the Personal and Social Performance scale (PSP)
(Morosini et al., 2000).

2.4. Statistical analyses

To compare the demographic, psychopathological, cognitive, and
home environmental characteristics of the three study groups (FHR-
SZ, FHR-BP, and PBC), we used parametric and non-parametric statisti-
cal methods as appropriate. We compared continuous variables across
the risk groups using univariate analysis of variance (ANOVA) or
Welch's ANOVA in case of heterogeneity of variance. We performed
post-hoc multiple comparisons by means of Bonferroni corrections
and Games-Howell (following the Welch's ANOVA). We compared the
binary variable and the categorical outcome measure across the risk
groups using chi-square tests for independence.

All test scores were standardized into z-scores with the mean and
standard deviation of the PBCs as reference. A negative z-score reflect
poorer performance. Two composite verbal memory z-scoreswere con-
structed (theMFS immediate and delayed scores aswell as theWSR im-
mediate and delayed scores) and one composite z-score for processing
speed (the WISC-IV subtests Coding and Symbol Search scores). Com-
posite z-scores were re-standardized.

Odor identification was analyzed 1) using the primary dimensional
outcome (BSIT total score) with a two-way ANOVA with group and
sex as fixed factors to examine the potential between-group differences
and 2) using the secondary categorical outcome with a chi-square test
of independence to examine the distribution of normosmic versus
microsmic. We also performed separate one-way ANOVA's stratified
for sex. Exploratively, we used the psychopathological, cognitive, and
home environmental variables as predictors in the hierarchical multiple
regression analysis on the dimensional outcome, including their inter-
action with group. Additionally, we conducted a sex-specific multiple
logistic regression analysis. All basic assumptions of regressions analy-
ses were checked. The hierarchical multiple regression analysis was
conducted with risk status, sex, and age entered in the first step
(Model 1), psychopathological and cognitive variables in the second
step (Model 2), and home environmental variables in the third step
(Model 3) (Table 4). Interaction terms with FHR*variables were in-
cluded but did not reach statistical significance (data not shown). The
sex-specific multiple logistic regression analysis on the categorical out-
comewas conducted with “normosmic” and “microsmic” as dependent
variable. Due to lack of power, three predictors that were theoretically
most relevantwere selected: verbalmemory, social reciprocity, and ver-
bal working memory. As the means of the Danish PBC boys (Cohen's
d = 1.07) and girls (Cohen's d = 0.78) were unexpectedly low com-
pared to the normative data of the American boys and girls, we explor-
atively defined microsmia as a score b1.5 SD below the mean of the
Danish PBC boys and girls. Using this definition, both boys and girls
who scored below 4 were identified as microsmic, i.e. no change in
the threshold for girls compared to the American threshold. We did all
analyses in SPSS Statistics software (version 22.0).

3. Results

3.1. Cohort and demographic characteristics

The entire VIA 7 study cohort included 522 children (202 (39%) chil-
dren at FHR-SZ, 120 (23%) at FHR-BP, and 200 (38%) PBC). BSIT data of
46 children (non-significantly differently distributed across the groups)
were not analyzed due to either missing data (3 FHR-SZ, 4 FHR-BP, and
3 PBC) or excluded because sickness may have influenced olfaction (15
stiani, et al., Odor identification in 7-year-old children at familial high
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Table 2
Two-wayANOVA on a dimensional score of odor identification in 7-year-old childrenwith
familial high-risk group and sex as fixed factors.

Parameter estimate (B) Confidence interval (95%) p-value

Intercept 6.250 5.930–6.570 b0.001
FHR-SZ versus PBC −0.274 −0.667–0.118 0.170
FHR-BP versus PBC −0.129 −0.588–0.331 0.583
Female versus male 0.958 0.611–1.306 b0.001

Abbreviations: FHR-BP, Familial high-risk for bipolar disorder; FHR-SZ, Familial high-risk
for schizophrenia; PBC, Population-Based Controls.
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FHR-SZ, 10 FHR-BP, and 11 PBC). Thus, data from 476 children were an-
alyzed and there were no significant group differences on age or sex
(Table 1).

3.2. Odor identification

The main effect of group in the two-way ANOVA conducted on the
primary dimensional outcome (the BSIT total score) showed no signifi-
cant difference (F=0.94, p= .390)while themain effect of sex showed
a significant difference (F = 25.00, p b .001) (Table 2). The interaction
effect was not significant (F = 0.962, p = .383) (supplementary mate-
rial: Sex-stratified ANOVA's on BSIT total score). The secondary categor-
ical outcome showed no significantly different distribution of
normosmic versus microsmic across the groups including both sexes
(χ2 = 2.05, p = .36). However, a significantly greater proportion of
boys at FHR-SZ (27 out of 98; 28%) than PBC boys (13 out of 100;
13%)was classified asmicrosmic (χ2= 6.48, p b .05) (Table 3). The pro-
portion of boys at FHR-BP that fell into the microsmic group (21%) was
in between boys at FHR-SZ and PBC boys but these differences were
non-significant in both directions (see Fig. 1). We found no significant
differences in distributions across groups for girls (χ2 = 3.10, p =
.21). Using the microsmic threshold based on the Danish PBC boys´
mean and SD, there was no significant between-group difference in
the proportion rates for boys, with 11% of the boys at FHR-SZ, 8% of
boys at FHR-BP, and 7% of PBC boys having microsmia (p = .571). The
distribution of the test scores can be found in the supplementary mate-
rial (Box-and-whisker plots of test scores of total group, boys, and girls).

3.3. Psychopathological, cognitive, and home environmental characteristics

The ANOVA showed significant differences in psychopathological,
cognitive, and home environmental measures across the three groups
Table 1
Demographic, psychopathological, cognitive, and home environmental characteristics of 7-yea
and population-based control (PBC) presented in raw scores and pairwise comparisons betwe

Variables, mean (SD) Assessed function N FHR-SZ

Demographics
Children 184
Female % 46.7
Age - years at inclusion 7.8 (0.2)

Dimensions of psychopathology
CBCL Internalizing subscale Internalizing problem behavior 179 6.5 (6.0)
CBCL Externalizing subscale Externalizing problem behavior 178 7.7 (7.3)
ADHD-RS Inattention subscale Inattentive symptoms 179 6.8 (5.3)
ADHD-RS Hyperactive-impulsive
subscale

Hyperactive-Impulsive symptoms 179 7.0 (5.7)

SRS Social Responsiveness 157 37.3 (26.1)

Cognition
RIST Intelligence 184 102.5 (11.5
MFS Immediate Verbal memory (immediate) 183 19.3 (10.1)
MFS Delayed Verbal memory (delayed) 183 14.9 (9.1)
WSR Immediate Verbal memory (immediate) 177 38.6 (5.7)
WSR Delayed Verbal memory (delayed) 176 6.1 (2.0)
Coding Processing speed 183 26.6 (7.7)
Symbol Search Processing speed 179 15.5 (5.3)
Letter-Number Sequencing Verbal working memory 181 12.5 (4.1)
RVP A′ Attention 173 0.89 (0.06)

Home environment
Active Stimulation Stimulating home environment 179 5.6 (1.5)
PSP Parental personal and social functioning 182 73.4 (14.3)

a Pearson chi-square.
b No homogeneity of variance thus Welch's ANOVA and multiple comparisons with Games-

Rating Scale; CBCL, Child Behavior Checklist; FHR-BP, Familial high-risk for bipolar disorder; FHR
Performance; PBC, Population-Based Controls; RIST, Reynold's Intellectual Screening Test; RVP,
ation; WSR, Word Selective Reminding. See (Christiani et al., 2019; Ellersgaard et al., 2018; He
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(Table 1). Results on the full cohort are published elsewhere
(Christiani et al., 2019; Ellersgaard et al., 2018; Hemager et al., 2018)
and thus not replicated here (supplementary material: Results on psy-
chopathological, cognitive, and environmental exposure variables).
3.4. Potential relationships between odor identification and aspects of psy-
chopathology, cognitive functioning, and the home environment

The exploratory hierarchical regression analysis on potential associ-
ations between variables on psychopathology, cognition, and the home
environment and odor identification revealed that BSIT total score was
only significantly associated with sex, efficacy of social responsiveness,
and verbal working memory functioning (R2 = 0.17, p b .001)
(Table 4). The likelihood of falling into the American-based microsmic
group was, for boys at FHR-SZ, significantly associated with less social
reciprocity (pseudo R2 = 0.10, p= .023) whereas there was no signifi-
cant association for verbal working memory or verbal memory
(Table 5). A supplementary analysis was performed using the Danish-
based threshold formicrosmia, which showed no significant association
between social reciprocity and microsmia (p = .984) (supplementary
r-old children at familial high-risk for schizophrenia (FHR-SZ), bipolar disorder (FHR-BP),
en groups.

N FHR-BP N PBC P-value Pairwise Comparisons (P value)

FHR-SZ
vs PBC

FHR-BP
vs PBC

FHR-SZ vs
FHR-BP

106 186
43.4 46.2 0.067a

7.8 (0.2) 7.8 (0.2) 0.850

99 6.4 (6.4) 180 4.9 (4.5) 0.007b 0.010 0.104 0.983
100 6.2 (6.8) 180 4.1 (4.8) b0.001b b0.001 0.022 0.182
102 6.6 (5.5) 180 4.8 (4.2) b0.001b b0.001 0.016 0.933
102 6.4 (5.2) 180 5.4 (4.5) 0.016b 0.014 0.271 0.669

93 33.7 (32.3) 159 24.9 (20.6) b0.001b b0.001 0.052 0.640

) 106 104.1 (9.0) 184 105.1 (10.0) 0.067b 0.053 0.715 0.335
106 20.7 (10.0) 185 19.8 (9.4) 0.534 1.00 1.00 0.790
106 17.0 (9.3) 185 15.4 (8.4) 0.149 1.00 0.425 0.163
105 39.7 (4.7) 185 39.0 (5.0) 0.246 1.00 0.944 0.283
104 6.4 (1.5) 182 6.2 (1.6) 0.326 1.00 0.913 0.407
104 28.9 (7.3) 186 29.4 (7.1) 0.001 0.001 1.00 0.037
104 17.4 (4.9) 181 17.2 (5.3) 0.001 0.005 1.00 0.008
105 13.8 (3.9) 186 13.8 (3.5) 0.001 0.003 1.00 0.014
104 0.90 (0.06) 180 0.90 (0.05) 0.038 0.032 1.00 0.557

105 5.6 (1.4) 185 5.9 (1.5) 0.061 0.078 0.293 1.00
106 74.9 (14.1) 185 84.3 (9.2) b0.001 b0.001 b0.001 0.989

Howell. Abbreviations: A′, A prime; ADHD-RS, Attention Deficit/Hyperactivity Disorder-
-SZ, Familial high-risk for schizophrenia;MFS,Memory for Stories; PSP, Personal and Social
Rapid Visual Information Processing; SRS, Social Responsiveness Scale; SD, standard devi-
mager et al., 2018) for results on the full cohort.
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Table 3
Categories of normal and abnormal olfaction of 7-year-old children at familial high-risk for schizophrenia (FHR-SZ), bipolar disorder (FHR-BP), and population-based control (PBC).

Categorical, abnormal odor identificationa N FHR-SZ N FHR-BP N PBC P-value Chi-square tests (P value)

FHR-SZ vs PBC FHR-BP vs PBC FHR-SZ vs FHR-BP

All children, % 29 15.8 15 14.2 20 10.8 0.358b

Boys, % 27 27.6 13 21.7 13 13.0 0.039b 0.013 0.185 0.455
Girls, % 2 2.3 2 4.3 7 8.1 0.213b

a Abnormal odor identification boys, BSIT total score b 5; girls, BSIT total score b 4 (Doty, 2001).
b Pearson chi-square test; Abbreviations: FHR-BP, Familial high-risk for bipolar disorder; FHR-SZ, Familial high-risk for schizophrenia; PBC, Population-Based Controls.
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material: Univariate Logistic Regression Analysis of social responsive-
ness on odor identification of boys at FHR-SZ).
4. Discussion

The current study investigated odor identification in 7-year-old chil-
dren at FHR-SZ or FHR-BP, and PBCs (their parentsmay have other diag-
noses than SZ or BP). The three groups including both sexes did not
differ significantly in odor identification efficacy (dimensional data).
Analyses of the rates of normosmic versus microsmic (using recom-
mended thresholds) of children in the risk groups showed that a signif-
icant higher percentage of boys at FHR-SZ (28%) were classified as
microsmic compared to population-based boys (13%). The proportion
of microsmic boys at FHR-BP was not significantly different from that
of boys at FHR-SZ nor to that of population-based boys (Fig. 1). How-
ever, we did not find significant group differences in the rates of
normosmic versus microsmic boys using a threshold of 1.5 SD below
the Danish population-based boys´ mean. No significant differences
were found in the proportions of microsmic girls across the groups.
The exploratory regressionmodels indicated that better odor identifica-
tion was positively related to being female, better social reciprocity
(fewer autistic traits), and better verbal working memory, whereas we
found no significant relationshipswith the other cognitive, psychopath-
ological, and home environmental factors. Additionally, boys at FHR-SZ
with higher levels of autistic traits were more likely to be classified as
microsmic than those with lower levels of autistic traits whereas verbal
workingmemory and verbalmemorywere both unrelated tomicrosmia
in this group. However, this association was only observed using the
28%
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Fig. 1. Percentage of abnormal odor identification among boys at FHR-SZ, FHR-BP or PBC boys. A
schizophrenia; PBC, Population-Based Controls. * Significant at 0.05% level.
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American-based threshold and not when using the Danish-based
threshold for microsmia.

The results indicate that 7-year-old children at FHR-SZ or FHR-BP do
not show odor identification deficits. Despite the results from the
American-based threshold suggested that boys at FHR-SZ are more
likely of having microsmia than population-based boys, this was not
supported by findings based on a Danish-based threshold and it was
not in line with the result of the dimensional analysis. The large differ-
ence (Cohen's d = 1.07) between means of odor identification of
American boys and Danish population-based boys may question the
cross-cultural validity of the BSIT.

First, our findings in young children at FHR-SZ or FHR-BP expand on
the literature of olfactory functioning in the prodromal phase of
psychosis-relateddisorders and in patientswith SZ. Previous studies ob-
served impaired odor identification in youth with CHR for psychosis
(Brewer et al., 2003; Kamath et al., 2014; Keshavan et al., 2009;
Woodberry et al., 2013). Interestingly, ourfinding shows that odor iden-
tification is not significantly impaired in young children at FHR-SZ or
FHR-BP, suggesting that olfactory deficits may arise in the prodromal
phase, which may have implications for the underlying origin of these
deficits. Second, across the three groups, the efficacy of olfaction identi-
fication was associated with severity of autistic traits and verbal work-
ing memory while there were no associations to other cognitive or
home environmental factors. The link between olfaction and social cog-
nition may glean from common brain structures underpinning both
areas of functioning (Malaspina and Coleman, 2003). Third, several
studies involving unaffected FDR (including both sexes) observed di-
mensional olfactory differences compared to healthy controls (Kamath
et al., 2014; Kopala et al., 2001; Turetsky et al., 2008). The discrepancy
22%
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*

bbreviations: FHR-BP, Familial high-risk for bipolar disorder; FHR-SZ, Familial high-risk for
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Table 4
Hierarchical Regression Analysis of demographical, psychopathological, cognitive, andhome environmental predictors on odor identification of 7-year-old children at familial high-risk for
schizophrenia (FHR-SZ), bipolar disorder (FHR-BP), and population-based control (PBC).

Predictors Assessed function Model 1 95% Cl Model 2 95% Cl Model 3 95% Cl

Estimate Estimate Estimate

Demographics
High-risk status 0.06 −0.04; 0.18 0.02 −0.09; 0.14 0.01 −0.11; 0.13
Sex (boys) −0.24⁎ −0.68; −0.29 −0.19⁎ −0.57; −0.18 −0.19⁎ −0.58; −0.18
Age 0.05 −0.24; 0.69 0.05 −0.22; 0.73 0.06 −0.21; 0.74

Dimensions of psychopathology
CBCL Internalizing Subscale Internalizing problem behavior 0.00 −0.10; 0.10 −0.01 −0.10; 0.09
CBCL Externalizing Subscale Externalizing problem behavior −0.12 −0.20; 0.02 −0.12 −0.20; 0.02
ADHD-RS Inattention Subscale Inattentive symptoms 0.00 −0.10; 0.12 0.01 −0.10; 0.12
ADHD-RS Hyperactive-impulsive Subscale Hyperactive- and impulsive symptoms 0.10 −0.03; 0.21 0.10 −0.03; 0.21
SRS Social Responsiveness 0.18⁎ 0.05;0.23 0.17⁎ 0.04; 0.22

Cognition
RIST Intelligence 0.02 −0.09; 0.13 0.01 −0.10; 0.12
MFS (composite) Verbal memory 0.11 0.00; 0.20 0.10 −0.00; 0.20
WSR (composite) Verbal memory 0.06 −0.05; 0.14 0.06 −0.05; 0.15
Processing speed (composite) Processing speed −0.01 −0.12; 0.10 −0.02 −0.13; 0.10
Letter-number sequencing Verbal working memory 0.13⁎ 0.02; 0.22 0.13⁎ 0.02; 0.22
RVP A′ Attention −0.02 −0.11; 0.08 −0.02 −0.11; 0.08

Home environment
Active stimulation Stimulating home environment 0.05 −0.06; 0.15
PSP Parental personal and social functioning 0.03 −0.05; 0.10
Model squared R 0.064 0.168 0.172
F change 8.870 4.290 0.781
P-value b0.001 b0.001 0.459

Model 1: High-risk Status, sex, age; Model 2: High-risk Status, sex, CBCL Internalizing subscale, CBCL Externalizing subscale, ADHD-RS Inattention subscale, ADHD-RS Hyperactive-impul-
sive subscale, SRS, RIST,MFS (composite),WSR (composite), Processing Speed (composite), Letter-Number Sequencing, RVPA′;Model 3:High-risk Status, sex, CBCL Internalizing subscale,
CBCL Externalizing subscale, ADHD-RS Inattention subscale, ADHD-RS Hyperactive-impulsive subscale, SRS, RIST, MFS (composite), WSR (composite), Processing Speed (composite), Let-
ter-Number Sequencing, RVP A′, Active Stimulation, PSP. Abbreviations: A′, A prima; ADHD-RS, Attention Deficit/Hyperactivity Disorder-Rating Scale; CBCL, Child Behavior Checklist; Cl,
Confidence Interval; FHR-BP, Familial high-risk for bipolar disorder; FHR-SZ, Familial high-risk for schizophrenia; MFS, Memory for Stories; PSP, Personal and Social Performance; PBC,
Population-Based Controls; RIST, Reynold's Intellectual Screening Test; RVP, Rapid Visual Information Processing; SRS, Social Responsiveness Scale; WSR, Word Selective Reminding.
⁎ Indicates significance (p b .05).
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between our results and that of others may be attributed to the older
mean age in these studies (mean ages: 35 to 43 years) (Kamath et al.,
2014; Kopala et al., 2001; Turetsky et al., 2008), as normal maturation
of olfaction is rapid during adolescence (Doty et al., 1984), olfactory
maturational impairments may evolve in the later developmental
phase. According to the developmental lag hypothesis, neurocognitive
functions may worsen with increasing age due to slower than normal
maturational growth (Reichenberg et al., 2010). Longitudinal research
of odor identification could potentially specify the time point when ol-
factory deficits would arise.

Our explorative regression model with significant effects of sex, se-
verity of autistic traits, and verbal working memory explained 17% of
the variance of odor identification. The observed association between
verbal working memory and odor identification is consistent with a
finding in adult, unaffected FDR of patients with SZ.9 Together this sug-
gests that verbal working memory may be involved and thus impact
odor identification in childhood and adulthood. Also, our results suggest
that odor identification at this young age appears independent of intel-
ligence, verbal memory, processing speed, sustained attention, and se-
verity of ADHD-symptoms. This is in line with the lack of association
Table 5
Multiple Logistic Regression Analysis of psychopathological and cognitive measures on odor id

Covariates Assessed function Model 1

OR

SRS Social responsiveness 1.61⁎

MFS (composite) Verbal memory 1.27
Letter-Number Sequencing Verbal working memory 1.08

Model 1: SRS, MFS (composite), Letter-Number Sequencing; Model 2: SRS, MFS (composite);
Ratio; SRS, Social responsiveness Scale.
⁎ Indicates significance (p b .05).
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between odor identification and intelligence in 11-year-old children
with ASD (Muratori et al., 2017). Similarly, odor identificationwas asso-
ciated with social impairments but not ADHD, depression, nor anxiety
symptoms nor with executive functioning in adult patients with
Tourette's Syndrome (Kronenbuerger et al., 2018). While our findings
indicate that more autistic traits predict microsmia in boys at FHR-SZ,
supporting the idea that social and olfactory dysfunction share common
pathophysiology (Brewer et al., 1996; Goudsmit et al., 2003), this find-
ing is not supported when using the, more relevant, Danish-based
threshold for microsmia.

Strengths of this study include 1) the large sample size of children
examined at the same age, 2) the inclusion of both children at FHR-SZ
and FHR-BP, 3) valid olfactory data through exclusion of children with
medical conditions involving the respiratory tracts, and 4) the blind sta-
tus of assessors. However, several limitations to this study need to be
addressed. First, the cross-sectional nature limits the possibility to
study thematuration of olfaction, which could characterize thematura-
tional development of olfactory functioning. Second, the cross-cultural
validity of the BSIT may be questionable, as the recommended
microsmic threshold may not be applicable to young Danish boys.
entification of boys at familial high-risk for schizophrenia (FHR-SZ).

Model 2 Model 3

95% Cl OR 95% Cl OR 95% Cl

1.06–2.45 1.62⁎ 1.07–2.46 1.59⁎ 1.07–2.38
0.84–1.91 1.29 0.87–1.91
0.65–1.80

Model 3: SRS. Abbreviations: CI, Confidence interval, MFS, Memory for Stories; OR, Odds
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Third, the restricted number of items of the BSIT (12 items) may have
limited the sensitivity to detect subtle differences between the groups,
especially because the majority of these children did not have any psy-
chiatric diagnoses, and the test was originally designed for patient sam-
ples. Future studies should include tests that examine more aspects of
olfaction to broaden its characterization, such as odor sensitivity and
discrimination. Additionally, subthreshold symptoms of psychosis
should be included in the analyses (Keshavan et al., 2009), as well as
analyses of subgroups of parental clinical diagnoses.

In summary, no significant difference in odor identification was ob-
served between children at FHR-SZ, children at FHR-BP and control chil-
dren at age 7. Regarding previous studies reporting odor identification
deficits in youth at CHR for psychosis, our finding indicates that olfac-
tory dysfunction might be part of the prodromal phase or appear in a
later developmental phase in older subjects at FHR-SZ and possibly
FHR-BP, but olfactory dysfunction may not be part of the earlier devel-
opmental phase. Shared risk factors for SZ and BP may not be involved
in odor identification at this young age. Further, our dimensional find-
ings emphasize the link between olfaction and sex, social skills and ver-
bal working memory in children at age 7, independent of risk groups.
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