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Abstract

Objective—Impaired olfactory identification ability has previously been demonstrated in patients 

with schizophrenia. This study assessed olfactory function in psychotic and nonpsychotic 

members of multigenerational families with familial schizophrenia to determine whether deficits 

were present in both groups.

Method—The University of Pennsylvania Smell Identification Test was administered birhinally 

to three groups of subjects aged less than 65 years: 19 psychotic and 27 nonpsychotic members of 

families with familial schizophrenia and 43 age-and sex-matched healthy volunteers.

Results—Nonpsychotic family members had significantly higher mean University of 

Pennsylvania Smell Identification Test scores than psychotic family members but were impaired 

relative to the healthy volunteer group. These group differences could not be accounted for by age, 

sex, or smoking habit. Fifty-eight percent of the psychotic and 34% of the nonpsychotic family 

members performed in the microsmic (impaired) range, compared to 9% of the healthy volunteers.

Conclusions—Impaired olfactory deficits may aggregate in families with schizophrenia and 

may be indicative of a genetic predisposition to psychosis.

Olfactory function may serve as a behavioral probe for determining the functional integrity 

of brain regions associated with schizophrenia. Olfactory identification deficits with intact 

acuity (olfactory agnosia) have been reported in both medicated and neuroleptic-naive 

individuals with schizophrenia (1–5). Brain regions reported to have functional or structural 

abnormalities in schizophrenia overlap with major olfactory systems and include the 

orbitofrontal and entorhinal cortex, as well as the dorsomedial nucleus of the thalamus. 

Measures of brain function such as olfactory identification may provide important insights 

into the neurobiological phenotype of familial schizophrenia (6, 7).

In an investigation of olfactory identification ability in which the University of Pennsylvania 

Smell Identification Test (8) was administered to monozygotic twins discordant for 
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schizophrenia (9), we found that affected twins were impaired and that unaffected co-twins 

had significantly lower olfactory identification scores than age- and sex-matched healthy 

volunteers. The unaffected twins’ performance fell midway between that of the affected 

twins and that of the healthy volunteers. Moberg et al. (10) reported lower olfactory 

identification scores in siblings of patients with schizophrenia who met criteria for 

schizotypal personality disorder, compared with relatives who did not meet those criteria. 

Taken together, the data suggested that impaired olfactory identification ability might be an 

indicator of abnormal brain functioning in patients with schizophrenia as well as in their 

biological relatives. In this regard, olfactory identification may serve as a marker for genetic 

vulnerability to psychosis (11).

The purpose of the current study was to assess olfactory function in multigenerational 

families with familial schizophrenia. Schizophrenia in families is unlikely to be explained by 

a single major gene. One approach is to consider familial schizophrenia as the convergence 

of a limited number of traits that can be quantified. In this regard, Brzustowicz et al. (12) 

reported linkage of positive symptoms of schizophrenia, as measured by the Positive and 

Negative Syndrome Scale (13), to markers on chromosome 6p in a set of familial 

schizophrenia families. The current study assessed olfactory function in the same families to 

investigate whether impaired olfactory identification ability appears to function as a genetic 

trait in familial schizophrenia.

On the basis of our prior findings for monozygotic twins with schizophrenia (9), we 

hypothesized that psychotic family members would have the most severe olfactory 

identification deficits (with intact acuity) and that nonpsychotic family members would have 

less severe deficits than the psychotic family members but more severe deficits than a 

healthy comparison group.

Method

Subjects

Forty-six subjects (21 men and 25 women) between the ages of 20 and 64 (Table 1) were 

recruited from 10 large families participating in a genetic linkage study of familial 

schizophrenia, described elsewhere (12, 14–16). Briefly, families were selected for 

inheritance consistent with possible autosomal dominant transmission of schizophrenia and 

related disorders. Families with bipolar disorder or bilineal inheritance were excluded. Data 

obtained from semistructured interviews (with the patient and nonpatient versions of the 

Structured Clinical Interview for DSM-III-R [17] and the Structured Clinical Interview for 

DSM-III-R Personality Disorders [18]) together with collateral information and medical 

records were used to make diagnoses according to DSM-III-R. On the basis of DSM-III-R 

lifetime diagnoses, subjects were classified as either psychotic family members (N=19) 

(schizophrenia, N=11; schizoaffective disorder, N=5; psychosis not otherwise specified, 

N=3) or nonpsychotic family members (N=27). The nonpsychotic family members were 

first- or second-degree relatives of the psychotic subjects and came from the affected side of 

the family. Of the 27 nonpsychotic family members, 10 had never had mental illness, 10 had 

a previous major depressive episode, three had a history of alcohol abuse, and four had axis 

II disorders (none of which were schizophrenia spectrum conditions). No subjects had 
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concomitant medical problems that might affect the sense of smell, including current alcohol 

abuse, allergic rhinitis, upper respiratory tract infection, or a history of significant head 

injury or facial fracture.

Healthy volunteer subjects (N=43), randomly drawn from our database, were sex and age 

(within 5 years) matched with each psychotic and nonpsychotic family member. An 

adequate match for three family members could not be found. The comparison group 

members met the same inclusion and exclusion criteria as the family members; none had a 

family history of schizophrenia or psychotic disorder in first or second-degree relatives. The 

history was obtained by direct questioning of the volunteer. After a complete description of 

the study to the subjects, written informed consent was obtained. The protocol was approved 

by the Ethics Committees of both the University of Toronto and Dalhousie University.

Olfactory Measures

The three study groups were compared on measures of olfactory function. The University of 

Pennsylvania Smell Identification Test (8) is a widely used, well-standardized measure of 

the ability to match odors to written labels. The test has 40 scratch-and-sniff items. Each 

item consists of an odor-impregnated patch glued on a page. Along with each patch are four 

descriptive words, one of which matches the odor. The subject is instructed to guess even if 

he or she cannot match the odor to its proper descriptor (forced choice). The score is the 

number of items correctly identified

To rule out compromise of more peripheral olfactory sensing structures, an olfactory 

detection (acuity) threshold task was administered (8). Subjects were presented with a series 

of solutions that differed in concentration of phenyl-ethyl alcohol by half-log steps. For each 

trial in the staircase procedure, the subject was presented with two bottles, one containing a 

strong concentration of phenyl-ethyl alcohol and one a weak or no concentration, and was 

asked to choose the bottle containing the stronger odor. The subject’s score was the number 

of the bottle (range=1–17, with higher numbers indicating stronger concentrations) at which 

the olfactory detection threshold was determined. A trained individual (K.M.), who was 

blind to group membership, administered both olfactory tests to the familial schizophrenia 

family members; another trained individual (K.P.G.) assessed the healthy volunteer subjects.

Statistics

We used mixed model analysis of covariance (ANCOVA) for analysis of the University of 

Pennsylvania Smell Identification Test scores in affected and unaffected relatives to control 

for clustered sampling. As the observations came from families, they could not be 

considered independent. The ANCOVA model used age and sex as covariates, diagnosis as a 

fixed factor, and family membership and its interaction with diagnosis as random factors. 

The parameters of the model were estimated with a maximum-likelihood method. 

Subsequently, we tested restricted models in which the individual factors were removed. 

These restricted models were compared with the unrestricted model by the criterion of 

−2(lnLu - lnLr) where Lu and Lr are the likelihoods under unrestricted and restricted models, 

respectively. This criterion has an asymptotic chi-square distribution with the number of 

degrees of freedom equal to the difference in number of parameters. A nonsignificant chi-
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square value indicates a nonsignificant loss of information resulting from removal of the 

appropriate factor. As the family effect was not significant (see Results), we further 

performed an analysis of covariance on the smell identification test scores with diagnosis as 

the independent variable and age and sex as covariates for the three groups. From this, 

pairwise comparisons were completed to compare the groups’ scores on the smell 

identification test. The contrasts of interest were between the patients and their relatives 

(psychotic versus nonpsychotic family members) and between the relatives and the healthy 

volunteers (nonpsychotic family members versus healthy volunteers).

Secondary analyses were completed to rule out the effects of smoking status on olfactory 

identification ability. Within the family groups, a two-way analysis of variance (ANOVA) 

was performed on the smell identification test scores, with smoking status and diagnosis as 

factors.

Results

Demographic and olfactory data are presented in Table 1. There were no differences in mean 

age among the three groups. The difference among groups in the percentage of smokers was 

significant and was accounted for by the low number of smokers in the healthy volunteer 

group. Among family members who were smokers, there were no differences between the 

psychotic group and the nonpsychotic group in the amount smoked, as measured in pack-

years (average number of packs smoked per day times the number of years of smoking) 

(t=0.76, df=22, n.s.). Olfactory detection (acuity) threshold scores, a measure of peripheral 

sensing ability, were not significantly different among the three groups.

The first analysis sought to examine the effect of family membership on olfactory 

performance. The ANCOVA performed on University of Pennsylvania Smell Identification 

Test scores showed that the effect of diagnosis (psychotic versus nonpsychotic) was 

significant (χ2=4.8, df=1, p<0.03) but the effect of family membership and the interaction of 

family membership and diagnosis were not (χ2= 0.002, df=1, n.s.; and χ2<0.01, df=1, n.s., 

respectively). The effect of age was also significant (beta=−0.12, p<0.04), while the effect of 

sex was not (beta=2.01, n.s.).

As the effect of family membership was nonsignificant, we performed a second analysis 

using data from all subjects to test for differences in smell identification test scores between 

groups (psychotic and nonpsychotic family members and healthy volunteers). There was an 

overall significant difference (Table 1), with pairwise differences between the psychotic 

patients and their nonpsychotic relatives (t=2.5, df=44, p<0.02) and between the 

nonpsychotic relatives and the healthy volunteers (t=2.5, df=68, p<0.02).

Because there were so few smokers in the healthy volunteer group, we examined the effects 

of smoking status on olfactory performance within each of the two family groups. A two-

way ANOVA was performed on the smell identification test scores, with smoking status 

(current smoker versus nonsmoker) and diagnosis (psychotic versus nonpsychotic) as 

between-group factors. The main effect for diagnosis was significant (F=4.8, df=1, 45, 
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p<0.05). Neither the main effect of smoking status nor the interaction of smoking status and 

diagnosis was significant (F= 0.04, df=1, 45, n.s.; and F=0.08, df=1, 34, n.s., respectively).

Another analysis was completed to determine if olfactory identification ability differed 

between relatives with or without a prior diagnosis of mental disorder. No difference was 

observed (mean score=35.4, SD=2.8, for relatives with a diagnosis versus mean=35.1, 

SD=3.3, for relatives without a diagnosis; t=0.21, df=25, n.s.)

We used the standardization data for the University of Pennsylvania Smell Identification 

Test derived by Doty et al. (8) to classify subjects by whether they had an olfactory deficit 

(were microsmic), represented by a score of less than 34 of 40 for men and less than 35 of 

40 for women. A high percentage of family members were microsmic, compared with 

comparison subjects (Figure 1).

Discussion

The main findings of this study indicate that more psychotic and nonpsychotic members of 

families with familial schizophrenia had impairments in olfactory identification ability (i.e., 

were microsmic) than did age- and sex-matched comparison subjects. In addition, olfactory 

identification in nonpsychotic family members was impaired relative to that in the healthy 

volunteers. The nonpsychotic family members scored midway between the two other groups. 

These findings are consistent with our hypothesis. The pattern of mean scores on the 

University of Pennsylvania Smell Identification Test for the three subject groups was 

consistent with results from a study of monozygotic twins discordant for schizophrenia (9). 

That study found that unaffected twins had mean University of Pennsylvania Smell 

Identification Test scores midway between those of affected twins and those of healthy 

volunteers (9).

The results for psychotic family members in the current study are consistent with previous 

reports of olfactory identification impairment in individuals with schizophrenia (3,19–21). 

The percentage of microsmic patients in the present study was somewhat higher (58%) than 

the 30%–50% reported in previous studies (2, 19). This discrepancy could be related to the 

fact that the psychotic family members in our study were slightly older than subject groups 

previously studied. In addition, a prior study found that monozygotic twin pairs with a 

family history of serious mental disorders in first- or second-degree relatives had more 

marked impairment on the University of Pennsylvania Smell Identification Test than twins 

without such a family history (9). Since all family members in the current study would have 

a similar family history, this factor also may have contributed to the observed levels of 

olfactory impairment.

Factors such as symptom presentation (22), task complexity (21), and smoking history are 

not likely to have contributed to the observed olfactory identification deficits. Within the 

family groups, current smoking status did not appear to affect olfactory identification ability, 

as smokers performed no differently than nonsmokers. In prior studies of schizophrenia, 

smoking habits have not been shown to alter olfactory function (2, 9, 23).
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As olfactory deficits have been reported for patients with schizophrenia who are 

experiencing a first psychotic episode and for neuroleptic-naive and neuroleptic-withdrawn 

patients (2, 23), neuroleptic medications are also unlikely to account for the olfactory 

deficits observed. Regarding age, olfactory identification ability in the healthy population is 

known to diminish beyond the age of 65 years (24). In an effort to minimize this effect, we 

included only individuals younger than age 65 years and employed age- and sex-matched 

comparison subjects. Among the three groups, age was not related to score on the University 

of Pennsylvania Smell Identification Test. However, within the families, a significant effect 

for age was present. It is possible that patients and their relatives experience age-related 

deterioration of olfactory function earlier than healthy volunteers (25).

Overall, the results suggest that impaired olfactory identification aggregates in family 

members with schizophrenia and related disorders and could serve as a marker for abnormal 

brain function (9,10). A number of developmental brain disorders such as Kallmann’s 

syndrome include abnormalities of olfactory function as part of the phenotype, and 

anatomical and molecular dissection of these syndromes has helped clarify the pathogenesis 

of olfactory dysfunction (26). Developmental abnormalities of the medial temporal lobe 

could be an anatomical substrate for the olfactory dysfunction in familial schizophrenia. 

Several studies of the entorhinal cortex in patients with schizophrenia have reported 

disorganization of the cytoarchitecture in this region (as reviewed in reference 27). The 

entorhinal cortex of one individual from the families participating in the present study 

showed evidence of developmental abnormalities (28). While the functional significance of 

these abnormalities remain uncertain, mutant mouse models of disturbed cortical 

organization, such as “reeler” and “barrelless,” demonstrate impaired neural connectivity 

and behavioral or sensory abnormalities (29, 30).

Olfactory function and structural brain abnormalities are measures that are independent of 

diagnosis and hence allow for a novel approach for examining families with schizophrenia 

and related disorders. Measures such as these may contribute to the development of 

quantitative trait measures for genetic linkage studies of schizophrenia.
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FIGURE 1. 
Percentage of Microsmic Subjects Among Psychotic and Nonpsychotic Members of 

Multigenerational Families With Familial Schizophrenia and Among Healthy Volunteersa

a Significant difference between groups (χ2= 16.6, df=2, p<0.001).
b University of Pennsylvania Smell Identification Test score less than 34 of 40 for men and 

less than 35 of 40 for women.
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