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Abstract
Objective—We previously reported that men with schizophrenia had reduced volumes of the
posterior nasal cavity bilaterally. Since the nasal cavities develop in conjunction with both the palate
and ventral forebrain, this could represent a simple marker of embryological dysmorphogenesis
contributing to schizophrenia. The current study expands on this finding by examining a larger sample
of both male and female patients and unaffected 1st-degree relatives, to determine the gender
distribution of this abnormality and the extent to which it may be genetically mediated.

Method—A measurement of nasal volume and geometry was acquired by acoustic rhinometry for
85 schizophrenia patients, 25 unaffected first-degree relatives of schizophrenia probands and 66
healthy comparison subjects.

Results—Male patients had smaller posterior nasal volumes than both male control subjects and
male relatives. However, female patients did not differ from either female controls or female family
members. Unaffected first-degree relatives did not differ from same-sex control subjects. These
findings persisted after covarying for height and smoking history, and were unrelated to clinical
symptomatology or antipsychotic medication usage.

Conclusion—Posterior nasal cavity volume decrement appears to be a specific developmental
craniofacial abnormality that may reflect an early disruption in embryological development in males
with schizophrenia. Although further study is needed, this may be a marker of a “second hit” that
distinguishes genetically vulnerable men who go on to develop the illness from those who do not.
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1. Introduction
Schizophrenia is thought to be a neurodevelopmental brain disorder, but without a clear
etiology or pathognomonic biological markers. Neurodevelopmental disorders (e.g., Down’s
syndrome, velo-cardio-facial syndrome) often include abnormalities of both cerebral and
craniofacial morphogenesis, as these are intimately linked during embryological development.
In schizophrenia, there is a small increase in gross midline abnormalities such as cleft palate
and cavum septum pelucidum and, inconsistently, evidence of subtle craniofacial
dysmorphogenesis (Waddington et al., 1999b). Recent studies in our laboratory have identified
anatomical and functional deficits in the olfactory neural system in patients (Moberg et al.,
1999; Turetsky et al., 2000, 2003a). Since olfactory structures develop in conjunction with
both the palate and ventral forebrain, we hypothesized that there might be structural
abnormalities of the nasal cavity, which could represent specific markers of embryological
dysmorphogenesis underlying schizophrenia.

Our initial investigation (Moberg et al., 2000), which included only men, found that male
patients had reduced posterior nasal cavity volumes, which could not be explained by
differences in stature, smoking, or vascular engorgement of the nasal tissue. Embryologically,
the nasal cavities develop through invagination of the nasal placodes, which are derived from
neural crest tissue. This occurs between the 6th and 11th weeks of embryogenesis, in
conjunction with palatal and nasal septal fusion. Although subsequent development results in
overall enlargement, there is no substantial reshaping of the cavities (Larsen, 2001). The
etiology of the schizophrenia nasal volume decrement, and when it occurs, are both unknown.
However, given the time course of nasal cavity development and its overlap with a period of
substantial embryological risk for schizophrenia (Cantor-Graae et al., 1994; Gallagher et al.,
1999; Hulshoff et al., 2000), this volume decrement could denote a disturbance in early
embryological development that contributes to schizophrenia vulnerability.

The fact that 1st-degree relatives of schizophrenia patients exhibit a pattern of olfactory and
craniofacial abnormalities similar to that observed in patients (Deutsch et al., 2000; Roalf et
al., 2006) suggests that this may be an endophenotypic marker of a genetic “first hit” that leaves
an individual vulnerable to subsequent pathology (Maynard et al., 2001). However we do not
know whether nasal cavity abnormalities are, in fact, present in either women with
schizophrenia or unaffected family members. If this is a genetically mediated endophenotype,
then we might expect to observe similar deficits in both of these groups. We have now addressed
this question by examining nasal cavity volume in a larger sample that included both male and
female patients and controls, as well as unaffected 1st-degree relatives of both genders.

2. Methodology
2.1 Subjects

The sample included 85 patients with DSM-IV diagnosis of schizophrenia, 66 healthy
comparison subjects, and 25 unaffected 1st-degree relatives of schizophrenia patients. These
176 subjects were derived from 156 independent families. All healthy comparison subjects
were unrelated individuals. Among the patients, there were two mother-son pairs who were
both affected. The unaffected family members consisted of 10 parents, 14 siblings and 1 child
of a schizophrenia proband, derived from 19 independent families. The patient sample included
the affected probands from 12 of these 19 families. Patients and family members were recruited
from the outpatient psychiatric facilities at the Hospital of the University of Pennsylvania and
through community outreach at community mental health centers and family support programs.
All patients were stable outpatients at the time of testing. Control subjects were recruited
through advertisements in community newspapers and neighborhood bulletin boards.
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All subjects received a semi-structured psychiatric interview (DIGS, Diagnostic Interview for
Genetic Studies) and the Family Interview for Genetic Studies (FIGS). Patients were excluded
for any concurrent Axis I diagnosis other than schizophrenia. Healthy comparison subjects
were excluded for any history of an Axis I diagnosis, Axis II Cluster A (schizotypal, schizoid,
or paranoid) personality disorder, or family history of an Axis I psychotic disorder. Family
members were excluded for any Axis I psychotic disorder or prodromal symptoms of a
psychotic illness, but were not excluded on the basis of an Axis II diagnosis. Across the three
groups, subjects were excluded for any history of a neurological disorder, including head
trauma with loss of consciousness, any lifetime history of substance dependence, history of
substance abuse within the preceding six months, or any medical condition that might affect
cerebral functioning. Subjects were excluded for any obvious cranio-facial trauma or
abnormality, including septal deviation, and for any acute respiratory condition, cold, or
allergy. Written informed consent was obtained after the procedures had been fully explained.

Demographic characteristics of the three groups are presented in Table 1. There were
significant differences in gender [χ2(2)=6.82, p=.03] and racial composition [χ2(2)=23.20, p=.
00001] across the three groups. The family member sample had a greater preponderance of
women, and the patient sample had proportionally more African Americans, than either of the
other two groups. The groups also differed in age [F(2,173)=6.24, p=.002]. In post-hoc
comparisons, patients were significantly younger than both family members (p<.0001) and
controls (p=.03). The latter two groups did not differ from each other (p=.17). There was an
overall group difference in smoking status [χ2(2)=11.33, p=.003]. As expected, the patient
sample contained more active smokers than the control sample [χ2(1)=9.51, p=.002]. However
there were no differences between unaffected family members and either patients [χ2(1)=2.42,
p=.12] or controls [χ2(1)=0.37, p=.54]. Importantly, the three groups were equivalent in height
[F(2,173)=0.42, p=.66], a measure that is typically used to account for any nasal volume
differences that can be attributed simply to differences in physical size.

Descriptive clinical information and standardized rating scale measures for patients are
presented in Table 2, separately for men and women. Male patients were younger than female
patients [t(83)=2.9, p<.01]. Although initial results suggested that male patients also had a
significantly earlier age of onset of illness - defined as the earliest evidence of psychotic
symptomatology associated with functional decline - this was not robust to adjustments for
variance differences between the two groups. There were no differences in duration of illness,
medicated vs. unmedicated status, or daily antipsychotic dosage among the patients taking
medications. The Brief Psychiatric Rating Scale (BPRS) (Overall & Gorham, 1980), the Scale
for Assessment of Negative Symptoms (SANS) (Andreasen, 1983) and Scale for Assessment
of Positive Symptoms (SAPS) (Andreasen, 1984) were obtained at the time of testing. Ratings
were completed by trained investigators with inter-rater reliability > .90. BPRS items were
summed to form an index of overall symptom severity. SANS global ratings for five negative
symptom subscales (Affective Flattening, Alogia, Anhedonia, Avolition, Attention) and SAPS
global ratings for four positive symptom subsales (Hallucinations, Delusions, Bizarre
Behavior, Formal Thought Disorder) assessed specific dimensions of psychotic
symptomatology. Overall, these ratings suggested a relatively mild level of acute
symptomatology, without any evidence of gender differences.

2.2 Experimental Procedure
Subjects refrained from smoking for approximately 1 hour prior to assessment. Volumetric
and morphologic measurements of each nasal cavity were acquired using a Hood Laboratories
Eccovision™ Acoustic Rhinometer (AR) (Figure 1). This device operates on the same principle
as ultrasound or sonar devices. An acoustic pulse is transmitted into the nasal cavity, and this
is reflected off of the cavity walls and transmitted back to the device. A comparison of the
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time-lagged reflected wave provides a measurement of acoustic impedance, which is
proportional to the cross-sectional area of the nasal cavity. By summing these cross-sectional
area measurements along the length of the nasal cavity, a volume measurement can be obtained.

Disposable silastic nosepieces were used and selected for each individual based upon the size
of the nasal aperture. A sterile water soluble lubricating jelly (Medline; Mundelein, IL, USA)
was swabbed around the edge of the nosepiece to create a good seal, decreasing any potential
interference of the acoustic signal. The participants were asked to sit in a comfortable position
as the trained examiner placed the AR wave tube into the tip of the nostril, while being careful
not to place any unnecessary pressure on the nasal aperture. The AR wave tube was aligned
near the midline and about 45° off vertical; this angle was minimally adjusted to produce a
stable acoustic trace. Two separate AR measurements were collected from each nostril and the
mean volume was computed for two measures: volume of the nasal cavity and the minimum
cross-sectional area (i.e., a measure of the size of the nasal cavity at its narrowest point, which
is sensitive to nasal obstruction or vascular engorgement). Consistent with standard practice
(Clement and Gordts, 2005; Hilberg and Pedersen, 2000; Hilberg, personal communication)
and our own previous study (Moberg et al., 2000), total nasal volume was divided into anterior
(0–3.5mm) and posterior (3.5–5.5mm) compartments. This break-point typically denotes the
anterior end of the inferior turbinate; the nasal cavity anterior to this location is vulnerable to
mucosal congestive changes caused by infection, pollutants or smoke irritation, while the
region posterior to this location, being more cartilaginous, is relatively resistant to such
changes. The posterior cavity is similarly less sensitive to racial and/or ethnic differences in
nasal structure.

Subjects also underwent standardized psychophysical assessment of their olfactory abilities.
A single staircase, forced-choice odor detection task was used to estimate basal detection
sensitivity to phenyl ethyl alcohol (PEA). The ability to identify odors was assessed by the
University of Pennsylvania Smell Identification Test (UPSIT) (Doty et al., 1984), a
standardized forty item forced-choice test. The results of this olfactory testing have already
been published (Roalf et al., 2006). These measures will be considered here only for correlative
analyses to examine associations between olfactory functioning and nasal volume.

2.3 Statistical Analysis
Since the patient and family member groups were not strictly independent samples, group
differences in volume and minimum cross-sectional area were assessed using the Generalized
Linear Latent and Mixed Models (GLLAMM) algorithm implemented in Stata 9.0 (StataCorp;
College Station, TX, USA), with subject and family identification as hierarchically nested
random-effects factors. This effectively accounted for any shared variance between individual
members of the same family. Group (patient/control/relative), gender, race, nostril (right/left)
and compartment (anterior/posterior) were included as fixed-effects predictors. The
significance levels of individual model parameters were assessed using the Wald test statistic
with a χ2 distribution. Significant group differences and interactions were parsed by post-hoc
computation of appropriate linear combinations of the model coefficients, along with their
associated z-statistic and p-value. Post-hoc contrasts were subject to Bonferroni corrected p-
values of p<.05 to minimize Type I errors from multiple comparisons.

3. Results
The initial analysis revealed significant group X gender [χ2(2)=9.58, p=.008] and group X
compartment [χ2(2)=18.23, p=.0001] interactions for nasal volume. There was no effect of
nostril [χ2(1)=0.14, p=.71] and no interaction between nostril and group [χ2(2)=3.42, p=.18].
There was, similarly, no effect of race [χ2(1)=0.08, p=.78] and no interaction between race and
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group [χ2(2)=0.07, p=.96] on nasal volume. For the minimum cross sectional area, there was
a significant effect of race [χ2(1)=10.23, p=.001], but no main or interaction effects of group.

Given the significant group X gender and group X compartment interactions for nasal volume,
we examined the paired group contrasts within each nasal compartment, separately for males
and females. These post-hoc comparisons revealed two significant group differences: male
patients had smaller posterior compartment volumes than both male control subjects (z=4.39,
corrected p<.0001) and male 1st-degree relatives (z=3.40, corrected p=.004). On a percentage
basis, the male patients had posterior compartment volume reductions of 25% and 31% relative
to male controls and male family members, respectively. These results were not altered by
covarying for height or smoking status. None of the other contrasts reached even the
uncorrected threshold of p<.05. In particular, there were no group differences among the female
subjects, and no differences between unaffected family members and control subjects of either
gender. Mean anterior and posterior compartment volumes are presented in Figure 2, separately
for men and women in each group.

We considered whether there were any relationships, among either male patients or the entire
patient sample, between these posterior compartment volume measures and measures of
clinical symptomatology, treatment status, or olfactory abilities. Posterior compartment
volume measures were used as independent measures in a General Linear Model (GLM) with
the following dependent measures: SANS and SAPS subscale ratings, BPRS total score,
antipsychotic medication dosage, age of illness onset, duration of illness, UPSIT odor
identification score, and PEA odor threshold level. We also examined nasal volume differences
between medicated and unmedicated patients independent of dosage, using analysis of variance
(ANOVA). None of these measures were associated with nasal volume, even with an
uncorrected p-value <.05 for an exploratory analysis.

4. Discussion
This study replicates, in a larger sample, our previous finding that male schizophrenia patients
have abnormally small posterior nasal volumes. It also demonstrates, for the first time, that
female patients and unaffected first degree relatives do not share this craniofacial abnormality.
The absence of any change in minimum cross-sectional area strengthens the conclusion that
this is not simply a state-dependent effect of increased nasal engorgement or congestion, but
a true craniofacial dysmorphology. The results therefore indicate that posterior nasal volume
decrement is an abnormality that is specific to male schizophrenia patients. Since unaffected
1st-degree relatives of patients do not appear to exhibit a similar abnormality, this decrement
may be environmentally, rather than genetically, mediated.

An increased prevalence of minor craniofacial anomalies in schizophrenia patients has been
observed repeatedly (e.g., Donovan-Lepore et al., 2006; Green et al., 1989; Trixler et al.,
2001; Waddington et al., 1999a). Early studies were limited by the use of subjective rating
scales, lacking proven reliability, to assess dysmorphology (Trixler and Tenyi, 2000).
However, more recent studies, employing precise quantitative anthropometric measurements
of the craniofacial area, have confirmed the presence of specific morphologic anomalies
(Deutsch et al, 2000; Donovan-Lepore et al., 2006; McGrath et al., 2002). Among other
findings, a widening of the base of the skull has been reported and replicated (Donovan-Lepore
et al., 2006; Lane et al., 1997; McGrath et al., 2002). Bony ossification of the skull base begins
in week 11 of gestation, coinciding with both the growth of the fronto-nasal area and, in the
brain, with the development of midline structures, including the hippocampus and entorhinal
cortex (Kjaer, 1995), that also exhibit volume reductions in schizophrenia (Gur et al., 2000;
Turetsky et al., 2003b). There is thus a striking convergence of findings from studies of minor
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physical anomalies and volumetric MRI analyses suggesting a late first-trimester disruption of
embryogenesis in the etiology of schizophrenia.

Given the essentially retrospective character of this investigation, it is not clear that the nasal
volume decrements that we have observed are, in fact, a reflection of such an embryological
disturbance. Very little is known about the evolution of the nasal cavities through childhood
and adolescence. The evidence clearly suggests that these structures enlarge as the rest of the
face grows, but that there is very little actual reshaping of the cavities (Losken et al., 1994).
Our data indicate that this volume decrement is unlikely to be secondary to either the chronic
disease process or its treatment, as it was unrelated to measures of illness severity or the use
of antipsychotic medications. Also, we would not expect a nonspecific consequence of the
illness to manifest itself exclusively in male patients. Nevertheless, we cannot rule out the
possibility that it represents a developmental abnormality arising later in life, rather than in
utero.

Whether this developmental disturbance reflects a familial genetic vulnerability or an
environmentally-mediated process is also not entirely clear. While some studies have reported
the presence of minor physical anomalies in unaffected relatives of schizophrenia patients
(Gourion et al., 2004), others have failed to observe such abnormalities, even among unaffected
twins from discordant monozygotic twin pairs (Cantor-Graae et al., 1994). Consistent with this
latter finding, the Maudsley family study reported an increased prevalence of minor physical
anomalies among sporadic cases of schizophrenia, but not among patients with a family history
of illness (Griffiths et al., 1998). Our finding that the otherwise healthy first-degree relatives
of patients did not have reduced nasal volumes is similarly consistent with the hypothesis that
this is an environmentally mediated abnormality.

The absence of a significant volume decrement in unaffected family members, however, does
not rule out the possibility that this is a genetically mediated deficit. There are several reasons
why a genetic abnormality might not have been observed in these subjects. One is simply the
lack of adequate statistical power. Our family member sample was relatively small, particularly
when it was segregated by gender. Nevertheless, we have observed robust deficits in other
schizophrenia markers using comparable sample sizes (Turetsky et al., 2000; Roalf et al.,
2006). Furthermore, the mean volumes that we observed in this sample were actually larger
than those observed in the healthy control subjects (see Figure 2). This effectively rules out
inadequate power as an explanation. A second possibility is a selection bias in the recruitment
of our family members. Only a subset of 1st-degree relatives will share a genetic vulnerability
with their ill patient proband. It is conceivable that those relatives who remain committed to
the welfare of a psychotic family member, to the point of engaging in research, will be those
with the least genetic loading for schizophrenia spectrum symptomatology. While we cannot
disprove such a possibility, we would note, again, that these same family members have
documented deficits in other physiological and olfactory measures. So we would expect to see
at least some evidence of an abnormality if there were a strong genetic contribution. Our
hypothesis that this is an environmentally mediated deficit is also supported, indirectly, by the
lack of association between the nasal volume decrement and other olfactory impairments. Odor
identification and threshold sensitivity deficits have been found repeatedly in the unaffected
1st-degree relatives of schizophrenia patients (Kopala et al., 2001; Roalf et al., 2006). These
appear to be endophenotypic markers of genetically-mediated disease vulnerability. The lack
of association with these olfactory measures implies a different etiology for the nasal volume
deficit, although not specifically an environmental one.

The gender specificity of this volume decrement is striking. Although the female patient sample
was smaller than the male sample, there is no indication that this gender difference is simply
a question of statistical power, as patients had the largest volumes among the 3 female groups.
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Sex differences have been previously observed in both the clinical presentation of
schizophrenia (Gur et al., 1996) and volumetric measurements of specific midline brain
structures (Gur et al., 2004). With respect to minor physical anomalies, there is some evidence,
based on qualitative rating scales, that these are more prominent in male, rather than female,
schizophrenia patients (Akabaliev and Sivkov, 2003; Griffiths et al., 1998). Importantly, the
prevalence of such anomalies also appears to be greater in healthy males, compared to healthy
females (Akabaliev and Sivkov, 2003). Male fetuses are known to be more susceptible to
intrauterine insults than females (Gualtieri and Hicks, 1985). It has also been proposed that
male schizophrenia patients are more likely to exhibit a congenital variant of schizophrenia,
reflecting abnormal prenatal development (Castle and Murray, 1985; Murray et al., 1992). The
gender specificity of our finding, therefore, is both consistent with and supportive of the idea
that these anomalies reflect environmental disruptions of intrauterine development.

If this is correct, then reduced nasal volume may be a sensitive indicator of a prenatal “second
hit”, i.e., an early environmental insult that interacts with a predisposing genetic susceptibility
to produce schizophrenia. Conclusions, at this point, concerning the specific timing and
etiology of the abnormality must be considered speculative. In addition, the specificity of this
finding to schizophrenia, as opposed to other psychotic conditions, has yet to be demonstrated.
If, however, this is a marker of an early developmental disturbance predisposing towards
schizophrenia, it leads to an important testable hypothesis: among male children with high
genetic risk, reduced posterior nasal volume will distinguish those who subsequently develop
the disorder from those who do not. There is evidence to suggest that minor physical anomalies
can, in fact, discriminate between at-risk individuals and help predict outcome. In a prospective
study of 81 children between the ages of 11 and 13 who had a parent diagnosed with
schizophrenia, 31% of those with 3 or more minor physical anomalies subsequently developed
a schizophrenia spectrum disorder, compared to only 12% of those with 0–2 physical anomalies
(Schiffman et al., 2002). This is equivalent to a test sensitivity of 71% and specificity of 58%.
This was based on a subjective assessment of the simple presence or absence of the anomalies,
without regard to either severity of the deformity or inter-rater reliability; sensitivity and
specificity might improve considerably with the use of an objective quantitative measure of
dysmorphology, such as nasal volume. Although these findings are preliminary, given the
current interest in identifying ultra-high risk individuals for early treatment intervention or
possible disease prevention (Larsen et al., 2006), and the ease and rapidity with which nasal
volume can be assessed at the bedside or in clinic, further investigation of both the predictive
utility of this simple measure is clearly warranted.
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Figure 1.
Top: Illustration of acoustic rhinometry data acquisition. Bottom: Rhinogram showing the
area distance curve that is the data output of the acoustic rhinometry procedure.
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Figure 2.
Mean nasal volumes for anterior and posterior nasal compartments in patients with
schizophrenia, unaffected first-degree relatives and healthy control subjects, separated by
gender. Volumes are averaged across left and right nostrils. Error bars represent 95%
confidence intervals for the mean. Male patients had significantly reduced posterior
compartment volumes relative to both unaffected family members and healthy controls.
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Table 1
Sample Characteristics mean (±sd)

Patients Controls Relatives

Gender

 Male (#) 61 45 11

 Female (#) 24 21 14

Race

 Caucasian (#) 27 47 13

 African American (#) 58 19 12

Age (years)

 Range 19–60 19–84 18–78

 Mean (sd) 35.0 (10.1) 40.3 (19.0) 46.5 (17.8)

Height (inches)

 Range 59–76 59–77 61–76

 Mean (sd) 68.7 (4.0) 68.4 (4.3) 69.4 (4.2)

Smoking

 Smoker (#) 32 9 5

 Nonsmoker (#) 53 57 20
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Table 2
Patient Clinical Measures mean (±sd)

MALE FEMALE

Age 33.1 (10.0) 39.8 (9.0) **

Age of Onset 20.8 (4.5) 24.7 (10.6)

Duration of Illness 12.0 (9.1) 15.2 (9.6)

Medicated (#) 46 18

Unmedicated (#) 15 6

Antipsychotic dosage (CPZ equivalents) 326 (183) 385 (241)

Brief Psychiatric Rating Scale (BPRS) 29.2 (7.1) 33.1 (11.3)

Negative Symptom Scale (SANS)

 Affect 1.7 (1.3) 1.4 (1.1)

 Alogia 1.0 (1.2) 0.9 (1.0)

 Avolition 1.8 (1.4) 1.6 (1.2)

 Anhedonia 2.3 (1.2) 2.2 (1.2)

 Attention 1.1 (2.0) 1.8 (3.0)

Positive Symptom Scale (SAPS)

 Hallucinations 1.4 (1.6) 1.4 (1.9)

 Delusions 1.6 (1.6) 1.7 (1.7)

 Bizarre Behavior 0.3 (0.8) 0.7 (1.0)

 Formal Thought Disorder 1.1 (1.3) 0.9 (1.2)

**
male-female difference: p<.01, 2-tailed uncorrected
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