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Background: Previous research has provided compelling 
support for olfactory dysfunction in schizophrenia patients, 
their first-degree relatives, and youth at-risk for psychosis. 
A previous meta-analysis revealed large effect sizes across 
olfactory tasks but was limited to 2 olfactory tasks and did 
not examine moderator variables. Thus, the current meta-
analysis was undertaken to incorporate additional studies, 
risk cohorts, olfactory test domains, and moderator vari-
able analyses. Method: A meta-analysis was conducted 
on 67 publications examining olfactory function in schizo-
phrenia patients and 15 publications examining olfactory 
functioning in youth at-risk for psychosis, first-degree rela-
tives of schizophrenia patients, and individuals with schizo-
typy. Results: Results revealed medium-to-large olfactory 
deficits in schizophrenia patients though significant het-
erogeneity was evident. Several variables moderated over-
all study effects. At-risk youths similarly demonstrated 
medium-to-large effect sizes, whereas first-degree rela-
tives and individuals with schizotypy showed small effects. 
Conclusions: Findings suggest robust olfactory deficits in 
schizophrenia and at-risk youths. In schizophrenia, several 
variables had significant impact on these deficits and war-
rant consideration in prospective studies. Our findings also 
indicate that olfactory measures may be a useful marker of 
schizophrenia risk status.
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Introduction

Previous research has provided compelling support for 
the presence of olfactory dysfunction in patients with 
schizophrenia.1 Thus far, impairments across a wide 
variety of olfactory tasks have been well-documented, 
including reduced odor identification,2,3 odor detection 

threshold sensitivity,4 odor discrimination,4 odor mem-
ory,5 and odor hedonic judgments.6–8 Importantly, the 
nature of this impairment extends beyond the behav-
ioral level as structural and physiological abnormalities 
in the underlying neurocircuitry of the olfactory system 
have been documented, ranging from reduced volume in 
the olfactory bulbs,9 posterior nasal cavity, and olfactory 
eloquent brain regions10,11 to abnormal olfactory event-
related potentials and electro-olfactograms.12,13

Olfactory deficits have also been documented in ultra 
high-risk cohorts, nonpsychotic first-degree relatives of 
schizophrenia patients, and in individuals scoring high 
on psychometrically defined measures of schizotypal 
personality features.14,15 While studies examining 
olfactory dysfunction in high-risk adolescents are still 
in their infancy, the few existing articles do suggest that 
olfactory dysfunction may be a marker of schizophrenia 
risk status. For example, Brewer and colleagues16 found 
that those high-risk subjects who subsequently developed 
schizophrenia showed a greater disturbance in olfactory 
performance compared with those who progressed to 
another psychotic diagnosis. Similarly, Woodbury et al15 
found that high-risk youths were significantly impaired 
on a brief  measure of odor identification. Notably, the 
magnitude of olfactory impairment was much larger 
than deficits in other neuropsychological test measures 
and was greater for those high-risk subjects who 
subsequently became psychotic compared with those 
who did not. A study from our laboratory14 included tests 
of odor discrimination and odor identification and found 
that clinical risk subjects showed robust impairments 
across both tasks. Collectively, these findings suggest 
that olfactory impairments are a sensitive vulnerability 
marker of risk for psychosis that may have predictive 
utility in determining those individuals who develop 
schizophrenia.
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The first published meta-analysis1 on olfactory dysfunc-
tion in schizophrenia was conducted in order to examine 
group differences in olfactory performance across vari-
ous types of olfactory performance measures. Our prior 
results indicated comparable deficits for different psy-
chophysical measures examined including odor detection 
threshold, discrimination, identification, and memory. 
In addition, olfactory impairment in schizophrenia was 
largely independent of sex, medication status, and smok-
ing history. While the results of the previous meta-anal-
ysis addressed several unanswered questions concerning 
olfactory performance in schizophrenia, several limi-
tations were also apparent. First, only 25 studies were 
available for analysis, with an overrepresentation of odor 
identification studies. In addition, the effects of several 
moderator variables could not be reliably assessed given 
the lack of presented data and appropriate meta-analytic 
tools available at the time of publication.

Since the publication of the first meta-analysis, olfac-
tory research in schizophrenia has grown exponentially, 
with over 100 studies published since that time. This expo-
nential growth has coincided with a greater refinement in 
reporting medication and smoking variables. For exam-
ple, the calculation of pack years and pack days as mea-
sures of smoking dosages have now been reported across 
several studies. In addition, new meta-analytic techniques 
have emerged that enable the examination of moderator 
variables such as duration of illness, age of illness onset, 
and antipsychotic medication type. The growing body of 
olfactory studies in first-degree family members, youths 
at-risk for psychosis, and individuals with psychometri-
cally defined schizotypy has also allowed for the analysis 
of study effect sizes in these subgroups. Finally, research 
on olfactory hedonic judgments has also gained interest 
in schizophrenia, with studies examining qualitative rat-
ings of odor characteristics.

A recently conducted meta-analysis examined olfac-
tory performance in schizophrenia patients and in groups 
deemed by the authors to be “at risk” for schizophre-
nia.17 However, their analysis was limited only to studies 
of odor identification and odor detection threshold and 
did not include a comprehensive analysis of moderator 
variables, such as sex, smoking, medication use, and ill-
ness characteristics. Thus, the current meta-analysis was 
undertaken to provide a comprehensive examination of 
olfactory psychophysical performance in the schizophre-
nia spectrum, and given the increase in the number of 
studies available and emergence of new research ques-
tions, apply more sophisticated ways to analyze modera-
tor variables. Several moderator variables were examined 
including task type, task presentation (birhinal vs uni-
rhinal), smoking, sex, medication, schizophrenia symp-
tomatology, and other illness characteristics in an effort 
to understand how these variables influence impairment 
in olfactory performance. We also compared olfac-
tory study effect sizes in individuals at clinical risk for 

psychosis, first-degree family members of schizophrenia 
patients, and individuals with schizotypy given that an 
ideal marker of vulnerability for schizophrenia should 
reliably distinguish between these groups.

Materials and Methods

Literature Search and Study Selection  
for Schizophrenia Studies

A computerized literature search using combinations of 
the keywords “olfaction” or “smell” and “schizophre-
nia” was conducted on PubMed and Embase databases. 
The search parameters were limited to English-language 
publications with human participants published through 
February 2012. In addition, manual searches were per-
formed by examining article references elicited through 
the databases. The search yielded 113 publications that 
were later reviewed for inclusion by 3 authors (DMM, 
VK, and PJM). The Meta-analysis Of Observational 
Studies in Epidemiology (MOOSE) standard18 was fol-
lowed in the extraction of  relevant studies and data. 
Inclusion criteria were as follows: (1) a focus on formal 
tests of  olfactory function in patient groups with schizo-
phrenia or schizophrenia-plus (cohort included patients 
with schizophrenia, schizophreniform, or schizoaffective 
[excluding bipolar type] disorders), (2) a healthy compar-
ison group, and (3) statistical information that allowed 
for effect size calculation and use of  meta-analytic proce-
dures. Based on the aforementioned criteria, 39 publica-
tions were excluded for (1) presenting no data (eg, review 
article) or data that were incomplete/unrelated (n = 20), 
(2) lacking a control group (n = 11), and (3) lacking a 
schizophrenia patient group (eg, schizotypy; n = 8). 
In addition, 4 publications were excluded for hav-
ing mixed patient populations: schizoaffective-bipolar 
type,19 affective psychosis,20 and psychosis not otherwise 
specified.21,22

A large number of publications included either more 
than 1 relevant measure of olfactory function (eg, both 
odor identification and discrimination assessed) or 
included unirhinal testing, in which data for each nostril 
were obtained and analyzed separately. Therefore, 161 
studies (out of 70 publications) were found to be appro-
priate for meta-analytic review. Relevant data, includ-
ing statistical values on olfactory tasks and information 
about demographics, smoking, medication status, task 
type, and other moderator variables of interest were 
extracted by 3 individuals (VK, DMM, and ZDL) and 
cross-checked and reviewed by another author (PJM).

Methodological Variables

Consistent with our 1999 analysis, we examined odor 
identification, odor discrimination, odor detection 
threshold, and odor memory. In addition, we included an 
analysis of odor hedonics tasks, in which individuals are 
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asked to make pleasantness ratings of the odors presented 
using Likert scales.

Moderator Variables

In the current meta-analysis, a detailed coding system 
was employed in order to examine the potential effects 
of psychophysical task type and stimuli presentation 
methods, clinical characteristics, medication status, and 
general demographics. The following psychophysical 
olfactory task and stimuli presentation method modera-
tor variables were coded: (1) psychophysical task type 
(ie, odor identification, detection threshold sensitivity, 
discrimination, memory, and hedonics), (2) stimuli pre-
sentation method (ie, birhinal and unirhinal assessment), 
and (3) lateralized testing results (ie, left vs right nostril 
performance in unirhinal studies).

Within the patient population, the following clinical 
characteristics were coded: (1) diagnosis of the patient 
sample (ie, schizophrenia sample or schizophrenia-plus 
sample), (2) hospitalization status (ie, inpatient, outpa-
tient, or mixed status), (3) mean age of onset, (4) mean 
duration of illness, and (5) positive and negative symp-
tom rating total score, assessed from the Scales for the 
Assessment of Positive (SAPS)23 and Negative Symptoms 
(SANS)24 or the Positive and Negative Symptom Scale25 
scores (PANSS-Pos and PANSS-Neg). In order to assess 
the effects of medication on olfactory function, medica-
tion information was coded in 3 ways: (1) antipsychotic 
medication status (ie, medicated on antipsychotic medica-
tions and unmedicated: not currently on an antipsychotic 
medication), (2) medication regimen (ie, all subjects on 
typical and all subjects on atypical antipsychotics), and 
(3) mean dosage defined in chlorpromazine equivalents.

Demographic information was assessed separately within 
the patient and control group as follows: (1) sex (% male), 
(2) mean age, (3) mean years of education, and (4) handed-
ness (% right handed). Smoking status, a variable of sub-
stantial interest in olfactory studies, was categorized in 2 
ways. First, the percent of patient smokers and percent of 
control smokers were entered. Second, mean pack years, 
calculated by multiplying the daily pack percentage by the 
number of smoking years, were coded when provided.

Statistical Analysis

All analyses were conducted using Comprehensive Meta-
Analysis, Version 2.026. In order to standardize group dif-
ferences on measures of olfactory performance, an effect 
size (Cohen’s d) was calculated by calculating the mean 
difference in scores for studies reporting contrasts of 
schizophrenia patients and healthy comparison partici-
pants and dividing this value by the pooled SD. Studies 
were weighted according to their inverse variance esti-
mates in order to control for study differences in sample 
size when mean effect sizes were computed. Based on 

Cohen’s criteria,27 effect sizes are categorized as small 
(d = 0.2), medium (d = 0.5), or large (d ≥ 0.8). Confidence 
intervals (CI) and z-transformations of the effect size 
were used to determine whether mean effect sizes were 
statistically significant.

In order to assess homogeneity across studies for each 
olfactory domain, the Cochran Q-statistic was utilized.28 
The significance level of the mean effect sizes was com-
puted using fixed effects linear models except when the 
Q-statistic revealed significant within-group heterogene-
ity, in which case a random effects model was used. To 
determine the effect of publication bias, tests were con-
ducted graphically using a funnel plot and mathemati-
cally using an adjusted rank correlation test, according 
to the methods delineated by Begg and Mazumdar29 and 
Eggers et al.30

In domains with significant heterogeneity, possible 
effect size moderators were examined based on the 
Q-statistic. Analysis of olfactory performance differences 
was performed on all eligible studies. Further subgroup 
analysis was conducted to compare studies grouped by 
task design and those reporting on relevant demographic 
and clinical characteristics.

Literature Search and Study Selection for Youths 
At-Risk for Psychosis, First-Degree Family Members, 
and Schizotypy

Search criteria for identification of (1) at-risk youths, (2) 
first-degree family members, and (3) individuals with psy-
chometrically defined schizotypy included the following 
search terms: “olfaction,” “smell,” “olfactory,” “familial 
schizophrenia,” “schizophrenia prodrome,” “first-degree 
family member,” “schizotypy,” “schizotypal,” and “ultra-
high risk.” The search parameters were limited to English-
language publications. The search yielded 37 publications 
that were later reviewed for inclusion by 2 authors (VK 
and PJM). A manual search of references in articles was 
performed, which elicited 5 additional publications; 1 
unpublished data set was also included.31 Once again, the 
MOOSE standard18 was followed in the extraction of rel-
evant studies and data. Publications presenting no data or 
data that were incomplete/unrelated were excluded (n = 
26). Additionally, 1 publication was excluded for includ-
ing second-degree family members in their family cohort,21 
and another for including a family member cohort of a 
patient group with diagnoses other than schizophrenia.19 
This left 14 publications and 1 unpublished article from 
which 37 individual effects were extracted.

Results

Overall Meta-Analysis Results in Schizophrenia

Across all studies with a schizophrenia or schizophrenia-
plus cohort, the overall effect size for olfactory processing 
tasks (k = 161; 4 491 schizophrenia patients and 4 408 
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controls) was −0.74 [95% CI = −0.83 < δ < −0.65], which 
is moderate to large in strength (see figure 1). An analysis 
of homogeneity including all studies revealed significant 
variance among study effect sizes that would support 
examining the effects of moderator variables (QB[160] = 
630.0, P < .001). In order to understand the variability 
among effect sizes, we examined psychometric, clinical, 
and demographic variables that might explain this 
heterogeneity.

Publication Bias

Publication bias was assessed using the Begg and 
Mazumdar29 rank correlation and Egger et  al30 tests. 
Results showed a significant rank correlation test (P < 
.001, one tailed) and Egger test (P < .001, one tailed), 
indicating evidence of possible publication bias. In order 
to assess the potential effect of such bias on study results, 
an Orwin’s fail-safe N was calculated, indicating that 
7 103 studies reporting a zero effect would be needed to 
reduce the observed effect to 0.20. The large number of 
“null” studies needed to eliminate the observed effects 
suggest that any possible publication bias had a minimal 
to nonexistent influence on the current results.

Moderator Analysis

Psychophysical Methods. Olfactory Task Type  Included 
studies employed a variety of tasks to assess olfactory 
impairment. Task types included (1) odor detection 
threshold sensitivity (k = 40 studies, d = −0.51, 95% CI = 
−0.69 < δ < −0.33), (2) odor discrimination (k = 13 stud-
ies, d = −0.69, 95% CI = −0.93 < δ < −0.44), (3) odor 

hedonics (k = 30 studies, d = −0.55, 95% CI = −0.68 < δ < 
−0.42), (4) odor identification (k = 76 studies, d = −0.93, 
95% CI = −1.06 < δ < −0.79), and (5) odor memory (k = 2 
studies, d = −1.62, 95% CI = −2.23 < δ < −1.01; figure 2). 
Homogeneity analysis revealed a significant influence of 
task type on effect size (QB[4] = 29.10, P < .001). Post hoc 
testing revealed that odor memory tests yielded signifi-
cantly larger effect sizes than measures of odor identifi-
cation (QB[1] = 4.79, P = .03), odor detection threshold 
sensitivity (QB[1] = 11.77, P = .001), odor hedonics 
(QB[1] = 11.44, P = .001), and odor discrimination 
(QB[1] = 7.83, P = .005).

With the exception of odor memory as noted above, 
odor identification measures showed significantly greater 
impairment than odor detection threshold sensitivity 
(QB[1] = 12.93, P < .001) and odor hedonics (QB[1] = 
15.67, P < .001). Differences between odor identification 
and odor discrimination tasks were not statistically sig-
nificant (QB[1] = 2.86, P = .10).

Odor hedonics was not observed to be significantly dif-
ferent from odor detection or discrimination (all P’s >.33). 
Similarly, odor discrimination tasks did not show greater 
impairment than odor detection tasks (QB[1] = 1.28, 
P = .26). Notably, results revealed that odor hedonic stud-
ies employing pleasant odors (k = 12 studies, d = −0.78, 
95% CI = −0.97 < δ < −0.58) were associated with signifi-
cantly larger effect sizes than those employing unpleasant 
odors (k = 11 studies, d = −0.33, 95% CI = −0.50 < δ < 
−0.16; QB[1] = 11.21, P = .001).

Presentation Type  The impact of method on odorant 
presentation was analyzed by comparing studies that 

Fig. 1.  Differences in study effect sizes across schizophrenia and 
related subgroups. Mean (± CI) study effect sizes for schizophrenia 
(k = 161 studies), clinical risk (k = 6 studies), first-degree family 
members (k = 37 studies), and individuals with psychometrically 
defined schizotypy (k = 8 studies) across task type.

Fig. 2.  Study effect sizes across olfactory task types in 
schizophrenia patients. Mean (± CI) study effect sizes for tasks 
of odor identification (k = 76 studies), odor discrimination (k = 
13 studies), odor memory (k = 2 studies), odor detection (k = 40 
studies), and odor hedonics (k = 30 studies).
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presented odors to subjects birhinally (both nostrils at the 
same time; k = 90 studies, d = −0.86, 95% CI = −0.97 < 
δ < −0.75) to studies employing a unirhinal presentation 
method (each nostril separately; k = 71 studies, d = 
−0.59, 95% CI = −0.73 < δ < −0.45). Results showed 
that studies presenting odors birhinally were associated 
with significantly larger effect sizes than those presented 
unirhinally (QB[1] = 8.98, P = .003).

Left/Right Nostril  In those studies that presented 
odors unirhinally, left nostril impairments (k = 32 stud-
ies, d = −0.61, 95% CI = −0.83 < δ < −0.39) and right 
nostril deficits (k = 33 studies, d = −0.57, 95% CI = −0.78 
< δ < −0.36) were not significantly different (QB[1] = 0.06, 
P = .81).

Clinical Characteristics. Diagnosis  Studies varied in 
their diagnosis as either schizophrenia-only (k = 139 stud-
ies, d = −0.75, 95% CI = −0.85 < δ < −0.65) or schizo-
phrenia-plus (k = 22 studies, d = −0.65, 95% CI = −0.87 < 
δ < −0.43) groups that included patients with schizophre-
nia in addition to schizophreniform and/or schizoaffec-
tive disorder. Contrasts illustrated no difference between 
the studies with schizophrenia-plus or schizophrenia-
only populations (QB[1] = 0.69, P = .41).

Inpatient/Outpatient Status  Hospitalization status 
was also examined as several studies recruited inpatients 
only (k = 32 studies, d = −0.66, 95% CI = −0.78 < δ < 
−0.53), outpatients only (k = 54 studies, d = −0.71, 95% 
CI = −0.83 < δ < −0.58), or a mixture of both inpatients 
and outpatients (k = 35, d = −0.48, 95% CI = −0.63 < δ < 
−0.33). Analysis of effect sizes between these subgroups 
revealed differences at only a trend-level (QB[2] = 5.68, 
P = .06).

Age of Onset/Duration of Illness  Age of illness onset 
and illness duration were examined to determine whether 
these variables influenced the magnitude of the overall 
effect size. Age of onset (k = 70 studies) was shown to 
not significantly influence effect sizes (Z = −0.94, P = 
.35). Conversely, duration of illness (k = 64 studies) sig-
nificantly moderated overall effect sizes (Z = −4.98, P < 
.001), with a longer duration of illness being associated 
with a greater magnitude of olfactory impairment on for-
mal testing.

Clinical Characteristics/Symptoms  Studies included 
various indicators of the severity of the illness such as 
positive and negative symptoms scores from the SANS 
(k = 36 studies), SAPS (k = 36 studies), PANSS-Neg (k = 
37), and PANSS-Pos (k = 37). SAPS scores were signifi-
cant (Z = 2.19, P = 0.03), indicating that a higher level of 
positive symptoms coincided with a smaller study effect 
size. In contrast, findings for the PANSS-Pos showed the 
opposite effects, such that a higher degree of positive 

symptoms was associated with a larger study effect size 
(Z = −2.58, P < .01). Analysis revealed that study effect 
size did not vary significantly by negative symptomatol-
ogy on the PANSS-Neg or SANS (all P’s >.18).

Antipsychotic Medications. Medication Status  In order 
to examine the moderating effect of antipsychotic medi-
cation status on olfactory performance, studies were clas-
sified according to their reported medication use at the 
time of the study. Groups included medicated (k = 59 
studies, d = −0.87, 95% CI = −1.09 < δ < −0.66) and 
unmedicated (k = 15 studies, d = −0.87, 95% CI = −1.08 
< δ < −0.65) patients. No significant differences in effect 
size were observed between these 2 medication status 
groups (QB[1] = 0.003, P = .96).

Chlorpromazine Equivalents  In those studies that 
reported chlorpromazine equivalents (k = 44 studies), 
analysis showed no significant influence on study effect 
size (Z = −1.29, P = .20).

Medication Type  A more finely grained analysis of 
medication effects was performed by further delineating 
medicated patients according to antipsychotic medica-
tion type. The 2 groups included all patients on atypical 
(k = 9 studies, d = −0.61, 95% CI = −0.92 < δ < −0.29), 
and all patients on typical (k = 12 studies, d = −1.60, 95% 
CI = −2.32 < δ < −0.88) antipsychotics. Effect sizes for 
these 2 groups were found to be heterogeneous (QB[1] = 
6.13, P = .013). Post hoc contrasts revealed that studies 
examining patients on a regimen of typical antipsychot-
ics displayed significantly more olfactory impairment 
than studies with patients on only atypical antipsychotic 
regimens (QB[1] = 6.13, P = .01)

Demographic Characteristics.  Several demographic 
variables theorized to influence olfactory performance 
were analyzed as well.

Sex  In order to account for any effect of sex com-
position on observed effect size, the percentage of male 
patients (k = 151 studies) and healthy male participants 
(k = 151) were analyzed. Both variables proved to be sig-
nificant (Z = 2.64, P < .01 and Z = 2.37, P = .02, respec-
tively), indicating that a higher percentage of males in a 
given study coincided with a smaller study effect size.

Age  Increased age in patients (k = 154 studies) was 
observed to be associated with greater olfactory deficit 
(Z = −2.87, P < .01), while no such relationship was seen 
in healthy subjects (k = 157 studies; Z = −1.20, P = .23).

Education  The average years of education for patients 
(k = 94 studies) and healthy comparison subjects (k = 93 
studies) were also examined. While patient education did 
not reveal a significant influence on effect size (Z = −1.04, 
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P = .30), a significant relationship was seen between 
higher education levels and better olfactory performance 
in healthy subjects (Z = 2.11, P = .03).

Handedness  The influence of hand dominance on 
study effect size was also evaluated. Neither healthy sub-
jects (k = 23 studies) or patients (k = 23 studies) showed 
a relationship between handedness and olfactory perfor-
mance (all P’s >.08).

Smoking History  In order to assess for the possible 
influence of smoking, the percentage of patient smok-
ers (k = 107 studies) and healthy subject smokers (k = 
108 studies) were analyzed. Patient smokers did not 
have a significant impact on study effect size (Z = −0.17, 
P  =  .86). Similarly, percent of healthy subject smokers 
did not significantly moderate study effect size (Z = 0.27, 
P = .79).

Patients and controls were then analyzed according to 
the number of pack years. In controls, smoking burden 
as measured by pack years did not appear to significantly 
moderate effect size (k = 49 studies; Z = 0.79, P = .43). 
However, patient pack-year history (k = 47 studies) was 
statistically significant (Z = 2.22, P = .03), indicating that 
higher levels of smoking in patients were associated with 
smaller deficits in olfactory performance.

Overall Meta-Analysis Results in At-Risk Youths, 
First-Degree Family Members, and Schizotypy

Across studies of at-risk youths, schizotypy and first-
degree family members of schizophrenia patients, the 
overall effect size for olfactory processing tasks (k = 37; 
875 subjects and 1190 controls) was −0.33 [95% CI = 
−0.42 < δ < −0.23], which is a small-to-medium strength 
effect (see figure 1). An analysis of homogeneity revealed 
significant variance among study effect sizes that would 
support examining the effects of moderator variables 
(QB[36] = 59.66, P < .01). Clinical risk youths (k = 6 
studies, d = −0.71, 95% CI = −0.93 < δ < −0.49), first-
degree family members (k = 23 studies, d = −0.25, 95% 
CI = −0.36 < δ < −0.13), and individuals with schizotypy 
(k = 8 studies, d = −0.19, 95% CI = −0.43 < δ < 0.05) 
were subsequently compared. Olfactory impairment was 
significantly greater in the at-risk cohort compared with 
that in either first-degree family members (QB[1] = 13.64, 
P < .001) or schizotypy groups (QB[1] = 9.92, P < .01). 
The latter 2 cohorts were not significantly different from 
each other (QB[1] = 0.16, P = .69).

Publication Bias

There was no evidence of any possible publication bias 
as indicated by nonsignificant Begg and Mazumdar 
rank correlation (P = .17) and Egger et al (P = .33) tests. 
Regardless, calculation of a fail-safe N revealed that a 

total of 393 null studies would be required to reduce the 
observed effect to 0.20. The latter analyses indicate that the 
observed effects are accurate representation of the extant 
literature on olfactory function in these populations.

Discussion

Consistent with our prior quantitative review,1 robust 
olfactory deficits were seen across diverse olfactory tasks, 
suggesting a medium-to-large effect size for these defi-
cits in schizophrenia. The current results could not be 
accounted for by any potential publication bias given the 
large volume of null studies needed to reduce the magni-
tude to a small effect. Looking at the construct of olfac-
tion broadly, this meta-analysis supports the notion that 
dysfunction in the central and peripheral olfactory system 
in schizophrenia is ubiquitous. We did, however, observe 
that the magnitude of the effect size varied significantly 
by olfactory task type. Notably, tests of odor memory 
and identification continue to reveal the largest and most 
robust effect sizes relative to tasks of odor detection 
threshold, odor hedonics, and odor discrimination. The 
primary explanation for these findings could be that tasks 
assessing odor identification, odor memory, and odor 
discrimination require increased integration and recruit-
ment of associated language function, working memory, 
and short-term memory functions. Thus, the greater defi-
cit in odor memory may reflect this task’s reliance on pri-
mary olfactory cortex and temporal brain regions, which 
are both closely associated with the pathophysiology of 
the disorder. In addition, odor identification and odor 
memory deficits can result from dysfunction at any level 
of peripheral or higher order processing (eg, retrieving 
a semantic label or remembering an odor that was pre-
sented previously). Furthermore, the additional language 
and memory processing involved in odor identification 
and memory tasks are processes that are also reported as 
deficient in schizophrenia19, 32 and may contribute to the 
larger effect sizes seen for odor identification and odor 
memory tasks. These hypotheses, however, must be tem-
pered by the fact that different olfactory measures appear 
to have different reliabilities, with odor identification 
tasks showing better reliabilities relative to other olfac-
tory measures.33 As such, additional research is needed 
to examine how these factors, including the psychometric 
properties, task difficulty, and nonolfactory components 
of olfactory tasks, influence the study effect sizes.

Several moderator variables appeared to have a 
significant positive or negative impact on olfactory 
deficits. We found that birhinal presentation of odors 
produced larger study effects than unirhinal presentation. 
Prior work has indicated that birhinal processing requires 
additional interaction of both hemispheres,34 while 
unirhinal processing (ie, testing nostrils in isolation) 
may be more difficult.35 Indeed, a study by Bromley and 
Doty36 reported that birhinal testing of odor memory 
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is easier than unirhinal testing in healthy individuals. 
Abnormalities of interhemispheric transfer of information 
are seen in schizophrenia for visual information,37 tactile 
information,38 and auditory information (dichotic 
listening),39,40 so it may be that the transfer of olfactory 
information between the cerebral hemispheres in patients 
is also disrupted and more prominent when olfactory 
stimuli are simultaneously processed by both nostrils. 
The differences in study effects produced by birhinal and 
unirhinal presentation method suggest that additional 
research on the differences in unirhinal and birhinal 
processing of odors in schizophrenia are warranted.

With respect to clinical features of the illness, our results 
indicate that longer duration of illness in the schizophre-
nia samples was associated with larger study effect sizes. 
Studies reporting an association between olfactory abili-
ties and illness duration have been well-documented,3,41,42 
and seem to support a slow degradation of the olfactory 
system over the course of illness. Negative symptoms did 
not moderate study effect sizes, which was unexpected 
given the widely reported relationship between increased 
negative symptoms and greater olfactory impairment.42–44 
One reason for this lack of an effect may be the rela-
tively low number of studies reporting negative symptom 
scores. In addition, moderator analysis was collapsed 
across all olfactory task types. Thus, it is possible that 
any potential domain-specific relationships were con-
founded or minimized (eg, the bulk of studies reporting a 
relationship with negative symptoms have examined odor 
identification). In contrast, the positive symptoms of 
psychosis (eg, hallucinations, delusions, etc.) were found 
to significantly moderate effect size, with higher levels 
of these symptoms being associated with reduced levels 
of olfactory deficit. A previous study from our group42 
examining the clinical, neuropsychological, and struc-
tural brain correlates of olfactory functioning found that 
increased positive symptoms were related to better odor 
detection threshold sensitivity. This finding was hypoth-
esized to reflect an increased vigilance to external and 
internal stimuli often seen in patients with more predomi-
nant Schneiderian symptomatology. It would be helpful 
in future studies to examine the subscales that make up 
these composite symptom measures in order to better 
understand the items that drive or mitigate any potential 
relationships with olfaction.

Consistent with our prior meta-analysis in 1999, we 
found that overall medication status (ie, medicated and 
unmedicated) was not a significant moderator of study 
effect size. Similarly, no significant moderation of effect 
size was seen in those studies that reported chlorproma-
zine equivalents. In this study, however, we sought to 
further explore and refine the medication moderator vari-
able by logging the general antipsychotic class used in a 
given study. This approach revealed that studies in which 
patients were on a regimen of typical or first-generation 
antipsychotics showed significantly greater olfactory 

deficits than those in which atypical or second-genera-
tion antipsychotics were prescribed. There is evidence 
from pharmacologic,45 genetic,46 and animal studies47 
that suggest that performance on odor processing tasks 
may be modulated, in part, by dopamine-related neural 
mechanisms. While the precise mechanisms underlying 
this differential medication response are unclear, it does 
appear that there is specific dopaminergic modulation of 
primary olfactory afferents. Further work detailing the 
acute effects of antipsychotic medication on tests of odor 
identification, detection threshold sensitivity, memory, 
and hedonics in schizophrenia is therefore warranted.

Smoking has been an important variable of consider-
ation in olfactory studies given the reported adverse influ-
ence of cigarette use on olfactory abilities.48 Consistent 
with the findings of our prior meta-analysis, this study 
found no effect of smoking on study effect size as assessed 
by percentage of patient and control smokers in a given 
sample. This variable, however, does not account for the 
intensity and frequency of subjects’ smoking. Our group, 
as well as others,1,49 have advocated for the use of “pack 
years” where smoking burden is quantified by both dura-
tion and intensity of smoking. Using this approach, we 
found that, in patients, increased burden of smoking was 
associated with significantly decreased study effect size. 
This relationship was not seen in healthy subjects. While 
this finding may seem counterintuitive, it is notable that 
most studies of olfaction in schizophrenia have treated 
smoking as a nuisance variable—to be controlled for—as 
opposed to being a primary variable of interest. Notably, 
a recent study by McLean and colleagues reported an 
enhancing effect of  smoking on olfactory ability in indi-
viduals with psychosis.20 These authors speculated that 
the central nervous system effects of nicotine might have 
a “normalizing” effect on olfactory function, which per-
haps outweigh the adverse locally mediated aspects of 
smoking. Regarding neuropsychological functions in 
schizophrenia, there has been considerable interest in 
the potentially remediating effects of nicotine on cogni-
tion.50–52 The current data suggest that studying smoking 
burden as a variable of interest in olfactory studies may 
help elucidate some of the pharmacologic underpinnings 
or mitigating factors of this deficit in schizophrenia.

While the literature examining olfactory dysfunction 
in individuals at risk for schizophrenia is still in its 
infancy, several studies have noted olfactory impairment 
in at-risk youths.14,15,16 However, a recently conducted 
meta-analysis of olfactory performance across 16 studies 
of “schizophrenia risk status” concluded that odor 
identification deficits were not useful as a schizophrenia 
vulnerability marker.18 Notably, the 16 studies analyzed 
by Cohen et  al18 included studies examining olfactory 
performance in otherwise-healthy individuals with 
psychometrically defined schizotypal personality features 
and in nonpsychotic first-degree biological relatives 
of schizophrenia patients and only 2 studies of youths 
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with prodromal symptomatology. Consistent with 
their findings, we found significant heterogeneity in 
study effect sizes across the 3 groups, with the clinical 
risk cohort showing a level of olfactory impairment 
that was comparable with that observed in patients 
and significantly greater than that seen in first-degree 
relatives and schizotypal individuals. These findings 
suggest that olfactory measures may have utility in 
distinguishing clinical risk youths from symptom-free 
family members and individuals with psychometrically 
defined schizotypy. Indeed, a recent meta-analysis of 
baseline and longitudinal follow-up neurocognitive data 
in at-risk youths found that olfactory scores showed the 
largest effect sizes in those individuals who subsequently 
converted to psychosis.53 Based on these limited though 
robust findings, we believe that olfactory dysfunction 
may be a useful marker of schizophrenia risk status.54

Consistent with the notion that olfactory measures 
may be important in those people at risk for the develop-
ment of schizophrenia, a recent epidemiologic study by 
Nguyen-Khoa and colleagues55 examined 2 large medi-
cal insurance databases in the United States detailing the 
rates of claims for disturbances of the sense of smell and 
their association with various diseases and medications. 
The authors found that schizophrenia and psychosis 
were strongly associated with olfactory dysfunction in 
both database cohorts (OR = 6.2; 95% CI = 2.0–19.7 and 
OR = 5.9; 95% CI = 1.5–22.6). These data converge in 
suggesting that people presenting to their physician with 
complaints of smell dysfunction have roughly 6 times the 
risk of developing schizophrenia than people who do not 
have any chemosensory complaints. As it is well known 
that most patients with olfactory dysfunction are not 
aware of their smell loss, the actual impact of this factor 
in the latter study is likely an underestimate of risk.

Overall, the results of the current meta-analysis con-
firm the presence of olfactory deficits across the largest 
number of studies to date. Contrary to the results of our 
prior meta-analytic review, we found that several mod-
erators influenced the magnitude of olfactory deficits 
observed across studies, including (1) olfactory task type, 
(2) method of task presentation (birhinal vs unirhinal), 
(3) antipsychotic medication regimen type, (4) age of 
onset, (5) duration of illness, (6) education, (7) sex, and 
(8) patient smoking. In light of the latter findings, there 
are a number of specific factors that appear to warrant 
attention in future studies of olfactory dysfunction in 
schizophrenia. First, while we added tests of odor hedon-
ics to the current meta-analysis, there are other olfactory 
domains that are still relatively unexplored (eg, odor 
intensity, memory, and recognition threshold). These 
measures may hold promise in further delineating the 
scope and magnitude of the olfactory dysfunction seen 
in patients. Second, examination of smoking burden in 
pack years and focusing on this as a predictor variable as 
opposed to a nuisance variable may help to explore any 

differential impact on olfactory function in patients and 
healthy controls. Third, while the studies in the literature 
have focused on overall positive and negative symptom 
scores, further delineation of this effect by examining 
the specific items or subscales that comprise these global 
scores seems prudent. In addition, examination of other 
clinical measures of affective functioning such as anhe-
donia or empathy would also appear to hold promise.
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