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ARTICLE INFO ABSTRACT

Keywords: Olfaction plays a key role in our daily life, influencing food enjoyment, threat detection, mood and social re-

Sch%zophren%a lationships. Numerous studies have provided evidence of abnormal olfactory function in schizophrenia and other

zcllf’lzo_phrema'sf’e“mm psychotic disorders. This pre-registered meta-analysis was conducted to (a) provide an updated overview of
action

olfactory function in schizophrenia-spectrum disorders, and (b) examine the modulatory effects of demographic
and clinical variables on distinct olfactory abilities. We complied with the PRISMA guidelines, searching
throughout PubMed, MEDLINE, and PsycInfo, until the 12th of August 2023. A total of 73 publications were
included, comprising data from 3282 patients and 3321 healthy controls. Results revealed that (a) patients
performed significantly worse in higher-order olfactory tests (identification and discrimination) compared to
healthy controls, while no differences were observed in odor sensitivity; (b) patients’ performance in odor
identification was moderated by education, as well as disease duration and negative symptoms. Our findings
support the presence of olfactory impairments in schizophrenia-spectrum disorders, leading to significantly
poorer performance in both odor identification and discrimination, but not sensitivity, when compared to

meta-analysis
Negative symptoms
Disease duration

healthy controls.

1. Introduction

The sense of smell, although generally underestimated, is crucial for
many aspects of everyday life: affecting nutrition and food enjoyment,
alerting of potential danger (i.e., poisoned or rotten food, gas leaks; Croy
et al., 2014; Stevenson, 2010), and affecting social relationships (Dal Bo
et al., 2020; Semin et al., 2019), mood (Delplanque et al., 2017; Kado-
hisa, 2013), behavior (Cecchetto et al., 2017; Chebat and Michon,
2003), and memory (Herz, 2016; Larsson et al., 2017), all aspects that
contribute to the general well-being (Boesveldt and Parma, 2021; Mai
et al., 2022). Olfactory deficits have been associated with several mental
conditions (Marin et al., 2023), including schizophrenia (Good and
Sullivan, 2015). In schizophrenia, olfactory deficits have been repeat-
edly and consistently documented at different levels (Moberg et al.,
2014). This tight connection between olfaction and schizophrenia has
been explained by the partial overlap existing between the olfactory
pathways and the brain areas implicated in the pathophysiology of
mental disorders, namely amygdala, hippocampus, and orbital-frontal
cortex (Rochet et al., 2018; Soudry et al., 2011).
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There is reliable evidence that patients with schizophrenia are
impaired in odor identification (assessing the ability to identify or name
an odorant; Cohen et al., 2012), which may be already present in high-
risk individuals (Brewer et al., 2003; but see Lin et al., 2015 for negative
results), and it appears to be correlated with the disease duration
(Moberg et al., 2014; Moberg et al., 1997a; Ugur et al., 2005) and the
clinical ratings of negative symptoms (Brewer et al., 2001; Malaspina
et al.,, 2012b; Moberg et al., 2006). The same consistent results are
present in odor discrimination (assessing the ability to distinguish be-
tween two odors), where patients with schizophrenia showed dimin-
ished abilities compared to controls (Kamath et al., 2019, 2018, 2014;
Rupp, 2005; Rupp et al., 2005). Another aspect explored in patients with
schizophrenia is odor sensitivity (the lowest level of odor intensity a
subject can detect or recognize, assessed through the odor threshold
test), although the available data are less consistent. Indeed, some
studies reported lower odor sensitivity compared to healthy controls
(Rupp, 2005; Rupp et al., 2005; Turetsky et al., 2003b), while others
found no differences (Kopala et al., 1993; Moberg et al., 2006), or even
enhanced odor sensitivity (Sirota et al., 1999).
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Previous meta-analyses have consistently supported olfactory defi-
cits in individuals with schizophrenia (Cohen et al., 2012; Moberg et al.,
2014; Moberg et al., 1999). The latest analysis (Moberg et al., 2014)
scrutinized 67 publications, also revealing medium-to-large olfactory
impairments in these patients. Furthermore, it highlighted several
moderating variables: age and gender (greater deficits in older patients
and women), disease duration (longer duration correlated with more
pronounced impairments), and medication type (typical antipsychotics
associated with worse impairments than atypical ones). Additionally,
positive symptoms were identified as significant moderators, although
results varied depending on the assessment instrument used: higher
scores on the Scale for the Assessment of Positive Symptoms (SAPS;
Andreasen, 1984) correlated with reduced deficits, whereas higher
scores on the positive symptom subscale of the Positive and Negative
Symptoms Scale (PANSS; Kay et al., 1987) correlated with increased
deficits. However, these analyses pooled all studies in one single meta-
analysis, hindering clarification of test-specific deficits and the influ-
ence of different moderators on distinct olfactory abilities. Indeed, odor
identification, discrimination, and threshold tests are differently
affected by cognitive abilities (Dulay et al., 2008; Hedner et al., 2010).
Odor identification draws upon general semantic knowledge, while odor
discrimination requires the ability to form a temporary representation of
a target odor and distinguish it from dissimilar distractors. In contrast,
performance on the odor threshold test is driven by perceptual func-
tions, activating a lower level of cortical odor processing and reflecting a
purer measure of olfactory functioning (Hedner et al., 2010).

Given the importance of these issues and the emergence of new
research, an updated meta-analysis is warranted. Our study was
designed to reach two aims: first, to provide an updated and
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comprehensive meta-analysis of olfactory function in schizophrenia-
spectrum disorders. Particularly, our focus was on characterizing the
olfactory impairment across each specific domain (i.e., odor identifica-
tion, discrimination, and threshold). Second, we sought to examine the
influence of demographic and clinical variables on the abovementioned
olfactory domains in this population. Crucially, previous literature often
combined schizophrenia and other psychotic disorders, like schizo-
affective or delusional disorders, across a broad spectrum. Hence, we
included studies involving individuals with a diagnosis of schizophrenia,
as well as those with mixed diagnoses. We focused on studies reporting
data on odor identification, discrimination, and threshold to facilitate
separate meta-analyses and elucidate test-specific deficits and moder-
ator effects on different olfactory abilities.

2. Materials and methods
2.1. Identification and selection of studies

The present meta-analysis was pre-registered on PROSPERO
(https://www.crd.york.ac.uk/prospero/display record.php?
ID=CRD42023440703). Studies were identified through a literature
search performed on the 12th of August 2023 on PubMed, MEDLINE,
and PsycInfo, using the following search string: (“schizophrenia” OR
“psychosis” OR “psychoses” OR “psychotic disorder” OR “schizophrenic
disorder”) AND (“olfaction” OR “smell” OR “odor” OR “olfactory”). We
also checked the references of earlier meta-analyses on schizophrenia
and olfactory abilities (Cohen et al., 2012; Moberg et al., 2014).

Eligible studies 1) examined participants of any age diagnosed with
chronic or first-episode schizophrenia, schizophreniform,

Records identified through
database searching:
Psychinfo (800)
Pubmed (936)
5 Records obtained from other
sources (Cohen et al., 2012;
Moberg et al., 2014)

I

Records after duplicates | ————»
removed
(1206)

][ Identification ]

v

Records assessed for eligibility
(n=124) - 5

Screening

Articles included
(n=73)

[ Included ] [

Records excluded from screening of title and
abstract (1082)

- Noindividuals with schizophrenia

- No human participants

- Single case reports

- Meta-analyses, review or

commentary

- languages other than English

- No control group

- Pharmacological drugs clinical trials

Reports excluded:
- Olfactory test used as screening (n = 5)
- No test of olfactory abilities (n = 15)
- No standardized olfactory test (n = 8)
- No control group (n = 3)
- Relatives of schizophrenic patients (n = 2)
- Individuals with high-risk of psychosis (n = 2)
- Parkinson patients (n = 1)
- Same sample of another included study (n = 2)
- No replay from author regarding statistical
information (mean and standard deviation; n = 13)

Fig. 1. Prisma flow-chart illustrating the selection process of the present meta-analysis.
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Characteristics of the studies included in the meta-analysis. DSM = Diagnostic and Statistical Manual of Mental Disorders; DIGS = Diagnostic Interview for Genetics
Studies; OPCRIT = Operational Criteria for Psychosis; DIP = Diagnostic Interview for Psychosis; RDC = Research Diagnostic Criteria; ICD = International Classification
of Diseases; UPSIT = University of Pennsylvania Smell Identification Test; Brief UPSIT = University of Pennsylvania Brief Smell Identification Test; SST = Single
staircase, forced-choice odor detection threshold; CCPE = Connecticut Chemosensory Perception Exam; MOT = Munich Olfaction Test; Ir-SIT = Iran Smell Identi-
fication Test; OSIT-J = Odor Stick Identification Test for Japanese. See Table s1 in the Supplementary Material for a more detailed description of the included studies.

Study  Source Type of diagnosis Diagnosis N Patient N Control  Test Parameter Nostril
criteria group group
1 Arguedas et al., Schizophrenia or Schizoaffective DSM-1V 21 18 UPSIT Identification Birhinal
2012 disorder
2 Brewer et al., Schizophrenia DSM-III-R 26 19 UPSIT Identification Birhinal
1996
3 Brewer et al., Schizophrenia, schizophreniform, DSM-III-R 74 38 UPSIT Identification Birhinal
2001 schizoaffective disorder, affective
psychoses, or other psychoses
4 Brewer et al., Schizophrenia DSM-III-R 32 24 UPSIT, Identification, Birhinal
2007 SST Threshold
5 Chen et al., Schizophrenia DSM-V 110 110 Sniffin Identification, Birhinal
2018 Sticks Discrimination,
Threshold
6 Chen et al., Schizophrenia DSM-1V 52 199 Sniffin Identification, Birhinal
2019 Sticks Discrimination,
Threshold
7 Cieslak et al., Schizophrenia or Schizoaffective DSM-1V 56 37 UPSIT, Identification, Birhinal
2015 disorder Sniffin Threshold
Sticks
8 Clepce et al., Schizophrenia DSM-IV 34 34 Sniffin Identification, Birhinal
2013 Sticks Discrimination,
Threshold
9 Coleman et al., Schizophrenia or Schizoaffective DSM-IV 70 68 UPSIT Identification Birhinal
2002 disorder
10 Compton et al., Schizophrenia, Schizoaffective DSM-IV 41 38 UPSIT Identification Birhinal
2006 disorder, or psychotic not otherwise
specified
11 Cumming et al., Schizophrenia DSM-1V 27 22 UPSIT Identification Birhinal
2011
12 De Nijs et al., Schizophrenia DSM-1V 132 128 Sniffin Identification Birhinal
2018 Sticks
13 Doop and Park, Schizophrenia - 17 14 UPSIT Identification Birhinal
2006
14 Good et al., Schizophrenia DSM-IV or 65 59 SST Threshold Left/Right nostrils
1998 DSM-III-R
15 Goudsmitetal.,  Schizophrenia, schizophreniform or DSM-IV 83 69 UPSIT Identification Birhinal
2003 schizoaffective disorder, psychosis not
otherwise specified, or delusional
16 Houlihan et al.,  Schizophrenia DSM-III-R 42 36 UPSIT Identification Birhinal
1994
17 Hurwitz et al., Schizophrenia DSM-III & 18 10 UPSIT Identification Birhinal
1988 ICD-9
18 Ishizuka et al., Schizophrenia DSM-IV 15 19 UPSIT Identification Birhinal
2010
19 Kamath et al., Schizophrenia DSM-1IV 23 21 Brief Identification Birhinal
2011a UPSIT
20 Kamath et al., Schizophrenia DSM-IV 33 31 UPSIT Identification Birhinal
2011b
21 (Kamath et al., Schizophrenia DSM-1V 16 16 UPSIT Identification Birhinal
2013
22 Kamath et al., Schizophrenia DSM-IV-TR 65 66 Sniffin Identification, Birhinal
2014 Sticks Discrimination
23 Kamath et al., Schizophrenia or Schizoaffective DIGS or DSM- 64 98 Sniffin Identification, Birhinal
2018 disorder v Sticks Discrimination
24 Kamath et al., Schizophrenia, schizophreniform or DSM-1V 63 63 Sniffin Identification, Birhinal
2019 schizoaffective disorder Sticks Discrimination
25 Kohler and Schizophrenia DSM- IV 40 25 UPSIT, Identification Left/Right nostrils
O’Connor, SST
2001
26 Kopala, 1995 Schizophrenia DSM-III-R 65 30 UPSIT Identification Birhinal
27 Kopala et al., Schizophrenia DSM-III and 41 43 UPSIT Identification Birhinal
1989 ICD-9
28 Kopala et al., Schizophrenia or schizophreniform DSM-III-R 40 58 UPSIT Identification Birhinal
1993
29 Kopala et al., Schizophrenia DSM-III-R 131 77 UPSIT Identification Birhinal
1994
30 Kopala et al., Schizophrenia - 12 12 UPSIT Identification Birhinal
1998
31 Larsen et al., Schizophrenia or Schizoaffective DSM-III and 54 65 Sniffin Identification, Birhinal
2022 disorder DSM-IV Sticks Discrimination®
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Table 1 (continued)

Study  Source Type of diagnosis Diagnosis N Patient N Control  Test Parameter Nostril
criteria group group
32 Li et al., 2020 Schizophrenia DSM-V 80 40 UPSIT Identification Birhinal
33 Li et al., 2022 Schizophrenia DSM-V 91 47 Sniffin Identification, Birhinal
Sticks Threshold
34 Lui et al., 2019 Schizophrenia DSM-1V 30 30 UPSIT Identification Birhinal
35 Malaspina and Schizophrenia or Schizoaffective DSM-IV 70 68 UPSIT Identification Birhinal
Coleman, 2003 disorder
36 Malaspina Schizophrenia DSM-III-R 20 20 UPSIT Identification Birhinal
et al., 1994
37 Malaspina Schizophrenia DSM-III-R 6 7 UPSIT Identification Birhinal
et al., 1998
38 Malaspina Schizophrenia or Schizoaffective DSM-1V 55 32 UPSIT, Identification, Birhinal
et al., 2012a disorder Sniffin Threshold
Sticks
39 Malaspina Schizophrenia or Schizoaffective DSM-IV 58 42 UPSIT, Identification, Birhinal
et al., 2012b disorder Sniffin Threshold (Identification), Left/
Sticks Right nostrils
40 Malaspina Schizophrenia or Schizoaffective DIGS 75 46 Sniffin Threshold Birhinal
et al., 2016 disorder (included all Sticks
DI-PAD)
41 Martin et al., Schizophrenia DSM-1V 44 42 UPSIT Identification Birhinal
2015
42 Masaoka et al., First episode Schizophrenia or - 45 34 UPSIT Identification Birhinal
2020° Schizophrenia
43 McLean et al., Schizophrenia, delusional disorder, or OPCRIT 22 21 UPSIT Identification Birhinal
2004 atypical psychosis
44 Minor et al., Schizophrenia DSM-IV 54 136 UPSIT Identification Birhinal
2004
45 Moberg et al., Schizophrenia DSM-III-R 16 20 UPSIT Identification Birhinal
1997b
46 Moberg et al., Schizophrenia DSM-1V 21 20 UPSIT, Identification, Birhinal
2006 SST Threshold
47 Mossaheb Schizophrenia, schizophreniform or DSM-IV-TR 51 79 UPSIT Identification Birhinal
etal., 2018 schizoaffective disorder
48 Nguyen et al., Schizophrenia DSM-IV 14 11 UPSIT Identification Birhinal
2011
49 Purdon and Schizophrenia - 17 17 UPSIT, Identification, Birhinal
Flor-Henry, CCPE Threshold
2000
50 Roalf et al., Schizophrenia DSM-1V 22 45 UPSIT, Identification, Left/Right nostrils
2006 SST Threshold
51 Robabeh et al., Schizophrenia DSM-IV-TR 31 31 Ir-SIT, Identification, Birhinal
2015 SST Threshold
52 Rupp et al., Schizophrenia DSM-IV 33 40 Sniffin Identification, Left/Right nostrils
2005 Sticks Discrimination,
Threshold
53 Rupp, 2005 Schizophrenia DSM-IV 30 30 MOT Discrimination, Left/Right nostrils
threshold
54 Seidman et al., Schizophrenia DSM-III 16 17 UPSIT Identification Birhinal
1991
55 Seidman et al., Schizophrenia DSM-III-R 17 12 UPSIT Identification Birhinal
1995
56 Seidman et al., Schizophrenia DSM-III-R 40 32 UPSIT Identification Birhinal
1997
57 Seubert et al., Schizophrenia DSM-IV 24 24 Sniffin Identification Birhinal
2010 Sticks
58 Sirota et al., Schizophrenia DSM-IV 12 20 SST Threshold Birhinal
1999
59 Smith et al., Schizophrenia DSM-IV & V 58 48 Sniffin Identification, Birhinal
2023 Sticks Discrimination
60 Stevenson and Schizophrenia DIP 25 21 UPSIT, Identification, Birhinal
Langdon, 2012 SST Threshold
61 Strauss et al., Schizophrenia DSM-IV-TR 41 22 Brief Identification Birhinal
2010 UPSIT
62 Striebel et al., Schizophrenia DSM-III-R 16 16 UPSIT, Identification, Birhinal
1999 SST Threshold
63 Szeszko et al., Schizophrenia, schizophreniform or DSM-1V 15 17 UPSIT Identification Left/Right nostrils
2004 schizoaffective disorder
64 Turetsky et al., Schizophrenia DSM-IV 52 38 UPSIT, Identification, Left/Right nostrils
2003a Sniffin Threshold
Sticks
65 Turetsky et al., Schizophrenia DSM-IV 21 20 UPSIT, Identification, Left/Right nostrils
2003b Sniffin Threshold
Sticks

(continued on next page)
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Study  Source Type of diagnosis Diagnosis N Patient N Control  Test Parameter Nostril
criteria group group

66 Ugur et al., Schizophrenia or schizoaffective ICD-10 10 20 Sniffin Identification, Birhinal

2005 psychosis Sticks Discrimination,
Threshold

67 Urban- Schizophrenia ICD-10 48 21 UPSIT Identification Birhinal
Kowalczyk
et al., 2018

68 Urban- First episode Schizophrenia or ICD-10 47 29 UPSIT Identification Birhinal
Kowalczyk Schizophrenia
et al., 2019

69 Walsh- Schizophrenia or Schizoaffective DSM-1V 37 31 UPSIT, Identification, Birhinal
Messinger disorder SST Threshold
et al., 2019

70 Wang et al., Schizophrenia DSM-V 137 87 OSIT-J Identification Birhinal
2023

71 Warner et al., Schizophrenia RDC 12 8 UPSIT Identification Birhinal
1990

72 Wuetal, 1993  Schizophrenia DSM-III-R 20 24 UPSIT Identification Birhinal

73 Zou et al., 2018 Schizophrenia DSM-IV 35 40 UPSIT Identification Birhinal

# Data on the discrimination test were not published, but provided by the author (Larsen et al., 2022).
b Subjects included in this study are a subset of the subjects from previously published studies (Bartholomeusz et al., 2017; Brewer et al., 2003; Brewer et al., 2001;
Eritaia et al., 2000; Lavoie et al., 2014; Lin et al., 2015; Velakoulis et al., 2006), who had olfactory data available.

schizoaffective, or delusional disorders, psychosis not otherwise speci-
fied, and atypical psychosis; 2) included a matched healthy control
group (HC); 3) described the performance in at least one olfactory test,
namely odor identification, discrimination, or threshold; 4) reported
statistical information (means and standard deviations) for both groups.
Those studies that 1) used animals; 2) were published in languages other
than English; 3) were reviews, meta-analyses, commentary, and case
studies; 4) used the olfactory test(s) as screening tool(s); and 5)
administered hormonal therapies were excluded. There were no limi-
tations on receiving any kind of pharmaceutical treatment related to
schizophrenia or other psychotic disorders, whether it be past or pre-
sent. The search and the selection were performed by three independent
authors (C.G., C.C., L.Z.), with discrepancies resolved through
discussion.

2.2. Data extraction and moderators

For each report, we extracted the following information related to
the patient sample: 1) gender (% of male participants); 2) mean age; 3)
mean years of education; 4) smoking history (% smoker participants); 5)
hospitalization status (i.e., inpatient, outpatient, or mixed sample); 6)
medication status (coded as “Yes” if more that 50 % of the sample was
medicated, otherwise coded as “No”); 7) mean disease duration (years);
8) olfactory test type (i.e., odor identification, discrimination, or
threshold); 9) tool used to detect olfactory abilities among the three
different test types, such as the University of Pennsylvania Smell Iden-
tification Test (UPSIT; Doty et al., 1984), the Sniffin’ Sticks test
(Hummel et al., 1997), the Munich Olfaction Test (MOT; Kruggel, 1989),
or others; 10) assessment method (either birhinal or unirhinal presen-
tation); 11) general psychiatric symptoms rating scores, assessed
through the Brief Psychiatric Rating Scale (BPRS; Overall and Gorham,
1962); and 12) positive and negative symptoms rating scores, stan-
dardized through the conversion to z-scores across the diverse psycho-
logical tests used, including the Scales for the Assessment of Negative
Symptoms (SANS; Andreasen, 1983) and the previously mentioned
SAPS, and PANSS. These coded data were used as moderators for the
meta-regressions. Data were extracted independently by two authors (C.
C., L.Z).

2.3. Risk of bias

The Risk of Bias (RoB) for the included studies was assessed using the
Newcastle-Ottawa Scale (NOS; Wells et al., 2000). For further details,
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refer to S1.1 in the Supplementary Material.

2.4. Meta-analyses

Analyses were conducted with R Studio (version 2023.09.1 + 494)
using the metafor package (Viechtbauer, 2010). For each comparison
between a patient sample and a control group, the effect size indicating
the difference between the two groups at post-test was calculated
(Hedges’s g; Hedges, 1982). Separate meta-analyses were conducted on
reports analyzing odor identification, discrimination, and odor
threshold. The rma.mv function from the metafor package was used to fit
the Multivariate Meta-regression Models which included the individual
studies as random effect. To assess robustness of the results, each meta-
analysis was rerun without potential outliers (refer to S1.2 and S2.2.1 in
the Supplementary Material for details and results). Heterogeneity (e.g.,
between-study variance) across analyses was calculated using I? statis-
tics and quantified as a percentage: 0 %-40 % (minimal), 30 %-60 %
(moderate), 50 %-90 % (substantial), and 75 %-100 % (considerable)
(Cumpston et al., 2019). Significant heterogeneity results indicate that
the variability in the observed effect size or outcomes is larger than what
would be expected in the sampling variability alone. Publication bias
was explored using Egger’s test and funnel plot (Egger et al., 1997). The
fail-safe number of negative studies that would be required to nullify (i.
e., make p > 0.05) the effect size was calculated with the fsn function of
the metafor package. Additional meta-regressions were performed on
each olfactory test type to analyze the effect of moderators on the meta-
analysis results.

To further explore heterogeneity, we performed additional post-hoc
sensitivity meta-analyses by grouping more homogeneous sets of studies
based on 1) participants’ diagnoses and 2) study quality as determined
by NOS scores. See S1.2, S2.2.2, and S2.2.3 in the Supplementary Ma-
terial for details and results.

3. Results
3.1. Selection and inclusion of studies

The selection and inclusion process is fully described in the PRISMA
flow chart (Fig. 1; for the PRISMA checklist, see Supplementary Mate-
rial). The search identified 1736 records. Of note, five more studies
(Brewer et al., 2007; Doop and Park, 2006; Seidman et al., 1995; Sirota
et al., 1999; Warner et al., 1990) were included by checking previous
meta-analyses on schizophrenia and olfactory abilities (Cohen et al.,
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Study Estimate [95% CI]
Arguedas et al., 2012.1 I | v 0.33[0.15, 0.74
Arguedas et al., 2012.2 I | ' 0.21[0.09, 0.51

Brewer et al., 1996 | 0.39[0.21, 0.72
Brewer et al., 2001 —_— : 0.33 [0.22, 0.50!
Brewer et al., 2007 | ——EE—— g 0.29[0.17, 0.52
Chen et al., 2018.1 —a— 0.29[0.20, 0.42
Cheneldl 2012 —— e ]

en etal., ' i .45, 0.

Cieslak et al., 2015.1 b 0.76 [0.41, 1.38;
Cieslak et al., 2015.2 | ——— | 0.77[0.42, 1.39
Clepce et al., 2013 —_— 0.510.31, 0.83,
Coleman et al. 2002 e H 0.40 [0.28, 0.57
Compton et al., 2006 —e 0.98 [0.63, 1.52
Cumming et al., 2011 —————— . 0.35[0.19, 0.63
de Nijs et al., 2018 e 0.75[0.59, 0.96
Doop Park, 2006 I {: 0.45[0.22, 0.95
Goudsmit et al., 2003 e ' 0.34 [0.24, 0.48
Houlihan et al., 1994.1 —e 0.510.28, 0.93
Houlihan et al., 1994.2 I | 0.54 [0.27, 1.07:
Hurwitz et al., 1988 I { 0.41[0.18, 0.92
Ishizuka et al., 2010 I I 0.40 [0.20, 0.82
Kamath et al., 2011a ————————— R 0.43[0.23, 0.80
Kamath et al., 2011b S | . 0.29[0.17, 0.50:
Kamath et al., 2013b I ] 0.49[0.24, 1.01

Kamath et al., 2014 —e g 0.40 [0.28, 0.57,
Kamath et al., 2018 e . 0.64 [0.47, 0.88
Kamath et al., 2019 —e 0.62[0.43, 0.88;
Kohler et al., 2001.1 4 i 0.01{0.00, 0.02
Kohler et al., 2001.2 — ' 0.09 [0.05, 0.17,
Kopala et al., 1995b.1 | —— e Y .50 [0.. 0.93
Kopala et al., 1995b.2 I > | .74 [0.37, 1.48;
Kopala et al., 1989.1 —_— ‘ .43 (0. 0.78
Kopala et al., 1989.2 I { y B 0. 0.72
Kopala et al., 1993.1  — s B .53 [0. 0.90
e ad e — i

opala et al., H K B ;

Kopala et al., 1998a I | ' 0.35[0.15, 0.81

Larsen et al., 2022 —e 0.63[0.44, 0.91

Lietal., 2020.1 —.——— : 0.32 [0.20, 0.51

Li etal., 2020.2 e 0.52[0.33, 0.81

Li et al., 2021 —— . 0.24 [0.16, 0.36!
Lui etal., 2019.1 ——— N 0.10 [0.05, 0.19
Lui et al., 2019.2 | —— | ' 0.31[0.18, 0.53
Malaspina Coleman 2003 P H 0.34 [0.24, 0.48
Malaspina et al., 1994 I | 2 0.18 [0.09, 0.38
Malaspina et al., 1998 I | 0.33[0.10, 1.06
Malaspina et al., 2012a.1 | ———m— 0.80[0.43, 1.48
Malaspina et al., 2012a.2 I + { 0.89 [0.46, 1.73
Malaspina et al., 2012b.1 | — ] 0.76 [0.41, 1.38
Malaspina et al., 2012b.2 [ ————— e 0.75[0.42, 1.34
Martin et al., 2015 ey 0.66 [0.43, 1.02
Masaoka et al., 2020.1 | . 0.24 [0.13, 0.45
Masaoka et al., 2020.2 —e g 0.24 [0.13, 0.43
McLean et al., 2004 P 0.55[0.30, 1.02
Minor et al., 2004 v ' 0.410.29, 0.57,
Moberg et al., 1997b +— 4 0.04 [0.02, 0.11

Moberg et al., 2006a _ 0.46 [0.24, 0.86,
Mossaheb et al., 2018.1 e ' 0.410.24, 0.70
Mossaheb et al., 2018.2 [ e | 0.88[0.53, 1.45
Nguyen et al., 2011 } { : 0.35[0.15, 0.82
Purdon Flor-Henry 2000 I : ' 0.26 [0.12, 0.54
Roalf et al., 2006.1 —a H 0.36 [0.21, 0.61

Roalf et al., 2006.2 e 0.52[0.31, 0.87
Robabeh et al., 2015 P 0.33[0.20, 0.57!
Rupp et al., 2005a.1 e 8 0.42[0.26, 0.69
Ru;y) et al., 2005a.2 | — e | . 0.39 [0.24, 0.64
Seidman et al., 1992 I | 0.26 [0.12, 0.56
Seidman et al., 1995 I | 0.40[0.18, 0.86
Seidman et al., 1997 | E——— N 0.54 [0.34, 0.87
Seubert et al., 2010 —q H 0.420.23, 0.76
Smith et al., 2023 — g 0.38 [0.25, 0.57,
Stevenson et al., 2012.1 | { ' 0.18[0.08, 0.41

Stevenson et al., 2012.2 I { 5 0.28 [0.13, 0.58
Strauss et al., 2010.1 4 | R 0.12[0.05, 0.27.
Strauss et al., 2010.2 P 0.69 [0.39, 1.22
Striebel et al., 1999 I | . 0.36 [0.17, 0.75,
Szeszko et al., 2004.1 ; { g 0.31[0.15, 0.66
Szeszko et al., 2004.2 I { ' 0.39[0.19, 0.81

Turetsky et al., 2003a.1 e 0.64 [0.42, 0.98;
Turetsky et al., 2003a.2 | — e | R 0.53[0.35, 0.81

Turetsky et al., 2003c.1 | e 0.60[0.32, 1.11

Turetsky et al., 2003c.2 | — 0.49[0.26, 0.91

Ugur et al., 2005 ; + | 0.62 [0.29, 1.33
Urban-Kowalczyk et al., 2018.1 | ————————— ' 0.330.18, 0.61

Urban-Kowalczyk et al., 2018.2 4—s——1— : 0.08 [0.03, 0.17,
Urban-Kowalczyk et al., 2019.1 4¢-#—— g 0.07 [0.04, 0.15
Urban-Kowalczyk et al., 2019.2 | ————— ' 0.28 [0.15, 0.52
Walsh-Messinger et al., 2019.1 ; : { 0.80 [0.40, 1.62
Walsh-Messinger et al., 2019.2 I > | 0.87 [0.42, 1.80
Wang et al., 2023 —s . 0.43[0.33, 0.57
Warner et al., 1990 I — 0.46 [0.18, 1.15,
Wu et al., 1993  E—— 0.46 [0.25, 0.85
Zou et al., 2018 P . 0.22[0.13, 0.37
RE Model <o : 0.40 [0.35, 0.45]

[ I I I | I I I
0.0625 0.125 0.25 0.5 1 2 4 8

Transformed Standardized Mean Difference

Fig. 2. Forest plot of effects sizes for the odor identification test.

2012; Moberg et al., 2014). After removing duplicates, 1206 records
were screened by title and abstract to exclude case studies, reviews,
meta-analyses, and studies that did not include human subjects. A total
of 124 full-text papers were retrieved for further evaluation, of which 51
were excluded because: 1) olfactory test(s) were utilized as a screening
tool (n = 5); 2) no test of olfactory abilities was performed (n = 15); 3) a
non-standardized olfactory test was used (n = 8); 4) a matched healthy
control group was not included (n = 3); 5) a different sample, other than
individuals with schizophrenia or other psychotic disorders, was tested,
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in particular relatives of patients (n = 2), individuals with high-risk of
psychosis (n = 2), and Parkinson patients (n = 1); and 6) a re-analysis of
dataset published in another included paper was conducted (n = 2).
Fifteen articles lacked dataset information (mean and standard devia-
tion of olfactory test accuracy). The authors were contacted via email:
two provided the data, one replied but had no data access, and twelve
did not reply. These 13 articles were excluded from the analyses. Hence,
the present meta-analysis includes 147 individual effects, from 73
studies. Table 1 provides an overview of the included studies.
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Study Duration of the Disease Estimate [95% CI]
Kamath et al., 2019 1.24 —_— 0.62 [0.43, 0.88]
Kamath et al., 2018 1.31 — 0.64 [0.47, 0.88]
Zou etal., 2018 1.48 k { ' 0.22[0.13, 0.37]
Li et al., 2020.2 3.04 b - ' 0.52[0.33, 0.81]
Li et al., 2021 3.79 | | ' 0.24 [0.16, 0.36]
Lietal., 2020.1 3.8 F - — ' 0.32[0.20, 0.51)
Rupp et al., 2005a.1 4 i - i ‘ 0.42 [0.26, 0.69]
Rupp et al., 2005a.2 4 t - { J 0.39[0.24, 0.64]
Walsh-Messinger et al., 2019.2 4.8 = n { 0.87 [0.42, 1.80]
Purdon Flor-Henry 2000 4.85 k 4 ] 0.26 [0.12, 0.54]
Chen et al., 2019 4.9 e — v 0.62 [0.45, 0.84]
Mossaheb et al., 2018.1 58 + | : 0.41[0.24, 0.70]
Moberg et al., 2006a 59 k 2 0.46 [0.24, 0.86]
Wu et al., 1993 6 t JIH 0.46 [0.25, 0.85]
Mossaheb et al., 2018.2 6.01 - - { 0.88 [0.53, 1.45]
Wang et al., 2023 6.66 e | 0.43 [0.33, 0.57]
Turetsky et al., 2003c.1 71 L — 0.60 [0.32, 1.11]
Turetsky et al., 2003c.2 7 | t o 0.49 [0.26, 0.91]
Brewer et al., 1996 7.5 i . 0.39[0.21, 0.72)
Cieslak et al., 2015.2 7.8 I : { 0.77 [0.42, 1.39]
Malaspina et al., 2012b.2 7.8 — g { 0.75[0.42, 1.34]
Turetsky et al., 2003a.1 7.9 — . 0.64 [0.42, 0.98]
Turetsky et al., 2003a.2 7.9 ——a— ' 0.53 [0.35, 0.81]
Malaspina et al., 2012a.2 79 — - . 0.89 [0.46, 1.73]
de Nijs et al., 2018 8.04 —a— 0.75 [0.59, 0.96]
Urban-Kowalczyk et al., 2019.1 897 S4—-—---- . 0.07 [0.04, 0.15])
Cieslak et al., 2015.1 9.3 F . { 0.76 [0.41, 1.38]
Roalf et al., 2006.1 93 - - ' 0.36 [0.21, 0.61]
Roalf et al., 2006.2 93 } { 0.52[0.31, 0.87]
Walsh-Messinger et al., 2019.1 10.1 — - 4 0.80 [0.40, 1.62]
Malaspina et al., 2012b.1 10.1 — . | 0.76 [0.41, 1.38]
Malaspina et al., 2012a.1 10.3 B> - i 0.80 [0.43, 1.48]
Houlihan et al., 1994.2 10.8 ' — 0.54 [0.27, 1.07)
Kamath et al., 2011b 111 I . 0.29[0.17, 0.50]
Lui et al., 2019.2 11.33 k i ' 0.31[0.18, 0.53]
Robabeh et al., 2015 11.68 b 4 : 0.33[0.20, 0.57]
Lui et al., 2019.1 124 < . ' 0.10 [0.05, 0.19]
Goudsmit et al., 2003 12.75 P ey ' 0.34 [0.24, 0.48]
Malaspina et al., 1994 12.8 , — . 0.18 [0.09, 0.38]
Coleman et al. 2002 13 e ] 0.40 [0.28, 0.57]
Houlihan et al., 1994.1 13.1 - i 0.51[0.28, 0.93]
Kamath et al., 2013b 13.9 F 4 0.49[0.24, 1.01)
McLean et al., 2004 14.6 k 4 0.55 [0.30, 1.02]
Doop Park, 2006 14.9 k { ! 0.45 [0.22, 0.95]
Kamath et al., 2011a 15.5 k i : 0.43 [0.23, 0.80]
Cumming et al., 2011 15.9 , { 4 0.35[0.19, 0.63]
Kamath et al., 2014 159 e H 0.40 [0.28, 0.57]
Arguedas et al., 2012.2 16.6 k i : 0.21[0.09, 0.51]
Seidman et al., 1997 179 t i 0.54 [0.34, 0.87)
Ishizuka et al., 2010 17.25 k | : 0.40 [0.20, 0.82]
Nguyen et al., 2011 17.33 ' i 0.35[0.15, 0.82]
Seidman et al., 1995 17.9 k . 0.40 [0.18, 0.86]
Arguedas et al., 2012.1 194 , i ‘ 0.33 [0.15, 0.74]
Stevenson et al., 2012.1 20 } - ) 0.18 [0.08, 0.41]
Stevenson et al., 2012.2 211 I { ¢ 0.28 [0.13, 0.58]
Strauss et al., 2010.1 217 <« - ‘ 0.12[0.05, 0.27]
Strauss et al., 2010.2 21.7 - - ! 0.69 [0.39, 1.22]
Martin et al., 2015 223 | —— 0.66 [0.43, 1.02]
Larsen et al., 2022 26.9 — 0.63 [0.44, 0.91]
Moberg et al., 1997b 50.3 Gy ; 0.04 [0.02, 0.11]
Random-Effects Model il ‘ 0.40 [0.35, 0.45)
Meta-Regression Model (Adjusted Effect) - 0.42 [0.36, 0.48]
[ I I I | |
0.0625 0.125 0.25 0.5 1 2

Transformed Standardized Mean Difference

Fig. 3. Forest plot for the odor identification test with disease duration as moderator.

3.2. Characteristics of included studies

As reported in Table 1, the 73 included studies were published be-
tween 1988 and 2023 (see Table s1 in the Supplementary Material for a
more detailed description of the included studies). They report data of
3282 patients and 3321 healthy controls. Patients’ ages ranged from
20.5 to 77.9 years, education from 9.7 to 14.2 years, and disease dura-
tion from 0 to 50.3 years.

Multiple studies focused on a single olfactory test type. Forty-four
studies (57 individual effects) exclusively assessed odor identification,
while three studies (5 individual effects) focused on odor threshold
(Good et al., 1998; Malaspina et al., 2016; Sirota et al., 1999). Twenty-
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six studies incorporated different olfactory test types, including data
related to identification and discrimination (n = 5, 10 individual ef-
fects), identification and threshold (n = 15, 50 individual effects),
discrimination and threshold (n = 1, 4 individual effects), or the com-
bination of the three test types (n = 5, 21 individual effects). In such
instances, data were analyzed separately for each olfactory test type and
tool used. Of note, eight studies (Good et al., 1998; Kohler and O’Con-
nor, 2001; Roalf et al., 2006; Rupp, 2005; Rupp et al., 2005; Szeszko
et al., 2004; Turetsky et al., 2003a, 2003b) presented stimuli to each
nostril individually (i.e., left and right nostril presentation), one study
(Malaspina et al., 2012b) examined through both unirhinal and birhinal
presentations, while all the others assessed olfactory abilities through
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Study Negative symptoms Estimate [95% Cl]
Lui etal., 2019.2 -1.94 ' — . 0.31[0.18, 0.53]
Arguedas et al., 2012.2 -1.66 ; 4 . 0.21[0.09, 0.51]
Stevenson et al., 2012.1 -1.66 k ! ' 0.18 [0.08, 0.41]
Arguedas et al., 2012.1 -1.63 [ | ‘ 0.33[0.15, 0.74]
Stevenson et al., 2012.2 -1.63 ' | . 0.28 [0.13, 0.58]
Zou et al., 2018 -1.33 k | ‘ 0.22[0.13, 0.37]
Ishizuka et al., 2010 -1.27 k { : 0.40 [0.20, 0.82]
Walsh-Messinger et al., 2019.2 <1.29 ; v ! 0.87 [0.42, 1.80]
Urban-Kowalczyk et al., 2018.1 -1.14 k + ; 0.33[0.18, 0.61]
de Nijs et al., 2018 -1.12 — 0.75[0.59, 0.96]
Cieslak et al., 2015.2 -0.98 k : | 0.77 [0.42, 1.39]
Malaspina et al., 2012b.2 -0.98 - ; | 0.75[0.42, 1.34]
Walsh-Messinger et al., 2019.1 -0.89 t L { 0.80 [0.40, 1.62]
Cieslak et al., 2015.1 -0.87 k : | 0.76 [0.41, 1.38]
Malaspina et al., 2012b.1 -0.74 + : 1 0.76 [0.41, 1.38]
Wang et al., 2023 -0.65 —y ) 0.43 [0.33, 0.57]
Urban-Kowalczyk et al., 2019.2  -0.61 k { : 0.28 [0.15, 0.52]
Clepce et al., 2013 -0.6 t i 2 0.51[0.31, 0.83]
Seubert et al., 2010 -0.59 k i : 0.42[0.23, 0.76]
Mossaheb et al., 2018.1 -0.42 1 ] 0.41[0.24, 0.70]
Chen et al., 2018.2 -0.4 —a— 0 0.46 [0.30, 0.71]
Lietal., 2020.2 -0.27 k - { i 0.52[0.33, 0.81]
Chen et al., 2018.1 -0.2 —a— 0 0.29[0.20, 0.42]
Chen et al., 2019 -0.09 e ———— ' 0.62 [0.45, 0.84]
Cumming et al., 2011 -0.08 k { ' 0.35[0.19, 0.63]
Mossaheb et al., 2018.2 0.07 b -— 4 0.88 [0.53, 1.45]
Kamath et al., 2014 0.08 ——— . 0.40 [0.28, 0.57]
Turetsky et al., 2003a.1 0.11 —_—. 0.64 [0.42, 0.98]
Turetsky et al., 2003a.2 0.11 —.— ' 0.53 [0.35, 0.81]
Kamath et al., 2013b 0.13 ’ 0.49 [0.24, 1.01]
Ugur et al., 2005 0.16 k T { 0.62 [0.29, 1.33]
Doop Park, 2006 0.19 k 1 0.45[0.22, 0.95]
Roalf et al., 2006.1 0.45 1 . 0.36 [0.21, 0.61]
Roalf et al., 2006.2 0.45 b = i L 0.52[0.31, 0.87]
Kamath et al., 2018 0.58 —_—— 0.64 [0.47, 0.88]
Kamath et al., 2019 0.61 —_—— 0.62 [0.43, 0.88]
Brewer et al., 1996 0.64 i : 0.39[0.21, 0.72]
Rupp et al., 2005a.1 0.64 I = { ; 0.42 [0.26, 0.69]
Rupp et al., 2005a.2 0.64 -— : - 0.39 [0.24, 0.64]
Li etal., 2020.1 0.64 t = | : 0.32[0.20, 0.51]
Li et al., 2021 0.7 — ! 0.24 [0.16, 0.36]
Malaspina et al., 1994 0.75 ' 4 4 0.18 [0.09, 0.38]
Urban-Kowalczyk et al., 2019.1 0.81 -« 0 0.07 [0.04, 0.15]
Kamath et al., 2011b 1.06 k | ] 0.29 [0.17, 0.50]
Lui et al., 2019.1 194 = : ; 0.10 [0.05, 0.19]
Urban-Kowalczyk et al., 2018.2 1.96 < i ] 0.08 [0.03, 0.17]
Moberg et al., 2006a 2.05 Jo ¢ 0.46 [0.24, 0.86]
Robabeh et al., 2015 2.08 I { ] 0.33[0.20, 0.57]
Kamath et al., 2011a 2.12 k | ! 0.43 [0.23, 0.80]
Random-Effects Model < . 0.40 [0.35, 0.45]
Meta-Regression Model (Adjusted Effect) i ' 0.41[0.35, 0.49]
[ I I I [ |
0.0625 0.125 0.25 0.5 1 2

Transformed Standardized Mean Difference

Fig. 4. Forest plot for the odor identification test with negative symptoms as moderator.

birhinal presentation.

3.3. Risk of bias

Based on NOS scale scores, only one study exhibits a high RoB, 20
studies have an intermediate RoB, and most (n = 52) have a low RoB (see
S2.1, Table s2, and Figure sl in the Supplementary Material). For
additional sensitivity analyses, all studies not rated as high quality were
removed (refer to S2.2.3 in the Supplementary Material for results).

3.4. Identification

The meta-analysis performed on the odor identification test showed
a significant reduction of identification abilities in patients compared to
healthy controls (k = 93, g = —0.92 [95 % CI, —1.04 to —0.79]; p <
0.0001; see Fig. 2). Heterogeneity was high (78.99 %) and the test of
residual heterogeneity was significant [Q(df = 92) = 35291, p <
0.0001]. Egger’s test suggested the presence of publication bias (z =
—4.18, p < 0.0001; see Figure s2A in the Supplementary Material). The
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fail-safe number of studies provided further evidence of the magnitude
of the effect size, as a high number of negative studies is necessary to
nullify it (n = 34,040).

The meta-regressions performed with the available covariates
showed that only three of them were significant: education, disease
duration, and negative symptoms. Greater education was associated
with less odor identification impairment (k = 47, g = 0.15, [CI, 0.04 to
0.26]; p = 0.009; see Figure s3 in the Supplementary Material), while
longer disease duration (k = 51, g = —0.018 [CI, —0.035 to —0.0005]; p
= 0.044; Fig. 3) and greater negative symptoms (k = 49, g = —0.21, [CI,
—0.33 to —0.09]; p = 0.0007; Fig. 4) were associated with worse odor
identification performance. Moreover, there was a trend showing that
aging may be linked to greater odor identification impairments (k = 93,
g = —0.014, [CI, —0.03 to 0.0002]; p = 0.053; see Figure s4 in the
Supplementary Material). The other covariates were not significant (see
Table s3 in the Supplementary Material for details).
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Estimate [95% CI]

Study
Chen et al., 2018.1 —a—
Chenetal., 2018.2 —

Chen et al., 2019
Clepce et al., 2013
Kamath et al., 2014

0.27 [0.18, 0.39]
0.27 [0.17, 0.43]
0.65 [0.48, 0.89]
0.31[0.19, 0.52]
0.33[0.23, 0.48]

Kamath et al., 2018 —_— : 0.51[0.37, 0.71]
Kamath et al., 2019 —_— 0.62 [0.44, 0.89]
Larsen not published —_— . 0.51[0.35, 0.74]
Rupp et al., 2005a.1 —— . 0.42 [0.26, 0.68]
Rupp et al., 2005a.2 — : 0.35[0.22, 0.58]
Rupp et al., 2005b.1 — ., 0.55[0.33, 0.93]
Rupp et al., 2005b.2 —+——m@—— ' 0.30[0.18, 0.53]
Smith et al., 2023 ' 0.00 [0.00, 0.01]
Ugur et al., 2005 : 0.34 [0.15, 0.76]
RE Model I 0.29 [0.13, 0.62]

I I [ [ I I

0.0625 0.125 0.25 0.5 1 2

Transformed Standardized Mean Difference

Fig. 5. Forest plot of effects sizes for the odor discrimination test.

3.5. Discrimination

The meta-analysis performed on the odor discrimination test showed
a significant reduction of odor discrimination abilities in patients
compared to healthy controls (k = 14, g = —1.25 [95 % CI, —2.02 to
—0.48]; p = 0.0015; see Fig. 5). Heterogeneity was very high (96.26 %)
and the test of residual heterogeneity was significant [Q(df = 13) =
145.02, p < 0.0001]. Egger’s test suggested the presence of publication
bias (z = —3.24, p = 0.0012; see Figure s2B in the Supplementary Ma-
terial). The analyses of the fail-safe number showed that 1561 negative
studies are necessary to nullify the effect size.

Meta-regressions revealed that none of the available covariates
significantly influenced the reduction in odor discrimination abilities
(see Table s4 in the Supplementary Material for details).

3.6. Threshold

The meta-analysis on the odor threshold test showed no significant
difference in odor sensitivity between patients and healthy controls (k =
40, g = —0.14 [95 % CI, —0.51 to 0.23]; p = 0.45; see Fig. 6). Hetero-
geneity was very high (91.46 %) and the test of residual heterogeneity
was significant [Q(df = 39) = 364.83, p < 0.0001]. Egger’s test sug-
gested the presence of publication bias (z 2.63, p < 0.008; see
Figure s2C in the Supplementary Material).

4. Discussion

The current study presents a comprehensive meta-analysis aimed at
synthesizing the latest research findings concerning olfactory function in
schizophrenia-spectrum disorders. Building upon previous meta-
analyses (Cohen et al., 2012; Moberg et al., 2014), we addressed
acknowledged limitations by conducting separate analyses on funda-
mental olfactory abilities such as identification, discrimination, and
threshold, and we explored the moderating effects of various variables
to enhance the depth of our findings.

Our findings partially support previous meta-analyses (Cohen et al.,
2012; Moberg et al., 2014; Moberg et al., 1999), underscoring consistent
olfactory impairments in individuals with schizophrenia-spectrum
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disorders. They exhibited significantly poorer abilities in odor identifi-
cation and discrimination compared to healthy controls, but showed no
significant differences in odor sensitivity. As further evidence of the
robustness of these results and to explore the rationale behind previous
literature that combines schizophrenia with other psychotic disorders
across a broader spectrum, we conducted post-hoc sensitivity analyses
grouping studies based on participants’ diagnoses. This involved
isolating patients diagnosed with schizophrenia while excluding those
with other psychotic disorders, and vice versa. This meticulous approach
confirmed that our findings were consistent and reliable across the
entire schizophrenia spectrum, allowing us to rule out the possibility
that our results were solely driven by either the schizophrenia sample or
other psychotic disorders.

The deficits observed in both odor identification and discrimination
tests may stem from their higher cognitive demands compared to the
odor threshold test (Hedner et al., 2010). This theory has been explored
in individuals with schizophrenia, with prior research highlighting a
positive association between odor identification accuracy and cognitive
tasks, such as the Wechsler Memory Scale-Third Edition (WMS-III;
Compton et al., 2006; Wechsler, 1997) and the Wechsler Adult Intelli-
gence Scale-Revised (WAIS-R; Malaspina and Coleman, 2003; Wechsler,
1981). Similarly, other studies have identified a link between accuracy
in odor discrimination tests and cognitive tasks, including the Modified
Wisconsin Card Sorting Task (MWCST; Kamath et al., 2019; Nelson,
1976) and phonemic and semantic verbal fluency tests (Chen et al.,
2019; Strauss et al., 2006). Unfortunately, due to the variety of cognitive
tasks used in a limited number of studies included in the present meta-
analysis, we could not examine the potential moderating role of cogni-
tive factors on olfactory function. From a psychopathological perspec-
tive, olfactory deficits in schizophrenia stem from multiple mechanisms,
encompassing structural, functional, and neurochemical changes in the
brain (Bigdai et al., 2022). Since odor threshold primarily involves pe-
ripheral sensory processes associated with olfactory receptors at the
initial stages of odor processing, while odor discrimination and identi-
fication are central sensory processes linked to areas receiving direct
input from the olfactory bulb, the primary relay for odor processing
(Marin et al., 2023), we may infer that higher-level processing regions
may be predominantly affected in schizophrenia-spectrum disorders.
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Study Estimate [95% CI]
Brewer et al., 2007 I—‘—-—| 1.20[0.71, 2.05]
Chen et al., 2018.1 —a— : 0.40[0.28, 0.58]
Chen et al., 2018.2 - : 0.41[0.26, 0.63]
Chen et al., 2019 | E— 0.84[0.62, 1.14]
Cieslak et al., 2015.1 —_— 0.79[0.42, 1.49]
Cieslak et al., 2015.2 l—'—l—l 1.27[0.69, 2.34]
Clepce et al., 2013 —_— 0.55[0.34, 0.89]
Good et al., 1998.1 —— 0.83[0.58, 1.18]
Good et al., 1998.2 ——— 0.89[0.62, 1.26]
Kohler et al., 2001.1 : — 7.42[4.04, 13.61]
Kohler et al., 2001.2 » 136.99 [51.30, 365.86]
Li et al., 2021  —] . 0.15[0.10, 0.22]
Malaspina et al., 2012a.1 —_— 1.24[0.67, 2.31]
Malaspina et al., 2012a.2 k i 0.87[0.45, 1.69]
Malaspina et al., 2012b.1 —_——— 1.34[0.71, 2.52]
Malaspina et al., 2012b.2 |——-—| 1.29[0.69, 2.42]
Malaspina et al., 2012b.3 —_—— 0.74[0.40, 1.39]
Malaspina et al., 2012b.4 —_——— 0.93[0.49, 1.73]
Malaspina et al., 2016.1 i—l—*—{ 0.65[0.39, 1.08]
Malaspina et al., 2016.2 —_—— 1.02[0.59, 1.74]
Moberg et al., 2006a —_—— 0.88[0.48, 1.62]
Purdon Flor-Henry 2000 b 0.51[0.26, 1.02]
Roalf et al., 2006.1 by 1.68[1.00, 2.82]
Roalf et al., 2006.2 . 2.06 [ 1.22, 3.48]
Robabeh et al., 2015 _— : 0.13[0.07, 0.23]
Rupp et al., 2005a.1 ——. 0.59[0.37, 0.95]
Rupp et al., 2005a.2 l—l—1 0.63[0.40, 1.01]
Rupp et al., 2005b.1 —_— 1.31[0.79, 2.18]
Rupp et al., 2005b.2 [e— ] 1.06[0.64, 1.76]
Sirota et al., 1999 = | 1.87[0.90, 3.89]
Stevenson et al., 2012.1 k - ! 0.68[0.33, 1.42]
Stevenson et al., 2012.2 k ! 0.82[0.42, 1.62]
Striebel et al., 1999 k : i 0.81[0.40, 1.64]
Turetsky et al., 2003a.1 ' —a— 2.00[1.30, 3.08]
Turetsky et al., 2003a.2 — 1.07[0.70, 1.62]
Turetsky et al., 2003c.1 ol i 2.29[1.21, 4.33]
Turetsky et al., 2003c.2 p——-—q 1.48[0.80, 2.75]
Ugur et al., 2005 F 4 g 0.34[0.15, 0.76]
Walsh-Messinger et al., 2019.1 T ! 1.33[0.66, 2.68]
Walsh-Messinger et al., 2019.2 ; | 0.60[0.28, 1.32]
RE Model —-.—- 0.87 [ 0.60, 1.26]
[ I I I | | I 1
0.0625 0.125 0.25 0.5 ;| 2 4 8

Transformed Standardized Mean Difference

Fig. 6. Forest plot of effects sizes according to the odor threshold test.

The second aim of this meta-analysis was to explore how de-
mographic and clinical variables among individuals with schizophrenia-
spectrum disorders may influence olfactory performance. Our findings
indicate that odor identification impairments are influenced by disease
duration, education, and negative symptoms. Specifically, a prolonged
disease duration correlates with extended deficits in odor identification.
This finding aligns with the literature’s indication of a gradual pro-
gression of olfactory deterioration throughout the disease course, likely
due to pathological alterations in brain areas responsible for higher-
order olfactory processing, such as the orbitofrontal cortex (Kulason
et al., 2022; Robabeh et al., 2015; Ugur et al., 2005). Furthermore, we
found that poorer odor identification is linked to lower educational
attainment, suggesting that a broader educational background helps
develop cognitive skills essential for such higher-order olfactory tests
(Hedner et al., 2010; Larsson, 2004; Lovdén et al., 2020). Considering
symptoms effects, while the latest meta-analysis by Moberg et al. (2014)
found a correlation between positive symptoms and olfactory impair-
ments, our analyses revealed an association only with negative symp-
toms. This discrepancy may be explained by the use of different
methodologies applied for the analyses. Indeed, while Moberg et al.
(2014) aggregated analyses across all olfactory tests and used as mod-
erators the single psychological instruments assessing positive and
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negative symptomatology (i.e., SAPS; SANS; PANSS), we standardized
the scores obtained across various questionnaires assessing both positive
and negative symptoms by converting them into z-scores. We then
performed separate meta-regressions to disentangle how each olfactory
ability might be influenced by the symptomatology. This standardiza-
tion procedure prevented different subscales and items within each
psychological questionnaire from driving or mitigating effects across
studies. Our results showed that individuals with prominent negative
symptoms exhibit even greater impairment in odor identification. This
result corroborates the well-established association between olfactory
impairment and negative symptoms such as social withdrawal, blunted
affect, and alogia (Brewer et al., 2001; Lui et al., 2019; Malaspina et al.,
2012b; Malaspina and Coleman, 2003; Marin et al., 2023; Moberg et al.,
2006; Turetsky et al., 2018; Zou et al., 2018), possibly due to the overlap
between brain regions involved in negative symptomatology and those
critical for higher-order olfactory processing, particularly the amygdala,
hippocampus, and orbitofrontal cortex (Corcoran et al., 2005).
Furthermore, since the negative symptom spectrum encompasses
cognitive deficits, this further supports that pronounced negative
symptoms result in greater impairment in higher-order olfactory tests
like odor identification, which requires increased cognitive demands
(Hedner et al., 2010). Finally, the analyses have revealed a trend



L. Zurlo et al.

indicating that aging may be linked to greater odor identification im-
pairments, a result consistent with the well-documented exacerbation of
olfactory deterioration with aging in neurological conditions like
schizophrenia (Kondo et al., 2020; Moberg et al., 1997a).

Regarding odor discrimination ability, analyses of the available
moderators revealed that none of them exerted a significant modulatory
effect. However, the number of observations available for odor
discrimination is particularly low (n = 14), especially when compared to
the number of observations available for odor identification (n = 93).

These findings underscore the importance of incorporating olfactory
assessments in the early diagnosis, monitoring, and prediction of out-
comes in schizophrenia-spectrum disorders, using simple, cost-effective
tests (Boesveldt and Parma, 2021; Carnemolla et al., 2020; Wang et al.,
2023). Additionally, these results pave the way for the establishment of
novel therapeutic strategies, with future research potentially focusing
on implementing olfactory training programs to enhance overall func-
tional outcomes for individuals with schizophrenia-spectrum disorders
(Marin et al., 2023; Pieniak et al., 2022).

When interpreting our findings, it is crucial to acknowledge certain
limitations. First, our analyses revealed potential publication biases.
Nonetheless, the fail-safe number indicates that an exceedingly large
number of studies producing null results would be necessary to chal-
lenge the validity of the current meta-analytic findings. Second, we
found high heterogeneity in the three main analyses. Various factors
may have contributed to this heterogeneity, aligning with previous re-
ports (Moberg et al., 2014), including sample characteristics (such as
variability in the spectrum of individuals recruited across studies and
their pharmaceutical treatments) and differences in olfactory assess-
ment methods (such as the choice of tools among the three test types).
To better understand the effect sizes’ distribution, we reran the three
meta-analyses without potential outliers and confirmed that the results
remain consistent. Nevertheless, given the aforementioned reasons, our
results should be treated with caution. Third, among the 73 included
studies, while the majority (n = 52) were classified as high quality, the
remaining 21 studies were rated as intermediate (n = 20) and low
quality (n = 1). Nonetheless, when the meta-analyses were conducted
again after excluding these 21 studies, the results remained stable.
Fourth, while extracting information on patients’ smoking history, the
majority of studies did not specify the type of smoke, whether tobacco or
cannabis. While cannabis may also affect olfactory function, our sample
lacks sufficient data to draw conclusions on this matter. Further research
is needed to address this issue more thoroughly. Fifth, we encountered
significant challenges in accessing data from published reports, leading
to the exclusion of several studies. This underscores the importance of
making data accessible to the scientific community.

5. Conclusions

To conclude, the results of the current meta-analysis confirmed the
presence of test-specific olfactory abilities in individuals with
schizophrenia-spectrum disorders, leading to worse performance in the
higher-order olfactory tests (i.e., identification and discrimination). In
addition, specifically for odor identification, limited educational back-
ground, as well as longer disease duration and the preponderance of
negative symptoms, have a significant role in reducing olfactory iden-
tification abilities. Overall, the present findings highlight the impor-
tance of incorporating olfactory assessments in the early diagnosis and
monitoring of individuals with schizophrenia-spectrum disorders, using
simple and cost-effective tests. Future research could focus on the
implementation of novel therapeutic strategies, such as olfactory
training programs.
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