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Abstract

Background

Recent research has highlighted that facial emotion recognition deficits are more common
in people with schizophrenia, but the reason for this association is not well understood.
Comparing facial recognition deficits in unaffected individuals at higher genetic risk for
schizophrenia with individuals at lower genetic risk could increase our understanding of this
relationship.

Methods

We systematically reviewed studies reporting on the relationship between genetic risk of
schizophrenia and facial emotion recognition deficits. Meta-analyses were performed where
sufficient data were available, otherwise we conducted narrative summaries. Meta-analyses
were performed both for generalised and specific facial emotion recognition deficits.
Results

34 studies were included in this review with 23 included in meta-analyses. Meta-analysis
indicated strong evidence of a deficit in facial emotion recognition in first-degree relatives of
people with schizophrenia compared with controls (SMD 0.38 95%Cl 0.26 to 0.51, p =
<0.001). Further meta-analyses demonstrated strong evidence of a deficit in the recognition
of negative valence facial expressions (SMD 0.19 Cl 0.06 to 0.32, p = 0.004) but no evidence
of deficit in the recognition of neutral or positive valance.

Conclusions

There is strong evidence of facial emotion recognition deficits in first-degree relatives of
people with schizophrenia. Our findings suggest that such deficits in people with
schizophrenia arise prior to the onset of the disorder, though cannot inform whether that
association is causal or due to confounding. Emotion recognition deficits, particularly to

negative emotions, might be useful predictors of schizophrenia risk.
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1 Introduction

Schizophrenia is a psychotic disorder characterised by hallucinations, delusions,
disorganized speech or behaviour, and impaired cognitive ability. It has a lifetime risk of
about 1% (Schizophrenia Working Group of the Psychiatric Genomics, 2014), and carries a
significant health, social and financial burden for the individual, people close to them, and
the wider society (Knapp et al., 2004). Our limited understanding of the aetiology of
schizophrenia means that therapeutic options are limited. Pharmacological interventions
are the first line treatment, although psychological treatments aimed at addressing a
person’s beliefs about their symptoms and at increasing adherence to medication are also

used (Patel et al., 2014).

Recent research has highlighted that facial emotion recognition deficits are more prevalent
in people with schizophrenia (Aleman and Kahn, 2005; mandal, 1998) compared to people
without this disorder. These are deficits in the recognition of the emotional state of another
person by observation of their facial expression. Facial emotion recognition deficits in
schizophrenia are associated with an extensive pattern of activation abnormalities on fMRI,
consistent with hypoactive emotion recognition networks (Jani and Kasparek, 2018).
Compensatory over-activation in the medial prefrontal cortex (MPFC) during threatening

faces processing has also been demonstrated (Dong et al., 2017).

These deficits are present during the prodromal phase of the illness (Green et al., 2012), in
people with first episode psychosis (Bosnjak Kuharic et al., 2019; Daros et al., 2014) and
those with schizophrenia (Kohler et al., 2010; Savla et al., 2013). There is evidence to
suggest that patients with schizophrenia have specific facial emotion recognition deficits in
the recognition of negative emotions, particularly fear and anger, compared with neutral or

positive emotions (Addington et al., 2006).

The reason for the association between facial emotion recognition deficits and
schizophrenia is not well understood. It is possible that facial emotion recognition deficits

occur secondary to schizophrenia or the association could be due to confounding, whereby



schizophrenia and facial emotion recognition deficits share genetic or environmental risk

factors.

Schizophrenia has a heritability of around 80% (Cardno et al., 1999), and a family history of
schizophrenia is one of the strongest risk factors for this disorder. Examining whether
individuals who are at higher genetic risk for schizophrenia, but are unaffected, have an
increased likelihood of facial emotion recognition deficits compared with individuals at
lower genetic risk could increase our understanding of the relationship between these
deficits and schizophrenia. Consistent evidence of association in such studies reduces
the likelihood of reverse causation as an explanation, though they cannot discriminate

between genetic confounding and causality.

A systematic review and meta-analysis conducted in 2012 (Lavoie et al., 2013) reported that
first-degree relatives of people with schizophrenia have deficits in facial emotion
recognition and suggested that this is consistent with an endophenotypic process, and that
understanding this association further may help with early detection and treatment of the
disorder. There have been a number of studies examining the relationship between genetic
risk for schizophrenia and facial emotion recognition deficits published since that review,
whilst the increasing availability of data from genome-wide association studies (GWAS)
opens up the possibility of using individual-level genetic data, rather than family history, as a
means for studying the association between schizophrenia genetic risk and facial emotion

recognition deficits.

We aimed to systematically review the literature reporting relationships between genetic
risk for schizophrenia in unaffected individuals, as indexed either by family history or
individual-level genetic data, and facial emotion recognition deficits, and to examine

whether this association was stronger for specific emotions.



2 Methods

A systematic review was performed in accordance with PRISMA guidelines (Moher et al.,
2009). The full search protocol was pre-registered on PROSPERO (ID: CRD42018088114).
Whilst this protocol was developed to also identify studies examining cognitive biases
associated with psychosis, we only present results for facial emotion recognition deficits in

this paper.

2.1 Literature search

The following databases were searched (by DM) from inception up to October 2017:
PsychINFO, MEDLINE, EMBASE, and MEDLINE-in-process. The search terms and strategy are
available in our supplementary document. We restricted the search to published, peer
reviewed studies in the English language. The reference lists of included studies were hand
searched. Authors of conference abstracts without full text papers were contacted to

request study data.

2.2 Inclusion and exclusion criteria

Inclusion criteria are detailed in the supplementary materials (protocol and screening
checklist). Articles must have been published in a peer-reviewed journal and compared
performance on a facial emotion recognition task between participants at higher genetic
risk for schizophrenia with those at lower genetic risk. Studies that examined task

performance in individuals with a diagnosis of schizophrenia were excluded.

2.3 Definition of high genetic risk for schizophrenia

High genetic risk for schizophrenia was defined as having a higher number of risk alleles for
schizophrenia, having more copy number variants associated with schizophrenia, or having
one or more first-degree relatives with schizophrenia. Where studies included first-degree

of relatives of people with psychotic disorders more broadly, we set a threshold of at least

70% of these having schizophrenia as an inclusion criterion.

2.4 Definition of facial emotion recognition tasks



Facial emotion recognition tasks included any test that measured a participant’s accuracy in
identifying the emotional state of another person by the observation of their facial
expression. This is typically achieved by showing participants photographs of a variety of
people with different facial expressions and identifying the emotion from several response

options.

2.5 Data collection

One author (DM) screened all abstracts and obtained full texts of papers that potentially
met inclusion criteria. Working independently, two authors (DM and JC) screened full-text
articles to determine if they met inclusion criteria (see ‘Screening Checklist’ in
Supplementary Materials). Data were extracted independently (by D.M and either AP or
DS). Any discrepancies in decisions at any stage of the screening were resolved following

discussion with a third reviewer (SZ).

2.6 Quality assessment

The quality of individual studies was assessed by two independent reviewers (DM and either
AP or DS) using an assessment checklist which the reviewing team designed based on the
Newcastle-Ottawa Scale, a widely used risk of bias tool for observational studies. Total
scores, out of maximum of four points, were calculated based on how many of the following
criteria each study fulfilled: i) random, consecutive or complete sampling; ii) response rate
given; iii) appropriate consideration of confounders (e.g. adjusting for variables that were
more plausible as confounders than as mediators); iv) low genetic risk (control) group
comparable to high risk group, based on selection method. For studies using genetic data to
define level of risk, we assessed whether confounding by ethnicity/population stratification

was addressed.

2.7 Data analysis

Where adequate data were provided by study authors, a meta-analysis was performed using
the metan command in Stata 15. A random effects model was used due to the differences
between methods in the included studies. Random effects models are more conservative
than fixed-effects models and generate wider confidence intervals. The test score mean,

standard deviation and sample size (n) for both the high and low risk groups were used to



derive a standardised mean difference (SMD) and confidence intervals (Cl) for each study.
For studies that split high genetic risk participants into separate groups (e.g. siblings and
parents), the means and standard deviations were combined according to Cochrane
guidelines (Higgins and Green, 2008). Where insufficient data were available to conduct a
meta-analysis, studies were summarised using a narrative synthesis. Between-study
heterogeneity was estimated using the I? statistic, and potential reasons for heterogeneity
were examined using meta-regression (metareg command in Stata). We examined the
following pre-specified variables as potential sources of variation in effect estimates: i) score
on our quality assessment tool, ii) whether or not the facial emotion recognition test had a
stated time limit (some tests limited the participants to answer within 5 seconds, some had
no limit), and iii) whether the test used to assess facial emotion recognition had been
previously validated. The likelihood of publication bias was examined using a Funnel Plot

and egger test.

3 Results

2927 references were identified in the search after removal of duplicates. After screening
against title and abstract, 105 studies were assessed for full text eligibility, and 34 studies
were included in this systematic review (see Table 1 for summary of included studies and
Figure 1 for PRISMA flow diagram with reasons for exclusion). The included studies were
from a range of countries, with the most common (35%) being the USA. The earliest study
was in 1989 and the most recent 2017. Study sample sizes ranged from 24 to 4097 (median
= 68). There were four studies in children (between 6-15 years old) and one in younger
people aged 13-25 years old. The other 30 studies included adults across a wide age range.
Two studies used polygenic risk scores informed by genome-wide association studies
(GWAS) of schizophrenia to characterise genetic risk in unaffected individuals, and the
remaining studies selected individuals based on the presence or absence of a family history

of schizophrenia in first-degree relatives.



3.1 Facial emotion recognition tests used

The majority of studies (94%) used a facial emotion “identification” test: where the
participants identified the emotion from a list of multiple options. The other tests used were
facial emotion “discrimination”: discriminating between only two options; and facial
emotion “valence”: choosing between whether the facial emotion is either positive or

negative.

3.2 Meta-analyses

We were able to include 23 studies that identified those at high genetic risk of schizophrenia
based on family history in a meta-analysis of overall facial recognition score (Figure 2). This
indicated strong evidence of a deficit in overall facial emotion recognition among people
with a family history of schizophrenia compared with controls (SMD 0.38, 95%Cl 0.26 to
0.51, p =<0.001). There was moderate heterogeneity between the included studies with an
12 of 41.38% (p<0.007). However, meta-regression showed that none of the variables tested
explained this heterogeneity (see supplementary document). There was little evidence of

possible publication bias (see Figure 3 for funnel plot; Egger test p = 0.54).

When pooling all negative emotions together (anger, disgust, fear and sadness), meta-
analysis (figure 4) shows that there was strong evidence of a deficit in those with a first-
degree relative with schizophrenia compared to controls (studies = 25, total n = 3964, SMD
0.21 Cl10.09to0 0.33, p =0.001; 12 = 64.6%). There was no difference for positive valence
(happy) facial emotion recognition (figure 5, studies = 6, total n = 588, SMD -0.05, Cl -0.31 to
0.22, p = 0.734) or neutral faces (figure 6, studies = 2, total n = 163, SMD -0.01, Cl -0.31 to
0.30, p =0.968, 12 = 0%), but these were based on fewer studies and confidence intervals

overlapped substantially with those for negative emotions.

We also performed separate meta-analyses on the eight studies that presented results for
specific emotions (anger, disgust, fear, sadness, surprise and happiness, see supplementary
documents for meta-analyses Forrest plots). There was some evidence that first-degree
relatives were worse than controls at recognising anger (studies = 8, total n=1276; SMD

0.27,95%Cl 0.13 t0 0.42; p = <0.001; 12 = 19.7%) and disgust (studies = 3, total n = 308, SMD



0.37 C10.07 t0 0.67, p =0.017, 12 = 26.5%). The standardised mean differences were also
lower for first-degree relatives compared with controls, but the evidence was much weaker,
for fear (studies = 8, total n = 1255, SMD 0.23, CI -0.05 to 0.50, p = 0.103, 12 = 72.4%) ,
surprise (studies = 3, total n = 308, SMD 0.24, Cl -0.08 to 0.56, p = 0.141, 12 = 33.1%) and
sadness (studies = 6, total n = 1125, SMD 0.09 CI -0.20 to 0.39, p = 0.55; 12 = 71.7%).

3.3 Narrative summaries

In addition to the studies presented in the results section, our review includes three studies
of first-degree relatives vs control group that we were unable to incorporate into our meta-
analysis. These studies did not provide data that to allow inclusion in our meta-analyses. All
three studies showed results in keeping with the results of our meta-analyses. Two provided
strong evidence that those at high risk of schizophrenia performed less well at overall facial
emotion recognition than those at low risk (Cohen’s d -0.31, p<0.001 (Kohler et al., 2014);
Cohen’s d -0.39, p<0.0001 (Calkins et al., 2010). In the third study (Yang et al., 2015)
separate emotions were tested, and we calculated p-values comparing relatives to controls
based on the means for both high and low intensity of each emotion presented in the paper.
The strongest evidence of a deficit in the relatives group compared to control group was p =
0.068 for recognition of high intensity fear. We were unable to combine the results for each
intensity of emotion to allow us to include this study in our meta-analysis because the

proportion of faces at each intensity was not stated.

3.4 Studies based on polygenic risk scores

Two studies used polygenic risk scores to define genetic risk, the first examining multiple
risk scores derived using different p-thresholds (pT), and the second examining a single risk
score derived at a pT of <0.05. In a study of facial emotion recognition ability in 8-year-old
children within the Avon Longitudinal Study of Parents and Children (ALSPAC) cohort (n =
4097), there was weak evidence of poorer performance on facial emotion recognition tasks
in those with higher genetic risk when testing for sad (p=0.032), but not happy (p = 0.222),
angry (p = 0.175), or fearful (p = 0.456) emotions (Coleman et al., 2017). In the other study,
of 4303 participants aged 8-21 in the USA, there was no evidence that polygenic risk for
schizophrenia was associated with facial emotion recognition accuracy (Germine et al.,

2016).



3.5 Quality assessment

The quality assessment of included studies is shown in supplementary documents, table 1.
In summary, only two of the 34 included studies (6%) reported a participation response rate.
Three studies (9%) reported using random, consecutive or complete sampling. Seven (21%)
had a low genetic risk group that was deemed comparable to the high genetic risk group
based on the sampling strategy. 6 studies (18%) adjusted for variables that we considered
could be confounding factors of the association between genetic risk for schizophrenia and
cognitive biases. 16 (47%) adjusted for variables that are more plausible as mediators than

confounders of the association.

4 Discussion

This review presents a summary of the findings from our systematic review of the research
examining the relationship between genetic risk of schizophrenia and facial emotion
recognition deficits. We are able to update the research of this relationship since the meta-
analysis performed by Lavoie et al in 2012 by including 17 additional studies investigating
overall emotion recognition deficits. We also present additional meta-analyses of facial
emotion recognition deficits for negative, positive and neutral valence, as well as specific
facial emotions including anger, disgust, fear, sadness, surprise and happiness. Our findings
demonstrate strong evidence of deficits in negative facial emotion recognition in those with
first-degree relatives with schizophrenia, but no evidence of a deficit for recognition of
neutral or positive facial emotion recognition. All three studies included as narrative
summarises in the results section showed results in keeping with the results of our meta-

analyses.

Test scores for specific emotions showed strong evidence for a deficit in recognising anger
and disgust amongst first-degree relatives of people with schizophrenia, weaker evidence of
deficits in recognition for fear and surprise, and no evidence of a difference for recognising
happy or neutral faces. Our meta-analysis showed that there was strong evidence of overall

deficits in recognising facial emotions with a negative valence in people with first-degree



relatives with schizophrenia. Such a deficit in interpreting other people’s negative emotional
states could potentially lead to misinterpretation of situations. However, the majority of
studies included in our review did not present data for specific facial emotion recognition
deficits, so we are unable to draw firm conclusions as to whether there are deficits in
specific emotions in relatives of people with schizophrenia, or whether deficits are only for

negative emotions give that few studies examined positive or neutral emotions.

Our review also includes two studies that examined an association between polygenic risk
scores for schizophrenia and facial emotion recognition test scores. Neither study reported
clear evidence of an association, although one reported an association with facial emotion
recognition speed. As there was no association with sensorimotor speed, the authors
hypothesised that speed of facial emotion recognition might slow before deficits in
recognition are apparent. Given the substantially larger sample sizes of the two polygenic
risk studies (mean N = 4200) compared with the family history studies (mean N =192), it is
somewhat surprising that the evidence of facial emotion recognition deficits was so much
weaker in the former, given the likely increased statistical power of these studies. It is
possible that change in facial emotion recognition ability does not occur across the
continuum of genetic risk, but only at the high risk end (which would be more likely to be
captured by sampling first-degree relatives, hence offsetting the power loss due to smaller
sample sizes). The studies that examined genetic risk scores did not test non-linear models
to explicitly test this hypothesis. Another explanation is that genetic risk is not causally
related to facial emotion recognition, and the association with family history of
schizophrenia is confounded by other characteristics related to family environment, such as
increased levels of stress or adversity in children where a parent or sibling has

schizophrenia.

Our quality assessment found that the included studies were generally of poor quality. In
our meta-analysis, we found strong evidence of an associated between emotion recognition
deficits in those with first-degree relatives with schizophrenia compared with those without.
However, there was moderate heterogeneity between studies which was not explained by

our meta-regression of study quality, test used or whether test response was time limited.



An important observation in our review is that less than half of the studies (44%) included
made an attempt to address confounding. However, most adjusted for characteristics such
as educational attainment, IQ, other measures of cognitive function, substance use, and
psychiatric symptoms, which are perhaps easier to envisage as potential mediators of the
effect of family history (or genetic risk for schizophrenia) on emotion recognition, rather
than as confounders of this relationship. If this is the case, then adjusting for these would
lead to an underestimate of the true causal effect of genetic risk on cognitive biases in these

studies.

Our results suggest that facial emotion recognition deficits are not a consequence of
schizophrenia given that these deficits are present in unaffected first-degree relatives. The
effect size of these deficits was always lower in first-degree relatives than those reported in
people with schizophrenia (Alfimova et al., 2013; Bediou et al., 2007), which might reflect a
greater genetic risk, although could also indicate that pre-morbid deficits increase in some
people with schizophrenia following the first episode of psychosis. More longitudinal
research is required to determine if emotion recognition deficits increase the risk of the
development of schizophrenia onset or relapse. However, such observational studies will
always be limited in their ability to determine causality due to concerns around residual
confounding. It is probably only through trials of interventions targeting emotion
recognition deficits or causal inference methods, such as Mendelian randomisation (once
genetic instruments for these deficits become available, that our ability to determine causal

effects of emotion recognition on schizophrenia will be substantially improved.

Computational and animal models of perception and learning (Fletcher and Frith, 2009)
implicate dopaminergic and glutamatergic function as fundamental pathways involved in
both perception and belief formation, whilst genes involved in these pathways have been
identified as risk variants for schizophrenia in a recent GWAS (Schizophrenia Working Group
of the Psychiatric Genomics, 2014). Furthermore, genetic risk for schizophrenia has been
associated with greater risk of being exposed to childhood trauma, which itself has been
associated with facial emotion recognition deficits (da Silva Ferreira et al., 2014). Plausible

explanations of how higher genetic risk for schizophrenia could lead to deficits in facial



emotion recognition, therefore exist, although given the limitations of our review, stronger

evidence is required that this association is causal and not due to bias or confounding.

4.1 Strength and limitations of review

We were able to include a high number of studies which compared facial emotion
recognition in those at high genetic risk of schizophrenia with those at low risk and this
included two studies which utilised the polygenic risk score approach using data from a
recent schizophrenia GWAS. We followed PRISMA guidelines throughout the review (see
supplementary document). The meta-analysis was based on data from a large number of
participants (n=3947) and the majority of studies used tests for facial emotion recognition

that could be standardised in pooled analysis.

There are also a number of important limitations with our review. Although we carried out a
systematic and thorough search and review of the peer-reviewed, published literature, we
may nevertheless have missed some studies that could have contributed to addressing our
study aims, particularly given our restriction of only including English-language publications.
We were also unable to include all studies in the meta-analyses as some studies did not
provide the data required in the paper or on request. The lack of clear information in the
methods section of some included studies also made precise exploration of the quality of
studies and differences between studies difficult. This highlights the importance for authors
to include all results in numerical form, and of a thorough documentation of study methods.
The conclusions drawn from any review is reliant on the quality of the studies included, and
our quality assessment shows that the included studies were generally of poor quality,
making it difficult to draw firm conclusions about the role of schizophrenia genetic risk on
the facial emotion recognition deficits explored. Finally, as we carried out multiple meta-
analyses, we are cautious in the interpretation of our results, particularly for the valence

and emotion specific ones, as these were not our primary exposure of interest.



4.2 Conclusions

Studies using family history as a marker for genetic risk need to carefully consider the
potential effects of confounding and distinguish this from mediation to allow appropriate
inferences about causal effects to be made. Availability of molecular genetic data to use
polygenic risk scoring and Mendelian randomisation (Davies et al., 2018) approaches could
help address issues of confounding and causal direction in future studies and thereby help
to clarify whether genetic risk for schizophrenia has a causal effect on facial emotion

recognition deficits.
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Table 1: Summary of included studies

high risk

control group

High risk group Control group

Study Country Size N mean age % male N mean age % male | Measue Mean SD Mean SD Confounders adjusted
Albacete 2019 Spain 74 37 48.8 43.2 37 41.07 48.6 FEIT 101.3 17.86 110.7 11.37 None
Alfimova 2009 Russia 154 55 45 50.9 99 32 33.3 FEIT 5.25 5.46 5.8 1.2 Sex, age, education
Allott 2015 Austria 57 27 32.48 37 30 15.64 50 FEIT Results as separate emotions - see supp. Age, IQ, symptoms
Andersen 2016 USA 75 28 30.7 17.9 47 26.8 53.2 FEIT 13 2.4 13 2.9 Age, sex
_ Serbia 106 FEIT Age, ge;nder, IQ,_general
Andric 2016 55 28.56 41.8 51 29.8 45.1 76.94 8.41 78.1 9.6 facial recognition
Ay 2016 Turkey 60 30 42.4 30 30 33.13 60 FEIT 12.56 1.99 14.2 1.88 None
Bediou 2007 Morocco 56 30 31.2 100 26 243 100 FEIT | o0.565 0.10 0.6 0.10 Age, education
Bolte 2003 Germany 66 46 | 4130 49.99 | 22 29.7 50 FEIT 38.94 4.39 42.9 13 Age, IQ
Calkins 2010 USA 1262 928 45.6 32221 | 334 42.4 42.8 FEIT | Results given as cohen d = -0.39 p<0.0001 Sex, age
UK 42 FEIT Age, gender, education, 1Q,
Cella 2015 21 33.7 52.4 21 27.3 28.6 13.52 1.8 14.5 1.2 cognitive function
UK 2097 FEIT _ White western European
Coleman 2017 4097 8 49.6 Results as separate emotions - see supp. ancestry
Davalos 2004 USA 102 51 10.22 64.7 51 10.45 64.7 FEIT 18.85 8.38 17.8 2.7 None
Argentina 40 FEIT Age, cognitive performance,
deAchaval 2010 20 50.1 45 20 44.2 45 16.6 2.8 18.1 1.5 education
Turkey 116 FEIT Age, egjucation, illness
Erol 2010 58 34.4 58.6 58 33.6 60.3 12.2 25 13.7 1.6 duration and BPRS
Germine 2016 USA 4303 4303 13.8 50 FEIT Numerical data not presented white non-Hispanic ancestry
Goghari 2011 USA 59 23 49.8 35 36 42.1 66 FEIT Results as separate emotions - see supp. Age
Goghari 2017 Canada 46 25 41.2 40 21 434 52.4 FEIT Results as separate emotions - see supp. None
) Argentina 28 FEIT None
Goldschmidt 2014 14 30.4 57 14 28.4 57 97 5 99 2
Horton 2017 USA 50 16 13.6 37 34 11.9 41 FEIT 57.81 8.69 62.94 10.14 Age
Not 32 FEIT None
Huepe 2012 stated 14 45.79 40 18 40.5 61.1 -0.99 0.6 -1.05 0.6
Not 26 None
Ibanez 2012 stated 13 47.31 46.15 13 39.46 69.23 FEVT 76 6.93 81.5 6.36
Kee 2004 USA 100 51 38.64 43 49 36.38 49 FEIT 13.41 2.52 14.1 2.39 None
Kohler 2014 USA 142 52 20.4 52 90 21.3 51.11 FEIT Numerical data not presented None
_ Canada 69 FEIT 1Q, non-social reasoning, age,
Lavoie 2014 31 56.1 29 38 54.55 29 11.42 1.43 11.84 1.42 gender, SES
South 45 FEIT None
Leppanen 2008 Africa 23 36 35 22 40.9 50 Results as separate emotions - see supp.
Li 2010 China 90 23 30 52 67 26 67 FEIT 5793 [ 2184 | 643 [ 11.32 None
Li 2012 China 24 12 31.25 333 12 29.25 50 FEIT Results as separate emotions - see supp. None
McCown 1989 USA 100 | 50 | 4531 50 50 46.45 50 FEIT 70.04 797 | 737 | 934 None




Mendoza 2011 Cuba 219 110 42.01* 59.1 109 33.6* 36.7 FEIT Results as separate emotions - see supp. Age, gender, education
Ruocco 2014 USA 712 332 42.65 30 380 37.71 47 ER-40 -0.34 | 0.07 0 1 Age, race and sex
Spilka 2017 Canada 54 27 41.19 37 27 40.7 48.1 FEDT 90.65 4.72 89.73 4.03 None
Toomey 1999 USA 40 21 46.2 24 19 43.4 21 FEIT 55.3 7.1 57 3.8 None
Wolf 2011 USA 45 20 42.3 45 25 39 48 FEIT 91.5 7.2 94.4 4.6 None

None
Yang 2015 China 56 26 23.9 46.2 30 24.6 50 FEIT Results separated by emotion and intensity




Notes on table 1: Highlighted studies were included in meta-analysis by Lavoie et al (2013). * median values. FEIT facial emotion identification test. FEDT
facial emotion discrimination test. FEVT facial emotion valence test. BT beads task. IPSAW Internal, personal and situations attributions questionnaire.

Figure 1

Prisma Flow Diagram

(see file figure 1)

Figure 2

Forrest Plot for Meta-analysis of standardised mean difference for facial emotion recognition test

(see file figure 2)
Footnote:
Markers signify which studies are additional inclusions to the studies reviewed in the paper by Lavoie et al 2013.

Positive results demonstrate higher standardised mean difference between scores on facial emotion recognition tests achieved by people at
low genetic risk of psychosis compared with those at high genetic risk of psychosis.



Figure 3

Funnel plot for meta-analysis of facial emotion recognition

(See file figure 3)

Figure 4

Forrest Plot for Meta-analysis of standardised mean difference for facial emotion recognition test for facial expressions with negative valence.
(see file figure 4)

Footnote:

Positive results demonstrate higher standardised mean difference between scores on facial emotion recognition tests achieved by people at
low genetic risk of psychosis compared with those at high genetic risk of psychosis.

Figure 5

Forrest Plot for Meta-analysis of standardised mean difference for facial emotion recognition test for facial expression with positive valence

(see file figure 5)

Footnote:

Positive results demonstrate higher standardised mean difference between scores on facial emotion recognition tests achieved by people at low genetic

risk of psychosis compared with those at high genetic risk of psychosis.
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%

Study SMD (95% CI)  Weight
Allott 2015 sad > 0.44 (-0.09, 0.96) 3.27
Goghari 2011 sad > , -0.36 (-0.89, 0.16)3.26
Goghari 2017 sad - 3 -0.19(-0.77,0.39)2.89
Huepe 2012 sad - -0.12(-0.82,0.58)2.24
Mendoza 2011 sad | ——— 0.54(0.27,0.81) 590
Ruocco 2014 sad — | 0.00 (-0.15, 0.15) 7.39
Aliott 2015 anger > - -0.15(-0.67, 0.37)3.31
Andric 2016 anger - 0.29 (-0.09, 0.68) 4.57
Goghari 2011 anger -+ -0.17 (-0.69,0.36)329
Goghari 2017 anger —— 0.35(-0.23,0.94) 2.86
Huepe 2012 anger - 0.00 (-0.70,0.70) 2.24
Leppanen 2008 anger - 0.37 (-0.22,0.95) 2.33
Mendoza 2011 anger —_— 0.29 (0.03,0.56) 594
Ruocco 2014 anger —— 0.41(0.26, 0.56) 7.37
Aliott 2015 fear ' s > 0.82(0.28,1.37) 3.15
Andric 2016 fear - 0.17 (-0.21, 0.55) 4.58
Goghari 2011 fear o | -0.45 (-0.98, 0.08)3.25
Goghari 2017 fear it - 0.04 (-0.54, 0.62) 2.89
Huepe 2012 fear . 0.39 (-0.31, 1.10) 221
Li 2012 fear J - -0.05 (-0.85, 0.75) 1.82
Mendoza 2011 fear L ——— 0.66 (0.39,0.93) 587
Ruocco 2014 fear —— 0.08 (-0.07,0.23) 7.39
Aliott 2015 disgust - 0.10 (-0.42,0.62) 3.32
Huepe 2012 disgust - 0.16 (-0.54, 0.86) 2.24
Mendoza 2011 disgust e 0.54 (0.27, 0.81) 5.90
Overall (I-squared = 62.8%. p = 0.000) <> 0.21 (0.09, 0.33) 100.00

NOTE: Weights are from random effects analysis |
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PRI

5317 references identified through search

2390 duplicates removed

l

2927 studies screened against title and

2822 studies excluded

abstract

105 studies assessed for full-text eligibility

71 studies excluded

l

1

34 studies included

41 did not measure facial

emotion recognition

14 did not include those at high
risk of schizophrenia based on
family history or genetics

7 review papers

4 did not include a control group
3 Dissertations

1 conference abstract

1 genetic linkage study






