
Relationships between social withdrawal and facial emotion
recognition in neuropsychiatric disorders
Torre-Luque, A. de la; Viera-Campos, A.; Bilderbeck, A.C.; Carreras, M.T.; Vivancos, J.;
Diaz-Caneja, C.M.; ... ; Arango, C.

Citation
Torre-Luque, A. de la, Viera-Campos, A., Bilderbeck, A. C., Carreras, M. T., Vivancos, J.,
Diaz-Caneja, C. M., … Arango, C. (2022). Relationships between social withdrawal and
facial emotion recognition in neuropsychiatric disorders. Progress In Neuro-
Psychopharmacology & Biological Psychiatry, 113. doi:10.1016/j.pnpbp.2021.110463
 
Version: Publisher's Version
License: Licensed under Article 25fa Copyright Act/Law (Amendment Taverne)
Downloaded from: https://hdl.handle.net/1887/3304122
 
Note: To cite this publication please use the final published version (if applicable).

https://hdl.handle.net/1887/license:4
https://hdl.handle.net/1887/3304122


Progress in Neuropsychopharmacology & Biological Psychiatry 113 (2022) 110463

Available online 27 October 2021
0278-5846/© 2021 Elsevier Inc. All rights reserved.

Relationships between social withdrawal and facial emotion recognition in 
neuropsychiatric disorders 

Alejandro de la Torre-Luque a,b,*, Alba Viera-Campos c, Amy C. Bilderbeck d, 
Maria Teresa Carreras c, Jose Vivancos c, Covadonga M. Diaz-Caneja a,b,e, Moji Aghajani f, Ilja M. 
J. Saris f, Andreea Raslescu d, Asad Malik d, Jenna Clark g, Brenda W.J.H. Penninx f, 
Nic van der Wee h, Inge Winter-van Rossum i, Bernd Sommer j, Hugh Marston k, 
Gerard R. Dawson d, Martien J. Kas l, Jose Luis Ayuso-Mateos b,c, Celso Arango a,b,e 

a Institute of Education & Child Studies, Section Forensic Family & Youth Care, Leiden University, The Netherlands 
b Amsterdam UMC, Vrije Universiteit and GGZ inGeest Research & Innovation, The Netherlands 
c La Princesa University Hospital, Spain 
d P1vital Ltd., UK 
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A B S T R A C T   

Background: Emotion recognition constitutes a pivotal process of social cognition. It involves decoding social cues 
(e.g., facial expressions) to maximise social adjustment. Current theoretical models posit the relationship be
tween social withdrawal factors (social disengagement, lack of social interactions and loneliness) and emotion 
decoding. 
Objective: To investigate the role of social withdrawal in patients with schizophrenia (SZ) or probable Alzheimer’s 
disease (AD), neuropsychiatric conditions associated with social dysfunction. 
Methods: A sample of 156 participants was recruited: schizophrenia patients (SZ; n = 53), Alzheimer’s disease 
patients (AD; n = 46), and two age-matched control groups (SZc, n = 29; ADc, n = 28). All participants provided 
self-report measures of loneliness and social functioning, and completed a facial emotion detection task. 
Results: Neuropsychiatric patients (both groups) showed poorer performance in detecting both positive and 
negative emotions compared with their healthy counterparts (p < .01). Social withdrawal was associated with 
higher accuracy in negative emotion detection, across all groups. Additionally, neuropsychiatric patients with 
higher social withdrawal showed lower positive emotion misclassification. 
Conclusions: Our findings help to detail the similarities and differences in social function and facial emotion 
recognition in two disorders rarely studied in parallel, AD and SZ. Transdiagnostic patterns in these results 
suggest that social withdrawal is associated with heightened sensitivity to negative emotion expressions, 
potentially reflecting hypervigilance to social threat. Across the neuropsychiatric groups specifically, this 
hypervigilance associated with social withdrawal extended to positive emotion expressions, an emotional- 
cognitive bias that may impact social functioning in people with severe mental illness.   
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1. Introduction 

Human beings are eminently social. Many human necessities involve 
holding transactions with other people on a regular basis. Social inter
action allows maximising our chances for survival, living a healthy life, 
and thriving. There is consistent evidence that supports the importance 
of numerous social indicators for health and wellbeing (Burke et al., 
2012; Moieni and Eisenberger, 2018; Van Den Brink et al., 2018). For 
instance, mounting evidence points to a significant association between 
uninterrupted disengagement of social activities (social withdrawal) as 
well as social isolation with emotional distress and the development of 
numerous physical diseases and psychiatric disorders, and increased risk 
of mortality (de la Torre-Luque et al., 2019; Hafner et al., 2011; Oh et al., 
2008; Rico-Uribe et al., 2018; Smith and Victor, 2019; Stickley and 
Koyanagi, 2018). 

The impact of social withdrawal and social isolation is quite evident 
in everyday life. Several authors postulate that social withdrawal factors 
may alter the way in which individuals interpret the social world 
(Hawkley and Cacioppo, 2010; Qualter et al., 2015). Social withdrawal 
factors (social disengagement, lack of interpersonal relationships and 
loneliness) may trigger implicit hypervigilance for social threats 
(possibly related to unmet needs of belonging) (Cacioppo and Hawkley, 
2009; Spithoven et al., 2017). As a result, a pattern of heightened 
sensitivity to particular social cues (e.g., signs of disapproval, such as 
several facial expressions) emerges. This way of perceiving the social 
world makes it more likely for individuals to engage in behavioural 
repertoires that subsequently lead to more negative interactions and 
social isolation. Vanhalst et al. (2017) showed that perceived social 
isolation (loneliness) in adolescents was associated with increased 
sensitivity (reduced intensity required for emotion decoding) to detect 
negative (sadness and fear) emotional faces, after controlling for rele
vant covariates (sex and psychopathology). Similarly, Bangee and 
Qualter (2018) found that loneliness was associated with an earlier 
orientation to negative faces (angry faces) in crowds, using an eye 
tracking paradigm. The authors concluded that a loneliness-related 
cognitive bias may exist. This bias may help individuals avoid poten
tial situations of social threatening quicker. 

The Research Domain Criteria (RDoC) initiative aims at stimulating 
research into common (transdiagnostic) impairments across mental 
disorders in an attempt to better understand the nature of mental health 
(Cuthbert and Insel, 2013). In this regard, some studies have suggested 
that social dysfunction may be a candidate for transdiagnostic marker of 
mental illness, as equivalent impairments have been shown at the social 
domain between several disorders, such as attention-deficit/ 
hyperactivity disorder and autism spectrum disorder, or between 
depression and schizophrenia (Mikami et al., 2019; Schilbach et al., 
2016). The transdiagnostic nature of social withdrawal factors deserves 
being studied in neuropsychiatric disorders, such as schizophrenia (SZ) 
and dementia, which are featured by evident deficits in social cognition. 
First, numerous studies point that social withdrawal may predispose for 
both dementia (specifically Alzheimer’s disease [AD]) and schizo
phrenia emergence or symptom aggravation (Galderisi et al., 2018; Kim 
et al., 2011; Lara et al., 2019; Li et al., 2017; Sundström et al., 2020). 
Second, psychotic symptoms are highly related to feelings of social 
withdrawal and isolation (Badcock et al., 2015). Finally, several studies 
have shown deficits in decoding facial emotions in schizophrenia pa
tients as well as in Alzheimer’s patients (Fadel et al., 2018; Maat et al., 
2016; Park et al., 2017; Yang et al., 2018). Thus, emotion recognition 
deficits may lead to social isolation and feelings of loneliness. In turn, 
social isolation factors may similarly influence the pre-existing emotion 
recognition deficits, leading to attentional, confirmatory, and memorial 
biases in these patients. 

This study aimed to investigate the transdiagnostic role of social 
withdrawal (social disengagement, lack of interpersonal relationships 
and loneliness) in patients with SZ and AD, by examining its relationship 
with emotion recognition. First, we hypothesised that neuropsychiatric 

patients would show worse performance on emotion recognition tasks 
than their healthy control counterparts. Additionally, we expected social 
withdrawal to lead to better performance (i.e., higher accuracy rates) in 
negative emotion recognition, regardless of the diagnosis. Finally, we 
speculated that a positive relationship between correct recognition of 
positive emotions and social withdrawal factors would exist in neuro
psychiatric patients. In other words, social withdrawal would lead to 
similar impairments in both positive and negative emotion recognition 
in patients with SZ and AD. 

2. Methods 

2.1. Sample 

A sample of 156 participants from the PRISM (Psychiatric Ratings 
using Intermediate Stratified Markers) Study (see http://prism-project. 
eu) was used (Bilderbeck et al., 2019; Kas et al., 2019). The sample 
comprised four groups of participants: individuals with a diagnosis of 
schizophrenia (SZ; n = 53, 71.70% men; m = 30.45 years, sd = 6.06); 
participants with a probable diagnosis of Alzheimer’s disease (AD; n =
46, 55.56% men; m = 68.80 years, sd = 7.13); and two age-matched 
control groups (SZc: n = 29, 58.62% men; m = 28.72 years, sd = 7.40; 
ADc: n = 28, 53.57% men; m = 68.80 years, sd = 7.13). All the partic
ipants performed a face emotion decoding task. Diagnosis of SZ partic
ipants was confirmed according to the criteria of the Diagnostic and 
Statistical Manual of Mental Disorders (DSM-IV; American Psychiatric 
Association, 2000) by means of the MINI International Neuropsychiatric 
Interview (Lecrubier et al., 1998). The diagnosis of AD patients was 
confirmed according to the criteria of AD as outlined by the National 
Institute on Aging (NIA) and the Alzheimer’s Association (AA) (Jack 
et al., 2018). Participants with either a current diagnosis of major 
depressive disorder or high levels of depressive symptoms (QIDS ≥16) 
were excluded. 

The sample was recruited from two hospitals in Spain (Gregorio 
Maranon University Hospital and La Princesa University Hospital) and 
three centres in the Netherlands (University Medical Center Utrecht, VU 
University Medical Center Amsterdam and Leiden University Medical 
Center). 

2.2. Data collection instruments and tasks 

All the data used in this study were collected in the Assessment visit 1 
of the PRISM study (Bilderbeck et al., 2019). First, a semi-structured 
interview on sociodemographic and medical data was conducted (i.e., 
age, sex, race, years of education). Where available, medical notes 
provided further detail of mental and physical diseases and medication. 
The MINI International Neuropsychiatric Interview, Screening version 
(M.I.N.I.-Screen; Lecrubier et al., 1998) was used to confirm diagnosis 
and explore the presence of psychiatric disorders among study partici
pants. The interview was administered by trained psychiatric 
researchers. 

Two questionnaires were administered to measure social func
tioning. The Social Functioning Scale (SFS) was used to measure social 
and interpersonal behaviour (Birchwood et al., 1990). More concretely, 
the social engagement/withdrawal and the interpersonal behaviour 
subscales were used due to the study purposes (reliability index for both 
subscales, α = 0.76). In addition, the Loneliness and Affiliation Scale 
(LAS) was administered to assess perceived social isolation or loneliness 
(reliability index, α = 0.88) (De Jong-Gierveld and Kamphuls, 1985). 
Other scales used were: the Quick Inventory of Depressive Symptom
atology, Self-reported version (QIDS-SR16) to assess depressive symp
toms (Cronbach’s α = 0.86) (Rush et al., 2003); the Positive and 
Negative Syndrome Scale (PANSS) to measure psychotic symptoms in 
the SZ sample (reliability indexes between 0.83 and 0.87) (Kay et al., 
1987); and the Mini-Mental State Examination (MMSE; Folstein et al., 
1975; Lopez et al., 2005) to screen cognitive impairment in the AD 
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sample (good psychometric properties, Livingston’s r between 0.79 and 
0.80 for most of cut-off points). 

Two performance tasks were carried out, both delivered on the on
line P1vital® ePRO system. The Digit Symbol Substitution Task (DSST) 
was used to measure general cognition (Jaeger, 2018). The task draws 
on aspects of cognition, including speed of processing and working 
memory. The task involves individual matching symbols to numbers 
according to a key. A score is constructed by means of adding up the 
number of correct symbols coded within 90 s. Afterwards, participants 
completed the Facial Expression Recognition Task (FERT; Bilderbeck 
et al., 2019; Harmer et al., 2013; Montagne et al., 2007). This computer- 
generated task requires participant to decode emotional expressions. An 
individual is asked to indicate whether the depicted face (displayed very 
briefly, 0.5 s each) is showing either an emotion of happiness, sadness, 
fear, disgust, surprise, anger; or no emotional expression (i.e., neutral 
face). The pictures of faces displayed the emotional expressions at 10 
different intensities (10% to 100% in steps of 10%). Patients were asked 
to categorise the expression of the faces as one of the emotions listed 
above. Emotion presentation order was random. Emotion presentation 
order was random. Two main endpoints can be obtained from the FERT 
task, for each emotion: accuracy rate (number of the emotion responses 
when presented divided by the number of times faces with this emotion 
is presented, expressed as a percentage) and misclassification rate 
(number of the emotion responses when not presented divided by the 
number of times other emotions or neutral faces are presented, 
expressed as a percentage). 

2.3. Procedure 

Participants were recruited when attending either neurology or 
psychiatry unit visits at the abovementioned healthcare centres. Par
ticipants were asked to complete the screening instruments (socio
demographic interview, QIDS-SR16, MMSE, PANSS) in the Assessment 
visit 1, upon completion of informed consent forms. Additionally, the 
psychiatric interview (M.I.N.I.-Screen) was conducted. A second visit 
was scheduled. This visit involved participants completing the ques
tionnaires on social functioning factors (LAS, SFS) and the performance 
tasks (DSST and FERT). Further details on all protocols implemented in 
the PRISM study are displayed elsewhere (Bilderbeck et al., 2019). 

2.4. Data analysis 

In order to study how the study groups differ in terms of emotion 
recognition performance, two multivariate analysis of covariance 
(ANCOVA) were conducted. The task outcomes (accuracy rate and 
misclassification) were considered as dependent variables. A multivar
iate ANCOVA was conducted for positive emotion (i.e., happiness and 
surprise) recognition outcomes; and another for negative emotion (i.e., 
sadness, fear, disgust, and anger) recognition outcomes. The study group 
(with three levels: SZ, AD, controls) was considered as a between-group 
factor for both ANCOVAs. Age group (with two levels: younger partic
ipants, those younger than 65 years; and older participants, those older 
than 65 years) was used as a covariate. The η2

partial was used as an effect 
size estimate of multivariate and univariate effects. 

Bonferroni corrected t-tests were used to ascertain pairwise differ
ences between study groups, considering the four groups (SZ, AD, SZc, 
ADc). The p value considered to reject between-group equality (due to 
multiple comparisons) was 0.05/6 = 0.0083. Effect size estimates were 
the η2

partial and Cohen’s d. 
Multilevel linear regression was used to study the influence of social 

isolation factors on emotional face decoding. This approach allows for 
studying the fixed effect of these factors controlling for random effects 
derived from a grouping (level) factor. In this regard, the accuracy rate 
and misclassification rate to identify positive emotions and negative 
emotions were used as outcomes, separately. Sociodemographic factors 
(sex and age), general cognition (DSST score), comorbidity with 

emotional disorders, depressive symptoms (QIDS-SR16 total score), as 
well as the social isolation factor scores were used as covariates. The 
study group was used as a level factor. The recruitment site was used as a 
weighting factor. A model comparison rationale was followed. The 
regression model with all covariates (sociodemographic, DSST score, 
comorbidity with emotional disorders, depressive symptoms and social 
functioning ones) was compared with a model without covariates (un
constrained model) and a model with sociodemographic (sex and age) 
covariates. The Akaike information criterion (AIC) was used for model 
comparison, with lower AIC values indicating a better model fit. The 
conditional R2 was used as a model effect size estimate, accounting for 
explained variance by the entire model (including both fixed and 
random effects) (Nakagawa et al., 2017). 

All the analyses were performed by using the R software x64 3.0.1. 

3. Results 

Table 1 displays the sociodemographic and clinical features of study 
participants. Comorbid emotional disorders were present in more SZ 
cases in comparison to its age control group (SZc). The SZc participants 

Table 1 
Descriptive statistics by study group.   

Study group Pairwise 
differences 

SZc SZ ADc AD 

n 29 53 28 46  
Sex (men) 58.62 71.70 53.57 55.56  
Age (years) 28.72 

(7.40) 
30.45 
(6.06) 

67.07 
(7.03) 

68.80 
(7.13) 

AD > SZ 

Race (white 
Caucasian) 

96.56 75.47 100.00 97.78 AD > SZ 

Site (Spanish 
centres) 

48.26 39.62 25.00 42.22  

Education 
(years) 

17.17 
(2.59) 

14.94 
(3.89) 

16.71 
(4.86) 

15.29 
(5.68) 

SZc > SZ 

Emotional 
disorder 
comorbidity 

0 16.98 0 0 SZc < SZ; SZ >
AD 

Drug disorder 
comorbidity 

3.45 5.66 0 0  

General 
cognition 

43.38 
(7.30) 

35.51 
(7.76) 

28.18 
(5.49) 

16.59 
(6.92) 

SZc > SZ; ADc 
> AD; SZ > AD 

Depressive 
symptoms 

2.10 
(1.50) 

7.43 
(4.76) 

2.00 
(1.33) 

4.02 
(2.67) 

SZc < SZ; ADc 
< AD; SZ > AD 

Psychotic 
symptoms      
Positive  10.94 

(3.45)    
Negative  14.26 

(6.08)    
Cognitive 

impairment    
23.98 
(1.99)  

Note. Mean and standard errors (between brackets) are displayed for continuous 
variables. Percentage of participants are displayed for binary variables. 
SZ = Schizophrenia group. AD = Alzheimer’s disease group. SZc = SZ healthy 
controls. ADc = AD healthy controls. 
Comorbidity with either emotional disorders (current diagnosis of depression 
episode, mania episode, hypomania episode; type I or II bipolar disorder; panic 
disorder, agoraphobia, social phobia, generalised anxiety disorder) or drug 
disorders (current diagnosis of alcohol dependence, alcohol abuse disorder, 
other drug dependence or other drug abuse disorder) were assessed using the 
International Neuropsychiatric Interview (MINI). 
General cognition was assessed by means of the digit symbol substitution test 
(total score = correct responses – incorrect responses). Depressive symptoms 
were measured using the Quick Inventory of Depressive Symptomatology (QIDS- 
SR16). Psychotic symptoms were assessed using the Positive and Negative 
Syndrome Scale (PANSS). Cognitive impairment was measured using the Mini- 
Mental State Examination (MMSE). 
Pairwise comparison tests were conducted using the Student’s t-test (for 
continuous outcomes) or χ2-based test (for binary outcomes), under the Bon
ferroni’s correction (p-value cut-off = 0.008). 
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remained more years in formal education and showed higher scores in 
the DSST, the SFS total score, and the social engagement and the 
interpersonal behaviour subscales. On the other hand, the SZc parti
cpants showed lower levels of depressive symptoms and loneliness than 
their counterparts. Finally, the AD participants exhibited lower scores in 
the general cognition and interpersonal behaviour scales than their 
matched controls, but higher depressive symptoms. Regarding both 
clinical groups, there were higher proportion of White patients in the AD 
group. Moreover, the AD patients were older than the SZ ones, as ex
pected. SZ patients were more likely to show a comorbid emotional 
disorder, as well as higher levels of general cognition and depressive 
symptoms (Table 1). 

Table 2 displays the scores in accuracy and misclassification across 
the study groups. Group differences were observed for all the FERT 
outcomes except for the negative emotion misclassification rate (uni
variate p > .05). In general terms, participants from the AD showed the 
lowest accuracy rate for both types of emotions, as well as the highest 
levels of misclassification of positive emotions. The SZc showed the 
lowest positive emotion misclassification rate and the highest accuracy 
rate of negative emotion recognition across groups. 

To support our decision on using the SFS subscales (i.e., Social 
withdrawal scale and Interpersonal behaviour scale) instead of the SFS 
total score for regression analysis, partial correlation analysis (control
ling for study group) was conducted to explore the relationship between 
the SFS total score and FERT endpoints. As a result, we observed that the 
SFS total score did not correlate with performance on FERT task (− 0.12 
< r < 0.04, across FERT outcomes; p > .17). 

Multilevel regression models with covariates showed better fit to 
data than the unconstrained ones for both positive and negative emotion 
accuracy rates and the positive emotion misclassification rate (see the 
AIC for all the models in Table 3). This means that covariates are rele
vant to predict the abovementioned FERT outcomes beyond the effect of 
a random-effects component (variability due to study group). Regarding 
the negative emotion misclassification rate, the unconstrained model 
showed lower AIC (AIC = 1080.80) than the model with sociodemo
graphic covariates (AIC = 1083.88) and the full (all covariates) model 
(AIC = 1082.47). The model showed a fixed effect of B = 9.15, SE =
0.65, t (2.37) = 13.98, p < .01; and random-effects SD = 0.61. The model 
with sociodemographic covariates fitted better to data than the other 
nested models for the positive emotion accuracy rate. On the other hand, 
the full-covariate model fitted better for the positive emotion misclas
sification rate and the negative emotion accuracy rate (see Table 3). 

The accuracy rate of recognising positive emotions was predicted by 
sex (women showing higher accuracy), B = 3.89, p < .01; and age (the 
higher the accuracy, the younger the participant), B = − 0.17, p < .05. 
No effect of social isolation factors (i.e., SFS Social engagement score, 

SFS Interpersonal behaviour score, and loneliness score) was found. On 
the other hand, the positive emotion misclassification rate was predicted 
by sex, B = − 3.48, p < .01; and general cognition (higher misclassifi
cation with lower cognition scores), B = − 0.25, p < .01. Additionally, 
the social engagement covariate showed a positive loading (Table 3), B 
= 0.16, p < .05. This points to higher rates of misclassification with 
higher engagement scores. Neither significant effect of SFS interpersonal 
behaviour nor loneliness score effect was found (p > .05). Group-specific 
linear univariate regression was conducted using the predicted 
misclassification rate (derived from the multilevel regression model) as 
a criterion and the social engagement score as a predictor (essentially to 
estimate group-specific loadings of this covariate). Bonferroni correction 
was applied to identify significant predictor loadings (0.05/4 = 0.0125). 
As a result, Group-specific univariate regression confirmed this effect on 
predicted misclassification rates for SZ (B = 0.12, t = 4.55, p < .01) and 
AD (B = 0.20, t = 5.35, p < .01) participants (see Fig. 1). The coefficient 
from the AD model was significantly higher than the one from the SZ 
model (t = 10.32, p < .01). 

The accuracy in detecting negative emotions was predicted by sex (B 
= 4.73, p < .01) and general cognition (higher levels of accuracy with 
higher levels of cognition), B = 0.44, p < .01; and social engagement 
(higher accuracy with lower engagement scores), B = − 0.31, p < .01. 
Loading derived from either the SFS interpersonal behaviour score or 
loneliness score was not significant (p > .05). Group-specific (see Fig. 1) 
regression confirmed this effect on predicted accuracy rates for all the 
study groups, except the ADc (SZc; B = − 0.26, t = − 2.83, p < .01; SZ: B 
= − 0.27, t = − 5.02, p < .01; ADc: B = − 0.14, t = − 1.96, p = .061; AD: B 
= − 0.33, t = − 5.18, p < .01). The regression loading was significantly 
lower in the AD group in comparison to the SZ group (t = − 17.82, p <
.01). 

4. Discussion 

This study aimed to find the common (transdiagnostic) pathways in 
SZ and AD. More concretely, we were interested in clarifying the asso
ciation between social withdrawal factors and a pivotal process of social 
cognition: emotion recognition from facial expressions. 

Our study revealed that AD showed the worst performance (i.e., 
lowest accuracy for both types of emotions and highest misclassification 
rate of positive emotions) in the emotional recognition task. Note that 
the misclassification rate does not account for positive emotions being 
necessarily misclassified as negative ones but also as neutral. In line with 
numerous studies, emotion recognition deficits are characteristic of AD 
patients and may be explained by some alterations in activity of some 
brain structures, such as increased amygdala activation, and atrophy in 
fusiform gyrus or dorsal pallidum (Bediou et al., 2009; Freedman et al., 

Table 2 
FERT outcomes by study group.*   

Study group F statistic Effect size Pairwise differences 

SZc SZ ADc AD 

Positive emotions     11.51** 0.01  
Accuracy 59.10 (6.12) 54.83 (10.21) 53.77 (8.59) 47.13 (10.78) 13.12** 0.07 AD < all other groups; SZ < SZc 
Misclassification 3.16 (3.15) 6.71 (7.31) 6.40 (4.73) 13.97 (10.98) 17.82** 0.11 AD > all other groups 

Negative emotions     20.51** 0.15  
Accuracy 65.02 (5.73) 55.35 (13.95) 51.37 (9.09) 35.04 (14.04) 51.59** 0.22 SZc > all other groups; AD < all other groups 
Misclassification 7.14 (4.53) 9.80 (8.12) 8.73 (5.20) 9.76 (8.54) 1.65 0.03  

Note. Mean and standard errors (between brackets) are displayed. 
SZ = Schizophrenia group. AD = Alzheimer’s disease group. SZc = SZ healthy controls. ADc = AD healthy controls. 
The Snedecor’s F-based statistic was derived from multivariate analysis of covariance (for both positive and negative emotion outcomes) and univariate analysis of 
covariance (for accuracy and misclassification rate scores). In both cases, the study group (controls vs. schizophrenia group vs. Alzheimer’s disease group) was used as 
a between-group factor and the age group (younger vs. older participants) as a covariate. The F statistic and the η2

partial statistic (effect size estimate) were derived from 
the group effect. 
Pairwise comparison tests were conducted using the Student’s t-test, comparing the four study groups under the Bonferroni’s correction (p-value cut-off = 0.008). 

* p < .05. 
** p < .01. 
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2013; Sapey-Triomphe et al., 2015). On the other hand, the SZ partici
pants showed lower accuracy of negative emotions than their age 
counterparts, as well as higher misclassification rate of positive emo
tions. Schizophrenia patients tend to show impaired facial emotion 
decoding abilities potentially due to diminished activation of amygdala, 
superior temporal sulcus, fusiform gyrus and hippocampal regions, 
anterior cingulate cortex and medial prefrontal areas; areas highly 
involved in emotion decoding (Green et al., 2015; Haxby et al., 2002; 
Spilka et al., 2015). 

Moreover, our study provided some evidence on the relationship 
between social withdrawal factors and social cue processing. Results 
from regression models demonstrated that social withdrawal (under
stood as social disengagement) had an important role in negative 
emotion decoding, across all patient and control study groups. Specif
ically, higher accuracy in detecting concrete negative emotions (i.e., 
sadness, fear, disgust, anger) was associated with higher social with
drawal across study groups. These results go in line with the hypervig
ilance to social threat corollaries (Cacioppo and Hawkley, 2009; 
Hawkley and Cacioppo, 2010; Qualter et al., 2015). Our study extends 
these findings in research on healthy adolescents and adults to neuro
psychiatric disorder patients (Bangee and Qualter, 2018; Spithoven 
et al., 2017; Vanhalst et al., 2017). Thus, it seems that the increased 
sensitivity associated with social withdrawal observed in negative 
emotion decoding is evident across the study groups, regardless of 
neuropsychiatric disorder (i.e., SZ or AD) is present. 

Interestingly, we provide some additional evidence on positive 
emotion decoding in neuropsychiatric disorders and the role here of 
social withdrawal. Increased social withdrawal (or reduced social 
engagement according to the SFS subscale labelling) was associated with 
positive emotion detection, in terms of reduced misclassification. This 
pattern was observed in both SZ and AD patients, but not in healthy 
controls. These findings point social withdrawal to be a potential 

transdiagnostic marker of impaired emotion recognition in SZ and AD 
patients. Some authors postulate that social cognition impairment con
stitutes a key marker of neuropsychiatric disorders (e.g., SZ, AD, bipolar 
disorder, autism) (Cotter et al., 2018; Levine, 2020). According to the 
hypervigilance to social threat hypothesis, people with high levels of 
social withdrawal tend to be hypersensitive to social cues in an attempt 
to avoid needs of belonging being unmet. Social factors (e.g., social 
isolation and social network size) have been linked with the activation of 
relevant cortical areas involved in social cognition (particularly in facial 
emotion decoding and nonverbal cue integration), such as ventromedial 
frontal gyrus, amygdala, and superior temporal gyrus (Dziura and 
Thompson, 2014; Haxby et al., 2002; Kanai et al., 2012; Lewis et al., 
2011). This points to common neural circuitry between social with
drawal factors and social cognition processes. Alterations in these cir
cuits have been observed across neuropsychiatric disorders. We 
speculate that SZ and AD participants with high levels of social with
drawal showed a pattern of heightened sensitivity even when decoding 
positive emotions from facial expressions. This may interact with pre- 
existing emotion decoding deficits observed in patients with neuropsy
chiatric disorders. We could discard the influence of either clinical 
depression (or high levels of symptoms) or social anxiety on our results 
as such diagnoses were not endorsed after delivering the diagnostic 
interview. 

Our study provides some evidence on an association of key processes 
of social cognition, such as emotion recognition in social contexts, and 
behavioural aspects of social withdrawal key processes of social cogni
tion, such as emotion recognition in social contexts. Emotion recogni
tion from facial expressions was shown to be impaired in SZ and AD. 
Social withdrawal factors were related to better performance on nega
tive emotion recognition for both health controls and neuropsychiatric 
patients. This indicates that social withdrawal factors may make 
confirmation bias (i.e., increased ability for negative emotion detection 

Table 3 
Regression coefficients of covariates for FERT outcomes.   

Positive emotion recognition   Negative emotion recognition  

Accuracy   Misclassification  Accuracy   

Predictor B CI95 t B CI95 t B CI95 t 

Intercept 57.71 57.50, 58.00 3.42** 7.57 7.16, 10.39 1.33 52.75 51.61, 52.85 5.68** 
Sex (ref.: man) 3.89 3.73, 4.01 2.52* − 3.48 − 3.51, − 3.37 − 2.83** 4.73 4.73, 4.88 2.47* 
Age − 0.17 − 0.18, − 0.17 − 3.03* 0.04 0.02, 0.04 0.57 − 0.15 − 0.16, − 0.15 − 1.26 
General cognition    − 0.25 − 0.28, − 0.25 − 2.85** 0.44 0.43, 0.48 3.19** 
Depressive symptoms    0.05 0.05, 0.10 0.2 − 0.12 − 0.13, − 0.11 − 0.31 
Emotional comorbidity    − 0.27 − 0.29, 0.17 − 0.08 4.8 4.78, 5.12 0.91 
Social engagement    0.16 0.15, 0.17 2.48* − 0.31 − 0.31, − 0.30 − 3.12** 
Interpersonal behaviour    − 0.01 − 0.01, − 0.01 − 0.22 0.06 0.06, 0.07 0.95 
Loneliness    0.02 0.01, 0.05 0.06 − 0.18 − 0.19, − 0.16 − 0.41 
Random-effects SD 2.04   2.72   5.93   
Conditional R2 0.07   0.15   0.24   
AIC          

Unconstrained 1172.02   1112.60   1255.84   
Sociodeographic 1166.04   1107.22   1250.08   
Full model 1173.49   1104.90   1235.81   

Note. Outcomes were the facial emotion recognition task (FERT) measures. Parameters are shown for the models with better fit. Covariates were modelled under a 
mixed-effects solution, including the study group as a multilevel factor and the recruitment site as a weighting factor. All the covariates were centred (except sex and 
emotional disorder comorbidity) to make intercept easier to be understood. 
General cognition was assessed by means of the digit symbol substitution test. Depressive symptoms were measured using the Quick Inventory of Depressive 
Symptomatology (QIDS-SR16). Social engagement and Interpersonal behaviour scores were taken from the related Social Functioning Scale factors. The Loneliness and 
Affiliation Scale was used to obtain the loneliness score. 
Comorbidity with emotional disorders involved having diagnosed an emotional disorder (current diagnosis of depression episode, mania episode, hypomania episode; 
type I or II bipolar disorder; panic disorder, agoraphobia, social phobia, generalised anxiety disorder) in base of the International Neuropsychiatric Interview (MINI). 
Unconstrained model = Regression model without covariates. Covariates model = Regression model with sociodemographic covariates (the significant model for the 
positive emotion accuracy). Full model = Regression model with all the covariates (the significant model for the positive emotion misclassification and the negative 
emotion accuracy). 
B = Regression loading. CI95 = 95% confidence interval of the B. t = Student’s t statistic. SD = Standard deviation. Conditional R2 = Nakagawa’s coefficient of 
determination R2. AIC = Akaike information criterion. 

* p < .05. 
** p < .01. 
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with the expectation of being socially rejected) emerge in an attempt to 
prevent potential social rejection. This bias is also observed for positive 
emotion recognition in individuals with neuropsychiatric disorders. In 
this regard, emotion recognition deficits in both SZ and AD may be 
maintained by same (transdiagnostic) pathways in which social with
drawal have a crucial role. Whilst better emotion recognition could have 
causally produced higher levels of social withdrawal in our sample, this 
is not supported by several of our observations. First, the effect of social 
withdrawal factors on emotion recognition was evident even in in
dividuals who showed poor performance in the emotion recognition task 
(SZ and AD participants). Second, the influence of social withdrawal 
factors on emotion recognition was shown for negative emotions in all 
the study groups, even in the healthy control ones; this is congruent with 
the hypervigilance to social threat hypothesis. However, our results 
should be replicated using longitudinal design studies to fully discard 
reverse causation hypotheses. 

This study shows some shortcomings. First, some confounding fac
tors were not taken into account, such as impulsivity or decision-making 
abilities. We discarded the influence of these factors on the relationship 
between social withdrawal and performance in emotion recognition 
tasks. This is because these factors may show an overall effect on 
recognition outcomes across emotions; in other words, the rate of ac
curacy and misclassification would be equally affected by impulsive 
responses across all the emotions. Second, our results failed to show 
significant effects of all the social withdrawal factors across the out
comes. Most studies investigated the role of loneliness (considered as a 
subjective dimension of social withdrawal) have revealed a significant 
effect on facial emotion recognition (Bangee and Qualter, 2018; 
Cacioppo et al., 2009). However, they did not consider any other social 
withdrawal factors (social withdrawal is considered a more objective 
dimension). Potential correlations between social withdrawal factors 
may mask distinctive effects of each of the social withdrawal factors. 

Finally, further evidence should be included from brain activity mea
sures on face emotion decoding tasks (e.g., fMRI and EEG tasks used in 
PRISM) to support our results regarding the role of social withdrawal 
factors. 

To sum up, our study stresses how negative social withdrawal and 
isolation may be critical for neuropsychiatric patients, as they affect 
basic processes (face emotion decoding) involved in social cognition. 
Social withdrawal factors may be potential transdiagnostic targets due 
to their relationship with emotion recognition impairment in both SZ 
and AD. On the other hand, this study provides some evidence in favour 
to develop interventions promoting social integration of people with 
neuropsychiatric disorder. In this vein, initiatives or interventions 
focused on reducing social withdrawal and isolation of psychotic/ 
neurodegenerative spectrum people may contribute to palliate social 
cognition deficits. This directly leads to improve the quality of life and 
social adjustment of people with severe mental illness. 
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Fig. 1. Predicted accuracy and misclassification in emotion recognition according to social engagement and study groups. 
Note. Regression lines linking the misclassification rate for both positive emotions (happiness and surprise) and the accuracy rate for negative emotions (sadness, fear, 
disgust, anger), and social engagement. 
Turquoise line = Schizophrenia healthy controls (SZc). Red line = Schizophrenia group (SZ). Violet line = Alzheimer’s disease healthy controls (ADc). Green line =
Alzheimer’s disease group (AD). 

A. de la Torre-Luque et al.                                                                                                                                                                                                                    



Progress in Neuropsychopharmacology & Biological Psychiatry 113 (2022) 110463

7

Author contributions 

All the authors contributed to this study. ATL, AVC, AB, MA, JLAM 
and CA conceptualised the research questions. AVC, MTC, JV and IS 
conducted the study protocols. NVW, JV, BP, BS, HM, GD, MK and CA 
were involved in study supervision. ATL did the literature review, 
formal analyses and the discussion, and wrote the original draft. All the 
authors were involved in review and editing the final manuscript. 

Ethical statement 

All the protocols conducted in this study were approved by the 
Clinical Research Ethics Committee of all the research sites. Moreover, 
all the participants (or their legal guards) provided a signed written 
consent form to participate in this study. 

Data availability 

Research data are not shared. Codes and extended results can be 
obtained on reasonable request to corresponding author. 

Conflict of interest disclosure 

Dr. Arango has been a consultant to or has received honoraria or 
grants from Acadia, Angelini, Gedeon Richter, Janssen Cilag, Lundbeck, 
Minerva, Otsuka, Roche, Sage, Servier, Shire, Schering Plough, Sumi
tomo Dainippon Pharma, Sunovion and Takeda. 

Dr. Gerard Dawson is co-owner and an employee of P1vital Ltd. 
The authors declare that they do not have any other potential conflict 

of interest to disclose. 

References 

American Psychiatric Association, 2000. Diagnostic and statistical manual of mental 
disorders, 4th ed. Author, Washington, DC. text rev., 4th, text. ed.  

Badcock, J.C., Shah, S., Mackinnon, A., Stain, H.J., Galletly, C., Jablensky, A., Morgan, V. 
A., 2015. Loneliness in psychotic disorders and its association with cognitive 
function and symptom profile. Schizophr. Res. 169, 268–273. https://doi.org/ 
10.1016/j.schres.2015.10.027. 

Bangee, M., Qualter, P., 2018. Examining the visual processing patterns of lonely adults. 
Scand. J. Psychol. 59, 351–359. https://doi.org/10.1111/sjop.12436. 

Bediou, B., Ryff, I., Mercier, B., Milliery, M., He’naff, M., D’Amato, T., Bonnefoy, M., 
Vighetto, A., Krolak-Salmon, P., 2009. Impaired social cognition in mild Alzheimer 
disease. J. Geriatr. Psychiatry Neurol. https://doi.org/10.1177/ 
0891988709332939. 

Bilderbeck, A.C., Penninx, B.W.J.H., Arango, C., van der Wee, N., Kahn, R., Winter-van 
Rossum, I., Hayen, A., Kas, M.J., Post, A., Dawson, G.R., 2019. Overview of the 
clinical implementation of a study exploring social withdrawal in patients with 
schizophrenia and Alzheimer’s disease. Neurosci. Biobehav. Rev. 97, 87–93. https:// 
doi.org/10.1016/j.neubiorev.2018.06.019. 

Birchwood, M., Smith, J., Cochrane, R., Wetton, S., Copestake, S., 1990. The Social 
Functioning Scale. The development and validation of a new scale of social 
adjustment for use in family intervention programmes with schizophrenic patients. 
Br. J. Psychiatry 157, 853–859. https://doi.org/10.1192/bjp.157.6.853. 

Burke, K.E., Schnittger, R., Dea, B.O., Buckley, V., Wherton, J.P., Lawlor, B.A., Burke, K. 
E., Schnittger, R., Dea, B.O., Buckley, V., Lawlor, B.A., 2012. Factors associated with 
perceived health in older adult Irish population factors associated with perceived 
health in older adult Irish population. Aging Ment. Health 16, 288–295. https://doi. 
org/10.1080/13607863.2011.628976. 

Cacioppo, J.T., Hawkley, L.C., 2009. Perceived social isolation and cognition. Trends 
Cogn. Sci. https://doi.org/10.1016/j.tics.2009.06.005. 

Cacioppo, J.T., Norris, C.J., Decety, J., Monteleone, G., Nusbaum, H., 2009. In the eye of 
the beholder: individual differences in perceived social isolation predict regional 
brain activation to social stimuli. J. Cogn. Neurosci. 21, 83–92. https://doi.org/ 
10.1162/jocn.2009.21007. 

Cotter, J., Granger, K., Backx, R., Hobbs, M., Looi, C.Y., Barnett, J.H., 2018. Social 
cognitive dysfunction as a clinical marker: a systematic review of meta-analyses 
across 30 clinical conditions. Neurosci. Biobehav. Rev. 84, 92–99. https://doi.org/ 
10.1016/j.neubiorev.2017.11.014. 

Cuthbert, B.N., Insel, T.R., 2013. Toward the Future of Psychiatric Diagnosis: The Seven 
Pillars of RDoC, pp. 1–8. 

De Jong-Gierveld, J., Kamphuls, F., 1985. The development of a Rasch-type loneliness 
scale. Appl. Psychol. Meas. 9, 289–299. https://doi.org/10.1177/ 
014662168500900307. 

de la Torre-Luque, A., de la Fuente, J., Sanchez-Niubo, A., Caballero, F.F., Prina, M., 
Muniz-Terrera, G., Haro, J.M., Ayuso-Mateos, J.L., 2019. Stability of clinically 

relevant depression symptoms in old-age across 11 cohorts: a multi-state study. Acta 
Psychiatr. Scand. https://doi.org/10.1111/acps.13107. 

Dziura, S.L., Thompson, J.C., 2014. Social-network complexity in humans is associated 
with the neural response to social information. Psychol. Sci. 25, 2095–2101. https:// 
doi.org/10.1177/0956797614549209. 

Fadel, B.T.M.D.M., De Carvalho, R.L.S., Dos Santos, T.T.B.A., Dourado, M.C.N., 2018. 
Facial expression recognition in Alzheimer’s disease: a systematic review. J. Clin. 
Exp. Neuropsychol. 00, 1–12. https://doi.org/10.1080/13803395.2018.1501001. 

Folstein, M.F., Folstein, S.E., McHugh, P.R., 1975. Mini-mental State. A practical method 
for grading the cognitive state of patiens for the clinician. J. Psychiatr. Res. 12, 
189–198. https://doi.org/10.1016/0022-3956(75)90026-6. 

Freedman, M., Binns, M.A., Black, S.E., Murphy, C., Stuss, D.T., 2013. Theory of mind 
and recognition of facial emotion in dementia. Alzheimer Dis. Assoc. Disord. 27, 
56–61. https://doi.org/10.1097/wad.0b013e31824ea5db. 

Galderisi, S., Mucci, A., Buchanan, R.W., Arango, C., 2018. Negative symptoms of 
schizophrenia: new developments and unanswered research questions. Lancet 
Psychiatry 5, 664–677. https://doi.org/10.1016/S2215-0366(18)30050-6. 

Green, M.F., Horan, W.P., Lee, J., 2015. Social cognition in schizophrenia. Nat. Rev. 
Neurosci. 16, 620–631. https://doi.org/10.1038/nrn4005. 

Hafner, S., Zierer, A., Emeny, R.T., Thorand, B., Herder, C., Koenig, W., Rupprecht, R., 
Ladwig, K.H., 2011. Social isolation and depressed mood are associated with 
elevated serum leptin levels in men but not in women. Psychoneuroendocrinology 
36, 200–209. https://doi.org/10.1016/j.psyneuen.2010.07.009. 

Harmer, C.J., Dawson, G.R., Dourish, C.T., Favaron, E., Parsons, E., Fiore, M., 
Zucchetto, M., Bifone, A., Poggesi, I., Fernandes, S., Alexander, R.C., Goodwin, G.M., 
2013. Combined NK1 antagonism and serotonin reuptake inhibition: effects on 
emotional processing in humans. J. Psychopharmacol. 27, 435–443. https://doi.org/ 
10.1177/0269881112472558. 

Hawkley, L.C., Cacioppo, J.T., 2010. Loneliness matters: a theoretical and empirical 
review of consequences and mechanisms. Ann. Behav. Med. 40, 218–227. https:// 
doi.org/10.1007/s12160-010-9210-8. 

Haxby, J.V., Hoffman, E.A., Gobbini, M.I., 2002. Human neural systems for face 
recognition and social communication. Biol. Psychiatry 51, 59–67. https://doi.org/ 
10.1016/S0006-3223(01)01330-0. 

Jack, C.R., Bennett, D.A., Blennow, K., Carrillo, M.C., Dunn, B., Haeberlein, S.B., 
Holtzman, D.M., Jagust, W., Jessen, F., Karlawish, J., Liu, E., Molinuevo, J.L., 
Montine, T., Phelps, C., Rankin, K.P., Rowe, C.C., Scheltens, P., Siemers, E., 
Snyder, H.M., Sperling, R., Elliott, C., Masliah, E., Ryan, L., Silverberg, N., 2018. 
NIA-AA Research Framework: toward a biological definition of Alzheimer’s disease. 
Alzheimers Dement. https://doi.org/10.1016/j.jalz.2018.02.018. 

Jaeger, J., 2018. Digit symbol substitution test. The case for sensitivity over specificity in 
neuropsychological testing. J. Clin. Psychopharmacol. 38, 513–519. https://doi.org/ 
10.1097/JCP.0000000000000941. 

Kanai, R., Bahrami, B., Duchaine, B., Janik, A., Banissy, M.J., Rees, G., 2012. Brain 
structure links loneliness to social perception. Curr. Biol. 22, 1975–1979. https:// 
doi.org/10.1016/j.cub.2012.08.045. 

Kas, M.J., Penninx, B., Sommer, B., Serretti, A., Arango, C., Marston, H., 2019. 
A quantitative approach to neuropsychiatry: the why and the how. Neurosci. 
Biobehav. Rev. https://doi.org/10.1016/j.neubiorev.2017.12.008. 

Kay, S.R., Fiszbein, A., Opler, L.A., 1987. The positive and negative syndrome scale 
(PANSS) for schizophrenia. Schizophr. Bull. 13, 261–276. https://doi.org/10.1093/ 
schbul/13.2.261. 

Kim, H.S., Shin, N.Y., Jang, J.H., Kim, E., Shim, G., Park, H.Y., Hong, K.S., Kwon, J.S., 
2011. Social cognition and neurocognition as predictors of conversion to psychosis 
in individuals at ultra-high risk. Schizophr. Res. 130, 170–175. https://doi.org/ 
10.1016/j.schres.2011.04.023. 

Lara, E., Martin-Maria, N., De la Torre-Luque, A., Koyanagi, A., Vancampfort, D., 
Izquierdo, A., Miret, M., 2019. Does loneliness contribute to mild cognitive 
impairment and dementia? A systematic review and meta-analysis of longitudinal 
studies. Ageing Res. Rev. 52, 7–16. https://doi.org/10.1016/j.arr.2019.03.002. 

Sheehan, D.V., Lecrubier, Y., Sheehan, K.H., Amorim, P., Janavs, J., Weiller, E., 
Hergueta, T., Baker, R., Dunbar, G.C., 1998. The Mini-International 
Neuropsychiatric Interview (M.I.N.I): the development and validation of a structured 
diagnostic psychiatric interview for DSM-IV and ICD-10. J. Clin. Psychiatry 59, 
22–33. 

Levine, J., 2020. Clinical convergence of autism, schizophrenia, and Alzheimer’s disease: 
the case of social cognition. In: Neuroprotection in Autism, Schizophrenia and 
Alzheimer’s Disease. Elsevier Inc. https://doi.org/10.1016/b978-0-12-814037- 
6.00002-1 

Lewis, P.A., Rezaie, R., Brown, R., Roberts, N., Dunbar, R.I.M., 2011. Ventromedial 
prefrontal volume predicts understanding of others and social network size. 
Neuroimage 57, 1624–1629. https://doi.org/10.1016/j.neuroimage.2011.05.030. 

Li, B.J., Liu, P., Chu, Z., Shang, Y., Huan, M.X., Dang, Y.H., Gao, C.G., 2017. Social 
isolation induces schizophrenia-like behavior potentially associated with HINT1, 
NMDA receptor 1, and dopamine receptor 2. Neuroreport 28, 462–469. https://doi. 
org/10.1097/WNR.0000000000000775. 

Lopez, M.N., Charter, R.A., Mostafavi, B., Nibut, L.P., Smith, W.E., 2005. Psychometric 
properties of the folstein Mini-Mental State Examination. Assessment 12, 137–144. 
https://doi.org/10.1177/1073191105275412. 

Maat, A., Van Haren, N.E.M., Bartholomeusz, C.F., Kahn, R.S., Cahn, W., 2016. Emotion 
recognition and theory of mind are related to gray matter volume of the prefrontal 
cortex in schizophrenia. Eur. Neuropsychopharmacol. 26, 255–264. https://doi.org/ 
10.1016/j.euroneuro.2015.12.013. 

Mikami, A.Y., Miller, M., Lerner, M.D., 2019. Social functioning in youth with attention- 
deficit/hyperactivity disorder and autism spectrum disorder: transdiagnostic 

A. de la Torre-Luque et al.                                                                                                                                                                                                                    

http://refhub.elsevier.com/S0278-5846(21)00222-0/rf0005
http://refhub.elsevier.com/S0278-5846(21)00222-0/rf0005
https://doi.org/10.1016/j.schres.2015.10.027
https://doi.org/10.1016/j.schres.2015.10.027
https://doi.org/10.1111/sjop.12436
https://doi.org/10.1177/0891988709332939
https://doi.org/10.1177/0891988709332939
https://doi.org/10.1016/j.neubiorev.2018.06.019
https://doi.org/10.1016/j.neubiorev.2018.06.019
https://doi.org/10.1192/bjp.157.6.853
https://doi.org/10.1080/13607863.2011.628976
https://doi.org/10.1080/13607863.2011.628976
https://doi.org/10.1016/j.tics.2009.06.005
https://doi.org/10.1162/jocn.2009.21007
https://doi.org/10.1162/jocn.2009.21007
https://doi.org/10.1016/j.neubiorev.2017.11.014
https://doi.org/10.1016/j.neubiorev.2017.11.014
http://refhub.elsevier.com/S0278-5846(21)00222-0/rf0055
http://refhub.elsevier.com/S0278-5846(21)00222-0/rf0055
https://doi.org/10.1177/014662168500900307
https://doi.org/10.1177/014662168500900307
https://doi.org/10.1111/acps.13107
https://doi.org/10.1177/0956797614549209
https://doi.org/10.1177/0956797614549209
https://doi.org/10.1080/13803395.2018.1501001
https://doi.org/10.1016/0022-3956(75)90026-6
https://doi.org/10.1097/wad.0b013e31824ea5db
https://doi.org/10.1016/S2215-0366(18)30050-6
https://doi.org/10.1038/nrn4005
https://doi.org/10.1016/j.psyneuen.2010.07.009
https://doi.org/10.1177/0269881112472558
https://doi.org/10.1177/0269881112472558
https://doi.org/10.1007/s12160-010-9210-8
https://doi.org/10.1007/s12160-010-9210-8
https://doi.org/10.1016/S0006-3223(01)01330-0
https://doi.org/10.1016/S0006-3223(01)01330-0
https://doi.org/10.1016/j.jalz.2018.02.018
https://doi.org/10.1097/JCP.0000000000000941
https://doi.org/10.1097/JCP.0000000000000941
https://doi.org/10.1016/j.cub.2012.08.045
https://doi.org/10.1016/j.cub.2012.08.045
https://doi.org/10.1016/j.neubiorev.2017.12.008
https://doi.org/10.1093/schbul/13.2.261
https://doi.org/10.1093/schbul/13.2.261
https://doi.org/10.1016/j.schres.2011.04.023
https://doi.org/10.1016/j.schres.2011.04.023
https://doi.org/10.1016/j.arr.2019.03.002
http://refhub.elsevier.com/S0278-5846(21)00222-0/rf0155
http://refhub.elsevier.com/S0278-5846(21)00222-0/rf0155
http://refhub.elsevier.com/S0278-5846(21)00222-0/rf0155
http://refhub.elsevier.com/S0278-5846(21)00222-0/rf0155
http://refhub.elsevier.com/S0278-5846(21)00222-0/rf0155
https://doi.org/10.1016/b978-0-12-814037-6.00002-1
https://doi.org/10.1016/b978-0-12-814037-6.00002-1
https://doi.org/10.1016/j.neuroimage.2011.05.030
https://doi.org/10.1097/WNR.0000000000000775
https://doi.org/10.1097/WNR.0000000000000775
https://doi.org/10.1177/1073191105275412
https://doi.org/10.1016/j.euroneuro.2015.12.013
https://doi.org/10.1016/j.euroneuro.2015.12.013


Progress in Neuropsychopharmacology & Biological Psychiatry 113 (2022) 110463

8

commonalities and differences. Clin. Psychol. Rev. 68, 54–70. https://doi.org/ 
10.1016/j.cpr.2018.12.005. 

Moieni, M., Eisenberger, N.I., 2018. Effects of inflammation on social processes and 
implications for health. Ann. N. Y. Acad. Sci. https://doi.org/10.1111/nyas.13864. 

Montagne, B., Kessels, R.P.C., De Haan, E.H.F., Perrett, D.I., 2007. The emotion 
recognition task: a paradigm to measure the perception of facial emotional 
expressions at different intensities. Percept. Mot. Skills 104, 589–598. https://doi. 
org/10.2466/pms.104.2.589-598. 

Nakagawa, S., Johnson, P.C.D., Schielzeth, H., 2017. The coefficient of determination R2 
and intra-class correlation coefficient from generalized linear mixed-effects models 
revisited and expanded. J. R. Soc. Interface 14, 20170213. https://doi.org/10.1098/ 
rsif.2017.0213. 

Oh, W., Rubin, K.H., Bowker, J.C., Booth-LaForce, C., Rose-Krasnor, L., Laursen, B., 
2008. Trajectories of social withdrawal from middle childhood to early adolescence. 
J. Abnorm. Child Psychol. 36, 553–566. https://doi.org/10.1007/s10802-007-9199- 
z. 

Park, S., Kim, T., Shin, S.A., Kim, Y.K., Sohn, B.K., Park, H.J., Youn, J.H., Lee, J.Y., 2017. 
Behavioral and neuroimaging evidence for facial emotion recognition in elderly 
Korean adults with mild cognitive impairment, Alzheimer’s disease, and 
frontotemporal dementia. Front. Aging Neurosci. 9, 1–17. https://doi.org/10.3389/ 
fnagi.2017.00389. 

Qualter, P., Vanhalst, J., Harris, R., Van Roekel, E., Lodder, G., Bangee, M., Maes, M., 
Verhagen, M., 2015. Loneliness across the life span. Perspect. Psychol. Sci. 10, 
250–264. https://doi.org/10.1177/1745691615568999. 

Rico-Uribe, L.A., Caballero, F.F., Martín-María, N., Cabello, M., Ayuso-Mateos, J.L., 
Miret, M., 2018. Association of loneliness with all-cause mortality: a meta-analysis. 
PLoS One 13, e0190033. https://doi.org/10.1371/journal.pone.0190033. 

Rush, A.J., Trivedi, M.H., Ibrahim, H.M., Carmody, T.J., Arnow, B., Klein, D.N., 
Markowitz, J.C., Ninan, P.T., Kornstein, S., Manber, R., Thase, M.E., Kocsis, J.H., 
Keller, M.B., 2003. The 16-item quick inventory of depressive symptomatology. Biol. 
Psychiatry 54, 573–583. https://doi.org/10.1016/S0006-3223(03)01866-8. 

Sapey-Triomphe, L.A., Heckemann, R.A., Boublay, N., Dorey, J.M., Hénaff, M.A., 
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