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Abstract: The present study aims to identify pathways between psychiatric network symptoms
and psychosocial functioning and their associated variables among functioning clusters
in the general population. A cross-sectional web-based survey was administered in a
total of 3,023 individuals in Brazil. The functioning clusters were derived by a previous
study identifying three different groups based on the online Functioning Assessment
Short Test. Networking analysis was fitted with all items of the Patient-Reported
Outcomes Measurement Information System for depression and for anxiety (PROMIS)
using the mixed graphical model. A decision tree model was used to identify the
demographic and clinical characteristics of good and low functioning. A total of 926
(30.63%) subjects showed good functioning, 1,436 (47.50%) participants intermediate
functioning, and 661 (21.86%) individuals low functioning. Anxiety and uneasy
symptoms were the most important nodes for good and intermediate clusters but
anxiety, feeling of failure, and depression were the most relevant symptoms for low
functioning. The decision tree model was applied to identify variables capable to
discriminate individuals with good and low functioning. The algorithm achieved
balanced accuracy 0.75, sensitivity 0.87, specificity 0.63, positive predictive value 0.63
negative predictive value 0.87 (p<0.001), and an area under the curve of 0.83
(95%CI:0.79-0.86, p<0.01). Our results show that individuals who present
psychological distress are more likely to experience poor functional status, suggesting
that this subgroup should receive a more comprehensive psychiatric assessment and
mental health care.
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e In the networking analysis, the most important nodes for good and intermediate functioning
clusters were anxiety and uneasy symptoms. The relevant nodes for low functioning cluster were
anxiety, feeling of failure, and depression.

e Our machine learning-based decision tree showed the low functioning cluster split into two parts:
1) subjects with symptoms of severe mental illness plus low income; 2) individuals with
symptoms of severe mental illness plus age (<46 years old) plus middle income.

e The majority of good functioning cluster did not have any psychiatric symptoms .
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Abstract

The present study aims to identify pathways between psychiatric network symptoms and psychosocial
functioning and their associated variables among functioning clusters in the general population. A cross-
sectional web-based survey was administered in a total of 3,023 individuals in Brazil. The functioning
clusters were derived by a previous study identifying three different groups based on the online
Functioning Assessment Short Test. Networking analysis was fitted with all items of the Patient-Reported
Outcomes Measurement Information System for depression and for anxiety (PROMIS) using the mixed
graphical model. A decision tree model was used to identify the demographic and clinical characteristics
of good and low functioning. A total of 926 (30.63%) subjects showed good functioning, 1,436 (47.50%)
participants intermediate functioning, and 661 (21.86%) individuals low functioning. Anxiety and uneasy
symptoms were the most important nodes for good and intermediate clusters but anxiety, feeling of
failure, and depression were the most relevant symptoms for low functioning. The decision tree model
was applied to identify variables capable to discriminate individuals with good and low functioning. The
algorithm achieved balanced accuracy 0.75, sensitivity 0.87, specificity 0.63, positive predictive value
0.63 negative predictive value 0.87 (p<0.001), and an area under the curve of 0.83 (95%CI:0.79-0.86,
p<0.01). Our results show that individuals who present psychological distress are more likely to
experience poor functional status, suggesting that this subgroup should receive a more comprehensive
psychiatric assessment and mental health care.

Keywords: psychiatric symptoms, functioning, web survey, network analysis, machine learning.



1. Introduction

Depressive and anxious symptoms can commonly co-occur in a more severe psychopathological
clinical presentation (Hirschfeld, 2001; Schoevers et al., 2005), associated with chronically persisting
diminished health status and quality of life (Sherbourne et al., 1996). Particularly, they have been seen to
be commonly associated with severe limitations in daily life (De Silva et al., 2013), both in psychiatric
patients and in those suffering from a medical condition (Bishop et al., 2019; Shen et al., 2019). There is
a possible overlap between depressive and anxiety disorders, probably relying on shared brain
mechanisms and genes, as highlighted by shared treatment effects (Goodwin, 2015). In a study assessing
the symptoms’ structure of major depression, an agitation factor characterized by anxiety, helplessness,
guilt, and irritability was found together with a general depressive symptom factor (Bares et al., 2011; Li
et al., 2014). Nonetheless, another factor analysis examining the structure of anxiety and depression
symptoms among adolescents revealed that two separated factors, one for depression and the other one
for anxiety, were identified, underlying that even though the constructs of anxiety and depression have
similar emotional features, they actually represent separate entities (Bares et al., 2011).

Furthermore, a systematic review of factor analyses in subjects with MDD showed two main
dimensions of depressive symptoms: depressed mood and interest loss (van Loo et al., 2022, 2012) while
Han-Chinese women with MDD identified a general depressive symptom factor and a guilt/suicidality
factor as the two important dimensions (Li et al., 2014). More recently, it has been shown that cognitive
and attitudinal changes such as worthlessness, hopelessness, and anxiety (identified as part of the
cognitive affective dimensions) were the most important aspects to be considered to screen psychiatric
conditions in general populations while sleep, appetite, and weight problems were strongly associated
with age and body mass index (van Loo et al., 2022). These findings suggest the nature of symptom
dimension may reflect a different structure and meaning, when evaluated in a clinical sample or in the
general population. Additionally, another interesting aspect is to evaluate the clinical relevance of the
symptom dimensions in terms of outcome, i.e. to examine the association between distinct dimension and
psychosocial functioning.

Symptoms of depression and anxiety can often be accompanied by functional impairment (Malhi
and Mann, 2018). One of the reasons for this is that there is a direct relationship between the number and
severity of symptoms and an increased probability of functional impairment (Malhi and Mann, 2018).

The development of evidence-based interventions focused on psychosocial functioning improvement has
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been suggested as a key for clinical recovery and the return of individuals to a previous performance at
home, work, and/or school (Kamenov et al., 2017). Nevertheless, it is crucial to understand how
depressive and anxious symptoms interacts among subjects with different levels of psychosocial
impairment. In the light of these ideas, network analysis is an integrative approach to understanding
psychopathological symptoms, as mental disorders can occur due to feedback loops between symptoms
(Borshoom and Cramer, 2013). Thus, it is possible to build a mathematical model capable of mimicking
the dynamics of symptoms (Borsboom and Cramer, 2013). From the network perspective, recognizing
strong and weak links in a symptom network can provide a clinical opportunity to treat a person focused
on their strong nodes, breaking the network and preventing a new mood episode for example (Borsboom
and Cramer, 2013). A recent network analysis study found that anxiety symptoms have a high network
centrality and a strong association with mood symptoms among individuals with major depression (Feiten
et al., 2021). In particular, psychomotor symptoms (such as impaired motor skills, restlessness and
inability to relax) presented a high bridge betweenness among the disorders (Wang et al., 2020).
Considering that depressive and anxious symptoms have also been consistently associated with
functional impairment in psychiatric patients (Batterham et al., 2021; Zakeri et al., 2021), we aimed to
identify pathways between psychiatric symptoms and psychosocial functioning in the general population.
For that aim, we analyzed the network structure of the anxious and depressive symptoms’ presentation of
those participants with low versus intermediate versus those with a good psychosocial functioning.
Finally, we developed a decision tree model to identify the clinical characteristics of good and low

functioning.

2. Material and Methods
2.1 Participants

We administered a cross-sectional web-based survey using an anonymous online questionnaire
available via social networks (Facebook, Instagram, WhatsApp, and Twitter) through shares, likes and
comments without using paid traffic, that is, we used a convenience sampling strategy to target the adult
Brazilian population. A total of 4,460 subjects started the questionnaire (response rate: 67.78%). The data
were collected between May 20th and September 13th in 2020 in Brazil. The online questionnaire
consisted of sociodemographic items (gender, age, income, education level), compliance to social

distancing measures, assessment of previous psychiatric disorders, psychosocial functioning, and the
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severity of depression and anxiety. Online informed consent was obtained from the participants. The
study was approved by the local ethics committee. All data was kept confidential in a password-protected
computer. There was neither financial compensation for participation nor any penalty for not
participating.
2.2 Assessments
2.2.1 Psychosocial functioning

The Functioning Assessment Short Test (FAST) was used to assess multiple areas of functioning,
namely, autonomy, work, cognition, finance, interpersonal relationships and leisure (Rosa et al., 2007).
Items in each domain were rated on a four-point scale, ranging from 0 (no difficulty) to 3 (severe
difficulty), based on the two weeks prior to survey participation. The total score is the sum of each item
(24 in total), and a higher score indicates worse functioning. The FAST is a transdiagnostic scale,
validated in distinct clinical samples and available in several languages. Both the clinician- and the self-
administrated versions have been validated (Bonnin et al., 2018; Cacilhas et al., 2009; Rosa et al., 2007).
For the purposes of the present study, we used the online self-reported FAST scale that has been validated
in a sample of Brazilian population, presenting a satisfactory psychometric property (Serafim et. al.
2022).

2.2.2 Psychiatric assessment

The severity of psychiatric symptoms was measured as follows:
I.  The Patient-Reported Outcomes Measurement Information System (PROMIS) for depression
(PROMIS Short Form v1.0 - Depression 8a) assesses negative mood (sadness, guilt), views of self (self-
criticism, worthlessness), and social cognition (loneliness, interpersonal alienation), as well as decreased
positive affect and engagement (loss of interest, meaning, and purpose).
Il. The PROMIS Anxiety Short Form assesses self-reported fear (fearfulness, panic), anxious misery
(worry, dread), hyperarousal (tension, nervousness, restlessness), and somatic symptoms related to
arousal (racing heart, dizziness). Each of the PROMIS tools used consists of an 8-item questionnaire that
assesses symptoms over the previous seven days, with items rated on a 5-point scale (1=never; 2=rarely;
3=sometimes; 4=often; 5=always). In the PROMIS depression questionnaire, the respondents were
presented with the following statements: “In the past 7 days...1) | felt worthless; 2) | felt helpless; 3) |
felt depressed; 4) | felt hopeless; 5) I felt like a failure; 6) I felt unhappy; 7) I felt that | had nothing to

look forward;
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8) | felt that nothing could cheer me up”. In the PROMIS anxiety questionnaire, the respondents were
presented with the following statements: “In the past 7 days...1) | felt fearful; 2) | found it hard to focus
on anything other than my anxiety; 3) My worries overwhelmed me; 4) | felt uneasy; 5) I felt nervous; 6)
| felt like 1 needed help for my anxiety; 7) | felt anxious; 8) I felt tense”. All PROMIS scores are presented
as T-scores calculated by the Health Measures Scoring Service
(https://www.assessmentcenter.net/ac_scoringservice) from the raw sum score, using T-scores from the
general population of the United States. The T-score is a standardized score, with a mean of 50 and a
standard deviation of 10. For depression and anxiety, a T-score lower or equal to 55 indicates no
significant symptoms, scores between 55 and 60 indicate mild symptoms, scores between 60 and 70
indicate moderate symptoms, and severe symptoms are identified if scores range between 70 and 83 for
depression and between 70 to 81 for anxiety. For the purpose of our study, we classified both PROMIS
depression and anxiety T-scores into two categories of severity: no significant/mild symptoms
(normal/mild symptoms) and moderate/severe symptoms.

I1l. For a general assessment of mental health, we used the DSM-5 Self-Rated Level 1 Cross- Cutting
Symptom Measure, which assesses 13 psychiatric domains (depression, anger, mania, anxiety, somatic
symptoms, sleep problems, memory, repetitive thoughts and behaviors, dissociation, personality
function, suicidal ideation, psychosis, and substance use) over the previous 2 weeks. This tool has been
used as a screening tool to assess the dimensional nature of mental health issues. Respondents indicate
how much (or how often) they have been bothered by each symptom in the prior two weeks using a five-
point response scale (1: none - not at all; 2: slight - rare, less than a day or two; 3: mild - several days;
4: moderate - more than half the days; 5: severe - nearly every day). Each item is rated on a 5-point Likert
scale (0=none or not at all; 1=slightly rare, less than a day or two; 2= mild or several days; 3= moderate
or more than half the days; and 4= severe or nearly every day). A rating of mild (i.e, 2) or greater on any
item within a domain, or in the case of substance use, suicidal ideation, and psychosis, a rating of slight
(i.e. 1) or greater, indicates symptomatology in this domain requiring further assessment. An operational
clinical definition of severe mental illness, which represented a proxy for a diagnosis posed on the basis
of a psychiatric interview, was used in order to assess the relevance of severe mental illness in our models.
According to the definition of severe mental illness, we aggregated the items depression, mania, and
psychosis into a variable (yes or no). The participants who required further assessment in all the three
symptoms based on DSM-5 Self-Rated Level 1 Cross-Cutting Symptom Measure were classified as

presenting symptoms of severe mental illness.
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2.3 Statistical analysis
2.3.1 Cluster analysis

We converted all functioning domains into Z-score using the whole sample size. Afterwards, we
performed the Partition Around Medoids (PAM) algorithm (Schubert and Rousseeuw, 2019) to identify
functioning clusters of subjects (package “fpc”, version 2.2-9). We applied the Gower’s distance to
calculate the dissimilarities between pairs of subjects. We determined the optimal number of clusters
through Gap statistic method (package “factoextra”, version 1.0.7). Then, we performed a discriminant
function analysis (DFA) (package “MASS”, version 7.3-51.6) to confirm the clusters retained, and to
investigate the predictive power of the clustering of each individual’s functioning domain to the
functioning subgroup. The cluster analysis is useful to identify subgroups within a sample. The cluster
algorithm is an unsupervised machine learning technique which gathers participants based on their
similarities and split them according to their dissimilarities. Additionally, we applied the PAM algorithm
instead of other clustering methods as it is one of the most robust techniques to deal with noise and
outliers (Schubert and Rousseeuw, 2019). We used R software (version 4.0.2) and RStudio (version
3.5.3) for all analyses.
2.3.2 Networking analysis

After that, we performed the network analysis with all items of the PROMIS for depression and
for anxiety applying Gaussian Markov random field estimation and graphical Least Absolute Shrinkage
and Selection Operator (LASSO) regression with extended Bayesian information criterion to select
optimal regularization parameter and avoid spurious connections among nodes through “bootnet”
(version 1.4.3) and “qgraph” (version 1.9.2) packages (Costantini et al., 2015; Epskamp et al., 2018,
2012). The network structure has some centrality indices such as strength, closeness, and betweenness
(Opsahl et al., 2010). We calculated the centrality indices through the package “qgraph” (version 1.6.5).
The strength quantifies the direct connection of a node (symptom) to other ones, i.e., measures the
importance of a node in the network. Closeness assesses how well a node is connecting to the other nodes
indirectly. Betweenness measures the number of times the shortest path between two nodes passes
through a given node, that is, betweenness indicates the importance of a node as a link among others
(Opsahl et al., 2010). After that, we verified the stability of the centrality indices, we performed a case-

dropping bootstrap network estimation method with 1,000 repetitions with correlation stability
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coefficient (CS-coefficient) (package “bootnet”, version 1.4.3). The CS-coefficient calculates a
correlation between the original network and the network with less cases (Epskamp et al., 2018). This
metric should not be below 0.25 and preferably above 0.5 (Epskamp et al., 2018). We performed three
network comparison tests (package "NetworkComparisonTest", version 2.2.1) with 1,000 permutations
and False Discovery Rate (FDR) as a post-hoc test for multiple comparison to estimate the difference
between good functioning vs. intermediate functioning, good functioning vs. low functioning, and
intermediate functioning vs. low functioning. The network comparison test is an advanced and useful
methodology to assesses the difference between two networks by using several invariance metrics such
as network structure invariance (networks are the same) and global strength invariance (the sum of all
connection weights is equal)(Feiten et al., 2021; Isvoranu et al., 2022; van Borkulo et al., 2022).

2.3.3 Decision tree algorithm

We used Recursive Partitioning and Regression Trees (RPART) algorithm (package “rpart”,
version 4.1.15; “rpart.plot”, version, 3.1.1) to identify the clinical characteristics of subjects with good
and low functioning in the general population (Strobl et al., 2009). That algorithm is a machine learning
method that considers all predictors but it automatically selects the best variable to discriminate the
group. Besides that, RPART shows the importance of variables graphically, in which the variables on
top are the most relevant to classify the groups with their respective cut-offs (Rhys, 2020). The beginning
of the tree is called the root and then, at each branch, the algorithm chooses the best variable to
discriminate a group. That technique is useful to identify complex nonlinear relations between variables
and outcomes (Lantz, 2013). For this reason, RPART algorithm has some advantages: 1) automatically
selects important variables and determines cut-offs according to data; 2) handles both categorical and
continuous variables; 3) produces an output that it is easy to understand because it is a white box model
(Rabelo-da-Ponte et al., 2020).

We included just the good and low functioning clusters into the decision tree model because they
are the most contrasting groups and because the algorithm performs better using dichotomous outcomes
rather than multiclass outcomes. We inserted the following variables in the model: gender (male or
female), income (in Brazilian real-BRL,high, BRL >10,386.52; middle, BRL >2,965.69-10,386.52; or
low income, BRL <708.19-2,965.69), symptoms of severe mental illness (yes or no), educational level
(less than high school/postsecondary non-tertiary education or undergraduate/graduate level), and age.
We included those variables because they are highly associated psychosocial functioning (Crossley et
al., 2022; Dalsgaard et al., 2020a, 2020b; Frey et al., 2020). Among subjects with good and low
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functioning, we split our dataset into training (70%) and test the dataset (30%) randomly (“caret”, version
6.0-91). After that, we used a standard machine-learning protocol with 10-fold cross-validation to
evaluate the model’s performance. Then, we tested the decision tree model in the test dataset and the
model performance was calculated based on balanced accuracy, sensitivity, specificity, the positive
predictive value, the negative predictive value, and the area under the receiver operating characteristic
(ROC) curve (AUC) (package “pROC”, version 1.18). It is important to highlight that we deleted missing

data since all algorithms do not handle missing values.

3. Results

3.1 Networking analysis among three different functional clusters

A total of 3,023 individuals completed the survey. The sample was composed mostly by female
gender (84,1%, n=2,543), and the mean age was 34,28 years (18-79). Most participants had low (35,5%,
n=1,074) or middle (46,1%, n=1,395) income, and higher educational level (57%, n=1,723). Most
subjects had no symptoms of severe mental illness (90,5%, n=2,736). Among the total sample, 926
(30.63%) subjects showed good functioning, 1,436 (47.50%) were classified as intermediate functioning,
and 661 (21.86%) were participants with low functioning. The symptom networks among the functioning
clusters displayed different patterns (Fig. 1) and networks achieved a good stability (Supplementary
figure 1). In the good functioning cluster, the CS-coefficient achieved 0.55, 0.59, and 0.69 of
betweenness, closeness, and strength, respectively. In relation to the intermediate cluster, this metric had
0.58, 0.61, and 0.75 of betweenness, closeness, and strength, respectively. The CS-coefficient values for
betweenness, closeness, and strength were 0.36, 0.33, and 0.69, respectively, in the low functioning

cluster.

In relation to the network comparison test, the global strength between good functioning (7.54)
and intermediate functioning (7.51) showed no difference between them (0.03, p=0.81) and no statistical
difference for network structure invariance (0.12, p=0.19). In the second comparison, there was no
difference in global connectivity (0.28, p=0.07) between intermediate functioning (7.51) and low
functioning (7.22) nor in network structure invariance (0.1, p=0.63). However, there was a statistical
difference in global strength (0.32, p<0.05) between good functioning and low functioning. The network

structure invariance is the same among them (0.14, p=0.2).

Anxiety and uneasy symptoms were the first and second most central nodes in the strength



measurements in the good and intermediate functioning clusters. In these clusters, uneasy feeling and
depressive mood presented the highest connection weight in terms of betweenness and closeness. In the
low functioning cluster, anxiety was also the most central node, followed by feelings of failure, while the

connection with the highest weight was between depressed mood and anxiety (Fig. 2).

3.2Decision tree algorithm

The decision tree model achieved balanced accuracy 0.75, sensitivity 0.87, specificity 0.63,
positive predictive value 0.63, and negative predictive value 0.87 (p<0.001). Furthermore, the model had
an AUC of 0.83 (10-fold cross-validation; 95% CI 0.79-0.86, p<0.01) (Supplementary figure 2). Among
all variables inserted in the model, educational status and gender were not selected by the decision tree
algorithm (Fig. 3). The split criterion is indicated in each decision node. The most important variable was
having symptoms of severe mental illness, which split the root node into two branches (no symptoms of
severe mental illness for the good functioning subgroup and with severe mental illness for the low
functioning cluster). The second most relevant variable was economic status followed by age and
economic status again. Having symptoms of severe mental illness and low income classified a portion of
individuals with low functioning cluster (30%) as long as severe mental illness, age less than 46 years-
old and middle income classified another portion of individuals with low functioning (26%). Thus, these
results revealed that at least 76% of the patients with symptoms of severe mental illness showed low
functioning.

Nevertheless, individuals with good functioning had three different splits. One of them, they were
participants without symptoms of severe mental illness (27%). Another portion had symptoms of severe
mental illness, high/middle income and were older (> 46 years of age) (9%) but the last portion of the
same cluster were younger (< 46 years of age) and high income (6%).

4. Discussion

In the present study, we estimated three networks of anxiety and depression symptoms from three
functioning clusters (good, intermediate and low functioning) in the general population. Additionally, we
used a machine learning-based decision tree algorithm to identify variables related to good and low
functioning. Our major findings were: 1. Individuals with good psychosocial functioning displayed
anxiety and distress symptoms as central nodes whilst individuals presenting worst psychosocial

functioning presented anxiety and feeling of failure as the most relevant nodes of their



psychopathological condition; 2. Specific characteristics were associated with the low functioning
cluster; having symptoms of severe mental illness and low income whilst another portion of individuals
were younger than 46 years old and had middle income. Accordingly, the most important variable that
differentiated individuals with good or low psychosocial functioning was having symptoms of severe
mental illness. The second most relevant variable was economic status followed by age. Finally, younger
individuals with lower income presented lower psychosocial functioning.

As for the association between psychopathological symptoms and psychosocial functioning, it is
well-known that both anxious and depressive symptoms affect psychosocial functioning. In the present
study, those individuals that presented low psychosocial functioning reported anxiety and feeling of
failure that resulted to be the most relevant nodes of the specific network analysis. Accordingly, a
previous study identified that 85% of patients suffering from major depressive disorders (MDD) reported
feelings of inadequacy and self-blaming emotions as the most bothersome symptoms (Zahn et al., 2015).
Interestingly, a research identified that self-blame was the depressive symptom most associated with
difficulties in close relationships, the domain of psychosocial functioning identifying impairment in
interpersonal relationships (Fried and Nesse, 2014). Network analysis allows gaining insights into the
complex nature of co-occurring symptoms and symptom dimensions, and mainly identifying core
symptoms. In the present study, we identified that the connections between and among symptoms differ
depending on the psychosocial functioning of the individuals. As a consequence, the present findings can
be used to guide the clinical evaluation and possible interventions based on the identification of core
symptoms of anxiety and depression and functioning clusters. Mainly, these findings pointed at the
importance of providing Psychiatry care at people presenting anxiety and depressive feelings, particularly
feelings of failure, in order to improve their psychosocial functioning, which is, together with symptom
severity, one of the most important aspect in psychiatry, allowing better quality of life and functional
lives for people suffering from psychiatric conditions.

Noteworthy, the decision tree model identified that low functioning was associated with having
symptoms of a severe mental illness (such as symptoms of bipolar disorder, MDD and psychosis).
Among psychiatric disorders, the first cause of disease burden is depression, followed by schizophrenia
as the third cause and BD is the 5™ leading cause (Vigo et al., 2016). Among mental and neurological
disorders, the highest amount of DALY is attributable to MDD whilst schizophrenia and BD are the 7"
and 8" causes, respectively (Catala-Lopez et al., 2013).

Furthermore, the decision tree model reported that low functioning was associated with younger
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age and low income. As for the association between age and functioning, previous literature assessing
functional outcomes in different study populations identified that younger age was generally
characterized by worse psychosocial functioning (Moser et al., 2013; Rapoport and Feinstein, 2001).
Similarly, younger age was strongly associated with higher severity of psychiatric symptoms such as
depression, anxiety, and stress in the Brazilian population (Goularte et al., 2021). In another study,
significant improvements in social functioning and general mental health were identified with increasing
age (Hemingway et al., 1997). Even with mental disorder and being younger (<46 years old), having
middle income had association with low functioning, compared to those with high income who had good
functioning.

Finally, income was an important variable associated with poor psychosocial functioning since work
ability tends to decrease after 46 years of age. However, not all individuals are affected to the same
extent, and those with low-income families, that unfortunately represent a huge part of population in
developing countries like Brazil, were specially affected and those should be protected from the effects
of socioeconomic adversities (Rocha et al., 2021). Our results are in line with previous studies that have
shown the impact of socioeconomic status on cognitive functioning and psychological well-being, in
particular, in those individuals with certain degree of psychopathology (Czepielewski et al., 2022).

The interpretation of the results of the present study should be taken in light of the following
limitations. First, we used an online survey with a convenience sample method that may not be a
representative sample of the total Brazilian general population. Second, all outcomes were self- reported
instead of evaluated by a clinician. Third, this study was conducted during the COVID-19 pandemic,
which may have some influence on result interpretations. Fourth this is a cross-sectional study and did
not provide causal evidence of risk factors and mental health outcomes found in our study. Finally,
psychiatric symptoms and functional status were self- reported assessment instead of evaluated by a
clinician. Since it is an online cross-sectional study, we cannot provide a diagnosis based on a psychiatric
evaluation and we could not assess the diagnoses longitudinally. It is for this reason that in our study we
used an operational clinical definition of severe mental illness, which represented a proxy for a diagnosis
based on a psychiatric interview. Although this does not represent a formal psychiatric diagnosis, it
suggests a certain degree of psychological distress. Through the identification of psychiatric diagnoses
proxies that allowed a screening of the mental health status of the general population, we would like to
point out that a poor psychosocial functioning was associated with psychological distress in the general

population and psychiatric help should be provided to the general population, to those who were younger
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and with a lower income.

In conclusion, this study identifies pathways between psychopathology and functional impairment
and is the first to conduct an assessment of anxious and depressive symptoms and their network structure
in relation with distinct levels of the specific grade of psychosocial functioning among a consistent
sample of the Brazilian general population. Furthermore, it provides useful indications to the
governments on which are those factors that should be addressed in order to reduce functional

impairment, specifically socio-economic issues and mental health.
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© Anxiety
© Depression

Figure 1. Networks of symptoms among three functioning clusters. A) Network of
symptoms for subjects with good functioning. B) Network of symptoms for participants with
intermediate functioning. C) Network of symptoms for subjects with low functioning. Each
node represents a Reported Outcomes Measurement Information System (PROMIS) item
using the mixed graphical model. Different color nodes represent different PROMIS
domains. Blue lines indicate a positive association between two symptoms. Thicker edges
represent stronger associations and thinner edges mean weaker association. The meaning of
acronyms for depressive symptoms: worthless — I felt worthless; helpless — 1 felt helpless;
depressed — | felt depressed; hopeless — | felt hopeless; failed — | felt like a failure;
unhappy — | felt unhappy; no_future — 1 felt that | had nothing to look forward; unmotivat
— | felt that nothing could cheer me up”. The meaning of acronyms for anxious symptom:
fearful

— | felt fearful; innatentive — | found it hard to focus on anything other than my anxiety;
Worried — My worries overwhelmed me; uneasy — | felt uneasy; nervous — | felt nervous;
need_help — | felt like | needed help for my anxiety; anxious — | felt anxious; Tense — |

felt tense”.


https://www.editorialmanager.com/neupsy/download.aspx?id=311907&guid=4387970b-bdea-4393-86a5-afe93adff003&scheme=1




Figure 2
2.docx

Click here to access/download;Figure(s);Figure

A) B) C)
Strength Strength Strength Betweenness Closeness
worthless worthless 4 worthless
worri / worried worried
unmotivat 3 unmotivat unmotivat
unhappy 1 unhappy 1 unhappy
uneasy uneasyq uneasy
tense tense 7 tense
no_future 4 no_future 4 no_future
nervous 1 nevous-| nervous
need_help need_help 1 need_help
- /
inattentive - inattentive - inattentive 4
hopeless - hopeless hopeless
helpless helpless 1 helpless
fearful { fearful | fearful
failed { failed | failed b
depressed | depressed depressed \X
anxious amious;) anxious
2 1 0 1 0 1 2 0

Figure 2. Centrality measures among three functioning clusters. A) Centrality measures of symptoms for subjects with good
functioning. B) Centrality measures of symptoms for participants with intermediate functioning. C) Centrality measures of symptoms
for subjects with low functioning. Each node represents a Reported Outcomes Measurement Information System (PROMIS) item using
the mixed graphical model. The meaning of acronyms for depressive symptoms: worthless — | felt worthless; helpless — | felt helpless;
depressed — | felt depressed; hopeless — | felt hopeless; failed — 1 felt like a failure; unhappy — | felt unhappy; no_future — | felt that
I had nothing to look forward; unmotivat — 1 felt that nothing could cheer me up”. The meaning of acronyms for anxious symptom:

fearful — | felt fearful; innatentive — |
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Figure 3. Decision tree using RPART algorithm to identify the clinical characteristics
of subjects with good and low functioning in the general population. Each node shows
three information: 1) the predicted class (good or low functioning); 2) the predicted

probability of the predicted class; 3) the percentage of observation at the node in relation

to the entire sample size.
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Highlights

e In the networking analysis, the most important nodes for good and intermediate functioning
clusters were anxiety and uneasy symptoms. The relevant nodes for low functioning cluster were
anxiety, feeling of failure, and depression.

e Our machine learning-based decision tree showed the low functioning cluster split into two parts:
1) subjects with symptoms of severe mental illness plus low income; 2) individuals with
symptoms of severe mental illness plus age (<46 years old) plus middle income.

e The majority of good functioning cluster did not have any psychiatric symptoms .
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Abstract

The present study aims to identify pathways between psychiatric network symptoms and psychosocial
functioning and their associated variables among functioning clusters in the general population. A cross-
sectional web-based survey was administered in a total of 3,023 individuals in Brazil. The functioning
clusters were derived by a previous study identifying three different groups based on the online
Functioning Assessment Short Test. Networking analysis was fitted with all items of the Patient-Reported
Outcomes Measurement Information System for depression and for anxiety (PROMIS) using the mixed
graphical model. A decision tree model was used to identify the demographic and clinical characteristics
of good and low functioning. A total of 926 (30.63%) subjects showed good functioning, 1,436 (47.50%)
participants intermediate functioning, and 661 (21.86%) individuals low functioning. Anxiety and uneasy
symptoms were the most important nodes for good and intermediate clusters but anxiety, feeling of
failure, and depression were the most relevant symptoms for low functioning. The decision tree model
was applied to identify variables capable to discriminate individuals with good and low functioning. The
algorithm achieved balanced accuracy 0.75, sensitivity 0.87, specificity 0.63, positive predictive value
0.63 negative predictive value 0.87 (p<0.001), and an area under the curve of 0.83 (95%CI:0.79-0.86,
p<0.01). Our results show that individuals who present psychological distress are more likely to
experience poor functional status, suggesting that this subgroup should receive a more comprehensive
psychiatric assessment and mental health care.

Keywords: psychiatric symptoms, functioning, web survey, network analysis, machine learning.



1. Introduction

Depressive and anxious symptoms can commonly co-occur in a more severe psychopathological
clinical presentation (Hirschfeld, 2001; Schoevers et al., 2005), associated with chronically persisting
diminished health status and quality of life (Sherbourne et al., 1996). Particularly, they have been seen to
be commonly associated with severe limitations in daily life (De Silva et al., 2013), both in psychiatric
patients and in those suffering from a medical condition (Bishop et al., 2019; Shen et al., 2019). There is
a possible overlap between depressive and anxiety disorders, probably relying on shared brain
mechanisms and genes, as highlighted by shared treatment effects (Goodwin, 2015). In a study assessing
the symptoms’ structure of major depression, an agitation factor characterized by anxiety, helplessness,
guilt, and irritability was found together with a general depressive symptom factor (Bares et al., 2011; Li
et al., 2014). Nonetheless, another factor analysis examining the structure of anxiety and depression
symptoms among adolescents revealed that two separated factors, one for depression and the other one
for anxiety, were identified, underlying that even though the constructs of anxiety and depression have
similar emotional features, they actually represent separate entities (Bares et al., 2011).

Furthermore, a systematic review of factor analyses in subjects with MDD showed two main
dimensions of depressive symptoms: depressed mood and interest loss (van Loo et al., 2022, 2012) while
Han-Chinese women with MDD identified a general depressive symptom factor and a guilt/suicidality
factor as the two important dimensions (Li et al., 2014). More recently, it has been shown that cognitive
and attitudinal changes such as worthlessness, hopelessness, and anxiety (identified as part of the
cognitive affective dimensions) were the most important aspects to be considered to screen psychiatric
conditions in general populations while sleep, appetite, and weight problems were strongly associated
with age and body mass index (van Loo et al., 2022). These findings suggest the nature of symptom
dimension may reflect a different structure and meaning, when evaluated in a clinical sample or in the
general population. Additionally, another interesting aspect is to evaluate the clinical relevance of the
symptom dimensions in terms of outcome, i.e. to examine the association between distinct dimension and
psychosocial functioning.

Symptoms of depression and anxiety can often be accompanied by functional impairment (Malhi
and Mann, 2018). One of the reasons for this is that there is a direct relationship between the number and
severity of symptoms and an increased probability of functional impairment (Malhi and Mann, 2018).

The development of evidence-based interventions focused on psychosocial functioning improvement has
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been suggested as a key for clinical recovery and the return of individuals to a previous performance at
home, work, and/or school (Kamenov et al., 2017). Nevertheless, it is crucial to understand how
depressive and anxious symptoms interacts among subjects with different levels of psychosocial
impairment. In the light of these ideas, network analysis is an integrative approach to understanding
psychopathological symptoms, as mental disorders can occur due to feedback loops between symptoms
(Borshoom and Cramer, 2013). Thus, it is possible to build a mathematical model capable of mimicking
the dynamics of symptoms (Borsboom and Cramer, 2013). From the network perspective, recognizing
strong and weak links in a symptom network can provide a clinical opportunity to treat a person focused
on their strong nodes, breaking the network and preventing a new mood episode for example (Borsboom
and Cramer, 2013). A recent network analysis study found that anxiety symptoms have a high network
centrality and a strong association with mood symptoms among individuals with major depression (Feiten
et al., 2021). In particular, psychomotor symptoms (such as impaired motor skills, restlessness and
inability to relax) presented a high bridge betweenness among the disorders (Wang et al., 2020).
Considering that depressive and anxious symptoms have also been consistently associated with
functional impairment in psychiatric patients (Batterham et al., 2021; Zakeri et al., 2021), we aimed to
identify pathways between psychiatric symptoms and psychosocial functioning in ren-chnical-samplethe

general population. For that aim, we analyzed the network structure of the anxious and depressive

symptoms’ presentation of those participants with low versus intermediate versus those with a good
psychosocial functioning. Finally, we developed a decision tree model to identify the clinical

characteristics of good and low functioning.

2. Material and Methods
2.1 Participants

We administered a cross-sectional web-based survey using an anonymous online questionnaire
available via social networks (Facebook, Instagram, WhatsApp, and Twitter) through shares, likes and
comments without using paid traffic, that is, we used a convenience sampling strategy to target the adult
Brazilian population. A total of 4,460 subjects started the questionnaire (response rate: 67.78%). The data
were collected between May 20th and September 13th in 2020 in Brazil. The online questionnaire
consisted of sociodemographic items (gender, age, income, education level), compliance to social

distancing measures, assessment of previous psychiatric disorders, psychosocial functioning, and the
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severity of depression and anxiety. Online informed consent was obtained from the participants. The
study was approved by the local ethics committee. All data was kept confidential in a password-protected
computer. There was neither financial compensation for participation nor any penalty for not
participating.
2.2 Assessments
2.2.1 Psychosocial functioning

The Functioning Assessment Short Test (FAST) was used to assess multiple areas of functioning,
namely, autonomy, work, cognition, finance, interpersonal relationships and leisure (Rosa et al., 2007).
Items in each domain were rated on a four-point scale, ranging from 0 (no difficulty) to 3 (severe
difficulty), based on the two weeks prior to survey participation. The total score is the sum of each item
(24 in total), and a higher score indicates worse functioning. The FAST is a transdiagnostic scale,
validated in distinct clinical samples and available in several languages. Both the clinician- and the self-
administrated versions have been validated (Bonnin et al., 2018; Cacilhas et al., 2009; Rosa et al., 2007).
For the purposes of the present study, we used the online self-reported FAST scale that has been validated
in a sample of Brazilian population, presenting a satisfactory psychometric property (Serafim et. al.
2022).

2.2.2 Psychiatric assessment

The severity of psychiatric symptoms was measured as follows:
I.  The Patient-Reported Outcomes Measurement Information System (PROMIS) for depression
(PROMIS Short Form v1.0 - Depression 8a) assesses negative mood (sadness, guilt), views of self (self-
criticism, worthlessness), and social cognition (loneliness, interpersonal alienation), as well as decreased
positive affect and engagement (loss of interest, meaning, and purpose).
Il. The PROMIS Anxiety Short Form assesses self-reported fear (fearfulness, panic), anxious misery
(worry, dread), hyperarousal (tension, nervousness, restlessness), and somatic symptoms related to
arousal (racing heart, dizziness). Each of the PROMIS tools used consists of an 8-item questionnaire that
assesses symptoms over the previous seven days, with items rated on a 5-point scale (1=never; 2=rarely;
3=sometimes; 4=often; 5=always). In the PROMIS depression questionnaire, the respondents were
presented with the following statements: “In the past 7 days...1) | felt worthless; 2) | felt helpless; 3) |
felt depressed; 4) | felt hopeless; 5) | felt like a failure; 6) I felt unhappy; 7) | felt that | had nothing to

look forward;
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8) | felt that nothing could cheer me up”. In the PROMIS anxiety questionnaire, the respondents were
presented with the following statements: “In the past 7 days...1) | felt fearful; 2) | found it hard to focus
on anything other than my anxiety; 3) My worries overwhelmed me; 4) 1 felt uneasy; 5) I felt nervous; 6)
| felt like 1 needed help for my anxiety; 7) | felt anxious; 8) I felt tense”. All PROMIS scores are presented
as T-scores calculated by the Health Measures Scoring Service
(https://www.assessmentcenter.net/ac_scoringservice) from the raw sum score, using T-scores from the
general population of the United States. The T-score is a standardized score, with a mean of 50 and a
standard deviation of 10. For depression and anxiety, a T-score lower or equal to 55 indicates no
significant symptoms, scores between 55 and 60 indicate mild symptoms, scores between 60 and 70
indicate moderate symptoms, and severe symptoms are identified if scores range between 70 and 83 for
depression and between 70 to 81 for anxiety. For the purpose of our study, we classified both PROMIS
depression and anxiety T-scores into two categories of severity: no significant/mild symptoms
(normal/mild symptoms) and moderate/severe symptoms.

I1l. For a general assessment of mental health, we used the DSM-5 Self-Rated Level 1 Cross- Cutting
Symptom Measure, which assesses 13 psychiatric domains (depression, anger, mania, anxiety, somatic
symptoms, sleep problems, memory, repetitive thoughts and behaviors, dissociation, personality
function, suicidal ideation, psychosis, and substance use) over the previous 2 weeks. This tool has been
used as a screening tool to assess the dimensional nature of mental health issues. Respondents indicate
how much (or how often) they have been bothered by each symptom in the prior two weeks using a five-
point response scale (1: none - not at all; 2: slight - rare, less than a day or two; 3: mild - several days;
4: moderate - more than half the days; 5: severe - nearly every day). Each item is rated on a 5-point Likert
scale (0=none or not at all; 1=slightly rare, less than a day or two; 2= mild or several days; 3= moderate
or more than half the days; and 4= severe or nearly every day). A rating of mild (i.e, 2) or greater on any
item within a domain, or in the case of substance use, suicidal ideation, and psychosis, a rating of slight
(i.e. 1) or greater, indicates symptomatology in this domain requiring further assessment. An operational
clinical definition of severe mental illness, which represented a proxy for a diagnosis posed on the basis
of a psychiatric interview, was used in order to assess the relevance of severe mental illness in our models.
According to the definition of severe mental illness, we aggregated the items depression, mania, and
psychosis into a variable (yes or no). The participants who required further assessment in all the three
symptoms based on DSM-5 Self-Rated Level 1 Cross-Cutting Symptom Measure were classified as

presenting symptoms of severe mental illness.
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2.3 Statistical analysis
2.3.1 Cluster analysis

We converted all functioning domains into Z-score using the whole sample size. Afterwards, we
performed the Partition Around Medoids (PAM) algorithm (Schubert and Rousseeuw, 2019) to identify
functioning clusters of subjects (package “fpc”, version 2.2-9). We applied the Gower’s distance to
calculate the dissimilarities between pairs of subjects. We determined the optimal number of clusters
through Gap statistic method (package “factoextra”, version 1.0.7). Then, we performed a discriminant
function analysis (DFA) (package “MASS”, version 7.3-51.6) to confirm the clusters retained, and to
investigate the predictive power of the clustering of each individual’s functioning domain to the
functioning subgroup. The cluster analysis is useful to identify subgroups within a sample. The cluster
algorithm is an unsupervised machine learning technique which gathers participants based on their
similarities and split them according to their dissimilarities. Additionally, we applied the PAM algorithm
instead of other clustering methods as it is one of the most robust techniques to deal with noise and
outliers (Schubert and Rousseeuw, 2019). We used R software (version 4.0.2) and RStudio (version
3.5.3) for all analyses.
2.3.2 Networking analysis

After that, we performed the network analysis with all items of the PROMIS for depression and
for anxiety applying Gaussian Markov random field estimation and graphical Least Absolute Shrinkage
and Selection Operator (LASSO) regression with extended Bayesian information criterion to select
optimal regularization parameter and avoid spurious connections among nodes through “bootnet”
(version 1.4.3) and “qgraph” (version 1.9.2) packages (Costantini et al., 2015; Epskamp et al., 2018,
2012). The network structure has some centrality indices such as strength, closeness, and betweenness
(Opsahl et al., 2010). We calculated the centrality indices through the package “qgraph” (version 1.6.5).
The strength quantifies the direct connection of a node (symptom) to other ones, i.e., measures the
importance of a node in the network. Closeness assesses how well a node is connecting to the other nodes
indirectly. Betweenness measures the number of times the shortest path between two nodes passes
through a given node, that is, betweenness indicates the importance of a node as a link among others
(Opsahl et al., 2010). After that, we verified the stability of the centrality indices, we performed a case-

dropping bootstrap network estimation method with 1,000 repetitions with correlation stability
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coefficient (CS-coefficient) (package “bootnet”, version 1.4.3). The CS-coefficient calculates a
correlation between the original network and the network with less cases (Epskamp et al., 2018). This
metric should not be below 0.25 and preferably above 0.5 (Epskamp et al., 2018). We performed three
network comparison tests (package "NetworkComparisonTest", version 2.2.1) with 1,000 permutations
and False Discovery Rate (FDR) as a post-hoc test for multiple comparison to estimate the difference
between good functioning vs. intermediate functioning, good functioning vs. low functioning, and
intermediate functioning vs. low functioning. The network comparison test is an advanced and useful
methodology to assesses the difference between two networks by using several invariance metrics such
as network structure invariance (networks are the same) and global strength invariance (the sum of all
connection weights is equal)(Feiten et al., 2021; Isvoranu et al., 2022; van Borkulo et al., 2022).
2.3.3 Decision tree algorithm

We used Recursive Partitioning and Regression Trees (RPART) algorithm (package “rpart”,
version 4.1.15; “rpart.plot”, version, 3.1.1) to identify the clinical characteristics of subjects with good
and low functioning in nen-chinical-samplethe general population (Strobl et al., 2009). That algorithm is
a machine learning method that considers all predictors but it automatically selects the best variable to

discriminate the group. Besides that, RPART shows the importance of variables graphically, in which
the variables on top are the most relevant to classify the groups with their respective cut-offs (Rhys,
2020). The beginning of the tree is called the root and then, at each branch, the algorithm chooses the
best variable to discriminate a group. That technique is useful to identify complex nonlinear relations
between variables and outcomes (Lantz, 2013). For this reason, RPART algorithm has some advantages:
1) automatically selects important variables and determines cut-offs according to data; 2) handles both
categorical and continuous variables; 3) produces an output that it is easy to understand because it is a
white box model (Rabelo-da-Ponte et al., 2020).

We included just the good and low functioning clusters into the decision tree model because they
are the most contrasting groups and because the algorithm performs better using dichotomous outcomes
rather than multiclass outcomes. We inserted the following variables in the model: gender (male or
female), income (in Brazilian real-BRL,high, BRL >10,386.52; middle, BRL >2,965.69-10,386.52; or
low income, BRL <708.19-2,965.69), symptoms of severe mental illness (yes or no), educational level
(less than high school/postsecondary non-tertiary education or undergraduate/graduate level), and age.
We included those variables because they are highly associated psychosocial functioning (Crossley et
al., 2022; Dalsgaard et al., 2020a, 2020b; Frey et al., 2020). Among subjects with good and low
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functioning, we split our dataset into training (70%) and test the dataset (30%) randomly (“caret”, version
6.0-91). After that, we used a standard machine-learning protocol with 10-fold cross-validation to
evaluate the model’s performance. Then, we tested the decision tree model in the test dataset and the
model performance was calculated based on balanced accuracy, sensitivity, specificity, the positive
predictive value, the negative predictive value, and the area under the receiver operating characteristic
(ROC) curve (AUC) (package “pROC”, version 1.18). It is important to highlight that we deleted missing

data since all algorithms do not handle missing values.

3. Results

3.1 Networking analysis among three different functional clusters

A total of 3,023 individuals completed the survey. The sample was composed mostly by female
gender (84,1%, n=2,543), and the mean age was 34,28 years (18-79). Most participants had low (35,5%,
n=1,074) or middle (46,1%, n=1,395) income, and higher educational level (57%, n=1,723). Most
subjects had no symptoms of severe mental illness (90,5%, n=2,736). Among the total sample, 926
(30.63%) subjects showed good functioning, 1,436 (47.50%) were classified as intermediate functioning,
and 661 (21.86%) were participants with low functioning. The symptom networks among the functioning
clusters displayed different patterns (Fig. 1) and networks achieved a good stability (Supplementary
figure 1). In the good functioning cluster, the CS-coefficient achieved 0.55, 0.59, and 0.69 of
betweenness, closeness, and strength, respectively. In relation to the intermediate cluster, this metric had
0.58, 0.61, and 0.75 of betweenness, closeness, and strength, respectively. The CS-coefficient values for
betweenness, closeness, and strength were 0.36, 0.33, and 0.69, respectively, in the low functioning

cluster.

In relation to the network comparison test, the global strength between good functioning (7.54)
and intermediate functioning (7.51) showed no difference between them (0.03, p=0.81) and no statistical
difference for network structure invariance (0.12, p=0.19). In the second comparison, there was no
difference in global connectivity (0.28, p=0.07) between intermediate functioning (7.51) and low
functioning (7.22) nor in network structure invariance (0.1, p=0.63). However, there was a statistical
difference in global strength (0.32, p<0.05) between good functioning and low functioning. The network

structure invariance is the same among them (0.14, p=0.2).

Anxiety and uneasy symptoms were the first and second most central nodes in the strength



measurements in the good and intermediate functioning clusters. In these clusters, uneasy feeling and
depressive mood presented the highest connection weight in terms of betweenness and closeness. In the
low functioning cluster, anxiety was also the most central node, followed by feelings of failure, while the

connection with the highest weight was between depressed mood and anxiety (Fig. 2).

3.2Decision tree algorithm

The decision tree model achieved balanced accuracy 0.75, sensitivity 0.87, specificity 0.63,
positive predictive value 0.63, and negative predictive value 0.87 (p<0.001). Furthermore, the model had
an AUC of 0.83 (10-fold cross-validation; 95% CI 0.79-0.86, p<0.01) (Supplementary figure 2). Among
all variables inserted in the model, educational status and gender were not selected by the decision tree
algorithm (Fig. 3). The split criterion is indicated in each decision node. The most important variable was
having symptoms of severe mental illness, which split the root node into two branches (no symptoms of
severe mental illness for the good functioning subgroup and with severe mental illness for the low
functioning cluster). The second most relevant variable was economic status followed by age and
economic status again. Having symptoms of severe mental illness and low income classified a portion of
individuals with low functioning cluster (30%) as long as severe mental illness, age less than 46 years-
old and middle income classified another portion of individuals with low functioning (26%). Thus, these
results revealed that at least 76% of the patients with symptoms of severe mental illness showed low
functioning.

Nevertheless, individuals with good functioning had three different splits. One of them, they were
participants without symptoms of severe mental illness (27%). Another portion had symptoms of severe
mental illness, high/middle income and were older (> 46 years of age) (9%) but the last portion of the
same cluster were younger (< 46 years of age) and high income (6%).

4. Discussion

In the present study, we estimated three networks of anxiety and depression symptoms from three
functioning clusters (good, intermediate and low functioning) in nen-chinicalsamplethe general
population. Additionally, we used a machine learning-based decision tree algorithm to identify variables
related to good and low functioning. Our major findings were: 1. Individuals with good psychosocial
functioning displayed anxiety and distress symptoms as central nodes whilst individuals presenting worst

psychosocial functioning presented anxiety and feeling of failure as the most relevant nodes of their



psychopathological condition; 2. Specific characteristics were associated with the low functioning
cluster; having symptoms of severe mental illness and low income whilst another portion of individuals
were younger than 46 years old and had middle income. Accordingly, the most important variable that
differentiated individuals with good or low psychosocial functioning was having symptoms of severe
mental illness. The second most relevant variable was economic status followed by age. Finally, younger
individuals with lower income presented lower psychosocial functioning.

As for the association between psychopathological symptoms and psychosocial functioning, it is
well-known that both anxious and depressive symptoms affect psychosocial functioning. In the present
study, those individuals that presented low psychosocial functioning reported anxiety and feeling of
failure that resulted to be the most relevant nodes of the specific network analysis. Accordingly, a
previous study identified that 85% of patients suffering from major depressive disorders (MDD) reported
feelings of inadequacy and self-blaming emotions as the most bothersome symptoms (Zahn et al., 2015).
Interestingly, a research identified that self-blame was the depressive symptom most associated with
difficulties in close relationships, the domain of psychosocial functioning identifying impairment in
interpersonal relationships (Fried and Nesse, 2014). Network analysis allows gaining insights into the
complex nature of co-occurring symptoms and symptom dimensions, and mainly identifying core
symptoms. In the present study, we identified that the connections between and among symptoms differ
depending on the psychosocial functioning of the individuals. As a consequence, the present findings can
be used to guide the clinical evaluation and possible interventions based on the identification of core
symptoms of anxiety and depression and functioning clusters. Mainly, these findings pointed at the
importance of providing Psychiatry care at people presenting anxiety and depressive feelings, particularly
feelings of failure, in order to improve their psychosocial functioning, which is, together with symptom
severity, one of the most important aspect in psychiatry, allowing better quality of life and functional
lives for people suffering from psychiatric conditions.

Noteworthy, the decision tree model identified that low functioning was associated with having
symptoms of a severe mental illness (such as symptoms of bipolar disorder, MDD and psychosis).
Among psychiatric disorders, the first cause of disease burden is depression, followed by schizophrenia
as the third cause and BD is the 5™ leading cause (Vigo et al., 2016). Among mental and neurological
disorders, the highest amount of DALY is attributable to MDD whilst schizophrenia and BD are the 7"
and 8" causes, respectively (Catala-Lopez et al., 2013).

Furthermore, the decision tree model reported that low functioning was associated with younger
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age and low income. As for the association between age and functioning, previous literature assessing
functional outcomes in different study populations identified that younger age was generally
characterized by worse psychosocial functioning (Moser et al., 2013; Rapoport and Feinstein, 2001).
Similarly, younger age was strongly associated with higher severity of psychiatric symptoms such as
depression, anxiety, and stress in the Brazilian population (Goularte et al., 2021). In another study,
significant improvements in social functioning and general mental health were identified with increasing
age (Hemingway et al., 1997). Even with mental disorder and being younger (<46 years old), having
middle income had association with low functioning, compared to those with high income who had good
functioning.

Finally, income was an important variable associated with poor psychosocial functioning since work
ability tends to decrease after 46 years of age. However, not all individuals are affected to the same
extent, and those with low-income families, that unfortunately represent a huge part of population in
developing countries like Brazil, were specially affected and those should be protected from the effects
of socioeconomic adversities (Rocha et al., 2021). Our results are in line with previous studies that have
shown the impact of socioeconomic status on cognitive functioning and psychological well-being, in
particular, in those individuals with certain degree of psychopathology (Czepielewski et al., 2022).

The interpretation of the results of the present study should be taken in light of the following
limitations. First, we used an online survey with a convenience sample method that may not be a
representative sample of the total Brazilian general population. Second, all outcomes were self- reported
instead of evaluated by a clinician. Third, this study was conducted during the COVID-19 pandemic,
which may have some influence on result interpretations. Fourth this is a cross-sectional study and did
not provide causal evidence of risk factors and mental health outcomes found in our study. Finally,
psychiatric symptoms and functional status were self- reported assessment instead of evaluated by a
clinician. Since it is an online cross-sectional study, we cannot provide a diagnosis based on a psychiatric
evaluation and we could not assess the diagnoses longitudinally. It is for this reason that in our study we
used an operational clinical definition of severe mental illness, which represented a proxy for a diagnosis
based on a psychiatric interview. Although this does not represent a formal psychiatric diagnosis, it
suggests a certain degree of psychological distress. Through the identification of psychiatric diagnoses
proxies that allowed a screening of the mental health status of the general population, we would like to
point out that a poor psychosocial functioning was associated with psychological distress in nen-chinicat

samplethe general population and psychiatric help should be provided to the general population, to those
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who were younger and with a lower income.

In conclusion, this study identifies pathways between psychopathology and functional impairment
and is the first to conduct an assessment of anxious and depressive symptoms and their network structure
in relation with distinct levels of the specific grade of psychosocial functioning among a consistent
sample of the Brazilian general population. Furthermore, it provides useful indications to the
governments on which are those factors that should be addressed in order to reduce functional

impairment, specifically socio-economic issues and mental health.
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Figure 1. Networks of symptoms among three functioning clusters. A) Network of
symptoms for subjects with good functioning. B) Network of symptoms for participants with
intermediate functioning. C) Network of symptoms for subjects with low functioning. Each
node represents a Reported Outcomes Measurement Information System (PROMIS) item
using the mixed graphical model. Different color nodes represent different PROMIS
domains. Blue lines indicate a positive association between two symptoms. Thicker edges
represent stronger associations and thinner edges mean weaker association. The meaning of
acronyms for depressive symptoms: worthless — I felt worthless; helpless — 1 felt helpless;
depressed — | felt depressed; hopeless — | felt hopeless; failed — | felt like a failure;
unhappy — | felt unhappy; no_future — 1 felt that | had nothing to look forward; unmotivat
— | felt that nothing could cheer me up”. The meaning of acronyms for anxious symptom:
fearful

— | felt fearful; innatentive — | found it hard to focus on anything other than my anxiety;
Worried — My worries overwhelmed me; uneasy — | felt uneasy; nervous — | felt nervous;
need_help — | felt like | needed help for my anxiety; anxious — | felt anxious; Tense — |

felt tense”.


https://www.editorialmanager.com/neupsy/download.aspx?id=311907&guid=4387970b-bdea-4393-86a5-afe93adff003&scheme=1




Figure 2
2.docx

Click here to access/download;Figure(s);Figure

A) B) C)
Strength Strength Strength Betweenness Closeness
worthless worthless 4 worthless
worri / worried worried
unmotivat 3 unmotivat unmotivat
unhappy 1 unhappy 1 unhappy
uneasy uneasyq uneasy
tense tense 7 tense
no_future 4 no_future 4 no_future
nervous 1 nevous-| nervous
need_help need_help 1 need_help
- /
inattentive - inattentive - inattentive 4
hopeless - hopeless hopeless
helpless helpless 1 helpless
fearful { fearful | fearful
failed { failed | failed b
depressed | depressed depressed \X
anxious amious;) anxious
2 1 0 1 0 1 2 0

Figure 2. Centrality measures among three functioning clusters. A) Centrality measures of symptoms for subjects with good
functioning. B) Centrality measures of symptoms for participants with intermediate functioning. C) Centrality measures of symptoms
for subjects with low functioning. Each node represents a Reported Outcomes Measurement Information System (PROMIS) item using
the mixed graphical model. The meaning of acronyms for depressive symptoms: worthless — | felt worthless; helpless — | felt helpless;
depressed — | felt depressed; hopeless — | felt hopeless; failed — | felt like a failure; unhappy — I felt unhappy; no_future — | felt that
I had nothing to look forward; unmotivat — | felt that nothing could cheer me up”. The meaning of acronyms for anxious symptom:

fearful — | felt fearful; innatentive — |
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found it hard to focus on anything other than my anxiety; Worried — My worries overwhelmed me; uneasy — | felt uneasy; nervous — | felt

nervous; need_help — | felt like I needed help for my anxiety; anxious — | felt anxious; Tense — | felt tense”.
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Figure 3. Decision tree using RPART algorithm to identify the clinical characteristics
of subjects with good and low functioning in ren-chnicalsamplethe general population.

Each node shows three information: 1) the predicted class (good or low functioning); 2) the

predicted probability of the predicted class; 3) the percentage of observation at the node

in relation to the entire sample size.
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Figure 1. Networks of symptoms among three functioning clusters. A) Network of symptoms for subjects with good functioning. B) Network
of symptoms for participants with intermediate functioning. C) Network of symptoms for subjects with low functioning. Each node represents a
Reported Outcomes Measurement Information System (PROMIS) item using the mixed graphical model. Different color nodes represent
different PROMIS domains. Blue lines indicate a positive association between two symptoms. Thicker edges represent stronger associations and
thinner edges mean weaker association. The meaning of acronyms for depressive symptoms: worthless — | felt worthless; helpless — | felt
helpless; depressed — | felt depressed; hopeless — | felt hopeless; failed — 1 felt like a failure; unhappy — 1 felt unhappy; no future — 1 felt
that | had nothing to look forward; unmotivat — | felt that nothing could cheer me up”. The meaning of acronyms for anxious symptom: fearful
— | felt fearful; innatentive — | found it hard to focus on anything other than my anxiety; Worried — My worries overwhelmed me; uneasy — |

felt uneasy; nervous — | felt nervous; need help — | felt like I needed help for my anxiety; anxious — | felt anxious; Tense — | felt tense”.
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Figure 2. Centrality measures among three functioning clusters. A) Centrality measures of symptoms for subjects with good functioning. B)
Centrality measures of symptoms for participants with intermediate functioning. C) Centrality measures of symptoms for subjects with low
functioning. Each node represents a Reported Outcomes Measurement Information System (PROMIS) item using the mixed graphical model.
The meaning of acronyms for depressive symptoms: worthless — | felt worthless; helpless — 1 felt helpless; depressed — | felt depressed;
hopeless — | felt hopeless; failed — | felt like a failure; unhappy — I felt unhappy; no future — | felt that |1 had nothing to look forward;

unmotivat — | felt that nothing could cheer me up”. The meaning of acronyms for anxious symptom: fearful — | felt fearful; innatentive — |
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Figure 3. Decision tree using RPART algorithm to identify the clinical characteristics
of subjects with good and low functioning in non-clinical sample. Each node shows
three information: 1) the predicted class (good or low functioning); 2) the predicted

probability of the predicted class; 3) the percentage of observation at the node in relation to

the entire sample size
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