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BACKGROUND: Candidates for metabolic bariatric surgery (MBS) experience significantly higher rates of mental disorders
compared to the general population. While previous studies have primarily focused on a limited range of mental health conditions,
this study expands the scope by studying a broader spectrum of psychopathological symptoms. Our aim was to map the
psychopathological profile of candidates for MBS and to test whether individuals higher in general psychopathology exhibit a
higher body mass index (BMI) and more severe eating disorder symptoms than those lower in general psychopathology.
METHODS: A total of 222 candidates for MBS from the Dutch Obesity Clinic completed 16 questionnaires to generate a
comprehensive psychopathological profile. Cluster analysis was applied to identify distinct groups based on general
psychopathology. The clusters were compared on BMI and eating disorder psychopathology. A cross-sectional network approach
was used to explore the complex interconnections between symptoms.
RESULTS: Two clusters emerged: a high psychopathology profile (high PP; 29%) characterized by elevated scores on general
psychopathology, and a low psychopathology profile (low PP; 71%) marked by healthier psychological functioning. The high PP
cluster exhibited more severe eating disorder psychopathology than the low PP cluster, while the clusters did not differ in BMI. The
symptom network revealed that general psychopathology is linked to eating disorder psychopathology through the bridge
symptom ‘eating concerns.’
CONCLUSIONS: Approximately one-third of the individuals presenting for MBS exhibit elevated, transdiagnostic psychopathology
with complex connections between symptoms. Notably, BMI was not associated with the severity of symptoms. The symptom
network analysis highlights that ‘eating concerns’ serve as a crucial bridge linking eating disorder symptoms and symptoms of
emotional disorders. Future research should focus on the transdiagnostic nature of psychopathology associated with obesity and
investigate its potential impact on treatment outcomes, such as weight loss and quality of life.
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INTRODUCTION
Numbers of obesity and accompanying chronic diseases like
diabetes, hypertension and cardiovascular diseases have been
rising hand in hand to the point where 1 in 8 individuals
worldwide are currently living with obesity [1, 2]. The probability
of people with obesity achieving and maintaining a healthy body
weight is low [3]. Lifestyle interventions for obesity are widely
applied to bring about weight loss, however, weight loss is
modest and the maintenance of lost weight is a huge challenge,
with approximately 50% of patients returning to their initial
weight 4–5 years after the intervention [4–7]. The rising
prevalence of obesity paired with limited long-term success of
current interventions has led to an increasing acceptance and
utilization of metabolic bariatric surgery (MBS) for those with
severe obesity. This surgical intervention shows to be considerably

more effective in achieving long-term weight loss compared to
non-surgical interventions and in reducing cardiovascular risk,
hypertension, and increasing diabetes control or remission and
quality of life [8–11].
It was documented that, next to medical comorbidities,

candidates for MBS show significantly higher rates of mental
problems than the general population [12, 13]. Prevalence rates of
current mental disorders in candidates for MBS range from
21–56%: over 75% reports a history of any mental disorder
(lifetime), which is considerably higher than the ~26% in the
general population [12–14]. Specifically, depression (up to 31.5%)
and anxiety (up to 24%) are frequently reported, followed by
binge eating disorder (up to 23.3%), lifetime post-traumatic stress
disorder (up to 11.8%), and lifetime substance abuse disorders
(approximately 10%) [12–22].
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These above-mentioned prevalence studies investigated the
presence of mental disorders by using a diagnostic classification
system such as the DSM, where mental disorders are conceptua-
lized, measured and diagnosed as distinct constructs [23].
However, mental disorders are usually not present in isolation,
at least 50% of the individuals with a mental disorder suffer from
another comorbid mental disorder [24]. This indicates that
symptoms of multiple mental disorders are present simulta-
neously, with complex interactions and interplay between the
symptoms, e.g., a patient may report insomnia, leading to high
levels of fatigue, followed by changes in appetite, evolving into a
binge eating episode, which in its turn can lead to ruminating
thoughts and feelings of guilt, eventually resulting in depression
and dieting behaviors. Thus, mental disorders are not so clear-cut;
a wide range of symptoms can interact with each other, activate,
and maintain each other [24, 25]. Comorbidity of mental disorders
also seems to be common in candidates for MBS [22, 26, 27].
In addition, studies investigating mental disorders in candidates

for MBS usually assess a limited selection of disorders or
symptoms (e.g., depressive disorder, binge eating disorder, body
image) [28–30]. Because symptoms of obesity-related eating
behaviors frequently co-occur with other forms of psychopathol-
ogy, investigating transdiagnostic factors—such as loss of control
over eating [31]—is essential to capture the role of comorbid
symptoms. A more comprehensive approach in which a broad
range of mental disorders and symptoms are analyzed may help
embracing the complexity of mental health problems in a sample
presenting for MBS. One way to investigate this complexity is to
examine whether the sample can be divided into clusters based
on psychological variables, which may help identify groups that
share similar symptom profiles or levels of severity. These groups
could then be monitored throughout their MBS trajectories,
allowing for more targeted support in managing these difficulties,
particularly given that the surgery itself might create a stressful
period [32].
Some previous studies used cluster analysis based on psycho-

logical variables to discover subgroups in individuals with obesity
(e.g., [26, 33–36]). Clusters based on personality were found, with
one being more resilient and the other being more emotionally
dysregulated [33]; clusters with high versus low severity of eating
disorder symptoms [34]; clusters with high versus low psycholo-
gical concerns [35]; and clusters with high versus low negative
affect [36]. These studies help to recognize the interrelatedness of
various psychopathological symptoms, but a broad assessment of
transdiagnostic symptoms is still missing.
Another way to investigate this complexity is the use of network

analyses. This type of analysis allows one to map out the
connections between symptoms and to identify symptoms that
play a central role in maintaining and exacerbating mental
problems. To date, few network studies have been done in the
context of MBS (e.g., [37–39]), making this a novel approach to
studying psychological symptoms.
The current study examined a broad range of transdiagnostic

and disorder-specific symptoms and traits in a sample presenting
for MBS, to assess their comorbidity with obesity. To study the
complex interplay between these symptoms, two types of
analyses were performed. First, a cluster analysis revealed whether
and how the sample could be divided into subgroups based on
general psychopathology (i.e., self-esteem, depression, anxiety,
stress, trauma, impulsivity, self-control, and dichotomous think-
ing). It was then studied whether these subgroups differ in body
mass index (BMI) and eating disorder psychopathology (e.g., binge
eating, body image, food addiction, emotional and external
eating, dietary restraint). It is hypothesized that a cluster high in
general psychopathology will be higher in BMI and eating disorder
psychopathology, given the high rates of comorbidity among
mental disorders. Secondly, it is hypothesized that symptoms of
diverse mental disorders are connected with each other in a

psychopathological profile. To study the connections between
symptoms, we used a network analysis.

METHODS
Participants and procedure
Participants (N= 222) were recruited in the Dutch Obesity Clinic South
from March to October 2024. The clinic specializes in MBS combined with a
comprehensive program of care before and after surgery performed by a
multidisciplinary team. Those scheduled for the clinical screening to
determine eligibility for surgery were invited by phone to participate in the
current study. Participation took place before the clinical screening,
meaning that candidates were not yet screened and selected for MBS. The
sample therefore consists of candidates that still needed to be screened for
surgery. Exclusion criteria were previous MBS and insufficient command of
the Dutch language. After providing informed consent, the participants
completed sixteen online questionnaires assessing general and eating
disorder psychopathology. In addition, demographic information was
collected, including age, gender, occupational situation, and the self-
reported lifetime experience of mental disorders. BMI was retrieved from
the electronic patient files of the obesity clinic. Ethical approval was
received from the Ethics Review Committee Psychology and Neuroscience
(ERCPN) of Maastricht University (OZL_245_156_11_2021_S1) and all
methods were performed in accordance with the relevant guidelines
and regulations. The study is pre-registered on AsPredicted (https://
aspredicted.org/sftm-hzpc.pdf). Participants received a small monetary
reward after completing the questionnaires. No formal sample size
calculation was performed prior to the study. The sample size was
determined by available participants.

Measures—psychopathological profile
An overview of the assessed symptoms and traits related to general
psychopathology (i.e., self-esteem, anxiety, depression, stress, dichotomous
thinking, trauma, impulsivity, and self-control) and eating disorder
psychopathology (i.e., body image, food addiction, power of food, dietary
restraint, emotional eating, external eating, night eating, loss of control
over eating, large amount of food eaten, distress regarding binge eating,
compensatory behaviors, eating-, weight-, and shape concerns, and global
EDE-Q score) is shown in Table 1. Together, these variables comprise the
psychopathological profile of the candidates. Higher scores refer to higher
levels of the variable. The questionnaires were completed using the online
platform Qualtrics (https://www.qualtrics.com). More information on the
questionnaires is presented in Supplementary 1.

Statistical analyses
Descriptives. First, descriptive statistics were performed to describe the
scores on all variables.

Cluster analysis. To test the first hypothesis, the cluster analysis was done
with a pre-determined set of all variables related to general psychopathol-
ogy, i.e., nine variables) (see overview in Table 1). Before performing the
cluster analysis, the clustering tendency of the data was checked with a
principal component analysis and the Hopkins statistic. Then, hierarchical
K-means clustering was performed on the standardized scores of the
variables to identify psychopathological profiles. This method was
performed using the practical guide of Kassambara [40], with the
factoextra package (version 1.0.7) [41] and the cluster package (version
2.1.4) [42]. A detailed description of the steps in this cluster analysis can be
found in Supplementary 2. Finally, a two-cluster solution was chosen. To
internally validate the two clusters, the mean levels of the cluster variables
were compared, using Wilcoxon rank-sum tests with Bonferroni correction
and Cliff Delta to demonstrate effect sizes. These tests were also used to
test the hypothesis that a cluster high in general psychopathology has a
higher BMI and more eating disorder psychopathology. A non-parametric
version was used due to non-normality of the data and unequal variances
between the clusters. For categorical variables Fisher’s Exact Test was used.

Network analysis. A transdiagnostic symptom network was created to
visualize the partial correlations between symptoms. The symptoms in
psychopathology networks are referred to as ‘nodes’ and the connections
between them as ‘edges’—these edges (partial correlations) statistically
control for connections with all other nodes in the network. In addition to
theoretical considerations, the goldbricker function was used to reduce the
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number of nodes (networktools package, version 1.5.0) [43]. Goldbricker
generates a list of node pairs that are colinear, meaning that they most
likely measure the same underlying construct. The starting point were the
28 variables presented in Table 1 (excluding experienced burden of trauma
and global EDE-Q score). The high and moderate redundancy pairs were
reviewed and 11 nodes were removed, according to if they returned in
multiple pairs. The goldbricker function was performed a second time on
the remaining nodes, with only one redundant pair as output of which 1
node was removed. This resulted in 16 nodes, and 4 final nodes were
removed based on theoretical considerations, i.e., nodes measuring the
same construct (self-control and impulsivity, restraint measured by DEBQ
and EDE-Q, body image avoidance and body image satisfaction) and
compensatory behaviors because of the low prevalence. The network was
then estimated with the remaining 12 nodes by a Gaussian graphical
model (GGM) using the qgraph package (version 1.9.5) [44]. To control for
spurious edges in the network, the EBICglasso argument in GGM was used
[45]. To determine the importance of a node in the network, strength

centrality was calculated using the centrality function in qgraph. More
information on the accuracy and stability of the network is provided in
Supplementary 2.

RESULTS
Descriptive statistics of the sample
Participants (N= 222; n= 161 female, 73%) had a mean age of 44
years (SD= 13, min= 18, max= 80) and a mean BMI of 42.33 kg/m2

(SD= 5.65, min 32.50, max= 63.57). They had full time (n= 64;
29%), part time (n= 72; 33%), or no (n= 85; 38%) paid work. Of the
whole sample, 22% reported to be diagnosed with a mental
disorder ever in their life (n= 49). The mean (SD) scores on all
variables included in the psychopathological profile can be found in
Table 1 (Supplementary 1 provides information on scoring and cut-
off/norm scores). Mean scores on general psychopathology (e.g.,

Table 1. Mean scores and standard deviations for the whole group, N= 222.

Variable M (SD) Possible range Diagnostic indication

Self-esteem (RSE)a 18.40 (5.41) 0–30 *

Anxiety (DASS)a 8.49 (8.27) 0–42 **

Depression (DASS)a 9.40 (9.47) 0–42 *

Stress (DASS)a 10.59 (9.14) 0–42 *

Depression (BDI)a 17.32 (11.67) 0–63 **

Dichotomous thinking (DTEDS)a 2.13 (0.68) 1–4 ^

Traumatic experiences (TEC)a 4.19 (4.04) 0–30

Experienced burden 2.63 (1.31) 1–5

Impulsivity (BIS)a 61.36 (9.53) 30–120 ^

Self-control (BSCS)a 44.12 (7.35) 13–65 ^

Body image satisfaction (BISS) 2.60 (1.04) 1–9 ^^^

Body image state (SED)*b 21.89 (4.81) 1–28

Body image past 3 months (SED)*b 26.84 (7.11) 1–35

Body image avoidance (BIAQ) 40.53 (11.84) 0–95 ^^^

Food addiction (mYFAS) 2.36 (2.73) 0–11 ^

Power of food (PFS) 2.46 (0.89) 1–5 ^^

Dietary Restraint (DEBQ) 2.98 (0.70) 1–5 ^^^

Restraint (EDE-Q) 1.89 (1.53) 0–6 ^

Emotional eating (DEBQ) 2.34 (0.87) 1–5 ^^^

External eating (DEBQ) 2.92 (0.69) 1–5 ^^^

Night eating (NEQ) 14.30 (5.78) 0–52 *

Loss of control over eating (LOCES) 2.09 (1.00) 1–5 ^

Loss of control over eating (SED) 1.90 (1.02) 1–5 *

Large amount (SED) 1.92 (0.99) 1–5 *

Distress binge eating (SED) 1.94 (1.07) 1–5 *

Compensatory behaviors (SED) 1.08 (0.40) 1–5 *

Eating concerns (EDE-Q) 1.59 (1.42) 0–6 ^^

Weight concerns (EDE-Q) 3.87 (1.16) 0–6 ^^^

Shape concerns (EDE-Q) 4.39 (1.13) 0–6 ^^^

Global EDE-Q score 3.18 (0.98) 0–6 *** / ^^^

Asterisks indicate scores below*; at or just above**; or above*** clinical cut-off when available. Circumflexes indicate comparisons with norm groups when
available: ^scores less pathological than other samples with obesity (or comparable with non-clinical samples); ^^scores comparable with other samples with
obesity; ^^^scores more pathological than other samples with obesity (or comparable with clinical samples).
RSE Rosenberg Self-Esteem Scale, DASS Depression Anxiety Stress Scale, BDI Beck Depression Inventory, DTEDS Dichotomous Thinking in Eating Disorders
Scale, TEC Traumatic Experiences Checklist, BIS Barratt Impulsiveness Scale, BSCS Brief Self-Control Scale, BISS Body Image States Scale, SED Screening on Eating
Disorders, BIAQ Body Image Avoidance Questionnaire, mYFAS modified Yale Food Addiction Scale, PFS Power of Food Scale, DEBQ Dutch Eating Behavior
Questionnaire, EDE-Q Eating Disorder Examination Questionnaire, NEQ Night Eating Questionnaire, LOCES Loss of Control Over Eating Scale.
aVariables in bold: used as cluster variables in the cluster analysis.
bVariables with *: higher scores indicate less body image satisfaction.
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self-esteem, anxiety, depression, stress) were in the healthy range
while mean scores on specific eating disorder psychopathology
were high (e.g., weight and shape concerns, global EDE-Q score, and
body image). See also Table S1 (Supplementary 3) for the
frequencies of food addiction, binge eating, and bulimia nervosa.

Clustering based on general psychopathology
Psychopathological profiles. The hierarchical K-means cluster
analysis revealed a two-cluster solution that fitted the data best,
meaning the candidates could be divided in two different
psychopathological profiles: a High Psychopathology Profile (high
PP) and a Low Psychopathology Profile (low PP). The standardized
means of the cluster variables for both clusters are shown in Fig. 1
(the non-standardized means and standard deviations can be
found in Table 2). The high PP cluster (n= 64, 29%, red line) is
characterized by relatively high scores on anxiety, depression (BDI
and DASS), dichotomous thinking, impulsivity, stress and trauma,
while their scores on self-control and self-esteem are low. The low

PP cluster (n= 158, 71%, blue line) shows the opposite pattern.
The high PP cluster is characterized by severe anxiety and
depression scores, a low self-esteem, and moderate stress levels.
The low PP cluster shows healthy scores. The self-reported lifetime
prevalence of mental disorders was significantly higher in the high
PP cluster (39%) than the low PP cluster (15%) (see Table S2 in
Supplementary 3). The Wilcoxon rank-sum tests show that all
cluster variables were significantly different between the two
clusters (see Table 2), demonstrating high internal validity.

Hypothesis testing: the high PP cluster is characterized by
significantly more eating disorder psychopathology and a
higher BMI. In line with the hypothesis, the high PP cluster
showed significantly higher eating disorder psychopathology than
the low PP cluster. More specifically the high PP cluster scored
higher on body image dissatisfaction, weight and shape concerns,
emotional and external eating, eating concerns, and the high PP
cluster showed more symptoms of food addiction and binge

Fig. 1 Graphical presentation of the two-cluster solution with standardized means. Cluster 1= high PP (n= 64), Cluster 2= low PP
(n= 158).

Table 2. Non-standardized means (M) and standard deviations (SDs) of cluster variables for high PP and low PP.

High
psychopathology
profile (high PP,
n= 64)

Low
psychopathology
profile (low PP,
n= 158)

Variable M SD M SD Wilcoxon statistic Cliff delta

Self-esteem (RSE) 13.38 4.59 20.43 4.28 1327*** −0.74***

Anxiety (DASS) 17.38 9.45 4.89 3.89 9214*** 0.82***

Depression (DASS) 21.03 8.48 4.68 4.46 9785*** 0.93***

Stress (DASS) 20.84 8.59 6.44 5.28 9376*** 0.85***

Depression (BDI) 31.25 9.83 11.68 6.47 9732.5*** 0.92***

Dichotomous thinking (DTEDS) 2.72 0.61 1.90 0.55 8446.5*** 0.67***

Traumatic experiences (TEC) 6.73 4.95 3.16 3.08 7426.5*** 0.47**

Impulsivity (BIS) 69.72 8.21 57.97 7.79 8636.5*** 0.71***

Self-control (BSCS) 38.97 8.21 46.21 5.82 2377.5*** −0.53***

RSE Rosenberg Self-Esteem Scale, DASS Depression Anxiety Stress Scale, BDI Beck Depression Inventory, DTEDS Dichotomous Thinking in Eating Disorders
Scale, TEC Traumatic Experiences Checklist, BIS Barratt Impulsiveness Scale, BSCS Brief Self-Control Scale.
p values are after Bonferroni correction: ***= <0.001. Cliff delta effect size: ***= large, **=medium.
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eating (large amount of food eaten, loss of control over eating,
distress regarding binge eating) than the low PP cluster (see Table
3). Binge eating (present if all three binge eating symptoms were
scored with 2 or higher) and food addiction (present if two or
more food addiction symptoms plus clinical significance was
present) were also more present in the high PP cluster
(respectively 50% and 39%) compared to the low PP cluster
(respectively 16% and 7%) (see Table S2 in Supplementary 3).
Interestingly, and contrary to our hypothesis, no differences in BMI
were found between the high PP and low PP cluster (see Table 3).
It should be noted that, though the high PP cluster showed
significantly more eating disorder psychopathology than the low
PP cluster, the low PP cluster was characterized by eating disorder
psychopathology as well: in particular weight and shape concerns,
external eating, and body image dissatisfaction were increased in
the low PP cluster (see Table 3) compared to the norm scores (see
Supplementary 1).

Complex connections between symptoms in the network
The symptom network with its unique connections between
symptoms is shown in Fig. 2. Strength centrality indices are
plotted in Fig. 3. The network shows general psychopathology
nodes (depression, anxiety, traumatic experiences, self-esteem)
connected to eating disorder psychopathology nodes (emotional

Table 3. Non-standardized means (M) and standard deviations (SDs) of eating disorder psychopathology for the high PP and low PP clusters.

High
psychopathology
profile (high PP,
n= 64)

Low
psychopathology
profile (low PP,
n= 158)

Variable M SD M SD Wilcoxon statistic Cliff delta

BMI 42.31 6.47 42.33 5.30 4648 −0.08

Age 41.90 12.68 45.36 13.02 4326.5 −0.14

Body image satisfaction (BISS) 1.91 0.89 2.88 0.96 2136.5*** −0.57***

Body image state (SED)* 25.33 3.29 20.49 4.63 8116.5*** 0.60***

Body image past 3 months (SED)* 31.31 4.50 25.02 7.04 7795*** 0.54***

Body image avoidance (BIAQ) 45.61 13.95 38.47 10.22 6622.5** 0.30*

Food addiction (mYFAS) 4.55 3.19 1.47 1.92 7920.5*** 0.56***

Power of food (PFS) 2.94 0.93 2.27 0.80 7234.5*** 0.43**

Dietary Restraint (DEBQ) 2.95 0.87 2.99 0.62 4989 −0.01

Restraint (EDE-Q) 2.21 1.76 1.76 1.41 5692 0.12

Emotional eating (DEBQ) 2.93 0.90 2.11 0.74 7633*** 0.50***

External eating (DEBQ) 3.23 0.72 2.80 0.63 6835.5*** 0.35**

Night eating (NEQ) 19.31 5.70 12.27 4.42 8587*** 0.69***

Loss of control over eating (LOCES) 2.93 1.00 1.75 0.76 8315*** 0.64***

Loss of control over eating (SED) 2.65 1.21 1.60 0.74 7775.5*** 0.53***

Large amount (SED) 2.60 1.21 1.64 0.71 7520*** 0.48***

Distress binge eating (SED) 2.87 1.23 1.56 0.72 8188.5*** 0.61***

Compensatory behaviors (SED) 1.89 0.63 1.03 0.23 5530.5 0.09

Eating concerns (EDE-Q) 2.85 1.52 1.08 1.01 8321.5*** 0.64***

Weight concerns (EDE-Q) 4.65 1.12 3.55 1.03 7993.5*** 0.58***

Shape concerns (EDE-Q) 5.14 0.95 4.08 1.05 8099.5*** 0.60***

Global EDE-Q score 3.92 0.99 2.88 0.80 8061*** 0.59***

Variables with *: higher scores indicate less body image satisfaction. p values are after Bonferroni correction: ***= <0.001, **= < 0.01. Cliff delta effect size:
***= large, **=medium, *= small, nothing= negligible.
BMI body mass index, BISS Body Image States Scale, SED Screening on Eating Disorders, BIAQ Body Image Avoidance Questionnaire, mYFAS modified Yale Food
Addiction Scale, PFS Power of Food Scale, DEBQ Dutch Eating Behavior Questionnaire, EDE-Q Eating Disorder Examination Questionnaire, NEQ Night Eating
Questionnaire, LOCES Loss of Control Over Eating Scale.

Fig. 2 Symptom network of candidates for MBS. The figure shows
the LASSO-regularized partial correlation network with a minimum
edge weight of 0.15. Blue edges indicate positive partial correlations
and red edges indicate negative partial correlations. Thicker edges
reflect stronger partial correlations between the nodes. Tra
traumatic experiences (TEC), Dep depression (BDI), Anx anxiety
(DASS), SE self-esteem (RSE), EC eating concerns (EDE-Q), LOC loss of
control over eating (SED), EE emotional eating (DEBQ), EX external
eating (DEBQ), SC self-control (BSCS), Res dietary restraint (DEBQ),
WC weight concerns (EDE-Q), BI body image satisfaction (BISS).
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eating, external eating, loss of control over eating) and self-
control. The general psychopathology and eating disorder
pathology nodes are connected to each other via the central
node eating concerns (strength centrality= 1.08). So, eating
concerns function as a bridge symptom between specific eating
disorder psychopathology and general psychopathology in this
network. Besides eating concerns, depression (strength central-
ity= 1.48) and loss of control over eating (strength centrality=
1.04) are also central in the network: they have the most direct
connections with other nodes and in particular depression is
strongly connected to other nodes in the network. The weights of
edges (Table S3, Supplementary 3) show the strength of
connections; emotional eating and external eating have the
highest edge weight (r= 0.44), followed by depression and
anxiety (r= 0.39), depression and self-esteem (r=−0.33), weight
concerns and eating concerns (r= 0.29), and loss of control over
eating and eating concerns (r= 0.29). These nodes are most
strongly connected to each other. Results on the accuracy and
stability of the network are shown in Figs. S1–S4 in Supplementary
3. Overall, the edge estimates were quite accurate (rather wide
distributions) and strength centrality remained quite stable while
dropping a large proportion of people from the dataset.

DISCUSSION
The present study investigated a diverse range of transdiagnostic
psychopathological symptoms in candidates for MBS, more
specifically it was tested if symptom severity clusters could be
distinguished and how symptoms are uniquely connected to each
other. While the average scores on general psychopathology
scales for the whole group are rather healthy, one-third of the
candidates for MBS experiences clinically relevant psychopathol-
ogy in multiple areas. The high PP subgroup (29%) is characterized
by significantly more general psychopathology and significantly
more eating disorder psychopathology than the low PP subgroup
(71%). Thus, if the focus is on the group average, as is usually the
case, it goes unnoticed that a significant proportion of the group is
characterized by clinically relevant psychopathology; they exhibit

not only eating disorder symptoms but a wide range of
psychological complaints and symptoms. Furthermore, transdiag-
nostic symptoms were characterized by complex connections. In
the network, general psychopathology symptoms were bridged to
eating disorder psychopathology via eating concerns. The
combination of these two methods provides both understanding
of the profiles (cluster analysis) picturing how symptoms co-occur
within individuals, as well as insight into the connections between
symptoms (network analysis) that clarifies whether symptoms are
associated with other symptoms.
Our hypothesis that the cluster high in general psychopathol-

ogy would show more eating disorder psychopathology was
confirmed. Nevertheless, despite being clustered as low
psychopathology and showing significantly less eating disorder
psychopathology than the high PP cluster, the low PP cluster
scored above healthy norm scores on eating disorder psycho-
pathology. Thus, the entire sample shows elevated levels of
eating disorder psychopathology, while eating disorder psycho-
pathology is more severe in one-third of the sample and this
subsample also shows significantly more symptoms of general
psychopathology. Interestingly, BMI did not differ between the
two clusters. This is in line with two other studies finding no BMI
differences between clusters based on psychological constructs
[35, 36]. While BMI did not differ between the clusters, body-
related worrying was found to be significantly stronger in a high
negative affect cluster compared to a low negative affect cluster
[36], and another study also did not find BMI differences
between three clusters (a low and a high psychological concerns
cluster, and a cluster high in bodily concerns) [35]. So although
the clusters had similar BMIs, their concerns about weight,
shape, and eating differed significantly. These findings show
that psychopathological symptoms in people with obesity are
not associated with a person’s actual body weight, but rather
with how badly a person feels about their weight.
The finding that symptoms of multiple mental disorders were

present in this sample is also reflected by the complex
connections between the nodes in the cross-sectional network.
Here, worrying about eating and food served as a bridge to

Fig. 3 Strength centrality for each node in the LASSO-regularized partial correlation network. Values towards the right reflect higher
strength centrality.
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general psychopathology, thereby demonstrating that different
domains of psychopathology are not totally different disorders or
loosely coupled systems, but are all interconnected.
Although half of the candidates in the high PP cluster reported

binge eating (16% in low PP), 39% reported food addiction (7% in
low PP), and 39% reported lifetime mental disorders (15% in low
PP), it is not clear whether pre-surgery psychopathology will affect
surgery outcomes. Several meta-analyses did not find pre-surgery
mental or behavioral predictors for weight loss [46–48]. Apart from
weight loss, it seems beneficial to monitor candidates’ psycho-
pathology symptoms on the long term. It was shown that anxiety,
depression and eating disorder symptoms that were present
before surgery tend to reduce shortly after surgery, but these
symptoms may recur over time [32, 49]. So, it seems wise to make
mental health services available throughout the remainder of the
candidate’s trajectory. More intensive psychological assessment
and monitoring throughout the trajectory could be particularly
important for the high PP cluster, as this cluster experiences
difficulties in multiple psychological areas [50, 51].
The current transdiagnostic consideration of the psychopatho-

logical profiles of candidates for MBS shows complex interactions
between symptoms in the symptom network. Such networks are
useful to show the unique connections between certain symp-
toms of different mental disorders, presented in one transdiag-
nostic framework. The connections in the cross-sectional network
are unique because they are partial correlations and they are
robust because the used regularization techniques while estimat-
ing the network, i.e., graphical LASSO in the current study, limits
the number of very weak connections [52]. The presented network
thus only shows robust unique connections, in line with the few
previous studies that have estimated cross-sectional networks in
samples of patients undergoing MBS [37–39]. These studies
likewise link eating behaviors to psychological symptoms. For
example, one study showed that emotion dysregulation plays an
important role in the link between pathological eating styles and
psychopathological traits [37], comparable to the central role of
eating concerns in the current study. The network approach to
psychopathology is a recent development in clinical psychology
that does not have the disadvantages of diagnostic classification
systems and does justice to the high prevalence of comorbidity
[24]. Its core assumption is that the complex system of symptoms
constitutes the mental disorder, which contrasts the common
view of these symptoms being indicative of underlying disorder(s)
[25]. By investigating a broad set of relevant symptoms and traits,
relevant to the individual, symptom networks of people with
obesity can precisely map a person’s mental problems, which can
then lead to personalized network-informed treatment. This study
represents a first step in mapping a broad psychopathological
profile of candidates for MBS, exploring connections between
symptoms through cluster and network analyses, with the aim of
informing which patients may benefit from additional treatment
and monitoring throughout the MBS trajectory. Future research
may consider ecological momentary assessments (EMA) to also
map the dynamics of complex symptom interactions within the
transdiagnostic networks. EMA means that the person assesses a
set of questions several times throughout the day at random times
and during several weeks. EMA data enable the construction of
idiosyncratic dynamic networks and inferences on causality
between symptoms. Such an understanding of individual net-
works paves the way for new personalized network-based
interventions (see [24]).
A limitation in the current study and in many other studies on

psychopathology in candidates for MBS, is the assessment of
psychopathology using questionnaires. Even when questionnaires
are well validated and reliable self-reports, they are insufficient to
diagnose. Good mental disorder diagnostics require valid diag-
nostic interviews. Diagnostic interviews conducted by professional
experts can also reduce the risk of ‘faking good’, which is a

strategy to underreport pre-operative psychopathological symp-
toms during the clinical screening, to increase the chance of being
accepted for surgery (e.g., [53]). Moreover, while the current study
already includes a broad set of symptoms, other important
domains such as substance use and behavioral addictions could
be relevant as well and may be considered in future research.
To conclude, the present findings indicate that one-third of the

people presenting for MBS shows elevated psychopathology in
several domains. Their psychopathological profile is complex; the
symptoms are transdiagnostic, meaning that they not only suffer
from elevated eating disorder psychopathology but also from
emotional disorders like depression, anxiety and post-traumatic
stress. Interestingly, BMI was not associated with transdiagnostic
symptom severity. The network analysis shows that the symptoms
are connected in a complex way, and that elevated eating
concerns function as a bridge between eating disorder symptoms
and emotional disorder symptoms. The transdiagnostic and
dynamic nature of symptoms deserves more research in the
future to better map the complexity of the psychopathological
profile, as well as whether the presence of these psychopatho-
logical symptoms influences weight loss and quality of life after
surgery.
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