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A B S T R A C T

Background: Anorexia nervosa is a serious eating disorder with a high mortality rate, ranking among the most 
lethal mental health conditions. This is not only due to sequelae of cachexia, but also due to suicidality. The 
present study employs a network analysis approach to determine whether there are unique associations between 
suicidal ideation and eating disorder-specific symptoms in anorexia nervosa, or if suicidal ideation is more 
influenced by other symptoms such as those more loosely related to eating disorders or general internalizing 
symptoms, as well as biological factors. Additionally, we examined the potentially changing impact of symptoms 
after intensive treatment. Methods: The study involved female patients with anorexia nervosa admitted to 
intensive inpatient treatment. Eating disorder-specific and -related symptoms, depressive, anxiety, obsessive- 
compulsive symptoms, nutritional data as well as suicidal ideation were assessed at two points: immediately 
after admission (n = 313) and following partial weight gain (n = 217) and were examined together in a network 
analysis model. Results: The nodes that were most strongly related to suicidal ideation at both timepoints were 
feelings of ineffectiveness, as well as depressive and anxiety symptoms. Eating disorder-specific symptoms were 
found to be not significantly related to suicidal ideation. Conclusions: The results indicate that suicidal ideation in 
anorexia nervosa is primarily related to broader psychological symptoms rather than eating disorder-specific 
symptoms. The prominence of feelings of ineffectiveness within the network highlights the need for clinical 
interventions that focus on the enhancement of self-efficacy in anorexia nervosa.

Introduction

Anorexia nervosa (AN) is an eating disorder (ED) characterized by an 
extreme restriction of caloric intake and weight loss, leading to severe 
underweight (American Psychiatric Association & American Psychiatric 
Association, 2013). It occurs predominantly in females with an onset 
during adolescence or young adulthood (Zipfel et al., 2015). Lifetime 
prevalence ranges from 0.1 % to 3.6 % (Van Eeden et al., 2021). In 
addition to the symptoms typically associated with EDs, AN is also 

characterized by a range of other internalizing difficulties, including 
depressive, anxiety, and obsessive-compulsive symptoms (Jagielska & 
Kacperska, 2017).

Suicidality is quite common in AN. In a meta-review, AN stands out 
as one of the mental disorders with the highest mortality rates alongside 
substance use disorders (e.g. opioids) and has one of the highest suicide 
risks besides borderline personality disorder, depression and bipolar 
disorder (Chesney et al., 2014). Among the causes of death associated 
with AN, suicide ranks second in frequency, surpassed only by medical 
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complications directly related to the disease (Arcelus et al., 2011; 
Papadopoulos et al., 2009). Not only completed suicides, but also suicide 
attempts (3–20 %) (Franko & Keel, 2006) as well as suicidal ideation (SI; 
20–43 %, particularly 19.8 % for AN restrictive subtype) (Arnold et al., 
2023; Smith et al., 2018b) occur more often in AN than in the general 
population.

A question of utmost clinical relevance is: What factors are associ-
ated with SI in AN?

Solmi et al. (2018) examined an AN-network including ED-specific, 
ED-related and internalizing features, and a nutritional marker (BMI), 
identifying ED-specific symptoms (drive for thinness), depression and 
anxiety, and ineffectiveness as central to the disorder. Expanding the 
focus to SI, Smith et al. (2018a) propose a possible bidirectional – both 
direct and indirect – relationship between ED-symptoms and suicidality 
in their review paper. Supporting this, severity of ED-symptoms 
(measured via composite scores on ED-specific standardized in-
terviews or questionnaires) has been linked to SI (Bühren et al., 2014; 
Mereu et al., 2022). Smith et al. (2018a) further emphasize the relevance 
of shared mechanisms – like co-occurring psychological symptoms, 
biological markers and ED-related psychological constructs (e.g. inter-
oceptive deficits) – as contributing to both suicidality and EDs. Building 
on these theoretical considerations and empirical findings as a concep-
tual framework, the present analysis includes ED-specific, ED-related, 
(co-occurring) general internalizing symptoms and a nutritional indi-
cator to examine their interplay in SI in AN.

To differentiate between the two ED-dimensions, we use the Eating 
Disorder Inventory-2 (EDI-2), which distinguishes between ED-specific 
(EDI-2-subscales drive for thinness, bulimia, body dissatisfaction) and 
ED-related symptoms (all other EDI-2 subscales such as perfectionism, 
ineffectiveness, interoceptive awareness) (Nevonen & Broberg, 2001). 
Regarding the link between ED-specific symptoms and suicidality, the 
evidence is mixed. Based on the Interpersonal Theory of Suicide (IPTS; 
Joiner et al., 2005), Selby et al. (2010) propose two potential pathways 
to suicidality in AN: one through repetitive compensatory behaviors in 
the AN binge-purge subtype (conceptually comparable to EDI-2 bulimia 
subscale) and another through starvation resulting from restrictive 
behavior in the AN restrictive subtype (conceptually reflected in the 
EDI-2 drive for thinness subscale). Supporting this, purging – but not 
binging – predicted SI in a mixed ED-sample (Joiner et al., 2022). In 
contrast, restrictive behaviors – but not binge/purge symptoms – pre-
dicted SI in low-weight ED patients (Wang et al., 2019). Body dissatis-
faction, a construct related to drive for thinness (Faust, 1987), has also 
been linked to SI both in AN (Mereu et al., 2022; Stein et al., 2003) and a 
non-clinical adolescent sample (Brausch & Perkins, 2018), potentially 
through increased perceived burdensomeness (Forrest et al., 2016).

Research on ED-related symptoms and their relationship to SI is more 
limited. Factors such as low self-esteem, interpersonal insecurity, and 
interoceptive deficits have been linked with SI in AN (Mereu et al., 
2022). Interoceptive deficits have also been linked to SI (Ortiz & Smith, 
2019) in mixed ED-samples as well as in an online study (Forrest, Smith, 
White and Joiner, 2015). Taken together, these findings suggest that not 
only ED-specific, but also ED-related symptoms might play a central role 
in SI in AN.

In addition to ED-specific and ED-related symptoms, general inter-
nalizing symptoms including depressive, anxiety and obsessive- 
compulsive symptoms can also significantly influence SI in AN (Smith 
et al., 2018b). In particular, affective and anxiety symptoms, which are 
quite common in AN-patients, contribute to SI according to some liter-
ature reviews (Dancyger & Fornari, 2005). Some results even suggest an 
attenuation or disappearance of the statistical relationship between 
ED-specific symptoms and suicidality when general internalizing 
symptoms were considered (Bodell et al., 2013).

Apart from psychological symptoms, biological factors like genetic 
predispositions or endocrine signals might also contribute to SI in AN 
(Lengvenyte et al., 2021; Thornton et al., 2016). Dysregulated gene 
expression affecting stress response, immune function, serotonergic and 

dopaminergic neurotransmission, as well as neuroplasticity has been 
linked to increased suicide vulnerability (Lengvenyte et al., 2021). In 
AN, cachexia and low peripheral levels of the adipokine leptin, i.e. 
hypoleptinemia – a marker of acute underweight, undernutrition and 
hypometabolism (Hebebrand et al., 2022) – are associated with affective 
symptoms and rumination (Ehrlich, Burghardt, Schneider, Hein et al., 
2009; Fürtjes et al., 2018) as well as grey matter reductions in hippo-
campal areas and the amygdala (Bahnsen et al., 2024; Wronski et al., 
2022, 2023). Moreover, leptin levels have been linked to SI in other EDs 
(Musial et al., 2025; Smith et al., 2018b; Wade et al., 2015) and to 
symptom change in major depressive disorder (Esel et al., 2005).

As adolescence is a critical developmental period for the onset of EDs 
and self-harming behaviors (Campbell & Peebles, 2014; Gvion & Fach-
ler, 2017), age might play a role, moderating SI in AN (Goldstein & 
Gvion, 2019). Few studies have directly examined age as a risk factor for 
suicidality in AN. Looking at SI in the general population, two repre-
sentative studies of adolescents and adults found that SI was signifi-
cantly more common in younger age groups (Cooper et al., 2015; 
Thompson et al., 2011).

Despite evidence implicating ED-specific, ED-related, internalizing 
symptoms and biological factors in SI in AN, it remains unclear how 
these domains interact. Prior studies largely relied on latent variable or 
regression models that assume unidirectional relationships and treat 
symptoms as interchangeable indicators of a latent construct (e.g. AN) 
(Cramer et al., 2010). These models overlook clinical reality: (1) a single 
latent construct (e.g. AN) likely cannot account for all symptoms 
(Levinson et al., 2022) or SI co-occurrence; (2) symptoms are not in-
dependent of their causes and often influence each other through feed-
back loops (Borsboom, 2017; Borsboom & Cramer, 2013); and (3) they 
provide limited guidance for targeted interventions (Burger et al., 2020; 
Levinson et al., 2022). Moreover, they also fail to explain important ED 
characteristics such as comorbid symptoms and heterogeneity, and 
cannot distinguish direct from indirect effects or model synergistic in-
teractions (Cramer et al., 2010). Network analysis offers a framework 
that captures these complexities by modeling psychopathology as dy-
namic systems of interacting symptoms (Borsboom, 2017; Bringmann & 
Eronen, 2018). It reveals central symptoms —those most influential in 
the system—and potentially the most effective targets for intervention 
while controlling for the rest of the system (Bringmann & Eronen, 2018; 
Borsboom & Cramer, 2013; Fried et al., 2016; Levinson et al., 2022). It 
also aligns with cognitive-behavioral therapy’s symptom-level focus 
(Beck, 2011; Wenzel, 2012). Network approaches thus provide a 
powerful alternative to traditional models, yielding mechanistic and 
clinically actionable insights (as central nodes or edges) for prevention 
and treatment (Jones et al., 2021; Levinson et al., 2023).

To date, no known study focused on AN has investigated suicidality 
using a network analytic between-person approach. However, a recent 
published proof-of-concept study illustrated how a network analytic 
approach on a within-person level (based on longitudinal diary data) can 
be implemented to personalize the treatment for patients with AN at an 
elevated risk for suicide (Harris et al., 2025). Using a between-person 
approach in a network analysis of data collected from a mixed 
ED-sample, the results indicated that interoceptive difficulties served as 
a connection between suicidality and ED-symptoms (Smith et al., 2020). 
Additionally, SI was identified as bridge symptom between ED and a 
depressive symptom cluster in non-clinical samples (Wu et al., 2023; 
Yang et al., 2023). While applying the conceptual and methodological 
framework of Solmi et al. (2018) specifically to SI, the present study 
aims to build upon and extend these previous findings in several 
important ways. First, we focus exclusively on individuals with AN, 
allowing for a more targeted investigation within this diagnostically and 
clinically distinct population. Second, by incorporating both longitudi-
nal and nutritional data (BMI, leptin), we offer a more comprehensive 
and temporally sensitive perspective. Most importantly, our study 
explicitly differentiates between ED-specific, ED-related and (co-occur-
ring) general internalizing symptoms (e.g., depression, anxiety, 

E.M. Stender et al.                                                                                                                                                                                                                              International Journal of Clinical and Health Psychology 25 (2025) 100633 

2 



obsessive-compulsive symptoms) within the network, enabling us to 
identify the domains most closely associated with SI. This analysis may 
identify potential starting points for effective therapeutic interventions 
and advances personalized risk assessments.

Methods

Participants

A total of 313 acutely underweight (see BMI criteria and criteria for 
the assessment timepoint with regards to treatment initiation below) 
female adolescents or young adults (aged 12–29 years) with AN 
participated in this study. Patients were admitted to intensive inpatient 
treatment of a specialized ED program at a child and adolescent psy-
chiatry or psychosomatics department of a university hospital and 
assessed within 4 days (weight, height, leptin measures) or, respectively, 
10 days (questionnaires) after admission to inpatient treatment, i.e. after 
the beginning of a behaviorally orientated nutritional rehabilitation 
program (timepoint 1, T1). A total of 217 patients with AN were reas-
sessed after short-term weight restoration (timepoint 2, T2; body mass 
index (BMI) increase of at least 10 % was an inclusion criterion). Rea-
sons for dropout included insufficient weight gain, premature discharge, 
and withdrawal of consent.

Current AN, according to DSM-5 criteria, was diagnosed using a 
modified version of the expert form of the Structured Interview for 
Anorexia and Bulimia Nervosa (SIAB-EX; Fichter & Quadflieg, 1999) 
and required a BMI below the 10th age percentile (if <15.5 years of age) 
or below 17.5 kg/m2 (if >15.5 years of age). Information regarding 
exclusion criteria was obtained from all participants using the SIAB-EX 
supplemented by our own semi-structured interview and medical re-
cords (see supplemental material (SM) S1). Comorbid diagnoses were 
taken from medical records and confirmed by an expert clinician. Par-
ticipants were excluded if they had any of the following clinical di-
agnoses: organic brain syndrome, schizophrenia, substance 
abuse/dependence, psychosis NOS, bipolar disorder, bulimia nervosa or 
binge-eating disorder. Further exclusion criteria were IQ lower than 85, 
psychotropic medication within 4 weeks prior to the study (except 
medication with olanzapine (n = 4) and SSRI (n = 12), which was 
allowed), current inflammatory, neurologic or metabolic illness, chronic 
medical or neurological illness that could affect appetite, eating 
behaviour, or body weight (e.g., diabetes), clinically relevant anemia, 
pregnancy and breast feeding.

Study data were collected and managed using secure, web-based 
electronic data capture tools REDCap (Research Electronic Data Cap-
ture; P. A. Harris et al., 2009). This study was approved by the local 
Institutional Review Board, and all participants (and if underage their 
guardians) gave written informed consent.

Clinical measures

All clinical measures at T1 were assessed within the first ten days 
after study inclusion. The EDI-2 (Thiel et al., 1997) was used to assess 
both ED-specific symptoms (including the subscales drive for thinness, 
bulimia, and body dissatisfaction) and psychological characteristics only 
loosely related to disordered eating (in this paper referred to as 
ED-related symptoms: subscales ineffectiveness, perfectionism, inter-
personal distrust, interoceptive awareness, and maturity fears) 
(Nevonen & Broberg, 2001). General internalizing symptoms, i.e. 
depressive, anxiety and obsessive-compulsive symptoms were assessed 
using the respective scales of the Symptom Checklist-90-Revised 
(SCL-90-R; Franke & Derogatis, 2002). Moreover, item #9 (suicidal 
thoughts or wishes – ranging from 0 (“I don’t have any thoughts of 
killing myself.”) to 4 (“I would kill myself if I had the chance.”)) from the 
Beck Depression Inventory-II (BDI-II; Hautzinger et al., 2009) was used. 
BMI standard deviation scores (BMI-SDS; Hemmelmann et al., 2010; 
Kromeyer-Hauschild et al., 2001) were computed to provide an 

age-corrected index. We estimated IQ using short versions of the 
Wechsler Adult Intelligence Scale (von Aster et al., 2006) or the 
Wechsler Intelligence Scale for Children (Petermann & Petermann, 
2010). For plasma leptin level measurements see SM S2.

Statistical analyses

All analyses were conducted using R, version 4.3.2 (RStudio Team, 
2023). If not indicated otherwise, all values are presented as mean 
±standard deviation. In terms of descriptive statistics, histograms and 
Shapiro-Wilk-tests were employed to test the underlying statistical as-
sumptions. All variables were tested for significant differences between 
T1 and T2.

Missing data ranged between 0 % and 14.7 % (mean: 8.2 %) per 
variable and was imputed using the R-package mice (Van Buuren & 
Groothuis-Oudshoorn, 2011), version 3.16.0. Data was imputed if no 
>12 out of the 23 variables necessary for the network analysis were 
missing per participant (SCL-90-R-items for generating depression score, 
items for generating SI score, EDI-2-subscales, SCL-90-R subscales for 
anxiety and obsessive-compulsive symptoms).

Two scores, a depression and a SI score, were computed. The 
depression score comprised all SCL-90-R items, assigned to the depres-
sion subscale, excluding item #15 (as it was used for generating the SI 
score). This sum score was computed in accordance with the SCL-90-R 
manual (Franke & Derogatis, 2002). To obtain an overall measure of 
SI (SI score), we conducted a factor analysis on the three items that 
measured specific dimensions of SI as suicidal thoughts (using SCL-90-R 
items #15 (thoughts of ending one’s life) and #59 (thoughts of death or 
dying)), along with BDI-II item #9 (suicidal thoughts and wishes). Items 
were z-transformed and weighted based on their factor loadings 
(SCL-90-R question_15: 0.91, SCL-90-R question_59: 0.90, BDI-2 ques-
tion_9: 0.73). Evidence of high internal consistency, alongside conver-
gent and discriminant validity, provides psychometric support for the SI 
node. For further details please refer to SM S3.

We modeled symptoms as a network in which nodes represent in-
dividual variables (e.g., symptoms or subscales), and edges are weighted 
by regularized partial correlation coefficients (denoted by rpar), reflect-
ing the strength of the direct association between variable pairs after 
controlling for all others. Visually, the thickness and color saturation of 
the edges reflect the strength of the regularized partial correlation co-
efficients. Positive partial associations are depicted by blue edges, while 
negative ones are shown in red. The network comprised twelve nodes: 
the SI score, all eight EDI-2 subscales, and the three SCL-90-R subscales – 

depressive, anxiety, and obsessive-compulsive symptoms. Symptom 
networks were created for T1 (n = 313) and T2 (n = 217). A supple-
mentary analysis, integrating leptin into the networks (nT1=229, 
nT2=150) was conducted and is described in the SM S5. To control for 
potential effects of psychoactive medication or age on the network, we 
conducted a sensitivity analysis to examine the potential confounding 
effects of psychoactive medication (n = 15) and age. Thus, we re- 
estimated the networks including only those participants without psy-
choactive medication (nT1=298, nT2=208) or below the age of 18 
(nT1=253, nT2=183) or – respectively – added age as node to the 
network. Additionally, to control for potential influencing effects due to 
the number of nodes in the ED-symptom cluster, we ran additional an-
alyses, including only ED-specific symptoms (bulimia, body dissatis-
faction, drive for thinness) or only ED-related symptoms 
(ineffectiveness, interoception, perfectionism, interpersonal distrust, 
maturity fears).

Partial correlation networks were estimated using the bootnet-pack-
age (Epskamp et al., 2018) and visualized using the qgraph-package 
(Epskamp et al., 2012), version 1.9.5. The network model employs the 
“EBICglasso” algorithm, which implements the "least absolute shrinkage 
and selection operator" (LASSO) regularization using the extended 
Bayesian information criterion (EBIC) for model selection. To achieve a 
sparse and interpretable network, we set the tuning parameter to 0.5. 
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This choice was considered appropriate as it balances sensitivity and 
specificity with respect to the existence of an edge and is a commonly 
used approach (Freichel, 2023).

Centrality indices, specifically node strength and expected influence 
(EI), were computed to assess the importance of nodes in the network. 
Node strength is defined as the sum of the absolute edge weights (rpar) of 
all edges connected to a node, and is one of the most commonly reported 
metrics due to its stability and interpretability (Bringmann et al., 2019). 
EI, by contrast, retains the sign of edge weights and is defined as the sum 
of all signed rpar values for edges connected to a node. To further 
examine centrality across symptom clusters, bridge expected influence 
(bridge EI) was calculated, defined as the sum of all signed rpar values 
connecting a given node to nodes outside its own cluster. The stability of 
the network was estimated following the recommendations by Epskamp 
et al. (2018). Correlation stability (CS) coefficients were calculated for 
all networks, representing the maximum proportion of the population 
that can be omitted while maintaining a correlation of at least 0.7 be-
tween the newly calculated indices and those of the original network. A 
minimum cut-off value of 0.25 indicates acceptable network stability 
(Epskamp & Fried, 2018). Additionally, non-parametric bootstrapping 
(Bollen & Stine, 1992) was employed to estimate the 95 % confidence 
intervals around the estimated edge weights, providing insights into 
edge accuracy.

To investigate potential differences in the networks between time-
points, network comparison tests (NCTs) were conducted using the R- 
package NetworkComparisonTest, version 2.2.2 (Van Borkulo et al., 
2023). NCTs involved comparing T1 networks against T2 networks with 
1000 permutations to assess both differences in network strength and 
structure. Furthermore, the differences in the strength of each edge 
between the two networks were evaluated, both with and without using 
the Bonferroni-Holm criterion for multiple comparisons.

Results

Sample characteristics

Tables 1 and S1 provide a summary of demographic and clinical 
characteristics. All participants were of female sex and gender. 253 
participants (81 %) were below the age of 18 years. Within the AN 
group, 267 (86 %) of the patients were of the restrictive subtype. The 
mean age of illness onset was 14.3 ± 2.5 years and the mean duration of 
illness in the AN group was 13.7 ± 17.7 months. Participants were 
predominantly White (n = 307, 98 %), with a minority identifying as 
Asian (n = 2, 0.6 %) (missing values: n = 4). The socio-economic status 
was 2.09±0.67 (for details see SM S2).

Mean BMI-increase at the follow-up timepoint (T2) was 29.1 %. Not 
only BMI and BMI-SDS, but also leptin levels were significantly lower at 
T1 compared to T2. Nearly half of the patients (n = 135, ~45 %) re-
ported SI (i.e. thoughts about killing oneself or a wish to kill oneself) at 
T1 (nthoughts=124, ~41 %; nwish=11, ~4 %). After partial weight resto-
ration (T2) a third (n = 77, ~36 %) reported SI (nthoughts=68, ~32 %; 
nwhish=9, ~4 %; refer to Table 2 for further details). EDI total score, most 
EDI-subscales (such as drive for thinness, bulimia, ineffectiveness, 
perfectionism, interoceptive awareness, and maturity fears) and general 
internalizing symptoms scores (such as depressive or anxiety symptoms) 
were significantly higher at T1 compared to T2.

Suicidal ideation network – eating symptoms; depressive, anxiety, and 
obsessive-compulsive symptoms

The networks at T1 and T2 are depicted in Figs. 1 and 2. Centrality 
measures are visualized in Fig. 3. Both networks demonstrate acceptable 
stability (CS-coefficient strength at T1: 0.75, CS-coefficient strength at 
T2: 0.75; for plotted edge centrality see SM Figures S1 and S2). In both 
networks, ineffectiveness (T1: EI=1.36, T2: EI=1.33), depressive 
symptoms (T1: EI=1.29, T2: EI=1.37) and problems with interoceptive 
awareness (T1: EI=1.17, T2: EI=1.2) were the nodes with the highest EI 
in the network. Additionally, bridge EI was highest for depressive 
symptoms, SI, ineffectiveness and interoceptive awareness (see SM 
Table S2 and SM Figure S27 for further details).

The general internalizing symptoms (depressive, anxiety, obsessive- 
compulsive symptoms) as well as some ED-specific symptoms (drive for 
thinness, body dissatisfaction) were strongly interrelated.

Of particular interest to our research question regarding potential 
factors associated with SI were the positive connections of SI with 
ineffectiveness (rpar_T1=0.19, rpar_T2=0.21), depressive symptoms 
(rpar_T1=0.16, rpar_T2=0.27) and anxiety symptoms (rpar_T1=0.12, 
rpar_T2=0.11) at T1 and T2. Additionally, at T1 SI shared a much weaker 
positive edge with perfectionism (rpar_T1=0.04). At T2, the edge with 
perfectionism turned negative (rpar_T2=−0.04). Moreover, a positive 
edge with interoceptive awareness (rpar_T2=0.08) as well as negative 
edges with bulimia (rpar_T2=−0.07) and body dissatisfaction 
(rpar_T2=−0.03) arose at T2. For further details see SM Tables S3 and S4.

When comparing the networks of the two timepoints using the NCT, 
a significant difference in global strength, but not network invariance 
was observed (S = 0.87, P = 0.04; M = 0.14, P = 0.6, for further detail 

Table 1 
Study sample: demographic and clinical characteristics.

T1 T2 significant differences
Age, years 15.89±2.29 16.15±2.28 ​
BMI, kg/m2 14.66±1.32 18.84±1.37 T2 > T1***
BMI-SDS −3.16±1.08 −0.73±0.69 T2 > T1***
Leptin, µg/L −0.18±0.76 1.01±0.33 T2 > T1***
EDI-2 total 212.77±43.98 202.21±47.92 T2 < T1***
SI 0.44±0.56 0.41±0.6 not significant
SCL-90-R DEPR 2.6 ± 0.86 2.03±0.81 T2 < T1***
SCL-90-R ANX 0.91±0.75 0.74±0.74 T2 < T1**
SCL-90-R OCS 1.16±0.82 0.78±0.66 T2 < T1***

Note. Mean values±standard deviation for each variable are shown separately 
for each time point. Differences were tested using Wilcoxon signed-rank test (**p 
< 0.01, ***p < 0.001).
Within the AN group, 267 (85 %) of the patients were of the restrictive, 36 (12 
%) of the binge/purging subtype and 10 (3 %) patients have not been assigned to 
one subtype. The mean age of illness onset was 14.3 ± 2.5 years and the mean 
duration of the current illness in the AN group was 13.7 ± 17.7 months. 67 (22 
%) had comorbid mental disorders (11 % depressive disorders including dys-
thymia (n = 35), 5 % obsessive compulsive disorder (n = 17), 8 % anxiety dis-
orders (n = 24), 1 % Post-traumatic stress disorder (n = 3), 0.7 % tics/Tourette 
Syndrome (n = 2), 0.7 % adjustment disorder (n = 2), 0.3 % conduct disorder (n 
= 1), 0.3 % developmental disorders (n = 1) and 1 % showed hints for per-
sonality disorders (n = 3)). IQ-results were on average at 110±12.6. At T1, 15 
patients were on psychoactive medication (SSRI (n = 12) or olanzapine (n = 4)).
Abbreviations: T1, acute anorexia nervosa (AN) participants at timepoint 1 
(admission); T2, AN participants at timepoint 2 (assessment following an in-
crease in BMI of 10 % or more); BMI, body mass index; BMI-SDS, body mass 
index standard deviation score; EDI-2 total, Eating Disorder Inventory-2, total 
score; SI, suicidal ideation as measured via BDI-II (Beck Depression Inventory-II) 
Item #9; SCL-90-R, Symptom Checklist-90-Revised.; DEPR, depressive symptom 
score of SCL-90-R (generated without item #15); ANX, anxiety symptom score of 
SCL-90-R; OCS, obsessive-compulsive symptom score of SCL-90-R.

Table 2 
Study Sample: distribution of suicidal ideation at timepoint 1.

Suicidal ideation score T1 T2
n % n %

0 (“I don’t have any thoughts of killing myself.“) 166 55 137 64
1 (“I have thoughts of killing myself, but I would not 

carry them out.“)
124 41 68 32

2 (“I would like to kill myself.“) 9 3 7 3
3 (“I would kill myself if I had the chance.“) 2 0.7 2 1

Note. Suicidal ideation scores as measured via BDI-II item #9.
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Fig. 1. Estimated network of overall patient population (n = 313) at timepoint 1. Blue nodes: Subscales of Symptom Checklist-90-Revised. Orange nodes: Subscales 
of Eating Disorder Inventory-2 (EDI-2). Darker frame around orange nodes: ED-specific symptoms (EDI-2). Blue lines: positive partial associations. Red lines: negative 
partial associations. Thickness of edges: magnitude of the partial correlation.
Note. SI, suicidal ideation; DEP, depressive symptom score of SCL-90-R (generated without item #15); ANX, anxiety symptom score of SCL-90-R; OCS, obsessive- 
compulsive symptom score of SCL-90-R; DT, EDI-2 scale drive for thinness; B, EDI-2 scale bulimia; BD, EDI-2 scale body dissatisfaction; INF, EDI-2 scale ineffec-
tiveness; P, EDI-2 scale perfectionism; IPD, EDI-2 scale interpersonal distrust; ICP, EDI-2 scale interoception; MF, EDI-2 scale maturity fears.

Fig. 2. Estimated network of overall patient population (n = 217) at timepoint 2. Blue nodes: Subscales of Symptom Checklist-90-Revised. Orange nodes: Subscales 
of Eating Disorder Inventory-2 (EDI-2). Darker frame around orange nodes: ED-specific symptoms (EDI-2). Blue edges: positive partial associations. Red edges: 
negative partial associations. Thickness of edges: magnitude of the partial correlation.
Note. SI, suicidal ideation; DEP, depressive symptom score of SCL-90-R (generated without item #15); ANX, anxiety symptom score of SCL-90-R; OCS, obsessive- 
compulsive symptom score of SCL-90-R; DT, EDI-2 scale drive for thinness; B, EDI-2 scale bulimia; BD, EDI-2 scale body dissatisfaction; INF, EDI-2 scale ineffec-
tiveness; P, EDI-2 scale perfectionism; IPD, EDI-2 scale interpersonal distrust; ICP, EDI-2 scale interoception; MF, EDI-2 scale maturity fears.
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see SM Table S5). Global strength was higher at T2 compared to T1 
(ST1=4.6, ST2=5.5), indicating a higher level of connectivity between 
nodes at T2. When not using p-adjustment methods, a significantly 
different edge between the two networks with respect to our main 
research question was SI – perfectionism (P = 0.02; for other edges that 
were different between the two timepoints but not related to our main 
hypothesis see SM S4).

Exploratory analyses: potential effects of leptin, age or psychoactive 
medication on the networks

The generated networks that also consider possible effects of leptin, 
age or psychoactive medication (n = 12 (~4 %) patients with SSRI, n = 4 
(~1 %) patients with olanzapine) can be found in the SM (leptin: 
Figures S3-S12, age: Figures S13-S18, psychoactive medication: 
Figures S19-S22). The inclusion of endogenous hormone leptin did not 
change the results reported above significantly (see SM S5, Tables S6-S8, 
Figures S3-S12).

The effect of age (included as a node (see SM Figures S13-S16) or 
addressed by running a supplementary model only based on the data of 
participants below the age of 18 years (see SM Figures S17-S18)) had no 
substantial impact on the network regarding the above-mentioned main 
findings (i.e. ineffectiveness, depressive and anxiety symptoms, but not 
ED-specific symptoms sharing important edges with SI).

Psychoactive medication also had no substantial impact on the 
network regarding the above-mentioned finding (demonstrated by 
rerunning the models in medication free patients nT1=298, nT2=208; SM 
Figures S19-S22). Moreover, limiting the analysis to either only ED- 
specific symptoms (SM Figures S23-S24) or only ED-related symptoms 
(SM Figures S25-S26) did not significantly alter the main findings. 
Regardless of whether these symptom types were examined separately 
or not, the only nodes showing strong connections with SI were inef-
fectiveness, anxiety, and depressive symptoms.

Discussion

The aim of our study was to shed light on the symptoms associated 
with SI in AN. In our predominantly adolescent sample, SI played an 
important role in individuals with AN, with about half of the patients 
experiencing SI at the start of treatment (T1) and still about one-third 
experiencing suicidal thoughts after about 3 months of intensive treat-
ment (T2). This aligns with previous findings that have reported SI rates 
ranging from 20 % to 43 %, underscoring the profound impact of SI in 
this patient group (Smith et al., 2018b). Therefore, it is crucial to 
implement more intensive interventions at an early stage.

By applying network analysis techniques, we were able to identify 
three time-invariant, i.e. state-independent factors associated with SI: 
ineffectiveness as well as depressive and anxiety symptoms. In addition 
to their strong connections with SI, indicated by the strong edge weights 
(see Figs. 1–2, and SM Tables S3 and S4), these symptoms also emerged 
as the most central within the SI network and as symptoms that link 
across the symptom cluster, including connections to SI. While bridge EI 
does not specify which or how many clusters are connected, the high 
values suggest that these symptoms link across cluster boundaries. This 
means they are the nodes with the greatest influence, possibly causing 
the most changes throughout the entire network when targeted by in-
terventions (Robinaugh et al., 2016). Our results align with a previous 
network analysis, which identified ineffectiveness, along with depres-
sive and anxiety symptoms, as the most central symptoms in AN (Solmi 
et al., 2018). Additionally, they extend former results by suggesting that 
ED-related and general internalizing symptoms, especially affective and 
anxiety symptoms, determine SI in AN (Dancyger & Fornari, 2005; 
Franko & Keel, 2006). Depressive symptoms drive suicidality in many 
different mental health conditions (Esposito & Clum, 2002; Liu et al., 
2022; Nock et al., 2009) and suicidality is a core symptom of depressive 
disorder (Arnone et al., 2024; Wang et al., 2024). Regarding anxiety 
symptoms our finding is also in line with studies and reviews reporting a 
link to suicidality, both in individuals with EDs but also in the general 
population (Cougle et al., 2009; Dancyger & Fornari, 2005; Diefenbach 
et al., 2009; Kanwar et al., 2013). Furthermore, the meta-analysis by 

Fig. 3. Plotted centrality indices (strength and expected influence) of each node in original networks at timepoint 1 and timepoint 2. Red line: acute anorexia nervosa 
patients at timepoint 1; blue line: anorexia nervosa patients at timepoint 2.
Note. MF, EDI-2 scale maturity fears; B, EDI-2 scale bulimia; P, EDI-2 scale perfectionism; SI, suicidal ideation; IPD, EDI-2 scale interpersonal distrust; ANX, anxiety 
symptom score of SCL-90-R; BD, EDI-2 scale body dissatisfaction; DT, EDI-2 scale drive for thinness; OCS, obsessive-compulsive symptom score of SCL-90-R; ICP, EDI- 
2 scale interoceptive awareness; DEP, depressive symptom score of SCL-90-R (generated without item #15); INF, EDI-2 scale ineffectiveness.
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Kanwar et al. (2013) indicated no association of suicidality and 
Obsessive-Compulsive-Disorder, aligning our finding of no direct link 
between suicidality and obsessive-compulsive symptoms.

To our knowledge, no study so far has identified an association be-
tween ineffectiveness and suicidality in AN. Interestingly, ineffective-
ness, an ED-related symptom, had not only high EI values, indicating it 
to be a potentially promising target of intervention for generating 
change in the whole network, but also edge weights indicate ineffec-
tiveness to be almost as influential on SI as depressive symptoms. Inef-
fectiveness as measured via EDI-2 is conceptualized as low self-esteem 
and low self-efficacy taken together with an emotional component of 
insufficiency (Thiel et al., 1997). A study in AN reported a higher score 
of eating-related self-efficacy (i.e. the opposite of ineffectiveness) at 
admission to treatment to be related to a shorter length of stay at the 
hospital, lower score on the EDI-2 body dissatisfaction scale, and a 
higher weekly weight gain after discharge (Pinto et al., 2008). 
Regarding low self-efficacy, a key component of ineffectiveness, studies 
examining non-AN samples found an association with SI in psychiatri-
cally hospitalized military personnel (Daruwala et al., 2018) as well as in 
non-clinical/population-based samples (Kobayashi et al., 2015; Li et al., 
2023). Furthermore, to theoretically support this relationship, the IPTS 
(Joiner, 2005) can be referenced. According to this theory, perceived 
burdensomeness (which is closely related to ineffectiveness) is consid-
ered a key component contributing to suicidal behavior. This hypothe-
sized relationship is well-supported by numerous studies, reviews and 
meta-analyses (e.g. Chu et al., 2017; Hill & Pettit, 2014). For example, 
in a very large meta-analysis of predominantly community samples, 
perceived burdensomeness was found to be moderately and significantly 
associated with SI (r = 0.48, p < 0.001; k = 84; N = 37,894) (Chu et al., 
2017). In their literature review, Hill and Pettit (2014) reported signif-
icant cross-sectional associations between perceived burdensomeness 
and suicidality in clinical samples, identifying it as either moderator or 
mediator between risk and protective factors and suicidal behavior. 
Since ineffectiveness appeared to be one of the central factors associated 
with SI in our network-model, it might be a good target for psycho-
therapeutic interventions. At the onset of inpatient treatment for ado-
lescents with AN, opportunities for patients to actively participate in and 
influence the treatment process are limited (Mac Donald et al., 2023; 
Zielinski-Gussen et al., 2023). This lack of involvement may subjectively 
be perceived as coercive, which, as some studies have indicated, may 
contribute to an increase in negative affect and consequently suicidality 
(Mac Donald et al., 2023; Zielinski-Gussen et al., 2023). Our findings 
could potentially reflect this correlation as well. Therefore, therapeutic 
methods targeting self-efficacy like shared decision making and 
empowerment might be especially important for AN-patients suffering 
from SI and suicidality in general.

In addition to those state-independent factors associated with SI, we 
also found some time-dependent associations: At admission to treat-
ment, a positive but weak relationship of perfectionism (ED-related 
symptom) and SI arose. This observed relationship has been previously 
described in many clinical and non-clinical samples (O’Connor, 2007) 
and is therefore not surprising. Interestingly, this association shifted to a 
weak negative connection after partial weight gain, making perfec-
tionism appear as a protecting factor against SI. However, both associ-
ations are questionable since the NCT, testing for significant differences 
of the edges between the initial assessment and after partial weight gain, 
only became significant when not correcting for multiple testing. Also, 
in the light of positive edges between (a) perfectionism and depressive 
symptoms and (b) perfectionism and ineffectiveness and those nodes 
being positively partially correlated to SI, doubt is cast on a direct 
negative relationship between perfectionism and SI.

Following partial weight gain, the nodes of the network were more 
strongly connected compared to T1. In general, variables became more 
interconnected, which could potentially be leveraged in psychothera-
peutic treatment, as it suggests that addressing one aspect could lead to 
changes in other areas. However, caution is advised when interpreting 

this finding, as we did not examine directed effects. This increased 
connectivity is also particularly relevant in relation to SI, as new (albeit 
weak) edges emerged, indicating that, at T2, more variables exerted an 
influence on SI. This highlights the growing complexity of the network, 
particularly with respect to SI, over time. More specifically, some sig-
nificant but very weak associations emerged with bulimia (negative 
edge), body dissatisfaction (negative edge) and interoceptive awareness 
(positive edge). However, since these connections did not reach signif-
icance in the NCT, even when no correction for multiple testing was 
applied, and due to their weak associations with SI, we refrain from 
interpreting these edges. Nevertheless, interoceptive awareness remains 
one of the most central nodes of the network (also indicated by its high 
bridge EI values (T1: bridge EI=0.3, T2: bridge EI=0.37; see SM 
Table S2)), sharing positive edges with feelings of ineffectiveness, 
depressive as well as anxiety and obsessive-compulsive symptoms 
(which are in turn strongly linked to depressive symptoms) and thus 
may influence SI indirectly as well. The tendency observed is that higher 
scores on the interoceptive awareness scale (indicating poorer intero-
ceptive skills) are associated with increased SI. The association of 
interoceptive deficits and SI has been demonstrated in both ED and non- 
ED-populations (Forrest et al., 2015; Ortiz & Smith, 2019), and have 
even been proposed as a potential predictor of SI (Ortiz & Smith, 2019). 
This suggests that if patients are struggling with SI, it may be advisable 
to use interventions strengthening interoceptive skills such as 
body-focused therapy or mindfulness skills (Fischer et al., 2017; Khalsa 
et al., 2017; Weng et al., 2020). However, considering the 
cross-sectional nature of our study, further research is needed to explore 
this connection and provide more reliable insights.

To conclude, we were able to identify ED-related and general inter-
nalizing symptoms as factors associated with SI in AN. However, we did 
not find relationships between ED-specific symptoms and SI, which is in 
line with some studies reporting an attenuation or disappearance of the 
relationship between ED-specific symptoms and suicidality when 
considering general internalizing symptoms (Bodell et al., 2013; Yao 
et al., 2016). This further weakens existing literature suggesting 
ED-specific symptoms to be linked to suicidality (Bühren et al., 2014; 
Mereu et al., 2022). These studies did not control for other symptoms, 
which might explain why we were not able to find similar relationships 
using the network analytic approach. Therefore, when taking ED-related 
and general internalizing symptoms into account, relationships between 
ED-specific symptoms and SI might vanish. However, with reference to 
the IPTS (Joiner, 2005), even though ED-specific and several ED-related 
symptoms were not directly linked to SI in the current network analysis, 
ED related factors such as high treatment costs, social isolation or missed 
school/work due to the illness, might indirectly influence SI via 
perceived burdensomeness. As these factors were not examined directly, 
further studies are needed to explore their potential impact on SI in AN.

Evidence indicates that leptin attenuates AN-symptoms (Ehrlich, 
Burghardt, Schneider, Broecker-Preuss et al., 2009; Fürtjes et al., 2018), 
and pilot studies suggested that short-term recombinant human leptin 
treatment may reduce hyperactivity, improve mood and weight-related 
fears, and support treatment outcomes in AN-patients (Hebebrand et al., 
2022; Milos et al., 2020). To evaluate these effects in AN more sys-
tematically, a phase-2 randomized, placebo-controlled, quadruple-blind 
clinical trial using metreleptin is currently underway (trial registration 
number: NCT06305182). However, our supplementary findings showed 
no such influence, aligning with another network analysis (Solmi et al., 
2018), reporting no significant influence of nutritional status (measured 
via BMI), and research in mood disorders (Da Graça Cantarelli et al., 
2015; Su et al., 2020). As this study measured endogenous leptin, con-
clusions about exogenous leptin effects remain premature. Further 
research is needed to clarify the role of both exogenous and endogenous 
leptin and SI.
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Limitations

The findings presented above should be interpreted in the light of the 
following limitations. First of all, SI was only assessed via self-report, 
which could have biased our results due to social desirability effects 
(i.e., patients concealing their ideation). Measurement error might have 
been introduced since SI was assessed using three single items taken 
from two depression questionnaires. However, BDI-II item #9 shows a 
highly significant correlation with specialized suicidality questionnaires 
(Desseilles et al., 2012) and the use of SCL-90-R items #15 and #59 to 
assess SI is well established (Favaro & Santonastaso, 1997; Meng et al., 
2013; Milos et al., 2004). Of note, in our approach, the SI node and all 
others represent subscales (in this case from SCL-90-R and EDI-2 ques-
tionnaires) rather than single items, as using numerous individual items 
would not meet recommended standards for sample size and statistical 
power in network analyses (Epskamp et al., 2018). Nonetheless, an 
alternative approach used in some studies (e.g. Smith et al., 2020), 
where nodes represent individual items, may also be valuable and could 
yield different results. As we collapsed across multiple facets of SI and, 
due to multicollinearity concerns, we were unable to examine 
facet-specific links. Additionally, evidence suggests that the assessment 
of SI is highly influenced by language, as minor changes in wording can 
significantly inflate or restrict prevalence estimates (Ammerman et al., 
2021). Second, the lack of a uniform definition for ineffectiveness leads 
to slightly different conceptualizations and different measurements for 
the construct. Moreover, the AN-sample in this study consisted only of 
young female patients with - mostly - the restrictive subtype and a severe 
but short course of disease. Therefore, results might differ in participants 
of male gender, with binge-eating/purging subtype, with less severe 
symptoms or with a longer course of illness. Fourth, the inclusion of 
multiple facets of ED-symptoms and internalizing symptoms, particu-
larly those from the same scale (e.g., subscales of the EDI-2), may result 
in stronger associations between those related items, potentially 
inflating the centrality of ED-symptoms and affecting the partial corre-
lations. However, to address this limitation, we ran separate analyses 
including only ED-related or ED-specific symptom nodes in the net-
works. The main finding (i.e. ineffectiveness, depressive and anxiety 
symptoms, but less so ED-specific symptoms being related to SI) was 
evident in those additional analyses as well. Lastly, our study examined 
cross-sectional associations at two distinct time points. Given that 
short-term weight restoration was required for the T2 assessment, se-
lection bias may have been introduced, as individuals with less weight 
gain might be at a greater risk for SI. Nevertheless, since ideographic 
network models can support modular, personalized treatments for in-
dividuals with SI, future studies should adopt longitudinal within-person 
network approaches to more precisely identify the key contributing 
factors (Freichel, 2023; Harris et al., 2025).

Conclusion

SI plays an important role in individuals suffering from AN, with 
approximately half of the patients in our sample reporting at least 
thoughts about killing themselves at the initial assessment and a third 
struggling with these thoughts even after an intensive treatment period. 
The results presented above illustrate the interaction of symptoms in AN 
associated with SI. General internalizing symptoms and ED-related 
factors influence SI in AN, whereas ED-specific symptoms have less 
impact. Besides co-occurring depressive and anxiety symptoms, 
perceived ineffectiveness (ED-related symptom) is a state-independent 
factor associated with SI in AN. Therefore, it might be important to 
therapeutically address ineffectiveness with interventions such as 
shared decision making and empowerment in patients experiencing SI.
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