
Page 1/16

Linguistic Feature of Anorexia Nervosa: A
Prospective Case-Control Pilot Study
Vittoria Cuteri 

Department of Medical and Surgical Sciences, University of Bologna, IRCCS ISNB, S. Orsola Malpighi
Hospital, Bologna
Giulia Minori 

Department of Classical Philology and Italian Studies, University of Bologna
Gloria Gagliardi 

department of Literay Lingustics and Comparative Studies, University of Naples L'Orientale
Fabio Tamburini 

Department of Classical Philology and Italian Studies, University of Bologna
Elisabetta Malaspina 

IRCCS ISNB, S. Orsola Malpighi Hospital, Bologna
Paola Gualandi 

IRCCS ISNB, S. Orsola Malpighi Hospital, Bologna
Francesca Rossi 

IRCCS ISNB, S. Orsola Malpighi Hospital, Bologna
Milena Moscano 

IRCCS ISNB, S. orsola Malpighi Hospital, Bologna
Valentina Francia 

IRCCS ISNB S. Orsola Malpighi Hospital, Bologna
Antonia Parmeggiani  (  antonia.parmeggiani@unibo.it )

Department of Medical and Surgical Sciences, University of Bologna,IRCCS ISNB,S. Orsola Malpighi
Hospital,Bologna https://orcid.org/0000-0002-6849-0830

Research Article

Keywords: Anorexia Nervosa, Clinical Linguistics, Linguistic Marker, Eating Disorders, Adolescence.

Posted Date: February 22nd, 2021

DOI: https://doi.org/10.21203/rs.3.rs-186615/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-186615/v1
mailto:antonia.parmeggiani@unibo.it
https://orcid.org/0000-0002-6849-0830
https://doi.org/10.21203/rs.3.rs-186615/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/16

Version of Record: A version of this preprint was published at Eating and Weight Disorders - Studies on
Anorexia, Bulimia and Obesity on July 26th, 2021. See the published version at
https://doi.org/10.1007/s40519-021-01273-7.

https://doi.org/10.1007/s40519-021-01273-7


Page 3/16

Abstract
Purpose: attention has recently been paid to Clinical Linguistics for the detection and support of clinical
conditions. Many works have been published on the “linguistic pro�le” of various clinical populations, but
very few papers have been devoted to linguistic changes in patients with eating disorders. Patients with
Anorexia Nervosa (AN) share similar psychological features such as disturbances in self-perceived body
image, in�exible and obsessive thinking and anxious or depressive traits. We hypothesize that these
characteristics can result in altered linguistic patterns and be detected using the Natural Language
Processing tools.

Methods: we enrolled 51 young participants from December 2019 to February 2020 (age range: 14-18):
17 girls with a clinical diagnosis of AN, and 34 normal weighted peers, matched by gender, age and
educational level. Participants in each group were asked to produce three written texts (around 10-15
lines long). A rich set of linguistic features was extracted from the text samples and the statistical
signi�cance in pinpointing the pathological process was measured.

Results: comparison between the two groups showed several linguistics indexes as statistically
signi�cant, with syntactic reduction as the most relevant trait of AN productions.

Conclusion: these preliminary data showed the existence of linguistic parameters as probable linguistic
markers of AN. However, the analysis of a bigger cohort, still ongoing, is needed to consolidate this
assumption.

Level of evidence III: evidence obtained from case-control analytic studies.

Introduction
Over the last few years, a growing body of linguistic studies have been devoted to speech and language
disorders: this fairly new branch of linguistics is called “Clinical Linguistics” [1] and it helps supporting
speech and language therapists and neuropsychologists. Thanks to automated computational methods,
progress in the �eld has been breathtaking. Sophisticated Natural Language Processing (NLP)
techniques, newly developed, have been used to analyze written and spoken texts, revealing latent
patterns and regularities in pathological speech.

These subtle language disruptions can be used as “digital biomarkers”, namely objective, quanti�able
behavioral data which can be collected and measured by means of digital devices, allowing for a low-
cost pathology detection and classi�cation.

Within this context, a number of works have been published on the “linguistic pro�le” of various clinical
populations [2-5]: linguistic de�cits have been reported in several neurodegenerative diseases such as
dementia [6,7], where language disruption is a common �nding both in the earliest stages and in full-
blown pathology; alterations have been extensively described in scienti�c literature on dysphonia and
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dysarthria, especially in the hypokinetic forms resulting from damage to the basal ganglia (such as in
Huntington's disease, Progressive Supranuclear Palsy or Parkinsonism) [8-11]. Some studies deal with the
linguistic habits of psychopathologies, e.g. schizophrenia [12-14], personality disorder [15], anxiety and
depression [16-22]. However, a very limited number of papers have been devoted to linguistic changes in
patients with eating disorders [23-29].

Within the large �eld of eating disorders, Anorexia Nervosa (AN) has drawn increased interest from the
linguistic community in the last few decades.

The complexity of this disorder depends on the almost constant presence of psychiatric comorbidity and
medical morbidity, as well as secondary problems associated with malnutrition. Indeed, AN is associated
with cognitive and emotional disturbances [30], although it is not yet clear whether as a cause or a
consequence of the disorder or malnutrition.

Scant information exists about the incidence and prevalence of AN due to the lack of representative
epidemiologic data and different assessment methods, which limit the meaningfulness of statistical
evidence [31]. Incidence rate could be underestimated on account of the fact that the majority of
individuals experience the disease as egosyntonic and do not get used to treatment, so the majority of AN
patients in the community do not enter the mental healthcare system [32].

All studies report higher incidence in women and girls than in men and boys, with gender ratios of
approximately 10/1 to 15/1. The incidence of AN requiring inpatient treatment in Italy for the age group
10-19 years is 22.8 per 100.000 women and 2.0 per 100.000 men [33]. Good evidence supports the
conclusion that the rate of �rst diagnosis of AN is highest among individuals of 15–20 years of age in
both males and females [32].

From a psychological point of view, weight loss is often viewed by AN patients as a sign of extraordinary
self- discipline and perfectionism, whereas weight gain is perceived as an unacceptable failure. In�exible
thinking is a core feature of the disorder, as well as rigid behavior, almost disconnected from the somatic
experience, weak set shifting (reduced ability to move back and forth between tasks), weak central
coherence (attention to details rather than to the general picture), a sensitivity to praise and reward and
anxiety sensitivity or harm avoidance [34-36].

A prompt identi�cation and treatment of symptoms are linked to better outcomes [37]. Unfortunately, as
already pointed out, the diagnosis of AN is often elusive, and more than one half of all cases go
undetected in the primary care setting [38]. Therefore, current research continues to emphasize the need
for novel reliable strategies in order to identify even early warning signs.

To date, only few studies investigate speech in people with eating disorders [23-27]. These studies mostly
focus on the differences characterizing the texts of self-presentation written by individuals who publicly
defend AN as a lifestyle (“pro-ana”), rather than on the language uses of affected patients [23,27].
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Aim of the study
The primary aim of this study is to better understand the psychopathological elements of AN aided by
recent developments in clinical linguistics. Patients with AN share similar psychological features, like
disturbances in self-perceived body image, in�exible and obsessive thinking and anxious or depressive
traits [39-41]. We hypothesize that these characteristics can result in altered linguistic patterns and be
detected using NLP tools. In consideration of the widespread diffusion of AN among people of
developmental age, the long-term aim of this pilot study is to be able to create an ecological tool (i.e. a
psychometric instrument which is able to predict behaviors in real-world settings), potentially applicable
both in the clinical and school contexts, which allows to support early detection and treatment of the
disease. To the best of our knowledge, this is the �rst study on the linguistic pro�ling of AN-affected
individuals in Italy.

Materials And Methods
This work is an observational prospective case-control study. The study began before SARS-COV2
pandemic and it is still ongoing, with full results expected in 2021. It was approved in December 2019 by
the Metropolitan Bioethics Committee in Bologna with protocol number 683/2019/Oss/AOUBO. Study
participants were divided into two groups: the Anorexia Nervosa group (ANG) and the Control Group (CG),
with a ratio of 1:2. Fifty-one participants are currently enrolled; they are divided as follows:

ANG: 17 patients with a clinical diagnosis of Anorexia Nervosa according to DSM-5, recruited at the
Regional Center of Eating disorders in Bologna;

CG: 34 high school students from Bologna matched by sex, age and educational level (school
grade/type of secondary school) compared to ANG.

First, through a short self-reported questionnaire, we surveyed all participants to ascertain their language
pro�ciency in Italian.

In fact, bilingualism and multilingualism are the norm rather than the exception in today's Italy. Our
preliminary test aimed at assessing both quality and quantity of bi- or multi-lingual experience, in order to
remove from the sample poor productions due to scarce exposure to standard Italian.

To ensure privacy, each participant was identi�ed by a code rather than their personal name. Inclusions
criteria are reported in table 1.

Table 1: inclusion criteria for participant enrollment
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AN CG

·         Age: 14-18

·         Diagnosis of Anorexia Nervosa (DSM-5)

·         Fair level of communication skills in
standard Italian (Language History
Questionnaire)

·         Written informed consent

·         Age: 14-18

·         BMI ≥ 18.5

·         Fair level of communication skills in
standard Italian (Language History
Questionnaire)

·         Written informed consent

Second, all participants were asked to complete three “linguistic tasks”, namely to produce three short
written texts (around 10-15 lines long), according to the literature [24-26,29]:

1. Personal task: “How would you describe yourself? (Please, talk about your physical and personality
traits, your hobbies, etc.)”.

2. Neutral task: “How do you usually spend time with your friends?”

3. Description of a complex picture: the black and white picture “Cookie theft” from the BDAE - Boston
Diagnostic Aphasia Examination Battery [42] (�gure 1).

These linguistic tasks were submitted to ANG as part of clinical activities and to the CG during ordinary
school activities. For ANG we collected clinical data as follows: gender, age, BMI, age of onset and
duration of illness, amenorrhea, purging behavior, pharmacological therapy, comorbidity.

Data analysis
Linguists manually digitized the handwritten texts. This corpus has been enriched by adding linguistic
information at the lexical and morphosyntactic levels: all the sentences have been automatically
analyzed by the Turin University Linguistic Environment – TULE [43], based on the TUT - Turin University
TreeBank tagset, a collection of Italian sentences annotated at a morphosyntactic, syntactic and
semantic level, with dependency-oriented representation format.

A multidimensional parameter analysis has been performed on the corpus: after examining the relevant
literature, we selected a wide range of linguistic/stylometric indexes to be tested in order to determine
their relevance in the discrimination between AN and CG subjects. For a thorough description of the
indexes, please refer to Beltrami and colleagues (2018) [7]. In addition, we used the software LIWC
(Linguistic Inquiry and Word Count) [43,45], a text analysis program, which counts the percentage of
different lexical categories, in order to capture the participants’ social and psychological states (i.e.
emotions, thinking styles, social concerns).

For all the linguistic variables we evaluated differences of distribution between ANG and CG with the
Kolmogorov-Smirnov non-parametric test.
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For ANG we evaluated the clinical data mentioned above: sex, age, weight, height, BMI, onset and
duration of illness, presence of purging behavior, amenorrhea, both physical and psychological
comorbidity, pharmacological therapy with SSRI (e.g. �uoxetine, sertraline, �uvoxamine), anxiolytics (e.g.
benzodiazepines) or antipsychotics (e.g. olanzapine, quetiapine).

We performed a statistical descriptive analysis for all clinical data.

Spearman correlation index was calculated between linguistic and clinical data of ANG, in order to
evaluate the correlation between changes in language use and disease severity.

Results
Age and schooling differences of the enrolled participants (table 2) are not statistically relevant based on
the Kolmogorov-Smirnov test; thus, the sample is well balanced as regards each variable.

Table 2: Demographic characteristics of the sample

Group N Age

(mean ± sd)

Years of education

(mean ± sd)

ANG

CG

17

34

16 ± 1.37

16 ± 1.35

11.06 ± 1.34

11.15 ± 1.28

With regard to the clinical data, ANG was 100% female, with an average age of onset of the disease at
14.18 years (SD 1.54) and an average duration of the disease of 1.82 years (SD 1.29). Mean MBI was
17.04 (SD 1.56). Twelve patients (70.6%) were being treated with psychopharmacological therapy as
follows: 41% (N 7) only with SSRI, 6% (N 1) only with antipsychotics, 24% (N 5) with a
polypharmacotherapy.  

In our AN sample, 58.8% (N 10) of patients were in secondary amenorrhea and 11.8 % (N 2) were in
primary amenorrhea; 29.4% (N 5) had purging behavior. In this group, we also observed comorbidity in
47.1% (N 8) of cases.

Table 3: Text length produced in the three tasks by ANG and CG
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Task ANG

(mean ± sd)

CG

(mean ± sd)

Task1 (Personal) 98.63 ± 42.94 105.5 ± 35.05

Task2 (Neutral) 61.53 ± 40.98 68.56 ± 31.55

Task 3 (Description of picture) 81.50 ± 40.02 77.15 ± 24.13

Overall 80.22 ± 43.16 83.74 ± 34.18

We calculated the number of words produced by each group for each task (Table 3). As corroborated by
the statistical analysis, the three tasks show different “elicitation power” (Kruskall-Wallis non-parametric
test with Dunn's multiple comparison, p-value < 0.001). The “personal task” (task 1) prompted richer
responses in both samples.

Given the large quantity of linguistic indexes that we analyzed, we report here only statistically relevant
results. Results are summarized in table 4.

The analyzed Lexical Indexes, showing statistically relevant differences between ANG and CG, are the
following:

1. Content Density (LEX_ContDens): ratio between open-class words like nouns, verbs, adjective and
adverbs (lexical words) and closed-class words (grammatical words). ANG showed a higher content
density in task 3 compared to CG.

2. Part of Speech rate (LEX_PoS_ADV and LEX_PoS_CONJ): ANG showed a lower frequency of
conjunctions overall, and a lower frequency of adverbs in task 2 compared to CG.

3. Personal deixis rate (LEX_PDEIXIS): frequency of personal deictic expressions in written texts. ANG
showed a lower use of personal deixis in task 2 compared to CG.

4. Lexical richness (LEX_HonoreR)[46]: proportion between words used only once and total number of
words. ANG showed a higher lexical wealth in task 3 and overall compared to CG.

For Syntactic Indexes, differences between ANG and CG are indicated as follows:

1. Number of dependent elements linked to the noun (SYN_NPLENSD): complexity of the noun phrase.
ANG showed a lower complexity in task 2 compared to CG.

2. Global Dependency Distance (SYN_GRAPHDISTM): syntactic complexity, quanti�ed as the length of
the arcs in the dependency tree. ANG showed a lower complexity overall, compared to CG.

3. Utterance length (SYN_SLENM and SYN_SLENDS): length of the sentence, that is, average number of
words per sentence. ANG showed a lower utterance length in task 1 and overall compared to CG.
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Among indexes investigated using the software LIWC, differences between ANG and CG are indicated as
follows:

1. Words per sentences (LIWC_WPS): ANG showed a lower average of words per sentences in task 2
and overall compared to CG.

2. >6-letter Words (LIWC_SIXLTR): ANG showed a higher count of >6-letter words in task 3 and overall
compared to CG.

3. Dictionary word count (LIWC_DIC): ANG showed a lower percentage of words belonging to the LIWC
dictionary in task 2 and overall compared to CG.

4. Perceptual process (LIWC_PERCP): use of words referring to the senses (e.g., see, hear, feel). ANG
showed a lower word count in task 2 compared to CG.

5. Use of present tense (LIWC_PRES): ANG showed a lower use of the present tense in task 3 compared
to CG.

Table 4: Results of the linguistic analysis.

Linguistic variable Task 1

(Personal)

Task 2

(Neutral)

Task 3

(Description of picture)

Overall

LEX_ContDens     *  

LEX_PoS_ADV *      

LEX_PoS_CONJ       *

LEX_PDEIXIS   *    

LEX_HonoreR     * *

SYN_NPLENSD   *    

SYN_GRAPHDISTM       **

SYN_SLENM *     **

SYN_SLENSD *     *

LIWC_WPS   *   *

LIWC_SIXLTR     * ***

LIWC_DIC   * ***  

LIWC_PERCP   *    

LIWC_PRES     *  

The signi�cant p-value is indicated for the corresponding feature and task, with *p < 0.05; **p < 0.01; ***p < 0.001.
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Within ANG, results of correlation between clinical data and linguistic variables, calculated with
Spearman, were not statistically signi�cant. Additional data are needed to evaluate the correlation with
disease severity.

Discussion
The linguistic pro�ling of AN and other eating disorders remains to date mostly unexplored. Moreover, all
studies published so far concern themselves with verbal production in a Germanic language, namely
English, German or Norwegian. Given the peculiar typological (i.e., morphosyntactic) features of the
Italian language, these results cannot be readily generalized and applied to Italian. Based on our
knowledge, no other similar study has been conducted in Italy so far.

The �rst observation we can make by looking at the results regards the selection of the linguistic task: the
most effective stimulus in distinguishing ANG and CG was the description of a complex picture. This
�nding is not surprising: according to Chung [44], linguistic tasks not directly pertaining to psychological
and bodily states provide a non-reactive way to explore social and personality processes. However, in our
opinion, aggregated tasks (“overall”) represent the best testing ground for the evaluation of subtle
linguistic alterations. As a matter of fact, data scarcity is one of the major bottlenecks for Arti�cial
Intelligence (AI) and NLP systems: in our study, the different tasks provide different contributions to
describing the subject’s psychological state and their linguistic behavior; however, a larger amount of
data allows a better characterization of verbal disruption in ANG.

Based on the current data, mostly focused on language in pro-anorexia blogs, the analysis of linguistic
cues of emotional processes shows that pro-anorexics usually adopt more positive emotional words (e.g.
“happy”, “good”), a lower rate of anxiety words (e.g. “afraid”, “scared”) and fewer cognitive mechanism
words (speci�cally insight and causation words, e.g. “cause”, “realize”) than recovering anorexics [23, 27].
Moreover, pro-anorexics display lower levels of self-directed attention, since they make fewer �rst-person
singular self-references; their texts contain more present tense verbs and fewer past tense verbs,
suggesting a focus on the present experience rather than on the past. Compared with recovery and
control blogs, pro-eating disorder written productions contain a high proportion of exclamation marks but
much fewer question marks, indicating a strong self-a�rmation [47] and a reduced tendency to express
insecurity and fears. This may also re�ect a form of complexity reduction at the syntactical level [27]. The
strong focus on oneself enters into combination with a low social relatedness. Pro-ana bloggers appear
to be less connected with the outside world and real-life relationships [48]: this tendency is further
supported by a low third-person plural pronoun use. Taken together, these observations are consistent
with an interpretation of pro-anorexics’ language use as a coping strategy aimed at stabilizing them
emotionally: these subjects experience a sense of control over the illness, and thus deploy a mechanism
of self-defense.

In our sampling, syntactic reduction appears as the most relevant trait of ANG productions. In this
respect, several indexes emerged as statistically signi�cant (see table 4). Distinguishing lexical features
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of our cohort include: Content Density, i.e. the ratio of open-class words to closed-class words, Lexical
Richness calculated as R – Honoré’s statistic, rate of Adverbs, Conjunctions and personal deixis,
incidence of LIWC2007 Dictionary (LIWC_DIC). At the semantic level, our data show a lower incidence of
lexical units related to perceptual processes (LIWC_PERCP, i.e. multiple sensory and perceptual
dimensions associated with the �ve senses) in AN patients with respect to controls. The most frequently
described trait of AN, namely the lower use of �rst-person singular pronouns [23, 27] is not con�rmed by
our data, neither as the plural ones. The analysis of temporal focus is also controversial: in contrast with
the work of Lyons et al. [23], written texts by CG contain more present-tense verbs (LIWC_PRES), which
objects to the presumed attentional focus on the here-and-now of AN patients. Furthermore, none of the
readability features turn out to be statistically relevant, except for the usage of long (> 6 letter) words
(LIWC_SIXLTR), which recur more frequently in ANG.

Could this syntactic reduction be linked to the brain atrophy of AN patients? It is now well documented
that patients with AN show brain modi�cation (mostly reversible with refeeding) such as lower volumes
of total brain (grey matter, white matter, cerebellum and insula, with higher volumes of cerebrospinal �uid
and cerebral ventricles) [49]. This brain volume loss potentially leads to neuropsychological de�cits, i.e.,
altered visuospatial functioning, reduced perceptual organization/reasoning and increase drive for
thinness [50]. However, the clinical relevance of these cerebral alterations is currently poorly understood.

Two interesting studies conducted by Skårderud [25, 26] investigate the body’s symbolic role in the course
of the illness. They call “concretized metaphors” the striking clinical feature of concreteness of
symptoms, due to body image �uctuation, which means that there is a psychic equivalence between
physical and psychic reality (e.g. ‘emptiness/fullness’, ‘purity’, ‘spatiality’, ‘heaviness/lightness’ ‘solidity’,
‘removal’). The ‘as-if’ quality of the more abstract meaning of the metaphor is lost, and the metaphor
becomes instead an immediate concrete experience [25, 51]. These observations have been interpreted as
evidence for the impairment of the psychological processes underlying the capacity to make mental
representations. With this respect, semantics could represent a promising direction for future research.

In conclusion, the preliminary �ndings of our study – the �rst one considering Italian, a Romance
language – suggest that it is possible to identify linguistic parameters as probable linguistic markers of
AN. Since this study is still ongoing, it will be possible to collet additional data by increasing the number
of ANG and CG cases to be examined. A larger cohort will make it possible to evaluate how such
comorbidities as anxiety or depression, active often at a subclinical level, may also affect language as
reported in the literature [17, 19, 21].

If these preliminary results are con�rmed, the use of an automatic system (e.g., Machine Learning
classi�ers) analyzing and classifying patients’ language use in written productions may offer signi�cant
support for the identi�cation of both overtly pathological and sub-clinical conditions.

Strength and limits
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This work is an observational prospective case-control study. The preliminary data showed the existence
of linguistic parameters as probable linguistic markers of AN. The analysis of a bigger cohort, still
ongoing, is needed to consolidate this assumption

What is already known on this subject?

Linguistic de�cits have been reported in several neurodegenerative diseases such as dementia. Some
studies deal with the linguistic habits of psychopathologies but very few papers have been devoted to
linguistic changes in patients with eating disorders.

What this study adds?

This is the �rst study on the linguistic pro�ling of AN-affected individuals in Italy. The use of an
automatic system analyzing patients’ language use in written productions may offer signi�cant support
for the identi�cation of both overtly pathological and sub-clinical conditions and contribution to early
treatment.
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