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Abstract. Eating disorder (ED) was not learned well in China. To contribute to an
understanding of the prevalence of EDs in China and to identify individuals with
ED tendencies, we randomly selected one million Sina Weibo (social media
platform similar to twitter) users and collected all their postings related to ED
keywords. Using thematic analysis and sentiment analysis our study proposes an
approach for identifying ED-prone people, the use of which reveals the current
situation with regard to EDs in China. The identified ED-prone people were all
willing to share information about diet, body shape and slimming while reporting
their disease condition. Most of these users were young females, who were active
on social media but in a negative frame of mind. With the method proposed in this
study, it is possible to identify individuals with an ED and carry out timely
intervention via social media at a very low cost.
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1. Introduction

The mantra of “regard being slender as beauty” has come to influence the perception of
beauty among Chinese in recent years, and extreme measures taken to lose weight have
led to eating disorders (EDs) that have become a serious problem hindering the healthy
development of Chinese adolescents[1, 2]. Presently about 0.5% to 2% of people
worldwide, dominated by teenagers, are suffering from an eating disorder (ED)[3],
which includes incomplete forms of anorexia nervosa and bulimia nervosa. With a
fatality rate of 5% to 6 %, anorexia nervosa (AN) is the most fatal of all mental
diseases[4].

Since individuals usually try to conceal ED symptoms[5]. It is particularly
difficult to detect people with an ED in order to treat them in a timely manner. Given
the often secretive nature of EDs, those with an ED may seek social support or
resources online. Online social media offers anonymity and thus users have few
scruples in expressing themselves, which makes social media the best tool for those
with an ED to search for other users suffering from the same disease whom they can
discuss their problems with, and seek support and advice from[6, 7]. The emergence of
social media platforms provides an effective method to identify individuals with an ED
and to help understand the development of EDs at a very low cost.

Sina Weibo, which is similar to Twitter, is the largest platform of user information
sharing, circulation and acquisition in China. In the past two years, one of the hot
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topics on Weibo has been the “skinny craze”. For example, the posts of “A4 waist” (the
width of the waist is smaller than that of an A4 paper, namely, 210mm) has reached 270
million and the number of people participating in the discussion has reached 302,000.
Another example is the throwing down of “skinny craze” challenges by posting photos.
These kinds of activities are undoubtedly putting potential ED people at risk. In
addition, because of the openness and anonymity of Weibo, users may post and discuss
private matters without scruples. Therefore, it is worthwhile to probe into China's ED
population using Weibo data sources.

2. Literature Review

In recent years, more and more researchers use social media data to study
psychological diseases[8,9]. The research on ED based on social media mainly focuses
on the following aspects:

First, the relationship between the social media and ED has been mainly explored.
Some researchers have found that the frequent use of social media had a stronger
correlation with body image concerns and ED[10-12]. A study showed positive linear
relationship between the time of social media use and reported ED behaviors[13,14]. In
addition, a study showed that there is a link between online ED content browsing and
offline ED behavior[15].

Second, some studies focus on online Pro-ED community[16]. Some studies by
the hashtag (for example, #proana, pro-ED) or keywords found those communities
openly supporting ED on social media[17]. Through content analysis, it was found that
the community content was consistent with the behavior of ED psychiatry, and the
community members expressed support for these behaviors[18]. After the
characteristics and posting information of users in these communities were tracked and
analyzed, it was found that all such communities aggravate ED[19]. A study have
established text classifiers to identify the risk pro-ED information by characterizing
removed Pro-ED social media content[20].

Finally, studies from another perspective have also found that the Internet and
social media can act as a platform to provide ED assessment and intervening measures,
to decrease body image dissatisfaction and disordered eating patterns, and to reduce the
morbidity of high-risk groups[21, 22]. The Internet and social media can also reduce
the barriers for treatment, and provide an easy anonymous environment to encourage
ED groups to conduct self-management[23, 24].

Therefore, social media does not only intensify ED hazards but is also the best
methods for medical personnel to conduct assessments and take intervening measures.
However, most of the existing research is based on Facebook and twitter, which are not
available in China. As the prevalence of eating disorders in China is increasing year by
year, it is necessary to investigate ED in social media.

In this study, an investigation is carried out into the population with EDs in China
by extracting data from Weibo. Firstly, a general description of the current situation of
EDs in China and an analysis of ED topics that users discuss via social media is
provided; secondly, the personal features of ED users in China are revealed. Findings
from this study are expected to provide a theoretical basis for the active intervention
and treatment of ED users via social media.
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3. Methods

3.1 Data collection

API (Application Programming Interface) was used to randomly collect approximately
394 million postings of one million users from Weibo. These users were randomly
sampled and all their postings were collected. These original data included posting text,
posting time, and user information such as age, gender, region, number of followings,
and number of followers. These data were publicly available but the study hides all
traceable user information for the protection of the users' privacy. Ethical review was
not required because we only used publicly available data in this study.

Selection of postings

3.2 Selection of postings

From the data sets collected, we retrieved all posting texts related to ED by keyword
search. This was achieved by reading a plethora of articles and postings on Chinese ED
websites and post bars in order to find words that best embody the characteristics of ED.
To avoid collecting noisy data, some commonly used words and terms such as dieting,
slimming, and losing weight were not adopted. All postings that contained the keyword
“eating disorder 7, “anorexia”, “bulimia”, “emetic”, “self-induced vomiting”, were
retrieved from the postings. The number of the selected ED-related postings was
33,230.

Not all posts containing the keyword are disclosed ED. In order to extract the
content related to ED, two trained researchers with mental health experience then
independently labeled the postings and a codebook was created for differentiating the
33,230 postings according to content; they coded all the postings by using the
codebook independently[25]. Each of the postings was discussed and an agreement on
the final assigned code was made. A third PhD researcher was introduced to code a
sample of 1,000 postings randomly selected from all 33,230 postings to compute the
inter-rater reliability. Cohen’s kappa test is often used to check the inter-coder
reliability[26,27]. The inter-rater reliability for each theme was as follows.

A. Users suffering from ED (kappa>0.4)

B. Users express wish to develop AN (kappa>0.4)

C. Users disclosing the behaviors of disordered eating (Kappa<0.4)

D. Sharing medical information on ED, news, exaggeration (Kappa>0.4)

Obviously, not all postings that contained keyword(s) reflect disclosure of
ED(type D), and the quantity and kappa value for disclosing the behaviors of
disordered eating were too small(type C). Finally, 1,145 postings (type A) and 96
postings (type B) were identified as disclosure of an ED and adopted for further
analysis.

3.3 Themes

To identify ultimate themes of the postings that expressed disclosure of an ED, the two
experienced members separately coded each of the 1,145 (type A) postings and 96
(type B) postings. The third member then was introduced to code the postings. Finally,
Cohen’s kappa test was conducted.
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3.4 Demographics characteristics

It should be noted that 1,114 users posted the 1,145 postings that expressed symptoms
of suffering from ED, while 94 users posted the 96 postings that expressed a wish to
develop AN - these two types of users are referred to as eating disorder-prone
(ED-prone) users. To verify the result, 910,000 users were randomly selected from
Weibo as a comparison group, and Pearson chi-square was adopted to compare the
characteristics of ED-prone users and typical users (from the comparison group) on the
gender distribution. Wilcoxon Rank Sum and Signed Rank Test[28] were used to
determine whether the medians of user’s age, postings, followings and followers were
statistically significant between the ED and typical users. P < 0.05 was considered
statistically significant.

3.5 Sentiment analysis

To explore the emotional states of the postings posted by ED-prone users, all of their
postings were retrieved from the database. The number of these postings was 775,066
and 61,930. For comparison, 120,000 postings from typical users were randomly
selected.

It is impossible to classify a large number of postings manually, so we need to
build a text classifier. A long short-term memory(LTSM) network is a type of recurrent
neural network (RNN)[29], which is widely used in natural language processing tasks.
Based on the LTSM algorithm, sentiment classifiers were built. Detection was
considered as a binary classification problem (emotion states of each posting, namely,
positive or negative). For the supervised classification problem, a training data set is
necessary. Therefore, 30,000 postings were randomly selected from the postings of 1
million users. Three trained researchers independently labeled the postings, and
majority rule was adopted when there was disagreement. Ten-folded cross-validation
and accuracy were selected as measures to assess the performance of the classifiers.
Experimental results suggested that the classifiers achieved the highest accuracy with
93%.

After the emotional state of each post was determined, the negative emotion score
of each user was calculated; that is, the proportion of the number of postings with
negative emotion stated to that of the total postings of a user. The higher the proportion
is, the stronger the user’s negative emotion.

3.6 Influencing factors of negative emotion and mental health

To identify the influencing factors of negative emotion of ED-prone users, the
1,000 posts randomly selected from all acquired postings with negative emotion states,
were labeled. Users having a high negative emotion score were also examined to see
whether they posted other psychological comorbidity messages.
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4. Results

4.1 Themes

Postings containing the keywords were selected. The majority of postings were
excluded because of sharing medical information and because kappa values were too
small. Finally, 1,145 postings (type A) were identified as users suffering from an ED,
in which AN accounted for 89.69% and bulimia 8.47%. In addition, 96 postings (type
B) expressed their wish to develop AN. These postings were further coded to explore
the themes of EDs in the postings. Themes identified in the postings are presented in
Table 1.

Table 1 Themes of ED-related postings.

Thematic analysis Kappa  Quantity example
value (proportion)
Type A

1 disclosure of ED 0.880 423, 36.94% I am tormented by AN, and will die soon! This is
only God’s punishment to me, and I will take the

consequences!

2 description of 0.833 610, 53.28% I still fail to do exercises but be tormented by
symptoms and Bulimia today./Now I am sitting in the classroom,
behaviors, and only thinking about which snack to eat./After
including  eating, calculation, I found the snack’s calorific value is
body shape, and more than 1,000 kilocalories /If I eat the snack, at
slimming least two days of my exercises will lose effect.

3 seeking help 0.614 74, 6.46% I have an eating disorder, who can help me?

4 taken measures 0.556 38,3.31% I must have a good meal to overcome ED.

Type B

1 expressing wish to 0.780 88, 91.67% I hope to develop anorexia.
develop AN only

2 seeking a method 0.780 8, 8.25% I want to develop anorexia, and who can help me?
for develop AN

For type A, the most common theme of the postings (n=610, 53.28%) was
describing their condition and behavior in eating, body shape, slimming and so on.
Most users take pleasure in sharing and exchanging their own ED condition. The
second most popular theme was disclosure of ED (423, 36.94%). Only 6.46% (n=74) of
the postings attempted to seek help from others. About 3% (n=38) of the postings
mentioned some measures taken to prevent or reduce ED. For type B, the most
common theme of the postings (n=88, 91.67%) was expressing a wish to develop AN
only.

4.2 Demographic characteristics

To better understand the difference between ED-prone users and typical users, it was
decided to character the characteristics of the ED-prone Weibo users. Five variables of
gender, age, number of postings, number of followings, and number of followers were
used.
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Table 2 Demographic characteristics of ED-prone users

typical users A Users suffering P, B Users express Pp
from ED wish to develop AN
Gender
Male 417180(43.79%) 196(17.59%) P<0.001 9(9.57%) P<0.001
Female 535577(56.21%) 918(78.19%) 85(90.43%)
Age (10-60) (15-38) (17-33)
25% 21 22 20
Median 24 24 P=0.01443 23 P=0.01524
75% 28 26 26
Number of
postings
25% 96 318 247
Median 280 686 P<0.001 485 P<0.001
75% 728 1311 1133
Number of
followings
25% 92 140 138
Median 185 242 P<0.001 277 P<0.001
75% 341 421 454
Number of
followers
25% 67 147 124
Median 141 246 P<0.001 228 P<0.001
75% 280 386 472

Table 2 shows the comparative result between demographic characteristics of
groups with ED-prone and typical groups. The result of Pearson’s chi-squared test
shows that the gender distribution difference between the two groups has statistical
significance. Analysis of gender distribution illustrates that females tend to have an ED
more frequently than males, and a higher proportion of female users express a wish to
develop AN. Results of Wilcoxon Rank Sum and Signed Rank Test show a statistical
significance in the median difference in users' age, number of postings, followings, and
followers. The age distribution was relatively young. Both the ED-prone users are more
active and both their number of postings and followings are larger than those of typical
Weibo users.

4.3 Sentiment analysis

Through sentiment classification of all postings of ED-prone users, it was found that
compared with typical users, ED-prone users show stronger negative emotion.

the Proportion ofusers
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Figure 1 Distribution of negative emotion score of users; abscissa: negative emotion score, ordinate: the
proportion of users
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A distribution graph of negative emotion score of each user was produced (see
Figure 1). It can be seen that most of the typical users had a low negative emotion score
(Figure 1(a)). In most cases however, among users suffering from an ED more negative
emotion exist (Figure 1(b)); among the users expressing a wish to develop AN, there
was generally deeper negative emotion and a relatively average distribution of scores
(Figure 1(c)), which might be related to the limited data size.

4.4 Influencing factors of negative emotion and mental health

The main reasons for negative emotion reflected by the sampled posts and the
corresponding proportions are as follows:

A. Physical complaint, such as illness, stomachache, hunger, insomnia, etc. (23%)

B. Dissatisfied with self-image (4%)

C. Life stress; work, study, and family affairs (33%)

D. Weather and environment (7%)

E. Not mentioned (33%)

Users with high negative emotion score also disclosed other mental problems: 53
users posted that they were suffering from depression, 14 users posted that they had
anxiety disorder, and 13 users out of these showed a suicidal tendency more than once.

5. Discussion

This study examined the postings in Weibo related to those who are ED-prone, which
reflects the status of EDs in China and identifies the problems of managing ED-prone
users.

From the sample database, it was found that most of the 1,114 users posted that
they were suffering from the ED appeared to have AN. These 1,114 users accounted for
a relatively small proportion of the selected users. In the data labelling process, a large
part of the data was deleted because of some users’ misunderstanding of AN. Most of
them considered a poor appetite for a period of time as a sign of AN, which indicates
that there is a lack of general knowledge of EDs in China and that the majority are not
aware of the AN disease.

The proportions of different themes of Weibo postings related to ED-prone users
suggests that the users, in most cases, tend to talk about their own conditions because
they might have no idea of how to seek help, or feel reluctant to ask for assistance
with overcoming their ED. Those themes play an important role in establishing
stronger links between these users and the exchange of information is expected to
facilitate the identification of more online users with an ED. Therefore, it is necessary
to proactively identify this group of users and render assistance by offering low-cost
online intervention measures promptly to prevent the disease from getting worse.

In this study, 94 users expressed a wish to have AN. These users might be under
great pressure imposed by the concept that regards being slender as beautiful, which
has had a dramatic impact on the public through vigorous media promotions. Secondly,
a group of pro-AN users (e.g., “Pro-Ana”) is likely to emerge on the Internet and social
media if there is no efficient control over relevant information and the users themselves.
Studies have revealed that the users of “Pro-Ana” websites or online communities tend
to share extreme weight loss measures with each other and learn skills via the Internet.
In addition, these active and influential websites and online communities tend to be a
risk factor for deterioration of EDs among users. To mitigate the risk, online guidance
for correctly grasping healthcare concepts should be provided for the public and proper
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measures for weight control and beneficial healthcare should be introduced to reduce
the incidence of EDs.

The study also statistically analyzed the demographic characteristics of ED-prone
users. First, gender distribution is consistent with previous studies by finding many
more female users than male users[11, 30]. This significant gender difference implies
that more attention should be paid to female users in future studies so as to customize
health information provided during online management and control. Second, from the
age statistics we found that users between the ages of 20 to 30 years old account for the
largest proportion among users who are ED-prone. Previous studies usually restricted
samples to teenagers under 18 years old or college students[2, 31]. However, such
sample selection is unsuitable for studies on EDs in China. Therefore future studies
should enlarge the age range of samples. Third, the number of postings, followings, and
followers of both the two types of users are much larger than those of typical users. We
think this may be related to the lack of identity in 'real life' and so they take pleasure in
exchanging information and acquiring support through the anonymous environment of
social media. However, since it is easy for them to receive wrong health information
this way, it is very important to carry out online management and control for ED-prone
users.

This study found that most of the ED-prone users showed negative emotions and
tended to complain about their poor health, such as stomachache or hunger that might
result from an ED. There are potential factors brought on by such negative emotions,
such as discontentment with oneself, tremendous pressure, and anxiety, all of which are
likely to cause or aggravate EDs. Moreover, identification of these factors may be
essential for the treatment of the disease. These findings about physical and mental
phenomena enable professionals to provide online assistance and guidance for users in
terms of psychotherapy, nutrition counseling, and foundation of support groups. Apart
from this, it was also noted that those with strong negative emotions had other
psychological comorbidities, such as depression, anxiety disorder and even suicidal
tendencies. The results suggest that the effects and treatment of these comorbidities
should be taken into consideration when prescribing treatment and developing
prevention plans for patients suffering from an ED.

Without further study or diagnosis by professional doctors, we cannot be sure
whether the users in the study reporting their ED are really developing an ED. However,
we think these users are potential ED patients, and this is an important step for helping
ED patients. In addition, some users in their postings do not specifically mention the
term ED but instead describe their extreme slimming behavior. Furthermore, most
postings in Weibo only include one or two sentences, which restrict demarcation of
EDs and as a result such content failed to pass the Cohen’s kappa test and were not
analyzed. Further studies are needed for identifying the relationship between particular
symptoms and user activity on social media.

All in all, EDs are a serious and even fatal disease. This paper is the first to carry
out an investigation of EDs based on social media. Most of the previous studies
identified potential ED patients through traditional epidemiology or clinical methods
that are resource and time intense. Nevertheless, this study provides medical
researchers and health care service organizations with a smart method at a lower cost to
identify and efficiently assist the population with EDs. It allows professionals to offer
healthcare information and psychological guidance online, provide ED-prone users
with assistance to combat the disease in the earlier stages, and strengthen online
regulations on risk factors for EDs; more studies should be conducted to facilitate the
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implementation of these plans. It is hoped that the findings of this study can enable
mental health organizations in China to obtain a deeper understanding of the condition
of the ED population and play a significant part in effectively preventing EDs and
reducing incidence of the disease in China.

6. Conclusion

This is the first survey of ED on Chinese social media. We use keyword method to
identify individuals with ED tendency. Through themes analysis, we find that
ED-prone individuals are willing to share and exchange their own ED condition, and
unwilling to seek help actively. Some users have made public their desire to get AN.
These behaviors are very dangerous, which show there is still a lack of awareness of
ED problem in China. According to the demographic characteristics, most of ED users
are young women and more active than the general users. In addition, the sentiment
analysis is conducted to estimate the negative emotion of ED-prone users of social
media and the possibility of suffering from other mental comorbidities. It is possible
that the findings of this study enable mental health organizations in China to obtain a
deeper understanding of the condition of the ED population. This study also plays a
significant role in effectively preventing EDs and reducing incidence of the disease in
China.
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