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Abstract: People with suicidal ideation (PSI) are increasingly using social media to express suicidal
feelings. Researchers have found that their internet-based communication may lead to the spread
of suicidal ideation, which presents a set of challenges for suicide prevention. To develop effective
prevention and intervention strategies that can be efficiently applied in online communities, we need
to understand the behavior of PSI in internet-based communities. However, to date there have
been no studies that specifically focus on the behavior of PSI in Chinese online communities.
A total of 4489 postings in which users explicitly expressed their suicidal ideation were labeled
from 560,000 postings in an internet-based suicidal community on Weibo (one of the biggest social
media platforms in China) to explore their behavior. The results reveal that PSI are significantly more
active than other users in the community. With the use of social network analysis, we also found that
the more frequently users communicate with PSI, the more likely that users would become suicidal.
In addition, Chinese women may be more likely to be at risk of suicide than men in the community.
This study enriches our knowledge of PSI’s behavior in online communities, which may contribute to
detecting and assisting PSI on social media.
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1. Introduction

Sina Weibo (Weibo), Chinese version of Twitter, is one of the most popular social media platforms
among the Chinese population [1]. Like Twitter, Weibo allows its users to post updates and comment
on updates which were posted by other users. Moreover, many active users may comment on mental
health-related updates [2,3], and some of them may be troubled by self-reported health problems, such
as depression and suicide [4,5].

Suicide is a severe public health problem around the world and is particularly serious in China,
which accounts for more than 30% of the world’s suicides [6,7]. It has been reported that mental
disorder was a less important risk factor for suicide in China [8]. Other factors, such as acute stressors
and impulsivity, might play a more important role in Chinese suicides (Chinese women are more
likely to commit suicide [9]) than in Western suicides [8,10,11]. As impulsive suicide attempts are
hard to predict, it is a challenge to intervene in a timely manner [12–14]. Fortunately, the emergence
of social media (including Facebook and Twitter) provides a new pathway for helping people with
suicidal ideation (PSI) [15,16]. Researchers have demonstrated that suicidal ideation can be disclosed
by suicide-related words and phrases on social media [17]. For example, a 21-year-old Sweden man
died by hanging hours after posting some suicide-related words on an internet forum in 2010, and there
are more than 3000 comments under this suicidal posting [18]. With the use of suicide-related words,
PSI can be detected on social media effectively and their suicide attempts can be prevented [19–21].
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It is worth noting that PSI can also use suicide-related words to search for users who are similar
to themselves on social media [22–25]. In this way, PSI get acquainted with each other, and then cluster
together in so-called “suicidal communities” (where the people participating are primarily PSI) to
share their suicidal feelings, ideation or plans anonymously [26–28]. That is, the existence of suicidal
communities may facilitate communication among PSI. Although their internet-based communication
in the community is reported as a way to reduce the pressure to take suicidal action [29], their
communication may lead to the spread of suicide methods, ideation and deaths [30,31], which present
a set of challenges for suicide prevention [32]. Koburger [33] analyzed a significant increase of railway
suicides after a report of a railway suicide, and concluded that the spread of suicide methods may
trigger copycat suicides. Joiner [32] explored the communication of people who are vulnerable to
suicide in a suicidal community, and found that all members of the community may be at increased risk
for suicidality due to the spread of suicidal ideation. By studying the formation and expansion of the
suicidal community, Johansson et al. [28] were able to demonstrate that PSI in the community might
super-infect one another (e.g., some PSI are highly motivated to find partners to commit suicide [23]),
and then more vulnerable users will be attracted to join in from the community. In other words,
if effective measures are not taken to prevent suicides, the community may become a hotbed of suicide.

In China, social media platforms are increasingly common platforms for people to broadcast
suicidal ideation [34], and online suicidal communities do exist in China (as far as we know, the size
of online suicidal communities vary greatly, and there is only one community with more than
100,000 participants) [3,35]. As PSI are very likely to tell others about their suicidal thoughts on Weibo,
researchers are trying to detect and help PSI according to their postings on Weibo [36]. For example,
by studying the postings PSI published on Weibo, Wang et al. [37] were able to conclude that PSI
are more active at night, and more women than men report their suicidal ideation. Some researchers
explored the linguistic features of PSI on Weibo, and found that PSI may use less verbs, and post more
words in their updates [38]. However, these studies have mainly focused on exploring their behavior
at an individual level [39,40], and to date there have been no studies that specifically focus on the
behavior of PSI in online suicidal communities. That is, we have limited knowledge of the behavior of
Chinese PSI in online communities.

This study addresses this knowledge gap by identifying and describing PSI in a suicidal
community [35], so that better detection and intervention measures can be adopted to assist them.
Specifically, the study classifies the themes of suicidal comments published by PSI, examines whether
and how suicidal ideation spread in the community, identifies the characteristics of PSI, and explores
the active patterns of individuals who may be at risk of committing suicide.

2. Materials and Methods

The data used in this study are public. To protect the privacy of the individuals, we removed the
identity information of users.

2.1. Data Collection

The suicidal community we studied exists in the comments of a Chinese college student’s last
posting before the student committed suicide. This student, posted on Weibo with the username
“Zoufan”, committed suicide on March 17, 2012, just after leaving a farewell posting that auto-posted
online hours after her death [3,35]. For the past six years, there have been over 560,000 comments
under the farewell posting and the number of comments is still continuing to grow.

From January 17 to February 18, 2017, all the comments of Zoufan’s last posting, approximately
560 thousand comments by 160 thousand users, were crawled from Weibo with the use of a spider
programmed by the research team. Along with these comments, demographic characteristics of these
users were also obtained. As these data are still changing, we updated the demographic characteristics
of these 160 thousand users from September 29 to October 8, 2018. The flow chart of the data processing
is presented in Figure 1.
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2.2. Coding of Suicidal Comments

Considering the fact that suicidality was self-reported rather than observed by others in most
clinical trials [41,42], human coding is used to determine whether the user has suicidal ideation (the
definition of suicidal ideation refers to thoughts of engaging in behavior intended to end one’s life [43])
in his/her suicide-related comments [44,45].

Comments in which users explicitly expressed their suicidal ideation were identified as suicidal
comments (e.g., kill myself; end my life), and other comments, including those in which users did
not explicitly express their suicidal ideation, were discarded (e.g., I don’t want to live, but don’t want
to die either). To accurately identify suicidal comments, human coding (which was employed by
three mental health researchers (the authors) who specialized in suicide prevention and possessed
training in the detection of suicide risk) was used to determine whether comments are suicidal ones.
A three step coding process was employed as follows: The first step was to ask two of the researchers
to detect suicidal comments individually and code according to a classification system reiterated by
the research team; the second step required them to reach an agreement on differences by consensus;
and in the final step the third researcher was asked to code a sample of 2000 items (randomly selected
from the dataset) in order to calculate the inter-rater reliability (kappa > 0.8 indicates a substantial
agreement [46–48]). To avoid annotation fatigue, our researchers judged 1000 comments per hour.
Then, 4489 comments were identified as suicidal ones and these comments belonged to 3039 Weibo
users. The inter-rater reliability was good at kappa 0.84.

2.3. Coding of Themes

Themes were defined as topics that occur repeatedly [49]. To learn the themes of PSI’s suicidal
comments, we scanned all these comments to determine the most popular themes. These comments
were grouped into following themes: (1) expression of suicidal ideation, (2) inquiry of suicide methods,
(3) expression of thanatophobia, (4) description of suicide attempts, and (5) seeking suicide partners.
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The coding process was similar to the process mentioned above, after which the inter-coder
reliability for each theme was calculated and tabulated as shown in Table 1. According to the magnitude
guidelines proposed by Landis and Koch [46], all the kappa values in the study were acceptable.

Table 1. Inter-coder reliability for the five themes.

Themes Kappa

Expression of suicidal ideation 0.96
Inquiry of suicide methods 0.91

Expression of thanatophobia 0.93
Description of suicide attempts 0.86

Seeking suicide partners 0.99

2.4. Interactional Patterns

To explore the interactional patterns of PSI in the community, social network analysis is introduced
to describe the communication with PSI participation.

As shown in Figure 2, if there is an association between suicidal ideation of user ‘B’ and his/her
communication with PSI (e.g., user ‘A’), we consider that both user ‘A’ and user ‘B’ contribute to the
spread of suicidal ideation in the community.
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2.5. Data Analysis

Network analysis was used to depict interactional patterns of PSI in the community, and
Gephi (version 0.91) [50] was used for constructing and visualizing the communication network.
The difference in the number of followers, following, and postings was measured by Cohen’s d [51],
Wilcoxon Rank Sum, and Signed Rank Tests [52]. The diurnal pattern of the postings was presented by
ggplot2 (version 2.0.0) [53]. All the analyses were operated by Python (version 3.5) [54].

3. Results

3.1. Themes

A total of 4489 suicidal comments (posted by 3039 PSI) were labeled from 560,000 comments.
Themes identified in these comments are presented in Table 2.

The majority of these suicidal comments simply expressed the suicidal ideation (73.5%, 3300/4489).
The second most common theme (11.4%, 513/4489) was expression of thanatophobia. The other
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three themes were much less frequent. Seeking suicide partners (6.8%, 304/4489) was also discussed.
Only 5.9% of the comments (263/4489) mentioned inquiry of suicide methods. The rest of the comments
were descriptions of previous suicide attempts (2.6%, 117/4489). These theme statistics reveals that
some PSI were highly motivated to find methods by which and partners with whom to commit suicide,
although most of them only expressed suicidal ideation in their comments.

As presented in Table 2, there were 8 comments simultaneously recorded in the theme ‘Expression
of suicidal ideation’ and the theme ‘Description of previous suicide attempts’, in which these PSI not
only described their previous suicide attempts, but also desired to attempt to commit suicide again.
This phenomenon suggests that suicide attempters may still be troubled by suicidal ideation and need
to be assisted in a timely and effective manner.

Table 2. Themes of PSI’s suicidal comments.

Themes Suicidal Comments
(n = 4489) Example Postings

Expression of suicidal ideation 3300 (73.5%) 1 I also want to commit suicide!
Inquiry of suicide methods 263 (5.9%) How can I commit suicide without pain?

Expression of thanatophobia 513 (11.4%) I want to commit suicide, but I’m
afraid of pain.

Description of previous suicide attempts 117 (2.6%) 1 I tried to kill myself, but did not succeed.
The pills I eaten were not sufficient.

Seeking suicide partners 304 (6.8%)
@somebody: There is no meaning to be

alive. I will commit suicide next Saturday,
can you come with me?

1 There were 8 comments simultaneously recorded in these 2 themes, in which PSI not only described their previous
suicide attempts, but also desired to suicide again.

3.2. Interactional Patterns of PSI

With the use of social network analysis, we found that there was a positive correlation between
the times users communicated with PSI and the probability that users were in the same situation
(the correlation coefficient is 0.98 [54,55]). That is, communicating with PSI, to some extent, may lead
to the spread of suicidal ideation [56]. Then, a total of 204 PSI who were involved in the spread of
suicidal ideation were detected from the 3039 PSI identified above. To examine whether there were
differences in expressing suicidal ideation between PSI who were involved in the spread of suicidal
ideation, and other PSI in the community, we examined the suicidal themes mentioned by the two
groups. The results are shown in Table 3.

This result indicates that there was a statistically significant difference (χ2 = 77.9, p < 0.001)
between the two groups in the theme of seeking suicide partners. The percentage of this theme
mentioned by PSI involved in spreading suicidal ideation was 16.2%, while among the other PSI only
5.6% mentioned this theme.

Table 3. The suicidal themes mentioned by the two groups.

Themes
Suicidal Comments by PSI

Involved in Spreading
Suicidal Ideation (n = 499)

Suicidal Comments
by other PSI

(n = 3990)
χ2 p

Expression of suicidal ideation 307 (61.5%) 2993 (75.0%) 40.8 <0.001
Inquiry of suicide methods 45 (9.0%) 218 (5.5%) 9.5 0.002

Expression of thanatophobia 51 (10.2%) 462 (11.6%) 0.68 0.4
Description of previous

suicide attempts 15 (3.0%) 102 (2.6%) 0.19 0.65

Seeking suicide partners 81 (16.2%) 223 (5.6%) 77.9 <0.001
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To graphically describe the interactional patterns of PSI, the communication patterns of different
moments are illustrated in Figure 3. To clearly illustrate the spread of suicidal ideation, only those
users who have contacted each other more than 5 times are shown in the graph. It can be observed
from Figure 3 that a user who did not have the idea of committing suicide before the initial state
(labeled as “0” in the ellipse box of Figure 3a,b), expressed suicidal ideation at the following state
(labeled as ‘1’ in the ellipse box of Figure 3c,d) after communicating with PSI. This result suggests that
there may be suicide contagion along with the spread of suicidal ideation. In addition, the formation
and expansion of a sub-community centered on this user (Figure 3c,d), indicates that suicide may be
transmitted within a specific community and lead to a clustering phenomenon.
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3.3. Demographics Characteristics of PSI

There was a total 3039 PSI detected from the users in the community (n = 167,505). Demographic
information of the groups is presented in Table 4. As shown in the table, 75% of the PSI were female,
which was significantly higher (p < 0.001) compared with the other users in the community (65%).

The PSI group had significantly fewer followers (p < 0.001), following (p < 0.001) and postings
(p < 0.001) compared to the control group which are presented in Table 4. This suggests that PSI may
be relatively less active on Weibo.

Table 4. Demographic characteristics of PSI.

Variable
PSI 1 in the Community Other Users in the Community

Cohen’s d p
(n = 3039) (n = 164,466)

Gender, % <0.001
Male 25 35

Female 75 65

Followers, n 0.0002 <0.001
Quartile 1 73 124

Median 239 322
Quartile 3 656 747

Following, n 0.0001 <0.001
Quartile 1 74 125

Median 189 261
Quartile 3 388 464

Postings, n 0.0003 <0.001
Quartile 1 32 97

Median 199 537
Quartile 3 930 1877

1 people with suicidal ideation.

3.4. Active Patterns of PSI

To investigate the active patterns of PSI in the community, the number of users and active users
who posted in the community on 3 or more days a week were counted. Results show that the number of
PSI and active PSI (Table 5) in the community have increased year by year, indicating the high influence
of the suicidal community and providing evidence for the agglomeration of PSI. By comparing the
proportion of active users, the proportion of active PSI was significantly greater. This difference
suggests that PSI may be more active in the community.

Table 5. Active patterns of users in the community.

Deadline

PSI in the Community Other Users in the Community

Total Number Active Number Total Number Active Number
n n (%) n n (%)

September 2012 453 58 (12.8) 79,488 1300 (1.6)
March 2013 649 91 (14.0) 95,449 1606 (1.7)

September 2013 859 110 (12.8) 107,456 1887 (1.8)
March 2014 989 133 (13.4) 112,677 2013 (1.8)

September 2014 1191 173 (14.5) 118,999 2216 (1.9)
March 2015 1360 201 (14.8) 127,651 2516 (2.0)

September 2015 1715 255 (14.9) 133,723 2689 (2.0)
March 2016 2045 300 (14.7) 139,837 2898 (2.1)

September 2016 2534 366 (14.4) 155,224 3306 (2.1)
February 2017 3039 477 (15.7) 164,466 3743 (2.3)

There was a statistically significant difference (p < 0.001) between the two groups in each set of the data.
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In addition, the diurnal pattern of PSI’s postings was analyzed in comparison with other users
in the community (Figure 4). The results suggest that users of the community may be more active
at night.
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4. Discussion

In this study, we identified 3039 PSI in a Chinese suicidal community on Weibo and explored
their behavior in the community. The finding that the agglomeration behavior of these PSI compared
with the findings from previous study (114 PSI detected from 1 million Weibo users [37]), highlights
the importance of suicide prevention at community level. To the knowledge of the researchers, this is
the first study to report the behavior of PSI at community level.

Through content analysis, it was found that past suicide attempters in the community, who
reported little fear of death [57], may still want to commit suicide and propagate their suicide methods
in a painless way. Their postings may affect vulnerable people who are willing to search for painless
suicide methods to overcome their inner fear [58,59]. That is, PSI in the community (e.g., users who
are afraid of suicide and those who are looking for suicide methods) may be at risk of suicide due to
the copycat effect [60–62]. Our findings suggest that additional support should be provided for users
with previous suicide attempts, and it is necessary for social web sites to curb the spread of suicide
methods in the community, which may reduce the risk of copycat suicides and the possible contagion
effect of suicides.

By learning the interactional patterns of PSI, it was found that the more times users communicate
with PSI, the more likely that users become suicidal. This phenomenon is in line with previous studies
that interpersonal communication may lead to suicide contagion [31,56]. We also found that PSI who
are involved in the contagion process are more likely to find someone to commit suicide with them
than other PSI. The underlying mechanism has not been examined. One possibility is that these PSI
want to get acquainted with someone (who are similar to them) to supervise each other in the process
of committing suicide [45]. More research is required to investigate the reason behind this finding.
Future work will focus on the details of communication (e.g., what do they talk about, how their inner
feelings change, why do these users like to communicate in the online community, and what kind of
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communication can alleviate their suicidal ideation) among these users to promote the effectiveness of
suicide prevention.

From the active patterns of PSI, we found that PSI are significantly more active in the online
community. One possible explanation of this phenomenon may be that they hope to be accepted
by other PSI in the community [45]. However, more research is required to determine why they are
more active (especially at night) in the community. This finding may improve our understanding
of PSI’s behavior in suicidal communities. Considering the fact that the online behavior of PSI may
influence the effectiveness of online suicide prevention [63,64], targeted suicide prevention programs
should be implemented to support individuals who show a different attitude towards death in the
community. For instance, delivering feelings of fear and pain to vulnerable people in the community
(e.g., individuals who are biologically frightened of death) could possibly be the most effective way to
intervene and prevent suicides [65,66].

Similar to findings of previous studies that Chinese women have a higher suicide rate than
men [6,67], we also found that more than 75% of PSI were female. This gender difference may be
related to the specific characteristics of Chinese culture and social environment (e.g., self-esteem, family
values and social status [67,68]). For example, Chinese women may be typically blamed for different
types of family disputes, and which will make them feel that they are not supported by others in
their family network and in society [67,69]. Considering the higher prevalence of suicide ideation and
suicide attempts of females [70,71], our findings suggest that gender differences should be considered
in implementing effective prevention strategies.

Nevertheless, it is important to notice the limitations of the current study. Firstly, it should be
noted that the method used in this study is not a substitute for traditional clinical diagnosis. It is,
however, an effective complement to the traditional methods because of its low cost in identifying
and assisting PSI. This sample is limited to those individuals who self-reported their suicidal ideation.
There are certain biases inherent in self-reporting methods, and future research should determine
whether results could be replicated when interview and other clinical approaches are employed.
Secondly, our findings may have limited generalizability since the sample may be different to samples
from other countries due to cultural differences. Though the findings contribute to an under-researched
area, further research should be conducted among different populations. Thirdly, our study considered
communicating with PSI as contributing to the spread of suicidal ideation. Although our work proved
a positive correlation between the times users communicate with PSI and the probability that users
will become PSI, further work is needed to study how suicidal ideation spreads during communication
among users. Fourthly, as our data is obtained from the public community, it is important to note that
the behavior of PSI in a private community may be different from our results.

5. Conclusions

Despite these limitations, this study represents the first social media study on the behavior of
PSI in Chinese suicidal communities. By investigating their behavior revealed in the community, our
study stresses the importance of suicide prevention in suicidal communities on social media, especially
for those individuals who might not seek mental health services. In addition, our findings highlight
the necessity of curbing the spread of suicidal ideation, methods and behaviors, which have been
observed in diverse cultures [72–74].

Author Contributions: Conceptualization, Z.W. and G.Y.; Methodology, Z.W.; Software, Z.W.; Validation, Z.W.,
G.Y. and X.T.; Formal analysis, Z.W. and X.T.; Investigation, Z.W.; Resources, Z.W.; Data curation, Z.W. and X.T.;
Writing—original draft preparation, Z.W.; Writing—review and editing, Z.W., G.Y. and X.T.; Visualization, Z.W.;
Supervision, G.Y.; Project administration, G.Y.; Funding acquisition, G.Y.

Funding: This research was funded by the National Natural Science Foundation of China, Grant Nos. 71774041
and 71531013.

Conflicts of Interest: The authors declare no conflict of interest.



Int. J. Environ. Res. Public Health 2019, 16, 54 10 of 13

References

1. Watch, C.I. Weibo MAU up 28% to 361 Million in June 2017. Available online: https://www.chinainternetwatch.
com/22151/weibo-q2-2017/ (accessed on 12 August 2017).

2. Paul, M.J.; Dredze, M. Discovering health topics in social media using topic models. PLoS ONE 2014, 9,
e103408. [CrossRef] [PubMed]

3. Fortin, J. Chinese Student ‘Zoufan’ Hangs Herself: Weibo Suicide Note Posts Online Next Day. Available
online: http://www.ibtimes.com/chinese-student-zoufan-hangs-herself-weibo-suicide-note-posts-online-
next-day-428242 (accessed on 21 March 2012).

4. Wang, X.; Zhang, C.; Ji, Y.; Sun, L.; Wu, L.; Bao, Z. A depression detection model based on sentiment analysis
in micro-blog social network. In Proceedings of the Pacific-Asia Conference on Knowledge Discovery and
Data Mining, Hanoi, Vietnam, 18–20 May 2005; pp. 201–213.

5. Li, A.; Huang, X.; Hao, B.; O’Dea, B.; Christensen, H.; Zhu, T. Attitudes towards suicide attempts broadcast
on social media: An exploratory study of Chinese microblogs. PeerJ 2015, 3, e1209. [CrossRef]

6. Yip, P.S.; Liu, K.Y.; Hu, J.; Song, X. Suicide rates in China during a decade of rapid social changes.
Soc. Psychiatry Psychiatr. Epidemiol. 2005, 40, 792–798. [CrossRef] [PubMed]

7. Wang, C.-W.; Chan, C.L.; Yip, P.S. Suicide rates in China from 2002 to 2011: An update. Soc. Psychiatry
Psychiatr. Epidemiol. 2014, 49, 929–941. [CrossRef] [PubMed]

8. Lin, L.; Zhang, J. Impulsivity, mental disorder, and suicide in rural China. Arch. Suicide Res. 2017, 21, 73–82.
[CrossRef] [PubMed]

9. Cao, X.-L.; Zhong, B.-L.; Xiang, Y.-T.; Ungvari, G.S.; Lai, K.Y.; Chiu, H.F.; Caine, E.D. Prevalence of suicidal
ideation and suicide attempts in the general population of China: A meta-analysis. Int. J. Psychiatry Med.
2015, 49, 296–308. [CrossRef]

10. Law, S.; Liu, P. Suicide in China: Unique demographic patterns and relationship to depressive disorder.
Curr. Psychiatry Rep. 2008, 10, 80–86. [CrossRef] [PubMed]

11. Smith, A.R.; Witte, T.K.; Teale, N.E.; King, S.L.; Bender, T.W.; Joiner, T.E. Revisiting impulsivity in suicide:
Implications for civil liability of third parties. Behav. Sci. Law 2008, 26, 779–797. [CrossRef] [PubMed]

12. Burrow, S. An Overview of Suicide and the Impact of Interacting Factors on Current Suicide Trends.
Bachelor’s Thesis, East Tennessee State University, Johnson City, TN, USA, May 2018.

13. Karam, E.G.; Itani, L.; Fayyad, J.; Hantouche, E.; Karam, A.; Mneimneh, Z.; Akiskal, H.; Rihmer, Z.
Temperament and suicide: A national study. J. Affect. Disord. 2015, 184, 123–128. [CrossRef]

14. Leenaars, A.A.; Edwin, S. Shneidman on suicide. Suicidol. Online 2010, 1, 5–18.
15. Alao, A.O.; Soderberg, M.; Pohl, E.L.; Alao, A.L. Cybersuicide: Review of the role of the internet on suicide.

CyberPsychol. Behav. 2006, 9, 489–493. [CrossRef] [PubMed]
16. Sampasa-Kanyinga, H.; Lewis, R.F. Frequent use of social networking sites is associated with poor

psychological functioning among children and adolescents. Cyberpsychol. Behav. Soc. Netw. 2015, 18,
380–385. [CrossRef] [PubMed]

17. Jashinsky, J.; Burton, S.H.; Hanson, C.L.; West, J.; Giraud-Carrier, C.; Barnes, M.D.; Argyle, T. Tracking
suicide risk factors through Twitter in the US. Crisis 2014. [CrossRef]

18. Flashback. Flashback Hanging. Available online: https://www.flashback.org/t1322408 (accessed on
11 October 2010).

19. Torok, M.; Calear, A.; Shand, F.; Christensen, H. A systematic review of mass media campaigns for suicide
prevention: Understanding their efficacy and the mechanisms needed for successful behavioral and literacy
change. Suicide Life-Threat. Behav. 2017, 47, 672–687. [CrossRef] [PubMed]

20. Luxton, D.D.; June, J.D.; Fairall, J.M. Social media and suicide: A public health perspective. Am. J. Public
Health 2012, 102, S195–S200. [CrossRef] [PubMed]

21. Robinson, J.; Bailey, E.; Hetrick, S.; Paix, S.; O’Donnell, M.; Cox, G.; Ftanou, M.; Skehan, J. Developing social
media-based suicide prevention messages in partnership with young people: Exploratory study. JMIR Ment.
Health 2017, 4. [CrossRef] [PubMed]

22. Hagihara, A.; Miyazaki, S.; Abe, T. Internet suicide searches and the incidence of suicide in young people in
Japan. Eur. Arch. Psychiatry Clin. Neurosci. 2012, 262, 39–46. [CrossRef] [PubMed]

23. Eichenberg, C. Internet message boards for suicidal people: A typology of users. CyberPsychol. Behav. 2008,
11, 107–113. [CrossRef]

https://www.chinainternetwatch.com/22151/weibo-q2-2017/
https://www.chinainternetwatch.com/22151/weibo-q2-2017/
http://dx.doi.org/10.1371/journal.pone.0103408
http://www.ncbi.nlm.nih.gov/pubmed/25084530
http://www.ibtimes.com/chinese-student-zoufan-hangs-herself-weibo-suicide-note-posts-online-next-day-428242
http://www.ibtimes.com/chinese-student-zoufan-hangs-herself-weibo-suicide-note-posts-online-next-day-428242
http://dx.doi.org/10.7717/peerj.1209
http://dx.doi.org/10.1007/s00127-005-0952-8
http://www.ncbi.nlm.nih.gov/pubmed/16205852
http://dx.doi.org/10.1007/s00127-013-0789-5
http://www.ncbi.nlm.nih.gov/pubmed/24240568
http://dx.doi.org/10.1080/13811118.2015.1004478
http://www.ncbi.nlm.nih.gov/pubmed/25764273
http://dx.doi.org/10.1177/0091217415589306
http://dx.doi.org/10.1007/s11920-008-0014-5
http://www.ncbi.nlm.nih.gov/pubmed/18269899
http://dx.doi.org/10.1002/bsl.848
http://www.ncbi.nlm.nih.gov/pubmed/19039790
http://dx.doi.org/10.1016/j.jad.2015.05.047
http://dx.doi.org/10.1089/cpb.2006.9.489
http://www.ncbi.nlm.nih.gov/pubmed/16901252
http://dx.doi.org/10.1089/cyber.2015.0055
http://www.ncbi.nlm.nih.gov/pubmed/26167836
http://dx.doi.org/10.1027/0227-5910/a000234
https://www.flashback.org/t1322408
http://dx.doi.org/10.1111/sltb.12324
http://www.ncbi.nlm.nih.gov/pubmed/28044354
http://dx.doi.org/10.2105/AJPH.2011.300608
http://www.ncbi.nlm.nih.gov/pubmed/22401525
http://dx.doi.org/10.2196/mental.7847
http://www.ncbi.nlm.nih.gov/pubmed/28978499
http://dx.doi.org/10.1007/s00406-011-0212-8
http://www.ncbi.nlm.nih.gov/pubmed/21505949
http://dx.doi.org/10.1089/cpb.2007.9924


Int. J. Environ. Res. Public Health 2019, 16, 54 11 of 13

24. Owen, G.; Belam, J.; Lambert, H.; Donovan, J.; Rapport, F.; Owens, C. Suicide communication events: Lay
interpretation of the communication of suicidal ideation and intent. Soc. Sci. Med. 2012, 75, 419–428.
[CrossRef]

25. Harris, K.M.; McLean, J.P.; Sheffield, J. Examining suicide-risk individuals who go online for suicide-related
purposes. Arch. Suicide Res. 2009, 13, 264–276. [CrossRef]

26. Westerlund, M.; Hadlaczky, G.; Wasserman, D. Case study of posts before and after a suicide on a Swedish
internet forum. Br. J. Psychiatry 2015, 207, 476–482. [CrossRef] [PubMed]

27. Karamshuk, D.; Shaw, F.; Brownlie, J.; Sastry, N. Bridging big data and qualitative methods in the social
sciences: A case study of Twitter responses to high profile deaths by suicide. Online Soc. Netw. Media 2017, 1,
33–43. [CrossRef]

28. Johansson, L.; Lindqvist, P.; Eriksson, A. Teenage suicide cluster formation and contagion: Implications for
primary care. BMC Fam. Pract. 2006, 7, 32. [CrossRef] [PubMed]

29. Fiedler, G. Suicidality and new media: Dangers and possibilities. New Media and Suicide-Dangers and Possible
Interventions; Vandenhoeck & Ruprecht: Göttingen, Germany, 2003; pp. 19–55.

30. Gould, M.; Lake, A. The contagion of suicidal behavior. In Contagion of Violence-Workshop Summary;
Patel, D.M., Taylor, R.M., Simon, M.A., Eds.; National Academies Press: Washington, DC, USA, 2013.

31. Cheng, Q.; Li, H.; Silenzio, V.; Caine, E.D. Suicide contagion: A systematic review of definitions and research
utility. PLoS ONE 2014, 9, e108724. [CrossRef] [PubMed]

32. Joiner, T.E., Jr. The clustering and contagion of suicide. Curr. Dir. Psychol. Sci. 1999, 8, 89–92. [CrossRef]
33. Koburger, N.; Mergl, R.; Rummel-Kluge, C.; Ibelshäuser, A.; Meise, U.; Postuvan, V.; Roskar, S.; Székely, A.;

Tóth, M.D.; van der Feltz-Cornelis, C. Celebrity suicide on the railway network: Can one case trigger
international effects? J. Affect. Disord. 2015, 185, 38–46. [CrossRef] [PubMed]

34. Fu, K.-W.; Cheng, Q.; Wong, P.W.; Yip, P.S. Responses to a self-presented suicide attempt in social media.
Crisis 2013. [CrossRef] [PubMed]

35. Posting, Z.S.L. Available online: http://weibo.com/1648007681/yark9qWbM?type=comment (accessed on
18 March 2012).

36. Cheng, Q.; Kwok, C.L.; Zhu, T.; Guan, L.; Yip, P.S. Suicide communication on social media and its
psychological mechanisms: An examination of Chinese microblog users. Int. J. Environ. Res. Public Health
2015, 12, 11506–11527. [CrossRef]

37. Wang, Z.; Yu, G.; Tian, X.; Tang, J.; Yan, X. A study of users with suicidal ideation on Sina Weibo.
Telemed. e-Health 2018. [CrossRef]

38. Cheng, Q.; Li, T.M.; Kwok, C.-L.; Zhu, T.; Yip, P.S. Assessing suicide risk and emotional distress in Chinese
social media: A text mining and machine learning study. J. Med. Internet Res. 2017, 19. [CrossRef]

39. Li, T.M.; Chau, M.; Yip, P.S.; Wong, P.W. Temporal and computerized psycholinguistic analysis of the blog of
a Chinese adolescent suicide. Crisis 2014. [CrossRef] [PubMed]

40. Guan, L.; Hao, B.; Cheng, Q.; Yip, P.S.; Zhu, T. Identifying Chinese microblog users with high suicide
probability using internet-based profile and linguistic features: Classification model. JMIR Ment. Health 2015,
2. [CrossRef] [PubMed]

41. Barbui, C.; Esposito, E.; Cipriani, A. Selective serotonin reuptake inhibitors and risk of suicide: A systematic
review of observational studies. Can. Med. Assoc. J. 2009, 180, 291–297. [CrossRef] [PubMed]

42. McGee, D.L.; Liao, Y.; Cao, G.; Cooper, R.S. Self-reported health status and mortality in a multiethnic US
cohort. Am. J. Epidemiol. 1999, 149, 41–46. [CrossRef] [PubMed]

43. Nock, M.K.; Borges, G.; Bromet, E.J.; Cha, C.B.; Kessler, R.C.; Lee, S. Suicide and suicidal behavior.
Epidemiol. Rev. 2008, 30, 133–154. [CrossRef] [PubMed]

44. O’Dea, B.; Wan, S.; Batterham, P.J.; Calear, A.L.; Paris, C.; Christensen, H. Detecting suicidality on Twitter.
Internet Interv. 2015, 2, 183–188. [CrossRef]

45. Ikunaga, A.; Nath, S.R.; Skinner, K.A. Internet suicide in Japan: A qualitative content analysis of a suicide
bulletin board. Transcult. Psychiatry 2013, 50, 280–302. [CrossRef] [PubMed]

46. Landis, J.R.; Koch, G.G. The measurement of observer agreement for categorical data. Biometrics 1977, 33,
159–174. [CrossRef]

47. Koch, G.G.; Landis, J.R.; Freeman, J.L.; Freeman, D.H., Jr.; Lehnen, R.G. A general methodology for the
analysis of experiments with repeated measurement of categorical data. Biometrics 1977, 33, 133–158.
[CrossRef]

http://dx.doi.org/10.1016/j.socscimed.2012.02.058
http://dx.doi.org/10.1080/13811110903044419
http://dx.doi.org/10.1192/bjp.bp.114.154484
http://www.ncbi.nlm.nih.gov/pubmed/26628690
http://dx.doi.org/10.1016/j.osnem.2017.01.002
http://dx.doi.org/10.1186/1471-2296-7-32
http://www.ncbi.nlm.nih.gov/pubmed/16707009
http://dx.doi.org/10.1371/journal.pone.0108724
http://www.ncbi.nlm.nih.gov/pubmed/25259604
http://dx.doi.org/10.1111/1467-8721.00021
http://dx.doi.org/10.1016/j.jad.2015.06.037
http://www.ncbi.nlm.nih.gov/pubmed/26143403
http://dx.doi.org/10.1027/0227-5910/a000221
http://www.ncbi.nlm.nih.gov/pubmed/23871954
http://weibo.com/1648007681/yark9qWbM?type=comment
http://dx.doi.org/10.3390/ijerph120911506
http://dx.doi.org/10.1089/tmj.2017.0189
http://dx.doi.org/10.2196/jmir.7276
http://dx.doi.org/10.1027/0227-5910/a000248
http://www.ncbi.nlm.nih.gov/pubmed/24698727
http://dx.doi.org/10.2196/mental.4227
http://www.ncbi.nlm.nih.gov/pubmed/26543921
http://dx.doi.org/10.1503/cmaj.081514
http://www.ncbi.nlm.nih.gov/pubmed/19188627
http://dx.doi.org/10.1093/oxfordjournals.aje.a009725
http://www.ncbi.nlm.nih.gov/pubmed/9883792
http://dx.doi.org/10.1093/epirev/mxn002
http://www.ncbi.nlm.nih.gov/pubmed/18653727
http://dx.doi.org/10.1016/j.invent.2015.03.005
http://dx.doi.org/10.1177/1363461513487308
http://www.ncbi.nlm.nih.gov/pubmed/23666942
http://dx.doi.org/10.2307/2529310
http://dx.doi.org/10.2307/2529309


Int. J. Environ. Res. Public Health 2019, 16, 54 12 of 13

48. Dunn, G. Design and Analysis of Reliability Studies: The Statistical Evaluation of Measurement Errors; Edward
Arnold Publishers: London, UK, 1989.

49. Ryan, G.W.; Bernard, H.R. Techniques to identify themes. Field Methods 2003, 15, 85–109. [CrossRef]
50. Bastian, M.; Heymann, S.; Jacomy, M. Gephi: An open source software for exploring and manipulating

networks. Icwsm 2009, 8, 361–362.
51. Lakens, D. Calculating and reporting effect sizes to facilitate cumulative science: A practical primer for

t-tests and ANOVAs. Front. Psychol. 2013, 4, 863. [CrossRef] [PubMed]
52. Siegel, S. Nonparametric Statistics for the Behavioral Sciences; McGraw-hill: New York, NY, USA, 1956.
53. Wickham, H. Ggplot2: Elegant Graphics for Data Analysis; Springer: Berlin, Germany, 2016.
54. Zelle, J.M. Python Programming: An Introduction to Computer Science; Beedle & Associates, Inc.: Portland, OR,

USA, 2004.
55. Lawrence, I.; Lin, K. A concordance correlation coefficient to evaluate reproducibility. Biometrics 1989, 45,

255–268.
56. Haw, C.; Hawton, K.; Niedzwiedz, C.; Platt, S. Suicide clusters: A review of risk factors and mechanisms.

Suicide Life-Threat. Behav. 2013, 43, 97–108. [CrossRef] [PubMed]
57. Selby, E.A.; Anestis, M.D.; Bender, T.W.; Ribeiro, J.D.; Nock, M.K.; Rudd, M.D.; Bryan, C.J.; Lim, I.C.;

Baker, M.T.; Gutierrez, P.M. Overcoming the fear of lethal injury: Evaluating suicidal behavior in the military
through the lens of the interpersonal-psychological theory of suicide. Clin. Psychol. Rev. 2010, 30, 298–307.
[CrossRef] [PubMed]

58. Joiner, T. Why People Die by Suicide; Harvard University Press: Cambridge, MA, USA, 2005.
59. Smith, P.N.; Cukrowicz, K.C. Capable of suicide: A functional model of the acquired capability component

of the interpersonal-psychological theory of suicide. Suicide Life-Threat. Behav. 2010, 40, 266–275. [CrossRef]
[PubMed]

60. Cheng, Q.; Fu, K.-W.; Caine, E.; Yip, P.S. Why do we report suicides and how can we facilitate suicide
prevention efforts? Crisis 2014. [CrossRef]

61. Wang, X. Media guidelines for the responsible reporting of suicide: A review of effectiveness. Crisis J. Crisis
Interv. Suicide Prev. 2012, 33, 190.

62. Florentine, J.B.; Crane, C. Suicide prevention by limiting access to methods: A review of theory and practice.
Soc. Sci. Med. 2010, 70, 1626–1632. [CrossRef]

63. Garraza, L.G.; Walrath, C.; Goldston, D.B.; Reid, H.; McKeon, R. Effect of the Garrett Lee Smith memorial
suicide prevention program on suicide attempts among youths. JAMA Psychiatry 2015, 72, 1143–1149.
[CrossRef]

64. Görzig, A. Adolescents’ viewing of suicide-related web content and psychological problems: Differentiating
the roles of cyberbullying involvement. Cyberpsychol. Behav. Soc. Netw. 2016, 19, 502–509. [CrossRef]
[PubMed]

65. Health, D.O.P.A.B. The Myths and Facts of Youth Suicide. Available online: http://suicideprevention.nv.
gov/Youth/Myths/ (accessed on 30 October 2018).

66. Motto, J.A.; Bostrom, A.G. A randomized controlled trial of postcrisis suicide prevention. Psychiatr. Serv.
2001, 52, 828–833. [CrossRef] [PubMed]

67. Zhang, J.; Jia, S.; Jiang, C.; Sun, J. Characteristics of Chinese suicide attempters: An emergency room study.
Death Stud. 2006, 30, 259–268. [CrossRef] [PubMed]

68. Zhang, J.; Conwell, Y.; Zhou, L.; Jiang, C. Culture, risk factors and suicide in rural China: A psychological
autopsy case control study. Acta Psychiatr. Scand. 2004, 110, 430–437. [CrossRef] [PubMed]

69. Zhang, J. Suicides in Beijing, China, 1992–1993. Suicide Life-Threat. Behav. 1996, 26, 175–180. [PubMed]
70. Dai, J.; Chiu, H.; Conner, K.; Chan, S.; Hou, Z.; Yu, X.; Caine, E. Suicidal ideation and attempts among

rural Chinese aged 16–34 years—Socio-demographic correlates in the context of a transforming China.
J. Affect. Disord. 2011, 130, 438–446. [CrossRef] [PubMed]

71. Phillips, M.R.; Yang, G.; Li, S.; Li, Y. Suicide and the unique prevalence pattern of schizophrenia in mainland
China: A retrospective observational study. Lancet 2004, 364, 1062–1068. [CrossRef]

72. Pirkis, J.E.; Burgess, P.M.; Francis, C.; Blood, R.W.; Jolley, D.J. The relationship between media reporting of
suicide and actual suicide in Australia. Soc. Sci. Med. 2006, 62, 2874–2886. [CrossRef]

http://dx.doi.org/10.1177/1525822X02239569
http://dx.doi.org/10.3389/fpsyg.2013.00863
http://www.ncbi.nlm.nih.gov/pubmed/24324449
http://dx.doi.org/10.1111/j.1943-278X.2012.00130.x
http://www.ncbi.nlm.nih.gov/pubmed/23356785
http://dx.doi.org/10.1016/j.cpr.2009.12.004
http://www.ncbi.nlm.nih.gov/pubmed/20051309
http://dx.doi.org/10.1521/suli.2010.40.3.266
http://www.ncbi.nlm.nih.gov/pubmed/20560748
http://dx.doi.org/10.1027/0227-5910/a000241
http://dx.doi.org/10.1016/j.socscimed.2010.01.029
http://dx.doi.org/10.1001/jamapsychiatry.2015.1933
http://dx.doi.org/10.1089/cyber.2015.0419
http://www.ncbi.nlm.nih.gov/pubmed/27448043
http://suicideprevention.nv.gov/Youth/Myths/
http://suicideprevention.nv.gov/Youth/Myths/
http://dx.doi.org/10.1176/appi.ps.52.6.828
http://www.ncbi.nlm.nih.gov/pubmed/11376235
http://dx.doi.org/10.1080/07481180500493443
http://www.ncbi.nlm.nih.gov/pubmed/16463467
http://dx.doi.org/10.1111/j.1600-0447.2004.00388.x
http://www.ncbi.nlm.nih.gov/pubmed/15521827
http://www.ncbi.nlm.nih.gov/pubmed/8840421
http://dx.doi.org/10.1016/j.jad.2010.10.042
http://www.ncbi.nlm.nih.gov/pubmed/21106251
http://dx.doi.org/10.1016/S0140-6736(04)17061-X
http://dx.doi.org/10.1016/j.socscimed.2005.11.033


Int. J. Environ. Res. Public Health 2019, 16, 54 13 of 13

73. Kumar, M.; Dredze, M.; Coppersmith, G.; De Choudhury, M. Detecting changes in suicide content manifested
in social media following celebrity suicides. In Proceedings of the 26th ACM Conference on Hypertext &
Social Media, Guzelyurt, Northern Cyprus, 1–4 September 2015; pp. 85–94.

74. Schaffer, E.R. A Review of the Werther Effect and Depictions of Suicide: 13 Reasons Why. UC Merced
Undergrad. Res. J. 2018, 10.

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Data Collection 
	Coding of Suicidal Comments 
	Coding of Themes 
	Interactional Patterns 
	Data Analysis 

	Results 
	Themes 
	Interactional Patterns of PSI 
	Demographics Characteristics of PSI 
	Active Patterns of PSI 

	Discussion 
	Conclusions 
	References

