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Abstract

Digital technologies hold promise for supporting the detection and management of schizophrenia. 

This exploratory study aimed to generate an initial understanding of whether patterns of 

communication about depression and anxiety on popular social media among individuals with 

schizophrenia are consistent with offline representations of the illness. From January to July 2016, 

posts on Twitter were collected from a sample of Twitter users who self-identify as having a 

schizophrenia spectrum disorder (n = 203) and a randomly selected sample of control users (n = 

173). Frequency and timing of communication about depression and anxiety were compared 

between groups. In total, the groups posted n = 1,544,122 tweets and users had similar 

characteristics. Twitter users with schizophrenia showed significantly greater odds of tweeting 

about depression compared with control users (OR = 2.69; 95% CI 1.76–4.10), and significantly 

greater odds of tweeting about anxiety compared with control users (OR = 1.81; 95% CI 1.20–

2.73). This study offers preliminary insights that Twitter users with schizophrenia may express 

elevated symptoms of depression and anxiety in their online posts, which is consistent with 

clinical characteristics of schizophrenia observed in offline settings. Social media platforms could 

further our understanding of schizophrenia by informing a digital phenotype and may afford new 

opportunities to support early illness detection.
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Introduction

Schizophrenia is a serious mental disorder that can have devastating consequences for 

individuals, their families, and society [1]. Those living with schizophrenia face elevated risk 

of homelessness [2], high rates of substance use [3], and dramatically reduced life 

expectancy compared to the general population [4]. People with schizophrenia also 

experience poor quality of life and difficulty pursuing employment and meaningful life goals 

owing to debilitating symptoms of anxiety, depression and low motivation [5], as well as the 

impact of discrimination and societal stigma [6]. Considerable evidence shows that early and 

effective treatment of schizophrenia can reduce symptoms, improve social functioning and 

wellbeing, and contribute to better long-term outcomes [7]. However, fewer than half of 

individuals living with schizophrenia receive any treatment for their condition [8], a gap 

attributed to delays in illness detection and treatment initiation, poor access to adequate 

mental healthcare, limited availability of evidence-based services, and high rates of 

treatment discontinuation or dropout [9, 10]. It is imperative to develop innovative 

approaches for identifying individuals with schizophrenia and supporting early intervention 

and long-term engagement in treatment.

Recent research has highlighted the promise that emerging digital technologies hold for 

supporting the treatment and management of schizophrenia [11, 12]. For example, 

smartphone systems can facilitate illness management and help individuals with 

schizophrenia better cope with symptoms [13], and enable intensive symptom monitoring 

over time to detect relapse and prevent hospitalization [14]. As personal technologies, such 

as smartphones, wearable devices, social media, and other web applications, become an 

increasingly important fixture in the daily lives of individuals living with schizophrenia, 

there may be novel ways to leverage the way these individuals interact with these 

technologies in order to characterize illness symptoms and detect those at risk of relapse or 

adverse outcomes. The concept of examining patterns of technology use and online activity 

to develop a better understanding of human health and disease has been coined as the 

“digital phenotype” [15]. By capturing data from social media, online communities, and 

mobile devices, it may be possible to obtain a more comprehensive and fine-grained 

interpretation of the experiences of those living with schizophrenia. Such insight could 

inform the design and delivery of evidence-based interventions.

In this exploratory study, we were specifically interested in generating preliminary insights 

about how social media use among individuals with schizophrenia spectrum disorders could 

potentially be leveraged to inform our understanding of a digital phenotype for this patient 

group. To date, studies have examined how individuals with schizophrenia use social media 

through qualitative inquiry [16, 17], and have provided compelling evidence that people with 

schizophrenia use popular social media such as Facebook or Twitter at comparable rates as 

the general population [18, 19]. Less is known about whether patterns of social media use 
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differ between individuals with schizophrenia and individuals from the general population, 

and how popular social media platforms could support early detection of schizophrenia.

Over the past few years there has been rapid growth in the number of studies that have used 

popular social media to examine mental health [20]. Twitter has emerged as an especially 

valuable platform for expanding our understanding of common mental health conditions 

[21]. For instance, analysis of conversations on Twitter has demonstrated utility for 

identifying depressive symptoms among users [22], characterizing the onset of depression 

[23], and detecting users’ mood and affective states [24]. Most recently, a study found that 

Twitter users who self-disclosed diagnoses of schizophrenia showed significant linguistic 

differences in their online communications when compared to a randomly selected group of 

control Twitter users [25]. Another recent study using Twitter characterized linguistic 

markers before and after users self-disclosed their diagnoses of schizophrenia online [26]. 

This study showed the potential therapeutic benefit of these online disclosures as reflected 

through changes in users’ linguistic patterns and fewer posts about symptoms following self-

disclosure [26]. These preliminary studies suggest that Twitter may serve as a valuable 

platform for studying communication patterns among users with schizophrenia.

In the current study, our objective was to expand on these prior studies and to begin to 

inform a digital phenotype for schizophrenia using social media. Specifically, we aimed to 

determine whether patterns of communication about depression and anxiety on Twitter 

among individuals with schizophrenia are consistent with clinical characteristics of 

schizophrenia observed in offline settings. We elected to examine online conversations about 

depression and anxiety given the high burden and debilitating effects of these symptoms 

among people with schizophrenia [27,28], and because Twitter appears to serve as a valuable 

platform for studying these symptoms [21-24]. Therefore, there may be opportunities to 

detect these clinically important symptoms among this patient group by investigating 

conversations on popular social media platforms like Twitter. We examined frequency and 

timing of communications about depression and anxiety among Twitter users who self-

identify as having schizophrenia compared with a randomly selected group of typical Twitter 

users. We considered this an important preliminary step towards generating an initial 

understanding of how people who self-identify as having schizophrenia potentially discuss 

these mental health related topics on Twitter, and whether this could inform a digital 

phenotype for schizophrenia. Furthermore, we adopted an exploratory approach because it is 

necessary to begin by validating whether patterns of communication about depression and 

anxiety on social media among individuals with schizophrenia are consistent with what has 

been observed in offline settings. With high rates of symptoms of depression and anxiety 

among persons with schizophrenia, we hypothesized that Twitter users who self-identify as 

having a schizophrenia spectrum disorder would discuss depression and anxiety more 

frequently than a randomly selected sample of Twitter users from the general population.

Methods

Twitter Platform

In this study, we collected data from Twitter, an online microblogging platform where 

individuals can post statuses called “tweets” containing 140 characters or less. We selected 
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Twitter for this study because this platform has been successfully used to explore several 

health conditions including insomnia [29], infectious diseases like dengue [30], and track 

foodborne illness outbreaks [31]. Twitter has also demonstrated utility for identifying 

depression [32], monitoring attitudes about substance use [33], characterizing online 

discussions about tobacco use among people with schizophrenia [34], and examining 

psychological traits associated with health outcomes [35]. Furthermore, by early 2017, 

Twitter had more than 328 million active users who post more than 500 million tweets per 

day [36]. Twitter has been dubbed as the largest observational study of human behavior [37], 

and may serve as an effective avenue for identifying symptoms of depression and anxiety 

among people with schizophrenia.

Data collection

We retrieved data for this study from Twitter’s application programming interface (API) for 

a 200-day period from January 5th, 2016 to July 23rd, 2016. Ethical review was not required 

because we only used publicly available data in this study. For the Twitter users included in 

this study, we extracted the following characteristics (i.e., metadata) for their accounts: total 

number of tweets; tweets per day (total tweets divided by days active); tweets in last 200 

days; number of friends; number of followers; favorites per day; and number of days account 

has been active. To measure users’ impact, we calculated a “followers-to-friends” ratio by 

taking a user’s number of followers and dividing by their number of friends [29]. A high 

ratio indicates that a user has many people who follow their account and tweets but that they 

follow few other users’ tweets, and has been considered an indicator of influence on Twitter 

[29].

Sample of Twitter Users

We identified a sample of 250 Twitter users who self-identify as having schizophrenia by 

searching Twitter using the following terms: “schizophrenia”; “schizoaffective”; 

“schizotypal”; and “psychosis”. We included only Twitter users who explicitly self-

identified as having a schizophrenia spectrum disorder in their profile or in a tweet. The list 

was generated by one researcher and then confirmed by a second researcher. We then created 

a general population comparison group intended to represent typical Twitter users. This 

involved first using the GET statuses/sample feature from the Twitter Developers Platform to 

collect a random sample of all publicly available tweets [38]. Two research assistants 

manually looked through these tweets to confirm that the tweet belonged to a real person 

(i.e., not a bot or spam account), was from a normal user (i.e., not a company or 

corporation), and was in English. Twitter users were only included in the control sample if 

both research assistants were in agreement. The research assistants completed this process 

until a sample of 250 users was identified.

The final study sample consisted of n = 203 Twitter users with schizophrenia and n = 173 

control users because some users’ accounts became inaccessible (i.e., private, deleted, 

banned, or deactivated) or were inactive (i.e., no posts during the 200-day study period) at 

the time of data collection. We then determined gender for the sample of Twitter users 

because there is an established association between gender and symptoms of depression or 

anxiety [39, 40]. Two researchers independently coded Twitter users’ gender as male, 
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female, or unknown/insufficient data according to username, profile name, profile 

description, profile photo, and tweets. The researchers then reviewed the gender coding to 

ensure consistency and resolved disagreements through discussion and consensus.

Tweets about depression and anxiety

We collected all tweets posted during the 200-day period from Twitter users included in this 

study, and then searched within this body of tweets to examine differences in 

communication about depression and anxiety between the two groups. We identified and 

retrieved all tweets that contained the following keywords: “depression”, “depressed”, 

“anxiety”, and “anxious”. Our goal was to capture all discussions containing these specific 

terms among our sample of Twitter users with schizophrenia and control users. We selected 

these key words to increase our certainty that the Twitter users’ were explicitly referring to 

depression or anxiety in their conversations.

Timing of tweets about depression and anxiety

We were interested in examining potential differences in the timing of tweets about 

depression or anxiety between the two groups. Therefore, we determined whether Twitter 

users with schizophrenia discussed depression or anxiety at different times of the day 

compared with control users. This involved converting the time-of-day data for tweets about 

depression and anxiety to the Twitter users’ local time zone, and then classifying these 

tweets into the following time intervals: 00:00-05:59; 06:00-11:59; 12:00-17:59; and 

18:00-23:59. We could only perform analysis of tweet timing on the subset of users’ tweets 

about depression and anxiety with available universal time code (UTC) offset data. All 

tweets have a UTC, but the UTC offset is only available when Twitter users choose to 

include their local time zone in their account settings.

Statistical analyses

We used t-tests to compare continuous variables and chi-square tests to compare categorical 

variables between the group of Twitter users with schizophrenia and the control users. We 

used logistic regression models controlling for gender to compare both groups on the binary 

outcomes of whether or not users posted a tweet about depression or anxiety. All tests with a 

p value of ≤ 0.05 were considered statistically significant. All analyses were performed with 

the Python Programming Language and Stata version 14.0.

Results

Characteristics of Twitter users

During the 200-day study period from January 2016 to July 2016, we collected a total of 

1,544,122 tweets, with 819,491 tweets posted by the Twitter users with schizophrenia (n = 

203) and 724,631 tweets posted by the control users (n = 173). Characteristics between the 

two groups were generally similar. Twitter users with schizophrenia posted a comparable 

number of tweets per day (mean = 21.10; SD = 58.50) as the control users (mean = 20.80; 

SD = 34.30). The “followers-to-friends” ratio among Twitter users with schizophrenia (mean 

= 7.17; SD = 52.40) was also similar to that of control users (mean = 2.56; SD = 6.33). Only 

gender differed significantly between groups, where a larger proportion of Twitter users with 
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schizophrenia (n = 93; 45.8%) were identified as male compared to control users (n = 57; 

33.0%; χ2 = 8.10; p = 0.017).

Tweets about depression and anxiety

Table 1 illustrates differences in the number of tweets about depression and anxiety between 

the two groups. Overall, Twitter users with schizophrenia tweeted significantly more about 

depression (mean = 9.47; SD = 17.79) compared with control users (mean = 2.47; SD = 

8.55; t = −4.73; p<0.001). Among Twitter users with schizophrenia, n = 136 (67.0%) posted 

a total of 1923 tweets about depression (mean = 14.14; SD = 1.73), compared to n = 74 

(42.8%) users in the control group who tweeted about depression 427 times (mean = 5.77; 

SD = 20.17). In a logistic regression model adjusting for gender, Twitter users with 

schizophrenia showed significantly greater odds of tweeting about depression compared 

with control users (OR = 2.69; 95% CI 1.76-4.10).

Similarly, Twitter users with schizophrenia tweeted significantly more about anxiety (mean 

=6.32; SD = 12.71) compared with the control users (mean = 1.90; SD = 6.03; t = −4.20; 

p<0.001). Among Twitter users with schizophrenia, n = 116 (57.1%) tweeted about anxiety 

1283 times (mean = 11.06; SD = 15.19) compared to 74 (42.8%) users in the control group 

who tweeted about anxiety 328 times (mean = 4.43; SD = 8.62). The Twitter users with 

schizophrenia also showed significantly greater odds of tweeting about anxiety compared 

with control users (OR = 1.81; 95% CI 1.20-2.73) after adjusting for gender.

Timing of tweets about depression and anxiety

In our total sample of Twitter users, 71.0% (267 out of 376) had available time zone data. 

There was no significant difference in availability of time zone information between Twitter 

users with schizophrenia (67.5%; n = 137) and control users (75.1%; n = 130). The 

proportions of tweets about depression and anxiety during each time interval between the 

Twitter users with schizophrenia and control users are illustrated in Figure 1 and Figure 2, 

respectively. In general, both groups appeared to post a greater proportion of their tweets 

about depression and anxiety later in the day (afternoon and evening). We did not observe 

any significant differences in the proportion of tweets about depression or anxiety between 

the Twitter users with schizophrenia and the control users at any time interval.

Discussion

Research has shown that persons with schizophrenia experience more frequent and 

debilitating symptoms of depression and anxiety when compared to the general population 

[41]. Therefore, the purpose of this study was to investigate whether these real world and 

clinically meaningful mental health symptoms would also be present among social media 

users who self-identify as having a schizophrenia spectrum disorder. Importantly, we found 

that Twitter users with schizophrenia appeared to tweet about depression and anxiety 

significantly more often when compared to a randomly selected control group consisting of 

typical Twitter users. To our knowledge, this is the first study to examine patterns of 

communication about depression and anxiety among users with schizophrenia on popular 

social media. These findings offer preliminary evidence that Twitter users with 
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schizophrenia may share clinical characteristics that are consistent with our understanding of 

schizophrenia in offline settings. Therefore, communication patterns on popular social media 

platforms such as Twitter may yield insight necessary to support future efforts aimed at early 

detection of individuals living with schizophrenia.

Our study expands on prior research demonstrating the utility of Twitter for understanding 

mental health conditions, including qualitative studies that have assessed attitudes about 

schizophrenia through content analysis of conversations on Twitter [42, 43]. Furthermore, 

our study builds on preliminary studies aimed at identifying text-based and other linguistic 

markers for schizophrenia on Twitter using machine learning and natural language 

processing techniques [25, 26, 44, 45]. For example, McManus et al (2015) found through 

the use of sentiment analysis of conversations on Twitter that users who self-identify as 

having schizophrenia appeared to exhibit unique tendencies [45], while Mitchell et al (2015) 

found evidence to suggest that Twitter users with schizophrenia show linguistic differences 

compared to control users [44]. The presence of linguistic differences between Twitter users 

with schizophrenia and control users was further identified in a study by Birnbaum et al 

(2017) [25]. Additionally, Ernala et al (2017) observed potential therapeutic benefits of self-

disclosing diagnoses of schizophrenia on Twitter as reflected by positive changes in 

linguistic markers following online self-disclosure [26]. Importantly, our findings expand on 

this prior work and offer new insights about Twitter users with schizophrenia by showing 

that these individuals may also communicate more frequently about topics related to their 

mental health, such as depression and anxiety.

Specifically, we were able to show that Twitter users who self-identify as having 

schizophrenia may express elevated symptoms of depression and anxiety in their online 

posts, which is potentially consistent with clinical characteristics of schizophrenia observed 

in offline settings. For instance, research shows that among people with schizophrenia, 

depressive symptoms are associated with greater disability [46], poor physical health [47], 

and elevated risk of substance use [48]. Depressive symptoms have an independent negative 

effect on quality of life controlling for a range of socio-demographic, social, clinical, and 

psychosocial variables [27]. Similarly, research shows that anxiety symptoms are prominent 

among people with schizophrenia [49], and contribute to impaired social functioning, 

increased risk of suicide, and poorer recovery and low quality of life [50]. By potentially 

reflecting the elevated burden of these clinically meaningful mental health symptoms in this 

group using Twitter, there may be opportunities to leverage this online platform to further 

our understanding of schizophrenia by informing a digital phenotype, that is the 

development of a more comprehensive interpretation of the experiences of those living with 

schizophrenia that could potentially be leveraged to support new avenues for illness 

detection and management.

While the timing of tweets about depression and anxiety did not differ between groups, it 

was clear from our findings that Twitter users with schizophrenia discussed these common 

mental health topics significantly more than the control users. We acknowledge that our 

study affords only an incremental step towards quantifying the online attributes of 

individuals with schizophrenia. Though, our findings also contribute preliminary insights to 

further our understanding of a digital phenotype for schizophrenia, whereby drawing from 
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novel digital data streams could provide insights about the manifestation of illness [15]. 

Despite the promise that the digital phenotype for schizophrenia holds for advancing 

psychiatric care [51], it is critical for future research to examine how passively collected data 

from social media can translate into improvements in clinically relevant outcomes such as 

mental or physical wellbeing, functioning, and quality of life among individuals living with 

schizophrenia [52]. The key challenge will be to determine how novel insights about 

schizophrenia derived from popular social media data can contribute to improvement in 

clinicians’ practices and align with patient priorities in order to inform the design and 

implementation of new care models for this at-risk patient group.

Limitations

There are several limitations with this study that are important to consider. First, and 

importantly, this was an exploratory study, and as such the findings presented here should be 

interpreted cautiously. Second, the Twitter users with schizophrenia included in this study 

self-identified as having a schizophrenia spectrum disorder; therefore, it was not possible to 

confirm their diagnosis clinically and they may differ from individuals with schizophrenia 

who choose not to disclose their illness online or who do not use social media. Third, the 

control group was comprised of a randomly selected sample of Twitter users representative 

of ‘typical users’, which means there is a possibility that users in this group may also have 

schizophrenia or other mental illnesses. Fourth, only well-defined terms for depression and 

anxiety were used in this study. This means that it is likely that there were many additional 

tweets reflecting these symptoms that used different terms, suggesting that we potentially 

underestimated the overall discussion about depression and anxiety among the Twitter users 

included in this study. Fifth, we could not collect demographic or clinical details for the 

Twitter users in this study. This is a common limitation with studies involving the use of 

popular social media because there are difficulties with retrieving this type of information 

from publicly available online data sources. Lastly, while we observed more frequent posts 

containing depression or anxiety terms among Twitter users with schizophrenia, this likely 

does not reflect a unique digital phenotype of schizophrenia given that use of these terms 

may similarly be common among Twitter users with other mental health conditions. 

However, we purposely selected depression and anxiety terms in this study because prior 

research has examined online discussion about these symptoms on Twitter. Additionally, our 

goal was to determine whether Twitter users with schizophrenia showed any differences in 

communication about depression or anxiety as compared to a randomly selected control 

group of typical Twitter users. The differences observed in this study highlight the need for 

future studies to expand on this work using popular social media platforms such as Twitter 

for studying schizophrenia.

Conclusions

It is promising that in this preliminary study we found that the attributes of Twitter users 

who self-identify as having schizophrenia may appear consistent with known clinical 

characteristics of the illness. In recent years there have been increasing efforts aimed at 

characterizing mental health through popular social media, though the field remains in its 

infancy. Nonetheless, the future of using social media to inform a digital phenotype affords 
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exciting opportunities to ensure that early manifestations of diseases such as schizophrenia 

do not go unnoticed, or that serious symptoms among those living with the disease can be 

identified and targeted with appropriate treatment and support [15]. It is critical for 

researchers and mental health providers to recognize that digital platforms could serve as an 

adjunct to traditional approaches for disease detection, treatment and management. To 

achieve this potential, ongoing research is needed to further refine and develop the digital 

phenotype for schizophrenia by leveraging social media and other digital platforms as a 

means to inform improved treatment modalities for this serious and debilitating illness. The 

current study offers preliminary insights towards this end.
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Figure 1. 
Percent of Tweets about depression by time-of-day among Twitter users with schizophrenia 

and control usersa

a There were no significant differences in the proportion of tweets about depression between 

Twitter users with schizophrenia and control users at any time interval.
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Figure 2. 
Percent of Tweets about anxiety by time-of-day among Twitter users with schizophrenia and 

control usersa

a There were no significant differences in the proportion of tweets about anxiety between 

Twitter users with schizophrenia and control users at any time interval.
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