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Abstract

Background: Depression affects more than 350 million people globally. Traditional diagnostic methods have limitations.
Analyzing textual data from social media provides new insights into predicting depression using machine learning. However,
thereisalack of comprehensive reviews in this area, which necessitates further research.

Objective: Thisreview aimsto assessthe effectiveness of user-generated social mediatextsin predicting depression and evaluate
the influence of demographic, language, social media activity, and temporal features on predicting depression on social media
texts through machine learning.

M ethods: We searched studiesfrom 11 databases (CINHAL [through EBSCOhost], PubMed, Scopus, Ovid MEDL INE, Embase,
PubPsych, Cochrane Library, Web of Science, ProQuest, IEEE Explore, and ACM digital library) from January 2008 to August
2023. We included studies that used social media texts, machine learning, and reported area under the curve, Pearson r, and
specificity and sensitivity (or data used for their calculation) to predict depression. Protocol papers and studies not written in
English were excluded. We extracted study characteristics, population characteristics, outcome measures, and prediction factors
from each study. A random effects model was used to extract the effect sizes with 95% Cls. Study heterogeneity was evaluated
using forest plots and P values in the Cochran Q test. Moderator analysis was performed to identify the sources of heterogeneity.

Results: A tota of 36 studies were included. We observed a significant overall correlation between social media texts and
depression, with a large effect size (r=0.630, 95% CI 0.565-0.686). We noted the same correlation and large effect size for
demographic (largest effect size; r=0.642, 95% CI 0.489-0.757), social media activity (r=0.552, 95% Cl 0.418-0.663), language
(r=0.545, 95% CI 0.441-0.649), and temporal features (r=0.531, 95% Cl 0.320-0.693). The social media platform type (public
or private; P<.001), machine learning approach (shallow or deep; P=.048), and use of outcome measures (yes or no; P<.001)
were significant moderators. Sensitivity analysisrevealed no changein the results, indicating result stability. The Begg-Mazumdar
rank correlation (Kendall 1,=0.22063; P=.058) and the Egger test (2-tailed t3,=1.28696; P=.207) confirmed the absence of
publication bias.

Conclusions: Social mediatextual content can be auseful tool for predicting depression. Demographics, language, social media
activity, and temporal features should be considered to maximize the accuracy of depression prediction models. Additionally,
the effects of social media platform type, machine learning approach, and use of outcome measures in depression prediction
models need attention. Analyzing social media texts for depression prediction is challenging, and findings may not apply to a
broader population. Nevertheless, our findings offer valuable insights for future research.

Trial Registration: PROSPERO CRD42023427707; https.//www.crd.york.ac.uk/PROSPERO/view/CRD42023427707
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Introduction

Background

Depressionisahighly prevalent mental illness affecting people
of various ages worldwide. According to the World Health
Organi zation, morethan 350 million peoplelivewith depression
[1]. Individua swith depressive symptoms encounter challenges
in diverse areas of their lives, such as work, relationships, and
social interactions [2]. These challenges manifest as sleep
problems, diminished energy, loss of interest in daily activities,
feelings of worthlessness, trouble focusing, and recurrent
suicidal thoughts[3]. In clinical settings, depressionistypicaly
identified either through clinical diagnoses or using standardized
measurement tools that rely on subjective patient responses.
However, both of these methods have limitations. Factors such
as the surrounding context, the patient’s mental condition at
that time, the rel ationship between the clinician and patient, the
patient’s current emotional state, the patient’s clinica
experiences, and memory bias can al affect individuals
responses [4]. Additionally, people may not be aware of or be
ashamed of their depression, which can reduce their willingness
to seek professiona help. Approximately 70% of individuals
avoid seeking professional medical advice during the initial
phase of depression [5]. Furthermore, depression diagnosis
using conventional approaches based on in-person discussions
is expensive both financialy and in terms of time; thus, these
approaches may not be viable for specific individuals [4].
Therefore, an efficient strategy that can help predict and
diagnose depression early in large groups of people would be
beneficial.

Social media is regarded as a valuable tool for investigating
psychological well-being because it provides access to
behaviors, interests, thoughts, and emotions of individuals, all
of which may offer insights into their mental health [6].
Depression has received considerable attention in studies on
the relationship between mental health disorders and social
media [7]. Facebook has more than 2 billion registered users
globally, with approximately 1.25 billion active daily users[8].
Twitter (subsequently rebranded X), another popular socia
network, has approximately 328 million registered users, with
approximately 100 million using the platform daily [8]. Various
studies used socia media textual data to identify and predict
depression and other mental health disorders, as textual data
provide more meaningful information than visual data[6,9-12].
Text-based prediction involves using text data to anticipate
future events, trends, and behavior patterns. In the realm of
depression, text-based analysis on social media involves
scrutinizing user-generated content from platforms such as
Twitter and Facebook to identify signs and symptoms of
depression among users. This approach leverages various natural
language process techniques and machine learning models. In
text-based prediction, the linguistic characteristics of socia
media text are examined; in addition to the user’s actions on
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the platform, the language features of words, part-of-speech
tags, and n-grams can provide insights into the content and
sentiment of web-based conversations[10]. Using social media
text to accurately predict depression can facilitate the
identification of individua swho require amore comprehensive
evaluation; they can then receive relevant resources, support,
and treatment [13]. Hence, moreresearch is necessary on using
social mediatextual data for predicting depression.

Based on changes in features such as social media activity,
language, and temporal characteristics, accurate statistical
modelsfor predicting depression can be devel oped. Social media
textual analysisusing traditional statistical methods haslimited
accuracy because of the unstructured nature of the input data.
By contrast, machinelearning can effectively examine nonlinear
data, rendering it a superior option for analyzing social media
data. The use of machinelearning to predict depression on social
mediahasincreased substantially, as hasthe range of algorithms
used for this purpose [7]. Machine learning can involve either
shallow or deep learning, and the success of these methods
varies according to the specific task [14]. Machinelearning has
revolutionized clinical diagnostics, substantially improving
prediction and diagnostic capabilities in clinical settings.
Therefore, the integration of machine learning techniques in
analyzing social media text data holds significant promise for
advancing the prediction of depression.

In machine learning-based prediction using textual data, the
most rel evant features must be extracted from the text to obtain
an accurate model. This methodology is regarded as superior
to other feature extraction approaches, as it exhibits a higher
degree of independence from the system. Consequently,
extracting features from text offers considerable flexibility and
accuracy [15]. Demographic, language, social media activity,
and temporal characteristics are the most common features
adopted in prediction studies. Demographic featuresrefer to the
age, sex, and geographical location of individuals. A
meta-analysis that considered language, social media activity,
user demographics, and visual data revealed that demographic
features were the most significant predictors of individual
characteristics [16]; however, that study assessed the link
between social media and personality. Another study also
indicated the potential of demographic features for predicting
depression using machine learning a gorithms; however, socia
media data were not used [17]. Most social media platforms
include user profileswith demographic information that can be
used for depression prediction [18]. Thus, assessing the role of
demographics in depression prediction is vital.

Language features represent how individual s use words across
various categories, such asfirst-person singular pronouns, words
relating to emotions (positive or negative) or sentiment, and
depression-related words [19-21]. Studies revealed that people
with and without depression have distinct linguistic styles on
social media[22], and peoplewho frequently use wordsrelated
to anxiety are more likely to experience depressive symptoms
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[22]. A review study also highlighted a relationship between
language features and depression; however, the effect was small
[20]. Therefore, understanding language features can enhance
the accuracy of depression prediction, given their usefulnessin
identifying depression patterns.

Feature extraction related to socia media activity is also
valuablefor depression prediction. Social mediaactivity features
include metrics such as post frequency (daily or weekly), type
of content shared, number of words, ratio of posts with URLSs,
number of friends, number of users following or followed,
interactions with friends (likes or comments), and retweet ratio
[7,23-25]. Other key activity-related features are the relative
volume of posts and reciprocity, which refers to liking and
commenting on posts and retweeting and tweeting [23]. The
number of likes, comments, and retweets may serve as social
attention and stresslevels[25]. Studies reported that users who
are depressed tend to have a lower volume of posts and
reciprocity than users who are not depressed [23,26]. Thus,
evaluating therole of social mediaactivity featuresin depression
predictionis crucial.

Furthermore, using temporal features in machine learning can
lead to more accurate prediction models for identifying
vulnerableindividualson social media. Temporal featuresrefer
to varioustime-rel ated factors, including the user’s status during
specific times and the frequency of posts each day. The timing
pattern can indicate symptoms of insomnia in depressed
individuals. One study reported that temporal features did not
contribute to the prediction accuracy of models[27]. In contrast,
another study reported that such featuresimproved the accuracy
of a model predicting depression based on Twitter data [28].
Limited information isavailable on therole of temporal features
in depression prediction; hence, additional researchisrequired.
In summary, studies adopted various features related to social
mediatextsfor predicting depression. However, further research
is necessary to clarify the usefulness of demographic, social
media activity, language, and temporal features in depression
prediction.

Research Problem and Aim

Severd studies have reviewed the role of social media textual
data in depression prediction [7,9,20,29-31], but the overall
evidence remains limited. Previous research often focused on
specific features or had a limited scope regarding database
searches, and studiesincluded [ 16,20]. Therefore, in this study,
we determine the effectiveness of user-generated social media
texts in predicting depression using machine learning.
Additionally, we evaluated the influence of demographic,
language, social media activity, and tempora features in
predicting depression on socia media text using machine
learning. Our research questionswere asfollows: How effective
are social mediatextsin predicting depression? M oreover, what
is the impact of demographic, language, social media activity,
and temporal features in predicting depression using social
media texts?
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Methods

Study Design

We followed the Meta-Analysis of Observational Studies in
Epidemiology (MOOSE) guidelines[32] (MultimediaAppendix
1) and registered our review on PROSPERO
(CRD42023427707). There were no deviations from the
registered protocol.

Literature Search

Search termswere selected following the popul ation, prediction
factors, and outcome format for conducting systematic reviews
for prognostic or prediction studies[33]. Our target population
was social mediausers, prediction factors were prediction terms
(ie, machine learning, algorithms, text mining, and language
style), and the outcome was depression. We systematically
searched for relevant studieson CINHAL (through EBSCOhost),
PubMed, Scopus, Ovid MEDLINE, Embase, PubPsych,
Cochrane Library, Web of Science, ProQuest, |IEEE Explore,
and ACM digita library. Multimedia Appendix 2 displays the
search strings used in the study. Studies published from January
2008 to August 2023 were retrieved. This date range was
selected because research on social media only gained
prominence from 2008 onwards[7]. Additional relevant studies
wereidentified by manually searching the reference lists of the
included studies and other review studies. Authors of the
relevant studies that could not be accessible were contacted
through email. Endnote version 20 was used to screen the
searched studies [33].

Inclusion and Exclusion Criteria

We included studies that (1) used social media texts to
investigate depression, (2) used machine learning, and (3)
reported effect sizes (area under the curve, Pearson r, and
specificity and sensitivity or data used to impute these values)
for depression prediction. We excluded protocol papers and
studies that were not written in English.

Screening and Selection of Relevant Studies

Two independent researchers (DP and FM) screened and
selected the relevant studies by the inclusion and exclusion
criteria. A third researcher (YAVP) was consulted to resolve
disagreements. Duplicates were removed, and the remaining
studies were evaluated through title and abstract screening.
Thereafter, the full texts of potentially eligible studies were
screened to identify relevant studies for further analysis.

Data Extraction

Two independent researchers (DP and FM) extracted the
following information from the included studies. (1) study
characteristics (publication year, sample size, and data points),
(2) population characteristics (demographics and social media
platform), (3) outcome measures (eg, Beck Depression | nventory
[BDI], Center for Epidemiologic Studies Depression Scale
[CES-D], Patient Health Questionnaire-9 [PHQ-9], Depression,
Anxiety, and Stress Scales-21 items) or diagnostic framework
(eg, Diagnostic and Statistical Manual of Mental Disorders),
and (4) prediction factors (prediction features, algorithm models,
and predictor values [area under the curve, Pearson r, and
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specificity and sensitivity or data used to impute these values]).
For studies that reported area under the receiver operating
characteristic curve statistics, we first converted the values to
Cohen d, which werethen converted intor [34,35]. Furthermore,
for studies that provided sufficient information to compute
sensitivity and specificity, we used thisinformation to calculate
odds ratios [36], which were then converted into r values by
using Comprehensive Meta-Analysis (version 3; Biostat, Inc).
Effect sizes, such as Pearson r, allow for comparison across
different studies and contexts, contributing to a more general
understanding of the relationship between social media text,
features, and depression [37]. Thisis particularly important in
meta-analyses, where combining and comparing findings from
studies with varying methodol ogies and populations is crucial
[38]. Effect sizes provide a standardized way to do this, making
it easier to draw broader conclusions. Furthermore, in many
studies, particularly those included in our review, predictive
performance metrics are not consistently measured, making it
challenging to compare these metrics. By focusing on effect
sizes, we ensure that we can consistently assess and compare
the core findings related to depression prediction.

The overall effect size was included for studies testing models
that incorporated a set of features. In addition, for studies that
compared the depression prediction performance of several
models based on the same features but employed different
algorithms, we extracted the effect size of the model with the
optimal performance. Finaly, the highest effect size was
extracted for studies that did not reveal the effect size of each
analyzed feature [8]. Any disagreement between the 2
researchers was resolved by consultation with athird reviewer
(VLA).

Data Analysis

Comprehensive Meta-Analysis version 3 software was used to
run the meta-analysis. We adopted a random effects model to
assess the uncertainty caused by variations between studiesand
report the pooled effect size from each study [39]. We used
Pearson r to determine the relationship between socia media
texts and depression. Pearson r is classified into small (r=0.1),
medium (r=0.3), and large (r=0.5) effect sizes [40]. Article
heterogeneity was determined using (1) the chi-square Q
statistic, where P<.05 indicates significant heterogeneity, and
(2) the 12 statistic, which represents the extent of variation. An

12 value of 0% indicates the absence of heterogeneity, and the
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1% values of 1% to 25%, 25% to 75%, and more than 75%
indicate low, moderate, and high heterogeneity, respectively
[41]. Thefeatures adopted in the reviewed studieswere grouped
into demographic, language, social mediaactivity, and temporal
features to assess their overall effect on depression prediction.
In addition, we performed a moderator analysis with arandom
effects model to identify the source of heterogeneity [42]. We
included the following groups: social media platform (public
and private) [16,43], machine learning (shallow and deep),
model validation (10-fold and other), participant sample size
(<1000 and =1000), data points (<100,000 and =100,000),
publication (journal and proceedings), features (single and
multiple), and use of outcome measures (yes and no). Finally,
we conducted a sensitivity analysis to determine the stability
of theresults[42]. We used aleave-one-out method to examine
the effect of each study on the overall effect.

Publication Bias

We generated a funnel plot to examine the presence of
publication bias in the included studies [44]. Statistical
evaluation was performed using the Begg-Mazumdar rank
correlation and Egger tests[45]. A P value of <.05 denotesthe
presence of significant publication bias. For studies with
publication bias, we calculated the adjusted estimated effect
sizes by using Duval and Tweedie trim and fill test, with
consideration of the potential effect of missing studies[46].

Results

Paper Selection Protocol

The flowchart of study screening and selection is presented in
Figure 1. The electronic database search yielded 6278 studies,
from which we excluded 1285 duplicates. We screened the
abstracts and titles of 4993 studies and excluded 4841 studies
that did not meet the eligibility criteria. We conducted full-text
screening on 152 eligible studies and excluded studies that did
not report social media use (n=24), were protocols (h=6), and
had incomplete information to compute effect sizes (n=90). The
remaining 32 studieswereincluded in our meta-analysis. Search
by citation yielded seven studies, three of which were excluded
due to the lack of appropriate information for computing the
effect size. Theremaining 4 studieswere added to the 32 studies,
yielding 36 for analysis. Multimedia Appendix 3 providesalist
of theincluded studies.
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Figurel. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram of study screening and selection. WoS: Web

of Science.
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Characteristics of Included Studies

Therevised PRISMA (Preferred Reporting Itemsfor Systematic
Reviews and MetaAnalyses) checklist is provided in
Multimedia Appendix 4, and the characteristics of theincluded
studies are outlined in Multimedia Appendix 5. Table 1
summarizes the key information of the included studies. All of
the included studies were published between 2013 and 2023;
12 were published in journalsand 24 in conference proceedings.
Eighteen studies reported the sample size, ranging from 50 to
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344,657 (total: 3,969,013). Seven of these studies reported the
sex distribution of participants (total participants. 24,502) with
58% identified as females while the remaining 11 papers did
not provide information on the sex distribution of the
participants. Twitter (n=18, 50%) was the most common
platform investigated, followed by Facebook (n=7, 19.4%),
Reddit (n=5, 13.9%), SinaWeibo (n=2, 5.6%), I nstagram (n=2,
5.6%), Vkontakte (n=2, 5.6%), and Live Journal (n=1, 2.8%).
Regarding the machine learning approach, 25 studies adopted
shallow learning algorithms (eg, support vector machine,
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BayesNet, random forest, linear regression, k-nearest neighbor,
naive Bayes, and decision tree), whereas 11 studies used deep
learning algorithms (eg, deep neural network, long short-term
memory, and convolutional neural network). Eight studies
applied 10-fold cross-validation, whereas 9 studies used other
types of validation, namely |eave-one-out, hold-out, and binary
classification validation, as well as 4-fold, 5-fold, and 20-fold
cross-validation. Sixteen studies used outcome measures or

Phiri et &l

diagnostic frameworks (Depression, Anxiety, and Stress Scales,
CES-D, PHQ-9, PHQ-8, BDI, and Diagnostic and Satistical
Manual of Mental Disorders), whereas 20 used participants
diagnostic statements (eg, “1 was diagnosed with depression”
or did not provide relevant information. Language features
(n=17, 85%) were the most commonly examined features,
followed by social media activity (n=8, 40%), tempora (n=4,
20%), and demographic (n=3, 15%) features.

Table 1. Characteristics of the included studies (total data points: N=86,324,971).

Characteristics

Studies, n (%) Participants, n (%)

Data points 29 (80.6) _a
Participants sample size 18 (50) 396,901 (100)
Sex 7 (44.4) 24,502 (6.2)
Male — 10,286 (42)
Female — 14,216 (58)
Social media platform 36 (100) —
Twitter 18 (50) —
Facebook 7(19.9) —
Reddit 5(13.9) —
Sina Weibo 2(5.6) —
Instagram 2(5.6) —
Vkontakte 2(5.6) —
LiveJournal 1(2.8) —
Machine lear ning approach 36 (100) —
Shallow 25 (69.4) —
Deep 11 (30.6) —
Model validation 17 (47.2) —
10-fold 8(47.1) —
Other validations® 9(529 -
Use of outcome measures 36 (100) —
Yes 16 (44.4) —
No 20 (55.6) —
Publication type 36 (100) —
Journal 12(33.3) —
Proceeding 24 (66.7) —
Features 20 (55.5) —
Demographics 3(19) —
Social media activity 8 (40) —
Language 17 (85) —
Temporal 4(20) —
@Not applicable.

bLeaveoneout, hold out, and binary classification validation; 4-fold, 5-fold, and 20-fold cross-validations.
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The Effectiveness of Social Media Text in Predicting
Depression

The 36 included studies [47-82] indicated a large significant
overall effect size of r=0.630 (95% CI 0.571-0.693), indicating

Phiri et &l

the effectiveness of the user-generated social media text in
predicting depression. Significant heterogeneity was observed
between the studies (Q=810 038.087; 12=99.996; P<.001; Figure
2 [47-82)).

Figure2. A forest plot of the pooled effect of social mediatext in predicting depression [47-82].
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Jagtap 2021 0.784 0.779 0.789 149.283 [ ]
Tong 2022 0.752 072 0.779 29.556 ]
Asad 2019 0.738 0388 0.902 3.451 -5
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Wongkoblap 2018 0.559 0.555 0.562 242.458 [ |
Saini 2022 0.495 0494 0.49% 686.418 [ |
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Alsagri 2020 0.479 0477 0.481 521.685 [ ]
Stankevich 2019 0.432 0419 0.445 57.068 [ |
Ricard 2018 0.397 0335 045 11.474 B
Schwartz 2014 0.386 0.376 0.3%6 69.021 B
Mann 2020 0297 0172 0413 4521 )
Cheng 2017 0.231 0228 0.234 139.048 [ ]
Wu 2018 0.176 0.174 0.178 166.224 [ ]
Ardawish 2017 0.152 -0.244 0505 0.749 —r—
Islam 2018 0.071 0048 0.0%4 6.010
Fixed 0.654 0.654 0.6543148.681 |
Random 0630 0565 0.685 14.449 +

Heterogeneity: Q = 810038.087, I? = 99.996, p = <.001

Statistics for each study

Correlation and 95% CI

limit Z2-Valuep-Value

-1.00 0.00 1.00 2.00

Thelnfluence of Featuresin Predicting Depression on
Social Media Texts

Thefindingsrevealed that al 4 included features; demographic,
social media activity, language, and temporal had significant
large effect sizes (r=0.642; 95% Cl 0.489-757; r=0.552, 95%
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Cl 0.418-0.663; r=0.545, 95% CI 0.434-0.639; and r=0.531,
95% Cl 0.320-0.693; respectively). A high significant
heterogeneity was observed between the studies
(17=98%-99.9%). Table 2 provides detailed results, and forest
plots are presented in Multimedia Appendix 6
[48,50,56,57,59-61,63,64,67,69,70,72,74,78,80-82].
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Table 2. Theinfluence of featuresin predicting depression on social media texts.

Feature Features, n (%) r (95% CI) Q 12 P value
Demographic 3(15) 0.642 (0.489-0.757) 109.732 98.177 <.001
Social media activity 8 (40) 0.552 (0.418-0.663) 96346.650 99.993 <.001
Linguistic 17 (85) 0.545 (0.434-0.639) 782874.071 99.998 <.001
Temporal 4(20) 0.531 (0.320-0.693) 198014.084 99.998 <.001

Moderator Analvs outcome mesasures significantly accounted for the observed
oderator Analysis heterogeneity, with P values of <.001, .048, and <.001,
Of all the categories contributing to heterogeneity, only socia  respectively (Table 3).

media platform type, machine learning approach, and use of

Table 3. Moderator analysis.

Category n (%) Point estimate (95% CI) P vaue
Social media platform 33 (100) _a <.001
Public 28 (84.8) 0.674 (0.618-0.723) <.001
Private 5(15.2 0.368 (0.166-0.540) .001
Machine lear ning approach 36 (100) — .048
Shallow 25 (69.4) 0.584 (0.491-0.663) <.001
Deep 11(30.6) 0.719 (0.610-0.801) <.001
Model validation 17 (100) — 434
10-fold cross-validation 8(47.1) 0.522 (0.349-0.660) <.001
Other validations® 9(52.9) 0.602 (0.458-0.715) <.001
Participant sample size 18 (100) — 677
<1000 11 (61.1) 0.571 (0.423-0.690) <.001
>1000 7(38.9) 0.525 (0.330-0.677) <.001
Data points 29 (100) — .627
<100,000 19 (65.5) 0.650 (0.563-0.723) <.001
>100,000 10 (34.5) 0.616 (0.486-0.719) <.001
Publication type 36 (100) — 824
Journal 12(33.3) 0.637 (0.554-0.707) <.001
Proceedings 24 (66.6) 0.626 (0.565-0.680) <.001
Features 19 (100) — .853
Single 8(42.1) 0.552 (0.362-0.698) <.001
Multiple 11 (57.9) 0.536 (0.393-0.652) <.001
Use of outcome measure 36 (100) — <.001
Yes 16 (44.4) 0.472 (0.381-567) <.001
No 20 (55.6) 0.722 (0.667-769) <.001
8ot applicable.

bLeaveoneout, hold out, and binary classification validation; 4-fold, 5-fold, and 20-fold cross-validation

e . leave-one-study-out sensitivity analysis method, and the
Sensitivity Analysis heterogeneity between the studies was significant
The results revealed that the overall effect size did not change (Q=810038.087; 12=99.996; P<.001; Figure 3 [47-82]).
(r=0.630, 95% Cl 0.571-0.693) after performing a ’ ' '
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Figure 3. A forest plot of sensitivity analysis [47-82].

Study name Statistics with study removed Correlation (95% CIl) with study removed

LowerUpper
Point limit limit Z-Valuep-Value

Kour 2022 0.618 0.551 0.677 13.869
0.630 0.565 0.686 14.449

Islam 2018 0.642 0.578 0.698 14.648 [
Wu 2018 0.640 0.587 0.687 17.574 [ ]
Cheng 2017 0.639 0.577 0.693 15.133 [ |
Mann 2020 0.637 0.573 0.694 14.486 [}
Ardawish 2017 0.637 0.573 0.693 14.535 [ |
Schwartz 2014 0.636 0.571 0.693 14.432 [ ]
Ricard 2018 0.635 0.571 0.692 14.422 [ |
Stankevich 2019 0.635 0.570 0.692 14.394 [ |
Alsagri 2020 0634 0.566 0.693 13.854 [ |
Saini 2022 0.633 0.563 0.694 13.383 [ |
Victor 2020 0.633 0.568 0.690 14.358 [ |
Wongkoblap 2018 0.632 0.566 0.690 14.166 n
Tlachac 2022 0.632 0.566 0.689 14.258 [
Dey 2022 0.631 0.566 0.689 14.200 [
Yohapriyaa 2022 0.631 0.566 0.688 14.321 [
De choudhury 2013 0.631 0.565 0.688 14.275 [
Shekerbokova 2021 0.630 0.564 0.688 14.179 [
Reece 2017 0.630 0.563 0.689 13.942 |
Kabir 2022 0.630 0.564 0.688 14.194 [
Rissola 2019 0.629 0.557 0.692 13.035 [
Rissola 2020 0.629 0.564 0.687 14.238 [
Kumar 2022 0.629 0.563 0.686 14.300 |
Wang 2013 0.628 0.562 0.686 14.173 |
Asad 2019 0628 0.562 0.685 14.269 [}
Sudhishna 2023 0.628 0.562 0.685 14.166 [}
Vankayala 2022 0626 0.560 0.684 14.132 [}
Wu 2023 0626 0.573 0.675 17.182 [}
Tong 2022 0625 0.559 0.684 14.102 [ ]
Jagtap 2021 0.624 0.558 0.682 14.044 |
Marifielarena-Dondena 20170.624 0.557 0.682 14.077 B
Kumar 2021 0.622 0.556 0.681 14.001 [
Kour 2022 0.622 0.555 0.680 13.989 [
Nary nov 2020 0.622 0.555 0.680 14.002 [
Gupta 2022 0.621 0.555 0.680 13.978 [
Boumahdi 2020 0.619 0.553 0.678 13.936 [

[ |

¢

4.00  0.00 1.00 2.00
Heterogencity: Q = 810038.087, I2 = 99.996, p = <.001

rank correlation test (Kendall 1,=0.22063; P=.058) and Egger
test (2-tailed t3,=1.28696; P=.21) indicated the absence of

publication bias. The Duval and Tweedie trim and fill test
revealed no studies were trimmed [46].

Publication Bias

Figure 4 presents the funnel plot used to inspect publication
biasvisually. The nonsignificant results of the Begg—Mazumdar
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Figure4. A funnel plot of the publication bias.
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Discussion

Principal Findings

This systematic review and meta-analysis examined the effect
size of socia media texts and the influence of demographics,
social media activity, language, and temporal features on
depression prediction using machine learning. We observed a
significantly large overall effect size for social media texts on
depression, indicating the capability of social media texts to
predict depression. The demographics, social media activity,
language, and temporal features also exhibited significantly
large effect sizes, indicating their influence in predicting
depression on social mediatexts. Demographic features had the
largest effect size of al the features. Thus, demographic features
merit specia attention to improve the accuracy of depression
prediction models based on social media data. Our results also
indicated that the social mediaplatform type (public or private),
machine learning approach (shallow or deep), and use of
outcome measures (yes or no) were significant moderator
variables. Therefore, these factors should be considered in the
prediction of depression using social media data. Overall, our
findings provide solid evidence that social media texts can
predict depression.

Comparison With Prior Work

The extracted effect size of the social mediatextson depression
prediction in our study waslarger than that reported in arelated
study (r=0.37) between digital traces and psychological
well-being [16]. Our results strengthen the growing evidence
that social media texts can serve as a valuable means of
monitoring and predicting depression. Overall, social media
data have considerable potential to advance health research and
enhance the capacity to address mental health concerns.
Individuals with depression, particularly teenagers and young

https://www.jmir.org/2025/1/e59002

adults, commonly use social media to express their emotions
[83]. Research has revealed that in large prediction models,
identifying individuals with depression is more challenging
when using social mediadatathan when using el ectronic health
records [84]. However, social media post analysis can yield
valuableinsightsinto users daily events, activities, and interests
[85]. An examination of the language, sentiment, and emotions
in these posts can provide information on user behavior, mood,
socialization, and opinions [29]. For instance, emotions such
as helplessness, worthlessness, and self-hatred in auser’s posts
may indicate depression [29]. Therefore, social media is a
va uabletool for obtaining acomprehensive overview of auser's
mental health and identifying those with depression.

Our results revealed that demographic, social media activity,
temporal, and language features had an influence on depression
prediction, with demographic features having the largest effect
size. Theuse of social mediatextual featuresin machinelearning
has proven useful for predicting depression, without any
preconceived notions [86]. A related study indicated that the
incorporation of demographic data can considerably enhance
the accuracy of models linking profile attributes, images, and
depression [87]. Similarly, another study reported that
demographics are a crucia factor in depression prediction on
social media[18]. A study also revealed asignificant association
between negative emotions and anger and depression among
individuals aged 18-25 years on Facebook; however, that study
did not use machine learning agorithms [87]. Notably, we
analyzed only 3 studies that adopted demographic features,
potentially limiting the generaizability of our results.
Nevertheless, the results provide strong evidence that
demographic data can substantially enhancethe prediction value
of social mediatext for depression.

A previous study reveal ed that the social mediaactivity features
on Twitter could predict depression with an accuracy of 69%
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[24]. Another study, using traditional statistical methods,
reported both positive and negative relationships between
individual social media activity features and depression on
Facebook; individuals with depression exhibited a reduced
number of likes and comments, and they posted on their own
wallswith greater frequency than did their counterparts without
depression [26]. Social media activity features can be used to
gain vauable insights into individuals social media
engagement. A reduced level of engagement, particularly a
decline in the frequency of their posts, may signify a loss of
socia connectedness, which has been associated with depressive
symptoms [88]. Social media activity features can thus serve
as a vauable supplement to self-reported information and
clinical evaluations, justifying their inclusion in depression
prediction models.

In our study, language features also had a large effect on
depression prediction on socia mediatexts. Language features
tend to be the most crucia for predicting depression on social
media using machine learning. Consistent with our results, a
study on depression prediction using social media data and
medical records revealed that the strongest predictor of
depression was the use of words related to rumination,
loneliness, and hostility [89]. Additionally, researchers have
suggested that using first-person singular pronounsis associated
with depression and suicidal behavior [20,89]. A significant
link has also been reported between negative emotions and
depression on Facebook; however, the effect was small, and
machine learning was not adopted [90]. These findings
emphasize the pivotal role of language style in predicting
depression on social media.

Our results indicated that temporal features had a large effect
on the prediction of depression on socia media. By contrast, a
related study reported that tempora features did not provide
valuabl e additional user-specific information that could enhance
the accuracy of the depression prediction model [27]. The
temporal patterns of web-based posts can offer useful insights
into the social context and communication styles of individuals
[91]; for example, individual s with depression may experience
irregular sleep patterns and thus post on social media late at
night or early inthe morning [92]. Furthermore, consi stent with
our results, astudy that considered temporal measureson Twitter
reported that monitoring changes in an individual’s emotional
state over time can aid in identifying those who may be
experiencing depression [28]. Temporal features may provide
the necessary context and help differentiate between atemporary
emotional state and a long-term mental health problem. For
instance, a single sad post is unlikely to indicate depression,
whereas regular sad posts over time suggest a deeper problem
that merits attention. Therefore, the inclusion of temporal
features can increase the accuracy of depression prediction
models based on social media data

Our findings indicated that the socia media platform type,
machine learning approach, and use of outcome measureswere
significant moderators of the relationship between textual
features and depression prediction. Most of the studiesincluded
in our review focused on public socia media platforms, with
Twitter being the most common target. Our findings are
inconsistent with those of a previous study that reported that

https://www.jmir.org/2025/1/e59002
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the social media platform type had no mediating effect [16].
Although public social media platforms, such as Twitter, cater
to diverse user bases and offer varied experiences[93], research
has indicated that the use of private social media platforms,
such as Facebook, is linked with depressive symptoms,
principally because of the loss of real-world social interaction
[94]. Further research is thus necessary on the impact of social
media platform type on depression prediction.

In our study, the adopted machine learning approach had a
significant impact on the rel ationship between social mediatext
and depression prediction. One study also reported that the
accuracy of depression prediction based on textual datadepends
on the type of model used [9]. Most of the studies included in
our analysis adopted shallow machinelearning, which involves
the use of features such as language style and emotional
language astraining datafor developing adepression prediction
model [95]. In general, shallow machinelearning model s consist
of neural networks with only 1 hidden layer. By contrast, deep
learning models use neural networkswith multiple hidden layers
[96]. Shallow learning models typically outperform deep
learning in terms of speed and ease of use, but deep learning
models can be used to investigate complex phenomena[97,98].
Theefficacy of both deep and shallow |earning methods depends
on the specific application [14]. When limited dataare available,
training complex neural networks is impossible because these
networks require the determination of a large number of
parameters from the data; shallow networks are the only option
in such cases[14]. Additionally, deep learning models, such as
recurrent neural networks, encounter difficulty in identifying
the proper context in long sentences [99]. The use of machine
learning techniques has contributed considerably to enhancing
prediction and diagnostic capabilitiesin clinical settings[100].
On the basis of unstructured data, this approach can generate
insights that can help identify high-risk conditions, facilitating
early treatment and improving patient outcomes.

In this review, 20 of the 36 studies did not specify the tools or
instruments that were used for depression measurement, or they
used subjective patient reports. This could be attributed to many
of the studies being performed on public platforms, which isa
more cost-effective approach for collecting data from a large
sample. A substantial amount of publicly available data are
self-reported statements regarding depression diagnoses [13].
Although this approach can yield valuableinsights, the findings
may have limited accuracy. To ensure reliable and accurate
results, the use of survey-based measures, such as CES-D,
PHQ-9, or BDI, is paramount, although higher costs would be
incurred [101]. The studies included in this review adopted
various outcome measures; to elucidate the effectiveness and
contribution to the overall prediction accuracy of thesetools, a
comprehensive examination isimperative.

Strengthsand Limitations

Our study has several strengths. First, to the best of our
knowledge, thisisthefirst systematic review and meta-analysis
of the effectiveness of user-generated social media texts on
depression prediction; our study thus expands depression
research. Second, we observed asignificantly large overall effect
of social mediatextson depression prediction, providing strong
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evidence for the accuracy of social media data in predicting
depression. Third, the social media platform, demographic,
social media activity, language, and temporal features in this
study exhibited a large and more significant influence on
depression prediction than similar features in previous studies,
providing insights into improving screening and prevention
efforts. Fourth, unlike previous reviews, we searched 11
databases, ensuring our search was robust and comprehensive.
Fifth, we included 36 studies supporting the reliability of our
findings. Previous studies included only 2 [20] and 4 [16]
studies, respectively. Sixth, our moderator analysis revealed
that the type of machine learning approach affects the accuracy
of depression prediction using social media data. Previous
reviews did not consider this factor. Seventh, in contrast to
previous studies, our senditivity analysis confirmed the
robustness of our findings. This analysis reaffirms the validity
of our research and strengthens the credibility of our
conclusions.

Despitethe strengths and novelty of our study, somelimitations
should be noted. First, although social mediatextsare preferred
for depression prediction, such data can be more chalenging
to analyze than survey data because of the considerable
variability in the frequency and length of social media posts as
well as the likelihood of these variables changing over time.
Second, findings based on social media texts cannot be
generdlized to a wider population because age, income,
education, and ethnicity tend not to be proportionately
represented in the data. Third, half of the included studies
contained insufficient information on the overall effects of the
four target features in predicting depression. Fourth, we could
not analyze the effects of specific demographics, language,
temporal, and social media activity features. Fifth, most of the
studiesfailed to provide information on model validation, akey
step for enhancing the accuracy and effectiveness of machine
learning. Sixth, our study was limited to English-only studies
because reviewing and interpreting studies in unfamiliar
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languages may lead to misinterpretation and errors in data
extraction and analysis. Seventh, many of the included studies
were from proceedings, and because most conference papers
are not peer-reviewed, the quality of the studies may be in
question. Eighth, we could not evaluate the quality of the
included studies due to alack of appropriate guidelines. Ninth,
we acknowledge the omission of other keywords like “Reddit”
and“ classification,” which limitsthe comprehensiveness of our
search strategy. However, considering the novelty of this
research area, our findings provide valuable insights that can
form the basis of future research. Future studies may explore
social mediavisual dataalong with specific featureswithin each
category (ie, demographic, language, social media activity, and
temporal features) and machine learning algorithms for
depression prediction on social media. Moreover, it isessential
for future research to incorporate a broader range of keywords,
including “Reddit” and “classification,” to enhance the search
strategy and capture relevant studies effectively.

Conclusions

Our findings revealed that social mediatext has a significantly
large overall effect on depression prediction using machine
learning. Specifically, demographic features had alarger effect
sizethan social mediaactivity, language, and temporal features.
Furthermore, the social media platform type, use of outcome
measures, and machine learning approach were significant
moderators. Our results suggest that social media texts are
effectivein predicting depression. Social mediatextual content,
particularly demographic features, is thus useful for predicting
depression on social media texts. Finally, the socia media
platform type, machine learning approach used, and use of
outcome measures can affect the accuracy of predictions. Our
findings may help mental health and psychiatric practitioners
identify individuals who require further evaluation; these
individuals can receive the necessary resources, support, and
treatment.
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