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Abstract
Depression has been associated with heightened first-person singular pronoun use (I-usage; e.g.,
“L,” “my”) and negative emotion words. However, past research has relied on nonclinical
samples and nonspecific depression measures, raising the question of whether these features are
unique to depression vis-a-vis frequently co-occurring conditions, especially anxiety. Using
structured questions about recent life changes or difficulties, we interviewed a sample of
individuals with varying levels of depression and anxiety (N = 486), including individuals in a
major depressive episode (n = 228) and/or diagnosed with generalized anxiety disorder (n =
273). Interviews were transcribed to provide a natural language sample. Analyses isolated
language features associated with gold standard, clinician-rated measures of depression and
anxiety. Many language features associated with depression were in fact shared between
depression and anxiety. Language markers with relative specificity to depression included /-

29 ¢

usage, sadness, and decreased positive emotion, while negations (e.g., “not,” “no”), negative
emotion, and several emotional language markers (e.g., anxiety, stress, depression) were
relatively specific to anxiety. Several of these results replicated using a self-report measure
designed to disentangle components of depression and anxiety. We next built machine learning
models to detect severity of common and specific depression and anxiety using only interview
language. Individuals’ speech characteristics during this brief interview predicted their
depression and anxiety severity, beyond other clinical and demographic variables. Depression
and anxiety have partially distinct patterns of expression in spoken language. Monitoring of

depression and anxiety severity via language can augment traditional assessment modalities and

aid in early detection.
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General Scientific Summary (GSS)
There is growing scientific excitement about detecting depression from people’s language use,
but this work rarely accounts for anxiety, which overlaps substantially and co-occurs frequently
with depression. Using clinical interviews with individuals with varying levels of depression and
anxiety, we found that some language patterns are shared by these conditions, whereas other

CCI 99 ¢ 29 ¢
3

patterns distinguish them. Depressed individuals show more /-usage (e.g., me,” “my”’) and

99 <6

sadness words (e.g., “low,” “sad,” “alone”), while anxious individuals use a much broader array
of negative emotionality language (e.g., anxiety, stress, and counterintuitively, depression),

raising implications for the understanding and automatic assessment of these conditions.
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Depression and Anxiety Have Distinct and Overlapping Language Patterns:
Results from a Clinical Interview

Much remains unknown about the nature of emotional disturbance. A major challenge is
the covert nature of emotional experiences and the corresponding need for methods capable of
revealing them. In recent years, computational linguistics has emerged as a promising method for
illuminating psychological constructs (Kern et al., 2016). Computational linguistics integrates
techniques from linguistics, cognitive science, and artificial intelligence to enable automated
processing and analysis of human language. By detecting often subtle patterns in natural
language that can reveal information about people’s thoughts and feelings (Kern et al., 2016),
computational linguistics may offer a window into internal experiences (Tausczik & Pennebaker,
2010) and their disruption in emotional disorders.

Reflecting the promise of this method, a growing literature has examined the language of
depression. This work has uncovered a consistent relationship between depression and first-
person singular pronouns (“/-usage”; Edwards & Holtzman, 2017), suggesting increased self-
focus (Ingram, 1990) or self-immersed perspective taking (Kross & Ayduk, 2011). Depression is
also associated with negative emotion language (e.g., Eichstaedt et al., 2018), likely reflecting
heightened levels of negative affect. The ability to index depression via language has generated
considerable excitement, as it raises the possibility of automated, unobtrusive detection of
depression at scale.

At present, however, this literature has significant limitations. Many studies have used
unselected, convenience, or general treatment-seeking samples with low or unknown rates of
clinically significant depression. Studies have also relied on self-report measures, despite

concerns that these measures capture general distress rather than depression specifically,
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especially in nonclinical samples (Coyne, 1994; Kendall et al., 1987). Some studies have
assumed depression diagnosis based on membership in online mental health forums or self-
declared diagnosis on Twitter, allowing researchers to amass large datasets but raising questions
about whether the results validly represent depression. A related question has concerned whether
language features previously linked to depression are unique to this construct or more accurately
reflect a higher-order factor like negative emotionality (Tackman et al., 2019). Failure to
compare depression to other disorders raises the possibility that language features attributed to
depression are driven by co-occurring conditions. Resultingly, machine learning models of
depression, built from language correlates of depression without considering their correlations
with other disorders (Guntuku et al. 2017), risk misclassifying individuals.

Anxiety, in particular, co-occurs frequently with depression and has overlapping
symptoms. This suggests that some features previously associated with depression may be better
understood as shared with, or even resulting from, anxiety. Consistent with this possibility,
studies have found anxiety, like depression, to be associated with /-usage and negative emotion
words (Brockmeyer et al., 2015; Dirkse et al., 2015; Sonnenschein et al., 2018). Research on the
language of anxiety, however, has been hindered by methodological limitations similar to those
for depression. Additionally, although anxiety takes many forms, most studies have used general
measures of anxiety that don’t distinguish between different forms. Few studies have focused on
generalized anxiety disorder (GAD), which shares the strongest relationship with depression and
represents its most challenging boundary condition (Watson, 2009). This close relationship
makes GAD an especially good comparison condition for isolating language correlates of

depression. However, the few studies that have examined language in GAD used unvalidated
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measures of the disorder (Dirkse et al., 2015) or tested different language features than those
examined for depression, making comparison difficult (Geronimi & Woodruff-Borden, 2015).

There is a need for comprehensive language studies that compare depression and anxiety
directly to distinguish their common and specific features. Uncovering common features informs
parsimonious theoretical models and transdiagnostic interventions that benefit most patients. By
contrast, identifying specific features is necessary for establishing discriminant validity (Hubley
& Zumbo, 1996) and can inform development of targeted treatments. To date, however, almost
no work has attempted to disentangle language features unique to depression vis-a-vis anxiety.
We are aware of only two studies that examined depression and anxiety side-by-side
(Brockmeyer et al., 2015; Sonnenschein et al., 2018); they tested a single language feature (/-
usage) and were notably underpowered for these analyses.

The current study took a rigorous approach to examining the language of depression and
anxiety. We used a well-characterized sample including individuals with major depressive
disorder (MDD) and generalized anxiety disorder (GAD) as well as individuals falling below the
threshold for diagnosis. We used measures of depression and anxiety severity that were clinician-
rated to be specific to each disorder, which offer superior discrimination between constructs
compared to self-report measures (Clark & Watson, 1991). Additionally, we sought to replicate
our results using a self-report measure specifically designed to separate shared from unique
symptoms of depression and anxiety. Subscales measure symptoms at broad, intermediate, and
narrow levels of specificity, ranging from symptoms largely overlapping between depression and
anxiety, to symptoms relatively nonspecific to depression vis-a-vis anxiety (and vice versa), to

symptoms unique to depression via-a-vis anxiety (and vice versa).
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Following Kazak (2018) we posed primary and secondary hypotheses. Primary
hypotheses tested language features that mapped most directly onto common and specific factors
identified in the literature, while secondary hypotheses tested related but less central features. As
depression and anxiety have each been linked to I-usage, we posed the primary hypothesis that
their common factor would be as well. Additionally, as negative emotionality is heightened in
emotional disorders (Barlow et al., 2014), we hypothesized that their common factor would be
associated with negative emotion language, broadly defined (primary), as well as with stress,
depression, sadness, anxiety, and anger language (secondary). As existing lexica were not
developed to capture unique features of depression and anxiety, we expected that they would be
dominated by language representing general distress, which is identified as the common factor of
depression and anxiety in Clark and Watson’s influential tripartite model (1991) and its
successors (Mineka et al., 1998; Watson, 2009). However, we acknowledged the plausible rival
hypotheses that depression/sadness language would be associated specifically with depression,
and anxiety language would be associated specifically with anxiety.

We also expected to observe specific language features of depression and anxiety. Based
on theorizing that deficits in positive affect are relatively unique to depression (Clark & Watson,
1991), we hypothesized that depression would be negatively associated with reward and positive
emotion language (primary) and leisure language (secondary). Conversely, given the central
preoccupation with threat in anxiety disorders (Craske et al., 2009) and work identifying somatic
anxiety as unique to these disorders (Mineka et al., 1998), we expected anxiety to be positively
associated with risk and fear language (primary) and physiological sensation language

(secondary).
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In addition to these planned analyses, we conducted exploratory analyses. Exploratory
analyses examined a wider range of language features, using a data-driven regression framework
to search for novel features of depression and anxiety. Lastly, we built language-based models of
depression and anxiety. Such models are trained using language features to predict a
psychological construct; in subsequent applications, the model can be used to estimate a person’s
score on that construct based on language alone. As existing models of depression have not taken
specificity into account, we sought to develop language-based models of depression and anxiety
that maximized the discriminability of these constructs.

Method
Participants

Participants were recruited from the Philadelphia community via online and in-person
advertisements. Participants were screened to ensure they were at least 18 years old and either (a)
experiencing symptoms of MDD and/or GAD or (b) had no psychopathology. Psychotropic
medication was permitted at a stable dose. Individuals reporting heavy substance use or active
psychosis were excluded. Eligible participants were invited to the lab and administered the
Anxiety and Related Disorders Interview Schedule for DSM-5-Lifetime Version (ADIS-5L;
Brown & Barlow, 2014) by a Master’s- or Bachelor’s-level clinical interviewer trained to a high
level of reliability with an expert rater.

To enroll a sample that varied widely in depression and anxiety, all individuals who
spoke at least 200 words in the ADIS-5L Introduction section and completed the ADIS-5L MDD
module were eligible to participate. This yielded a mixed sample of 486 participants with and
without psychopathology, of whom 167 were currently in a major depressive episode (MDE) and

diagnosed with GAD, 106 currently had GAD without MDE, 61 currently had MDE without
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GAD, and 152 had neither disorder. Participants were primarily female (65%) and ranged in age
from 18 to 80 (M = 32.89, SD = 12.83). The sample was racially diverse: 56% of participants
were White, 26% were Black, 7% were Asian, and 11% were a different race; 8% reported their
ethnicity as Hispanic/Latinx. Fifty-eight percent of participants completed college, and
household income ranged from $0 to $500,000 (Mdn = $32,000, SD = $42,687).

A subset of participants returned to the lab and completed a self-report measure of
depression and anxiety. This group included 239 individuals whose principal (most severe)
disorder was MDD or GAD (n = 184) or who had no lifetime psychopathology (n = 55). This
subsample included fewer Black participants than the total sample (x> = 17.21, p = .001) but
otherwise did not differ in sex, age, ethnicity, educational attainment, or household income, all p
> .086.

Measures
Clinician-Assessed Depression and Anxiety

Interviewers assessed the presence and severity of depression and anxiety using the
ADIS-5L. Each participant was assigned separate clinical severity ratings for major depression
and GAD—which were used to operationalize depression and anxiety, respectively—using a 0
(none) to 8 (very severely disturbing/disabling) scale, with ratings of 4 (moderate) or higher
indicating a clinically significant disorder. Diagnostic decisions and clinical severity ratings for
each participant were finalized in weekly meetings of the assessment team. The final depression
and anxiety severity variables were strongly related but not entirely overlapping (» = .55, p <
.001). Interrater reliability was excellent for depression and anxiety diagnostic status (K = 0.88
and 1.00, respectively) and severity (both ICC = .95) based on blind, independent ratings of

recorded interviews (n = 32) from ongoing studies with these populations in our lab. As shown in
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the online supplement (see Table S1), participants with major depression had the highest
depression severity, whereas participants with GAD had the highest anxiety severity and the
highest total number of comorbid disorders.
Self-Reported Depression and Anxiety

A subset of participants completed the self-report Mood and Anxiety Symptom
Questionnaire (MASQ; Watson et al., 1995a, 1995b), which contains five subscales for
measuring symptoms at three levels of specificity. At the broadest level is General Distress:
Mixed Symptoms, which contains symptoms shared by depressive and anxiety disorders (e.g.,
insomnia, fatigue). At the intermediate level are General Distress: Depressive Symptoms and
General Distress: Anxious Symptoms, which reflect relatively nonspecific symptoms of
depressive disorders (e.g., depression, hopelessness) and anxiety disorders (e.g., nervousness,
tension), respectively. At the highest level of specificity are Anhedonic Depression, which
reflects anhedonia and low positive affect, and Anxious Arousal, which reflects somatic tension
and hyperarousal. These symptoms are considered relatively specific to each construct. In our
sample, the MASQ subscales had excellent reliability (Cronbach’s o = .88—.95) and were
moderately to strongly correlated (» = .42—.83, all p <.001).
Procedure

All procedures were approved by the University of Pennsylvania Institutional Review
Board. Prior to any diagnostic assessment, the ADIS-5L interview began with an Introduction
section containing open-ended questions about recent life changes or difficulties. First,
participants were asked: “I would like to get a general idea of what sorts of problems you have
been having recently. What have they been?” This was followed by: “What would you say is the

main thing that is bothering you right now?” Participants subsequently were asked about
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stressors in each of several life domains, including family, social life, romantic relationships,
work/school, finances, health, and legal matters (e.g., “In the past year, have you had any
changes in or difficulties with... family?”’). Two follow-up questions asked about employment or
schooling (“What kind of work/schooling are you in now?” “What are your short-term
educational or employment goals?”’). These two questions, which were included for a separate
aim of the parent project, had the added benefit of increasing participant word count as well as
content coverage of this life domain. Participants spoke an average of 897 words (SD = 774,
range = 202—6,046) in the Introduction section of the interview. Demographic correlates of word
count are presented in the online supplement.

After this section, participants proceeded with the rest of the ADIS-5L interview,
completing the MDD and GAD sections and continuing until their eligibility for the parent study
was determined. Participants who were diagnosed with MDD or GAD or who screened negative
for lifetime psychopathology on the ADIS-5L returned to the lab approximately three weeks later
and completed the MASQ.

Data Processing

Trained research assistants blind to participants’ clinical status transcribed the audio
recordings of the ADIS-5L Introduction section using XTrans software (Glenn et al.,

2009). Transcription was carried out in accordance with a transcription protocol developed by
the Linguistic Data Consortium (LDC) at the University of Pennsylvania and adapted for this
project with guidance by the LDC. For each participant, we produced a verbatim transcript of all
participant and interviewer speech, marking difficult-to-decipher transcript regions. A second
independent transcriber listened to each audio recording, making corrections to the transcript as

needed and paying particular attention to difficult-to-decipher regions. When participants’
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enunciation or audio quality made transcription more challenging, a third independent transcriber
performed an extra check of the transcription. The transcribing team, led by the first author, met
weekly to prevent transcriber drift from this protocol.

Next, we converted the transcribed speech into variables (features) for use in statistical
analyses. We extracted lexicon-based assessments of language features (e.g., I-usage, negative
emotion, sadness, anxiety’ words), language-based model estimates of psychological traits
(depression, anxiety, stress, loneliness, anger, locus of control), and meta-language features (total
words, average word length) from participants’ transcribed language. Further details about the
linguistic feature extraction process appear in the online supplement.

Statistical Analysis

We performed analyses using R, version 4.0.3. (R Core Team, 2020) and the Differential
Language Analysis ToolKit, version 1.2.6 (Schwartz et al., 2017). We created figures using the
radarchart function from the fmsb package in R (version 0.7.3, Nakazawa, 2022). For core
correlational and prediction analyses using clinical ratings, we applied a minimum threshold of
200 words to balance recommendations in the literature (Kern, 2016) while retaining the largest
sample possible (N = 486). For MASQ correlational analyses, we used a threshold of 100 words
to maximize power and increase sensitivity to detect effects given the smaller sample (n = 241).2
Correlational Analyses

We used ordinary least squares regression to quantify the relationships of our depression
and anxiety constructs with each language feature, reporting effects as standardized beta weights

(), which can be interpreted analogously to Pearson’s 7. In initial exploratory analyses, we

! The negative emotion category contains several subcategories of emotion, including sadness and anxiety.
2 We repeated our core analyses using this reduced word threshold and observed very similar results (see online
supplement).
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performed separate, parallel analyses for depression and anxiety. In subsequent hypothesis tests,
we included depression and anxiety within the same analyses to isolate their effects. To obtain a
measure of variance shared by depression and anxiety, we performed a principal component
analysis using the depression and anxiety severity ratings and assigned each participant a score
reflecting their value on the first principal component. To obtain measures of variance specific to
depression, we examined language features associated with depression severity rating,
controlling for anxiety severity rating as a covariate (and vice versa).

Effect sizes between depression or related constructs and language features are typically
in the range of » = .1 to .2 (Edwards & Holtzman, 2017). Using the pwr.r.test function from the
pwr package in R (version 1.3.0, Champely, 2020), power was .91 to detect an effect of » = .15
using a sample as large as ours. To maximize power for primary hypotheses, we applied the
standard p < .05 threshold without correction for multiple comparisons. For secondary
hypotheses and exploratory analyses, we applied Benjamini-Hochberg (1995) false discovery
rate correction. As language use varies by age and sex (Schwartz et al., 2013), we controlled for
these variables in all analyses.?

Language-Based Prediction

Finally, we used machine learning to build predictive models of specific depression and
anxiety, as well as their common factor, to examine how much variance in these constructs can
be explained collectively by language features. We used elastic net regression models, which
perform regularization and feature selection (Zou & Hastie, 2005), allowing us to evaluate all
abovementioned language features as predictors. We used 10-fold cross validation, repeatedly

dividing our data into a set on which the model was trained (comprising 90% of the data) and a

3 We repeated our core analyses without age/sex controls and observed very similar results (see online supplement).
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set on which the model was tested (comprising 10% of the data). R? values convey the average
variance in depression or anxiety predicted by language features alone across 10 repetitions of
cross validation.
Transparency and Openness

We report how we determined our sample size and all data exclusions, and we follow

JARS (Kazak, 2018). Preregistration and analysis code are available at https://osf.i0/95nhj/. The

ADIS-5L and MASQ cannot be made publicly available as they are under copyright. Data for
this study are not publicly available due to the sensitive nature of the language provided by
participants; a de-identified data set is available by contacting the corresponding author.
Results

Language Features of Depression and Anxiety

We began by examining how clinician-rated depression and anxiety severity related to
participants’ language during the interview. In these initial exploratory analyses, we examined
the main effects of depression and anxiety without testing specificity vis-a-vis each
other. Results, as well as the words from each language feature that appeared most often in our
dataset, are presented in Table 1.
Depression Features

Depression results appear in the leftmost column (“DEP”) of Table 1. They replicate
many features previously associated with depression. More severely depressed individuals used
more words from the I-usage category and parent pronoun categories (personal pronouns, total
pronouns). More depressed individuals also used more feel, negative emotion, and sadness
words, used fewer joy, trust, anticipation, and surprise words, and scored higher on language-

based models of depression, stress, and loneliness. Depression was additionally related to



LANGUAGE OF DEPRESSION AND ANXIETY 16

causation words and to language reflecting bodily processes, including ingestion, body, and
disgust.
Anxiety Features

Anxiety results appear in the middle column (“ANX") of Table 1. Anxiety results were
virtually identical to depression results for pronoun and emotion features, except that anxiety was
also related to anxiety and negative valence words, correlated with only one of the two sadness
categories, and was unrelated to disgust, surprise, and trust. More severely anxious individuals
used fewer words from the negations category (words used to contradict or deny). Contrary to
our depression results, anxiety was unrelated to cognitive and biological processes categories.
Common and Specific Language Features of Clinically-Assessed Depression and Anxiety
Planned Analyses

Next, we tested a priori hypotheses regarding language features shared by and unique to
depression and anxiety.

Common Features. We isolated the first principal component of depression and anxiety
severity ratings and examined its associations with hypothesized language features. As predicted,
the common factor of depression and anxiety shared significant associations (95% CI in
brackets) with I-usage (r = .23 [.14, .31]) and negative emotion language (»r = .19 [.11, .28]).
Also as predicted, individuals with higher scores on the common factor used more language from
the sadness and anxiety emotion subcategories and from language-based models of stress and
depression (all r > .12, all p <.026). Surprisingly, the common factor was not associated with the
language-based anxiety model, nor with any language related to anger. Though counter to our
predictions, the distinct pattern for anger provides evidence of discriminability between emotion

constructs.
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Depression-Specific Features. We calculated partial correlations to identify features that
remained associated with depression severity when controlling for anxiety severity. As predicted,
depression was specifically associated with decreased positive emotion words (r =-.09 [-.17,
.00]). Contrary to predictions, depression was not specifically associated with reward or leisure
language.

Anxiety-Specific Features. In partial correlations controlling for depression severity,
clinician-rated anxiety was not specifically associated with any of our three predicted categories:
risk, fear, or physiological sensation language.

Exploratory Analyses

Common Features. Next, taking an exploratory approach, we examined all possible
language features as correlates of the common factor of depression and anxiety. To hold down
the false discovery rate, we report effects meeting Benjamini-Hochberg corrected levels of
significance. As shown in the rightmost column (“Shared DEP and ANX”) of Table 1, these
analyses revealed numerous language features shared by anxiety and depression, many of which
were associated with depression and anxiety in our initial analyses. These included features that
previous studies have attributed to depression, such as feel/ and loneliness and several cognitive
(causation) and biological (ingest, body) processes categories.

Specific Features. We used the same exploratory approach to identify language features
specific to clinician-rated depression and anxiety severity, respectively (see “Specific DEP” and
“Specific ANX” columns in Table 1). To facilitate comparisons, we present radar plots in Figure
1 showing effect sizes for (specific) depression and (specific) anxiety across selected language

features.
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Depression-Specific Features. The pronoun effects detected in earlier depression main
effect analyses survived when we controlled for anxiety. Unexpectedly, many of the emotion
features did not. At Benjamini-Hochberg corrected significance levels, specific depression was
no longer associated with (lack of) positive emotion words. However, specific depression was
positively associated with sadness and loneliness language, and negatively associated with
anxiety, fear, and anticipation language. Additionally, specific depression was associated with
ingestion words and with a tendency to use shorter (versus longer) words.

Anxiety-Specific Features. None of the pronoun effects detected in anxiety main effect
analyses survived when we controlled for depression. However, specific anxiety remained
associated with negative emotion and with a wide array of emotion terms. The exceptions were
sadness and loneliness, which were unique to depression. Specific anxiety was once again
associated with decreased negations.

Diagnostic Status Analyses. We repeated these analyses using depression and anxiety
diagnostic status (rather than severity). As expected, fewer of the associations were statistically
significant given the lower power afforded by dichotomous than continuous clinical variables.
Nevertheless, the pattern of results was essentially unchanged (see Table S2 in the online
supplement). Depression status was related to pronoun language, but unrelated to emotion
language except sadness and loneliness; when we controlled for anxiety status—which was
unrelated to these language features—no significant effects remained. Conversely, anxiety status
was unrelated to pronoun language, but was related to negative emotion and other emotion terms;

these effects survived when we controlled for depression status.
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Common and Specific Language Features of Self-Reported Depression and Anxiety

Next, we sought to replicate our results using the MASQ. This measure provided a
conservative test of replication, given its different method of assessment (self-reported rather
than clinician-assessed), different approach to separating shared from specific features
(psychometric rather than statistical), and content extending beyond major depression and GAD
to encompass depression and anxiety more broadly. Results are presented in the online
supplement (see Table S3) and summarized below.
General Distress

Several language features were related to General Distress: Mixed Symptoms, the
symptoms that are fully shared by depression and anxiety. They included I-usage, feel, sadness,
depression, loneliness, and stress. They also included more prepositions and fewer negations,
anticipation, and work words.
Common and Specific Depression

The language correlates of mixed symptoms were also correlated with symptoms that are
relatively specific (General Distress: Depressive Symptoms) and highly specific (Anhedonic
Depression) to depression. Additionally, both depression subscales were related to perceptual
processes, (lack of) joy, and more total words. Anhedonic depression was related to I-usage’s
parent category, personal pronouns.
Common and Specific Anxiety

General Distress: Anxious Symptoms, which are relatively specific to anxiety, were
associated with a small subset of the features associated with depression, including depression,

stress, negations, and decreased work language. Unlike depression, Anxious Symptoms were
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associated with anxiety and were not associated with pronoun categories. Anxious Arousal, the
MASQ subscale most specific to anxiety, had no significant language correlates.
Language-Based Models of Depression and Anxiety

Lastly, we built machine learning models of clinician-rated depression and anxiety
severity by including all language features as predictors in elastic net models using 10-fold cross
validation. In a model controlling for age and sex, language features collectively accounted for
14% of the variance in the common factor of depression and anxiety.

For tests of specificity, we used a two-stage modeling process: We first fit a model in
which age, sex, and the clinical covariate (anxiety or depression severity) predicted our clinical
outcome (depression or anxiety severity), then built a second model predicting the first model’s
residuals using language features alone. Above and beyond demographics, language features
accounted for 5% of the variance in depression (controlling for anxiety), and 8% of the variance
in anxiety (controlling for depression).

Discussion

Previous work on language features of depression has relied on nonclinical samples and
nonspecific psychopathology measures, leaving open the question of whether these features are
unique to depression vis-a-vis frequently co-occurring conditions, especially anxiety. In this
study, we investigated associations of computationally-derived language features with depression
and anxiety in a mixed clinical sample using gold standard measures. We replicated language
features previously associated with depression, then showed that many of these features are also
associated with anxiety. Next, using a more fine-grained approach, we determined which
features are common and specific to depression and anxiety. Lastly, we showed that speech

characteristics during a brief interview explained significant variance in depression and anxiety,
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over and above other clinical and demographic predictors. These results shed new light on the
language—and in turn, the inner experience—of depression and anxiety, with implications for
theory, research, and practice.

Depression and Anxiety Share Language Features

Several language features were associated with the common factor of clinician-assessed
depression and anxiety as well as self-reported symptoms overlapping between depression and
anxiety. In particular, increased use of perceptual processes, body, and feel words suggest a
focus on one’s internal states. Decreased use of work words may reflect unemployment but may
also reflect reduced attentional focus on external places and events (e.g., work, school) relative to
internal experiences (e.g., thoughts, feelings). Increased causation language may reflect a
maladaptive, abstract-evaluative mode of processing focusing on reasons for feelings and events
(Watkins, 2008).

Interestingly, the common factor was associated with alterations in several parts of
speech. Increased preposition use may reflect concern with precision (Tausczik & Pennebaker,
2010), whereas increased interrogative use may index searching for information and reflect
intolerance of uncertainty (Gentes & Ruscio, 2011). Decreased use of articles, which are
typically paired with concrete nouns (real-world objects; Tausczik & Pennebaker, 2010), may
reflect increased internal (relative to external) attention. Increased common verb use was driven
by verbs commonly paired with I-usage (e.g., have, am, know) and may similarly reflect
difficulties with self-distancing (Nook et al., 2022). Lastly, increased conjunction use, and higher
total word count, may reflect a larger number of problems reported in the interview.

Taken together, these findings indicate that many language features previously associated

with depression are better understood as the language of distress. This echoes prior observations
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that depression and anxiety share more similarities than differences, not only in their symptoms
but also in their genetic, temperamental, cognitive-behavioral, and environmental risk factors
(Ruscio & Khazanov, 2017).

1-Usage is Relatively Specific to Depression

Aligning with previous studies linking /-usage to indicators of general distress, including
neuroticism (Tackman et al., 2019), I-usage was related to clinician-rated and self-report
measures of shared depression and anxiety. However, I-usage appeared relatively more specific
to depression, as it was associated with specific depression but not specific anxiety across
clinician- and self-report measures. Taken together, these findings position /-usage in a
transitional space between shared and specific depression, in line with the notion that general
distress variance occurs along a dimension (Watson, 2009).

I-usage likely reflects self-focused attention (SFA), a focus on information generated
internally (from the self) rather than externally (from the environment; Ingram, 1990). SFA
involves preoccupation with one’s negative thoughts and feelings and serves to maintain/amplify
negative affect (Mor & Winquist, 2002). When expressed in language, this type of (over)focus
on the self puts depressed individuals at risk of rejection, as they tend to disclose unsolicited
negative content, often in violation of social norms, and seek excessive reassurance that
frustrates and annoys others (Hames et al., 2013). Theorists have disagreed whether SFA reflects
general distress or depression in particular. Our findings are in line with evidence that SFA is
associated with both depression and anxiety, but shares a significantly stronger relationship with
depression (Mor & Winquist, 2002).

Relatedly, I-usage is a hallmark of the self-immersed perspective, the experience of

focusing narrowly on concrete details of one’s present experience rather than on the broader
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perspective afforded by self-distancing (Kross & Ayduk, 2011). Degree of distancing has been
indexed in language by combining proportion of non-first-person singular pronouns (i.e., lack of
I-usage) with proportion of non-present tense verbs (Nook et al., 2022). Observational,
experimental, and longitudinal research has demonstrated a bidirectional relationship between
linguistic self-distancing and decreased depression (e.g., Nook et al., 2022; Shahane & Denny,
2019). Taken together with common verbs being significantly associated only with depression
severity, our findings suggest that the self-immersed perspective may be relatively specific to
depression vis-a-vis anxiety.
Negative Emotion Language is Relatively Specific to Anxiety

Several emotion language features were associated with the common factor of depression
and anxiety. However, tests for specificity revealed these features to be more robustly associated
with anxiety. Specific anxiety was related to negative emotion, its subcategory anxiety, and
negative valence, as well as language-based models of anxiety, depression, and stress. By
contrast, specific depression was not related to the broad negative emotion feature but did share
associations with sadness, (lack of) positive emotion (which did not survive correction for
multiple comparisons), and the language-based loneliness model (which is heavily weighted by
I-usage terms). Our results shed light on previous mixed results for negative emotion language in
depression (Ireland & Mehl, 2014), hinting that these results may have been influenced by the
level of co-occurring anxiety.

Although it is perhaps unsurprising that sadness language is specific to depression, our
results expand upon prior research (Sonnenschein et al., 2018) by showing that depression is
associated narrowly with sadness and lack of positive emotion language, whereas anxiety is

associated with a broader array of negative emotion words. In fact, even the language-based
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depression model was relatively more specific to anxiety than depression. Language-based
models are typically built using less than gold standard measures of depression due to the
massive samples required for model development. However, our results demonstrate that
working to obtain higher levels of specificity to the construct of interest would improve these
models before they are rolled out at scale. To improve specificity, future work should include
measures of both depression and anxiety and recruit samples with a wide range of scores on both
constructs, such as mixed clinical samples or risk-enriched samples (e.g., persons with a family
history of emotional disorder). Our two-stage modeling process provides an initial blueprint for
what model development prioritizing specificity could look like. That said, it is encouraging that
the language-based anxiety model showed good specificity to anxiety, so much so that it was
unrelated to any measure of depression or the common factor. With further development, these
models could be used in systems aimed at early disease detection at the individual and
population level.
Novel Language Features of Depression and Anxiety

Our exploratory analyses uncovered several language features not previously described in
the literature. Specific depression was related to using shorter words, which may be a marker of
fatigue or psychomotor retardation. It was also related to ingestion language, which was
dominated by references to weight and eating in our sample. This language aligns with appetite
and weight disturbances in MDD, as well as with gastrointestinal disturbances recognized in
syndromal depression measures (Hamilton, 1960). Beyond these somatic explanations, weight
and eating concerns may reflect body dissatisfaction or low self-image.

Specific anxiety was related to lack of negations. While on its face this seems contrary to

anxiety’s relationship with negative emotion language, in the context of an interview about life
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difficulties, negation words (e.g., not, no, don’t) likely indicate denying problems. Thus, reduced
negations likely reflects more problems shared during the interview. Consistent with this
interpretation, individuals with anxiety in our sample (operationalized as those diagnosed with
GAD) had a larger number of comorbid diagnoses than individuals with depression alone. Taken
together with the /-usage findings, this suggests that when describing recent difficulties,
depression is expressed through talking about one’s internally-generated experiences, while
anxiety is expressed through talking about one’s problems. Relationships of conjunctions (which
may also index talking about problems) and interrogatives (perhaps reflecting searching for
answers) with anxiety (before controlling for depression) provide further evidence that anxiety is
expressed via discussing problems.
Language-Based Models of Depression and Anxiety

Lastly, our demonstration that language features extracted from a brief, open-ended
interview capture variance in depression and anxiety raises implications for clinical practice.
Clinics routinely conduct intake interviews assessing patients’ current concerns; language-based
models unobtrusively “layered onto” these intakes could do double duty by yielding quantitative
estimates of psychopathology severity. This approach would complement existing assessment
methods by circumventing idiosyncratic rating patterns (e.g., over- or under-reporting, yea- or
nay-saying, low insight; Hunt et al., 2003) that bias self-report responses to overt questioning
about sensitive symptoms. This approach might even reduce the time between when a patient
seeks treatment and when the first intervention is delivered: Assessment could begin at the first
phone call, rather than the first face-to-face meeting. To realize this promise, our language-based

models, which explained 14% of the common variance and 5-8% of specific variance in



LANGUAGE OF DEPRESSION AND ANXIETY 26

depression and anxiety, will need to be strengthened using larger samples and longer interviews,
which increase statistical power to detect the often-subtle effects that comprise these models.
Strengths and Limitations

Our study had several strengths. We used a mixed clinical sample, which is known to
increase statistical power by capturing the widest possible range of severity scores (Stade &
Ruscio, 2022). We also performed rigorous tests for specificity using high-quality measures of
depression and anxiety. Nevertheless, our specificity tests did not account for all possible co-
occurring conditions. Future work could include additional common comorbidities as covariates.
Large, well-characterized samples will be required to achieve adequate statistical power for these
tests. Larger samples would also allow language correlates to be examined for less reliably
measured constructs such as individual symptoms of psychopathology, an important endeavor
given the heterogeneity of many clinical conditions, particularly depression. Practice research
networks (Parry et al., 2010) could allow such samples to be amassed by aggregating large
numbers of recorded intake interviews across clinics.

Another strength of this study was the context in which we captured language. By
prompting participants to describe problems to a clinician in a private setting, we likely increased
our ability to detect language markers reflecting participants’ private experience. However, it is
unclear to what extent this context drove our results. While early evidence indicates that
language format (written versus spoken) and setting (private versus public) do not always
moderate effects (Edwards & Holtzman, 2017), more work is needed to examine the robustness
of effects across contexts. In particular, as prompting participants to focus on life difficulties may
have influenced some language correlates observed here (e.g., negations), there is a need to

replicate these results using open-ended prompts or language captured in daily life.
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Finally, our clinician-rated measure of anxiety focused on GAD. In some respects, this
was a strength of the study: Given its high comorbidity, symptom overlap, and etiological
relationship with depression (Watson, 2009), GAD provided an especially conservative test of
language features discriminating depression from anxiety. The generalizability of these results is
bolstered by their replication using a high-quality self-report measure assessing transdiagnostic
anxiety symptoms rather than a single disorder. However, a different measure of anxiety,
especially one focusing on fear rather than distress (Watson, 2009), may have yielded different
results. Had we assessed an anxiety disorder with prominent fear symptoms, we might have
found the expected associations with fear words and with the physiological sensation lexicon,
which could reflect sympathetic arousal. However, it is notable that we observed no language
correlates for the MASQ Anxious Arousal subscale, which maps more closely to fear than
distress. Future work on the language of anxiety should include fear-based anxiety disorders to
provide broader coverage of the anxiety disorder spectrum.

Conclusion

Recent years have witnessed a surge of interest in using computational linguistic methods
to understand and predict psychological phenomena. In psychopathology, these efforts have
concentrated on depression, typically using social media posts (Guntuku et al., 2017). The
current study found that language features previously associated with depression replicate when
interview responses and gold standard depression measures are used. However, through careful
controls for specificity, we showed that many of these language features are shared with anxiety.
Our findings introduce caution into efforts to develop language-based models of psychological
constructs, suggesting that researchers may need to consider and control for boundary constructs

to develop models with good discriminant validity. As more accurate, specific models are
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developed, the unobtrusive assessment of psychopathology from language could improve clinical
care. Such models, and the rich natural language on which they are based, have the potential to

yield unique insights into the lived experience of psychopathology.
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Table 1

Common and Specific Language Features of Clinician-Assessed Depression and Anxiety Severity

37

Language Feature

PERCEPTUAL
PROCESSES

FEEL

Jjoy

NEGATIVE
EMOTION

Depression score
Stress score

Anxiety score

valence

ANXIETY

fear

POSITIVE
EMOTION

disgust

surprise

. . Shared
DEP Specific DEP Specific ANX DEP and ANX
Words B 95% CI B 95% CI B 95% CI 95% CI
say, feel, said, see, hard, looking, ) ) ) i
feeling, felt, pain, look 0.12 [0.04,0.21] 0.15 [0.06, 0.23]
feel, hard, feeh“fge’e lf:“’ pain, weight, 15 10.07,024] - - - - 0.16 [0.07,0.24]
(with, life, family, yes, year, day,
g00d, health, work, things) -0.13 [-0.21, -0.21] - - [-0.22, -0.04] - - -0.15 [-0.24, -0.06]
anxiety, bad, difficult, lost, pain,
difficulties, sorry, sick, weird, 0.13 [0.04,0.21] - - 0.16 [0.08, 0.25] 0.20 [0.11,0.28]
worse
(um, stress, it’s, depression, i’'m,
anxiety, social, don’t, feel, hm) 0.12 [0.03,0.2] - - 0.15 [0.06, 0.24] 0.17 [0.09, 0.26]
- 0.16 [0.08, 0.25] - - 0.12 [0.03,0.21] 0.19 [0.10, 0.27]
(stress, 1' m, lot, um, anx1§ty, feel, ) ) ) 0.11  [0.02,020] )
there's, year, fine, anxious)
(know, right, mom, live, sure, great, ) ) ) ) i ) ) : ) )
fine, education, happy, goal) 0.14 [-0.22,-0.05] -0.13 [-0.21,-0.04]
anxiety, worry, anxious, worried - - -0.11 [-0.20, -0.02] 0.21 [0.12,0.29] 0.13 [0.04,0.21]

(uh, anxiety, stressful, job, stress,
going, for, find, get, out)

kind, well, okay, good, pretty,

definitely, better, care, love, great -0.13 [-0.22,-0.05]

(like, um, that, you, her, she, people

mean, kind, they) 0.13 [0.04,0.21]

(was, actually, been, trying, pretty,

really, lot, doing, uh, had) 012 [-0.21,-0.04]

-0.11

[-0.2, -0.02]

-0.12 [-0.21,-0.03]
0.13  [0.04, 0.22]

-0.12 [-0.21, -0.03]
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(you, relationship, things, terms,
trust change, we, issues, life, sometimes, -0.12 [-0.21, -0.04]
okay)

(what, hm, about, for, new, income,

anticipation see, year, program, twenty) -0.24 [-0.32,-0.15]
(kind, but, no, depression, feel,

sadness guess, died, last, depressed, years) 0.110.02,0.19]

SADNESS lost, sorry, broke, low, sad, alone, 023 [0.15,031]

lose

(i, to, my, like, you, that, me, i’m,

Loneliness score 0.20 [0.12,0.28]

but, a)

15T PERSON
SINGULAR i, my, i'm, me, i've, myself, 1'll, i'd,
PRONOUNS mine 0.24 [0.15,0.32]
(I-usage)
PERSONAL 1, my, you, i'm, me, they, she, he,
PRONOUNS i've, we 0.25[0.17,0.33]
PRONOUNS i, that, my, it, you, i'm, its, me, ) »» 1914 030

that's, they
ARTICLES a, the, an -0.12 [-0.20, -0.03]
COMMON VERBS ~ Was know, i'm, it's, have,is,do, 1 1003 020]

been, had, don't

TOTAL FUNCTION i, and, like, to, a, the, that, of, my,

WORDS o 0.13  [0.04,0.21]

PREPOSITIONS like, to, of, in, w1‘(t)l:l,tf0r, on, at, about, ) )

what, when, which, where, how,
INTERROGATIVES who, why, whatever, what's, whether ~~ )

CONJUNCTIONS and, sorry, but, begause, or, then, as, )
when, if, also

NEGATIONS not, no, don't, (?ldl’l t, c?n t, nothllng, ) )
never, haven't, wasn't, couldn't

INGESTION weight, eat, eating 0.17 [0.08,0.25]
BODY sleep, heart, blood, head 0.14 [0.05, 0.22]

-0.13 [-0.22, -0.05]

0.14

0.15

0.17

0.18

0.15

0.14

[0.05, 0.22]

[0.06, 0.23]

[0.08, 0.25]

[0.09, 0.26]

[0.06, 0.23]

[0.05, 0.22]

-0.22 [-0.30,-0.13]

0.18

0.12

0.15

0.15

0.15

0.15

0.12

-0.22 [-0.30,-0.13]

[0.09, 0.26]

[0.03,0.21]

[0.07, 0.24]

[0.07, 0.24]

[0.06, 0.23]

[0.06, 0.24]

[0.03, 0.20]

-0.18 [-0.26, -0.09]
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-0.13 [-0.22, -0.04]

-0.26 [-0.34,-0.18]

0.24 [0.15,0.32]

0.19 [0.11, 0.28]

023 [0.14, 0.31]

0.24 [0.15,0.32]

021 [0.13,0.30]
-0.11 [-0.20, -0.02]

0.13  [0.04,0.22]
0.13  [0.04,0.22]
0.13  [0.04,0.21]
0.13  [0.04,0.21]
0.12 [0.04,0.21]

-0.16 [-0.25, -0.07]

0.14 [0.05, 0.23]
0.14 [0.05, 0.22]
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CAUSATION because, how, make, since, Why. 111905 920 - - - - - - 0.11 [0.02,0.20]
used, change, changes, made, making
work, school, working, worked,
WORK education, employment, company, -0.18 [-0.26, -0.10] - - -0.19 [-0.27,-0.10] - - -0.22 [-0.30, -0.13]
classes, office, learn
TOTAL WORDS - 0.18 [0.10, 0.27] - - 0.14 [0.05,0.22] - - 0.18 [0.09, 0.27]
WORD LENGTH . - - -0.12 [-0.20,-0.03] - - - - - -

Note. Columns display relationships of language features with depression severity (“DEP”), anxiety severity (“ANX"), depression
severity controlling for anxiety severity (“Specific DEP”), anxiety severity controlling for depression severity (“Specific ANX”), and
the first principal component of depression and anxiety severity (“Shared DEP and ANX”). All analyses control for age and sex.
Capitalized language features refer to a Linguistic Inquiry and Word Count (LIWC 2015) category; italicized features refer to National
Research Council Canada (NRC) weighted lexica; all other features refer to language-based models for the given construct. Words are
the 10 words in the given category most frequently used by participants (or, for weighted lexica and language-based models, words
with the greatest frequency-by-term-weight product) in the current sample in descending order by (weighted) frequency. The stress
score does not have top words as there is no lexicon-based version of this model. All effect sizes displayed meet Benjamini-Hochberg

corrected significance levels. For clarity of presentation, language features with no significant effect sizes are omitted.
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Affective and Somatic Features

INGESTION INGESTION
ANXIETY SADNESS ANXIETY o SADNESS
NEGATIVE EMOTION (-) POSITIVE EMOTION NEGATIVE EMOTION (-) POSITIVE EMOTION
Depression Anxiety
® Specific Depression ® Specific Anxiety

Style and Part-of-Speech Features

(-) ARTICLES (-) ARTICLES

(-) WORD LENGTH (-) NEGATIONS (-) WORD LENGTH (-) NEGATIONS

l-usage CONJUNCTIONS l-usage \/ CONJUNCTIONS

Depression Anxiety
INTERROGATIVES ® Specific Depression INTERROGATIVES ® Specific Anxiety

A r>0,p<.05 /C\r>o.p>.05 A\ r<0,p<.05 R r<0,p>.05

Figure 1. Radar plots of effect sizes (standardized beta coefficients) for selected affective and
somatic (top) and style and part-of-speech (bottom) language features, each with depression and
specific depression (left) and anxiety and specific anxiety (right). The (-) symbol indicates that

the inverse effect size is plotted to facilitate comparison. All analyses control for age and sex.



