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Background: Clinical reports from patients suffering from the novel coronavirus (COVID-19) reflect a high preva- 

lence of sensory deprivation or loss pertaining to smell (dysosmia/anosmia) and/or taste (dysgeusia/ageusia). 

Given the importance of the senses to daily functioning and personal experience, the mental health consequences 

of these symptoms warrant further attention. 

Methods: A cohort of Reddit users posting within the /r/covid19positive subforum ( N = 15,821) was leveraged 

to analyze instantaneous risk of transition to a state of suicidal ideation or depression using Cox proportional- 

hazards models. Risk transition was defined by posts made in suicide- or depression-related forums, or mentions of 

relevant phrases with and without mention of anosmia/ageusia in /r/covid19positive. Self-diagnosis of COVID-19 

was also modeled as a separate and simultaneous predictor of mental health risk. 

Results: Mention of anosmia/ageusia was significantly associated with transition to a risk state. Users with a 

history of anosmia/ageusia-related posts and who self-identified as COVID-19 positive had 30% higher instanta- 

neous risk relative to others. The highest increase in instantaneous risk of suicidal ideation or depression occurred 

more than 100 days after first posting in /r/covid19positive. 

Limitations: Use of self-diagnosed disease as well as a broad array of anosmia/ageusia-related terminology may 

entail both information bias and overestimates of symptom incidence. 

Conclusions: The specific effects of COVID-19 on the senses may have long-term implications for patient mental 

health well-being beyond the primary recovery period. Future work is needed to investigate the longitudinal 

mental health burden of residual COVID-19 symptom presentation. 
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The ability to perceive our environment is a central component to the

uman experience. From birth, the availability of the basic senses can

e thought to establish a baseline of expected interaction with the en-

ironment that informs and alters emotional and mental states through

ultiple channels ( Rouby et al., 2016 ). But what happens when one or

ore of these channels are lost, and how does it impact mental health?

lthough much less prominent in the literature compared with visual

nd auditory-based investigations, research has shown that olfactory

mpairment (anosmia) is associated with a decrease in patient-perceived

uality of life, concomitant with heightened scores for clinical depres-

ion ( Deems et al., 1991 ; Joo et al., 2015 ; Seo et al., 2009 ) and suici-
∗ Corresponding author. 

E-mail address: elad.yom-tov@technion.ac.il (E. Yom-Tov). 

t  

ttps://doi.org/10.1016/j.jadr.2021.100156 

eceived 2 April 2021; Received in revised form 15 April 2021; Accepted 23 May 20

vailable online 27 May 2021 

666-9153/© 2021 The Author(s). Published by Elsevier B.V. This is an open access 

 http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
al ideation ( Joo et al., 2015 ). Given the physiological ties of olfaction

ith gustation, those suffering from anosmia may also experience a loss

r impairment of taste (ageusia). It stands to reason that ageusia, or a

ombination of anosmia and ageusia, as comorbidities of disease may

e important risk factors for depression and suicidal ideation. 

The spectrum of symptoms caused by COVID-19 varies considerably

etween individuals. Clinical records have indicated that anosmia and

geusia present as two of the most prevalent symptoms ( Hannum et al.,

020 ; Vaira et al., 2020 ) with anosmia considered a diagnostic marker

or the disease ( Rocke et al., 2020 ). While significant improvement oc-

urs quickly in some cases, studies have reported long-term impairments

hat exceed two weeks post-onset ( Hannum et al., 2020 ), and over six
21 
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onths in a minority of cases ( Hopkins et al., 2021 ; Lee et al., 2020 ).

iven the ubiquity, persistence, and disruptive nature of these effects,

he potential impact on the mental health of the afflicted warrants fur-

her consideration. 

The connectivity and ubiquity of the internet as a platform for com-

unication and information exchange serves as a rich source to interro-

ate behavior and mental health. Indeed, the breadth and accessibility of

nformation promotes information-seeking behaviors that in turn permit

tatistically robust investigations on the internet activities of individu-

ls. Specifically, this includes the ability to study alterations in activity

atterns as potential consequences of the ongoing pandemic situation.

 recent study looking at Google Trends search information across 8 na-

ions, including the United States, found a strong correlation between

he frequency of searches for olfaction-related information and COVID-

9 infection ( Walker et al., 2020 ). A testament to the collective leverage

f the internet as a help-seeking tool within the context of the exposure,

he World Wide Web also is known to house a variety of resources and

latforms for mental health-related discussion. 

Reddit, a self-described “network of communities based on peo-

le’s interests ”, is a popular platform for modern communication and

urrently supports multiple, separate forums dedicated specifically to

ental health and COVID-19 discussion. Depression and suicide are

mong the psychological constructs that have been studied using Red-

it data ( De Choudhury et al., 2016 ), with the /r/SuicideWatch subred-

it among the most popular places for those at risk of suicide to meet

 Alambo et al., 2019 ; Low et al., 2020 ). Moreover, /r/SuicideWatch

as been shown to exhibit strong concordance with DSM-5-defined sui-

idal behavior and ideation with nearly identical performance across

ther mental health-based Reddit subforums ( Gaur et al., 2018 ). Taken

ogether, the information-seeking behaviors concerning both mental

ealth and the current pandemic are captured simultaneously under

ne platform, facilitating investigation into the potential impact of life-

ltering loss of smell and taste symptomology on the depressive and

uicidal state of a globally representative population. 

The central importance of the senses to the normalized personal ex-

ectations of day-to-day life experiences, coupled with the known per-

iciousness of the COVID-19 symptom milieu, highlights a potential

ental health risk factor. This work aimed to investigate the depres-

ion and suicide risk associated with COVID-19-induced anosmia and

geusia using data available on the Reddit social network platform. Ac-

ordingly, this study hypothesized that the response to both COVID-

9-related smell and/or taste loss will be associated with a significantly

igher instantaneous risk for depression and suicidal ideation compared

ith those with COVID-19 who did not experience these symptoms. 

. Methods 

.1. Data extraction and preprocessing 

User-generated posts from a Reddit subforum dedicated to people

ith COVID-19 (/r/covid19positive) were extracted using the PushShift

eddit mirror between March 1, 2020 and December 31, 2020. Informa-

ion included (i) a uniquely identifying author username, (ii) the date of

he post, and (iii) the textual content of each post. In addition, all posts

reated during 2020 that were made outside of /r/covid19positive by

sers of the subforum were extracted. From this subset of Reddit users,

hose who had suffered from COVID-19 were identified based on indica-

ion of their ailment through either a relevant Reddit “flare ”, including

Tested Positive - Me ”, “Tested Positive ”, “Presumed Positive - Through

octor ”, or “Presumed Positive - Through Test ”, or through the textual

ontent of their post which included one of the following phrases: “I

ested positive ”, “I’m presumed positive ”, “I’ve been positive ”, or “I’ve

ad a positive test ”. All other flares were examined, but they did not

dentify a user who suffered from COVID-19. Posts by users who deleted

heir account from Reddit were removed prior to analysis. 
2 
Anosmia and ageusia were identified among /r/covid19positive

sers based on the presence of any of the following words in post text in

r/covid19positive: “smell ”, “taste ”, “anosmia ”, “ageusia ”, “dysgeusia ”,

r “hypogeusia ”. Posts by users who deleted their account from Reddit

ere removed prior to analysis. 

A minority of users reported their age and gender in their posts.

hose were extracted using a regular expression which matched the

ords “female ” or “male ” in proximity to two digits, or in the format

XXG ” or “GXX ” where G represents gender (F or M) and XX two digits

e.g., “F25 ” represents a 25 year old female). 

.2. Measures 

Analysis was informed by specific mention of anosmia or ageu-

ia/dysgeusia across user post content as well as by whether or not a

ser’s post or flare indicated COVID-19 infection. The outcome of in-

erest was defined by the transition to a possible risk state such as de-

ression or suicidal ideation (see Introduction for the significance of

his transition). This was determined per /r/covid19positive user ei-

her through the presence of a user’s post in one of three subreddits,

r/depression, /r/depression_help, or /r/SuicideWatch, or through use

f at least one of the phrases “suicide ”, “kill myself ”, “depression ”, or

depressed ” across any posts for that user, regardless of subforum affil-

ation. 

.3. Modeling 

Cox Proportional-Hazard models were used to analyze the data.

sers who did not transition to a risk state were considered censored.

nly the first post was considered for users who posted multiple times

ithin /r/covid19positive. Users who mentioned a risk state before their

rst post on /r/covid19positive were excluded from this analysis. A cu-

ulative hazard curve was generated to visualize instantaneous risk of

epression or suicidal ideation over time between users identified as

entioning anosmia/ageusia symptoms. 

. Results 

A total of 23,599 postings made by 15,821 users were found

n the COVID-19 subforum, /r/covid19positive. Of these individuals,

113 self-identified as having the disease and 3933 indicated anos-

ia/ageusia. A random sample of 100 posts which indicated anos-

ia/ageusia was manually examined, and 91/100 postings indicated

hat the writer lost their sense of smell and\or taste. Of the users in

he COVID-19 positive subreddit, 1306 made suicide- and depression-

elated posts. 

Among all users, 5420 mentioned their age and gender in their posts.

he median age of users was 23 years (min: 13, max: 80). 30% were fe-

ale. A logistic regression model of whether a person will ask about

nosmia/ageusia given their age and gender found that both are statis-

ically significantly correlated: The hazard rate for age is 1.03 ( p < 10 − 10 )

nd for gender is 1.80 ( p < 10 − 10 ), indicating that higher ages and females

re more likely to indicate anosmia/ageusia. 

The results of the proportional-hazards model suggested that men-

ion of anosmia/ageusia was significantly associated with a transi-

ion to a risk state of suicidal ideation and depression, as well as

uicidal ideation and depression separately, herein operationalized as

n increased likelihood of subsequently posting on the /r/depression,

r/depression_help, and/or /r/SuicideWatch subreddits. The results re-

ained significant among the subset with self-reported COVID-19-

ositive diagnoses for predicting transitioned risk states of combined

uicidal ideation or depression as well as depression alone, but not suici-

al ideation alone. Overall, modeling indicates that those who indicated

nosmia/ageusia-related symptology and were also COVID-19 positive

ad an approximately 30% higher risk of posting on a suicide or depres-
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Fig. 1. Cumulative hazard curve for transition to a suicidal ideation or depres- 

sion risk state 

Note. The curve represents instantaneous risk of transition to a depression or 

suicidal ideation risk state between users who self-identified as having COVID- 

19 and mentioned anosmia or ageusia compared with those who self-identified 

as having COVID-19, but did not indicate these symptoms. Time is relative to 

the first posting in /r/covid19positive. ( n = 5822). 
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3 
ion Reddit subforum. See Table 1 and the discussion for specific hazard

atios, associated statistical significance, and their implications. 

Results of the cumulative hazard curve ( Fig. 1 ) indicated increasing

nstantaneous risk with the strongest impacts occurring more than 100

ays after initial posting in /r/covid19positive. 

. Discussion 

This study utilized Cox Proportional-Hazards models to separately

nd jointly quantify the instantaneous risk of depression and suicidal

deation over time as a consequence of COVID-19-induced anosmia

nd ageusia. Risk was operationalized using user post activity within

he respective forums. The results indicated a statistically significantly

 p < 0.05) higher risk (~30%) of posting on the depression or suicide

ubreddits if self-identifed as suffering from anosmia/aguesia relative to

hose who posted in these subreddits without these symptoms. This risk

as consistent regardless of whether anosmia/ageusia was identified

s causally related to COVID-19. Moreover, when delineating between

utcomes (as defined in the Methods), suicide and depression risk for

nosmia/aguesia sufferers increased substantially to ~180% ( p < 0.05)

nd ~140% ( p < 0.05), respectively. The particularly large increase in

isk of transition to suicidal ideation underlines sensory loss as an im-

ortant risk factor for future studies that interrogate suicide against the

ackdrop of such comorbidities that present in various diseases such as

arkinson’s, multiple sclerosis, or epilepsy. The results suggest a general

ssociation between anosmia/ageusia and increased risk of both depres-

ion and suicide. Such increase may be caused by the often lingering

ature of anosmia/ageusia, as appreciated in other viral-mediated pre-

entations such as the common cold and flu ( de Haro-Licer et al., 2013 ).

For those identifying as suffering from COVID-19-specific anos-

ia/ageusia, only depression risk was statistically significantly ( p < 0.05)

eightened (30%). Given the few subjects ( n = 31) who posted in both

he /r/covid19positive and the /r/suicidewatch subforums, the ability

o detect a statistically significant signal was severely limited. In con-

unction with a report on the myriad long-term consequences of COVID-

9 on patients’ mental constitution ( Mazza et al., 2020 ), the risk of

eightened depression discovered here is further evidence of the pan-

emic’s lasting influence. Moreover, detection outside of clinical con-

exts within a larger, more generalizable population supports a more

niversal and severe impact of this pandemic on mental health. 
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The cumulative hazard curve for posting on the depression and/or

uicide subforums as a function of self-identified anosmia/aguesia symp-

omology indicated an interesting trend ( Fig. 1 ). An appreciable uptick

n instantaneous risk was observed more than one hundred days subse-

uent to first posting within /r/covid19positive. One study conducted

n N = 402 COVID-19 patients found that 55% of individuals pre-

ented with a pathological score for at least one mental health disor-

er when assessed one month after hospital treatment ( Mazza et al.,

020 ). In addition, Mazza et al., 2020 recorded a higher than aver-

ge incidence of anxiety, depression, and post-traumatic stress disor-

er. This alarming presence of psychopathology in the extended wake of

OVID-19 illness supports a potential lagged impact on a patient’s men-

al health - a pattern that was seemingly captured at the cohort level

n the proportional-hazards model. The likelihood of this dynamic is

ot unprecedented. Across other disorders/diseases such as epilepsy and

ancer, these lagged effects on mental health deterioration are well doc-

mented ( Brown et al., 2020 ; Juengst et al., 2017 ), and the prevalence

f health anxiety may be an important catalyst that drives the observed

elayed effects to depressive state in COVID-19 survivors ( Wu et al.,

020 ). 

This study is not without its limitations. Despite a large number of

sers and the prior research showing strong consensus between men-

al health posts and DSM-5-based suicidal ideation and depression, the

urrent study did not utilize traditional measurements of mental health

ymptoms, i.e. self-report or clinical interviews. Additionally, the cur-

ent work relied on self-described COVID-19 diagnoses rather than from

 positive result from a verified test kit. Although particular users for

nalysis were identified through activity in /r/covid19positive, anos-

ia/ageusia was defined by the presence of a constellation of terms

escribing smell or taste across all subreddits. 

Our findings implicate anosmia/ageusia as an important risk factor

or depression and suicidal ideation that may show a prolonged and/or

elayed impact. Moreover, the current work suggests, through observed

tatistically significant increases in risk of subsequent post activity on

he /r/depression, /r/depression_help, and /r/SuicideWatch subreddits,

hat sufferers of sensory loss as a direct result of the novel coronavirus

re at an increased risk for mental health deterioration and depression.

pecial attention to the psychological needs of COVID-19 patients both

uring treatment and through long-term post-recovery follow-up is rec-

mmended. 
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