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A B S T R A C T   

The coronavirus disease 2019 (COVID-19) pandemic has created a global health crisis, with disproportionate 
effects on vulnerable sociodemographic groups. Although the pandemic is showing potential to increase suicide 
ideation (SI), we know little about which sociodemographic characteristics or COVID-19 experiences are asso-
ciated with SI. Our United States-based sample (n = 837 adults [mean age = 37.1 years]) completed an online 
survey during August–September 2020. The study utilized an online convenience sample from a prior study, 
which was enriched for exposure to trauma and experiences of posttraumatic stress symptoms. We assessed SI 
using the Beck Depression Inventory-II. Traditional (i.e., logistic regression) and machine learning (i.e., LASSO, 
random forest) methods evaluated associations of 148 self-reported COVID-19 factors and sociodemographic 
characteristics with current SI. 234 participants (28.0%) reported SI. Twenty items were significantly associated 
with SI from logistic regression. Of these 20 items, LASSO identified seven sociodemographic characteristics 
(younger age, lower income, single relationship status, sexual orientation other than heterosexual as well as 
specifically identifying as bisexual, non-full-time employment, and living in a town) and six COVID-19 factors 
(not engaging in protective COVID-19 behaviors, receiving mental health treatment (medication and/or psy-
chotherapy) due to the COVID-19 pandemic, socializing during the pandemic, losing one’s job due to COVID-19, 
having a friend with COVID-19, and having an acquaintance with COVID-19) associated with SI. Random forest 
findings were largely consistent with LASSO. These findings may inform multidisciplinary research and inter-
vention work focused on understanding and preventing adverse mental health outcomes such as SI during and in 
the aftermath of the pandemic.   

Suicide is a major global public health concern, with 800,000 in-
dividuals dying by suicide each year (World Health Organization, 2014). 
In contrast to declining rates of mortality across numerous health con-
ditions, deaths from suicide have remained stable or increased (World 
Health Organization, 2014). The coronavirus disease 2019 (COVID-19) 
pandemic has resulted in mental health consequences including 

increases in depression and posttraumatic stress disorder (PTSD) 
symptoms, as well as suicide ideation, in certain vulnerable groups 
(Czeisler et al., 2021; Robinson et al., 2022; Vindegaard and Benros, 
2020; Xie et al., 2022). Previous infectious disease epidemics, including 
the 2003 SARS epidemic and prior influenza epidemics, have been 
associated with increases in deaths by suicide (Zortea et al., 2020). 
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Social isolation, economic strain, fears of infection, and uncertainty 
about the future may contribute to suicide risk during the COVID-19 
pandemic (Reger et al., 2020; Yao et al., 2020), particularly for groups 
who have been disproportionately impacted by these stressors. 

As a first step towards informing suicide research and prevention 
efforts during and following the COVID-19 pandemic, we must identify 
the sociodemographic groups most at risk and the COVID-19-related 
factors most associated with suicide ideation (SI). SI is characterized 
by thinking about or planning to kill oneself, and is present in nearly all 
suicide attempts and deaths by suicide (Klonsky et al., 2016; Nock et al., 
2008). A nationally representative survey (n = 5412) in the United 
States (U.S.) conducted during the COVID-19 pandemic found that 
10.7% of adults reported SI in June 2020 (Czeisler et al., 2020), whereas 
only 4.3% of adults in the U.S. reported SI during the previous 12 
months in 2018 in a U.S. population-based survey (n = 67,791) aged 12 
and older (SAMHSA, 2019). The COVID-19 Social Study in the United 
Kingdom (n = 44,775) reported that 17.8% of adults reported SI in 
March and April 2020 (Iob et al., 2020). However, we know little about 
the factors associated with SI during the COVID-19 pandemic. 

Posttraumatic stress disorder (PTSD) and depression are strong risk 
factors for and correlates of SI (Cougle et al., 2009; LeBouthillier et al., 
2015; Tarrier and Gregg, 2004). PTSD symptoms commonly co-occur 
with SI (Cougle et al., 2009; Kessler et al., 2005), and each additional 
trauma exposure increases SI risk by 20.1% based on a nationally 
representative sample (n = 34,653) of people with PTSD in the U.S. 
(LeBouthillier et al., 2015). SI is frequently observed in the context of 
depression (Kessler et al., 2005), and, reflecting this high degree of co-
morbidity, SI is included in the diagnostic criteria for major depressive 
disorder (American Psychiatric Association, 2013). Existing studies on 
SI during the COVID-19 pandemic have been evaluated in non-clinical 
convenience samples. However, a study of university students in 
China (n = 2485) reported increases in symptoms of both PTSD and 
depression during the pandemic (Tang et al., 2020). There is a need to 
examine SI after adjusting for the presence of well-established predictors 
of SI like symptoms of PTSD and depression in a sample specifically 
recruited for these symptoms, which is the focus of the current study. 

COVID-19 pandemic experiences may be important for identifying 
and targeting SI. First, those who have suffered the greatest economic 
impact of the pandemic appear to be those experiencing the highest 
levels of distress in a sample (n = 389) from Israel (Achdut and Refaeli, 
2020), but it is unclear if they are also at greater risk for SI. Second, 
shelter-in-place orders and social distancing measures have resulted in 
unprecedented levels of social disconnection and isolation, which has 
been linked to greater psychological distress in a 
nationally-representative sample (n = 6585) from the U.S. (Kämpfen 
et al., 2020). Third, social distancing policies may decrease access to 
mental health treatment according to an opinion piece (Reger et al., 
2020), which may exacerbate mental health stigma among low income 
individuals, women, and racial/ethnic minorities (Nadeem et al., 2007; 
Taylor and Richards, 2019). Fourth, exposure to COVID-19 may increase 
fear of contracting COVID-19 as well as fear for significant others ac-
cording to an opinion piece (Schimmenti et al., 2020). Fifth, SI is asso-
ciated with greater risk-taking in a sample (n = 377) of U.S. adults 
(Athey et al., 2018). People experiencing SI may engage in risky 
pandemic behaviors such as not practicing social distancing or not 
wearing a mask. The extant literature has not identified if such features 
of the COVID-19 pandemic are associated with SI. 

Sociodemographic characteristics are strong predictors of COVID-19 
disease and pandemic-related stressors. Sociodemographic factors pre-
dict SI in general (Franklin et al., 2017; Walsh et al., 2017), and are 
emerging as correlates of SI during the pandemic. A survey of adults in 
the U.S. (n = 10,368) found that identifying as Black, Native American, 
or Hispanic as well as having children, being unmarried, and being 
younger were associated with SI during the COVID-19 pandemic after 
adjusting for physical and psychological health (Fitzpatrick et al., 2020). 
However, important sociodemographic characteristics were not 

evaluated including educational attainment, employment status, sexual 
orientation, or genders beyond male and female. In another general 
population sample in the U.S. (n = 5412), SI was highest among those 
who were younger, identified as female, reported economic strain, and 
experienced physical and mental health problems (Czeisler et al., 2020). 
We do not know which sociodemographic factors are associated with SI 
over and above PTSD and depression severity. 

Multiple factors across multiple domains are related to SI. Much of 
the existing research has focused on single domains rather than exam-
ining factors across and within domains, which may lead to biased effect 
sizes (Fanelli and Ioannidis, 2013). Advances in statistical computing 
and machine learning have made it possible to develop prediction 
models based on associations between a large number of predictors that 
otherwise would be too wide-ranging and overlapping to be investigated 
in observational or experimental designs (Cox et al., 2020; Lewinn et al., 
2020; Puterman et al., 2020). Studies focused on suicide risk have made 
use of these methods to move beyond single-domain hypotheses (Simon 
et al., 2018; van Mens et al., 2020; Walsh et al., 2017). An 
environment-wide association approach that evaluates variables across 
domains has the potential to identify cross-disciplinary correlates of SI 
and advance our understanding of SI during the COVID-19 pandemic as 
well as into the future. 

In this study, we examined cross-sectional associations of a broad 
range of COVID-19 pandemic factors and sociodemographic character-
istics with SI in a racially and socioeconomically diverse sample of 837 
adults living in the U.S. Given the well-established associations between 
psychiatric conditions and SI, this study utilized an online convenience 
sample of adults interested in participating in a prior study focused on 
trauma and posttraumatic stress. First, we examined the contribution of 
each individual predictor to SI in logistic regression models, adjusting 
for current depression and PTSD symptoms. Next, our study made use of 
two data-driven machine-learning techniques, Least Absolute Shrinkage 
and Selection Operator (LASSO) regression and random forest analysis, 
to identify which of 148 COVID-19 factors and sociodemographic 
characteristics were most closely linked with SI. This approach facili-
tates the examination of associations between multiple variables and SI 
while minimizing prediction error and overestimation of effects. 

1. Method 

1.1. Sample 

Community-dwelling adults residing in the United States were 
recruited from a prior PTSD-focused study conducted in 2017–2018 
(Niles et al., 2020). This 2017–2018 study recruited participants via 
Craigslist ads and Reddit discussion forums related to posttraumatic 
stress or trauma recovery. Craigslist and Reddit are online communities 
that have been previously utilized to recruit participants for online 
survey research (Watson et al., 2018). Individuals (n = 3631) interested 
in the 2017–2018 study, whether or not they participated or met criteria 
for that study, were contacted via email about participating in a 
follow-up study regarding the COVID-19 pandemic. Of the 3631 in-
dividuals contacted, 1000 started the survey. Among these 1,000, 1 did 
not consent, 78 did not complete the consent, and 25 did not provide 
demographic information, which provided an eligible sample of 896 
participants. We refer to this sample as “enriched” for trauma exposure 
and posttraumatic stress symptoms given that 96.9% of participants had 
a history of trauma, the average PCL score was 40.33 (SD = 19.5), and 
32.8% of participants reported symptoms consistent with a probable 
diagnosis of PTSD (PCL ≥ 33). The analytic sample for this study 
included participants with a response on the SI measure. There were 59 
(6.6%) participants with missing SI data, which resulted in a sample of 
837. Supplemental Table 2 compares the 2017–2018 screening data 
among all potential survey respondents (n = 3361) and by 
non-participants (n = 2794) versus the analytic sample (n = 837). The 
participants in the analytic sample were older and had lower PTSD 
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severity than non-participants. Participants received a $5 gift card upon 
completing the survey. Data were collected between August 4, 2020 and 
September 19, 2020. This study was approved and conducted in 
compliance with the Institutional Review Board at the University of 
California, San Francisco. 

1.2. Measures 

1.2.1. Primary outcome 
Suicide ideation (SI). Current SI was assessed with the Beck 

Depression Inventory-II (BDI-II) and included the following options: “I 
don’t have any thoughts of killing myself”, “I have thoughts of killing 
myself, but I would not carry them out.“, “I would like to kill myself.“, 
and “I would kill myself if I had the chance.” (Beck et al., 1996). A 
response greater than 0 was used to categorize SI (0 = SI-, 1 = SI+), 
which is consistent with prior research demonstrating high predictive 
validity for death by suicide and repeated suicide attempts (Green et al., 
2015). 

1.2.2. Predictors 
A total of 148 self-reported variables were identified as potential 

predictors of SI. Descriptions of study variables are reported in Supple-
mental Table 1. 

Sociodemographic characteristics. Variables included age, edu-
cation, employment status, gender, type of residence, income, living 
with other people, number of people in the household, people living in 
the house, race/ethnicity, relationship status, sexual orientation, type of 
area of residence, and United States Census Region. 

COVID-19 pandemic factors. Self-reported experiences specific to 
COVID-19 were assessed. 

COVID-19 risk and protective behaviors. A sum score of protective 
behaviors included the average frequency of viewing news, washing/ 
sanitizing hands, mask wearing, sanitizing packages, stockpiling sup-
plies, changing clothes, social distancing, isolating, and taking health 
supplements. A sum score of risk behaviors included going to the grocery 
store, using public transportation, taking a flight, attending an indoor or 
outdoor gathering, attending a large event, and eating at indoor or 
outdoor restaurants. 

COVID-19 status and exposure. Participants self-reported 
confirmed, probable, and potential exposure to COVID-19 regarding 
oneself, one’s household, acquaintances, close family, extended family, 
friends, neighbors, and/or anyone else. Quarantine status and symptom 
severity of COVID was assessed. 

Social interaction during COVID-19. Items included in-person social 
interaction for dining/drinking, exercise, medical/dental, religious 
reasons, shopping/chores, socializing, work/education, and other. 

Vulnerability to COVID-19. Participants reported a history of med-
ical conditions and weight (5-point scale from “normal weight” to 
“obese”). Participants estimated their likelihood of contracting COVID- 
19 (5-point scale from “very unlikely” to “very likely”), as well as ex-
pected severity of COVID-19 symptoms if contracted (5-point scale from 
“mild” to “extreme”). 

COVID-19 employment. Items included employment-related 
changes due to COVID-19 including difficulty working due to care-
giving, gaining a job, experiencing an increased workload, laying off or 
furloughing employees, losing hours/income, losing a job, or working in 
unsafe conditions. We asked if participants’ work involved direct 
COVID-19 care, supportive COVID-19 care, or no COVID-19 care. 

Mental and physical health changes. Items included mental health 
treatment (medication and/or psychotherapy) due to psychological 
distress experienced because of the COVID-19 pandemic (yes/no), pos-
itive life changes resulting from COVID-19 pandemic (5-point scale from 
“a great deal” to “none at all”), as well as COVID-19-related changes in 
sleep (5-point scale from “much worse than normal” to “much better 
than normal”), alcohol and/or cannabis use (5-point scale from 
“decreased a lot” to “increased a lot”), and experiences of discrimination 

(5-point scale from “no experience of discrimination prior to COVID” to 
“very large increase”). 

Perceived Threat of Pandemic Scale. Items examined perceived 
current and future threat of COVID-19 to work life, education and 
training, financial security, housing, social relationships (inside and 
outside the home), emotional health, and physical health (5-point scale 
from “no threat” to “extreme threat”) based on Niles and O’Donovan 
(2018). 

1.2.3. Covariates 
Past month depression symptoms assessed by the Depression Anxiety 

Stress Scales (Lovibond and Lovibond, 1995) and past month post-
traumatic symptoms measured by the PTSD Checklist for the DSM-5 
(PCL-5; Weathers et al., 2013) were included as covariates because SI 
frequently occurs among individuals with depression and PTSD symp-
toms (Cougle et al., 2009; LeBouthillier et al., 2015; Tarrier and Gregg, 
2004). 

1.3. Data analysis 

Data analysis occurred in multiple steps. In Step 1, 148 separate 
binomial logistic regression models were specified for each of the vari-
ables with SI as the outcome while adjusting for depression and PTSD 
symptoms. Associations were considered statistically significant with a 
nominal p < 0.05. Continuous variables were mean-centered. Categor-
ical variables with two response options were coded as 0 or 1. Cate-
gorical variables with multiple response options were converted to an 
indicator variable with a value of 1 with all other levels as − 1. 

In Step 2, a LASSO model was estimated with all variables signifi-
cantly associated with SI from Step 1. Thus, variables included in Step 2 
were associated with SI independent of depression and PTSD symptoms. 
LASSO is a type of regularized linear regression that shrinks the effect of 
variables weakly associated with the outcome toward 0 and assists with 
variable selection. Analyses were implemented with the “glmnet” 
package in R (Friedman et al., 2010). 

In Step 3, random forest analysis was used to assess the robustness of 
our findings when using different methods of data analysis. Variables 
significantly associated with SI from Step 1 were entered into the 
random forest model. Random forest is a nonparametric machine 
learning algorithm that is an extension of classification and regression 
trees (Breiman, 2001). Random forest is an ensemble learning technique 
that creates multiple classification models and aggregates the results. In 
contrast to other methods such as decision trees that create a single 
classification tree, random forest uses a bootstrapping method to take a 
predetermined number of random samples (n = 500 in the current 
study) of the data with replacement and produces classification trees 
with each random sample of data. In each random sample, some of the 
data is left out of the algorithm to create an out of bag (OOB) sample. 
Once each classification tree is created, these trees are tested on the OOB 
sample to determine the accuracy of the models and the prediction 
“importance” of each variable. Compared with other classification 
methods, random forest reduces the variance and risk of overfitting, 
which improves the prediction accuracy of the model. Analyses were 
implemented with the “randomForest” package in R (Liaw and Wiener, 
2002). 

LASSO regression and random forest require complete data. Missing 
data were imputed using “missForest,” which produced a single dataset 
(Stekhoven and Bühlmann, 2012). Thirty variables had missing data 
(mean = 0.05%, range = 0.00%–0.48%). Number of observations prior 
to imputation are reported in Supplemental Table 1. 

2. Results 

2.1. Sample characteristics 

Participants primarily identified as cisgender women (73.6%), 
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20.1% identified as cisgender men, and 2.5% identified as a gender 
other than cisgender men or women. Sample demographics reflected 
those of the U.S. in terms of race and ethnicity with 14.1% identifying as 
Black/African American, 11.0% as Asian, 10.9% as Latinx, 63.1% as 
non-Hispanic white, and 8.7% as other or more than one race. The 
average age was 37.1 years (SD = 11.1 years). 63.4% had a 4-year 
college degree or more. The median income range was $50,001 to 
$60,000 per year and 55.8% were employed full-time. 

Of the 837 participants included in the analytic sample, 234 (28.0%) 
reported current SI (SI+) and 603 (72.0%) reported no current SI (SI-). 
As predicted, higher odds of reporting SI were observed for participants 
with higher depression symptoms (OR = 3.21, 95% CI = 2.67, 3.86) and 
higher PTSD symptoms (OR = 2.48, 95% CI = 2.09, 2.94). Complete 
descriptive statistics and unadjusted ORs and 95% CIs for study vari-
ables are provided in Supplemental Table 1. 

2.2. Correlates of suicide ideation in the COVID-19 pandemic 

In Step 1, 20 of the 148 variables evaluated in logistic regressions 
were significantly associated with SI after adjusting for depression and 
PTSD symptoms (Fig. 1). In Step 2, LASSO regression retained 13 of the 
20 variables associated with SI from Step 1. Statistics from Steps 1 and 2 
are reported in Table 1. 

Six COVID-19 pandemic experience variables were retained by 
LASSO regression (Table 1). Compared with SI- participants, SI+ was 
associated with: engaging in mental health treatment (medication and/ 
or psychotherapy) due to psychological distress experienced because of 
the COVID-19 pandemic (SI+: 17.5%, SI-: 6.5%); knowing a friend (SI+: 
34.2%, SI-: 21.9%) or an acquaintance (SI+: 67.9%, SI-: 58.2%) who had 
been diagnosed with COVID-19; and losing a job due to the COVID-19 
pandemic (SI+: 28.6%, SI-: 14.4%). A higher percentage of SI + par-
ticipants socially interacted for “other” reasons (SI+: 28.2%, SI-: 18.2%) 
and engaged in fewer protective COVID-19 behaviors (SI + average: 2.6, 
SI- average: 2.8). 

Seven sociodemographic variables were selected by LASSO regres-
sion (Table 1). SI + participants, compared with SI-, were younger (SI +
mean age: 34.8 years, SI-: 38.0 years). A higher percentage of SI +

participants were not employed full-time (SI+: 56.4%, SI-: 39.5%). SI +
participants had lower income (SI+: $50,001 to $60,000 per year, SI-: 
$70,001 to $80,000 per year). SI was more common among individuals 
who did not identify as heterosexual (SI+: 34.6%, SI-: 16.6%) compared 
with all other sexual orientations, and specifically people who identified 
as bisexual (SI+: 16.3%, SI-: 5.1%). SI + participants were more often 
single and not in a relationship (SI+: 34.8%, SI-: 25.2%) and tended to 
live in a town compared with living in a city, suburb, or rural area (SI+: 
12.4%, SI-: 6.1%). 

Random forest analysis (Step 3) was used to examine the 20 variables 
associated with SI from Step 1. Random forest assigns an importance 
score to all variables rather than dropping less important variables like 
LASSO. Importance scores are depicted in Fig. 2. Positive importance 
scores indicate that the variable increases the accuracy of the random 
forest model whereas negative scores decrease the accuracy. Nine of the 
top 10 most important correlates of SI ranked by random forest were 
variables retained by LASSO. Only one variable—single relationship 
status—had a negative importance score, which indicated that this 
variable reduced the predictive accuracy of the random forest model and 
is thus less useful for classifying SI. 

3. Discussion 

The goal of our study was to identify the most salient COVID-19 
factors and sociodemographic characteristics associated with SI in a 
racially and socioeconomically diverse sample of 837 adults enriched for 
trauma exposure and posttraumatic stress symptoms. In this sample, 
28.0% of participants reported current SI. SI prevalence estimates dur-
ing the COVID-19 pandemic have ranged from 10.7 to 17.8% in the 
general population and 22.1–44.8% among adults with clinically sig-
nificant psychiatric symptoms (Czeisler et al., 2020; Iob et al., 2020). 
After adjustment for depression and PTSD symptoms, machine learning 
analyses identified six COVID-19 pandemic factors and seven socio-
demographic characteristics associated with SI from among 148 vari-
ables. These data highlight that pre-pandemic vulnerabilities and 
specific pandemic stressors could be useful for identifying individuals at 
risk for SI, both now and in the aftermath of the pandemic. 

Fig. 1. Odds ratios from logistic regression models of 
variables associated with suicide ideation. Note. 
Points on figure are odds ratios (OR) derived from 
logistic regression models adjusting for depression 
and PTSD symptoms. ORs for variables with negative 
coefficients were calculated as 1/exp(coefficient). 
Error bars represent 95% confidence intervals (95% 
CI).* The OR and 95% CI for kidney disease history 
(OR = 9.91, 95% CI = 1.07, 91.29) and multiracial 
(OR = 3.50, 95% CI = 1.32, 9.33) are not depicted in 
order to enhance the legibility of the figure and 
because the estimates may be unstable given the 
small number of individuals endorsing these items 
(kidney disease history: n = 10, 1.2%; multiracial: n 
= 23, 2.7%).   
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Some of the most compelling findings from our models were that job 
loss because of COVID-19 as well as having lower income and non-full- 
time employment were important correlates of SI. The COVID-19 
pandemic has had devastating economic consequences. A survey of 
adults in the U.S. (n = 13,200) found that 15% of adults reported losing 
their jobs due to the pandemic between March and August 2020 (Pew 
Research Center, 2020), the period of time covered by our survey. 
Economic losses have been especially severe for those who were more 
socioeconomically vulnerable prior to the pandemic. Indeed, lower in-
come adults, relative to middle- and upper income adults, who lost their 
jobs due to the COVID-19 pandemic were 29.7% less likely to have 
returned to work by August 2020 (Pew Research Center, 2020). Experts 
have hypothesized in opinion pieces that unemployment and economic 
strain may be especially strong contributors to suicide in the aftermath 
of the COVID-19 pandemic (Bastiampillai et al., 2020). The current 

findings provide initial empirical evidence that the economic conse-
quences of the COVID-19 pandemic may be key contributors to SI. 

Social disconnection has been a defining experience of the COVID-19 
pandemic. Having a friend or acquaintance with COVID-19 was asso-
ciated with SI, which may increase concerns for the health of others and 
signal the need to socially isolate. SI was more common in towns, which 
are more densely populated than rural areas but less populated than 
cities or suburban areas (Geverdt, 2015). Pre-pandemic social connec-
tion experienced in towns may paradoxically foster greater psycholog-
ical vulnerability given the relatively larger increase in social isolation 
experienced by those with higher pre-pandemic social integration 
(Henning-Smith et al., 2018). This study was conducted between August 
and September 2020, a period in which COVID case rates were 
increasing in the Midwest and South, particularly in small metropolitan 
counties and nonmetropolitan U.S. counties, and decreasing in other 
regions (Frey, 2021). Our statistical models included U.S. region as well 
as degree of urbanicity, and the present findings indicate that assessing 
urbanicity may be more relevant to SI than region of the U.S. However, 
larger samples are needed to test this hypothesis. 

Single relationship status was associated with SI. Marriage may be a 
deterrent to suicide (Yip and Thorburn, 2004), in part due to the 
availability of social and emotional support from one’s partner (Qin 
et al., 2003), however, these studies were conducted before the 
pandemic. In the context of the pandemic, people were instructed to 
socialize only with those in their households, and individuals with a 
single relationship status may have experienced greater decreases in 
social support than those in romantic relationships. Social interaction 
for reasons other than dining/drinking, exercise, medical/dental, reli-
gious reasons, shopping/chores, socializing, and work/education was 
also associated with SI. Although interpretation of this finding is chal-
lenging, people experiencing more distress may engage in more social 
interaction overall during the pandemic, perhaps as a means of inter-
personal emotion regulation (Zaki and Williams, 2013). Similarly, 
people with probable PTSD engaged in more social interaction during 
the pandemic (Nishimi et al., 2022b). These experiences highlight the 
deleterious effect the pandemic has had on social connection, and the 
potential consequences for SI. 

The COVID-19 pandemic has included the uptake of multiple new 
behaviors to slow the spread of the virus. Individuals with SI engaged 
less frequently in COVID-19 protective behaviors. This finding may 
reflect an increase in risk taking and a decrease in self-care, which are 
associated with SI (Athey et al., 2018). Fewer COVID-19 protective be-
haviors could also signify ambivalence regarding one’s health and 
well-being, which may be a potential warning sign for SI. In an online 
study of 907 adults, 7.4% of participants reported intentional COVID-19 
exposure with suicide intent (Ammerman et al., 2021). Additional 
research is needed to evaluate whether these higher-risk COVID-19 
factors may function as suicide-related behaviors. 

Our findings highlight the role of pre-pandemic sociodemographic 
characteristics and SI in our trauma-enriched sample. Sexual orientation 
was among the most robust correlates of SI, including having a sexual 
orientation other than heterosexual, as well as specifically identifying as 
bisexual. LGBTQ + individuals were at markedly elevated risk for sui-
cide before the pandemic (Pompili et al., 2014). Moreover, as a result of 
the pandemic, LGBTQ + individuals have experienced greater psycho-
logical stress, depression, and identity-based discrimination based on 
evidence from a survey (n = 398) of LGBTQ + individuals from April to 
July 2020 (Kneale and Bécares, 2020). Younger age was also associated 
with SI, which is consistent with pre-pandemic epidemiological and 
machine learning studies (Nock et al., 2008; Walsh et al., 2017). 
Moreover, accumulating evidence indicates that younger adults may be 
more susceptible to psychological stress resulting from the pandemic 
(Carstensen et al., 2020; Nwachukwu et al., 2020). The pandemic may 
be perceived as threatening to current and future opportunities for 
personal and career progression, which may affect younger individuals 
to a greater extent than older individuals. Mental health interventions 

Table 1 
Model coefficients, odds ratios, and R-squared values for variables associated 
with suicide ideation.   

B OR B OR 95% CI p 

(lasso) (lasso) (log. 
reg.) 

(log. 
reg.) 

(log. 
reg.) 

(log. 
reg.) 

COVID-19 Pandemic Experiences 
COVID-19 

mental health 
care 

0.303 1.35 0.698 2.01 [1.18, 
3.42] 

0.010 

Lost a job 0.234 2.00 0.530 1.70 [1.12, 
2.58] 

0.013 

Interact: other 
reasons 

0.114 1.12 0.516 1.68 [1.12, 
2.51] 

0.013 

COVID status: 
friend 

0.114 1.12 0.443 1.56 [1.06, 
2.28] 

0.023 

COVID status: 
anyone 

0.035 1.04 0.394 1.48 [1.03, 
2.14] 

0.035 

Protective 
COVID-19 
behaviors 

− 0.192 1.21 − 0.384 1.47 [1.22, 
1.77] 

<0.001 

Gained a joba 0.000 1.00 − 0.538 1.71 [1.00, 
2.93] 

0.049 

Sociodemographic Characteristics 
Age − 0.089 1.09 − 0.252 1.29 [1.07, 

1.54] 
0.007 

Area type: Live 
in town 

0.092 1.10 0.410 1.51 [1.12, 
2.02] 

0.007 

Sexual 
orientation: 
Bisexual 

0.107 1.11 0.604 1.83 [1.37, 
2.44] 

<0.001 

Sexual 
orientation: 
Heterosexual 

− 0.309 1.36 − 0.442 1.56 [1.27, 
1.90] 

<0.001 

Income − 0.174 1.19 − 0.316 1.37 [1.14, 
1.65] 

0.001 

Employed full- 
time 

− 0.150 1.16 − 0.586 1.80 [1.26, 
2.55] 

0.001 

Relationship 
status: Single 

0.029 1.03 0.208 1.23 [1.02, 
1.49] 

0.030 

Multiraciala 0.000 1.00 1.254 3.50 [1.32, 
9.33] 

0.012 

High school or 
GED onlya 

0.000 1.00 0.303 1.35 [1.01, 
1.82] 

0.044 

Employed part- 
timea 

0.000 1.00 0.543 1.72 [1.11, 
2.67] 

0.015 

Living with a 
childa 

0.000 1.00 − 0.483 1.62 [1.10, 
2.39] 

0.015 

Living with 
roommatea 

0.000 1.00 0.645 1.91 [1.08, 
3.36] 

0.026 

Kidney disease 
historya 

0.000 1.00 − 2.293 9.91 [1.07, 
91.79] 

0.043 

Note. OR: odds ratio. 95% CI: 95% confidence interval. Log. reg.: logistic 
regression statistical estimate adjusting for depression symptoms and post-
traumatic stress symptoms. ORs for variables with negative coefficients were 
calculated as 1/exp(coefficient). 

a Variable was not retained by LASSO regression model. 
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during and after the pandemic should be targeted at and tailored to the 
particular needs of these vulnerable individuals. 

Rising rates of SI highlight the critical need for mental healthcare in 
the context of the COVID-19 pandemic (Czeisler et al., 2020; Iob et al., 
2020). There was an increase in emergency department (ED) visits 
related to mental health from mid-March 2020 to October 2020 based on 
data that included 70% of U.S. ED visits (Holland et al., 2021), 
approximately the period of time covered by our study. In our study, 
17.5% of participants with SI, compared with 6.5% without SI, sought 
out mental healthcare such as medication and/or psychotherapy due to 
the pandemic. This finding is encouraging given that individuals with SI 
sought out this mental health treatment despite restrictions on in-person 
treatment. Nonetheless, most individuals with SI did not seek out 
additional mental healthcare, highlighting the need for reducing bar-
riers and expanding access to treatment. 

Our study points to pre-pandemic vulnerabilities and stressors that 
may confer risk for adverse mental health outcomes like SI. Although the 
focus of the current study was on SI, the present findings may also 
inform policy decisions aimed at reducing death by suicide. For 
example, we found that economic strain was an important contributor to 
SI during the COVID-19 pandemic. If replicated, these findings may 
suggest that government policies aimed at reducing economic strain 
may play an important role in suicide prevention. During the 2008 

economic recession, findings from Japan and Denmark demonstrated 
that increased government spending resulted in lower rates of suicide 
(Matsubayashi et al., 2020; Steeg et al., 2020). Additionally, the present 
findings may inform public health efforts to help alleviate the COVID-19 
pandemic. The CDC includes mood disorders such as depression and 
schizophrenia spectrum disorders among the conditions with greater 
susceptibility to severe COVID-19 illness (CDC, 2021). In this study, we 
found evidence that engaging in activities that may increase risk for 
COVID-19 such as socializing were associated with higher risk for SI, 
which is in line with findings indicating that PTSD, depression, and 
anxiety are associated with more risky behaviors for contracting 
COVID-19 (Nishimi et al., 2022a, 2022b). Taken together, these findings 
suggest that targeted behavioral interventions could be helpful for in-
dividuals experiencing distress during the pandemic. COVID-19 con-
tinues to contribute to significant morbidity and mortality across the 
world, and there is a need to identify novel risk factors that may help to 
mitigate the spread of COVID-19 and reduce adverse mental health 
consequences of the pandemic. 

This study has several limitations. First, this study was cross- 
sectional and as with other machine-learning suicide-focused studies 
(Gradus et al., 2020; Walsh et al., 2017), it is not possible to determine 
the directionality or causality of the observed effects. Prospective 
studies will be needed to evaluate how COVID-19 factors and 

Fig. 2. Random forest to classify suicide ideation (absence/presence). Note. Variables included in random forest analysis included 20 variables significantly (p <
0.05) associated with SI from logistic regression (Step 1). Variables with positive importance values increased the accuracy of the random forest algorithm; negative 
values decrease accuracy. Negative values are likely due to random error. 
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sociodemographic characteristics relate to future SI. Second, LASSO 
regression identifies the most salient predictors from a large set of var-
iables while minimizing prediction error; however, models have high 
specificity but low sensitivity. Similarly, random forest determines 
variable importance based on predictive accuracy of variables aggre-
gated over multiple classification trees. Thus, the LASSO and random 
forest models may have selected variables slightly more predictive 
overall but missed other variables still important for predicting SI. It is 
encouraging that among the 13 variables selected by LASSO, nine were 
highly ranked variables by the random forest analysis. Third, although 
SI is on the continuum of suicide risk, most individuals with SI do not 
attempt suicide (Nock et al., 2008). Additional research is needed to 
examine sociodemographic and COVID-19-specific predictors of 
suicide-related behaviors and deaths by suicide during and following the 
pandemic. Fourth, the current sample utilized the same recruitment pool 
as a prior PTSD-focused treatment study conducted in 2017–2018 (see 
also Niles et al., 2020). In addition to being recruited from an unknown 
population of Craigslist and Reddit users, the participants in this study 
had higher rates of trauma exposure and PTSD symptoms than the 
general population. Thus, these findings may not generalize beyond 
Craigslist and Reddit users with a history of trauma exposure. Addi-
tionally, the majority of participants in this sample identified as women. 
Women are twice as likely as men to experience trauma and post-
traumatic sequelae (Tolin and Foa, 2006). Nevertheless, over-
representation of women is common in survey research (Dickinson et al., 
2012), and future studies would benefit from samples that more closely 
reflect the gender distribution of the population of interest. 

As the COVID-19 pandemic continues to unfold, there is serious 
concern regarding the impact of the pandemic on mental health and an 
escalating need to identify those at greatest risk for poor mental health 
outcomes such as SI. In a sample enriched for trauma exposure and 
posttraumatic stress symptoms, we identified a range of COVID-19 
pandemic factors and sociodemographic characteristics associated 
with SI. Taken together with other emerging data on SI and suicide 
during the COVID-19 pandemic, these findings can inform suicide pre-
vention efforts during and following these challenging times. The cur-
rent study provides evidence that specific individual characteristics and 
exposures may warrant further investigation for COVID-19 prevention 
efforts, with implications for researchers and interventionists across a 
variety of disciplines. 
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