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BACKGROUND: Studies have shown that COPD and smoking are associated with increased suicide
risk. To date, there are no prospective studies examining suicide risk among individualswith smoking
exposure along a spectrum of pulmonary diseases ranging from normal spirometry to severe COPD.

RESEARCH QUESTION: Which clinical variables predict death by suicide or overdose of
indeterminate intent in a large cohort of individuals with smoking exposure within the
Genetic Epidemiology of COPD (COPDGene) study?
STUDY DESIGN AND METHODS: We studied data from 9,930 participants involved in
COPDGene, a multisite, prospective cohort study of individuals with smoking exposure.
Primary cause of adjudicated deaths was identified by using death certificates, family reports,
and medical records. Time to death by suicide/overdose was examined as the primary
outcome in Cox regression models including age, sex, race, BMI, pack-years, current smoking
status, airflow limitation (FEV1 % predicted), dyspnea (modified Medical Research Council
scale score $ 2), 6-min walk distance, supplemental oxygen use, and severe exacerbations in
the prior year with time-varying covariates and other causes of death as a competing risk.
RESULTS: The cohort was 47% female and 33% Black (67% White); they had a mean � SD
age of 59.6 � 9.0 years and a mean FEV1 % predicted of 76.1 � 25.5. Sixty-three individuals
died by suicide/overdose. Factors associated with risk of suicide/overdose were current
smoking (hazard ratio [HR], 6.44; 95% CI, 2.64-15.67), use of sedative/hypnotics (HR, 2.33;
95% CI, 1.24-4.38), and dyspnea (HR, 2.23; 95% CI, 1.34-3.70). Lower risk was associated
with older age (per-decade HR, 0.45; 95% CI, 0.31-0.67), higher BMI (HR, 0.95; 95% CI, 0.91-
0.99), and African-American race (HR, 0.41; 95% CI, 0.23-0.74). Severity of airflow limitation
(FEV % predicted) was not associated with suicide risk.
INTERPRETATION: In this well-characterized cohort of individuals with smoking exposure
with and without COPD, risk factors for suicide/overdose were identified that emphasize the
subjective experience of illness over objective assessments of lung function.
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Take-home Points

Study Question: Which clinical variables predict
death by suicide or overdose of indeterminate intent
in individuals with smoking exposure over an
approximately 8-year follow-up?
Results: Current smoking (HR, 6.44; 95% CI, 2.64-
15.67), use of sedative/hypnotics (HR, 2.33; 95% CI,
1.24-4.38), and dyspnea (HR, 2.23; 95% CI, 1.34-
3.70) were associated with increased risk of suicide/
overdose, whereas older age (per-decade HR, 0.45;
95% CI, 0.31-0.67), higher BMI (HR, 0.95; 95% CI,
0.91-0.99), and African-American race (HR, 0.41;
95% CI, 0.23-0.74) were associated with lower risk.
Interpretation: Health care practitioners across
disciplines should evaluate suicide risk in patients
with COPD, paying particular attention to smoking
status, use of sedative/hypnotic medications, and
their subjective experience of dyspnea.
Smoking and smoking-related diseases, particularly
COPD, are independent risk factors for suicide,1-5 as well

6-8
as suicidal ideation and attempts. COPD is classically
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defined by the Global Initiative for Chronic Obstructive
Lung Disease (GOLD) report as marked airflow
limitation (FEV1/FVC< 0.70 andGOLD stages 1-4 based
on the FEV1 % predicted). Our group has recommended
expanding diagnostic criteria for COPD to include
exposure, pulmonary symptoms, spirometry, and lung
CT scan imaging, as growing evidence shows that some
at-risk individuals with smoking exposure experience
symptoms, morbidity, and mortality prior to meeting
criteria for COPD.9 Individuals with smoking exposure
with preserved spirometry findings can also present with
lung CT scan abnormalities and respiratory symptoms,
and are therefore important to study.

Evidence to inform suicide risk assessment for individuals
with smoking exposure with and without COPD is
limited. Individuals with smoking exposure have a higher
suicide risk. Some have suggested that this increased risk
may be due to chronic illness, but studies have not
rigorously assessed COPD diagnosis or severity.10-12 In
prior studies, COPD, female sex, multimorbidity, and
nicotine dependency were associated with higher risk for
suicide3-5,13 and surrogate outcomes for suicide risk such
as suicidal ideation and suicide attempts.7,14 These
previous studies include several case-control studies2,3,5,14

and three population registry-based cohorts.4,5,8

Limitations include that COPD diagnosis was based on
self-report rather than objective clinical assessment, and
individuals with COPD were analyzed as a single group
without considering severity. Current smoking is an
independent risk factor for suicide,10,11 but only one
study of COPD and suicide considered current smoking
in their analysis, finding that the association between
COPD and suicidal ideation was no longer significant
after adjusting for nicotine dependence, and that the
strength of association between COPD and suicide
attempts was attenuated after adjusting for nicotine
dependence.7

In the current analysis, we investigated risk factors
for suicide among 9,930 individuals with smoking
exposure ($ 10 pack-year history of smoking)
enrolled in the Genetic Epidemiology of COPD
(COPDGene) study. This prospective cohort provides
the unique opportunity to stratify suicide risk
prospectively among individuals who had well-
characterized COPD. Individuals were followed up
for a mean of 8 years and had death adjudicated at
11 years. The cohort includes individuals with
smoking exposure regardless of the presence of
airflow limitation, which includes a population that
may be at risk for COPD but unrecognized in other
studies.9,15 Although prior literature treats individuals
293
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with smoking exposure and individuals with COPD
as separate populations at risk for suicide, our
analysis recognizes that these groups have significant
overlap. We combined the outcomes of death by
suicide and death by overdose of indeterminate
intent (overdose) to improve power and mitigate risk
for suicide misclassification, which has been shown
294 Original Research
to be most likely in the case of poisoning or
overdose of indeterminate intent.16-21 We performed
a secondary analysis of clinical predictors of death by
suicide/overdose of indeterminate intent in
individuals with smoking exposure along a spectrum
of pulmonary disease ranging from normal
spirometry to severe COPD.
Study Design and Methods
COPDGene Study

COPDGene is a 21-center longitudinal cohort study with an original
enrollment of 10,371 individuals with smoking exposure (including
both people currently smoking and those who had previously quit)
who were aged 45 to 80 years, identified as either African American
or non-Hispanic White, and who had at least a 10 pack-year
smoking history.15 For this analysis, we included individuals with
smoking exposure who completed the Phase 1 visit, and they were
censored at last follow-up contact or date of death at the time of
death adjudication (January 31, 2018). The values of variables were
updated during Phase 2 and Phase 3 visits if available. The
Institutional Review Board for each site approved the study (e-
Table 1), and all participants provided written informed consent.

Measures
Independent variables in this analysis were collected during Phase 1
(2007-2012), Phase 2 (2012-2017), and Phase 3 (2018-present) visits
and modeled as time-varying covariates using data obtained from
the most recent site visit. Data obtained during Phase 1 and repeated
at Phase 2 and Phase 3 visits included demographic characteristics,
medical comorbidities, amount of cigarette use (pack-years), BMI,
spirometry, 6-min walk distance, use of supplemental oxygen,
number of hospitalizations within the past year, and the modified
Medical Research Council Dyspnea Scale (mMRC) score. Use of
psychotropic medications was ascertained by coding self-reported
medication lists.22 A description of the original COPDGene design
and study variables was previously published.15

Spirometry data were used to classify subjects into one of five COPD
severity groups: GOLD stage 1 to 4 (defined by FEV1 % predicted)
or preserved ratio impaired spirometry (ie, FEV1/FVC $ 0.70, FEV1

% predicted # 80), which was a category previously described by
Wan et al.9 GOLD 0 to normal spirometry findings included those
with exposure to smoking who had normal spirometry (FEV1/
FVC $ 0.70, FEV1 % predicted > 80) results. In our analysis, we
combined GOLD stages 1 and 2 (mild to moderate COPD) and
GOLD stages 3 to 4 (moderate to severe COPD). Psychotropic
medications were categorized as antidepressants, mood stabilizers,
sedative/hypnotics, antipsychotics, or stimulants by members of the
study team.22 Comorbidity count was based on a simple, unweighted
count of comorbid conditions that has been previously validated in
the COPDGene cohort with performance similar to more
complicated weighted measures, including: coronary heart disease,
diabetes mellitus, congestive heart failure, stroke, osteoarthritis,
osteoporosis, hypertension, high cholesterol, gastroesophageal reflux
disease, stomach ulcers, obesity, sleep apnea, hay fever, and
peripheral vascular disease.23

Outcome: Mortality Ascertainment and Cause of Death

Vital status was assessed through January 31, 2018. Deaths were
reported from clinical centers, with sources including
longitudinal contacts by the longitudinal follow-up program,
death certificates, family member reports, obituaries, medical
records, and Social Security Death Index searches. The
COPDGene Death Adjudication Committee included six
physicians who reviewed available information about the cause
of death, including death certificates, informant interview, and
medical records, and classified cause of death by using Towards
a Revolution in COPD-related Health (TORCH) criteria, a
methodology that has been previously described.24 Our primary
outcome was time to death by suicide or overdose of
indeterminant intent. Deaths by suicide and overdose of
indeterminate intent are routinely combined to estimate suicide
rates because of frequent suicide misclassification in overdose-
related deaths.16,25-29

Analysis

Those with and without our primary outcome of interest, suicide/
overdose, were contrasted on a variety of sociodemographic and
clinical variables at baseline. For our primary analyses, time to
primary outcome was modeled in Cox regression models to easily
facilitate time-varying covariates and avoid assumptions about the
distribution of survival times. As part of the a priori statistical
analysis plan, age and sex were included as predictors in all
models because they are well-established risk factors for suicide.
As a second step to identify covariates, a series of separate models
entering each variable individually were run to determine which
additional variables were associated with suicide/overdose after
adjusting for age and sex (Cox regression analysis). Third, a final
multivariable model was run that adjusted for age, sex, and the
variables that were significant in step 2 (multivariable Cox
regression analysis). This final multivariable model included the
following variables (time-varying where appropriate): age, sex, race,
BMI, pack-years, current smoking status, airflow limitation (FEV1

% predicted), dyspnea (mMRC score $ 2), 6-min walk distance,
supplemental oxygen use, and severe exacerbations in the past
year. The analysis censored at loss to follow-up or death due to
other causes.

To avoid the assumption that other causes of death were
noninformative on risk, we modeled other causes of death as
competing risks with a cause-specific relative hazard. This was
selected over a cumulative incidence function-based approach to
modeling competing risks given our focus on causal
mechanisms underlying events rather than estimating prognosis
or actual risk.30,31 The proportional hazards assumption was
tested for these variables by modeling interactions with time for
each variable in separate, unadjusted models. We then tested
whether any of these variables were specific to the presence of
an obstructive lung disease by modeling their interaction with a
dichotomous variable for obstructive disease. Sensitivity analyses
were performed to assess concerns for potential site effects,
medication effects (adding medications of each of six
psychotropic medication classes individually to models as
[ 1 6 3 # 2 CHES T F E B R U A R Y 2 0 2 3 ]



indicator variables), and dependence by modeling all subjects with
events from other causes of death as either event free or all
chestjournal.org
having the event. Analyses were conducted by using SAS 9.4
(SAS Institute, Inc).
Results
From a total COPDGene Phase 1 sample of 10,371, we
excluded those with interstitial lung disease/
bronchiectasis (n ¼ 66) and those who never smoked
(n ¼ 107) to yield a cohort of 10,198 individuals with
smoking exposure. After excluding those who did not
consent to nonsmoking-related research, the analytic
sample comprised 9,930, 61.7% (n¼ 6,131) of whom had
Phase 2 follow-up and 20.9% (n ¼ 2,078) of whom had
Phase 3 follow-up at the time of most recent cause-
specific mortality database release. As shown in Table 1,
participants had a mean age of 59.6 � 9.0 years and were
mostly non-Hispanic White (67.3%), male (53.4%),
currently smoking (52.6%), and overweight (mean BMI,
28.8� 6.3 kg/m2 at intake. Just under one-half (42.5%) of
the participants had normal spirometry (GOLD 0)
results, 12.4% were classified as having preserved ratio
impaired spirometry, 26.8% had mild to moderate COPD
(GOLD 1-2), and 17.6% had severe to very severe COPD
(GOLD 3-4). The most common psychotropic
medications were antidepressants (18.9%; n ¼ 1,862),
followed by sedative/hypnotics (10.1%; n ¼ 999),
antipsychotics (3.5%; n ¼ 341), mood stabilizers (2.0%;
n¼ 195), and stimulants (0.5%; n¼ 51). Participants with
severe to very severe COPD (GOLD 3-4) had the highest
use of sedative/hypnotics (14.0%).

Over a median follow-up of 7.8 years (up to 11.7 years
and 69,387 person-years of total follow-up), the
composite outcome of suicide/overdose was identified in
63 subjects (90.8 per 100,000 person years). Death with
suicidal intent was confirmed in seven subjects (10.1 per
100,000 person years), and death by overdose of
indeterminate intent occurred in 56 subjects. There were
a total of 1,304 deaths of the 9,930 participants during
our observation window (Fig 1). When comparing those
who died by suicide/overdose vs those who did not in
competing risk Cox regression models adjusting for age
and sex (Table 2), we found that those who died by
suicide/overdose were more likely to be younger
(adjusted across models), be currently smoking (HR,
5.98; 95% CI, 2.46-14.55; P < .001), and to use sedative/
hypnotics (HR, 2.90; 95% CI, 1.56-5.40; P < .001).
Subjects who died by suicide/overdose were more likely
to report dyspnea (mMRC score $ 2) (HR, 2.13;
95% CI, 1.28-3.54; P ¼ .003), although there were not
significant differences in airflow limitation, 6-min walk
distance, supplemental oxygen requirement, or severe
exacerbations within the past year. Among subjects who
died by suicide/overdose, a nonsignificantly smaller
percentage (7.9%) had moderate to severe COPD
(GOLD 3-4) compared with those who did not die by
suicide/overdose (17.6%).

In the multivariable model (Table 3), we found that
younger age, lower BMI, dyspnea (mMRC score $ 2),
current smoking, and sedative/hypnotic use were
independent risk factors for death by suicide/overdose
among individuals with smoking exposure enrolled in
the study. In the adjusted model, the largest risk factor
for death by suicide or overdose was current smoking
(HR, 6.44; 95% CI, 2.64-15.67; P < .001), followed by
sedative hypnotics use (HR, 2.33; 95% CI, 1.24-4.38; P ¼
.009), and dyspnea (mMRC $ 2) (HR, 2.23; 95% CI,
1.34-3.70; P ¼ .002). Sensitivity analyses suggested that
models were robust to assumptions regarding site and
medication effects and independence between
competing risks.
Discussion
In this prospective cohort of approximately 10,000
individuals with smoking exposure, death by suicide/
overdose occurred 63 times (90.8 per 100,000 person-
years). We observed a higher risk of suicide/overdose
with younger age, white race, lower BMI, dyspnea
(mMRC score $ 2), current smoking, and use of
sedative/hypnotics. Airflow limitation was not associated
with higher suicide risk. Our study addresses limitations
in prior studies of suicide risk in COPD. COPD
diagnosis and severity are well characterized using
objective parameters, smoking status of participants is
known, and suicide risk is based on death adjudication
rather than surrogate outcomes for suicide (eg, suicidal
ideation or attempts). Of note, participants with and
without COPD were primarily recruited from different
settings (health care and community, respectively), so
caution should be taken when directly comparing COPD
and non-COPD groups.

Death by suicide/overdose was rare but still more
common than in the general population (13.9 per
100,000 in 2019).32 Higher rates of suicide were
anticipated in this cohort based on prior research
showing that COPD is associated with depression,
295
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TABLE 1 ] Sociodemographic and Clinical Characteristics of Sample

Variable
Total Sample
(N ¼ 9,930)

Outcome

P Value
Suicide/Overdose

(n ¼ 63)
No Suicide/Overdose

(n ¼ 9,867)

Age, ya 59.6 � 9.0 53.8 � 6.1 59.7 � 9.0 < .0001

BMI (kg/m2)b 28.8 � 6.3 27.0 � 5.2 28.8 � 6.3 .02

Pack-years of tobacco (n ¼ 9,926) 44.4 � 25.0 44.6 � 26.5 44.4 � 25.0 .94

FEV1 % predicted (n ¼ 9,865) 76.1 � 25.5 80.9 � 22.6 76.0 � 25.6 .13

6-Min walk distance, m
(n ¼ 9,789)

411 � 122 416 � 89 411 � 122 .73

COPD 9,865 (99.3%) 63 (100%) 9,802 (99.3%) .32

GOLD 0: normal spirometry 4,225 (42.5%) 29 (46.0%) 4,196 (42.5%)

PRISm 1,230 (12.4%) 9 (14.3%) 1,221 (12.4%)

GOLD 1 and 2 2,666 (26.8%) 20 (31.7%) 2,646 (26.8%)

GOLD 3 and 4 1,744 (17.6%) 5 (7.9%) 1,739 (17.6%)

Dyspnea (mMRC score $ 2) 4,167 (42.0%) 33 (52.4%) 4,134 (41.9%) .09

Female 4,627 (46.6%) 24 (38.1%) 4,603 (46.6%) .17

Race .49

Black 3,244 (32.7%) 18 (28.6%) 3,226 (32.7%)

White 6,686 (67.3%) 45 (71.4%) 6,641 (67.3%)

Currently smokinga 5,222 (52.6%) 58 (92.1%) 5,164 (52.3%) < .0001

Supplemental oxygen 1,165 (11.7%) 7 (11.1%) 1,158 (11.7%) .88

Severe exacerbation, past year 1,187 (12.0%) 8 (12.7%) 1,179 (11.9%) .86

Psychotropic medication use (n ¼
9,862)

Antidepressants 1,862 (18.9%) 16 (25.8%) 1,846 (18.8%) .16

Mood stabilizersb 195 (2.0%) 4 (6.5%) 191 (1.9%) .01

Sedative/hypnoticsb 999 (10.1%) 12 (19.4%) 987 (10.1%) .02

Antipsychotics 341 (3.5%) 3 (4.8%) 338 (3.4%) .55

Stimulants 51 (0.5%) 0 (0.0%) 51 (0.5%) .57

Comorbidity counta 2.5 (1.9) 1.8 (1.4) 2.5 (1.9) .006

Coronary heart disease 651 (6.6%) 1 (1.6%) 650 (6.6%) .11

Diabetes mellitus 1,296 (13.1%) 7 (11.1%) 1,289 (13.1%) .65

Congestive heart failure 316 (3.2%) 2 (3.2%) 314 (3.2%) > .99

Stroke 259 (2.6%) 0 (0%) 259 (2.6%) .19

Osteoarthritis 1,894 (19.1%) 13 (20.6%) 1,881 (19.1%) .75

Osteoporosis 897 (9.0%) 3 (4.8%) 894 (9.1%) .24

Hypertensiona 4,295 (43.3%) 13 (20.6%) 4,282 (43.4%) .0003

High cholesterola 3,813 (38.6%) 12 (19.0%) 3,825 (38.5%) .001

Gastroesophageal reflux disease 2,500 (25.2%) 13 (20.6%) 2,487 (25.2%) .40

Stomach ulcersa 822 (8.3%) 11 (17.5%) 811 (8.2%) .008

Sleep apnea 1,465 (14.8%) 6 (9.5%) 1,459 (14.8%) .43

Hay fever 2,898 (29.2%) 16 (25.4%) 2,882 (29.2%) .73

Peripheral vascular disease 231 (2.3%) 0 (0%) 231 (2.3%) .21

Obesity 3,660 (36.9) 16 (25.4%) 3,644 (36.9%) .06

Data are presented as mean � SD unless otherwise indicated. This table summarizes the clinical and sociodemographic characteristics of the sample for
continuous and categorical variables for the total sample and according to outcome (death by suicide or drug). GOLD ¼ Global Initiative for Chronic
Obstructive Lung Disease; mMRC ¼ modified Medical Research Council scale; PRISm ¼ preserved ratio impaired spirometry.
aP < .01.
bP < .05.
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Figure 1 – Kaplan-Meier survival curves for clinical variables of interest. Figure shows the Kaplan-Meier survival curves for time to death by suicide/
overdose for groups stratified according to clinical variables of interest at baseline. These variables included current tobacco use, dyspnea (defined by a
modified Medical Research Council Dyspnea scale score $ 2) and use of sedative/hypnotic medications. Unlike the primary Cox regression models,
which model these variables as time-varying covariates, groups here are based on baseline variables only, and without adjustment, to illustrate dif-
ferences in risk between groups on these variables of interest at baseline.
anxiety, and suicide.1-5,33-35 In the current study, men
had a nonsignificantly higher risk of suicide than
women. This is contrary to studies by Crump et al4 and
Webb et al,5 who observed higher suicide risk among
women with physical illness, and Strid et al,2 who found
more pronounced suicide risk in women with COPD.

The strongest risk factor for death by suicide/overdose
was current smoking, which was associated with a
sixfold increase in risk. Inability to quit smoking despite
the adverse effects of COPD could be a source of
demoralization. Smoking may also be confounded by
other risk factors for suicide such as socioeconomic
chestjournal.org
status, financial strain, social isolation, psychological
distress, and other substance use disorders.36,37 The
association between smoking and disrupted sleep has
been described as a possible cause of psychological
distress among individuals with smoking exposure,36

which may also contribute to the relationship between
suicide and sedative/hypnotic use in the current cohort.
Large population-based studies and meta-analyses have
shown that smoking itself is a risk factor for suicide, with
twofold to threefold increase in risk.10-12,38 Green et al39

discussed four potential mechanisms to explain the link
between smoking and suicide: smoking may directly
affect mood by reducing serotonin and dysregulation
297
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TABLE 2 ] Survival Analyses on Time to Suicide/Drug Overdose

Variable Hazard Ratio 95% CI P Value

BMI (kg/m2)a,b 0.95 0.90-0.99 .01

Pack-years of tobaccoa 1.01 0.999-1.02 .07

FEV1 % predicteda 1.00 0.99-1.01 .59

6-Min walk test distance (# 400 ft)a 0.86 0.67-1.11 .25

Comorbidity counta 0.88 0.75-1.03 .12

COPD groupa

GOLD 0: normal spirometry REF

PRISm 1.30 0.61-2.76 .50

GOLD 1 and 2 1.79 0.995-3.23 .052

GOLD 3 and 4 0.99 0.38-2.67 > .99

Dyspnea (mMRC score $ 2)a,b 2.13 1.28-3.54 .003

Black raceb 0.48 0.27-0.86 .01

Currently smokinga,b 5.98 2.46-14.55 < .001

Supplemental oxygena,b 2.04 0.90-4.59 .09

Severe, exacerbation in the past yeara 1.43 0.71-2.91 .32

Psychotropic medication use (baseline)

Antidepressantsa 1.67 0.93-2.98 .08

Mood stabilizersa 2.16 0.78-6.01 .14

Sedative/hypnoticsa,b 2.90 1.56-5.40 < .001

Antipsychoticsa 1.13 0.35-3.61 .84

Stimulantsa . . .

Impact of selected variables on risk of suicide and accidents as time-varying covariates (where applicable) in separate Cox regression models adjusting for
age and sex. Other causes of death were modeled as a competing risk in cause-specific models. PRISm ¼ preserved ratio impaired spirometry.
aTime-varying covariate.
bP < .05.
hypothalamic-pituitary-adrenal axis; individuals with
smoking exposure are more likely to have mental health
conditions and concurrent substance use disorders;
smoking is associated with multiple debilitating health
conditions; and smoking is more common in
structurally disadvantaged populations that are also
more vulnerable to mental health disorders.
TABLE 3 ] Survival Analyses on Time to Suicide/Drug

Variable Hazard Ratio

Age (decades)b 0.45

BMI (kg/m2)a,b 0.95

Male 1.68

Race (Black)b 0.41

Dyspnea (mMRC score $ 2)a,b 2.23

Currently smokinga,b 6.44

Sedative/hypnoticsa,b 2.33

Multivariable Cox regression model including age, sex, and variables significan
aTime-varying covariate.
bP < .05.
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One strength of the current study was the well-
characterized pulmonary phenotyping of the cohort. It is
noteworthy that objective measures of COPD severity
(eg, FEV1 % predicted, 6-min walk distance,
supplemental oxygen requirement, severe exacerbations
in the past year) were not associated with suicide/
overdose. Rather, the experience of feeling dyspneic as
95% CI P Value

0.31-0.67 < .001

0.91-0.995 .03

0.996-2.83 .051

0.23-0.74 .003

1.34-3.70 .002

2.64-15.67 < .001

1.24-4.38 .009

t in univariable models (from Table 2).
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measured by using mMRC scoring was associated with a
twofold increased risk of suicide/overdose. The mMRC
dyspnea scale assesses the experience of dyspnea with
varying levels of activity, with a score of 2 given for
“walking slower than people of the same age because of
dyspnea or having to stop for breath when walking at
own pace” and a maximum score of 4 given for being
“too dyspneic to leave the house or breathless when
dressing.” These findings emphasize that the subjective
experience of physical illness contributes most to
suffering, and experience of illness is not always
captured by objective parameters. This has been
observed in other chronic medical conditions; for
example, there is not a strong correlation between
esophageal pH and heartburn.40

Another explanation for the stronger association
between dyspnea and suicide/overdose is that the
experience of dyspnea is more severe among those with
untreated symptoms of depression or anxiety. Iyer et al22

performed a cross-sectional analysis of Phase 2 data
from COPDGene when depression and anxiety were
first assessed in the cohort. The highest frequency of
depressive symptoms as measured by using the Hospital
Anxiety and Depression Scale (HADS)-Depression score
was in individuals with severe to very severe COPD; this
group was also most likely to have unmedicated
symptoms. In contrast, anxiety symptoms as measured
according to HADS-Anxiety scores were evenly
distributed across COPD stages. Depression and anxiety
symptoms were not assessed during Phase 1 of the
COPDGene study and therefore not included in this
analysis. It is possible that dyspnea reflects, in part, more
severe or untreated depression or anxiety.

In the current model, sedative/hypnotics, which include
benzodiazepines, were most frequently prescribed to
participants with moderate to severe COPD (GOLD 3-4),
and their use was independently associated with death by
suicide/overdose. Donovan et al41 observed that individuals
with COPD and posttraumatic stress disorder who reported
long-term benzodiazepine use had higher rates of
psychiatric admissions compared with matched control
subjects but did not differ in terms of all-cause mortality or
COPD-related deaths. These findings suggest that
underlying psychiatric illness may drive the suicide risk in
those using sedative/hypnotics such as benzodiazepines.
Our study builds upon this analysis by also including
spirometry data showing that those with the most severe
airflow limitation are more likely to be prescribed sedative/
hypnotics although they did not have significantly higher
suicide/overdose risk in our multivariable analysis.
chestjournal.org
Sedative/hypnotics are often used to treat insomnia,
which is common among patients with COPD,
particularly when severe due to nocturnal desaturation
events, increased sleep latency, and frequent nighttime
awakenings.42,43 Sleep disturbances are also a diagnostic
feature of depression. Therefore, it is possible that use of
sedative/hypnotics is a marker of COPD symptom
burden or depression.42 This association was previously
shown in a case-control study comparing hospitalized
patients with COPD vs those without, in which
insomnia was significantly associated with more physical
illness and more severe depressive symptoms.44 Similar
to sleep, the association between lower BMI and suicide
risk may be explained by lower BMI being a marker of
worse overall health (ie, cahexia associated with more
severe COPD).

Health care providers treating individuals with smoking
exposure should inquire about smoking status, severity
of respiratory symptoms, and prescription of sedative/
hypnotics, as these factors may indicate the presence of
other suicide risk factors such as depression, anxiety,
sleep disturbances, and physical disability. In individuals
with smoking exposure with heavy symptom burden,
clinicians should consider assessing for depression,
anxiety, and suicidal ideation. Fleehart et al35 showed
that individuals with COPD and suicidal ideation were
dissatisfied that their providers did not address suicidal
thoughts during clinical appointments. Therefore,
providers should not consider any such screening
unwelcomed.

The current study has several limitations. Data on
socioeconomic status, substance use disorders, other
comorbid mental health conditions, history of inpatient
psychiatric hospitalizations, or history of suicidal
gestures or attempts were not collected during Phase 1 of
the COPDGene study, and therefore we cannot evaluate
these exposures of interest. Although HADS-Depression
and HADS-Anxiety questionnaires were collected at
Phase 2 visits, these scores were not included in our
study because it would result in removal of many of the
study participants who had enrolled at Phase 1, leaving
the analysis underpowered. Our analysis of
comorbidities is an imperfect measure that cannot
capture the complexity of how comorbidities affect
suicide risk in the current cohort. We used comorbidity
count rather than adjusting our model for each
comorbidity individually to reduce the number of
parameters in the multivariable model, given the rarity
of our outcome of interest. Comorbidity count has been
used previously in the COPDGene cohort.23 The
299
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COPDGene cohort was from US sites with African-
American and non-Hispanic White subjects and may
not be generalizable to other populations or racial
groups. Conditioning on heavy smoking through the
study design may introduce a collider bias for which the
magnitude or direction of which for any given variable is
difficult to assess. Finally, the COPDGene study was not
originally designed to evaluate depression, anxiety, or
suicide/overdose. COPDGene used a range of
recruitment strategies, and individuals with smoking
exposure with COPD were largely recruited from clinical
sites, whereas many individuals with smoking exposure
without COPD were recruited from the general
community. Caution should be exercised in comparing
those with and without COPD. The current analysis is
not focused on COPD status alone but rather identifying
key demographic characteristic and clinical factors
associated with suicide/overdose in individuals with
smoking exposure.
Interpretation
Among individuals with smoking exposure with and
without airway obstruction, current smoking was the
strongest risk factor, associated with a sixfold greater
risk for suicide/overdose, followed by sedative/hypnotics
use and dyspnea (mMRC score $ 2). Objective
measures of COPD severity were not associated with
suicide/overdose. One implication of our findings is that
the subjective experience of COPD is important in
assessing suicide risk among individuals with smoking
exposure. Further work is required to determine the
generalizability of these results in other health care
settings, nonsmoking or lighter smoking populations,
and the role of psychological distress.
Funding/Support
The project described was supported by Award Number
U01 HL089897 and Award Number U01 HL089856
from the National Heart, Lung, and Blood Institute. The
COPDGene study (NCT00608764) is also supported by
the COPD Foundation through contributions made to
an Industry Advisory Committee comprised of
AstraZeneca, Boehringer Ingelheim, GlaxoSmithKline,
Novartis, and Sunovion.
300 Original Research
Financial/Nonfinacial Disclosures
The authors have reported to CHEST the following: B. J.
M. reports grants or contracts paid to the institution
from the NIH, American Lung Association, Department
of Defense, and Astra Zeneca. He reports royalties from
Wolters Kluwer Health (Up-To-Date) and consulting
fees from Astra Zeneca and Third Pole. He has received
honoraria or speaking fees from Astra Zeneca, Mt. Sanai,
Web MD, Novartis, the American College of Chest
Physicians, Projects in Knowledge, Eastern Pulmonary
Society, Optimum Patient Care Global Limited,
GlaxoSmithKline, Boston University Medical Center
and Integritas Communications. He has served on
monitoring or advisory boards for Spiration,
GlaxoSmithKline, Mt. Sinai, Boehringer Ingelheim,
Mylan, Quintiles, University of Wisconsin, Baystate
Medical Center and AstraZeneca. M. K. H. reports
personal fees from GlaxoSmithKline, AstraZeneca,
Boehringer Ingelheim, Cipla, Chiesi, Novartis, Pulmonx,
Teva, Verona, Merck, Mylan, Sanofi, DevPro, Aerogen,
Polarian, Regeneron, United Therapeutics, UpToDate,
Altesa Biopharma, Medscape and Integrity. She has
received either in kind research support or funds paid to
the institution from the NIH, Novartis, Sunovion,
Nuvaira, Sanofi, Astrazeneca, Boehringer Ingelheim,
Gala Therapeutics, and Biodesix. She has participated in
Data Safety Monitoring Boards for Novartis and
Medtronic with funds paid to the institution. She has
received stock options from Meissa Vaccines and Altesa
Biopharma. A. S. I. reports consulting fees from
AstraZeneca and speaking fees from Ascension St.
Vincent’s. S. P. B. has received consulting fees from
Boehringer Ingelheim and Sanofi and CME fees from
IntegrityCE. V. K. has received consultancy fees from
Gala Therapeutics and AstraZeneca. X. S. is a full-time
employee of Regeneron Pharmaceuticals, Inc. and owns
restricted shares and or stock options. A. M. Y. has
received a consultation fee from Astrazeneca. None
declared (B. A. A., E. A. R., M. G. F., J. B., G. L. K., N. A.
H., K. E. L., K. E. H., G. S., K. F. H., J. G. F.). The
COPDGene study (NCT00608764) is also supported by
the COPD Foundation through contributions made to
an Industry Advisory Committee comprised of
AstraZeneca, Boehringer Ingelheim, GlaxoSmithKline,
Novartis, and Sunovion.
[ 1 6 3 # 2 CHES T F E B R U A R Y 2 0 2 3 ]



Acknowledgments
Author contributions: J. G. F. had full access
to all of the data in the study and takes
responsibility for the integrity of the data and
the accuracy of the data analysis. K. F. H. and
J. G. F. were responsible for study design and
data analysis; K. F. H., J. G. F., and B. A. A.
were responsible for interpretation of results
and writing of the manuscript; E. A. R., B. J.
M., M. K. H., M. G. F., A. S. I., S. P. B., V. K.,
J. B., X. S., G. L. K., N. A. H., K. E. L., K. E. H.,
A. M. Y. and G. S. contributed substantially
to results interpretation and manuscript
editing.

Role of sponsors: The sponsor had no role in
the design of the study, the collection and
analysis of the data, or the preparation of the
manuscript.

*COPDGene Investigators: Core Units—
Administrative Center: James D. Crapo, MD
(Principal Investigator); Edwin K. Silverman,
MD, PhD (Principal Investigator); Barry J.
Make, MD; Elizabeth A. Regan, MD, PhD.
Genetic Analysis Center: Terri H. Beaty,
PhD; Peter J. Castaldi, MD; Michael H. Cho,
MD, MPH; Dawn L. DeMeo, MD, MPH;
Adel El Boueiz, MD; Marilyn G. Foreman,
MD; Auyon Ghosh, MD; Lystra P. Hayden,
MD; Craig P. Hersh, MD, MPH; Jacqueline
Hetmanski, MS; Brian D. Hobbs, MD; John
E. Hokanson, MPH, PhD; Wonji Kim, PhD;
Nan Laird, PhD; Christoph Lange, PhD;
Sharon M. Lutz, PhD; Merry-Lynn
McDonald, PhD; Dmitry Prokopenko, PhD;
Matthew Moll, MD, MPH; Jarrett Morrow,
PhD; Dandi Qiao, PhD; Elizabeth A. Regan,
MD, PhD; Aabida Saferali, PhD; Phuwanat
Sakornsakolpat, MD; Edwin K. Silverman,
MD, PhD; Emily S. Wan, MD; Jeong Yun,
MD, MPH. Imaging Center: Juan Pablo
Centeno, MSc; Jean-Paul Charbonnier, PhD;
Harvey O. Coxson, PhD; Craig J. Galban,
PhD; MeiLan K. Han, MD; Eric A. Hoffman,
PhD, Stephen Humphries, PhD; Francine L.
Jacobson, MD, MPH; Philip F. Judy, PhD;
Ella A. Kazerooni, MD; Alex Kluiber, BS;
David A. Lynch, MB; Pietro Nardelli, PhD;
John D. Newell, Jr., MD; Aleena Notary, MS;
Andrea Oh, MD; Elizabeth A. Regan, MD,
PhD; James C. Ross, PhD; Raul San Jose
Estepar, PhD; Joyce Schroeder, MD; Jered
Sieren, MHA; Berend C. Stoel, PhD; Juerg
Tschirren, PhD; Edwin Van Beek, MD, PhD;
Bram van Ginneken, PhD; Eva van Rikxoort,
PhD; Gonzalo Vegas Sanchez-Ferrero, PhD;
Lucas Veitel, MBA; George R. Washko, MD;
Carla G. Wilson, MS. PFT QA Center, Salt
Lake City, UT: Robert Jensen, PhD. Data
Coordinating Center and Biostatistics,
National Jewish Health, Denver, CO:
Matthew Strand, PhD; Jim Crooks, PhD;
Katherine Pratte, PhD; Aastha Khatiwada,
PhD; Carla G. Wilson, MS. Epidemiology
Core, University of Colorado Anschutz
Medical Campus, Aurora, CO: John E.
Hokanson, MPH, PhD; Erin Austin, PhD;
Gregory Kinney, MPH, PhD; Sharon M. Lutz,
PhD; Kendra A. Young, PhD. Mortality
Adjudication Core: Surya P. Bhatt, MD;
chestjournal.org
Jessica Bon, MD; Alejandro A. Diaz, MD,
MPH; MeiLan K. Han, MD; Barry Make,
MD; Susan Murray, ScD; Elizabeth Regan,
MD; Xavier Soler, MD; Carla G. Wilson, MS.
Biomarker Core: Russell P. Bowler, MD,
PhD; Katerina Kechris, PhD; Farnoush
Banaei-Kashani, PhD. Clinical Centers—Ann
Arbor VA: Jeffrey L. Curtis, MD; Perry G.
Pernicano, MD. Baylor College of Medicine,
Houston, TX: Nicola Hanania, MD; Mustafa
Atik, MD; Aladin Boriek, PhD; Kalpatha
Guntupalli, MD; Elizabeth Guy, MD; Amit
Parulekar, MD. Brigham and Women’s
Hospital, Boston, MA: Dawn L. DeMeo, MD,
MPH; Craig Hersh, MD, MPH; Francine L.
Jacobson, MD, MPH; George Washko, MD.
Columbia University, New York, NY: R.
Graham Barr, MD, DrPH; John Austin, MD;
Belinda D’Souza, MD; Byron Thomashow,
MD. Duke University Medical Center,
Durham, NC: Neil MacIntyre, Jr., MD; H.
Page McAdams, MD; Lacey Washington,
MD. HealthPartners Research Institute,
Minneapolis, MN: Charlene McEvoy, MD,
MPH; Joseph Tashjian, MD. Johns Hopkins
University, Baltimore, MD: Robert Wise,
MD; Robert Brown, MD; Nadia N. Hansel,
MD, MPH; Karen Horton, MD; Allison
Lambert, MD, MHS; Nirupama Putcha, MD,
MHS. Lundquist Institute for Biomedical
Innovation at Harbor UCLA Medical Center,
Torrance, CA: Richard Casaburi, PhD, MD;
Alessandra Adami, PhD; Matthew Budoff,
MD; Hans Fischer, MD; Janos Porszasz, MD,
PhD; Harry Rossiter, PhD; William Stringer,
MD. Michael E. DeBakey VAMC, Houston,
TX: Amir Sharafkhaneh, MD, PhD; Charlie
Lan, DO. Minneapolis VA: Christine Wendt,
MD; Brian Bell, MD; Ken M. Kunisaki, MD.
Morehouse School of Medicine, Atlanta, GA:
Eric L. Flenaugh, MD; Hirut Gebrekristos,
PhD; Mario Ponce, MD; Silanath
Terpenning, MD; Gloria Westney, MD.
National Jewish Health, Denver, CO: Russell
Bowler, MD, PhD; David A. Lynch, MB.
Reliant Medical Group, Worcester, MA:
Richard Rosiello, MD; David Pace, MD.
Temple University, Philadelphia, PA: Gerard
Criner, MD; David Ciccolella, MD; Francis
Cordova, MD; Chandra Dass, MD; Gilbert
D’Alonzo, DO; Parag Desai, MD; Michael
Jacobs, PharmD; Steven Kelsen, MD, PhD;
Victor Kim, MD; A. James Mamary, MD;
Nathaniel Marchetti, DO; Aditi Satti, MD;
Kartik Shenoy, MD; Robert M. Steiner, MD;
Alex Swift, MD; Irene Swift, MD; Maria
Elena Vega-Sanchez, MD. University of
Alabama, Birmingham, AL: Mark Dransfield,
MD; William Bailey, MD; Surya P. Bhatt,
MD; Anand Iyer, MD; Hrudaya Nath, MD; J.
Michael Wells, MD. University of California,
San Diego, CA: Douglas Conrad, MD; Xavier
Soler, MD, PhD; Andrew Yen, MD.
University of Iowa, Iowa City, IA: Alejandro
P. Comellas, MD; Karin F. Hoth, PhD; John
Newell, Jr., MD; Brad Thompson, MD.
University of Michigan, Ann Arbor, MI:
MeiLan K. Han, MD; Ella Kazerooni, MD;
Wassim Labaki, MD; Craig Galban, PhD;
Dharshan Vummidi, MD. University of
Minnesota, Minneapolis, MN: Joanne
Billings, MD; Abbie Begnaud, MD; Tadashi
Allen, MD. University of Pittsburgh,
Pittsburgh, PA: Frank Sciurba, MD; Jessica
Bon, MD; Divay Chandra, MD; Joel
Weissfeld, MD, MPH. University of Texas
Health, San Antonio, San Antonio, TX:
Antonio Anzueto, MD; Sandra Adams, MD;
Diego Maselli-Caceres, MD; Mario E. Ruiz,
MD; Harjinder Singh, MD.

Additional information: The e-Table is
available online under “Supplementary
Data.”

References
1. Sampaio MS, de A Vieira W, de M

Bernardino Í, Herval ÁM, Flores-Mir C,
Paranhos LR. Chronic obstructive
pulmonary disease as a risk factor for
suicide: a systematic review and meta-
analysis. Respir Med. 2019;151(November
2018):11-18.

2. Strid JMC, Christiansen CF, Olsen M,
Qin P. Hospitalisation for chronic
obstructive pulmonary disease and risk of
suicide: a population-based case-control
study. BMJ Open. 2014;4(11):1-7.

3. Juurlink DN, Herrmann N, Szalai JP,
Kopp A, Redelmeier DA. Medical illness
and the risk of suicide in the elderly. Arch
Intern Med. 2004;164(11):1179-1184.

4. Crump C, Sundquist K, Sundquist J,
Winkleby MA. Sociodemographic,
psychiatric and somatic risk factors for
suicide: a Swedish national cohort study.
Psychol Med. 2014;44(2):279-289.

5. Webb RT, Kontopantelis E, Doran T,
Qin P, Creed F, Kapur N. Suicide risk in
primary care patients with major physical
diseases: a case-control study. Arch Gen
Psychiatry. 2012;69(3):256-264.

6. Fässberg MM, Cheung G, Canetto SS,
et al. A systematic review of physical
illness, functional disability, and suicidal
behaviour among older adults. Aging
Ment Heal. 2016;20(2):166-194.

7. Goodwin RD. Is COPD associated with
suicide behavior? J Psychiatr Res.
2011;45(9):1269-1271.

8. Erlangsen A, Stenager E, Conwell Y.
Physical diseases as predictors of suicide
in older adults: a nationwide, register-
based cohort study. Soc Psychiatry
Psychiatr Epidemiol. 2015;50(9):
1427-1439.

9. Wan ES, Fortis S, Regan EA, et al.
Longitudinal phenotypes and mortality in
preserved ratio impaired spirometry in the
COPDGene study. Am J Respir Crit Care
Med. 2018;198(11):1397-1405.

10. Evins AE, Korhonen T, Kinnunen TH,
Kaprio J. Prospective association between
tobacco smoking and death by suicide: a
competing risks hazard analysis in a large
twin cohort with 35-year follow-up.
Psychol Med. 2017;47(12):2143-2154.

11. Li D, Yang X, Ge Z, et al. Cigarette
smoking and risk of completed suicide: a
meta-analysis of prospective cohort
301

http://refhub.elsevier.com/S0012-3692(22)03891-0/sref1
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref1
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref1
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref1
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref1
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref1
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref1
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref2
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref2
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref2
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref2
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref2
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref3
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref3
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref3
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref3
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref4
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref4
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref4
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref4
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref4
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref5
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref5
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref5
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref5
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref5
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref6
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref6
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref6
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref6
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref6
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref7
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref7
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref7
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref8
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref8
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref8
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref8
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref8
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref8
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref9
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref9
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref9
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref9
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref9
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref10
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref10
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref10
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref10
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref10
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref10
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref11
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref11
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref11
http://chestjournal.org


studies. J Psychiatr Res. 2012;46(10):
1257-1266.

12. Poorolajal J, Darvishi N. Smoking and
suicide: a meta-analysis. PLoS One.
2016;11(7):1-18.

13. Voaklander DC, Rowe BH, Dryden DM,
Pahal J, Saar P, Kelly KD. Medical illness,
medication use and suicide in seniors : a
population-based case–control study.
J Epidemiol Community Heal. 2008;62:
138-146.

14. Bolton JM, Walld R, Chateau D,
Finlayson G, Sareen J. Risk of suicide and
suicide attempts associated with physical
disorders : a population-based, balancing
score-matched analysis. Psychol Med.
2020;2015:495-504.

15. Regan EA, Hokanson JE, Murphy JR, et al.
Genetic Epidemiology of COPD
(COPDGene) study design. COPD.
2010;7(1):32-43.

16. Rockett IRH, Smith GS, Caine ED, et al.
Confronting death from drug self-
intoxication (DDSI): prevention through a
better definition. Am J Public Health.
2014;104(12):e49-e55.

17. Stone DM, Holland KM, Bartholow B,
et al. Deciphering suicide and other
manners of death associated with drug
intoxication: a Centers for Disease Control
and Prevention consultation meeting
summary. Am J Public Health.
2017;107(8):1233-1239.

18. Rockett IR, Hobbs G, De Leo D, et al.
Suicide and unintentional poisoning
mortality trends in the United States,
1987-2006: two unrelated phenomena?
BMC Public Health. 2010;10(1):705.

19. Liu D, Yu M, Duncan J, Fondario A,
Kharrazi H, Nestadt PS. Discovering the
unclassified suicide cases among
undetermined drug overdose deaths using
machine learning techniques. Suicide Life-
Threatening Behav. 2020;50(2):333-344.

20. Bohnert KM, Ilgen MA, Louzon S,
McCarthy JF, Katz IR. Substance use
disorders and the risk of suicide mortality
among men and women in the US
Veterans Health Administration.
Addiction. 2017;112(7):1193-1201.

21. Rocket I, Kapusta N, Coben J. Beyond
suicide: action needed to improve self-
injury mortality accounting. JAMA
Psychiatry. 2014;71(3):231-232.

22. Iyer AS, Holm KE, Bhatt SP, et al.
Symptoms of anxiety and depression and
302 Original Research
use of anxiolytic-hypnotics and
antidepressants in current and former
smokers with and without COPD—a cross
sectional analysis of the COPDGene
cohort. J Psychosom Res. 2019;118:18-26.

23. Putcha N, Puhan MA, Drummond MB,
et al. A simplified score to quantify
comorbidity in COPD. PLoS One.
2014;9(12).

24. McGarvey LP, John M, Anderson JA,
Zvarich M, Wise RA. Ascertainment of
cause-specific mortality in COPD:
operations of the TORCH Clinical
Endpoint Committee. Thorax. 2007;62(5):
411-415.

25. Palmer BS, Bennewith O, Simkin S, et al.
Factors influencing coroners’ verdicts: an
analysis of verdicts given in 12 coroners’
districts to researcher-defined suicides in
England in 2005. J Public Health (Oxf).
2015;37(1):157–65.

26. Rockett IRH, Samora JB, Coben JH. The
black-white suicide paradox: possible
effects of misclassification. Soc Sci Med.
2006;63(8):2165-2175.

27. Oquendo MA, Volkow ND. Suicide: a
silent contributor to opioid-overdose
deaths. N Engl J Med. 2018;378(17):
1567-1569.

28. Gray D, Coon H, McGlade E, et al.
Comparative analysis of suicide,
accidental, and undetermined cause of
death classification. Suicide Life-
Threatening Behav. 2014;44(3):304-316.

29. Bohnert ASB, Ilgen MA. Understanding
links among opioid use, overdose, and
suicide. N Engl J Med. 2019;380(1):71-79.

30. Lau B, Cole SR, Gange SJ. Competing risk
regression models for epidemiologic data.
Am J Epidemiol. 2009;170(2):244-256.

31. Allison P. Survival Analysis Using SAS.
2nd ed. Cary, NC: SAS Institute, Inc; 2012.

32. National Institute of Mental Health.
Suicide. Accessed October 28, 2022.
https://www.nimh.nih.gov/health/
statistics/suicide

33. Norwood R. Prevalence and impact of
depression in chronic obstructive
pulmonary disease patients. Curr Opin
Pulm Med. 2006;12(2):113-117.

34. Ng TP, Niti M, Tan WC, Cao Z, Ong KC,
Eng P. Depressive symptoms and chronic
obstructive pulmonary disease: effect on
mortality, hospital readmission, symptom
[

burden, functional status, and quality of
life. Arch Intern Med. 2007;167(1):60-67.

35. Fleehart S, Fan VS, Nguyen HQ, et al.
Prevalence and correlates of suicide
ideation in patients with COPD: a mixed
methods study. Int J COPD. 2014;9:
1321-1329.

36. Martinez SA, Beebe LA, Thompson DM,
Wagener TL, Terrell DR, Campbell JE.
A structural equation modeling approach
to understanding pathways that connect
socioeconomic status and smoking. PLoS
One. 2018;13(2):e0192451.

37. Fine DR, Bearnot BI, Rigotti NA,
Baggett TP. Smoking status and quit
behaviors among health center patients
with substance use disorders: a national
study. Drug Alcohol Depend.
2019;202(May):6-12.

38. Carter BD, Abnet CC, Feskanich D, et al.
Smoking and mortality—beyond
established causes. N Engl J Med.
2015;372(7):631-640.

39. Green M, Turner S, Sareen J. Smoking
and suicide: biological and social
evidence and causal mechanisms.
J Epidemiol Community Health.
2017;71(9):839-840.

40. Chan K, Liu G, Miller L, et al. Lack of
correlation between a self-administered
subjective GERD questionnaire and
pathologic GERD diagnosed by 24-h
esophageal pH monitoring. J Gastrointest
Surg. 2010;14(3):427-436.

41. Donovan LM, Malte CA, Spece LJ,
et al. Risks of benzodiazepines in
chronic obstructive pulmonary disease
with comorbid posttraumatic stress
disorder. Ann Am Thorac Soc.
2019;16(1):82-90.

42. Budhiraja R, Parthasarathy S, Budhiraja P,
Habib MP, Wendel C, Quan SF. Insomnia
in patients with COPD. Sleep. 2012;35(3):
369-375.

43. Krachman SL, Chatila W, Martin UJ,
et al. Physiologic correlates of sleep
quality in severe emphysema. COPD J
Chronic Obstr Pulm Dis. 2011;8(3):
182-188.

44. Xiang YT, Wong TS, Tsoh J, et al.
Insomnia in older adults with chronic
obstructive pulmonary disease (COPD) in
Hong Kong: a case-control study. COPD J
Chronic Obstr Pulm Dis. 2014;11(3):
319-324.
1 6 3 # 2 CHES T F E B R U A R Y 2 0 2 3 ]

http://refhub.elsevier.com/S0012-3692(22)03891-0/sref11
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref11
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref12
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref12
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref12
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref13
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref13
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref13
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref13
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref13
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref13
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref14
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref14
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref14
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref14
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref14
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref14
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref15
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref15
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref15
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref15
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref16
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref16
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref16
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref16
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref16
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref17
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref17
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref17
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref17
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref17
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref17
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref17
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref18
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref18
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref18
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref18
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref18
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref19
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref19
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref19
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref19
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref19
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref19
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref20
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref20
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref20
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref20
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref20
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref20
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref21
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref21
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref21
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref21
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref22
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref22
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref22
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref22
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref22
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref22
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref22
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref23
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref23
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref23
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref23
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref24
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref24
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref24
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref24
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref24
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref24
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref25
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref25
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref25
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref25
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref25
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref25
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref26
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref26
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref26
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref26
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref27
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref27
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref27
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref27
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref28
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref28
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref28
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref28
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref28
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref29
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref29
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref29
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref30
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref30
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref30
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref31
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref31
https://www.nimh.nih.gov/health/statistics/suicide
https://www.nimh.nih.gov/health/statistics/suicide
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref33
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref33
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref33
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref33
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref34
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref34
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref34
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref34
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref34
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref34
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref35
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref35
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref35
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref35
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref35
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref36
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref36
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref36
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref36
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref36
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref36
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref37
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref37
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref37
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref37
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref37
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref37
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref38
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref38
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref38
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref38
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref39
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref39
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref39
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref39
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref39
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref40
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref40
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref40
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref40
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref40
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref40
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref41
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref41
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref41
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref41
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref41
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref41
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref42
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref42
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref42
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref42
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref43
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref43
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref43
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref43
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref43
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref44
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref44
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref44
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref44
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref44
http://refhub.elsevier.com/S0012-3692(22)03891-0/sref44

	Clinical Markers Associated With Risk of Suicide or Drug Overdose Among Individuals With Smoking Exposure
	Study Design and Methods
	COPDGene Study
	Measures
	Outcome: Mortality Ascertainment and Cause of Death
	Analysis

	Results
	Discussion
	Interpretation
	Funding/Support
	Financial/Nonfinacial Disclosures
	Acknowledgments
	References




