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Original Research

Introduction: We examined the association between tobacco product use and health-related quality of life (HRQoL) among 
individuals with chronic obstructive pulmonary disease (COPD) in Waves 1–5 of the Population Assessment of Tobacco and 
Health (PATH) Study. 

Methods: Adults ≥40 years with an ever COPD diagnosis were included in cross-sectional (Wave 5) and longitudinal (Waves 1 
to 5) analyses. Tobacco use included 13 mutually exclusive categories of past 30-day (P30D) single use and polyuse with P30D 
exclusive cigarette use and ≥5-year cigarette cessation as reference groups. Multivariable linear regression and generalized estimating 
equations (GEE) were used to examine the association between tobacco use and HRQoL as measured by the Patient-Reported Outcomes 
Measurement Information System (PROMIS) Global-10 questionnaire.

Results: Of 1670 adults, 79.4% ever used cigarettes; mean (standard error [SE]) pack years was 30.9 (1.1). In cross-sectional analysis, 
P30D exclusive cigarette use, and e-cigarette/cigarette dual use were associated with worse HRQoL compared to ≥5-year cigarette 
cessation. Compared to P30D exclusive cigarette use, never tobacco use and ≥5-year cigarette cessation were associated with better 
HRQoL, while e-cigarette/cigarette dual use had worse HRQoL. Longitudinally (n=686), e-cigarette/cigarette dual use was associated 
with worsening HRQoL compared to both reference groups. Only never tobacco use was associated with higher HRQoL over time 
compared to P30D exclusive cigarette use. 

Conclusions: E-cigarette/cigarette dual use was associated with worse HRQoL compared to ≥5-year cigarette cessation and exclusive 
cigarette use. Never use and ≥5-year cigarette cessation were the only categories associated with higher HRQoL compared to exclusive 
cigarette use. Findings highlight the importance of complete smoking cessation for individuals with COPD.
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Chronic obstructive pulmonary disease (COPD) is a 
chronic, progressive respiratory disease most commonly 
caused by cigarette smoking and is a leading cause of 
morbidity in the United States.1,2 Importantly, once 
COPD develops, continued exposure to cigarette smoke 
is associated with worse outcomes, including a greater 
rate of  lung function decline, increased exacerbations, 
and mortality.3,4 However, less is known about the 
impact of  noncigarette tobacco product use, including 
e-cigarettes, on respiratory outcomes in those with 
established disease. Given that individuals with COPD 
may be less likely to succeed in smoking cessation than 
those without COPD,5 it is important to quantify the 
relationship between ongoing noncigarette tobacco 
product use on COPD morbidity compared to cigarette 
use. 

While mortality, hospitalizations, and disease 
severity are important measures of  COPD burden, 

Introduction

assessment of  the quality of  life of  individuals with 
COPD is an accepted major outcome in observational 
trials of  COPD as it readily captures the impact of 
disease on daily life and is a reliable predictor of  disease 
progression and mortality.6,7,8,9 The Patient-Reported 
Outcomes Measurement Information System (PROMIS) 
is one such tool used to capture health-related quality of 
life (HRQoL).10 Prior research using PROMIS has shown 
important associations with clinical outcomes, including 
lung function and 6-minute walk distance (6MWD) in 
individuals with COPD,11,12 and HRQoL has been shown 
to vary with tobacco use in the general population.13,14 
However, the relative impact of  different tobacco 
products on HRQoL among individuals with COPD is 
largely unknown. Identifying the impact of  noncigarette 
tobacco exposures on HRQoL may provide insight into 
targeted interventions and education surrounding 
tobacco product use in those with COPD. 

In this study, we aim to identify the impact of  various 
tobacco products on HRQoL using data from Waves 1 to 
5 of  the Population Assessment of  Tobacco and Health 
(PATH) Study, an ongoing, nationally representative, 
longitudinal cohort study that collects self-reported 
information on tobacco use patterns, health behaviors, 
and medical history.

Study Design, Setting, and Participants

The PATH Study is a nationally representative longitudinal 
cohort study that collected data annually for the first 4 waves 
(Wave 1 to Wave 4) of data collection (Wave 1; data were 
collected from September 12, 2013, through December 14, 
2014; Wave 4 data were collected from December 1, 2016, 
through January 3, 2018) and biennially between Wave 4 
and Wave 5 (Wave 5 data were collected from December 
1, 2018, through November 30, 2019). The PATH Study 
design employed a stratified address-based, area probability 
sampling design at Wave 1 that oversampled adult tobacco 
users, young adults (aged 18–24), and African American 
adults (i.e., this comprises the Wave 1 cohort). A probability 
replenishment sample was selected from the U.S. civilian 
noninstitutionalized population (CNP) at the time of Wave 
4 (including persons who were not in the CNP at the time of 
Wave 1). The replenishment sample was combined with the 
respondents from the Wave 1 cohort to represent the CNP at 
the time of Wave 4 (i.e., this comprises the Wave 4 cohort) 
Cross-sectional analyses use the Restricted Use File Wave 5 
data from the Wave 4 cohort, and longitudinal analyses use 
the Restricted Use File data from Waves 1–5 from the Wave 
1 cohort.15 The respondents were interviewed in person 
and questionnaires were administered via audio computer-
assisted self-interviews by trained interviewers for the 
PATH Study. The complete PATH study design and methods 

Methods
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have previously been published.16-18 All adult respondents 
provided informed consent. The study was conducted by 
Westat and approved by the Westat Institutional Review 
Board. 

Primary Outcomes – PROMIS

PROMIS includes over 300 measures of physical, mental, 
and social health for use with the general population and 
with individuals living with chronic conditions. To assess 
HRQoL among those diagnosed with COPD, we used the 
PROMIS Global-10 sub-questionnaire, which is used 
to measure generic health, rather than disease-specific 
health.19 The PATH Study includes all 10 questions from 
the Global-10 questionnaire, which allows for the creation 
of a physical health subscale (scored 4–20), a mental health 
subscale (scored 4–20), and 2 individual items (each scored 
1–5) that assess overall health and overall ability to carry 
out social activities and roles (social health) (Supplemental 
Table 1 in the online supplement). Higher scores indicate a 
higher HRQoL.

COPD Diagnosis

At Wave 1 of the PATH Study, participants were asked: “Has 
a doctor, nurse, or other health professional EVER told you that 
you had any of  the following lung or respiratory conditions? 
Choose all that apply: COPD, chronic bronchitis, emphysema, 
asthma, some other lung or respiratory condition, none 
of  the above, don’t know, refused.” At subsequent waves, 
participants were asked about respiratory disease diagnoses 
over the past 12 months. For these analyses, COPD, chronic 
bronchitis, and emphysema diagnoses were combined to 
create one COPD measure and are referred to as COPD 
moving forward, similar to prior COPD prevalence studies 
using National Health and Nutrition Examination Survey 
data.20,21 Individuals with a history of “some other lung 
or respiratory condition” were excluded. Given that COPD 
diagnoses are rarely made before age 40, and consistent 
with national COPD cohorts,21-23 we limited our sample to 
adults aged ≥40 years who have ever had a COPD diagnosis 
at Wave 5 for the cross-sectional analyses (N=1670). For our 
longitudinal analyses we limited our sample to adults aged 
≥40 years at Wave 1 who have ever had a COPD diagnosis 
at Wave 1 (N=686). 

Tobacco Exposures of Interest 

Participants reported lifetime and past 30-day (P30D) use 
of combusted tobacco products (cigarettes, traditional 
cigars, cigarillos, filtered cigars, pipes, and hookah) and 
noncombusted tobacco products (snus pouches, other 
smokeless tobacco [loose snus, moist snuff, dip, spit, chewing 
tobacco], and e-cigarettes) at each wave. After Wave 1, 

additional electronic nicotine delivery systems (ENDS) 
were also asked about, but hereafter will be referred to as 
e-cigarettes.

Thirteen mutually exclusive categories defined all past 
and current tobacco use possibilities:

• never or former experimental use [e.g., lifetime use of 
<100 cigarettes or never used other products fairly 
regularly; hereafter referred to as never]; 

• former established use [e.g., lifetime use of ≥100 
cigarettes or ever used other products fairly regularly, 
and with no use of any tobacco products in the past 30 
days; hereafter referred to as former]; 

• exclusive P30D use of: cigarettes, e-cigarettes, cigars 
[traditional, cigarillos, filtered cigars], smokeless 
tobacco products [smokeless tobacco, snus], hookah, 
pipes; 

• P30D use of  combinations: cigarettes and e-cigarettes, 
polycombusted tobacco products, polycombusted and 
noncombusted tobacco products, and, e-cigarettes and 
smokeless tobacco. 

Based on distribution of  years since quitting cigarette 
smoking (Supplemental Figure 1 in the online supplement) 
and prior literature,24,25 former tobacco users (99% 
of  whom were former cigarette users) were split into 
2 groups: (1) those who had quit cigarette smoking <5 
years ago (<5-year cigarette cessation; mean [standard 
error (SE)] years since quitting of  2.1 [0.2]), and (2) those 
who had quit cigarettes ≥5 years ago (≥5-year cigarette 
cessation, mean [SE] years since quit of  24.4 [1.1]).

Covariates

Covariates included sociodemographic variables of age, 
sex, body mass index (BMI), race/ethnicity (categories of 
non-Hispanic White, non-Hispanic Black, non-Hispanic 
other race or multiple races, and Hispanic), and education 
(categories of less than high school or GED, high school 
graduation, some college or associate degree, bachelor’s 
degree or more). Other potential smoke exposure-related 
confounders included pack years of cigarette smoking,26,27 
past week second-hand smoke exposure (per 5 hours),28 
and cannabis use.29 A disease comorbidity index score 
that has been used in prior studies to capture important 
contributors to morbidity in COPD patients (range 0–9) was 
also included.30 Missing data on age, gender, race, Hispanic 
ethnicity, and adult education were imputed as described in 
the PATH Study User Guide.31 All covariates used in cross-
sectional analyses were from Wave 5, all covariates used in 
longitudinal analyses are from the baseline of the wave pair. 
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Statistical Analysis 

For the cross-sectional analyses, we examined the 
associations between Wave 5 PROMIS scores and covariates 
using weighted comparisons of means. We estimated 
the association of PROMIS score with Wave 5 tobacco 
exposure categories while adjusting for covariates using 
multivariable linear regression. We employed 2 separate 
analytical approaches to better understand the relationship 
between tobacco product use and PROMIS outcomes, each 
with a different reference category: (1) individuals who quit 
cigarette smoking ≥5 years ago (≥5-year cigarette cessation), 
and (2) individuals who exclusively smoked cigarettes in 
P30D. The cross-sectional analyses were weighted using the 
Wave 5 single-wave full-sample and replicate weights for 
the Wave 4 cohort. 

Generalized estimating equations (GEE) were used to 
evaluate the longitudinal association between tobacco use 
assessed at each baseline wave and PROMIS scores at each 
follow-up wave over four 2-wave periods (Wave 1 to Wave 
2, Wave 2 to Wave 3, Wave 3 to Wave 4, and Wave 4 to 
Wave 5). GEE allows for the inclusion of associations from 
all 4 periods in a single analysis while statistically controlling 
for interdependence among observations contributed by 
the same individuals.32,33 The GEE analyses were weighted 
using the Wave 5 longitudinal (all-waves) full-sample and 
replicate weights for the Wave 1 cohort. Weighted estimates 
from Waves 1–5 of the PATH Study Wave 1 cohort represent 
the resident population of the United States aged ≥12 years 
at the time the specific data were collected who were in the 
CNP at Wave 1. 

SEs were derived using the balanced repeated replication 
method34 with Fay’s adjustment set to 0.3 to increase 
estimate stability.35 Variables for pack years of cigarette 
smoking among ever cigarette users and secondhand smoke 
exposure were Winsorized at the 95th percentile (e.g., 88.5 
pack years at Wave 5) and 98th percentile (100 hours at 
Wave 5, respectively, to limit the influence of outliers.27 
Participants who were missing PROMIS data, tobacco 
product use data, or covariate data were omitted from 
analyses. All analyses were conducted using Stata survey 
data procedures,36 version 17.0.

Results

At Wave 5, 1670 adults aged ≥40 years had self-reported 
physician-diagnosed COPD (Table 1). A total of 38.3% were 
male, 75.8% were White, 8.1% were of Hispanic ethnicity, 
and 29.2% completed less than a high school education. 
Mean BMI was 29.8, and mean comorbidity index score was 
2.9. Most (79.4%) had ever smoked ≥100 cigarettes and 
among those, pack years averaged 30.9. In P30D measures, 
35.1% of participants with COPD used cigarettes, 5.7% 
smoked cigars, 0.3% used hookah, 7.2% used e-cigarettes, 

2.8% used smokeless tobacco products, 11.5% used cannabis, 
and 53.6% were exposed to secondhand smoke.

Product Use and Cigarette Smoking History 
Among Select Tobacco Use Categories

Median years of product use was approximately 5 years in 
the e-cigarette group in contrast to >30 years for all other 
product groups (i.e., median of smokeless tobacco presented 
for exclusive smokeless tobacco group, median cigarette use 
presented for all polytobacco use groups; Figure 1 Panel A). 
Median cigarette pack years was high in all groups (>25 
years), including those who formerly smoked cigarettes 
and those who had currently switched to exclusive use of 
e-cigarettes or smokeless tobacco products (Figure 1 Panel 
B). 

Cross-Sectional Association of Wave 5 Tobacco Product 
Use With Health-Related Quality of Life at Wave 5 

Reference group: P30D Exclusive Cigarette Use at Wave 
5: When compared to P30D exclusive cigarette use, never 
use was associated with significantly better HRQoL as 
measured by all PROMIS components (physical health 
beta=1.20, confidence interval [CI] [0.44, 1.97]; mental 
health beta=1.68, CI [0.81, 2.54]; overall health beta=0.32, 
CI [0.08, 0.55]; and social health beta=0.32, CI [0.05, 
0.58]). Greater than or equal to (≥) 5-year cigarette 
cessation was also associated with better physical, mental, 
and overall health QoL, but not social health, compared to 
current exclusive cigarette use (physical health beta=0.70, 
CI [0.09, 1.31]; mental health beta=0.98, CI [0.28, 1.67]; 
overall health beta=0.22, CI [0.02, 0.42]). Compared to 
P30D exclusive cigarette use, cigarette and e-cigarette dual 
use was associated with worse social health (beta=-0.41, 
CI [-0.70, -0.13]), but not associated with worse physical 
health, mental health, or overall health. Those who used 
polycombusted and noncombusted tobacco products had 
better physical health (physical health beta=1.04, CI [0.16, 
1.91]) than those who exclusively smoked cigarettes, but 
this was not the case with mental, overall, or social health. 
Less than (<) 5-year cigarette cessation and P30D exclusive 
e-cigarette use, smokeless tobacco use, and polycombusted 
tobacco product use were not significantly associated with 
HRQoL (Table 2). 

Reference Group: ≥5-year Cigarette Cessation: When 
compared to ≥5-year cigarette cessation, P30D exclusive 
cigarette use was negatively associated with physical, mental, 
and overall health, but not associated with social health 
(physical health beta=-0.70, CI [-1.31, -0.09]; mental health 
beta=-0.98, CI [-1.67, -0.28]; overall health beta=-0.22, 
CI [-0.42, -0.02]). P30D cigarette and e-cigarette dual use 
was negatively associated with mental health and social 
health but was not associated with physical health or overall 
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Sociodemographics 
Age in years, mean
Sex, % male
Race, % non-Hispanic White
Hispanic Ethnicity, % 
Less Than High School Education, % 
Tobacco Use and Other Potential Smoke Exposures
Ever (100+) Cigarette Smoker, % 
Cigarette Pack Years, meanc

Past Week Hours of Secondhand Smoke Exposure, mean
Exposed to Past Week Secondhand Smoke
P30D Cannabis Used

Any Past 30-day Tobacco Use Categories
P30D Cigarette Use, % 
P30D Cigar Use, % 

P30D Traditional Cigar Use, % 
P30D Cigarillo Use, % 
P30 Filtered Cigar Use, % 

P30D Hookah Use, % 
P30D E-cigarette Use, % 
P30D Smokeless/Snus Use, % 

Mutually Exclusive Tobacco Usef

Never or Former Experimental Tobacco Use, % 
Former Established Tobacco Use With ≥5 Year Cigarette Cessation, % 
Former Established Tobacco Use With <5 Year Cigarette Cessation, %
P30D Exclusive Cigarette Use, % 
P30D Exclusive E-Cigarette Use, % 
P30D Exclusive Cigar Use, % 
P30D Exclusive Smokeless Use, % 
P30D Exclusive Dual Cigarette and E-Eigarette Use, % 
P30D Polycombusted Tobacco Use,g % 
P30D Polycombusted and Noncombusted Use,h % 

Medical History 
BMI, kg/m2, mean 
COPD Comorbidity Index, meani 
Quality of Life Scalesj

Physical Health PROMIS, mean 
Mental Health PROMIS, mean 
Overall Health PROMIS Item, mean 
Social Health PROMIS Item, mean

Table 1. Weighted Cross-Sectional Characteristics of Adults Aged ≥40 Years Ever Diagnosed With 
COPD,a Wave 4 Cohort at Wave 5b of the PATH Study

Unweighted N Weighted Mean or Percentage

0.4
1.8
1.3
0.8
1.5

1.5
1.1
0.5
1.7
0.8

1.4
0.6
0.4
0.4
0.4
0.1
0.6
0.4

1.5
1.9
0.6
1.3
0.3
0.2
0.4
0.5
0.5
0.3

0.2
0.1

0.1
0.1
0.0
0.0

aCOPD= chronic obstructive pulmonary disease, defined as self-report of emphysema, chronic bronchitis, or COPD 
bTotal N=1670
cMean pack years is calculated among ever users of cigarettes (whether or not they have smoked 100 cigarettes in their lifetime).
dCannabis use variable does not distinguish between combustible and noncombustible use.
eEstimate should be interpreted with caution because it has low statistical precision. It is based on a denominator sample size of <50, or the coefficient of variation of the estimate or its complement is >30%.
fData are not presented for exclusive hookah, exclusive pipe and dual e-cigarette + smokeless/snus users due to small sample size. Never tobacco user category includes former experimental users (e.g., lifetime use of 
<100 cigarettes or never used other products fairly regularly). Former established user category includes all established users (e.g., lifetime use of >100 cigarettes or ever used other products fairly regularly) who did not 
use any tobacco products in the past 30 days. Former established users have been split into 2 groups: <5-year cigarette cessation and ≥5-year cigarette cessation. 99.5% (SE=0.3) of former established users were ever 
cigarette users. 
gPolycombusted tobacco use is defined as using at least 2 combusted tobacco products: cigarettes, traditional cigars, cigarillos, filtered cigars, hookah, or pipe tobacco.
hPolycombusted and noncombusted use is defined as using at least one combusted tobacco product (cigarettes, traditional cigars, cigarillos, filtered cigars, hookah, or pipe tobacco) and use of at least one noncombusted 
tobacco product (e-cigarettes or smokeless tobacco). This category excludes dual cigarette and e-cigarette users since that is a separate use category.
iComorbidity index (range 0–9) is made up of self-reported ever-diagnosis of coronary heart disease, diabetes, congestive heart failure, stroke, osteoarthritis, hypertension, high cholesterol, stomach ulcers, and Wave 1 
obesity based on BMI ≥30. 
jThe physical health and mental health PROMIS scales are each scored from 4–20 and the overall health and social health individual items are each scored 1-5. Higher scores mean better health.

COPD=chronic obstructive pulmonary disease; PATH=Population Assessment of Tobacco and Health; P30D=past 30 days; BMI=body mass index; PROMIS=Patient-Reported Outcomes Measurement Information System; 

SE

63.9
38.3%
75.8%
8.1%

29.2%

79.4%
30.9
7.4

53.6%
11.5%

35.1%
5.7%
2.7%
3.1%
3.2%

0.3%e

7.2%
2.8%

16.3%
34.4%
6.5%

27.5%
1.7%

0.7%e

1.7%e

4.3%
4.1%
2.5%

29.8
2.9

13.4
13.4
3.0
3.4

1670
648

1125
136
551

1438
1446
1635
635
300

983
163
74
98
89
13

205
70

112
260
140
694
40
14
37

112
109
72

1635
1529

1654
1651
1658
1666
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health (mental health beta=-1.77, CI [-2.70, -0.84]; social 
health beta=-0.51, CI [-0.85, -0.17]). Other tobacco use 
categories were not associated with QoL when compared to 
≥5-year cessation (Table 2). 

Other Inhalational Exposures: For individuals exposed 
to secondhand smoke in the past week, the 10th percentile 
of hours exposed per week was 1 hour; the 99th percentile 
was 100 hours/week. In multivariable analysis, secondhand 
smoke exposure was associated with worse physical health 
(beta per 5 hours of secondhand smoke exposure=-0.04, 
CI [-0.08, -0.00]). For those exposed to 100 hours of 
secondhand smoke per week, this is equivalent to a nearly 
1-point decrease in physical health score. There was no 
association between secondhand smoke exposure and 
mental, overall, or social health. P30D cannabis use was 
associated with worse physical, mental, and overall health 
(physical health beta=-0.61, CI [-1.17,-0.04]; mental health 
beta= -0.76, CI [-1.39,-0.13]; overall health beta=-0.19, CI 
[-0.37,-0.00]). There was no association between cannabis 
use and social health (Table 2).

Longitudinal Association of Tobacco Product Use 
with Health-Related Quality of Life From Waves 1-5 

Reference Group: P30D Exclusive Cigarette Use: When 

Figure 1. Weighted Distribution for Years of Product Use (Panel A) and Cigarette Pack Years 
(Panel B) for Past 30-Day Exclusive Product Users Ever Diagnosed With COPD in Wave 4 
Cohort at Wave 5 of the PATH Study

aOutlier values are not plotted. Whiskers extend to 2.5th and 97.5th weighted percentiles. Diamonds represent weighted medians.
bUnweighted Ns with nonmissing P30D product use and nonmissing years of product use: exclusive e-cigarette=32; exclusive smokeless=14; exclusive cigarette=674; exclusive dual cigarette and e-cigarette=109; 
polycombusted=101; polycombusted and noncombusted=67
cUnweighted Ns with non-missing P30D product use and nonmissing years of product use: ≥5-year cessation=242; <5-year cessation=137; exclusive e-cigarette=39; exclusive smokeless=36; exclusive cigarette=642; 
exclusive dual cigarette and e-cigarette=103; polycombusted=955; polycombusted and noncombusted=62
dFormer established user category includes all established users (e.g., lifetime use of ≥100 cigarettes or ever used other products fairly regularly) who did not use any tobacco products in the past 30 days. Former 
established users have been split into 2 groups: <5-year cessation and ≥5-year cessation from cigarettes).

COPD=chronic obstructive pulmonary disease; PATH=Population Assessment of Tobacco and Health; P30D=past 30 days

Panel A: Median Years of Product Usea,b Panel B: Median Cigarette Pack Yearsa,c,d

evaluating the longitudinal relationship between tobacco 
product use and change in PROMIS scores over the four 
2-wave pairs, cigarette and e-cigarette dual use at baseline 
wave was associated with worsening overall health over 
time (beta=-0.08, CI [-0.16, -0.01]) compared to exclusive 
cigarette use. Never tobacco users had improved social health 
(beta=0.18, CI [0.04, 0.33]) compared to exclusive cigarette 
users. There were no additional longitudinal associations 
between any other tobacco use category and HRQoL when 
compared to exclusive cigarette use (Table 3).

Reference Group: ≥5-year Cigarette Cessation: Compared to 
≥5-year cigarette cessation, cigarette and e-cigarette dual 
use was associated with worsening mental health over the 
four 2-wave pairs (beta mental health=-0.42, CI [-0.82, 
-0.02]. There were no other significant associations between 
other tobacco use categories and HRQoL when compared to 
≥5-year cessation (Table 3).

Other Inhalational Exposures: There were no meaningful 
longitudinal associations between secondhand smoke 
exposure or P30D cannabis use and change in HRQoL 
(Table 3).
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Physical Health PROMIS (N=1303)
Never Use (never or former experimental tobacco)
Former Established Use With ≥5-Year Cigarette Cessation
Former Established Use With <5-Year Cigarette Cessation 
P30D Exclusive Cigarette Use
P30D Exclusive E-Cigarette Use
P30D Exclusive Smokeless/Snus Use
P30D Exclusive Cigarette and E-Cigarette Use
P30D Polycombusted Tobacco Product Useh

P30D Polycombusted and Noncombusted Tobacco Product Usei

Past Week Secondhand Smoke Exposure (per 5 hours)
P30D Cannabis Usej

No
Yes

Mental Health PROMIS (N=1299)
Never Use (never or former experimental tobacco)
Former Established Use With ≥5-Year Cigarette Cessation
Former Established Use With <5-Year Cigarette Cessation 
P30D Exclusive Cigarette Use
P30D Exclusive E-cigarette Use
P30D Exclusive Smokeless/Snus Use
P30D Exclusive Cigarette and E-Cigarette Use
P30D Polycombusted Tobacco Use
P30D Polycombusted and Noncombusted Use
Past Week Secondhand Smoke Exposure (per 5 hours)
Past 30-Day Cannabis Use

No
Yes

Overall Health PROMIS (N = 1306)
Never Use (never or former experimental tobacco)
Former Established Use With ≥5-Year Cigarette Cessation
Former Established Use With <5-Year Cigarette Cessation 
P30D Exclusive Cigarette Use
P30D Exclusive E-Cigarette Use
P30D Exclusive Smokeless/Snus Use
P30D Exclusive Cigarette and E-Cigarette Use
P30D Polycombusted Tobacco Use
P30D Polycombusted and Noncombusted Use
Past Week Secondhand Smoke Exposure (Per 5 Hours)
Past 30-Day Cannabis Use

No
Yes

Social Health PROMIS (N = 1308)
Never Use (never or former experimental tobacco)
Former Established Use With ≥5-Year Cigarette Cessation
Former Established Use With <5-Year Cigarette Cessation 
P30D Exclusive Cigarette Use
P30D Exclusive E-Cigarette Use
P30D Exclusive Smokeless/Snus Use

Table 2. Weighted Cross-Sectional Association Between Wave 5 Tobacco Usea and Wave 5 
PROMISb Scores, Among Adults Aged ≥40 Years Ever Diagnosed With COPD,c Wave 4 Cohort at 
Wave 5 of the PATH Study

Weighted Mean PROMIS
(SE)d

Former Established Use With
≥5-Year Cigarette Cessatione

Exclusive Cigarette Usee

[0.44,1.97]
[0.09,1.31]

[-0.71,0.80]
REF

[-0.55,1.51]
[-0.70,1.43]
[-0.90,0.73]
[-0.71,0.55]
[0.16,1.91]

[-0.08,-0.00]

REF
[-1.17,-0.04]

[0.81,2.54]
[0.28,1.67]

[-0.17,1.36]
REF

[-0.96,1.48]
[-0.07,2.03]
[-1.62,0.03]
[-0.68,1.37]
[-0.29,1.92]
[-0.08,0.04]

REF
[-1.39,-0.13]

[0.08,0.55]
[0.02,0.42]

[-0.25,0.18]
REF

[-0.23,0.44]
[-0.03,0.66]
[-0.28,0.18]
[-0.26,0.21]
[-0.20,0.28]
[-0.03,0.00]

REF
[-0.37,-0.00]

[0.05,0.58]
[-0.11,0.31]
[-0.21,0.26]

REF
[-0.44,0.47]
[-0.57,0.22]

14.2 (0.4)
13.9 (0.2)
13.2 (0.3)
12.5 (0.1)
13.0 (0.5)
13.0 (0.7)
12.5 (0.4)
12.2 (0.3)
13.3 (0.4)

N/A

13.5 (0.1)
12.1 (0.3)

14.3 (0.4)
14.0 (0.3)
13.5 (0.3)
12.4 (0.2)
12.8 (0.6)
13.6 (0.6)
11.6 (0.4)
12.5 (0.4)
12.9 (0.4)

N/A

13.7 (0.1)
11.7 (0.3)

3.4 (0.1)
3.1 (0.1)
2.9 (0.1)
2.8 (0.0)
2.9 (0.1)
3.0 (0.1)
2.7 (0.1)
2.6 (0.1)
2.9 (0.1)

N/A

3.1 (0.0)
2.6 (0.1)

3.7 (0.1)
3.4 (0.1)
3.4 (0.1)
3.3 (0.0)
3.3 (0.2)
3.1 (0.3)

Coef Coef 95% CI95% CI

1.20f

0.70g

0.04
REF
0.48
0.37
-0.08
-0.08
1.04g

-0.04g

REF
-0.61g

1.68k

0.98f

0.59
REF
0.26
0.98
-0.79
0.34
0.81
-0.02

REF
-0.76g

0.32g

0.22g

-0.03
REF
0.11
0.32
-0.05
-0.03
0.04
-0.01

REF
-0.19g

0.32g

0.10
0.02
REF
0.02
-0.17

[-0.40,1.40]
REF

[-1.52,0.21]
[-1.31,-0.09]
[-1.26,0.82]
[-1.30,0.64]
[-1.72,0.16]
[-1.65,0.09]
[-0.65,1.32]

[-0.08,-0.00]

REF
[-1.17,-0.04]

[-0.23,1.63]
REF

[-1.16,0.39]
[-1.67,-0.28]
[-2.05,0.62]
[-1.21,1.20]

[-2.70,-0.84]
[-1.72,0.45]
[-1.47,1.15]
[-0.08,0.04]

REF
[-1.39,-0.13]

[-0.19,0.39]
REF

[-0.52,0.01]
[-0.42,-0.02]
[-0.47,0.25]
[-0.27,0.46]
[-0.58,0.03]
[-0.56,0.07]
[-0.48,0.12]
[-0.03,0.00]

REF
[-0.37,-0.00]

[-0.11,0.55]
REF

[-0.34,0.19]
[-0.31,0.11]
[-0.59,0.44]
[-0.69,0.15]

0.50
REF
-0.66
-0.70g

-0.22
-0.33
-0.78
-0.78
0.34

-0.04g

REF
-0.61g

0.70
REF
-0.39
-0.98f

-0.72
0.00

-1.77k

-0.63
-0.16
-0.02

REF
-0.76g

0.10
REF
-0.25
-0.22g

-0.11
0.10
-0.27
-0.24
-0.18
-0.01

REF
-0.19g

0.22
REF
-0.07
-0.10
-0.08
-0.27
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aData are not presented for exclusive hookah, exclusive pipe, exclusive cigar, and dual e-cigarette + smokeless/snus users due to small sample size. Never tobacco user category includes former experimental users 
(e.g., lifetime use of <100 cigarettes or never used other products fairly regularly). Former established user category includes all established users (e.g., lifetime use of >100 cigarettes or ever used other products fairly 
regularly) who did not use any tobacco products in the past 30 days. Former established tobacco users have been split into 2 groups: <5-year cessation and ≥5-year cessation.
bThe physical health and mental health PROMIS scales are each scored from 4–20 and the overall health and social health individual items are each scored 1–5. Higher scores mean better health. PROMIS was used 
to measure HRQoL.
cCOPD=chronic obstructive pulmonary disease, defined as self-report of emphysema, chronic bronchitis, or COPD.
dWeighted means are presented for the full cross-sectional sample (N=1670) presented in Table 1 and not just those without missing data included in the models (the N presented in each panel).
eAll models are also adjusted for cigarette pack years (never cigarette users were assigned 0 pack years), COPD comorbidity index, age, sex, race/ethnicity, and education. Full table available by request. 
fp<0.01.
gp<0.05.
hPolycombusted tobacco use is defined as using at least 2 combusted tobacco products: cigarettes, traditional cigars, cigarillos, filtered cigars, hookah, or pipe tobacco.
iPolycombusted and noncombusted use is defined as using at least one combusted tobacco product (cigarettes, traditional cigars, cigarillos, filtered cigars, hookah, or pipe tobacco) and use of at least one noncombusted 
tobacco product (e-cigarettes or smokeless tobacco). This category excludes dual cigarette and e-cigarette users since that is a separate use category.
jCannabis use variable does not distinguish between combustible and noncombustible use.
kp<0.001.

PROMIS=Patient-Reported Outcomes Measurement Information System; HRQoL=health-related quality of life; COPD=chronic obstructive pulmonary disease; PATH=Population Assessment of Tobacco and Health; 
SE=standard error; CI=confidence interval; P30D=past 30 days

P30D Exclusive Cigarette and E-Cigarette Use
P30D Polycombusted Tobacco Use
P30D Polycombusted and Noncombusted Use
Past Week Secondhand Smoke Exposure (Per 5 Hours)
Past 30-Day Cannabis Use 

No
Yes

[-0.70,-0.13]
[-0.37,0.23]
[-0.30,0.40]
[-0.03,0.01]

REF
[-0.31,0.04]

2.9 (0.1)
3.2 (0.1)
3.3 (0.1

N/A

3.4 (0.0)
3.1 (0.1)

-0.41f

-0.07
0.05
-0.01

REF
-0.13

[-0.85,-0.17]
[-0.52,0.19]
[-0.45,0.35]
[-0.03,0.01]

REF
[-0.31,0.04]

-0.51f

-0.17
-0.05
-0.01

REF
-0.13

_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
_______________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________

In this nationally representative study of tobacco product 
use, cross-sectional analyses indicated that current exclusive 
cigarette use was associated with worse HRQoL compared to 
≥5-year cigarette cessation, emphasizing negative physical 
and mental effects of continued cigarette exposure among 
people with COPD. Never use and ≥5-year cigarette cessation 
were the only tobacco use categories that were consistently 
associated with higher HRQoL compared to exclusive 
cigarette use, highlighting the importance of complete 
and sustained smoking cessation for individuals with 
COPD. We did not find evidence that exclusive e-cigarette 
use presented a lower risk for HRQoL decrements. When 
compared to ≥5-year cigarette cessation, current cigarette 
and e-cigarette dual use was associated with worse mental 
and social health. When compared to the exclusive cigarette 
use group, cigarette and e-cigarette dual use was associated 
with worse social health. Longitudinally, compared to 
≥5-year cigarette cessation, dual cigarette and e-cigarette 
use was associated with worse mental health and overall 
health when compared to current exclusive cigarette use. 

Interestingly, we found that <5-year cigarette 
cessation was associated with outcomes more similar to 
those who currently smoked cigarettes than to ≥5-year 
cigarette cessation, suggesting that duration of abstinence 
is important to consider when evaluating HRQoL in 
individuals with COPD. Prior work has focused on the 
timing of health benefits following smoking cessation. 
While cardiovascular outcomes such as blood pressure 
and heart rate normalize rapidly after smoking cessation, 
quantifiable respiratory improvements (e.g., decreased rate 
of decline in lung function) may require a sustained period 
of smoking cessation.37 In a nationally representative study 

Discussion of the French general population, improvements in HRQoL 
were seen beginning at 2 years following smoking cessation, 
and continued to increase through 5 years.38 Moreover, 
in a study of 117 COPD patients, Hassan et al found that, 
individuals who quit smoking for ≥5 years were less likely 
to have respiratory symptoms than those who quit smoking 
more recently (<5 years).25 Findings in our study support 
clinical recommendations1 for people diagnosed with COPD 
to quit smoking cigarettes without delay; these individuals 
should be counseled that the benefits of smoking cessation 
may occur over several years.39,40 

We observed better mental health among individuals 
who formerly smoked cigarettes compared to those who 
currently smoked cigarettes. This is of particular interest 
given that many individuals who currently smoke cigarettes 
name stress relief as a main driver of continued smoking, 
and report concern that smoking cessation would negatively 
impact their stress management abilities.41 Findings in 
the study are similar to a previous study by Hajek et al, 
which found a decrease in perceived stress of individuals 
hospitalized with cardiac disease who were successful 
in quitting smoking compared to those who continued to 
smoke.14 Moreover, Cavazos-Rehg et al found that smoking 
cessation was associated with a decreased risk of persistent 
or recurrent mood disorder in adults with a prior history of 
a mood or anxiety disorder,13 similar to findings by Blanco 
et al which found that smoking remission was not associated 
with increased risk of psychiatric disorders among adults 
with existing mood, anxiety, or substance abuse disorder.42 
These data support clinical efforts to assure patients who 
smoke that worsening of mood is not an anticipated outcome 
following cessation. 

We found that exclusive e-cigarette use was not 
associated with any benefits or harms to HRQoL. Our 
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Physical Health PROMISf

Never Use (Never or former experimental tobacco)
Former Established Use With ≥5-Year Cigarette Cessation
Former Established Use With <5-Year Cigarette Cessation 
P30D Exclusive Cigarette Use
P30D Exclusive E-Cigarette Use
P30D Exclusive Cigar Use
P30D Exclusive Cigarette And E-Cigarette Use
P30D Polycombusted Tobacco Useg

P30D Polycombusted And Noncombusted Useh

P30D Exclusive Hookah, Pipe, SLT, Or ENDS+SLT Use
Past Week Secondhand Smoke Exposure (Per 5 Hours)
P30D Cannabis Usei

No
Yes

Mental Health PROMIS
Never use (never or former experimental tobacco)
Former Established Use With ≥5-Year Cigarette Cessation
Former Established Use With <5-Year Cigarette Cessation 
P30D Exclusive Cigarette Use
P30D Exclusive E-Cigarette Use
P30D Exclusive Cigar Use
P30D Exclusive Cigarette and E-Cigarette Use
P30D Polycombusted Tobacco Use
P30D Polycombusted and Noncombusted Use
P30D Exclusive Hookah, Pipe, SLT, Or ENDS+SLT Use
Past Week Secondhand Smoke Exposure (Per 5 Hours)
P30D Cannabis Use 

No
Yes

Overall Health PROMIS
Never Use (never or former experimental tobacco)
Former Established Use With ≥5-Year Cigarette Cessation
Former Established Use With <5-Year Cigarette Cessation 
P30D Exclusive Cigarette Use
P30D Exclusive E-Cigarette Use
P30D Exclusive Cigar Use
P30D Exclusive Cigarette and E-Cigarette Use
P30D Polycombusted Tobacco Use
P30D Polycombusted and Noncombusted Use
P30D Exclusive Hookah, Pipe, SLT, Or ENDS+SLT Use
Past Week Secondhand Smoke Exposure (Per 5 Hours)
P30D Cannabis Use 

No
Yes

Social Health PROMIS
Never Use (Never Or Former Experimental Tobacco)
Former Established Use With ≥5-Year Cigarette Cessation
Former Established Use With <5-Year Cigarette Cessation 

Table 3. Weighted Longitudinal Association Between Baseline Tobaccoa Use and Follow-Up 
PROMISb Scores Over Four 2-year Periodsc Among Adults Aged ≥40 Years Ever Diagnosed With 
COPD,d Wave 1 Cohort Waves 1-5 of the PATH Study

Weighted Mean 
PROMIS

(SE)d

Former Established Use With
≥5-Year Cigarette Cessatione

Exclusive Cigarette Usee

(-0.07, 0.62)
(-0.15, 0.50)
(-0.14, 0.53)

REF
(-0.56, 0.26)
(-0.53, 1.92)
(-0.17, 0.52)
(-0.48, 0.28)
(-0.25, 0.54)
(-0.70, 0.79)
(-0.02, 0.02)

REF
(-0.32, 0.32)

(-0.07, 0.64)
(-0.09, 0.44)
(-0.51, 0.38)

REF
(-0.54, 0.46)
(-0.48, 1.32)
(-0.55, 0.06)
(-0.35, 0.55)
(-0.61, 0.66)
(-0.91, 0.72)
(-0.01, 0.04)

REF
(-0.48, 0.12)

(-0.04, 0.20)
(-0.08, 0.13)
(-0.04, 0.19)

REF
(-0.27, 0.07)
(-0.14, 0.21)

(-0.16, -0.01)
(-0.18, 0.09)
(-0.18, 0.10)
(-0.08, 0.28)
(-0.01, 0.01)

REF
(-0.12, 0.05)

(0.04-0.33)
(-0.12, 0.16)
(-0.17, 0.14)

13.9 (0.4)
14.2 (0.4)
12.6 (0.3)
12.8 (0.2)
12.3 (0.8)
13.3 (0.8)
12.4 (0.3)
12.4 (0.3)
12.5 (0.5)
12.8 (0.5)

N/A

13.4 (0.2)
12.7 (0.3)

14.2 (0.6)
14.1 (0.3)
12.8 (0.4)
12.6 (0.2)
12.6 (0.8)
11.8 (0.8)
12.3 (0.3)
12.6 (0.3)
12.2 (0.5)
14.3 (0.4)

N/A

13.5 (0.2)
12.2 (0.3)

3.1 (0.1)
3.0 (0.1)
2.7 (0.1)
2.7 (0.0)
2.7 (0.2)
2.4 (0.2)
2.6 (0.1)
2.7 (0.1)
2.6 (0.1)
3.0 (0.1)

N/A

2.9 (0.1)
2.7 (0.1)

3.5 (0.1)
3.4 (0.1)
3.3 (0.1)

Coef Coef 95% CI95% CI

0.28
0.18
0.19
REF
-0.15
0.69
0.18
-0.10
0.15
0.04
0.00

REF
0.00

0.28
0.17
-0.06
REF
-0.05
0.41
-0.25
0.10
0.02
-0.11
0.02

REF
-0.18

0.08
0.02
0.08
REF
-0.10
0.03
-0.08j

-0.05
-0.04
0.10
0.00

REF
-0.04

0.18j

0.02
-0.02

(-0.40, 0.60) 
REF

(-0.42, 0.45)
(-0.50, 0.15)
(-0.76, 0.11)
(-0.73, 1.76)
(-0.44, 0.43)
(-0.71, 0.14)
(-0.49, 0.43)
(-0.84, 0.58)
(-0.02, 0.02)

REF
(-0.32, 0.32)

(-0.20, 0.42)
REF

(-0.71, 0.23)
(-0.44, 0.09)
(-0.66, 0.23)
(-0.65, 1.14)

(-0.82, -0.02)
(-0.43, 0.29)
(-0.82, 0.52)
(-1.12, 0.58)
(-0.01, 0.04)

REF
(-0.48, 0.12)

(-0.10, 0.22)
REF

(-0.09, 0.19)
(-0.13, 0.08)
(-0.30, 0.06)
(-0.15, 0.18)
(-0.22, 0.01)
(-0.21, 0.07)
(-0.21, 0.07)
(-0.09, 0.25)
(-0.01, 0.01)

REF
(-0.12, 0.05)

(-0.01, 0.33)
REF

(-0.20, 0.13)

0.10
REF
0.02
-0.18
-0.33
0.52
-0.00
-0.28
-0.03
-0.13
0.00

REF
0.00

0.11
REF
-0.23
-0.17
-0.22
0.24
-0.42j

-0.07
-0.15
-0.28
0.02

REF
-0.18

0.06
REF
0.05
-0.02
-0.12
0.01
-0.11
-0.07
-0.06
0.08
0.00

REF
-0.04

0.16
REF
-0.04

Weighted Mean
PROMIS

(SE)d

13.8 (0.4)
14.1 (0.4)
12.7 (0.3)
12.7 (0.1)
12.2 (0.7)
13.3 (1.0)
12.4 (0.2)
12.2 (0.3)
12.4 (0.4)
12.8 (0.7)

N/A

13.3 (0.2)
12.8 (0.4)

14.2 (0.6)
14.0 (0.3)
12.8 (0.4)
12.7 (0.2)
12.3 (0.8)
12.0 (0.9)
12.2 (0.3)
12.7 (0.3)
12.2 (0.5)
13.9 (0.6)

N/A

13.4 (0.2)
12.4 (0.3)

3.1 (0.1)
3.0 (0.1)
2.8 (0.1)
2.7 (0.0)
2.6 (0.2)
2.5 (0.2)
2.6 (0.1)
2.6 (0.1)
2.7 (0.1)
3.1 (0.2)

N/A

2.9 (0.1)
2.7 (0.1)

3.6 (0.1)
3.4 (0.1)
3.2 (0.1)
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findings differ from a previous study of 39 patients with 
COPD by Palosa et al, which found that cigarette smokers 
who switched to e-cigarette use had improved markers of 
COPD morbidity, including COPD Assessment Test score 
and 6MWD after 5 years of follow-up.43 Future work that 
examines a longer duration of e-cigarette use would be of 
value to better characterize the impact of these products 
on COPD outcomes. We found that dual use of e-cigarettes 
and cigarettes had both cross-sectional and longitudinal 
associations with worse HRQoL when compared to ≥5-year 
cigarette cessation and exclusive cigarette use. While 
desire to quit cigarette smoking is one of common reasons 
for using e-cigarettes among adults,44 a previous analysis 
of PATH Study data found that individuals who smoked 
cigarettes and used e-cigarettes as aids to help quit smoking 
were less likely to be nicotine abstinent at long-term follow-
up compared to a matched sample of those who did not use 
e-cigarettes as cessation aids.45 The findings that dual users 
of cigarettes and e-cigarettes have worse HRQoL than ≥5-year 
cessation may reflect the fact that these persons tend to be 
heavier, more dependent smokers46 compared to ≥5-year 
cessation, many of whom may not have been heavy cigarette 
smokers to begin with. Thus, the cigarette exposure may be 
the main driver of the observed associations with HRQoL. 
While we accounted for pack years of cigarette smoking 
in our models, we recognize the potential for unmeasured 
confounding that is not captured by pack years, which has 
been shown to be an imperfect measure of overall cigarette 

P30D Exclusive Cigarette Use
P30D Exclusive E-Cigarette Use
P30D Exclusive Cigar Use
P30D Exclusive Cigarette and E-Cigarette Use
P30D Polycombusted Tobacco Use
P30D Polycombusted and Noncombusted Use
P30D Exclusive Hookah, Pipe, SLT, Or ENDS+SLT Use
Past Week Secondhand Smoke Exposure (Per 5 Hours)
P30D Cannabis Use

No
Yes

REF
(-0.25, 0.34)
(-0.10, 0.74)
(-0.27, 0.03)
(-0.11, 0.27)
(-0.23, 0.25)
(-0.35, 0.17)
(0.00, 0.02)

REF
(-0.12, 0.11)

3.3 (0.1)
3.2 (0.2)
2.9 (0.5)
3.3 (0.1)
3.2 (0.1)
3.1 (0.1)
3.2 (0.2)

N/A

3.4 (0.0)
3.3 (0.1)

REF
0.05
0.32
-0.12
0.08
0.01
-0.09
0.01j

REF
0.00

(-0.16, 0.12)
(-0.23, 0.28)
(-0.15-0.73)
(-0.34, 0.06)
(-0.11, 0.23)
(-0.24, 0.21)
(-0.39, 0.17)
(0.00, 0.02)

REF
(-0.12, 0.11)

-0.02
0.03
0.30
-0.14
0.06
-0.01
-0.11
0.01j

REF
0.00

3.3 (0.1)
3.2 (0.2)
3.2 (0.2)
3.2 (0.1)
3.3 (0.1)
3.2 (0.1)
3.1 (0.3)

N/A

3.3 (0.1)
3.3 (0.1)

aData for exclusive hookah, exclusive pipe, exclusive SLT, and dual e-cigarette + smokeless/snus are combined into one category due to small sample size. Never tobacco user category includes former experimental 
users (e.g., lifetime use of <100 cigarettes or never used other products fairly regularly). Former established user category includes all established users (e.g., lifetime use of >100 cigarettes or ever used other products 
fairly regularly) who did not use any tobacco products in the past 30 days. Former established tobacco users have been split into two groups: <5-year cessation and ≥5-year cessation.
bThe physical health and mental health PROMIS scales are each scored from 4–20 and the overall health and social health individual items are each scored 1–5. Higher scores mean better health. PROMIS was used 
to measure HRQoL.
cWave 1–Wave 2, Wave 2–Wave 3, Wave 3–Wave 4, and Wave 4–Wave 5.
dCOPD=chronic obstructive pulmonary disease, defined as self-report of emphysema, chronic bronchitis, or COPD.
eGeneralized estimating equations regression analyses were used to assess association between baseline tobacco use and change in PROMIS score of from baseline to follow-up((Wave 1–Wave 2, Wave 2–Wave 3, 
Wave 3–Wave 4, and Wave 4–Wave 5), statistically controlling for the correlation among observations from the same individuals. Unstructured correlation structure was used for the physical health, mental health, and 
overall health models, while AR1 correlation structure was used for the social health models. All models are also adjusted for cigarette pack years (never cigarette users were assigned 0 pack years), COPD comorbidity 
index, age, sex, race/ethnicity, and education. Full table available by request. 
fIn the PATH Study instrument, certain questions are only asked if conditions are met on prior questions. This can lead to missing data, but in those instances, it is possible to use the prior question to recode the missing. 
For instance, one question from the PROMIS physical health subscale is only asked to those who already said they had trouble walking on a prior question, and therefore, those without trouble walking were recoded as 
having no trouble carrying out every day physical activities. Additionally, for past-month cannabis use variable, respondents were recoded as nonusers if they were missing data because of these skip patterns.
gPolycombusted tobacco use is defined as using at least 2 combusted tobacco products: cigarettes, traditional cigars, cigarillos, filtered cigars, hookah, or pipe tobacco.
hPolycombusted and noncombusted use is defined as using at least one combusted tobacco product (cigarettes, traditional cigars, cigarillos, filtered cigars, hookah, or pipe tobacco) and use of at least one noncombusted 
tobacco product (e-cigarettes or smokeless tobacco). This category excludes dual cigarette and e-cigarette users since that is a separate use category.
iCannabis use variable does not distinguish between combustible and noncombustible use.
jp<0.05

PROMIS=Patient-Reported Outcomes Measurement Information System; HRQoL=health-related quality of life; COPD=chronic obstructive pulmonary disease; PATH=Population Assessment of Tobacco and Health; 
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smoking history.47

Of interest is the cross-sectional association between 
secondhand smoke exposure and worse HRQoL even after 
adjusting for current and past cigarette smoking. The 
magnitude of the effect size for individuals with high 
secondhand smoke exposure (the upper range of the 
interquartile range is an amount of time that one might 
expect when living with a parent or spouse who smokes) was 
among the highest for physical health. These findings were 
similar to results from a previous study that showed that 
individuals who never smoked and had higher secondhand 
smoke exposure had significantly lower scores on physical 
and social functioning and bodily pain compared to never 
smokers without secondhand smoke exposure.48 Another 
study also found that secondhand smoke exposure is 
associated with worse COPD-related morbidity among COPD 
patients who continue to smoke.3 These findings highlight 
the harmful relationship between noxious particles and 
fume exposure and worse outcomes in COPD. 

Findings in the study suggest that P30D cannabis use 
was negatively associated with physical, mental, and overall 
health, even after accounting for current tobacco use and pack 
years of smoking history. Following greater legal availability 
of cannabis and a general increase in cultural acceptance 
of use of cannabis and its derivatives,49 cannabis is often 
seen as a cure for various physical and mental ailments.50 
While limited industry-sponsored survey research may show 
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benefit among some respondents,51 our findings provide 
some information that cannabis use negatively influences 
HRQoL.52 Tan et al found that concurrent cannabis and 
cigarette smoking synergistically increased the risk of 
respiratory symptoms and COPD when compared to those 
who only smoke cigarettes and nonsmokers.53 While we did 
not find evidence of a longitudinal relationship between 
cannabis use and HRQoL, clinicians should consider 
advising against regular cannabis use among people with 
COPD given the strong cross-sectional associations. 

Our study has several strengths. Analyses were limited 
to adults aged ≥40 years, a timeline consistent with the 
development of airflow obstruction following years of 
exposure to noxious particles and gases.1 The current study 
benefits from the repeated outcome measures afforded 
by the PATH Study, allowing for both a cross-sectional 
and longitudinal examination of the association between 
multiple tobacco products and HRQoL. This study explicitly 
accounted for pack years of smoking and additional 
confounders that are often not captured by other studies. 
The use of current exclusive cigarette smoking and ≥5-year 
cessation as reference categories provides 2 scenarios to 
highlight the unique impact of individual tobacco products 
on the HRQoL of people with COPD.

Several limitations warrant comment. The PATH Study 
relies on participant self-report of physician diagnosis and 
not spirometry to define COPD. While spirometric evidence 
of airflow obstruction is required to make a COPD diagnosis, 
spirometry is underutilized in clinical settings,20,54,55 and the 
lack of spirometry in the PATH Study along with the potential 
of diagnostic and recall bias associated with self-report may 
introduce imprecision in the COPD diagnosis. Accounting 
for self-report of asthma as well as multiple other diseases 
that may share symptoms with COPD in our adjusted analysis 
helps to address concerns for misclassification of self-report 
of physician-diagnosed COPD, a potential limitation of 
survey research in general. We examined baseline tobacco 
product use as a predictor of HRQoL, and while prior PATH 
Study research has shown product-specific persistent use 
over time in adults, use over time was not incorporated 
into the analyses.56 We did not consider additional details 
on frequency of use within the P30D (i.e., regular daily 
versus intermittent use). In addition, despite controlling 
for cigarette exposure, residual confounding may have 
influenced our results. For example, while we emphasize the 
importance of considering pack years to estimate cigarette 
smoke exposure, we recognize the potential for unmeasured 
confounding that is not captured by pack years, which has 
been shown to be an imperfect measure of overall cigarette 
smoking history.47 Knowing that COPD symptoms and 
HRQoL may influence an individual’s ability and choice to 
inhale tobacco products, the potential remains for reverse 
causality, especially among those who smoke cigarettes and 
use e-cigarettes in an attempt to improve health outcomes.45 

Although this was a large national survey, the sample size 
of individuals with COPD was somewhat limited for several 
of the tobacco product categories (e.g., exclusive hookah, 
exclusive pipe, and dual e-cigarette + smokeless/snus 
use). Given the dynamic nature of the e-cigarette industry, 
including additional details on device type, and e-liquid 
composition and flavorings in future studies would be of 
value as nicotine delivery and subsequent health outcomes 
may vary with device characteristics.57 Future studies should 
extend this analysis with more waves of data to garner a 
larger sample.

In summary, our analysis of PATH Study data from 
Wave 1 to Wave 5 partially supports the known harms of 
continued cigarette smoking among those with existing 
COPD and supports the known benefits of smoking 
cessation. Given that COPD is a progressive and incurable 
illness, the mainstay of therapy is focused on preventing 
further lung function decline, avoiding exacerbations, and 
improving HRQoL.1 These results support continued focus on 
prevention of tobacco product initiation as well as effective 
behavioral and pharmacologic tobacco cessation therapies 
to decrease the negative impact of cigarette smoking on 
HRQoL among those with COPD. Additional research studies 
on secondhand smoke exposure and cannabis use could 
help inform clinical recommendations on avoidance of 
these additional inhalational exposures. Future studies that 
examine a longer duration of exclusive e-cigarette use and 
dual cigarette and e-cigarette use would be informative to 
further quantify the impact of these products on HRQoL. 
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