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BACKGROUND: Older smokers account for the greatest
tobacco-relatedmorbidity andmortality in the USA, while
quitting smoking remains the single most effective pre-
ventive health intervention for reducing the risk of
smoking-related illness. Yet, knowledge about patterns
of smoking and smoking cessation in older adults is
lacking.
OBJECTIVE: Assess trends in prevalence of cigarette
smoking between 1998 and 2018 and identify patterns
and predictors of smoking cessation in US older adults.
DESIGN: Retrospective cohort study
PARTICIPANTS: Individuals aged 55+ enrolled in the na-
tionally representative Health and Retirement Study,
1998–2018
MAIN MEASURES: Current smoking was assessed with
the question: “Do you smoke cigarettes now?” Quitting
smoking was defined as having at least two consecutive
waves (between 2 and 4 years) in which participants who
were current smokers in 1998 reported they were not
currently smoking in subsequent waves.
KEY RESULTS: Age-adjusted smoking prevalence de-
creased from 15.9% in 1998 (95% confidence interval
(CI) 15.2, 16.7) to 11.2% in 2018 (95% CI 10.4, 12.1).
Among 2187 current smokers in 1998 (mean age 64,
56% female), 56% of those living to age 90 had a sustained
period of smoking cessation. Smoking less than 10
cigarettes/day was strongly associated with an increased
likelihood of quitting smoking (subdistribution hazard
ratio 2.3; 95%CI1.9, 2.8), compared to thosewho smoked
more than 20 cigarettes/day.
CONCLUSIONS: Smoking prevalence among older per-
sons has declined and substantial numbers of older
smokers succeed in quitting smoking for a sustained pe-
riod. These findings highlight the need for continued ag-
gressive efforts at tobacco cessation among older persons.
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INTRODUCTION

In the USA, older smokers account for the greatest tobacco-
related morbidity and mortality.1,2 Cigarette smoking contrib-
utes to many of the major causes of death in older
adults—including cardiac disease, cancer, cerebrovascular dis-
ease, and dementia—and over 70% of all smoking-related
deaths occur in smokers over the age of 60.2–6 Quitting
smoking, as it is in younger smokers, remains the single most
effective preventive health intervention for reducing the risk of
mortality and morbidity from smoking-related illness.7,8 Older
adults experience immediate benefits from quitting, including
decreased heart rate and blood pressure and improved lung
function.1 When compared to those who continue to smoke,
older adults who quit after age 65may increase their life span by
an average of 3 years and decrease years livedwith disability.9,10

Despite the clear harms of smoking and numerous benefits
of quitting smoking in older adults, we know little about the
extent to which the prevalence of smoking has changed in
recent years or patterns of smoking cessation in older adults.11

While there is extensive literature on smoking and smoking
cessation in younger adults,12–14 the few studies examining
prevalence and patterns of smoking in older adults in the USA
either are outdated, are limited to a single year of data, aggre-
gate all older adults into a single category rather than stratify
by age categories, and rarely present data on smoking in those
over the age of 80.15–18 Accurate national estimates of trends
over time in the prevalence of smoking in older adults in the
USA, as well as data on patterns and predictors of quitting
smoking in this population, are critical for informing clinical
and policy interventions targeted toward reducing smoking in
older adults. Thus, we conducted a study using data from the
nationally representative Health and Retirement Study (HRS)
to (1) assess time trends in the prevalence of smoking for all
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adults aged 55 and older stratified by age category between
1998 and 2018 and (2) assess patterns and predictors of
smoking cessation in this population.

METHODS

Data Source, Design, Participants

The HRS is a nationally representative, population-based lon-
gitudinal cohort study of community-dwelling Americans age
50 and older, with supplemental oversamples of Black and
Hispanic individuals. The HRS employs a steady-state design
with replenishment cohorts of individuals aged 50–55 added
every 6 years. Participants undergo detailed in-person or tele-
phone surveys approximately every 2 years from cohort entry
until death or dropout. Each wave includes over 22,000 par-
ticipants, and response rates range from 70 to 82% for first
interviews and 88 to 90% for follow-up interviews. Mortality
is ascertained through reports from next of kin or through a
search in the National Death Index and captures virtually all
deaths.19 Participants are surveyed on a variety of domains
including health status, health behaviors, disability, family
structure, and income and assets.20

We used two separate study designs and cohorts to address
our objectives: (1) to assess time trends in prevalence of
smoking, we used a serial cross-sectional design of HRS
waves 1998–2018. We included all HRS participants at each
wave who were 55+ (n = 32,382) and had a valid response for
current smoking (n = 32,351); (2) for analyses of patterns and
predictors of smoking cessation, we created a longitudinal
cohort of participants 55 and older who had a completed
interview in 1998 (n = 18,256), were current smokers in
1998 (n = 2779), were self- (non-proxy) respondents (n =
2507), and had at least one follow-up interview (n = 2187).
As there is no clear agreement in the literature of at what age
someone becomes an “older smoker,” with some studies in-
cluding adults in their 40s and 50s and others only adults 60
plus, we chose 55 as an age that represented a “middle
ground” of various definitions and ensured that our sample
for the prevalence analysis was representative across waves
and did not vary with the replenishment cohorts.

Measures

Smoking and Quitting Smoking. Smoking is assessed in the
HRS by asking participants if they smoke cigarettes now and
how many cigarettes or packs participants smoke daily (not
including cigars or pipes). For the time-trends prevalence
analysis, we identified prevalent smoking if participants re-
ported currently smoking in that wave.
For the longitudinal cohort analysis, we conceptualized

quitting smoking as successfully living a substantial part of
one’s life as a nonsmoker, which we operationalized as having
at least two consecutive waves of reporting not smoking

among participants who reported current smoking in 1998.
We required two consecutive waves of non-smoking for two
reasons: (1) since we could not be sure with only a single wave
that the person had quit smoking the day before or 2 years
prior to their interview, including two waves of responses
allowed us to be sure that the participant had quit smoking
for a meaningful amount of time; (2) requiring two consecu-
tive waves of non-smoking excluded those who stopped
smoking in the last 2 years of life due to terminal illness from
being classified as sustained non-smokers, given potentially
limited benefit of quitting during the terminal phase. Although
we required two consecutive waves of quitting for our defini-
tion, we considered the onset of quitting as occurring at the
first wave at which a person reported not smoking.

Predictors of Quitting Smoking. For the longitudinal cohort
analysis, characteristics of current smokers in 1998 were
examined as potential predictors for quitting. These
characteristics fall under several broad categories of factors
that have been associated with quitting smoking in previous
studies.17,21–23 These include (1) demographic characteristics
(gender, race and ethnicity, education level, marital status,
median wealth; living alone; rural versus urban residence);
(2) comorbidities (0–1/2/2+ comorbidities including history
of cancer, chronic obstructive lung disease, coronary artery
disease, stroke, hypertension, diabetes; significant pain); (3)
functional impairment (difficulty managing finances, difficul-
ty walking several blocks, 3 or more impairments in activities
of daily living (ADL)); (4) depressive symptoms (score of 3 or
higher on the 8-item Center for Epidemiological Studies De-
pression Scale (CES-D)24); (5) cognitive impairment (cogni-
tively normal (12–27)/cognitive impairment not dementia (7–
11)/dementia (0–6) based on the Crimmens et al. algorithm25);
(6) alcohol use (none = no alcohol; low = up to 1 drink a day
for women and up to 2 drinks per day for men; heavy = more
than 4 drinks per day for women and 5 drinks per day for men
based on the National Institute on Alcohol Abuse and
Alcoholism to define alcohol use levels26); and (7) number
of cigarettes/day (< 10/11–20/20+).

Statistical Analysis

Time Trends in Current Smoking Prevalence. Overall
prevalence of current smoking for the entire cohort was
estimated using an age-adjusted logistic regression model at each
wave. We also estimated prevalence stratified by age group (55–
64/65–74/75–84/85+) and by gender (male/female).

Patterns and Predictors of Smoking Cessation. First, we
identified prevalent smokers in 1998 and then followed them
to assess one of the four possible outcomes: (1) still alive and
quit smoking; (2) died and quit smoking before death; (3) still
alive and no report of quitting; and (4) died and no report of
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quitting before death. Second, we estimated and visualized
cumulative incidence of smoking cessation as one ages using a
Fine and Gray model to account for competing risk of death.27

Fine and Gray modeling is recommended over Kaplan-Meier
survival modeling in the presence of competing risks such as
mortality.28 We estimated the overall cumulative incidence as
well as stratified cumulative incidence by number of cigarettes
smoked at baseline. To assess associations between participant
characteristics and smoking cessation, we used the Fine and
Gray model to estimate both unadjusted and fully adjusted
sub-distribution hazard ratios (sHR) for each participant char-
acteristic. We also tested for interactions between age and
patient characteristics that were statistically significant in ad-
justed models. Finally, we conducted a sensitivity analysis
where we defined quitting as requiring only one wave of not
smoking instead of two waves.
All analyses were adjusted for HRS’s complex survey

design. Estimates are reported with 95% confidence intervals,
and statistical significance was set at p < 0.05. All analyses
were conducted in Stata 17 (StataCorp, LLC) and R.6.2 (R
Project). The HRS Sciences Institutional Review Board at the
University of Michigan approved the HRS data collection.
This study was approved by the University of California,
San Francisco, Committee on Human Research as exempt.

RESULTS

Trends in Current Smoking Prevalence 1998–
2018

For any given wave between 1998 and 2018, the sample size
for the prevalence analyses ranged from 14,347 to 16,932
(eTable 1). Age-adjusted prevalence of current smoking over-
all was 15.9% (95% CI 15.2, 16.7) in 1998, decreasing to
11.2% (95% CI 10.4–12.1) by 2018 (Fig. 1 and eTable 2).
Differences were seen in the prevalence of smoking by age
group and over time (Fig. 1 and eTable 2). The prevalence of
smoking was markedly higher in younger age categories. In
1998, for example, the prevalence of current smoking was
22.8% (95%CI 21.7, 23.9) among participants 55–64, 14.99%
(95% CI 13.7, 16.3) in participants aged 65–74, 7.79% (95%
CI 7.05, 8.54) in participants aged 75–84, and 2.78% (95% CI
2.03, 3.53) in participants aged 85+. All age groups saw
declines in the prevalence of current smoking over the obser-
vation period. Men had higher prevalence rates of smoking
than women, although both groups saw declines over time
(eFigure 1).

Patterns and Predictors of Smoking Cessation

Of the 2187 current smokers in 1998 who met criteria for
smoking cessation analyses, the mean age was 64.2 (standard
deviation 7.4), 56.1% were female, 82.1% were non-Hispanic
White, 10.3% non-Hispanic Black, 5.3% Hispanic, and 2.3%

other (Table 1). By the end of the study period, 22.4% had quit
and were still alive, 18.6% had quit before they died, 39.6%
had died with no report of quitting before death, and 19.4%
were alive and still smoking by the end of the follow-up period
(Fig. 2 and eTable 3). The mean follow-up time was 9.3 years
(standard deviation (SD) 5.5 years, range 1 to 8) for the entire
cohort, 7 years (SD 4.6 years, range 3 to 18) for participants
who quit, 9 years for participants who died (SD 4.8 years,
range 1.5 to 19), and 16.8 years (SD 2.4 years, range 2.4 to 18)
for those who did not quit and were censored in 2016.
The overall cumulative incidence of smoking cessation

is shown in the pink line in Fig. 3. Accounting for the
competing risk of death, 56.3% of older smokers quit
smoking by the age of 90. Fewer number of cigarettes
smoked per day was strongly associated with increased
likelihood of smoking cessation (Fig. 3). Compared to
participants who smoked more than 20 cigarettes per day,
participants who smoked 10–19 cigarettes per day were 1.7
(95% CI 1.4, 2.2) more likely to quit smoking, while those
who smoked fewer than 10 cigarettes per day were 2.3
(95% CI 1.9, 2.8) more likely to quit smoking. Depression,
heavy drinking, and difficulty tracking finances were asso-
ciated with lower likelihood of quitting smoking in adjust-
ed models (Table 1). There was no interaction effect be-
tween age and any of the statistically significant predictors
in our model. The cumulative incidence of smoking cessa-
tion was higher when only 1 wave of no smoking was used
to define quitting (eFigure 2). Heavy drinking and numbers
of cigarettes per day remained statistically significant for
quitting, while depression was no longer significant in
adjusted models (eTable 4).

DISCUSSION

In this study of the epidemiology of smoking in a nationally
representative sample of US older adults, we observed a
decrease in smoking prevalence in US older adults aged 55
and older from almost 16% in 1998 to 11% in 2018. We found
that more than half of all older adults surviving to age 90
successfully quit smoking for at least 2 years. We confirm
previous studies that have found a relationship between indi-
cators of nicotine dependence (i.e., more cigarettes/day) and
likelihood of quitting smoking. While these results provide a
somewhat optimistic picture of declining smoking prevalence
and successful smoking cessation in older adults, our results
indicate there is still significant room to further reduce
smoking in older adults through public health and clinical
interventions.
Our findings extend the limited data available regarding

trends in smoking prevalence in older adults and address a
significant limitation of previous studies by providing detail
on refined age categories of older adults over longer time
periods. Our prevalence rates are similar to those found in
the National Health Interview Survey (NHIS), a cross-
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sectional nationally representative survey often used for to-
bacco research. For example, data from 2016 NHIS showed
the prevalence of smoking among adults 65–74 was 11.3% in
2016, compared to 11.0% in our study,29 while the 2015
prevalence among older adults 85 and older was 1.7% in
NHIS compared to 1.8% (in 2016) in our sample.18 The lower
prevalence of smoking in older age categories is likely ex-
plained by a combination of increased mortality among
smokers, as well as successful smoking cessation with more
opportunities to quit as one ages.
The 20-year time frame and large sample size in our study

enable a clearer understanding of smoking prevalence trends over
time and highlights that—although there were declines in
smoking prevalence—these declines might be smaller than what
one would expect. Previous studies with shorter study periods of
5–10 years have demonstrated variability in smoking prevalence
in older adults, which may be due to “noise” over shorter time
periods and smaller sample sizes in subgroups.29–31 Between the
period when many participants in the 1998 cohort were children
(i.e., the 1940s) to when the 2018 cohort were children (i.e., the
1960s), knowledge of the harms of smoking and government
responses increased dramatically, most notably indicated by the
1964 Surgeon General’s first report on the harms of smoking.
Given this fact, it is perhaps somewhat surprising that smoking
prevalence rates only decreased about 5% in our study period.
To our knowledge, this is one of the first studies to examine

incidence of smoking cessation among older adults. Our finding
that over half of older smokers are able to successfully quit
smoking by the oldest ages is somewhat surprising given previ-
ous findings that older smokers are less likely to report a cessation
attempt than younger smokers32, but consistent with studies

showing that older smokers who do attempt to quit are more
likely to be successful.18,33 Furthermore, our findings show the
importance of taking into account competing risk of death for
these analyses. Our descriptive analyses demonstrate that a very
high proportion of the cohort died and many did not quit before
death. Taking into account competing risk of death allows for a
more accurate assessment of smoking cessation incidence for
people surviving to older ages compared to Kaplan-Meier and
other survival regression techniques. Because the Kaplan-Meier
model assumes those who are censored for whatever reason
(including both death or loss to follow-up) have the same risk
of the outcome as those in the remaining cohort, they artificially
inflate incidence of outcomes (e.g., quitting smoking) in cohorts
with high mortality rates.
Our findings are also consistent with previous literature that has

found a strong association between lower nicotine dependence as
indicated by fewer cigarettes smoked per day and increased
likelihood of quitting smoking. 17,21–23 Lower nicotine depen-
dence may indicate that a person has more negative beliefs about
smoking and may already be trying to cut down on cigarette use,
as well as having a lower physiological dependency on nicotine.
Negative beliefs about smoking may result in a higher motivation
to quit, which—when combined with being less physiologically
addicted to nicotine—can facilitate successful quitting.34

There are several important implications for smoking-
related public health and policy interventions generated from
this study. Older smokers have received less attention from
public health smoking cessation efforts than younger smokers
and are frequently targeted by Big Tobacco marketing ef-
forts.11 Older smokers are less likely to report that they have
received advice from their health care provider to quit

Figure 1 Current smoking prevalence overall and by age group in US older adults, 1998–2018. Values for the overall category are age-adjusted.
Vertical bars represent 95% confidence intervals.
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smoking and are less aware of Quitlines and other smoking
cessation tools.32 Recent changes to Medicare billing that
allow for smoking cessation counseling and treatments

represent progress, but more efforts are needed to reduce
smoking rates among older adults. Older smokers should be
a target of public health efforts, and these efforts should be

Table 1 Characteristics of Prevalent Smokers (n = 2187) at Baseline (1998) and Unadjusted and Fully Adjusted Subdistribution Hazard Ratio
(sHR) for Quitting Smoking

Characteristic n (%)* Unadjusted sHR
(95% CI)

Adjusted sHR
(95% CI)

Age at baseline
55 to 64 1351 (60.6%) NA† NA
65 to 74 618 (30.0%) NA NA
75 to 84 191 (8.3%) NA NA
85+ 27 (1.1%) NA NA

Gender
Male 962 (43.9%) [ref] [ref]
Female 1225 (56.1%) 1.1 (0.97, 1.3) 1.1 (0.9, 1.2)

Race and ethnicity
White, non-Hispanic 1660 (82.1%) [ref] [ref]
Black, non-Hispanic 333 (10.3%) 1.1(0.9, 1.4) 1.0 (0.8, 1.3)
Hispanic 145 (5.3%) 1.2 (0.9, 1.6) 1.2 (0.9, 1.6)
Other 49 (2.3%) 1.1 (0.6, 1.74) 1.1 (0.7, 1.8)

Education
Less than HS 831 (35.3%) [ref] [ref]
High school 1125 (53.2%) 1.2 (1.0, 1.4)* 1.1 (0.9, 1.3)
Beyond HS 231 (11.4%) 1.3 (0.9, 1.6) 1.1 (0.8, 1.4)

Wealth (median = $79,000)
At or below median 1060 (46.3%) [ref] [ref]
Above median 1127 (53.7%) 1.19 (1.02, 1.39)* 1.02 (0.85, 1.22)

Marital status
Single 896 (44.8%) [ref] [ref]
Married 1287 (55.2%) 1.07 (0.91, 1.25) 1.13 (0.87, 1.46)

Living arrangement
Lives with others 1631 (71.0%) [ref] [ref]
Lives alone 556 (29.0%) 1.0 (0.9, 1.2) 1.2 (0.9, 1.5)

Urban/rural
Rural 628 (29.0%) [ref] [ref]
Urban 1557 (71.0%) 1.2 (0.97, 1.4) 1.1 (0.9, 1.3)

Comorbidities
None (0) 610 (29.5%) [ref] [ref]
One (1) 705 (32.3%) 1.0 (0.8, 1.2) 1.0 (0.8, 1.2)
Two or more (2+) 872 (38.2%) 0.9 (0.7, 1.1) 0.9 (0.7, 1.1)

Depressive symptoms
No 1525 (71.5%) [ref] [ref]
Yes 657 (28.5%) 0.7 (0.6, 0.9)*** 0.8 (0.6, 0.9)*

Significant pain
No 1689 (76.9%) [ref] [ref]
Yes 497 (23.1%) 0.9 (0.8, 1.1) 1.1 (0.9, 1.4)

Difficulty tracking finances
No 2983 (96.1%) [ref] [ref]
Yes 60 (2.5%) 0.3 (0.2, 0.7)** 0.3 (0.1, 0.6)**

Difficulty walking several blocks
No 1484 (69.8%) [ref] [ref]
Yes 650 (30.2%) 0.9 (0.7, 1.1) 1.0 (0.8, 1.2)

ADL impairments
0–2 2093 (96.1%) [ref] [ref]
3+ 94 (3.9%) 1.0 (0.7, 1.5) 1.4 (0.9, 2.2)

Dementia
Normal 1788 (83.5%) [ref] 1
CIND 320 (13.5%) 0.8 (0.6, 0.99)* 0.8 (0.7, 1.2)
Dementia 79 (3.0%) 1.0 (0.6, 1.6) 1.1 (0.7, 1.9)

Alcohol consumption
None 1003 (44.6%) [ref] [ref]
Some 1057 (49.8%) 1.1 (0.9, 1.3) 1.0 (0.9, 1.2)
Heavy 127 (5.6%) 0.6 (0.4, 0.9)** 0.6 (0.4, 0.95)*

Cigarettes smoked, daily
Less than 10 487 (21.3%) 2.3 (1.9, 2.7)*** 2.3 (1.9, 2.8)***
Between 10 and 20 573 (25.7%) 1.7 (1.4, 2.1)*** 1.7 (1.4, 2.2)***
More than 20 1127 (53.0%) [ref] [ref]

Fully adjusted models include all variables included in this table
ADL activities of daily living, CI confidence interval, CIND cognitive impairment, not dementia
*p value < 0.05; **p value < 0.01; ***p value < 0.001
*Analyses use survey weights to take into account Health and Retirement Study complex survey design
†We did not estimate sHR for age because age was accounted for by using age as the time scale
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adapted to an older adult population that is extremely heter-
ogenous in degree of educational attainment, cultural back-
grounds, and functional capacity. For example, increasingly
older adults are adept with technology and can be reached
through online efforts, but barriers in access remain for
some.35,36 Smoking cessation efforts targeted at older adults
is an art and science that requires well-designed tobacco
counter-marketing programs, ideally driven by professionals
with experience in marketing research.37

Moreover, our findings could be used as a basis to explore
potential marketing messages and clinical advice to older adults.
For example, results showing high rates of quitting in older adults
could be used to counter false beliefs common among older
smokers that cessation attempts are unlikely to be successful after
a lifetime of smoking and that “it is too late” to quit smoking.38–41

In addition, the fact that we found a strong relationship between
lower nicotine dependence (fewer cigarettes per day) and suc-
cessful quitting should be leveraged in older adults, who aremore

Figure 2 Outcomes among older adults aged 55+ who were current smokers in the 1998 Health and Retirement Study wave.

Figure 3 Cumulative incidence of smoking cessation overall and by number of cigarettes per day (reported in 1998).
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likely than younger adults to report smoking fewer cigarettes per
day.18 Older smokers who have already reduced their cigarette
consumption could be counseled that their lower cigarette con-
sumption makes them more likely to be able to quit, and older
smokers with higher nicotine dependency should be counseled
that any attempt to cut back on cigarette consumption is benefi-
cial and will help them quit in the long run. Focusing on older
adults in the 55- to 75-year-old age range might have the biggest
payoffs, since this group both has the highest prevalence of
smoking and is also more likely to experience benefits of quitting
smoking in terms of increased life expectancy.42 The relationship
between smoking and depression is complex, but our finding
showing a difference in the association between depressive
symptoms and quitting for 1 wave compared to 2waves supports
the hypothesis that treating depression in older adults may also
support sustained smoking cessation.43

This study has a number of limitations. First, we relied on
self-report of quitting smoking and did not have laboratory
verification of non-smoking status and individuals may not
accurately report smoking behaviors.44 Second, characteristics
of smokers for the smoking cessation analyses were only
assessed in 1998 and were not time-varying. Finally, the
smoking measures in the HRS are limited and do not include
items about smoking beliefs, smoking behaviors (e.g., time
from waking to first cigarette), or quitting methods tried,
including pharmacological or non-pharmacological
approaches.
In conclusion, with population aging, older smokers will make

up a growing proportion of smokers in the USA. Older smokers
suffer disproportionately from the impacts of smoking and con-
tinue to derive benefit from quitting smoking. Yet, older smokers
have largely been ignored from public health tobacco cessation
campaigns and are less likely to receive clinical advice to stop
smoking. Our study found that despite declines in prevalence and
high incidence of quitting among older adults, over 1 in 10 US
older adults still smoke cigarettes. To reduce smoking among
older smokers, public health efforts should target older smokers
by tailoring their messages to the unique behavioral and physio-
logical characteristics of older adults.
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