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Abstract

Introduction—Tobacco use remains a leading modifiable cause of cancer incidence and
premature mortality in the U.S. and globally. Despite increasing life expectancy worldwide, less is
known about the effects of cigarette smoking on older populations. This study sought to determine
the effects of smoking on mortality in older age.

Methods—Associations of mortality with self-reported age at smoking cessation, age at smoking
initiation, and amount smoked after age 70 years were examined in 160,113 participants of the
NIH-AARP Diet and Health Study aged >70 years. Participants completed a questionnaire
detailing their smoking use in 2004—2005, and were followed for mortality through December 31,
2011. Analyses were conducted between 2014 and 2016.

Results—Relative to never smokers, current smokers were more likely to die during follow-up
(hazard ratio, 3.18; 95% CI1=3.04, 3.31). Furthermore, former smokers had lower risks than current
smokers (hazard ratios for quitting between ages 30-39, 40-49, 50-59, and 60-69 years were 0.41
[95% C1=0.39, 0.43], 0.51 [95% CI1=0.49, 0.54], 0.64 [95% CI=0.61, 0.67], and 0.77 [95%
Cl=0.73, 0.81], respectively). Among current smokers, mortality was inversely associated with age
at initiation, but directly associated with the number of cigarettes smoked per day >70 years.

Conclusions—As among younger people, lifetime cigarette smoking history is a key
determinant of mortality after age 70 years.
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INTRODUCTION

Despite successes in tobacco control,! tobacco use remains the leading modifiable cause of
cancer incidence and premature mortality in the U.S. and globally.2 The 2014 Surgeon
General’s report estimates that cigarette smoking causes at least 21 different diseases, which
result in more than 480,000 deaths per year in the U.S.3; however, recent data suggest that
this figure may be an underestimate.# Globally, 12% of deaths among adults aged 30 years
and older are attributable to tobacco use,? and this burden is projected to escalate as a result
of increased use of tobacco in the developing world.® Reducing the mortality burden of
cigarette smoking worldwide requires comprehensive measures that prevent smoking
initiation in never smokers and increase cessation rates among current smokers.’: 8

The impact of smoking on mortality in the elderly is of interest, given the aging nature of
U.S. and global populations. In the U.S., the number of individuals aged 70 years and older
is expected to increase from 29.2 million (9.3% of the population) in 2012, to 63.6 million
individuals (15.9%) in 2050.° Furthermore, because current birth cohorts aged 70 years and
older had a very high lifetime prevalence of cigarette smoking,10: 11 they are an ideal
population in which to examine the risks associated with smoking, and the benefits of
quitting at older ages. Yet, most studies of cigarette smoking and mortality have focused on
middle-aged populations, with fewer studies examining the impact of tobacco cessation on
disease and mortality risk among the elderly.12: 13 The benefit could be relatively small, as
individuals who smoke at age 70 years typically started as teenagers, more than 50 years
prior.3 Alternatively, the absolute benefit of smoking cessation may be substantial given the
high rates of mortality in this age group.

In this study, the effects of smoking on mortality were examined among 160,113
participants, aged 70-82 years at baseline, of the NIH-AARP Diet and Health Study who
completed a detailed lifestyle questionnaire in 2004—2005 and were followed for mortality
through December 31, 2011.

METHODS

Study Population

The NIH-AARP Diet and Health study was initiated in 1995 when 566,398 individuals, aged
50-71 years, from six U.S. states (California, Florida, Louisiana, New Jersey, North
Carolina, and Pennsylvania) and two metropolitan areas (Atlanta, Georgia and Detroit,
Michigan) completed a mailed questionnaire covering a broad range of lifestyle factors.14
Participants were followed by linkage to the National Change of Address database
maintained by the U.S. Postal Service.

Between 2004 and 2005, a total of 313,835 participants completed a follow-up questionnaire
containing detailed questions about lifetime cigarette smoking. Proxy responses (/7=18,603),
individuals who died before their questionnaires were scanned (/7=436), individuals aged
<70 years at the follow-up questionnaire (7=132,767), and those with missing (/7=6,299) or
inconsistent (7=495) smoking history information were excluded, leaving 160,113
participants. The NIH-AARP study was approved by the Special Studies IRB of the National
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Cancer Institute. Participants gave informed consent by virtue of completing and returning
the questionnaire.

On the 2004-2005 questionnaire, participants reported if they had ever smoked 100
cigarettes, as well as smoking intensity (one or fewer, one to ten, 11-20, 21-30, 31-40, 41—
60, and =61 cigarettes per day) during nine age periods (<15 years, 15-19 years, 20-24
years, 25-29 years, 30-39 years, 4049 years, 50-59 years, 60—-69 years and =70 years.
Current smokers were defined as participants who reported smoking in their 70s or later; age
at smoking initiation for current and former smokers, and decade of cessation for former
smokers was defined by the first and last age-periods during which smoking was reported,
respectively. Maximum cigarettes per day was defined as the maximum smoking intensity
reported during any age period. Pack years were calculated as the sum of the products of the
years in each age period and the number of cigarettes per day reported for that age period.

A separate question that assessed how recently participants had quit smoking (within the last
year, 1-4 years, 5-10 years, >10 years) was used to examine time since smoking cessation.
In these analyses, participants who reported quitting in the past year were classified as
current smokers, owing to the difficulty of cessation and the potential for recent quitting to
be heavily confounded by disease diagnosis and symptoms.1>: 16 Height, sex, race, and
education were assessed in the 1995-1996 questionnaire. The 2004-2005 questionnaire also
assessed weight and selected medical conditions.

Follow-up began from the date the 2004—2005 questionnaire was scanned and ended at
death, or December 31, 2011, whichever came first. Mortality data were obtained by linkage
to the National Death Index Plus maintained by the National Center for Health Statistics.
ICD-9 and ICD-10 codes were used to define outcomes as follows: lung cancer (162.2—
162.9, C34); other smoking-related cancers, to include bladder (188, C67), colorectal (153,
159.0, 154.0-154.1, C18-20, C26.0), esophageal (150, C15), head and neck (140-149, 161,
C00-C14, C32), kidney and renal pelvis (189.0-189.1, C64-C65), liver (155.0-155.2, C22),
pancreatic (157, C25), and stomach (151, C16) cancers, and acute myeloid leukemia (205.0,
207.0, 207.2, C92.0,C92.4-C92.5, C94.0, C94.2); heart disease (390-398, 401-404, 410-
429, 440-448 and 100-113, 120-151, 170-178); stroke (430-438 and 160-169); diabetes (250,
E10-E14); and respiratory disease (e.g., pneumonia, influenza, chronic obstructive
pulmonary disease [COPD], and allied conditions; 480-487, 490-496, and J09-J18, J40-
JAT).

Statistical Analysis

Statistical analyses were conducted between July 2014 and July 2016. Mortality rates were
age and sex standardized to the distribution of the entire analytic data set using 5-year age
categories. Cox proportional hazards models were used to estimate hazard ratios (HRs) and
95% Cls, with person years from baseline as the underlying time metric. All models were
adjusted for age, sex, education (less or greater than high school education), and alcohol use
(none, zero to one, one to three, more than three drinks/day). Additional models were further
adjusted for age at smoking initiation or maximum smoking intensity. As the NIH-AARP
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cohort is predominantly white, adjusting for race did not affect results; therefore, this
variable was not included in the final models.

Whether associations of smoking variables with all-cause mortality were modified by sex,
age (<75 years, >75 years), follow-up time (<5 years, >5 years), or previous condition,
defined as diagnosis of either cancer, COPD, stroke, or heart attack, was assessed by
repeating all analyses in strata of these variables. Data analysis used SAS, version 9.3;
figures were created using Sigmaplot, version 12.5.

Median age at baseline was 75 years (Table 1) and was similar among never, former, and
current smokers. Six percent of the cohort were current smokers, and almost 56% were
former smokers (Table 1). Of the former smokers, 90% reported quitting prior to age 60
years. Patterns of smoking differed by sex: Men were less likely to be never smokers (31.2%
vs 48.0% of women), and male smokers reported smoking more than female smokers (mean
pack years of smoking, 18.2 (SD=23.3) for men and 11.6 (SD=18.9) for women). Male
smokers were also more likely to start smoking before 15 years (19.0% vs 9.5% of female
smokers).

Current smokers and former smokers who quit between age 60 and 70 years were more
likely to report fair/poor health and COPD than never smokers and former smokers who quit
before age 60 years (Table 1). However, the distribution of other previous conditions varied
across categories of lifetime smoking use. For example, 22.6% of current smokers reported a
previous heart attack, compared with 28.8% of former smokers who quit between age 60 and
70 years, 27.0% of former smokers who quit prior to age 60 years, and 18.8% of never
smokers, with similar patterns observed for a prior diagnosis of cancer, stroke, or
hypertension.

Mean follow-up time was 6.4 years (range, 0.03-7.23 years). There was high mortality
during follow-up, with 25,146 participants dying (15.7% of the cohort). Differences in
mortality were observed by baseline smoking status (Table 2): 12.1% of never smokers died,
whereas 16.2%, 19.7%, 23.9%, and 27.9% of former smokers who quit between ages 30-39,
40-49, 50-59, and 60-69 years died, respectively. The highest mortality was observed in
current smokers, of whom 33.1% died. In multivariable-adjusted models, current smokers
were more than three times more likely to die than never smokers (HR=3.18, 95% CI1=3.04,
3.31).

Relative to current smokers, the risk of all-cause mortality was lowest among never smokers
(HR=0.32, 95% CI1=0.30, 0.33) and former smokers who quit at age 30-39 years (HR=0.41,
95% CI1=0.39, 0.43). The benefits of quitting at an older age were less, although still
substantial, with observed HRs of 0.51 (95% C1=0.49, 0.54), 0.64 (95% CI=0.61, 0.67), and
0.77 (95% CI1=0.73, 0.81) for quitting between ages 40-49, 50-59, and 60-69, respectively.
Similar findings were observed for each examined smoking-related cause of death.
Adjustment for age at initiation and maximum smoking intensity had little effect on these
risk estimates (data not shown).
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Mortality rates were lower for women than men at each level of smoking use; however, the
HRs for smoking were similar in both sexes (Figure 1, Appendix Table 1). HRs were similar
among participants who died in the first 5 versus 6—7 years of follow-up, and participants
who were aged <75 or >75 years at study baseline. For participants who quit smoking in
their 60s, the protective effect of smoking cessation on mortality was slightly stronger when
restricted to participants who had not been previously diagnosed with cancer, COPD, stroke,
or heart disease. This was most evident for death from heart attack, stroke, and respiratory
infection.

Associations with time since smoking cessation were examined (Appendix Table 2).
Participants who reported quitting smoking 1-4 years before baseline were more likely to
report being in fair/poor health (28.8%) than current smokers (23.7%), former smokers who
quit 5-10 years before baseline (23.8%), or former smokers who quit >10 years before
baseline (16.6%), suggesting that disease symptoms was one of the main contributors to
quitting in this age group. Relative to current smokers, former smokers who quit >10 years
before baseline had substantially reduced risk of all-cause mortality (HR=0.66, 95%
CI=0.64, 0.69). Similar findings were observed for each examined smoking-related cause of
death. By contrast, former smokers who quit 5-10 years before baseline had similar
mortality risks as current smokers (HR=1.07, 95% CI=1.01, 1.14), whereas former smokers
who quit 1-4 years before baseline had higher risks than current smokers (HR=1.35, 95%
Cl=1.26, 1.46). There were similar patterns for death from lung cancer, other smoking-
related cancers, and respiratory disease.

Among current smokers, age at smoking initiation and cigarettes smoked per day after age
70 years were examined (Figure 1, Table 3). There was a strong inverse association of
mortality with age at initiation. Relative to participants who started smoking after age 30
years, HRs for all-cause mortality for participants who started smoking between ages 25-29,
20-24, 15-19, and <15 years were 1.36 (95% CI=1.09, 1.71), 1.44 (95% Cl=1.21, 1.72),
1.59 (95% Cl1=1.34, 1.89), and 1.74 (95% Cl=1.45, 2.08), respectively. HRs were similar
across each examined cause of mortality, although the number of deaths in some categories
were low, resulting in wide Cls.

Finally, current and former smokers with greater cumulative exposure to cigarettes had
higher mortality risks than those with a lower exposure (Appendix Table 3). Furthermore,
those who smoked more cigarettes per day after age 70 years had higher mortality risk than
those who smoked fewer cigarettes per day at this age (Appendix Table 4). Notably, those
who smoked 31-40 cigarettes per day had the highest risk of mortality, with lower risk
observed in those who smoked =40 cigarettes per day.

DISCUSSION

In this study of NIH-AARP participants, behaviors known to be important predictors of
mortality among middle-aged populations were also strongly related to mortality among
adults aged 70 years and older. Relative to never smokers, current smokers were more than
three times more likely to die during follow-up. Furthermore, quitting at any age was
associated with lower risk of mortality. Former smokers who quit smoking earlier in life
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received the largest benefit from cessation. Yet, even participants who quit during their 60s
were at substantially decreased risk of death, relative to participants who continued to
smoke. This finding is particularly remarkable given that participants who quit smoking in
their 60s were as likely as current smokers to report poor/fair health, and were more likely
than current smokers to have reported a diagnosis of hypertension, cancer, heart attack, or
stroke. These results emphasize the benefit of smoking cessation on mortality even later in
life, and provide further evidence that all smokers should be encouraged to quit regardless of
their age.

Risk of all-cause mortality was more than three times higher in current smokers than never
smokers. This finding parallels results from the Million Women Study,1’ the National Health
Interview Survey,8 and a pooled analysis of contemporary cohorts, in which the baseline
data from the NIH-AARP study were included.1® Importantly, it extends these findings to
show that risk of death associated with smoking remains consistent between middle-age and
after age 70 years. It should be noted that although these findings are highly relevant for
current U.S. birth cohorts, it will be important to continue this research as cohorts with lower
lifetime prevalence of smoking advance into middle and older age. The effects of cigarette
smoking among older populations with different lifetime smoking histories in other parts of
the world should also be examined.

Relative to current smokers, risk of mortality was lower in individuals who quit smoking at
earlier ages. This finding is in agreement with studies that have examined age at or time
since quitting in elderly former smokers. In the Cancer Prevention Il study, former smokers
aged 70-79 years and 80 years and older had a lower risk of all-cause mortality than current
smokers, and risk of mortality decreased with increased time since smoking cessation.2°
Similar patterns have been observed in adults aged 65 years and older?-23 and 60 years and
older.12 In the pooled analysis of contemporary cohorts (mean age, 66 years), there was a
strong association of age at smoking cessation with all-cause and cause-specific mortality,1°
with similar associations for age at cessation and mortality as those observed here.

Evaluations of whether risk of mortality differed by time since quitting showed that, relative
to current smokers, individuals who quit smoking more than 10 years prior were at
decreased risk of mortality, those who quit 5-10 years ago had similar risk, and those who
quit 1-4 years ago were at increased risk. Such findings are indicative of the strong
association between smoking cessation and disease symptoms in these age groups, and the
difficulties of separating proactive cessation from that due to the onset of symptoms. Given
that smoking cessation at later ages was associated with worse health and a higher likelihood
of having a chronic disease, the benefits associated with smoking cessation at age 60-70
years are even more remarkable.

Age at smoking initiation was strongly associated with mortality after age 70 years. Current
smokers who started smoking earlier were at progressively higher risk of mortality during
follow-up, relative to those who started smoking later. It is striking that relatively small
differences in age at initiation are associated with such strong differences in mortality risk
40-60 years later. This speaks to the importance of smoking duration as a determinant of
mortality risk, even after age 70 years. Given that the majority of U.S. smokers start
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smoking as teenagers,24 these findings provide support for efforts to prevent adolescent
smoking initiation, such as an increase in the minimum age to purchase cigarettes.

No previous studies of age at smoking initiation and mortality have explicitly focused on
older adults. However, these findings are consistent with studies conducted in younger
populations. In the Nurses’ Health Study, age at smoking initiation was inversely associated
with age mortality from all causes, respiratory infection, lung cancer, and other smoking-
related cancers.2® Similarly, findings from the Million Women Study observed increased risk
of all-cause mortality in women who initiated smoking earlier in life.1” Similar findings
have been observed for incidence of lung cancer?6 and cardiovascular disease.2’

Several previous studies have demonstrated positive associations of amount smoked in later
life and risk of all-cause, cardiovascular disease, and cancer mortality in adults aged 65
years and older.21: 22. 28 |n this study, the amount smoked after age 70 years was associated
with risk of mortality from all causes, lung cancer, and respiratory infection. Interestingly,
risk was highest in individuals who smoked 31-40 cigarettes per day, with lower mortality
observed in individuals who smoked =40 cigarettes per day, although there was substantial
overlap in the Cls around these point estimates. These differences may be due to differences
in survival, with heavier smokers more likely to die before age 70 years. Furthermore,
individuals who smoke more after age 70 years likely smoked more throughout their lives,
contributing to their increased risk.

This study has several strengths. These include the large size of the NIH-AARP study, which
enabled examination of smoking-related predictors of mortality in a large number of elderly
individuals, as well as the study’s prospective design and detailed assessment of lifetime
cigarette use. This study also has several limitations. Importantly, there was no information
on changes in cigarette use. A number of participants likely quit smoking during follow-up,
which may have attenuated the associations with current smoking. Participants in the NIH-
AARP study are also predominantly white and of higher SES than the general population.
However, given the consistency of associations between smoking and mortality across many
different populations, the general patterns of association found here should hold to other
population groups. Finally, this study had relatively few participants aged older than 80
years (n=707). Future studies in other populations and among participants in their 80s and
older are needed.

CONCLUSIONS

These data show that age at smoking initiation and cessation, both key components of
smoking duration, are important predictors of mortality in U.S. adults aged 70 years and
older. In this study population, younger age at initiation was associated with increased risk
of mortality, highlighting the importance of youth and early-adult smoking on lifetime
mortality risk, even among people who live to age 70 years. Furthermore, former smokers
were at substantially reduced risk of mortality after age 70 years relative to current smokers,
even those who quit in their 60s. Therefore, smoking cessation should be emphasized to all
smokers, regardless of age.
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Figure 1.

Risk of all-cause mortality associated with age at smoking cessation for males and females
(A), and, in current smokers only, with age at smoking initiation, for males and females (B).
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Table 1

Characteristics of NIH-AARP Participants, Aged Over 70y, Who Completed the 2004—-2005 Questionnaire
Stratified by Smoking Status

Former smokers

Characteristic Never smokers Quit <60y Quit>60y  Current smokers

n (%) 60,973 (38.1) 81,137 (50.7) 8,412 (5.3) 9,591 (6.0)

Demographic variables
Mean age (y)? 74.7 (2.6) 74.6 (2.6) 74.9 (2.6) 74.6 (2.6)
Sex (% female) 51.6 315 43.1 50.9
Education level (% college or

higher) 75.0 776 735 70.7
Race (% non-Hispanic white) 92.1 93.9 93.7 92.1
Marital status (% married) 66.6 74.1 62.6 53.5
Overall health (% fair/poor) 13.2 16.6 25.3 24.6
Age at initiation (% started 15—

19y) 0.0 19.0 21.0 22.0
Lifetime pack-years -- 21.0(20.0) 44.6 (27.6) 42.3 (25.6)
Pack-years prior to 70y -- 21.0(20.0) 44.6 (27.6) 38.8 (23.8)
Alcohol use (grams/day) 05(1.7) 1.1(2.7) 1.3(3.1) 1.4(3.5)
BMI (kg/m?) 26.5 (4.9) 26.9(4.6)  26.9(4.9) 25.2 (4.7)
Total activity time (minutes/day) 25.2(32.9) 27.2(34.3) 21.3(29.6) 17.1(27.9)

Mortality, n (%)
All cause 7,378 (12.1) 14,957 (18.4) 2,343 (27.9) 3,175 (33.1)
Lung cancer 180 (0.3) 1,464 (1.8) 375 (4.5) 630 (6.6)
Other smoking cancer? 357 (0.6) 821 (1.0) 88 (1.1) 148 (1.5)
Respiratory infection 257 (0.4) 1,299 (1.6) 394 (4.7) 540 (5.6)
Heart disease 2,072 (3.4) 4,015 (5.0) 565 (6.7) 722 (7.5)
Stroke 455 (0.8) 698 (0.9) 84 (1.0) 132 (1.4)

Previous condition, n (%)
Hypertension 33,502 (58.2) 47,300 (61.5) 4,930 (62.0) 5,070 (55.9)
COPD 2,567 (4.8) 7,390 (5.2) 1,866 (24.7) 2,233 (25.7)
Cancer 17,537 (32.3) 26,263 (36.1) 2,698 (35.4) 2,942 (33.4)
Stroke 2,227 (4.1) 3,635 (4.9) 534 (7.1) 558 (6.4)
Heart attack 10,408 (18.8) 20,087 (27.0) 2,203 (28.8) 1,970 (22.6)

a .
Means are given (SD)

Other smoking cancers to include all other cancers determined by the Surgeon General’s report to be causally associated with cancer, including
bladder, esophageal, stomach, head and neck, colorectal, kidney and renal pelvis, and pancreatic cancers, and acute myeloid leukemia.

NIH-AARP, National Institutes of Health-AARP Study; y, years; COPD, chronic obstructive pulmonary diseases
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