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Association of Long-term, Low-Intensity Smoking
With All-Cause and Cause-Specific Mortality in the National
Institutes of Health–AARP Diet and Health Study
Maki Inoue-Choi, PhD, MS; Linda M. Liao, PhD, MPH; Carolyn Reyes-Guzman, PhD, MPH; Patricia Hartge, ScD;
Neil Caporaso, MD; Neal D. Freedman, PhD, MPH

IMPORTANCE A growing proportion of US smokers now smoke fewer than 10 cigarettes per
day (CPD), and that proportion will likely rise in the future. The health effects of smoking only
a few CPD over one’s lifetime are less understood than are the effects of heavier smoking,
although many smokers believe that their level is modest.

OBJECTIVE To evaluate the associations of long-term smoking of fewer than 1 or 1 to 10 CPD
(low intensity) with all-cause and cause-specific mortality compared with never smoking
cigarettes.

DESIGN, SETTING, AND PARTICIPANTS Prospective cohort study of 290 215 adults in the
National Institutes of Health–AARP (formerly known as the American Association of Retired
Persons) Diet and Health Study who were aged 59 to 82 years in calendar years 2004-2005
(baseline). Data were gathered with a questionnaire assessing lifetime cigarette smoking
history. Hazard ratios (HRs) and 95% CIs were determined for all-cause mortality and
cause-specific mortality through the end of 2011. Hazard ratios and 95% CIs were estimated
using Cox proportional hazards regression models using age as the underlying time metric
and adjusted for sex, race/ethnicity, educational level, physical activity, and alcohol intake.
Data analysis was conducted from December 15, 2015, to September 30, 2016.

EXPOSURES Current and historical smoking intensity during 9 previous age periods (from <15
years to �70 years) over the lifetime assessed on the 2004-2005 questionnaire.

MAIN OUTCOMES AND MEASURES All-cause and cause-specific mortality among current,
former, and never smokers.

RESULTS Of the 290 215 cohort participants who completed the 2004-2005 questionnaire,
168 140 were men (57.9%); the mean (SD) age was 71 (5.3) years (range, 59-82 years). Most
people who smoked fewer than 1 or 1 to 10 CPD at baseline reported smoking substantially
higher numbers of CPD earlier in their lives. Nevertheless, 159 (9.1%) and 1493 (22.5%) of
these individuals reported consistently smoking fewer than 1 or 1 to 10 CPD in each age period
that they smoked, respectively. Relative to never smokers, consistent smokers of fewer than
1 CPD (HR, 1.64; 95% CI, 1.07-2.51) and 1 to 10 CPD (HR, 1.87; 95% CI, 1.64-2.13) had a higher
all-cause mortality risk. Associations were similar in women and men for all-cause mortality
and were observed across a range of smoking-related causes of death, with an especially
strong association with lung cancer (HR, 9.12; 95% CI, 2.92-28.47, and HR, 11.61; 95% CI,
8.25-16.35 for <1 and 1-10 CPD, respectively). Former smokers who had consistently smoked
fewer than 1 or 1 to 10 CPD had progressively lower risks with younger age at cessation. For
example, the HRs for consistent smokers of fewer than 1 and 1 to 10 CPD who quit at 50 years
or older were 1.44 (95% CI, 1.12-1.85) and 1.42 (95% CI, 1.27-1.59), respectively.

CONCLUSIONS AND RELEVANCE This study provides evidence that individuals who smoke
fewer than 1 or 1 to 10 CPD over their lifetime have higher mortality risks than never smokers
and would benefit from cessation. These results provide further evidence that there is no
risk-free level of exposure to tobacco smoke.
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T obacco smoking poses a major public health challenge
around the world and has been estimated to cause 5 mil-
lion deaths per year globally.1 Increasing awareness of

the harms of cigarette smoking and concerted tobacco con-
trol policies (eg, smoking ban laws) have led to substantial de-
creases in smoking prevalence in the United States and in many
other countries.2 In addition, the percentage of daily smokers
who smoked fewer than 10 cigarettes per day (CPD) increased
from 16% to 27% from 2005 to 2014, and the proportion who
did not smoke every day increased from 19% to 23%.3 Low-
intensity smoking (eg, ≤10 CPD) was traditionally considered
a transient smoking reduction practice among individuals who
were trying to quit.4 However, studies indicate that many low-
intensity smokers maintain these smoking patterns for many
years over their lifetime.5,6 Such a smoking pattern has his-
torically been more common among racial and ethnic minori-
ties who nevertheless have high rates of smoking-related mor-
bidity and mortality.7-9

Duration of smoking, independent of numbers of CPD, is
the most critical determinant of disease risk10-13; however, there
are few data on the health effects of long-term, low-intensity
smoking. There is a common perception, particularly among
young people, that such a level of use is safe14; thus, these
smokers may substantially underestimate their smoking-
related health risks. In the previous studies of cigarette smok-
ing and health outcomes, current low-intensity cigarette smok-
ing was associated with an increased risk of incident lung
cancer and head and neck cancer15,16 and higher risk of over-
all mortality and deaths from cardiovascular disease and over-
all cancer than nonsmoking.17-21 However, these studies have
typically examined smoking intensity at a single point in time
rather than over the lifetime. Emerging evidence indicates that
a substantial proportion of low-intensity smokers smoked a
higher number of CPD earlier in their lives,22,23 indicating the
importance of examining lifetime smoking history. To date,
relatively few epidemiologic studies have investigated the dis-
ease risks of long-term, low-intensity smoking.24

To add the needed evidence, we used histories of ciga-
rette smoking as reported on the third questionnaire of the Na-
tional Institutes of Health (NIH)–AARP (formerly known as the
American Association of Retired Persons) Diet and Health Study
cohort. We examined the association between long-term smok-
ing of fewer than 1 or 1 to 10 CPD (low intensity) with all-
cause and cause-specific mortality among current and for-
mer smokers. We also examined the mortality risks of
participants who reported smoking fewer than 1 or 1 to 10 CPD
at baseline but different amounts, mostly higher, earlier in their
lives.

Methods
Study Design and Population
The NIH-AARP Diet and Health Study, a prospective cohort
study, has been described previously.25 From 1995 through
1996, an initial questionnaire regarding demographics, an-
thropometrics, lifestyle, diet, family history of cancer, and
medical history was mailed to 3.5 million members of AARP,

aged 50 to 71 years, who resided in 6 states (California, Florida,
Pennsylvania, New Jersey, North Carolina, and Louisiana) or
in 2 metropolitan areas (Atlanta, Georgia, and Detroit, Michi-
gan). Among 617 119 respondents, 566 398 men and women
successfully completed the questionnaire and constituted the
cohort. The 2004-2005 questionnaire was sent by mail to a
total of 502 682 participants who were believed to be alive; of
these, 313 363 cohort participants (62.3%) completed the fol-
low-up questionnaire that assessed lifetime cigarette smok-
ing history and other factors (eg, lifestyle and medical his-
tory). This questionnaire served as study baseline for the
present analysis. We excluded proxies (n = 14 072), partici-
pants who died before the start of follow-up (n = 4), and those
with incomplete cigarette smoking information (n = 9072), re-
sulting in 290 215 individuals (92.6%) in our analytic cohort
(eFigure in the Supplement). The study was approved by the
Special Studies Institutional Review Board of the National Can-
cer Institute. A letter that accompanied the baseline question-
naire informed participants that they indicated their consent
to participate in the study by completing and returning
the questionnaire. The participants did not receive financial
compensation.

Assessment of Cigarette Smoking and Covariates
In addition to asking whether there was ever and current ciga-
rette smoking (yes or no), the 2004-2005 follow-up question-
naire asked the participants to recall their average number of
CPD during 9 age periods (<15, 15-19, 20-24, 25-29, 30-39, 40-
49, 50-59, 60-69, and ≥70 years). The participants chose 1 cat-
egory that best described CPD (0, <1, 1-10, 11-20, 21-30, 31-40,
41-60, and >60 CPD) for each age range. Using this informa-
tion, we determined age at smoking initiation and age at ces-
sation for former smokers.

Reported numbers of CPD were collapsed into 6 catego-
ries (0, <1, 1-10, 11-20, 21-30, and >30 CPD) for data analysis.
To assess changes in smoking intensity over the lifetime, we
considered smoking from age 20 years or age period of initia-
tion, whichever was later, until the participant’s age at base-
line, because the number of CPD can vary substantially be-
fore 20 years. We excluded current smokers who reported

Key Points
Question Do people who smoke at low-intensity (ie, <1 or 1-10
cigarettes per day) over their lifetime have increased risk of
mortality relative to those who never smoke?

Findings Among 290 215 older adults of the National Institutes of
Health–AARP Diet and Health Study cohort, low-intensity smoking
over the lifetime was associated with a significantly higher risk of
all-cause mortality, including deaths from lung cancer and
cardiovascular disease. Former smokers who had consistently
used fewer than 1 or 1 to 10 cigarettes per day but who had quit
smoking had progressively lower risks with a younger age at
cessation.

Meaning This study provides evidence that individuals with
lifelong, low-intensity smoking have higher mortality risks than
those who never smoked and would benefit from cessation.
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initiating cigarette smoking at 60 years or later (n = 524) and
individuals with missing data at 1 or more age periods (1956
current and 7421 former smokers) from our analysis of life-
time smoking intensity. Smokers were further stratified by
whether they reported consistent categories of CPD across each
age period. Former smokers who had consistently smoked
fewer than 1 or 1 to 10 CPD were also stratified by age when
they quit (<20, 20-29, 30-39, 40-49, and ≥50 years).

We examined the concordance of the lifetime smoking
information provided on the 2004-2005 follow-up ques-
tionnaire with responses on contemporaneous smoking on
the 1995-1996 questionnaire, considering fewer than 1 and 1
to 10 CPD as a single category owing to a lack of assessment
of fewer than 1 CPD on the 1995-1996 questionnaire. Of the
1567 who reported lifelong smoking as 10 or fewer CPD on
the 2004-2005 questionnaire, 1154 (73.6%) reported smok-
ing 10 or fewer CPD, 383 (24.4%) reported smoking 11 to 20
CPD, and 30 (1.9%) reported smoking more than 20 CPD at
their age in 1995-1996.

The 2004-2005 questionnaire additionally assessed body
mass index (using self-reported height and weight), physical
activity, perceived general health, and history of certain health
conditions. Sex, race/ethnicity, highest achieved educational
level, alcohol use, and ever regular use of pipes or cigars for 1
year or more were assessed via the 1995-1996 questionnaire.

Cohort Follow-up and Outcomes
Study participants were followed up from the date when their
2004-2005 questionnaire was returned and scanned until
death or December 31, 2011, whichever came first. Mortality
data, including date and cause of death, were obtained by link-
age with the National Death Index (http://www.cdc.gov/nchs
/ndi/index.htm). Mortality outcomes were defined using
International Classification of Diseases, Ninth Edition (ICD-9)
and International Statistical Classification of Diseases and
Related Health Problems, 10th Revision (ICD-10), codes as
following: all cancer (ICD-9 140-208, 238.6; ICD-10 C00-
C97), lung c ancer (ICD-9 162.2-162.9; ICD-10 C34),
cardiovascular disease (heart diseases, hypertension without
heart disease, cerebrovascular diseases, atherosclerosis, aortic
aneurysm and dissection, and other diseases of arteries,
arterioles, and capillaries: ICD-9 390-398, 401-404, 410-438,
440-441; ICD-10 I00-I13, I20-51, I160-171), and respiratory
disease (pneumonia, influenza, chronic obstructive pulmonary
disease, and allied conditions: ICD-9 480-487, 490-496; ICD-10
J09-J18, J40-J47).

Statistical Analysis
Cox proportional hazards regression was used to estimate haz-
ard ratios (HRs) and 95% CIs, using age as the underlying time
metric and adjusting for sex, race/ethnicity (non-Hispanic
white, non-Hispanic black, Hispanic, other [Asian, Pacific Is-
lander, and American Indian or Alaskan native], and un-
known), educational level (<high school, completion of high
school, post–high school training, some college, completion
of college, and unknown), alcohol intake, and physical activ-
ity level. Never cigarette smokers were used as the reference
group. We did not adjust the analysis for body mass index and

perceived general health because both factors are related to
mortality and can be affected by cigarette smoking. We also
examined all-cause mortality associations in men and women
separately. Statistical significance was defined as P < .05, and
all tests were 2-sided. Data analysis was conducted from De-
cember 15, 2015, to September 30, 2016. All analytic tests were
performed using SAS, version 9.3 (SAS Institute Inc).

Results
Most of the 290 215 cohort participants (168 140 [57.9%] men
and 122 075 [42.1%] women) who completed the 2004-2005
questionnaire (baseline) were in their 60s (126 575 [43.6%]) or
70s (160 352 [55.3%]), with the mean (SD) age of 71 (5.3) years
(range, 59-82 years). Of these participants, there were 22 337
current smokers (7.7%), 156 405 former smokers (53.9%), and
111 473 never smokers (38.4%) at baseline. Of 19 857 current
smokers with complete information on smoking intensity at
different ages, 1341 (6.8%) reported smoking fewer than 1 CPD
and 6036 (30.4%) smoked 1 to 10 CPD at baseline; however,
most of these participants reported higher numbers of CPD ear-
lier in their lives. Among the fewer than 1 or 1 to 10 CPD smok-
ers at baseline, only 184 (13.7%) and 1922 (31.8%) reported
smoking a maximum amount of fewer than 1 or 1 to 10 CPD dur-
ing their lifetime, respectively (eTable 1 in the Supplement).
Most people who smoked fewer than 1 or 1 to 10 CPD at base-
line reported smoking substantially higher numbers of ciga-
rettes earlier in their lives. Nevertheless, 159 (9.1%) and 1493
(22.5%) of these individuals reported consistently smoking
fewer than 1 or 1 to 10 CPD in each age period that they smoked,
respectively.

Table 1 compares demographic, lifestyle, and dietary fac-
tors, and medical history among never smokers, current smok-
ers, and former smokers who smoked fewer than 1 or 1 to 10
CPD at baseline. Lifelong consistent smokers of fewer than 1
or 1 to 10 CPD tended to start smoking at a somewhat older age
than did inconsistent smokers of the same intensity (partici-
pants who smoked these amounts at baseline but had smoked
different amounts earlier in their lives). A higher proportion
of consistent smokers of fewer than 1 or 1 to 10 CPD were non-
Hispanic black or Hispanic and had lower educational levels,
less alcohol use, and less history of myocardial infarction or
emphysema. A higher percentage of consistent smokers of
fewer than 1 CPD reported having ever regularly used pipes or
cigars (18.2%) compared with consistent smokers of 1 to 10 CPD
(9.9%).

During a mean (SD) follow-up of 6.6 (1.3) years, 37 331 par-
ticipants died. As expected, there was a dose-dependent as-
sociation between reported number of CPD at baseline with
all-cause mortality as well as with deaths from examined smok-
ing-related outcomes (Table 2). Even those who reported smok-
ing fewer than 1 CPD (HR, 1.99; 95% CI, 1.76-2.25) or 1 to 10 CPD
(HR, 2.60; 95% CI, 2.45-2.75) had an increased risk of all-
cause mortality. Relative to never smokers, lifelong consis-
tent smokers of fewer than 1 and 1 to 10 CPD were at increased
risk of all-cause mortality (HR, 1.64; 95% CI, 1.07-2.51, and HR,
1.87; 95% CI, 1.64-2.13, respectively) (Table 3). However, these
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risks were lower than the risks in those who reported fewer than
1 or 1 to 10 CPD smoking at baseline but reported smoking more
or less CPD in earlier age periods (HR, 2.05; 95% CI, 1.77-2.37,
and HR, 2.87; 95% CI, 2.69-3.06, respectively). Positive asso-
ciations were observed for all examined smoking-related causes
of death among consistent smokers of 1 to 10 CPD with stron-

ger associations for lung cancer (HR, 11.61; 95% CI, 8.25-
16.35) and respiratory disease (HR, 6.00; 95% CI, 4.05-8.89).
With 24 deaths occurring among the 159 consistent smokers
of fewer than 1 CPD, our statistical power for individual causes
of death were low. Nevertheless, we observed an association
with lung cancer (HR, 9.12; 95% CI, 2.92-28.47) and cardio-

Table 1. Demographic and Lifestyle Factors by Lifetime Smoking Statusa

Consistent or
Inconsistent CPD
Over Lifetime

CPD

Never
(n = 111 473)

<1 1-10

Current
Former Consistent
(n = 5803)

Current
Former Consistent
(n = 20 319)

Inconsistent
(n = 1182)

Consistent
(n = 159)

Inconsistent
(n = 4543)

Consistent
(n = 1493)

Age started smoking cigarettes, No. (%), yb

<15 36 (22.6) 36 (22.6) 679 (11.7) 982 (21.6) 196 (13.1) 1153 (5.7)

15-19 46 (28.9) 46 (28.9) 2010 (34.6) 2003 (44.1) 569 (38.1) 8508 (41.9)

20-24 40 (25.2) 40 (25.2) 1777 (30.6) 1233 (27.1) 432 (28.9) 7676 (37.8)

25-29 16 (10.1) 16 (10.1) 560 (9.7) 200 (4.4) 124 (8.3) 1596 (7.9)

≥30 21 (13.2) 21 (13.2) 777 (12.0) 125 (2.8) 172 (11.5) 1386 (6.6)

Ever regular use
of pipe or cigar,
No. (%)%b

9980 (9.0) 262 (22.2) 29 (18.2) 1304 (22.5) 724 (15.9) 147 (9.9) 3865 (19.0)

Age at start of
follow-up,
median (IQR), yc

70.9
(66.3-75.1)

69.1
(65.5-73.7)

68.1
(64.9-73.2)

70.8
(66.0-75.0)

69.3
(65.5-74.1)

70.3
(65.9-74.9)

71.5
(66.7-75.4)

Male, No. (%)b, 54 691 (49.1) 655 (55.4) 90 (56.6) 3468 (59.8) 2236 (49.2) 469 (31.4) 9828 (48.4)

Race/ethnicity, No. (%)b

White
(non-Hispanic)

102 232 (91.7) 1052 (89.0) 132 (83.0) 5202 (89.6) 4141 (91.2) 1200 (80.4) 18 174 (89.4)

Black
(non-Hispanic)

3858 (3.5) 77 (6.5) 14 (8.8) 276 (4.8) 234 (5.1) 206 (13.8) 1033 (5.1)

Hispanic 2102 (1.9) 20 (1.7) 5 (3.1) 150 (2.6) 65 (1.4) 32 (2.1) 492 (2.4)

Asian, Pacific
Islander, Native
American or
Alaskan native

2176 (2.0) 17 (2.81.4) 5 (3.1) 104 (1.8) 58 (2.31.3) 28 (1.9) 361 (1.8)

Educational level, No. (%)b

≤HS 23 612 (21.2) 232 (19.6) 52 (32.7) 892 (15.4) 1032 (22.7) 445 (29.8) 4344 (21.4)

Post-HS
training or
some college

31 627 (28.4) 419 (35.5) 45 (28.3) 1606 (27.7) 1754 (38.6) 533 (35.7) 6475 (31.9)

≥College 53 877 (48.3) 501 (42.4) 55 (34.6) 3176 (54.7) 1648 (36.3) 461 (30.9) 8963 (44.1)

BMI, median
(IQR)c

26.1
(23.6-29.3)

26.4
(23.7-29.6)

27.2
(23.6-29.7)

26.1
(23.6-29.3)

25.3
(22.7-28.5)

25.1
(22.3-28.1)

26.0
(23.5-29.3)

Alcohol intake,
median (IQR),
g/db

13.0
(0-76.5)

59.0
(12.4-200.8)

40.1
(2.5-170.7)

30.9
(4.6-123.6)

37.9
(5.9-160.8)

25.3
(2.1-132.5)

29.1
(4.1-120.7)

Physical activity,
median (IQR),
MET-h/wkc

15.0
(4.3-36.6)

14.4
(4.3-36.6)

11.0
(2.4-32.5)

16.7
(4.3-37.6)

10.8
(2.2-28.7)

10.8
(2.2-27.0)

17.8
(4.3-39.0)

Self-reported fair
ot poor health
status, No. (%)

11 399 (10.2) 179 (15.1) 23 (14.5) 573 (9.9) 824 (18.1) 174 (11.7) 2201 (10.8)

Comorbidity, No. (%)d

MI 15 388 (13.8) 211 (17.9) 18 (11.3) 886 (15.3) 868 (19.1) 160 (10.7) 2907 (14.3)

Stroke 3251 (2.9) 53 (4.5) 5 (3.1) 191 (3.3) 198 (4.4) 62 (4.2) 605 (3.0)

Emphysema 4352 (3.9) 147 (12.4) 7 (4.4) 236 (4.1) 891 (19.6) 120 (8.0) 1018 (5.0)

Cancer 28 030 (25.2) 287 (24.3) 38 (23.9) 1506 (26.0) 1200 (26.4) 337 (22.6) 5300 (26.1)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided
by height in meters squared); HS, high school; IQR, interquartile range;
MI, myocardial infarction.
a Includes individuals with complete information on smoking frequency at

different age stages (20-24, 25-29, 30-39, 40-49, 50-59, 60-69, and �70
years), including those who reported not smoking at 1 or more age stages but

reported smoking at a later age stage. Excludes those who started smoking at
60 years or older.

b Assessed in the initial cohort questionnaire in 1995-1996.
c Assessed in the follow-up questionnaire in 2004-2005.
d Self-reported ever diagnosis before the follow-up survey in 2004.
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vascular disease (HR, 2.78; 95% CI, 1.49-5.18), although no as-
sociation was noted for overall cancer mortality.

As reported in Table 3, we evaluated mortality risks
among former smokers who had consistently smoked fewer
than 1 or 1 to 10 CPD but quit before baseline. Compared
with never smokers, former consistent smokers of fewer
than 1 CPD were at a marginally increased risk of all-cause
mortality (HR, 1.08; 95% CI, 0.99-1.17). Risks among former
consistent smokers of 1 to 10 CPD were higher for all-cause
mortality (HR, 1.17; 95% CI, 1.12-1.23) and mortality from
cancer (HR, 1.18; 95% CI, 1.09-1.28), lung cancer (HR, 2.55;
95% CI, 2.05-3.17), and respiratory disease (HR, 2.13; 95%
CI, 1.74-2.62) than were never smokers. Former consistent

smokers of fewer than 1 and 1 to 10 CPD who quit at an older
age were at higher all-cause mortality risk compared with
those who quit at a younger age, with HRs of 1.44 (95% CI,
1.12-1.85) and 1.42 (95% CI, 1.27-1.59) for consistent smokers
of fewer than 1 and 1 to 10 CPD who quit at 50 years or older,
respectively; however, their risks were still lower than were
those for current consistent smokers at the same intensity
(Figure). The results for all-cause mortality were similar in
men and women (eTable 2 in the Supplement). We further
restricted our analysis to participants who reported never
regularly using pipes or cigars in the initial cohort question-
naire and observed similar results for low-intensity smoking
with mortality (eTable 3 in the Supplement).

Table 2. Smoking Status With All-Cause and Cause-Specific Mortality in the NIH-AARP Diet and Health Study Cohorta

Character-
istic No.

All Cause
(n = 37 331)

All Cancer
(n = 13 762)

Lung Cancer
(n = 3801)

Cardiovascular
Disease
(n = 9496)

Respiratory Disease
(n = 3139)

No. (%) HR (95% CI) No. HR (95% CI) No. HR (95% CI) No. HR (95% CI) No. HR (95% CI)
Smoking status and CPD at baseline (2004-2005 questionnaire)

Never 111 473 9821 (9) 1
[Reference]

3468 1
[Reference]

253 1
[Reference]

2631 1
[Reference]

324 1
[Reference]

<1 1754 266 (15) 1.99
(1.76-2.25)

92 1.91
(1.55-2.35)

37 10.73
(7.59-15.15)

63 1.71
(1.33-2.21)

26 6.38
(4.27-9.51)

1-10 6627 1360 (21) 2.60
(2.45-2.75)

522 2.83
(2.58-3.11)

253 18.38
(15.42-22.91)

299 2.13
(1.89-2.40)

197 11.04
(9.23-13.19)

11-20 7721 1722 (22) 2.96
(2.81-3.11)

713 3.44
(3.17-3.74)

374 24.05
(20.46-28.26)

402 2.61
(2.34-2.90)

261 12.76
(10.81-15.05)

21-30 3329 900 (27) 3.57
(3.33-3.82)

390 4.40
(3.96-4.89)

228 34.54
(28.83-41.39)

195 2.89
(2.50-3.35)

136 15.52
(12.67-19.01)

>30 2906 854 (29) 3.91
(3.65-4.21)

370 4.80
(4.30-5.35)

212 36.83
(30.61-44.33)

179 3.05
(2.62-3.55)

151 20.17
(16.57-24.56)

Smoking status at baseline, stratified by earlier status in lifetimeb

Never 111 473 9821 1
[Reference]

3468 1
[Reference]

253 1
[Reference]

2631 1
[Reference]

324 1
[Reference]

Consistent CPD throughout lifetime

<1 159 21 (13) 1.64
(1.07-2.51)

4 0.90
(0.34-2.39)

3 9.12
(2.92-28.47)

10 2.78
(1.49-5.18)

0 NDc

1-10 1493 232 (16) 1.87
(1.64-2.13)

91 2.10
(1.71-2.59)

38 11.61
(8.25-16.35)

50 1.50
(1.13-1.99)

27 6.00
(4.05-8.89)

11-20 2727 603 (22) 2.91
(2.68-3.16)

263 3.57
(3.14-4.05)

151 27.35
(22.32-33.52)

139 2.50
(2.10-2.97)

88 12.24
(9.64-15.55)

21-30 675 192 (28) 3.73
(3.23-4.31)

91 4.96
(4.02-6.12)

52 39.84
(29.52-53.76)

39 2.77
(2.02-3.80)

27 16.18
(10.84-24.15)

>30 455 145 (32) 4.20 (3.56-4.96) 65 5.37
(4.19-6.88)

46 52.64
(38.25-72.45)

30 3.16
(2.20-4.53)

27 25.10
(16.91-37.25)

Inconsistent CPD between baseline and earlier in the lifetime

<1 1182 186 (16) 2.05
(1.77-2.37)

70 2.12
(1.67-2.69)

28 11.92
(8.06-17.62)

38 1.53
(1.11-2.12)

20 7.21
(4.59-11.34)

1-10 4543 1001 (22) 2.87
(2.69-3.06)

383 3.10
(2.78-3.44)

189 20.66
(17.09-24.98)

223 2.38
(2.08-2.73)

152 13.09
(10.78-15.90)

11-20 4401 979 (22) 2.99
(2.80-3.19)

393 3.36
(3.03-3.74)

198 22.62
(18.75-27.29)

223 2.60
(2.27-2.98)

152 13.29
(10.94-16.15)

21-30 2397 638 (27) 3.56
(3.28-3.86)

273 4.34
(3.83-4.91)

158 33.66
(27.54-41.13)

134 2.81
(2.36-3.34)

101 16.15
(12.90-20.22)

>30 1825 588 (32) 4.40
(4.04-4.78)

252 5.31
(4.67-6.04)

144 40.69
(33.09-50.04)

120 3.36
(2.79-4.03)

110 23.40
(18.77-29.16)

Abbreviations: AARP, formerly known as the American Association of Retired
Persons; CPD, cigarettes per day; HR, hazard ratio; ND, not determined;
NIH, National Institutes of Health.
a Adjusted for sex, race/ethnicity (non-Hispanic white, non-Hispanic black,

Hispanic, Asian, Pacific Islander, American Indian or Alaskan native, missing),
educational level (<high school, high school, post–high school training, some
college, college graduate or postgraduate, missing), alcohol intake, and
physical activity. Age was used as the underlying time metric.

b Includes individuals with complete information on smoking frequency at
different age stages (20-24, 25-29, 30-39, 40-49, 50-59, 60-69, and �70
years), including those who reported not smoking at 1 or more age stages but
reported smoking at a later age stage. Excludes those who started smoking at
60 years or older.

c Because no death was observed in this category, a risk estimate was not able
to be computed.

Association of Long-term, Low-Intensity Smoking With Mortality Original Investigation Research

jamainternalmedicine.com (Reprinted) JAMA Internal Medicine Published online December 5, 2016 E5

Copyright 2016 American Medical Association. All rights reserved.

Downloaded From: http://jamanetwork.com/ on 12/06/2016



Copyright 2016 American Medical Association. All rights reserved.

Discussion

A growing proportion of US cigarette smokers smoke fewer
than 10 CPD, but, to our knowledge, few studies have exam-
ined the health effects of long-term, low-intensity smoking.
In the NIH-AARP cohort of older adults, we found that indi-
viduals who reported consistently smoking fewer than 1 or 1
to 10 CPD over their lifetime had higher mortality risks than
did never smokers, with still higher risks found among per-
sons who additionally smoked larger numbers of CPD earlier
in their lives. Furthermore, mortality risks for consistently
smoking fewer than 1 or 1 to 10 CPD were lower among for-
mer smokers than current smokers and lower among smok-
ers who quit at a younger age than among those who quit at
an older age. Together, these results indicate that long-term
smoking even small numbers of CPD has substantial nega-
tive health effects and provide further evidence that smok-
ing cessation benefits all smokers, regardless of how few
cigarettes they smoke.

Relatively few studies have focused on the health risks
of low-intensity smoking,17-20 and these studies have typi-

cally not incorporated information about changes in smok-
ing over the lifetime, such that reported risk estimates are
for a mixture of consistent low-intensity smokers and those
who additionally smoked higher numbers of CPD earlier in
life. Nevertheless, analogous findings to those in our study
were observed in a recent case-control consortium study of
head and neck cancer.16 In this case-control study, partici-
pants who had averaged smoking of fewer than 0 to 3, more
than 3 to 5, and more than 5 to 10 CPD over their lifetime had
higher odds of head and neck cancer compared with never
smokers.

Several lines of evidence support our findings that long-
term use of cigarettes at even very low intensity, including
fewer than 1 CPD, is associated with disease. For example,
regular exposure to second-hand smoke, which exposes
bystanders to lower levels of the toxicants contained in
mainstream smoke, is causally related to a broad spectrum
of health outcomes, including cancer, cardiovascular dis-
ease, stroke, and respiratory diseases.26 In a large prospec-
tive study conducted in China, HRs for female never smok-
ers with smoking husbands were 1.15 (95% CI, 1.01-1.31) and
1.37 (95% CI, 1.06-1.78) for all-cause and cardiovascular

Table 3. Smoking Cessation With All-Cause and Cause-Specific Mortality Among Lifelong Low-Intensity Smokersa,b

Character-
istic Total, No.

All Cause All Cancer Lung Cancer Cardiovascular Disease Respiratory Disease

No. HR (95% CI) No. HR (95% CI) No. HR (95% CI) No. HR (95% CI) No. HR (95% CI)
Never
smoker

111 473 9821 1
[Reference]

3468 1
[Reference]

253 1
[Reference]

2631 1
[Reference]

324 1
[Reference]

<1 CPD

Current 159 21 1.64
(1.07-2.51)

4 0.90
(0.34-2.39)

3 9.12
(2.92-28.47)

10 2.78
(1.49-5.18)

0 NDc

Former
(all)

5803 554 1.08
(0.99-1.17)

180 1.00
(0.86-1.16)

14 1.11
(0.65-1.89)

137 0.97
(0.82-1.16)

14 0.90
(0.53-1.54)

Age at cessation, yd

≥50 407 61 1.44
(1.12-1.85)

17 1.18
(0.74-1.91)

1 0.96
(0.14-6.86)

20 1.70
(1.10-2.64)

0 NDc

40-49 780 85 1.23
(0.99-1.53)

31 1.29
(0.91-1.84)

5 2.94
(1.21-7.13)

20 1.09
(0.70-1.69)

2 0.95
(0.24-3.83)

30-39 852 79 1.05
(0.84-1.31)

25 0.95
(0.64-1.40)

1 0.53
(0.08-3.79)

26 1.24
(0.83-1.83)

3 1.33
(0.43-4.14)

20-29 1071 111 1.18
(0.98-1.43)

30 0.91
(0.64-1.31)

2 0.86
(0.21-3.45)

30 1.18
(0.83-1.70)

5 1.75
(0.72-4.24)

1-10 CPD

Current 1493 232 1.87
(1.64-2.13)

91 2.10
(1.71-2.59)

38 11.61
(8.25-16.35)

50 1.50
(1.13-1.99)

27 6.00
(4.05-8.89)

Former
(all)

20 319 2146 1.17
(1.12-1.23)

759 1.18
(1.09-1.28)

120 2.55
(2.05-3.17)

524 1.06
(0.97-1.17)

128 2.13
(1.74-2.62)

Age at cessation, yd

≥50 2057 307 1.42
(1.27-1.59)

107 1.48
(1.22-1.79)

28 5.08
(3.44-7.51)

78 1.33
(1.06-1.67)

32 4.04
(2.81-5.82)

40-49 3222 382 1.27
(1.14-1.40)

134 1.29
(1.09-1.54)

23 2.94
(1.92-4.51)

91 1.13
(0.92-1.39)

31 2.96
(2.05-4.29)

30-39 4755 504 1.14
(1.04-1.25)

190 1.23
(1.06-1.42)

31 2.75
(1.89-4.00)

118 0.99
(0.82-1.19)

19 1.25
(0.77-2.00)

20-29 4430 424 1.11
(1.00-1.22)

160 1.17
(1.00-1.37)

19 1.94
(1.22-3.09)

91 0.88
(0.71-1.08)

17 1.42
(0.87-2.32)

Abbreviations: CPD, cigarettes per day; ND, not determined; HR, hazard ratio.
a Includes individuals with complete information on smoking frequency at

different age stages (20-24, 25-29, 30-39, 40-49, 50-59, 60-69, and �70
years), including those who reported not smoking at 1 or more age stages but
reported smoking at a later age stage. Excludes those who started smoking at
60 years or older.

b Adjusted for sex, race/ethnicity (non-Hispanic white, non-Hispanic black,

Hispanic, Asian, Pacific Islander, American Indian or Alaskan native, missing),
educational level (<high school, high school, post–high school training, some
college, college graduate or postgraduate, missing), alcohol intake, and
physical activity. Age was used as the underlying time metric.

c Because no death was observed in this category, a risk estimate was not able
to be computed.

d Categorized by age at quitting cigarette smoking.
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disease–specific mortality, respectively, compared with
female never smokers with nonsmoking husbands.27 Fur-
thermore, smoking duration has been found to be a sub-
stantially more important determinant of disease risk than
CPD, which is consistent with elevated disease risks with
long-term, low-intensity smoking, as was observed in the
present study.10-13 In a cohort of British physicians, lung
cancer risks increased in proportion to smoking duration to
the fourth or fifth power,10 but to smoking intensity squared
with analogous patterns found in the more recent Cancer
Prevention Study II.11 Our results were also internally con-
sistent, with higher risks observed among lifelong low-
intensity smokers who continued to smoke at baseline rela-
tive to low-intensity smokers who had previously stopped.
Together, these results provide strong evidence that long-
term exposure to even low levels of cigarette smoke has det-
rimental effects on health.

Our results have several important implications for
tobacco control. First, in support of the 2010 Surgeon Gen-
eral’s Report,28 our results provide further evidence that
there is no risk-free level of tobacco smoke exposure. In our
study, smokers who reported smoking fewer than 1 CPD
were at substantially increased risk of mortality than were
never smokers, and we observed substantial benefits of
smoking cessation. These data, therefore, provide addi-
tional evidence that all smokers, no matter how few ciga-
rettes they smoke per day, should be encouraged and
assisted to quit, as recommended by the 2008 Public Health
Service–sponsored Clinical Practice Guidelines.29 Second,
our results also have implications for dual users or polyus-
ers who may smoke cigarettes at low-intensity levels in
combination with other tobacco products, such as other
combustible tobacco, smokeless tobacco, and electronic
nicotine delivery systems. Future research examining the
health effects of low-intensity cigarette smoking should

include examination of the use of electronic nicotine deliv-
ery systems, given the widespread use and unknown health
effects.

Key strengths of our study included our large sample
size, prospective design, and information on potentially con-
founding factors, such as diet and lifestyle. Furthermore,
detailed assessment of cigarette smoking intensity over the
lifespan allowed us to identify lifelong low-intensity smok-
ers. Our study also had limitations. Despite the large size of
our cohort, the numbers of low-intensity smokers were
modest. Participants recalled their smoking retrospectively.
Nevertheless, a large amount of literature indicates that ciga-
rette smoking is well reported, with strong correlations
observed for self-report and measured levels of cotinine in
blood or urine, including among low-intensity and nondaily
users.30,31 Methodologic studies indicate that smokers reli-
ably recall their lifetime smoking, including when they
started smoking and their CPD when they smoked the
most.32,33 More recent exposures are generally recalled bet-
ter than those earlier in life; nevertheless, assessments of
smoking have shown good validity for CPD 20 years earlier
(κ = 0.63) and fair validity for CPD 32 years earlier (κ = 0.36)
in middle-aged adults.34 Concordance of recall after 10 years
was also good in the present study (74% concordance among
consistent smokers of ≤10 CPD). Although some participants
likely underestimated their past use, the effects of such mis-
classification are likely modest among long-term smokers,
given that smoking duration rather than smoking intensity
has been shown to contribute substantially more to diseases
such as lung cancer.10-12 Our fewer than 1 CPD category is
also quite broad. There is the potential for substantial differ-
ences in disease risks across the range of smoking in this cat-
egory, for example, smoking 25 days per month relative to
once a month. Future studies with detailed assessments of
fewer than 1 CPD and nondaily smoking are needed.

Figure. Association Between Smoking Status and All-Cause Mortality
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Hazard ratios among lifelong consistent smokers of fewer than 1 cigarette per
day (CPD) (A) and (B) 1 to 10 CPD relative to never smokers. Includes individuals
with complete information on smoking frequency at different age stages,
including those who reported not smoking at 1 or more age stages (20-24,
25-29, 30-39, 40-49, 50-59, 60-69, and �70 years) but reported smoking at a
later age stage; those who started smoking at 60 years or older were excluded.

Data were adjusted for sex, race/ethnicity (non-Hispanic white, non-Hispanic
black, Hispanic, Asian, Pacific islander, American Indian or Alaskan native, and
unknown), educational level (<high school, high school, post–high school
training, some college, college graduate or postgraduate, and unknown),
alcohol intake, and physical activity. Age was used as the underlying time
metric. Error bars indicate 95% CI.
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In addition, participants in our study were mostly in
their 60s to 70s and white and reflect the smoking use pat-
terns of a particular set of US birth cohorts. Smokers would
have been less likely to have lived long enough to enter our
study than never smokers, such that our relative risks for
smoking may be underestimated. We see no reason to sus-
pect that the patterns of association observed in our study
would not apply to other birth cohorts and populations.
Nevertheless, additional studies of lifelong low-intensity
smoking are needed, particularly in younger groups as well
as racial and ethnic minorities. We also lacked detailed
information about use of other tobacco products. It seems
likely that lifelong low-intensity cigarette smokers who use
additional tobacco products, particularly other combusted
tobacco products, have higher disease risks compared with
those who exclusively use cigarettes.

Conclusions

Participants who reported consistently smoking fewer than 1
or 1 to 10 CPD over their lifetime were at substantially higher
risk of premature mortality from a broad spectrum of smoking-
related causes of death than were never smokers. Former con-
sistent smokers of fewer than 1 or 1 to 10 CPD had higher mor-
tality risks relative to never smokers but lower risk than those
who continued to smoke at these levels. These findings pro-
vide further evidence that there is no safe level of cigarette
smoking. All smokers should be targeted for smoking cessa-
tion, regardless of how few cigarettes they smoke per day. Fur-
ther studies are needed to examine the health risks of low-
intensity cigarette smoking in combination with electronic
nicotine delivery systems and other tobacco products.
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