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IMPORTANCE The time course of cardiovascular disease (CVD) risk after smoking cessation
is unclear. Risk calculators consider former smokers to be at risk for only 5 years.

OBJECTIVE To evaluate the association between years since quitting smoking
and incident CVD.

DESIGN, SETTING, AND PARTICIPANTS Retrospective analysis of prospectively collected data
from Framingham Heart Study participants without baseline CVD (original cohort: attending
their fourth examination in 1954-1958; offspring cohort: attending their first examination
in 1971-1975) who were followed up through December 2015.

EXPOSURES Time-updated self-reported smoking status, years since quitting,
and cumulative pack-years.

MAIN OUTCOMES AND MEASURES Incident CVD (myocardial infarction, stroke, heart failure,
or cardiovascular death). Primary analyses included both cohorts (pooled) and were
restricted to heavy ever smokers (�20 pack-years).

RESULTS The study population included 8770 individuals (original cohort: n = 3805;
offspring cohort: n = 4965) with a mean age of 42.2 (SD, 11.8) years and 45% male. There
were 5308 ever smokers with a median 17.2 (interquartile range, 7-30) baseline pack-years,
including 2371 heavy ever smokers (406 [17%] former and 1965 [83%] current). Over 26.4
median follow-up years, 2435 first CVD events occurred (original cohort: n = 1612 [n = 665
among heavy smokers]; offspring cohort: n = 823 [n = 430 among heavy smokers]). In the
pooled cohort, compared with current smoking, quitting within 5 years was associated with
significantly lower rates of incident CVD (incidence rates per 1000 person-years: current
smoking, 11.56 [95% CI, 10.30-12.98]; quitting within 5 years, 6.94 [95% CI, 5.61-8.59];
difference, −4.51 [95% CI, −5.90 to −2.77]) and lower risk of incident CVD (hazard ratio, 0.61;
95% CI, 0.49-0.76). Compared with never smoking, quitting smoking ceased to be
significantly associated with greater CVD risk between 10 and 15 years after cessation in the
pooled cohort (incidence rates per 1000 person-years: never smoking, 5.09 [95% CI,
4.52-5.74]; quitting within 10 to <15 years, 6.31 [95% CI, 4.93-8.09]; difference, 1.27 [95% CI,
−0.10 to 3.05]; hazard ratio, 1.25 [95% CI, 0.98-1.60]).

CONCLUSIONS AND RELEVANCE Among heavy smokers, smoking cessation was associated
with significantly lower risk of CVD within 5 years relative to current smokers. However,
relative to never smokers, former smokers’ CVD risk remained significantly elevated beyond 5
years after smoking cessation.
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C igarette smoking is a risk factor for cardiovascular dis-
ease (CVD) and is responsible for 20% of CVD deaths in
the United States1-6; smoking cessation reduces CVD

risk.7 However, estimates of the time course of CVD risk re-
duction among former smokers following cessation have been
inconsistent relative to persistent smokers (2-10 years),8-12 and
never smokers (2-20 years).8-12

Some clinical CVD risk calculators do not distinguish risk
between never smokers and former smokers.13 The Athero-
sclerotic CVD (ASCVD) Risk Estimator Plus allows clinicians to
identify former smokers but considers their CVD risk identi-
cal to never smokers after 5 years.14 Uncertainty about the time
course of CVD risk reduction following smoking cessation could
underestimate CVD risk among former smokers, a group in-
creasing as US smoking prevalence declines.15

Cardiovascular disease risk estimates among former smok-
ers could be improved by frequent, long-term smoking expo-
sure assessment (including status, intensity, abstinence peri-
ods, and relapse), objective and time-updated assessment of
other CVD risk factors, and continuous CVD incidence surveil-
lance. Data from the Framingham Heart Study (FHS) were ana-
lyzed to determine the association between years since smok-
ing cessation and subsequent CVD risk among former smokers
relative to persistent smokers and never smokers.

Methods
Samples
This investigation included FHS original cohort members at-
tending their fourth examination cycle (1954-1958) and FHS
offspring cohort participants attending their first examina-
tion cycle (1971-1975), when smoking data were first reliably
collected. The Boston University Medical Center and Vander-
bilt University Medical Center institutional review boards ap-
proved the study protocol. All participants provided written
informed consent.

There were 4541 original cohort attendees at examina-
tion cycle 4 and 5124 offspring cohort attendees at their first
examination cycle. The protocol sequentially excluded indi-
viduals whose last contact date was equivalent to their
baseline date, those with baseline prevalent CVD (self-
reported for the offspring cohort; self-reported [before
examination 1] and adjudicated [between examinations 1
and 4] for the original cohort), and those with unclear smok-
ing history or missing baseline pack-year information. Par-
ticipants presented for subsequent examination cycles
approximately every 2 years in the original cohort (median,
11 examinations) or 4 years in the offspring cohort (median,
7 examinations).

Exposure
Methods of quantifying smoking duration and intensity in the
FHS have been previously described.16 Self-reported smok-
ing habits at baseline were used to categorize participants as
current, former, or never smokers and to calculate years since
quitting for former smokers and pack-years of smoking for ever
smokers. Smoking information was updated at subsequent FHS

examination cycles to calculate cumulative smoking expo-
sure variables.

Smoking status (current, former, or never) and years
since quitting were modeled as time-varying exposures;
each participant contributed person-examinations and
person-time to the category reflecting smoking status at each
assessment. For individuals who developed CVD, the event
contributed to the smoking group in which a participant held
membership at the time of CVD diagnosis.

To avoid misclassification bias, participants were cen-
sored after 1 missed examination plus an additional year
without an update (ie, in the original cohort, 5 years without
an update, and in the offspring cohort, 9 years without an
update).16 Participants could not reenter the sample after
being censored because of uncertainty about smoking pat-
terns during their absence.

Outcome
Surveillance continued through December 2015 for develop-
ment of CVD outcomes, including myocardial infarction,
stroke, heart failure, and CVD death. For suspected CVD
events, medical records were obtained with written patient
consent; events were adjudicated by 3 study physicians as
previously described.17-19

Covariates
Covariates were selected a priori and in part to maximize com-
parability with prior studies.8,9,20-22 These included estab-
lished Framingham CVD risk factors (age, sex, systolic blood
pressure, antihypertensive medication use, diabetes melli-
tus, and total cholesterol)13 as well as body mass index (BMI),
alcohol consumption, and educational attainment, which may
confound the association between smoking and CVD risk.20-22

Examination decade was included to address temporal trends
(eAppendix in the Supplement). We did not include diet and
exercise as potential confounders because they were infre-
quently captured in the original cohort.

Missing Data
Ten complete data sets in each cohort were imputed using mul-
tiple imputation by chained equation techniques to account

Key Points
Question Among heavy smokers (ie, �20 pack-years), what is the
association between time since smoking cessation and
subsequent risk of cardiovascular disease?

Findings In this observational cohort study of 8770 participants,
former heavy smokers’ risk of cardiovascular disease was
significantly lower within 5 years of smoking cessation relative to
current smokers (hazard ratio, 0.61) but remained significantly
elevated for at least 5 to 10 years and possibly for 25 years after
cessation relative to never smokers.

Meaning Compared with never smokers, former heavy smokers
may have significantly elevated cardiovascular disease risk beyond
5 years after cessation.
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for missingness; predictive mean matching23 was used for con-
tinuous variables and the discriminant function with a non-
informative Jeffrey prior24 was used for categorical variables.

Statistical Analysis
Summary statistics were calculated in each cohort separately
and combined and stratified by smoking status and intensity.
Data from the original and offspring cohorts were analyzed
pooled and separately in Poisson regression models to esti-
mate age-, sex-, and education-adjusted incidence rates of first
CVD events per 1000 person-years stratified by time-varying
smoking status; current and former smokers were catego-
rized as having more than or less than the median of 20 cu-
mulative pack-years (eAppendix in the Supplement).

After confirming that the proportionality assumption was
met by assessing interactions with time, Cox proportional haz-
ards regression was used to estimate age-, sex-, and education-
adjusted hazard ratios (HRs) for CVD risk comparing former and
current smokers with never smokers. An a priori focus on
heavier smokers was based on a prior examination of adverse
event risk by smoking status in the FHS.16 In this sample, 71%
of CVD events among ever smokers occurred in those with a
cumulative smoking history of at least 20 pack-years. Pri-
mary analyses focused on these heavy smokers and never
smokers in the pooled cohort. Analyses stratified by cohort
were considered exploratory.

The time course and magnitude of decreasing CVD risk was
analyzed in former heavy smokers vs current heavy smokers
in 2 ways using the pooled cohort and original and offspring
cohorts separately. First, a categorical variable was created for
years since quitting (<5, 5 to <10, 10 to <15, 15 to <25, and ≥25),

with current smokers serving as the reference group. Cox pro-
portional hazards regression and Poisson regression were
implemented to estimate cause-specific HRs and incidence
rates per 1000 person-years, respectively, for CVD risk asso-
ciated with categorical years since quitting. Second, years since
quitting was modeled as a continuous variable (up to 25), as-
signing current smokers a value of 0. Former smokers with
more than 25 years since quitting were assigned a value of 26.
In Cox proportional hazards regression, the variable of con-
tinuous years since quitting was modeled using restricted cu-
bic splines with 5 knots25 to allow a nonlinear association with
the log hazard of CVD, presented graphically.

Analogous methods were used to model the time course
and magnitude of lowering CVD risk in former heavy vs never
smokers (the reference group in models including categorical
years since quitting). In models with continuous years since
quitting, never smokers were assigned a value of 50, well above
all former smokers. To anchor the HR at years since quit-
ting = 0, a sensitivity analysis explored the influence of in-
cluding current smokers in the spline comparing former heavy
smokers with never smokers.

Cox proportional hazards regression was performed in the
pooled cohort (primary analysis) and in the original and off-
spring cohorts separately (exploratory analyses). A robust sand-
wich variance estimator was used in all models, and baseline
hazards were allowed to differ by cohort in pooled analyses to
account for birth cohort effects. Cox and Poisson models were
adjusted for all covariates described above. Fourth-order poly-
nomials were placed on age; cubic terms on BMI, total choles-
terol, and systolic blood pressure; and quadratic terms on ex-
amination decade to allow nonlinear associations between the

Figure 1. Sample Derivation

5122 Attendees from FHS offspring
cohort at examination 1a

4541 Attendees from FHS original
cohort at examination 4

8770 Participants (70 903 person-examinations)
included in pooled analysis

4965 Participants (26 827 person-
examinations) included in analysise

3805 Participants (44 076 person-
examinations) included in analysise

157 Excluded
40 Prevalent CVDb

78 Uncertain smoking historyc

39 Missing information on
pack-yearsd

736 Excluded
114 Prevalent CVDb

435 Uncertain smoking historyc

187 Missing information on
pack-yearsd

CVD indicates cardiovascular disease; FHS, Framingham Heart Study.
a Two participants in the FHS offspring cohort were ineligible for sample inclusion

because their last follow-up date was equal to their examination 1 date.
b Prevalent CVD defined as definite myocardial infarction, stroke (excluding

transient ischemic attack), and heart failure.
c Includes individuals who at baseline reported being a never smoker but with a

greater than 0 pack-year history, had an age at quitting smoking that was older
than their baseline age, or were completely missing smoking data.

d To accurately calculate cumulative pack-years of smoking during the follow-up
period, a reliable measure of smoking history at baseline was essential.

Individuals excluded were missing pack-years of smoking at baseline because
of inability to report age at starting/stopping smoking and/or intensity of
smoking (cigarettes per day) prior to baseline.

e Original cohort participants were seen approximately every 2 years. After 5
years without an update (effectively 1 missed examination plus an additional
year), individuals were censored to avoid carrying values forward for an
extended period without reassessment. Similarly, offspring participants were
seen approximately every 4 years and were thus censored after 9 years
without an update (also corresponding to a single missed examination plus an
additional year).
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log hazards of CVD and these continuous predictors. Sensitiv-
ity analyses were adjusted for cumulative pack-years when
comparing CVD risk among former and current smokers;
second-order polynomials were placed on cumulative pack-
years. Choice of polynomial terms for continuous covariates
is described in the eAppendix in the Supplement. Further
sensitivity analyses examined the use of linear terms for con-
tinuous predictors instead of polynomial terms. All dynamic
variables were updated at each examination and modeled as
time-varying covariates. Static variables (sex and education
level) remained constant during follow-up.

A sensitivity analysis addressed the influence of ob-
served baseline age differences in the original and offspring
cohorts by restricting to offspring person-examinations among
participants aged 50 years or older (the mean baseline age of
the original cohort) and estimated incidence rates in heavy ever
smokers and never smokers by categorical years since quit-
ting. Additional sensitivity analyses included all ever smok-
ers without restriction by pack-years. Other sensitivity analy-
ses included either 2 or 6 smoking data assessments to
approximate prior study designs.26

Statistical significance was assessed using a 2-sided P<.05.
Statistical analyses used SAS version 9.4. (SAS Institute Inc).

Results
There were 8770 participants (3805 original cohort members
and 4965 offspring cohort members) meeting inclusion crite-
ria (Figure 1). In the pooled cohort, the mean age was 42.2
years (SD, 11.8 years), 56% were female, and 75% had at least
a high school education (Table 1). Only 2% and 27% of the
cohort had baseline diabetes and hypertension, respectively,
and median BMI (calculated as weight in kilograms divided
by height in meters squared) was in the normal range (me-
dian, 24.8; interquartile range, 22.4-27.7), but 78% of the
cohort consumed alcohol in the past year (current drinkers),
and only 40% of the cohort had never smoked. There were
5308 ever smokers with a median 17.2 (interquartile range,
7-30) baseline pack-years, including 2371 heavy ever smokers
(406 [17%] former and 1965 [83%] current). In the original
and offspring cohorts, heavy former and current smokers

Table 1. Baseline Participant Characteristics

Characteristics

Pooled Cohort (n=8770) Original Cohort (n=3805) Offspring Cohort (n=4965)

No. Summary No. Summary No. Summary
Age, mean (SD), y 8770 42.2 (11.8) 3805 50.1 (8.5) 4965 36.1 (10.4)

Sex, No. (%) 8770 3805 4965

Male 3906 (44.5) 1528 (40.2) 2378 (47.9)

Female 4864 (55.5) 2277 (59.8) 2587 (52.1)

Education, No. (%) 7523 3760 3763

Less than high school graduate 1867 (24.8) 1564 (41.6) 303 (8.1)

High school graduate 2435 (32.4) 1144 (30.4) 1291 (34.3)

More than high school 3221 (42.8) 1052 (28.0) 2169 (57.6)

Blood pressure, mean (SD), mm Hg 8769 3805 4964

Systolic 126.6 (20.1) 132.9 (22.6) 121.8 (16.4)

Diastolic 80.6 (11.6) 83.2 (12.0) 78.6 (10.9)

Antihypertensive medication, No. (%) 8751 276 (3.2) 3797 124 (3.3) 4954 152 (3.1)

Hypertension, No. (%) 8761 2350 (26.8) 3803 1402 (36.9) 4958 948 (19.1)

Body mass index, median (IQR)a 8759 24.8 (22.4-27.7) 3798 25.3 (22.9-28.0) 4961 24.5 (22.0-27.5)

Diabetes, No. (%) 8645 163 (1.9) 3771 75 (2.0) 4874 88 (1.8)

Total cholesterol, mean (SD), mg/dL 8699 216.3 (46.5) 3764 238.9 (44.1) 4935 199.0 (40.5)

Current drinker, No. (%)b 8684 6744 (77.7) 3764 2566 (68.2) 4920 4178 (84.9)

Smoking, No. (%) 8770 3805 4965

Current 4115 (46.9) 1906 (50.1) 2209 (44.5)

Former 1193 (13.6) 268 (7.0) 925 (18.6)

Never 3462 (39.5) 1631 (42.9) 1831 (36.9)

Cigarettes/d, median (IQR)c 4115 20.0 (10.0-30.0) 1906 20.0 (9.0-20.0) 2209 20.0 (15.0-30.0)

Cumulative smoking pack-years,
median (IQR)

Current smokers 4115 18.8 (8.0-31.0) 1906 21.4 (10.4-32.8) 2209 16.0 (6.8-29.7)

Former smokers 1193 12.0 (4.4-25.3) 268 12.0 (3.0-27.6) 925 12.0 (5.0-24.5))

Years since quitting smoking,
median (IQR)d

1193 5.9 (3.0-10.0) 268 3.0 (1.9-3.2) 925 6.0 (3.0-10.0)

Abbreviation: IQR, interquartile range.

SI conversion factor: To convert total cholesterol to millimoles per liter, multiply
by 0.0259.
a Calculated as weight in kilograms divided by height in meters squared.

b Self-reported consumption of at least 1 alcoholic beverage per month.
c Among current smokers only.
d Among former smokers only.
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(≥20 pack-years) had similar cumulative pack-year distribu-
tions (eFigure in the Supplement) and CVD risk factors
(eTables 1 and 2 in the Supplement). The proportion of miss-
ing data was low; 89% of offspring cohort person-
examinations had complete data. However, in the original
cohort, only 51% of person-examinations had complete data
because information on alcohol consumption and blood glu-
cose levels was not collected at all examinations.

Of 4115 current smokers at baseline, 1589 (38.6%) quit and
never relapsed, while 2117 (51.4%) continued to smoke until
they developed CVD or were censored. Most (84.7%) baseline
former smokers remained abstinent during follow-up. Among
baseline ever smokers, there were 591 smokers who relapsed
(ie, began smoking again after reporting abstinence during at
least 1 clinic visit). Abstinence periods ranged from 0 to 68 years
(median, 3 years; interquartile range, 0-15 years).

During a 26.4-year median follow-up, participants expe-
rienced 2435 first CVD events (1612 in the original cohort and
823 in the offspring cohort) (eTable 3 in the Supplement). In
both cohorts pooled and separately, current smoking was as-
sociated with significantly higher CVD incidence rates per 1000
person-years vs never smoking (Table 2). Incidence rate dif-
ferences were 4.68 (95% CI, 3.56-5.99) in the pooled cohort,

5.00 (95% CI, 3.17-7.25) in the original cohort, and 4.50 (95%
CI, 3.20-6.10) in the offspring cohort. After further categoriz-
ing current smokers by pack-years, the association was attenu-
ated in the original cohort with less than 20 cumulative pack-
years (incidence rate difference, 0.61; 95% CI, −1.73 to 3.57) but
remained significant for current smokers with 20 or more pack-
years in the original cohort (incidence rate difference, 6.62; 95%
CI, 4.48-9.27) and all current smokers in both the offspring co-
hort (incidence rate difference among those with <20 pack-
years, 3.03 [95% CI, 1.13-5.83] and among those with ≥20 pack-
years, 4.92 [95% CI, 3.48-6.68]) and the pooled cohort
(incidence rate difference among those with <20 pack-years,
1.65 [95% CI, 0.07-3.62] and among those with ≥20 pack-
years, 6.00 [95% CI, 4.61-7.51]) (Table 2). Former heavy smok-
ing in the pooled cohort and offspring cohort was also associ-
ated with increased CVD incidence compared with never
smoking (pooled cohort incidence rate difference, 1.12 [95%
CI, 0.26-2.04]; offspring cohort incidence rate difference, 1.42
[95% CI, 0.68-2.32]) (Table 2).

In adjusted models, smoking cessation was associated with
a rapid decline in CVD risk vs continued smoking (Figure 2) such
that risk was significantly lower within 5 years of cessation in
the pooled cohort (HR, 0.61 [95% CI, 0.49-0.76]; incidence rates

Table 2. Adjusted Risk of Incident CVD by Smoking Statusa

Smoking Status

Person-
Examinations,
No.

Incident CVD
Cases, No.

Person-Years,
No.

Incidence Rate
Per 1000 Person-Years
(95% CI)b,c

Hazard Ratio
(95% CI)b,c P Valueb

Pooled Cohort

Never 29 089 895 91 227 6.24 (5.69-6.84) 1 [Reference]

Former 20 654 874 68 921 6.47 (5.89-7.12) 1.06 (0.96-1.16) .27

<20 Pack-years 11 102 337 39 345 6.14 (5.41-6.95) 0.95 (0.84-1.08) .45

≥20 Pack-years 9552 537 29 576 7.56 (6.74-8.47) 1.17 (1.04-1.31) .009

Current 21 111 666 67 478 11.11 (10.13-12.18) 1.75 (1.57-1.96) <.001

<20 Pack-years 7226 108 25 753 8.53 (7.00-10.39) 1.25 (1.01-1.55) .04

≥20 Pack-years 13 885 558 41 725 12.71 (11.57-13.97) 1.91 (1.70-2.14) <.001

Original Cohort

Never 18 862 663 39 521 10.21 (9.14-11.41) 1 [Reference]

Former 10 763 509 22 556 9.89 (8.73-11.22) 1.00 (0.88-1.13) .98

<20 Pack-years 5136 207 10 825 9.86 (8.38-11.58) 0.99 (0.84-1.16) .92

≥20 Pack-years 5627 302 11 731 10.09 (8.68-11.72) 1.03 (0.89-1.20) .66

Current 14 445 440 30 313 15.34 (13.76-17.11) 1.49 (1.31-1.71) <.001

<20 Pack-years 4718 77 9862 11.13 (8.81-14.06) 1.06 (0.83-1.35) .66

≥20 Pack-years 9727 363 20 450 16.75 (14.88-18.86) 1.65 (1.44-1.91) <.001

Offspring Cohort

Never 10 227 232 51 706 2.76 (2.32-3.28) 1 [Reference]

Former 9891 365 46 365 3.42 (2.91-4.02) 1.24 (1.05-1.47) .01

<20 Pack-years 5966 130 28 520 2.73 (2.22-3.35) 0.97 (0.79-1.20) .81

≥20 Pack-years 3925 235 17 845 4.28 (3.54-5.17) 1.50 (1.24-1.82) <.001

Current 6666 226 37 165 7.35 (6.30-8.56) 2.63 (2.16-3.21) <.001

<20 Pack-years 2508 31 15 890 5.90 (4.05-8.59) 2.07 (1.40-3.06) <.001

≥20 Pack-years 4158 195 21 275 7.81 (6.65-9.17) 2.74 (2.23-3.36) <.001

Abbreviation: CVD, cardiovascular disease.
a All data are time-updated; ie, as individuals begin and quit smoking, they

contribute person-examinations and person-time to various groups.
An individual’s event contributes only to the group he or she was in

at the time of the event. Twenty cumulative pack-years was the median
cumulative pack-years among former smokers at the time of quitting.

b Incidence rates, hazard ratios, and P values include data from all 10 multiple
imputations. Other data are based on the first imputation only.

c Incidence rates and hazard ratios are adjusted for age, sex, and education.
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per 1000 person-years: current smoking, 11.56 [95% CI, 10.30-
12.98]; quitting within 5 years, 6.94 [95% CI, 5.61-8.59]; dif-
ference, −4.51 [95% CI, −5.90 to −2.77]) (Table 3). In sensitiv-
ity analyses adjusting for cumulative pack-years, results were
similar (HR, 0.62 [95% CI, 0.50-0.77]; incidence rate differ-
ence, −4.29 [95% CI, −5.64 to −2.59]) (eTable 4 in the Supple-
ment). However, former heavy smoking was associated with
higher CVD risk compared with never smoking until 10 to 15
years after cessation in the pooled cohort (HR, 1.25 [95% CI,
0.98-1.60]; incidence rates per 1000 person-years: never smok-
ing, 5.09 [95% CI, 4.52-5.74]; quitting within 10 to <15 years,
6.31 [95% CI, 4.93-8.09]; difference, 1.27 [95% CI, −0.10 to
3.05]) (Table 3). As shown in Figure 2, 16 years after cessation
was the point at which the 95% confidence interval for CVD
risk among former smokers vs never smokers consistently in-
cluded the null value of 1. Results remained consistent whether
current smokers (ie, years since quitting = 0) were included in
the analysis (HR, 1.16 [95% CI, 0.98-1.37]; incidence rate dif-
ference, 0.94 [95% CI, −0.12 to 2.17]) (Figure 2A) or not in-
cluded in the analysis (HR, 1.17 [95% CI, 0.99-1.39]; incidence
rate difference, 1.00 [95% CI, −0.06 to 2.29]) (Figure 2B). The
time course of CVD risk appeared to differ by cohort (Table 3).
In the original cohort, former heavy smoking was no longer sig-
nificantly associated with increased CVD risk compared with
never smoking within 5 to 10 years of cessation (HR, 1.28 [95%
CI, 0.97-1.69]; incidence rate difference, 1.88 [95% CI, −0.20
to 4.64]), while in the offspring cohort, this did not occur un-
til at least 25 years after cessation (HR, 1.10 [95% CI, 0.79-
1.54]; incidence rate difference, 0.26 [95% CI, −0.54 to 1.39]).
Sensitivity analyses with linear terms for continuous covari-
ates instead of polynomial terms were comparable (eTable 5
in the Supplement).

Incidence rates of CVD among current smokers were higher
in the original cohort (13.04; 95% CI, 11.21-15.18) than in the
offspring cohort (7.71; 95% CI, 6.27-9.48) (Table 3). These dif-
ferences were substantially attenuated in sensitivity analy-
ses restricted to offspring person-examinations among heavy
ever smokers and never smokers aged 50 years or older (inci-
dence rate among current smokers, 11.50; 95% CI, 8.94-14.78)
(eTable 6 in the Supplement). In sensitivity analyses includ-
ing all ever smokers, results comparing CVD risk in former vs
current and never smokers were similar (among former smok-
ers quitting <5 years prior vs current smokers: HR, 0.60 [95%
CI, 0.50-0.72]; incidence rate difference, −3.92 [95% CI, −4.91
to −2.75]; among former smokers quitting 10-15 years prior vs
never smokers: HR, 1.08 [95% CI, 0.88-1.33]; incidence rate dif-
ference, 0.38 [95% CI, −0.57 to 1.56]) (eTable 7 in the Supple-
ment). Compared with primary analyses using all available fol-
low-up time points, sensitivity analyses with 6 smoking status
assessments produced estimates of similar magnitude but
using fewer smoking status assessments produced risk esti-
mates that did not monotonically decrease with years since
quitting (eTables 8 and 9 in the Supplement).

Discussion
This study found that compared with current heavy smok-
ing, smoking cessation among former heavy smokers was as-
sociated with lower CVD risk within 5 years of cessation, re-
affirming the cardiovascular benefit of smoking cessation
demonstrated by others8,10-12,27 but also revealing a slow en-
suing CVD risk decline over decades (Figure 2). Compared with
never smoking, it took 10 to 15 years (pooled cohort) (5 to 10

Figure 2. Risk of Incident CVD in Heavy Ever and Never Smokers
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Plotted data are limited to never smokers and heavy ever smokers with at least
20 cumulative pack-years and are adjusted for age, sex, education, examination
decade, systolic blood pressure, antihypertensive medication use, diabetes
mellitus, body mass index, total cholesterol, and alcohol consumption. Dynamic
variables are updated. Splines have 5 knots at 1, 4, 9, 15, and 22 years since
quitting. Data from 3274 participants over 23 437 person-examinations
contributed to the comparison of former vs current smokers in both panels.
Shaded areas indicate 95% CIs. Panel A includes current smokers at years since
quitting = 0 in the comparison of cardiovascular disease (CVD) risk among

former smokers vs never smokers and contains data from 6720 individuals over
52 526 person-examinations. This anchors the hazard ratio at years since
quitting = 0 to capture the steep decline in the first 4 years since quitting but
creates some instability in the hazard ratio estimate around 4 years since
quitting. Panel B excludes current smokers at years since quitting = 0 from the
comparison of CVD risk among former smokers vs never smokers and contains
data from 5190 individuals over 38 641 person-examinations. This plot cannot
reflect the steep decline in the hazard ratio over the first 4 years but provides a
more stable estimate of years since quitting.
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years in the original cohort and ≥25 years in the offspring co-
hort) following cessation for former heavy smoking (vs never
smoking) to cease being significantly associated with el-
evated CVD risk.

The upper estimate of this time course is a decade longer
than that of the Nurses’ Health Study results for coronary heart
disease and cardiovascular death8,28 and more than 20 years
longer than in some prior reports for coronary heart disease10,11

and stroke.29 Results from the British Regional Heart Study12

found myocardial infarction risk to persist for more than 20
years after cessation, but findings were limited to men and
smoking data were assessed only at baseline. Prior studies pri-
marily examined single CVD components as opposed to com-
posite CVD. In analyses of the full cohort (ie, including those
with <20 pack-years), former smoking (vs never smoking) was
no longer significantly associated with excess CVD risk within
10 to 15 years of cessation, highlighting the need to stratify by
cumulative pack-years. Although the exact amount of time af-
ter quitting at which former smokers’ CVD risk ceases to dif-
fer significantly from that of never smokers is unknown (and
may further depend on cumulative exposure), these findings
support a longer time course of risk reduction than was pre-
viously thought, yielding implications for CVD risk stratifica-
tion of former smokers.

Currently, the ASCVD Risk Estimator Plus14 is used by cli-
nicians to help inform patients regarding their 10-year and
lifetime CVD risk and to guide behavior changes to reduce
CVD risk. Despite limitations,30,31 this model is well cali-
brated in the population for which it was intended32 and,
importantly, improves on prior CVD risk calculators13,33-35

by differentiating risk between former and never smokers.
However, the tool considers risk in former smokers to be
equivalent to that of never smokers after 5 years since quit-
ting. Thus, as the proportion of former smokers in the United
States increases with more current smokers quitting, so does
the potential to underestimate CVD risk using current tools,
especially among heavier smokers. The present investigation
does not support the assumption that former smokers
achieve the same CVD risk as never smokers within 5 years of
quitting. Future studies should investigate the extent to
which including comprehensive data on smoking exposure,
such as pack-years smoked and years since quitting, would
improve the performance of existing CVD risk prediction
tools and, by extension, CVD health outcomes.

In Figure 2A, CVD risk appeared to increase at about 10
years after cessation among former heavy smokers, but only
when current smokers were included in the analysis. How-
ever, 95% confidence bands include a smooth decline in risk

Table 3. Multivariable-Adjusted Risk of Incident CVD by Smoking Status and Years Since Quitting: Never Smokers and Ever Smokers
With at Least 20 Pack-Yearsa

Years Since Quitting

Person-
Examinations,
No.

Incident CVD
Cases, No.

Person-Years,
No.

Incidence Rate
Per 1000 Person-Years
(95% CI)

Former vs Current Smokers Former vs Never Smokers

Hazard Ratio (95% CI) P Value Hazard Ratio (95% CI) P Value
Pooled Cohort

Current smokers 13 885 558 41 725 11.56 (10.30-12.98) 1 [Reference]

<5 2586 101 7851 6.94 (5.61-8.59) 0.61 (0.49-0.76) <.001 1.40 (1.12-1.73) .002

5 to <10 2088 99 6342 7.04 (5.66-8.76) 0.61 (0.49-0.77) <.001 1.42 (1.15-1.77) .001

10 to <15 1429 76 4455 6.31 (4.93-8.09) 0.54 (0.42-0.70) <.001 1.25 (0.98-1.60) .08

15 to <25 2123 145 6741 6.11 (5.01-7.44) 0.55 (0.45-0.68) <.001 1.22 (1.00-1.47) .045

≥25 1326 116 4187 5.02 (4.00-6.31) 0.45 (0.35-0.58) <.001 0.98 (0.78-1.22) .85

Never smokers 29 089 895 91 227 5.09 (4.52-5.74) 1 [Reference]

Original Cohort

Current smokers 9727 363 20 450 13.04 (11.21-15.18) 1 [Reference]

<5 1711 70 3613 8.62 (6.63-11.20) 0.68 (0.52-0.88) .004 1.31 (1.01-1.70) .04

5 to <10 1268 63 2623 8.39 (6.35-11.07) 0.66 (0.49-0.87) .004 1.28 (0.97-1.69) .08

10 to <15 850 44 1757 7.45 (5.37-10.32) 0.59 (0.42-0.83) .002 1.11 (0.80-1.53) .54

15 to <25 1128 63 2361 5.65 (4.24-7.53) 0.49 (0.36-0.66) <.001 0.86 (0.65-1.14) .29

≥25 670 62 1378 5.97 (4.39-8.11) 0.50 (0.35-0.73) <.001 0.90 (0.66-1.22) .49

Never smokers 18 862 663 39 521 6.72 (5.77-7.82) 1 [Reference]

Offspring Cohort

Current smokers 4158 195 21 275 7.71 (6.27-9.48) 1 [Reference]

<5 875 31 4239 3.83 (2.59-5.65) 0.51 (0.34-0.75) <.001 1.51 (1.02-2.25) .04

5 to <10 820 36 3720 4.29 (2.97-6.18) 0.57 (0.40-0.82) .002 1.68 (1.17-2.41) .005

10 to <15 579 32 2698 3.86 (2.61-5.72) 0.50 (0.34-0.74) <.001 1.48 (1.01-2.17) .046

15 to <25 995 82 4379 4.70 (3.52-6.29) 0.62 (0.46-0.83) .002 1.78 (1.36-2.33) <.001

≥25 656 54 2809 3.00 (2.10-4.28) 0.41 (0.28-0.60) <.001 1.10 (0.79-1.54) .57

Never smokers 10 227 232 51 706 2.57 (2.07-3.20) 1 [Reference]

Abbreviation: CVD, cardiovascular disease.
a This analysis is limited to never and ever heavy smokers with at least 20

cumulative pack-years. Incidence rates and hazard ratios are adjusted for age,

sex, education, examination decade, systolic blood pressure, antihypertensive
medication, diabetes mellitus, body mass index, total cholesterol, and alcohol
consumption. All dynamic variables are time-updated.
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without this artifactual increase, as evidenced by the smooth
curve when current smokers are not included (Figure 2B).

A strength of the present analysis is the rich data source
including 2 distinct but similar cohorts with a median follow-up
of more than 26 years. The FHS features frequent, repeated,
in-person assessments of smoking status and intensity over the
course of half a century or more, allowing for comprehensive
lifetime capture of smoking. In addition, the FHS simultane-
ously collected data on CVD risk factors, which allows robust
adjustment for confounders. Continuous participant follow-up
for CVD incidence also allows for accurate and near-complete
event capture. This investigation extends prior knowledge by
using a self-reported smoking ascertainment method, includ-
ing prospectively gathered and regularly time-updated data on
smoking status and intensity collected during in-person vis-
its. Sensitivity analyses with fewer smoking status assess-
ments led to inconsistent results in which relative risk among
former smokers did not decrease in a monotonic fashion with
increasing years since quitting.

In lifetime analyses, people develop comorbidities with in-
creasing age, which could influence smoking cessation pat-
terns. To minimize this potential bias from unmeasured con-
founding, analyses accounted for baseline differences between
cohorts (eg, age), differences among current, former, and never
smokers, temporal trends (eg, declining smoking rate, increas-
ing BMI), birth cohort effects, and factors that could influ-
ence both smoking cessation and CVD risk, including socio-
demographic factors and known CVD risk factors, which were

time-updated. Thus, the effect of unmeasured confounding
on the overall findings is likely modest.

Limitations
This study also has several limitations. First, compared with
some prior studies,26 the sample size was smaller, but it was
large enough to address the questions of interest and also pro-
vided thoroughly captured longitudinal smoking data. The lim-
ited sample size also precluded analyses yielding CVD risk es-
timates among subcategories of lighter smokers (<20 lifetime
pack-years); thus, the primary findings are applicable to ever
smokers with a cumulative smoking history of at least 20 pack-
years. Second, information on environmental tobacco smoke
exposure and use of other types of tobacco was not available
for most participants and was not included. Third, as with other
investigations using data from the FHS original and offspring
cohorts, this investigation is composed primarily of white in-
dividuals of European ancestry, potentially limiting general-
izability of results to individuals of other races/ethnicities.

Conclusions
Among heavy smokers, smoking cessation was associated with
significantly lower CVD risk within 5 years relative to current
smokers. However, relative to never smokers, former smok-
ers’ risk remained significantly elevated beyond 5 years after
smoking cessation.
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