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BACKGROUND
Mortality among current smokers is 2 to 3 times as high as that among persons 
who never smoked. Most of this excess mortality is believed to be explained by 21 
common diseases that have been formally established as caused by cigarette smok-
ing and are included in official estimates of smoking-attributable mortality in the 
United States. However, if smoking causes additional diseases, these official estimates 
may significantly underestimate the number of deaths attributable to smoking.

METHODS
We pooled data from five contemporary U.S. cohort studies including 421,378 men 
and 532,651 women 55 years of age or older. Participants were followed from 2000 
through 2011, and relative risks and 95% confidence intervals were estimated with 
the use of Cox proportional-hazards models adjusted for age, race, educational 
level, daily alcohol consumption, and cohort.

RESULTS
During the follow-up period, there were 181,377 deaths, including 16,475 among 
current smokers. Overall, approximately 17% of the excess mortality among cur-
rent smokers was due to associations with causes that are not currently established 
as attributable to smoking. These included associations between current smoking 
and deaths from renal failure (relative risk, 2.0; 95% confidence interval [CI], 1.7 to 
2.3), intestinal ischemia (relative risk, 6.0; 95% CI, 4.5 to 8.1), hypertensive heart 
disease (relative risk, 2.4; 95% CI, 1.9 to 3.0), infections (relative risk, 2.3; 95% CI, 
2.0 to 2.7), various respiratory diseases (relative risk, 2.0; 95% CI, 1.6 to 2.4), 
breast cancer (relative risk, 1.3; 95% CI, 1.2 to 1.5), and prostate cancer (relative 
risk, 1.4; 95% CI, 1.2 to 1.7). Among former smokers, the relative risk for each of 
these outcomes declined as the number of years since quitting increased.

CONCLUSIONS
A substantial portion of the excess mortality among current smokers between 
2000 and 2011 was due to associations with diseases that have not been formally 
established as caused by smoking. These associations should be investigated fur-
ther and, when appropriate, taken into account when the mortality burden of 
smoking is investigated. (Funded by the American Cancer Society.)
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The 2014 Surgeon General’s report 
estimates that cigarette smoking causes 
more than 480,000 deaths each year in 

the United States.1 This widely cited estimate of 
the mortality burden of smoking may be an un-
derestimate, because it considers deaths only 
from the 21 diseases that have been formally 
established as caused by smoking (12 types of 
cancer, 6 categories of cardiovascular disease, 
diabetes, chronic obstructive pulmonary disease 
[COPD], and pneumonia including influenza). 
Associations between smoking and the 30 most 
common causes of death in the United Kingdom 
in the Million Women Study suggest that the ex-
cess mortality observed among current smokers 
cannot be fully explained by these 21 diseases.2

We previously reported the risks associated 
with smoking with respect to overall mortality and 
five major causes of death (lung cancer, COPD, 
ischemic heart disease, other heart disease, and 
total [ischemic and hemorrhagic] stroke) in two 
early American Cancer Society cohorts, as well as 
in a contemporary population pooled from five 
large U.S. cohorts.3 We documented the ways in 
which the smoking-related risk of death from 
these causes has changed over the past 50 years, 
but we did not examine mortality from other 
causes. A full accounting of the mortality burden 
from smoking in contemporary populations re-
quires a comprehensive examination of the causes 
of death.

In the current analysis, we used the same 
pooled contemporary cohort population3 but in-
cluded 52 cause-of-death categories. Additional 
follow-up information and updated data on the 
number of deaths have been provided for some 
cohorts. This pooled cohort is large, which al-
lows us to characterize associations of smoking 
with deaths from the entire spectrum of disease, 
including diseases that are relatively uncommon.

Me thods

Study Population

Study participants, 55 years of age or older, were 
drawn from five large U.S. cohorts for which in-
formation on smoking was obtained at least once 
during the follow-up period (2000 to 2011). These 
included the Cancer Prevention Study II Nutrition 
Cohort,4 the Nurses’ Health Study I cohort,5 the 
Health Professionals Follow-up Study cohort,6 

the Women’s Health Initiative cohort,7 and the 
National Institutes of Health–AARP Diet and 
Health Study cohort.8 Details of the enrollment, 
follow-up, and smoking assessments for each 
cohort are described in Section S1 in the Supple-
mentary Appendix, available with the full text of 
this article at NEJM.org. Participants were excluded 
if their baseline smoking status was unknown 
(14,457 men and 11,951 women) or if their fol-
low-up ended before January 1, 2000 (38,809 men 
and 58,126 women). We did not exclude partici-
pants with preexisting diseases because we want-
ed this analysis to be consistent with the previ-
ous report and because development of disease 
often lies on the causal pathway between smok-
ing and mortality. The final pooled cohort in-
cluded 421,378 men and 532,651 women.

Smoking Variables

All smoking data were self-reported. The assess-
ments of smoking status, number of cigarettes 
per day, and years since cessation are described 
in Section 1 in the Supplementary Appendix. The 
responses in serial follow-up questionnaires were 
used to model smoking as a time-dependent vari-
able. In the case of former smokers and persons 
who had never smoked, those who did not 
complete follow-up questionnaires retained their 
smoking status, and the data were not censored. 
In the case of current smokers, we censored data 
on the date of the second missed questionnaire 
to avoid misclassifying those who may have quit 
smoking.

Mortality Follow-up

Details of the mortality follow-up protocol for 
each cohort are available in Section 1 in the Supple-
mentary Appendix. The Surgeon General finds the 
evidence sufficient to include 21 disease catego-
ries in the formal list of diseases caused by smok-
ing.1 We examined each of these individually ex-
cept for cervical cancer, which occurred only 
rarely in this cohort. Additional causes of death 
were categorized into 10 broad coding groups in 
the International Classification of Diseases, 10th Revi-
sion (ICD-10). We examined any specific outcome 
that accounted for at least 20 deaths among cur-
rent smokers of either sex. Outcomes accounting 
for fewer deaths were aggregated within each 
broad ICD-10 grouping. The final analysis included 
52 outcomes, including death from any cause, 
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death from all known causes, and death from all 
unknown causes combined. The number of deaths 
in each cohort is shown in Table S1 in the Sup-
plementary Appendix.

Statistical Analysis

The baseline date for all participants was Janu-
ary 1, 2000; each participant contributed person-
time until the date of death, until the date on 

Characteristic Men Women

Never 
Smoked

Former 
Smoker

Current 
Smoker

Never 
Smoked

Former 
Smoker

Current 
Smoker

Total — no. (%) 136,613 
(32.4)

246,637 
(58.5)

38,128  
(9.0)

259,659 
(48.7)

222,504 
(41.8)

50,488 
(9.5)

Deaths — no. 24,863 70,760 8325 31,786 37,493 8150

Age — yr 66.0±6.5 66.8±6.1 64.3±5.7 66.4±6.6 66.1±6.4 64.3±6.0

Cohort — %

NIH–AARP 69.8 74.5 87.0 37.3 38.2 60.8

CPS II Nutrition Cohort 18.2 19.0 9.2 19.2 16.3 9.0

Health Professionals Follow-up 
Study

12.0 6.5 3.8 — — —

Nurses’ Health Study — — — 13.1 15.4 14.0

Women’s Health Initiative — — — 30.5 30.1 16.2

Educational level — %

High school or less 15.7 22.6 29.3 21.8 18.1 26.7

Some college 21.4 30.1 35.1 27.4 28.9 33.4

College or more 61.5 45.3 32.9 49.4 51.6 37.7

Race — %†

White 93.4 94.2 92.6 89.1 91.7 90.3

Black 2.1 2.1 3.6 5.2 4.9 6.2

Other or data missing 4.5 3.7 3.8 5.7 3.5 3.5

Alcohol use — %

Nondrinker 36.3 27.6 28.9 60.3 43.9 44.4

≤1 drink per day 40.9 39.6 33.3 30.5 41.4 35.7

≥2 drinks per day 17.1 27.6 34.3 3.9 9.7 15.3

Cigarettes smoked per day — %

<10 — — 22.6 — — 40.7

10–19 — — 36.4 — — 37.1

20–39 — — 35.1 — — 19.6

≥40 — — 4.7 — — 1.3

Time since quitting smoking — %‡

<10 yr — 10.4 — — 17.4 —

10–19 yr — 19.3 — — 24.4 —

≥20 yr — 68.9 — — 56.8 —

*  Plus–minus values are means ±SD. CPS denotes Cancer Prevention Study, and NIH National Institutes of Health.
†  Race was self-reported.
‡  Data from the NIH–AARP cohort are not included in this category.

Table 1. Baseline Demographic Characteristics, According to Sex and Smoking Status.*
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Cause of Death Women Men

Never Smoked Current Smoker Never Smoked Current Smoker

no. of 
deaths

relative 
risk

no. of 
deaths

relative risk 
(95% CI)

no. of 
deaths

relative 
risk

no. of 
deaths

relative risk 
(95% CI)

All causes 31,786 1.0 8150 2.8 (2.7–2.9) 24,863 1.0 8325 2.8 (2.8–2.9)

Diseases established as caused by 
smoking†

Lip and oral cavity cancer, C00–C14 57 1.0 42 5.6 (3.7–8.6) 82 1.0 64 5.7 (4.1–8.1)

Esophageal cancer, C15 81 1.0 50 5.1 (3.5–7.4) 178 1.0 104 3.9 (3.0–5.0)

Stomach cancer, C16 184 1.0 34 1.7 (1.2–2.5) 154 1.0 45 1.9 (1.4–2.7)

Colorectal cancer, C18–C20 1,016 1.0 174 1.6 (1.4–1.9) 753 1.0 160 1.4 (1.2–1.7)

Liver cancer, C22 228 1.0 40 1.8 (1.3–2.5) 228 1.0 74 2.3 (1.8–3.0)

Pancreatic cancer, C25 948 1.0 184 1.9 (1.6–2.2) 747 1.0 153 1.6 (1.4–1.9)

Laryngeal cancer, C32 2 1.0 27 103.8 (24.2–445.5) 23 1.0 50 13.9 (8.3–23.3)

Lung cancer, C33–C34 735 1.0 1872 22.9 (21.0–25.0) 480 1.0 1754 25.3 (22.8–28.1)

Urinary bladder cancer, C67 123 1.0 48 3.9 (2.8–5.5) 201 1.0 84 3.9 (3.0–5.1)

Kidney and renal pelvis cancer,  
C64–C66

256 1.0 32 1.2 (0.9–1.8) 237 1.0 62 1.8 (1.4–2.4)

Acute myeloid leukemia, C92.0 180 1.0 22 1.1 (0.7–1.7) 210 1.0 48 1.9 (1.4–2.7)

Diabetes, E10–E14 743 1.0 110 1.5 (1.3–1.9) 729 1.0 142 1.6 (1.3–1.9)

Ischemic heart disease, I20–I25 4,119 1.0 1014 3.0 (2.8–3.2) 4,947 1.0 1522 2.6 (2.4–2.7)

Other heart disease, I00–I09 and 
I26–I51

2,329 1.0 340 1.9 (1.7–2.1) 1,736 1.0 364 2.0 (1.8–2.2)

Total stroke, I60–I69 2,435 1.0 385 2.1 (1.8–2.3) 1,399 1.0 279 1.9 (1.7–2.2)

Atherosclerosis, I70 76 1.0 12 2.1 (1.1–4.0) 57 1.0 32 5.0 (3.2–7.9)

Aortic aneurysm, I71 99 1.0 91 10.1 (7.4–13.6) 126 1.0 116 7.5 (5.8–9.7)

Other arterial diseases, I72–I78 81 1.0 47 5.6 (3.9–8.2) 57 1.0 36 5.3 (3.4–8.2)

Pneumonia, influenza, and tubercu-
losis, J10–J18 and A16–A19

723 1.0 100 1.9 (1.6–2.4) 487 1.0 87 2.0 (1.6–2.6)

COPD, J40–J44 410 1.0 941 25.0 (21.2–28.1) 259 1.0 825 27.8 (24.1–32.0)

Additional diseases associated  
with smoking‡

All infections, A00–B99§ 598 1.0 137 2.5 (2.1–3.0) 475 1.0 125 2.2 (1.8–2.7)

Breast cancer, C50 1,748 1.0 274 1.3 (1.2–1.5) — — — —

Prostate cancer, C61 — — — — 1,101 1.0 166 1.4 (1.2–1.7)

Rare cancers¶ 1,233 1.0 143 1.1 (0.9–1.3) 402 1.0 84 1.6 (1.2–2.0)

Cancers of unknown site 866 1.0 237 2.7 (2.3–3.2) 665 1.0 268 3.2 (2.8–3.7)

Hypertensive heart disease, I11 244 1.0 45 1.9 (1.4–2.7) 193 1.0 75 2.9 (2.2–3.9)

Essential hypertension and 
hypertensive renal 
disease, I10 and I15

249 1.0 48 2.4 (1.7–3.4) 175 1.0 49 2.6 (1.9–3.6)

All other respiratory diseases‖ 442 1.0 69 1.9 (1.5–2.5) 375 1.0 77 2.0 (1.5–2.6)

Ischemic disorders of the 
intestines, K55

93 1.0 48 6.1 (4.2–8.7) 46 1.0 29 5.6 (3.5–9.0)

Liver cirrhosis, K70 and K74 201 1.0 69 2.6 (2.0–3.5) 174 1.0 109 3.6 (2.8–4.6)

Table 2. Relative Risks of Death from Specific Causes among Persons 55 Years of Age or Older, According to Sex and Smoking Status.*
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which the data were censored, or until Decem-
ber 31, 2011, whichever was earliest. Deaths and 
person-years were tabulated according to smok-
ing status and 10-year attained-age groups, and 
overall mortality was standardized to the age 
distribution in the U.S. population in 2000. We 
calculated the proportional contribution of each 
disease to the total excess risk of death among 
current smokers as compared with persons who 
never smoked. We used Cox proportional-hazards 
regression with adjustment for age and cohort to 
estimate pooled relative risks among current and 
former smokers as compared with those who 
never smoked, using the stratified Cox proce-
dure and further adjusting for race, educational 
level, and daily alcohol consumption by includ-
ing variables for these factors in the model. For 
secondary analyses, we used Cox models with 
time-dependent variables for number of cigarettes 
per day among current smokers and number of 
years since cessation among former smokers. 
We calculated P values for trend by modeling a 
continuous variable for number of cigarettes per 

day (among only current smokers) and number of 
years since cessation (among only former smokers).

R esult s

Study Population

Most of the participants in the study cohorts were 
non-Hispanic whites and had a higher educational 
level than the overall U.S. population (Table 1).9,10 
Current smokers had, on average, a lower educa-
tional level than former smokers or those who had 
never smoked, although this difference was less 
pronounced among women than among men. 
Most former smokers reported having quit more 
than 10 years before the baseline date.

Smoking-Related Diseases and Mortality

Smokers had a higher risk of death from each of 
the causes established as attributed to smoking 
than did persons who had never smoked (Table 2). 
In analyses of diseases that are not currently 
established as caused by smoking, male smokers 
were at higher risk for death from prostate cancer 

Cause of Death Women Men

Never Smoked Current Smoker Never Smoked Current Smoker

no. of 
deaths

relative 
risk

no. of 
deaths

relative risk 
(95% CI)

no. of 
deaths

relative 
risk

no. of 
deaths

relative risk 
(95% CI)

All other digestive diseases** 618 1.0 105 2.1 (1.7–2.5) 378 1.0 107 2.6 (2.0–3.2)

Renal failure, N17–N19 504 1.0 77 1.9 (1.5–2.5) 407 1.0 84 2.1 (1.6–2.6)

Additional rare causes combined†† 1,565 1.0 290 2.0 (1.8–2.3) 624 1.0 130 1.9 (1.5–2.2)

Unknown causes 955 1.0 274 2.2 (1.9–2.5) 787 1.0 221 1.9 (1.6–2.2)

*  Data are from 2000 to 2011 from a pooled contemporary cohort comprising the Cancer Prevention Study II Nutrition Cohort, the Nurses’ 
Health Study I cohort, the Health Professionals Follow-up Study cohort, the Women’s Health Initiative cohort, and National Institutes of 
Health–AARP Diet and Health Study cohort. Each listed cause is followed by the International Classification of Diseases, 10th Revision (ICD-
10) code associated with that disease. Relative risks were estimated from Cox proportional-hazards models adjusted for age, race, educa-
tional level, current alcohol use, and cohort. COPD denotes chronic obstructive pulmonary disease.

†  Included are the diseases that have been established by the U.S. Surgeon General as caused by smoking, with the exception of cervical 
cancer, which occurred only rarely in this cohort.

‡  Included are outcomes significantly associated with smoking, not including external causes or mental health disorders.
§  Tuberculosis is not included in this category.
¶  All cancer sites are included, other than the 12 established as causal by the Surgeon General and cancers of the breast, prostate, and 

brain; other leukemias; melanoma; and non-Hodgkin’s lymphoma (individual data for which are provided in Tables S2 and S3 in the 
Supplementary Appendix).

‖  Included are all respiratory diseases (ICD-10 codes J00–J99) other than pneumonia and influenza, COPD, and pulmonary fibrosis (individ-
ual data for which are provided in Tables S2 and S3 in the Supplementary Appendix)

**  Included are all digestive diseases (ICD-10 codes K00–K93) other than intestinal ischemia, cirrhosis, and other liver diseases (individual 
data for which are provided in Tables S2 and S3 in the Supplementary Appendix)

††  Included are causes that are not shown separately in Tables S2 and S3 in the Supplementary Appendix: ICD-10 codes H00–H95, L00–L99, 
M00–M99, O00–U89, and Z00–Z99.

Table 2. (Continued.)
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(relative risk, 1.4; 95% confidence interval [CI], 
1.2 to 1.7), and female smokers were at higher 
risk for death from breast cancer (relative risk, 
1.3; 95% CI, 1.2 to 1.5). Relative risks for other 
causes associated with smoking were similar 
among men and women (Table 2); therefore, the 
estimates below and in Tables S4 and S5 in the 
Supplementary Appendix are provided for men 
and women combined. Current smoking was as-
sociated with a higher risk of death from infec-
tions (relative risk, 2.3; 95% CI, 2.0 to 2.7), in-
testinal ischemia (relative risk, 6.0; 95% CI, 4.5 
to 8.1), hypertensive heart disease (relative risk, 
2.4; 95% CI, 1.9 to 3.0), renal failure (relative 
risk, 2.0; 95% CI, 1.7 to 2.3), other respiratory 
diseases (relative risk, 1.9; 95% CI, 1.6 to 2.3), 
and liver cirrhosis (relative risk, 3.1; 95% CI, 2.6 
to 3.7). Among current smokers, risks increased 
as the number of cigarettes smoked daily in-
creased in the case of deaths from infections 
(P = 0.01), breast cancer (P = 0.01), and renal fail-
ure (P = 0.03) (Table S4 in the Supplementary 
Appendix). Among former smokers, the relative 
risks for each of these diseases, except liver cir-
rhosis, declined as the number of years since 
quitting increased (Table S5 in the Supplemen-
tary Appendix).

Although all models were adjusted for current 
alcohol consumption, further analyses were re-
stricted to persons who were not current drinkers 
in order to minimize potential residual confound-
ing by alcohol use. The relative risk of death from 
liver cirrhosis (among men and women combined) 
was lower among current smokers who did not 
drink (relative risk, 2.0; 95% CI, 1.4 to 2.9) than 
it was in the overall study population, whereas 
the relative risk for death from breast cancer 
(relative risk, 1.4; 95% CI, 1.2 to 1.7) was essen-
tially unchanged.

Current smoking was associated with higher 
mortality with respect to several outcomes that 
included multiple diseases too uncommon to ex-
amine individually. In analyses of data from men 
and women combined, current smoking was as-
sociated with an increased risk of death from all 
rare cancers combined (relative risk, 1.2; 95% CI, 
1.1 to 1.4), respiratory diseases that are not in-
cluded in the Surgeon General’s list (relative risk, 
1.9; 95% CI, 1.6 to 2.3), rare digestive diseases 
that were not examined individually (relative risk, 
2.2; 95% CI, 1.9 to 2.6), and all other known causes 
(relative risk, 2.0; 95% CI, 1.8 to 2.2).

Excess Mortality among Current Smokers

Diseases that have been established as caused by 
smoking accounted for approximately 83% of the 
total excess mortality observed among current 
smokers (Table 3). Most of the remaining ex-
cess mortality (16.9% among women and 15.3% 
among men) was accounted for by the additional 
outcomes shown in Table 3 and discussed above 
(which were selected on the basis of plausibility, 
incidence, and statistical significance). A small 
proportion was due to other, less plausibly causal, 
associations with outcomes, such as suicide and 
accidents. Relative risks for all outcomes are 
shown in Tables S2 and S3 in the Supplemen-
tary Appendix.

Discussion

Our study provides a comprehensive, prospective 
analysis of the contemporary risks of death associ-
ated with cigarette smoking in the United States. 
The rate of death from any cause was 2 to 3 times 
as high among current smokers as among per-
sons who never smoked, a finding that is consis-
tent with the results in our previous report.3 
Approximately 17% of this excess mortality was 
due to associations with causes that have not been 
formally established as attributable to smoking.

The rate of death from renal failure was twice 
as high among current smokers as among per-
sons who never smoked, a finding that is consis-
tent with results from case–control studies.11,12 
Smoking is an important cause of the cardiovas-
cular risk factors for renal failure but may also 
directly impair kidney function.12 Even in patients 
without underlying renal or cardiovascular diseas-
es, urinary albumin, a marker of potential renal 
damage, increases in a dose-dependent manner 
with the number of cigarettes smoked per day.13

Current smoking was associated with an in-
creased risk of death from hypertensive heart dis-
ease (according to ICD-10 coding), which is the 
only category of heart disease not already formally 
established as attributable to smoking.1 Criteria 
for attributing a death from heart disease to 
hypertensive heart disease are not well defined.14 
Hypertensive heart disease can include both hy-
pertensive heart failure and other types of heart 
disease. However, this association is relevant for 
assessing the public health burden of smoking, 
since a considerable number of deaths in the United 
States are attributed to hypertensive heart disease.15
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Mortality from intestinal ischemia was strong-
ly associated with current smoking in this cohort, 
as it was in the Million Women Study.2 The relative 
risk was approximately 6 among current smokers 
and decreased with increasing number of years 
since quitting. To our knowledge, no other large 
studies have examined this association. Smoking 

acutely reduces blood flow to the intestines,16 and 
evidence suggests that smoking causes risk factors 
that can often lead to intestinal ischemia, includ-
ing atherosclerosis, platelet aggregation, and con-
gestive heart failure.17

Mortality from infections was more than twice 
as high among current smokers as among per-

Cause of Death Women Men

Never 
Smoked

Current 
Smoker

% of Excess 
Mortality†

Never 
Smoked

Current 
Smoker

% of Excess 
Mortality†

deaths/1000 person-yr‡ deaths/1000 person-yr‡

All causes 1035.5 2541.8 — 1528.0 3921.9 —

Diseases established as caused by smoking§ 474.7 1729.0 83.3 802.4 2806.6 83.8

Additional diseases associated with smoking

All infections, A00–B99¶ 19.7 43.5 1.6 28.4 64.6 1.5

Breast cancer, C50 62.7 79.8 1.1 — — —

Prostate cancer, C61 — — — 65.7 85.6 0.8

Rare cancers‖ 42.0 41.8 0.0 25.5 35.0 0.4

Cancers of unknown site 28.1 71.2 2.8 40.5 110.5 2.9

Hypertensive heart disease, I11 7.7 13.3 0.4 12.1 33.1 0.9

Essential hypertension and hypertensive 
 renal disease, I10 and I15

7.9 17.0 0.6 10.4 23.8 0.6

All other respiratory diseases** 14.3 21.7 0.5 22.9 41.2 0.8

Ischemic disorders of the intestines, K55 2.8 14.6 0.8 2.8 13.9 0.5

Liver cirrhosis, K70 and K74 6.9 20.8 0.9 10.5 47.9 1.6

All other digestive diseases†† 20.0 35.3 1.0 23.7 55.9 1.3

Renal failure, N17–N19 16.1 25.6 0.6 25.0 41.2 0.7

Additional rare causes combined‡‡ 51.7 93.4 2.8 38.6 64.1 1.1

Unknown causes 33.0 90.9 3.8 53.4 104.9 2.2

Excess risk explained by additional outcomes 16.9 15.3

*  Data are from 2000 to 2011 from a pooled contemporary cohort comprising the Cancer Prevention Study II Nutrition Cohort, the Nurses’ 
Health Study I cohort, the Health Professionals Follow-up Study cohort, the Women’s Health Initiative cohort, and National Institutes of 
Health–AARP Diet and Health Study cohort. Each listed cause is followed by the International Classification of Diseases, 10th Revision (ICD-
10) code associated with that disease.

†  We calculated excess mortality by dividing the disease-specific excess mortality among current smokers (as compared with persons who 
never smoked) by the all-cause excess mortality. Totals may not add to 100% because of rounding and nonsignificant associations in out-
comes that are not shown.

‡  Mortality was age-standardized to the 2000 U.S. population distribution.
§  Included are the diseases that have been established by the U.S. Surgeon General as caused by smoking.
¶  Tuberculosis is not included in this category.
‖  Included are all cancer sites other than the 12 that have been established as causal by the Surgeon General and cancers of the breast, 

prostate, and brain; other leukemias; melanoma; and non-Hodgkin’s lymphoma (individual data for which are provided in Tables S2 and 
S3 in the Supplementary Appendix).

**  Included are ICD-10 codes J00–J99 other than pneumonia and influenza, COPD, and pulmonary fibrosis (individual data for which are pro-
vided in Tables S2 and S3 in the Supplementary Appendix).

††  Included are ICD-10 codes K00–K93 other than ischemic disorders of the intestines, liver cirrhosis, and other liver diseases (individual 
data for which are provided in Tables S2 and S3 in the Supplementary Appendix.

‡‡  Included are causes that are not shown separately in Tables S2 and S3 in the Supplementary Appendix: ICD-10 codes H00–H95, L00–L99, 
M00–M99, O00–U89, and Z00–Z99.

Table 3. Mortality and Excess Mortality, According to Sex and Smoking Status.*
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sons who never smoked, and the risk increased 
with smoking intensity and declined with increas-
ing number of years since cessation. Previous stud-
ies have documented higher rates of many infec-
tious diseases among smokers.18,19 The Surgeon 
General has concluded that cigarette smoke ad-
versely affects immune function and may acceler-
ate the progression of many infectious diseases.1

Current smoking was associated with more 
than double the risk of death from diseases in-
cluded in the category of other digestive diseases 
(ICD-10 codes K00–K54, K56–K69, and K78–K93). 
The Surgeon General recently concluded that the 
evidence linking smoking to Crohn’s disease was 
suggestive but still insufficient.1 Moreover, smok-
ing is an important modifiable risk factor for 
peptic ulcers20,21 and acute pancreatitis.22,23 Other 
diseases in this group include paralytic ileus and 
bowel obstructions, cholelithiasis, diverticulitis, 
and gastrointestinal hemorrhages. Although these 
diseases are not common causes of death, they ac-
count for millions of hospitalizations each year.24

There is broad agreement that cigarette smok-
ing causes cancers at a minimum of 12 different 
sites.25,26 This study updates the relative risks of 
death from cancer at these sites in a contempo-
rary population. We also found additional signifi-
cant associations with death from breast cancer 
and from prostate cancer. The Surgeon General 
has not yet concluded that smoking causes breast 
cancer.1 We found that the risk of death increased 
significantly with smoking intensity and declined 
after cessation of smoking, findings that were 
similar to results from previous analyses of data 
from the individual cohorts that were pooled for 
the current analysis.27-30 Numerous studies have 
examined the relationship between smoking and 
breast cancer; however, confounding by alcohol 
use remains a concern. An analysis of the Million 
Women Study showed a 13% higher risk of fatal 
breast cancer among current smokers after ad-
justment for the number of drinks per week, but 
no association was observed among women who 
consumed fewer than three drinks per week.2 In 
our analysis, smoking remained significantly as-
sociated with death from breast cancer among 
women who were not current drinkers. However, 
associations between smoking and death from 
breast cancer may also be biased by differences 
in screening31 or treatment32 patterns among 
smokers, and information on these variables was 
not available in this study. Additional studies with 

detailed information on these factors may be use-
ful in clarifying whether smoking is causally as-
sociated with death from breast cancer.

Mortality from prostate cancer in this popu-
lation was 43% higher among current smokers 
than among those who had never smoked, a find-
ing that is consistent with most previous analyses 
of prostate-cancer mortality.33 The Surgeon Gen-
eral concluded that although there was insuffi-
cient evidence that smoking increases the inci-
dence of prostate cancer, the available evidence 
suggested that current or recent smoking increas-
es the risk of advanced-stage disease and of death 
from prostate cancer.1 Higher mortality from pros-
tate cancer among smokers could be caused by 
delayed diagnosis owing to less intense medical 
surveillance or by a promoting effect of smoking 
on later stages of carcinogenesis and progression.34 
This latter hypothesis is supported by analyses 
showing associations between smoking and both 
progression of prostate cancer35 and prostate-
cancer–specific mortality among men with pros-
tate cancer.36 Results from our analysis appear to 
be consistent with an influence of smoking on 
later stages of carcinogenesis, since we observed 
no increase in prostate-cancer mortality among 
men who had recently quit smoking.

We found significantly higher mortality from 
liver cirrhosis among smokers than among per-
sons who never smoked but did not observe a 
dose–response pattern with respect to smoking 
intensity or years since quitting. In a recent analy-
sis of the Million Women Study, mortality from 
liver cirrhosis was increased by a factor of 3, a 
finding that was unchanged when the analysis 
was restricted to women who reported consum-
ing fewer than three drinks per week.2 In our 
analysis, current smoking was significantly as-
sociated with death from liver cirrhosis even 
among persons who were not current drinkers, 
although the relative risk was lower in that sub-
group than in the overall study population. This 
association may be confounded by past alcohol 
use, but it could plausibly be attributed, at least 
in part, to smoking. Future studies should focus 
on the risks associated with smoking among 
persons who have never drunk alcohol.

Overall, associations between smoking and 
death from the 14 disease categories shown in 
Table 3 accounted for virtually all the excess 
mortality associated with smoking that was not 
already accounted for by diseases previously es-
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tablished as attributable to smoking. We think 
there is strong evidence for a causal association 
between smoking and at least 5 of these disease 
categories — infections, hypertensive heart dis-
ease, renal failure, intestinal ischemia, and other 
respiratory diseases. The associations with respi-
ratory diseases and infections have strong bio-
logic plausibility. Hypertensive heart disease, renal 
failure, and intestinal ischemia are related to poor 
vascular function, and the adverse effects of smok-
ing on vascular function in general are well estab-
lished.17

In addition to these five disease categories, 
smoking was associated with mortality from can-
cers of unknown primary site that was increased 
by a factor of nearly 3. No cancer that has not 
already been established as caused by smoking is 
likely to be as strongly associated with smoking as 
that. Therefore, the excess risk of death from these 
cancers is likely to have resulted from cancers al-
ready established as caused by smoking. The same 
holds true with respect to deaths from unknown 
causes. Since the great majority of deaths are from 
causes established as attributable to smoking, this 
category probably includes substantial numbers 
of deaths from known smoking-related diseases. 
Deaths from the five disease categories we con-
sider likely to be causal combined with deaths 
from unknown cancers and unknown causes ac-
counted for approximately 10% of the total excess 
mortality among smokers in this cohort, or about 
half of all the excess mortality not accounted for by 
diseases already established as caused by smoking.

Our results suggest that the Surgeon General’s 
recent estimate of smoking-attributable mortality 
may have been an underestimate. The Surgeon 
General’s estimate, which took into account only 
the 21 diseases formally established as caused by 
smoking, was that approximately 437,000 deaths 
among adults are caused each year by active smok-
ing (not including secondhand smoke). However, 
the Surgeon General’s report presents an alter-
native estimate of 556,000 deaths among adults on 
the basis of the excess mortality from all causes. 
The difference between these two estimates is 

nearly 120,000 deaths.1 If, as suggested by the re-
sults in our cohort, at least half of this difference 
is due to associations of smoking with diseases 
that are causal but are not yet formally established 
as such, then at least 60,000 additional deaths 
each year among U.S. men and women may be 
caused by cigarette smoking.

The primary strength of this study is its large 
size, which enabled us to examine causes of 
death that are too rare to examine in smaller 
studies; nonetheless, these outcomes are respon-
sible for a sizable number of smoking-related 
deaths. This analysis includes mortality data that 
are updated from our original report and thus 
provides more precise estimates of the contempo-
rary risks of death associated with smoking.

A notable limitation of this study is that most 
members of the study population were white, and 
on average, they were better educated than the 
general population. Another limitation is that the 
associations observed in this study could be 
confounded by differences between smokers and 
nonsmokers with respect to risk factors including 
diet, physical activity, and access to medical care. 
The potential for confounding varies depending 
on the specific mortality outcome. However, in an 
earlier study of smoking and mortality, adjustment 
for demographic and behavioral factors had a 
minimal effect on risk estimates.37

In conclusion, this comprehensive examination 
of cause-specific mortality in a large contempo-
rary population identified associations between 
smoking and increased mortality from several 
diseases that are not currently established as 
caused by smoking. Although these associations 
should be investigated further, our results suggest 
that the number of persons in the United States 
who die each year as a result of smoking ciga-
rettes may be substantially greater than currently 
estimated.
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