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ABSTRACT

Background: Patients are often concerned about the effects
of smoking on perioperative risk. However, effective advice
may be limited by the paucity of information about smoking
and perioperative risk. Thus, our goal was to determine the
effect of smoking on 30-day postoperative outcomes in non-
cardiac surgical patients.
Methods: We evaluated 635,265 patients from the Ameri-
can College of Surgeons National Surgical Quality Improve-
ment Program database; 520,242 patients met our inclusion
criteria. Of these patients, 103,795 were current smokers;
82,304 of the current smokers were propensity matched with
82,304 never-smoker controls. Matched current smokers
and never-smokers were compared on major and minor
composite morbidity outcomes and respective individual
outcomes.
Results: Current smokers were 1.38 (95% CI, 1.11–1.72)
times more likely to die than never smokers. Current smok-
ers also had significantly greater odds of pneumonia (odds
ratio [OR], 2.09; 95% CI, 1.80–2.43), unplanned intuba-
tion (OR, 1.87; 95% CI, 1.58–2.21), and mechanical ven-

tilation (OR, 1.53; 95% CI, 1.31–1.79). Current smokers
were significantly more likely to experience a cardiac arrest
(OR, 1.57; 95% CI, 1.10–2.25), myocardial infarction
(OR, 1.80; 95% CI, 1.11–2.92), and stroke (OR, 1.73; 95%
CI, 1.18–2.53). Current smokers also had significantly
higher odds of having superficial (OR, 1.30; 95% CI, 1.20–
1.42) and deep (OR, 1.42; 95% CI, 1.21–1.68) incisional
infections, sepsis (OR, 1.30; 95% CI, 1.15–1.46), organ
space infections (OR, 1.38; 95% CI, 1.20–1.60), and septic
shock (OR, 1.55; 95% CI, 1.29–1.87).
Conclusion: Our analysis indicates that smoking is associ-
ated with a higher likelihood of 30-day mortality and serious
postoperative complications. Quantification of increased
likelihood of 30-day mortality and a broad range of serious
smoking-related complications may enhance the clinician’s
ability to motivate smoking cessation in surgical patients.

I N the 20th century, smoking killed 100 million people
worldwide; currently, 5.4 million deaths each year are

related to smoking.‡‡ Smoking is associated with chronic
diseases, economic losses to society, and a substantial burden
on the healthcare system. Despite decreased smoking in re-
cent decades, tobacco use remains the leading preventable
cause of disease and death in the United States, causing ap-
proximately 443,000 deaths each year and costing approxi-
mately $157 billion in annual health-related economic
losses.1
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What We Already Know about This Topic

• Although smoking worsens perioperative outcomes, the size
of this effect is not well described.

What This Article Tells Us That Is New

• In noncardiac surgical patients, smoking was associated with
a 40% increase odds of 30-day mortality and a 30–100%
increase odds of major morbidity, including surgical site infec-
tion, pneumonia, unplanned intubation, and septic shock.

! This article is accompanied by an Editorial View. Please see:
Katznelson R, Beattie WS: Perioperative smoking risk.
ANESTHESIOLOGY 2011; 114:734 – 6.

! Supplemental digital content is available for this article. Direct
URL citations appear in the printed text and are available in
both the HTML and PDF versions of this article. Links to the
digital files are provided in the HTML text of this article on the
Journal’s Web site (www.anesthesiology.org).
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Approximately 20% of adult Americans smoke cigarettes,
and at least that fraction of patients undergoing surgery are
current smokers.2 The fact that long-term smoking is harm-
ful is beyond question. Smoking is also thought to augment
the risk of poor postoperative outcomes, especially impaired
wound and tissue healing3–5 and cardiopulmonary compli-
cations.6,7 The extent to which smoking increases surgical
risk remains poorly characterized. The results of previous
studies6,8–10 have been inconclusive and limited by inade-
quate statistical power, restricting analysis to a single institu-
tion, with incomplete patient follow-up.

Thus, the current study tested the primary hypothesis that
smoking worsens a composite of major 30-day postoperative
morbidities in noncardiac surgical patients treated in 200 cen-
ters throughout the United States between January 1, 2005 and
December 31, 2008. We also tested the secondary hypotheses
that there is a dose–response relationship between amount of
tobacco consumption and both surgical complications and du-
ration of hospitalization.

Materials and Methods

This retrospective cohort study was based on data used from the
American College of Surgeons National Surgical Quality Im-
provement Program (ACS-NSQIP) that were acquired between
2005 and 2008. Institutional review board approval was ob-
tained from the Cleveland Clinic, Cleveland, Ohio. Data were
prospectively collected in a standardized manner, according to
strict definitions of preoperative characteristics, intraoperative
information, and postoperative outcomes. A dedicated surgical
clinical nurse reviewer collected data from computerized and
paper patient medical records, physicians’ office records, and
telephone interviews with patients. The accuracy and reproduc-
ibility of these data are well established.11,12

Study Population
We excluded patients with preoperative pneumonia, requir-
ing ventilator-assisted respiration at any time during the 48 h
preceding surgery; preoperative systemic sepsis (defined as sys-
temic inflammatory response syndrome, sepsis, or septic
shock); coma lasting longer than 24 h; central nervous system
tumor; disseminated cancer; open wound infection before
surgery; or bleeding disorders.

Current smokers were defined in the ACS-NSQIP data-
base as “patients who reported smoking cigarettes in the year
before admission for surgery.” Patients who smoked cigars or
pipes or used chewing tobacco were not included. In addi-
tion, patients reported the amount of smoking in terms of
pack-years. Never smokers were defined as those who reported
not smoking in the previous year and also reported 0 lifetime
pack-years (i.e., excluding those with a missing value for
lifetime pack-years). Outcomes were defined according to
the ACS-NSQIP report of any major morbidity and report of
any minor morbidity (table 1).

Statistical Analysis
Primary Outcome. We first assessed the crude (unadjusted)
association between smoking status and a collapsed compos-
ite (any versus none) of major morbidities, a collapsed com-
posite of minor morbidities, and individual major and minor
morbidities, using logistic regression.

For our primary analyses, we assessed the relationship
between smoking and postoperative morbidity after propen-
sity matching current smokers to never smokers on the avail-
able baseline confounding variables. We distinguished con-
founders (i.e., variables potentially affecting both smoking
status and outcome) from mediator variables (i.e., variables
such as history of chronic obstructive pulmonary disease,
which might be caused by smoking and mediate the effect of
smoking on outcome). Therefore, we matched on available
baseline variables but not on variables deemed to potentially
lie on the causal pathway between smoking and outcome.
The following 14 conditions were deemed a priori to poten-
tially mediate part of the effect of smoking on outcome:
history of transient ischemic attacks, history of myocardial
infarction, history of angina, history of revascularization/am-
putation, previous cardiac surgery, previous percutaneous
coronary intervention, history of severe obstructive pulmo-
nary disease, cerebrovascular accident/stroke with neurologic
deficit, cerebrovascular accident/stroke with no neurologic
deficit, hypertension requiring medication, hemiplegia, dys-
pnea, chemotherapy, and radiotherapy.

Reported current smokers (within 1 yr before admission
for surgery) were matched to reported never smokers using
propensity matching.13 We first estimated the propensity
score (probability of being a smoker) for each patient using
logistic regression based on the values of all covariables
deemed to be potential confounders (except race and current
procedural terminology code, which were exactly matched in
the next step). We grouped each current procedural termi-
nology code into 1 of 244 mutually exclusive clinically ap-

Table 1. Individual Morbidities

Major Morbidity Minor Morbidity

30-d Mortality Superficial Surgical
Site Infection

Organ Space Surgical
Site Infection

Deep Incisional Surgical
Site Infection

Pneumonia Wound Disruption
Unplanned Intubation Renal Insufficiency
Pulmonary Embolism Urinary Tract Infection
Ventilator !48 h
Stroke/Cerebrovascular

Accident

Deep Venous Thrombosis/
Thrombophlebitis

Coma !24 h
Cardiac Arrest
Myocardial Infarction
Bleeding, Transfusions

!5 U
Sepsis
Septic Shock
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propriate categories using the Agency for Healthcare Re-
search and Quality’s clinical classification software for
services and procedures. Next, a 1-to-1 greedy matching al-
gorithm (SAS macro: gmatch)§§ was used for the matching.
Successful current to never smoker matches were then re-
stricted to patients with the same race and Agency for
Healthcare Research and Quality clinical classification soft-
ware for services and procedures category, with estimated
propensity scores within 0.001 U of one another. A single
imputation based on all baseline variables were used for body
mass index, which was missing for 2.2% of all patients.

The balance between current and never smokers on
matched variables before and after matching was assessed
using the standardized difference (i.e., the difference in
means or proportions/pooled SD). The standardized differ-
ence enables direct comparison of the balance between
groups independent of the sample size, in contrast to a P
value resulting from an appropriate statistical test. Cohen14

proposed guidelines of 0.2, 0.5, and 0.8 to represent small,
medium, and large standardized differences, respectively, in
absolute values. To account for even minimal potential con-
founding, we prespecified a conservative criterion of greater
than 0.1 absolute standardized difference as an indication of
imbalance. Such variables were entered into the multivari-
able model comparing matched current with never smokers
on outcomes to adjust for any residual imbalance.

Matched current and never smokers were compared on
the major and minor collapsed composite morbidity out-
comes and individual outcome components using logistic
regression. Models were fit both with and without adjust-
ment for the a priori–specified mediator covariables. Analysis
without adjustment for the mediator variables was intended
to estimate the overall effect of smoking to the extent possible
in a nonrandomized study. Analysis adjusting for the mediator
variables was intended to isolate the individual contributions of
the specified mediator variables on outcome and any residual
effect of smoking (see table, Supplemental Digital Content 1,
http://links.lww.com/ALN/A674). Supplemental Digital Con-
tent 2 (figure, http://links.lww.com/ALN/A675) distinguishes
a confounding variable (a cause of both the exposure and out-
come) from a mediator variable (a variable in the causal pathway
between an exposure and outcome). The fit of each model was
assessed by the Hosmer and Lemeshow goodness-of-fit test.15

Finally, although all components of our major morbidity
composite are serious events (table 1), they would not likely
be considered by researchers or patients to have exactly the
same severity in the typical manifestation. Therefore, we
conducted a sensitivity analysis to assess the relationship be-
tween smoking and our major morbidity composite, in
which we weighed each component by a clinical severity

weight. Weights were determined as the average score for
that component (range, 1–100, with 100 being the most
severe) among three otherwise noninvolved anesthesiolo-
gists. A multivariate (i.e., multiple outcomes per subject)
generalized estimating equations model was used to estimate
a common effect odds ratio (OR) across the components
while applying the severity weights.16

Secondary Outcomes. For current smokers, we assessed the
relationship between amount of tobacco consumed, measured
in pack-years, and the collapsed composite any major morbidity
outcome using multivariable logistic regression, adjusting for all
potential confounders used for propensity matching. The lin-
earity of the relationship was visually assessed by plotting the
estimated logit (i.e., log[probability]/[1"probability]) of the
outcome as a function of tobacco consumption, using a gener-
alized additive model (univariable logistic regression incorporat-
ing a smooth [thin-plate regression spline] term for amount of
tobacco consumed, with the smoothing parameter obtained via
cross-validation).

The relationship between amount of tobacco consumed and
outcome was also assessed by comparing tobacco consumption
amount categories of current with never smokers, again adjust-
ing for all confounders used for propensity matching.

SAS software version 9.2 for UNIX (SAS Institute Inc.,
Cary, NC) and R software version 2.8.1 for Windows (The R
Foundation for Statistical Computing, Vienna, Austria)
were used for all statistical analyses. We adjusted for multiple
comparisons using Bonferroni correction.

Results
There were 635,265 surgical cases available within the ACS-
NSQIP database. We excluded patients who did not meet our
inclusion and exclusion criteria (remaining patients, 520,242)
or were current nonsmokers with missing or nonzero value of
pack-years. Among the remaining 391,006 patients, 103,795
(26.5%) were current smokers and 287,211 (73.5%) were never
smokers. Figure 1 shows details of the types and numbers of
exclusions. Definitions of major morbidities, as defined in
NSQIP, are also shown in Supplemental Digital Content 3
(table, http://links.lww.com/ALN/A676).

In an unadjusted analysis, smoking was associated with in-
creased odds of any major morbidity: OR, 1.72 (95% CI, 1.67–
1.78; P # 0.0001; table 2 and Supplemental Digital Content 4,
table, http://links.lww.com/ALN/A677). Smoking was simi-
larly associated with any minor morbidity: OR, 1.35 (95% CI,
1.31–1.40; P # 0.0001; table 2 and Supplemental Digital Con-
tent 4, table, http://links.lww.com/ALN/A677). However, an
imbalance on many important baseline variables confirmed that
adjustment for potential confounding covariables was necessary
(table 3, left). For example, current smokers were more likely to
be male, to be alcohol users, and to have more severe American
Society of Anesthesiologist physical status (standardized differ-
ence greater than 0.20).

Among 520,242 patients, 505,632 (97.2%) had com-
plete data for the primary covariable-adjusted analysis com-

§§ Bergstralh E, Kosanke J: Gmatch SAS program, Mayo Clinic
Division of Biomedical Statistics and Informatics. Rochester, Mayo
Clinic (HSR CodeXchange), 2003. Computerized matching of cases to
controls using the greedy matching algorithm with a fixed number of
controls per case. Available at: http://mayoresearch.mayo.edu/mayo/
research/biostat/sasmacros.cfm. Accessed December 1, 2010.
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paring reported current and never smokers. Among 14,610
patients (2.8%) who had at least one missing covariable
value, 11,227 (77%) were only missing body mass index,
which was imputed using a single imputation from all avail-
able data before performing the propensity score matching.
Thus, only 0.65% of patients (3,383 of 520,242) were ex-
cluded from consideration in the propensity score matching
because of missing covariable values.

We successfully propensity matched 82,304 current
smokers (79% of the total) with 82,304 controls for a total of
164,608 patients. Our propensity-matched subset retained
93 (78%) of 120 categories before matching the Agency for
Healthcare Research and Quality’s clinical classification soft-
ware for services and procedures categories (Supplemental
Digital Content 5, table, http://links.lww.com/ALN/A678).
The 27 (22%) unmatched Agency for Healthcare Research

and Quality’s clinical classification software for services and
procedures categories represented only 0.1% of current
smokers (n $ 118). As seen in the standardized differences in
table 3, right, covariables were much better balanced as a
result of propensity matching. However, age was slightly
unbalanced between current and never smokers, with a stan-
dardized difference of "0.11; thus, we adjusted for age when
comparing current with never smokers on outcomes.

In the propensity-matched subset, smoking was indepen-
dently associated with increased odds of any major morbidity
after adjusting for both age only and age and the mediator
covariables (P # 0.0001 for both, table 2); the corresponding
estimated ORs (95% CIs) (smoker vs. never smoker) were
1.40 (1.33–1.47) and 1.27 (1.21–1.34), respectively. In the
model without the mediator covariable adjustment, the
smoking OR assesses the overall association between smok-

Fig. 1. Types and numbers of exclusions of the available surgical cases (2005–2008) within the American College of Surgeons
National Surgical Quality Improvement Program (ACS-NSQIP) database.
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ing and outcome, including the effects through the expected
mediator variables and any unmeasured variables (table 2); in
the model adjusting for age and mediator covariables esti-
mates the “residual” effect of smoking after removing the
effects of the mediator variables on the outcome. The differ-
ence between the two ORs (1.40 vs. 1.27) is our best estima-
tion of how much smoking-related disease mediates the ef-
fect of smoking on major morbidity. On the log odds scale,
approximately 29% of the observed overall smoking effect
was explained by the prespecified mediator variables.

Our severity-weighted common effect OR (95% CI) for
smokers versus never smokers in the sensitivity analysis was
1.45 (1.37–1.54), similar to the primary analysis estimate of
1.40 (1.33–1.47).

Results were similar for minor complications. Smoking
was independently associated with increased odds of any mi-
nor morbidity when adjusting for both age only and age and
the mediator covariables (P # 0.0001 for both, table 2).

For individual major morbidities, smoking status was inde-
pendently associated with higher risk of 30-day mortality, organ
space surgical site infection, pneumonia, unplanned intubation,
ventilation for longer than 48 h, cerebrovascular accident/
stroke, cardiac arrest, myocardial infarction, sepsis, and septic
shock, after adjusting for age (fig. 2 and Supplemental Digital
Content 1, table, left, http://links.lww.com/ALN/A674). Fur-
thermore, after removing the purported effects of smoking
via the mediator variables (i.e., by adjusting for age and
the mediator covariables), smoking remained associated
with higher risk of organ space surgical site infection,

pneumonia, unplanned intubation, ventilation for longer
than 48 h, stroke/cerebrovascular accident, sepsis, and
septic shock (Supplemental Digital Content 1, table,
right, http://links.lww.com/ALN/A674).

For the 56,903 matched current smokers with a non-
missing value of pack-years (69% of the matched 82,304
current smokers), the logit of the estimated probability of any
major morbidity (without covariable adjustment) increases
rather linearly with increased amounts of tobacco consumed
but begins to taper as pack-years reach approximately 30 (fig.
3). In a multivariable dose–response analysis for current
smokers, the odds of having any major morbidity increased
linearly and quadratically with amount of smoking after ad-
justing for covariables. Therefore, we do not report an overall
dose–response OR for pack-years of smoking.

We also grouped the 56,903 current smokers with a non-
missing value of pack-years into four categories based on the
quartiles of reported pack-years and compared them with the
82,304 never smokers on any major morbidity in a multi-
variable analysis. Current smokers in the four pack-year
quartiles reported smoking a median (quartile 1–quartile 3)
of 6 (3–10), 17 (15–20), 30 (28–37), and 60 (50–75) pack-
years, respectively. The odds of major morbidity did not
differ significantly between light smokers (1–10 pack-years)
and never smokers (P $ 0.12), whereas the odds versus never
smokers were significantly greater in all patients who smoked
for longer than 10 pack-years (fig. 4) (P # 0.001 for all).
Finally, within current smokers, there were no significant
differences between the second, third, and fourth pack-year

Table 2. Summary of Associations between Smoking Status and Any Major or Minor Morbidity

Analysis (Current Smokers/
Never Smokers)

Incidence, No. (%)
Model

Adjustment* OR (95% CI)†
P

ValueCurrent Smokers Never Smokers

Any major morbidity
Crude Association (Unmatched)

(103,795/287,211)
5,575 (5.4) 9,161 (3.2) Unadjusted 1.72 (1.67–1.78) #.0001

Propensity-matching Analyses
(82,304/82,304)

3,688 (4.5) 3,013 (3.7) Age 1.40 (1.33–1.47) #.0001
Age and “Mediator”

Covariables‡
1.27 (1.21–1.34) #.0001

Any minor morbidity
Crude Association (Unmatched)

(103,795/287,211)
6,029 (5.8) 12519 (4.4) Unadjusted 1.35 (1.31–1.40) #.0001

Propensity-matching Analyses
(82,304/82,304)

4,493 (5.5) 3,875 (4.7) Age 1.22 (1.17–1.28) #.0001
Age and “Mediator”

Covariables‡
1.18 (1.13–1.24) #.0001

Collapsed outcomes: any major or minor morbidity, 1 vs. none (0).
* Adjusted in logistic regression comparing the propensity-matched current smokers with never smokers on outcome. † Logistic
regression: ratio of the odds of any major or minor morbidity for current vs. never smokers. The Hosmer and Lemeshow (H–L)
goodness-of-fit chi-square statistics and P values were as follows: for any major morbidity, age, 46 (df $ 9) and P#0.0001; and age
and “mediator” covariables, 14.4 (df $ 9) and P$0.11; and any minor morbidity, age, 17.1 (df $ 9) and P$0.047; and age and
“mediator” covariables, 22.5 (df $ 9) and P$0.01. The H–L results detect lack of fit in some models. However, with such a large sample
size, subtle lack of fit can be detected. The expected and observed frequencies were well balanced for all models. ‡ The following
conditions were believed to, at least in part, mediate the smoking effect (i.e., were not confounders): history of transient ischemic
attacks, history of myocardial infarction, history of angina, history of revascularization/amputation, previous cardiac surgery, previous
percutaneous coronary intervention, history of chronic obstructive pulmonary disease, cerebrovascular accident/stroke with neurologic
deficit, cerebral vascular accident/stroke with no neurologic deficit, hypertension requiring medication, hemiplegia, dyspnea, chemo-
therapy, and radiotherapy. All other baseline variables were considered to be potential confounders.
OR $ odds ratio.
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quartiles, but the odds of morbidity were significantly higher
than for the first quartile. The Bonferroni-corrected signifi-
cance criterion for this hypothesis was 0.005 because of the
10 pairwise comparisons (i.e., 0.05/10).

Discussion
Comprehensive warnings about the dangers of tobacco can
change attitudes toward smoking, especially among patients
about to undergo surgery.17 Thus, the preoperative period is an
excellent opportunity to address the health risks associated with

smoking and studies show that patients frequently request in-
formation on the effects of smoking on the risks of anesthesia
and surgery. Furthermore, smoking cessation therapy seems to
be effective in increasing preoperative spontaneous abstinence,
so the preoperative period might represent a high-impact op-
portunity for smoking cessation (i.e., a “teachable moment”).18

Consequently, the American Society of Anesthesiology has im-
plemented a smoking cessation initiative with the goal of en-
couraging anesthesiologists to advise their patients to quit smok-
ing and refer them to expert resources.!! Our current results
contribute to this strategy because they show, in a large data set,
how smoking compromises surgical outcomes.

Among the current surgical patient population in the
ACS-NSQIP database, approximately 26.5% were current

!! Statement on Smoking Cessation, Committee of Origin: Task
Force on Smoking Cessation: 2008. Available at: http://www.
asahq.org/patientEducation/smoking_cessation.htm. Accessed Jan-
uary 4, 2010.

Table 3. Summary Statistics of Baseline Characteristics

Variable*

All Patients Matched Patients

Current
Smokers

(n $ 103,795)

Never
Smokers

(n $ 287,211) D†

Current
Smokers

(n $ 82,304)

Never
Smokers

(n $ 82,304) D†

Male sex‡ 45.9 35 0.22 41 43.5 "0.05
Race 0.19 0.00

White 71.5 68.8 75 75
Asian 1.1 2.6 0.8 0.8
Black 12 9.4 10.2 10.2
Hispanic 5.6 9.1 5.2 5.2

Age, y§ 49.9 % 15.1 52.4 % 17.5 "0.16 49.1 % 15.0 50.9 % 17.8 "0.11
Body Mass Index, kg/m2!# 27 (24–33) 28 (24–34) "0.13 28 (24–33) 28 (24–33) 0.03
Alcohol Use 5.5 1.1 0.25 2.1 1.9 0.02
Diabetes Mellitus 10.6 11 "0.01 10.1 10.7 "0.02
Health Status, Independent

Before Illness** 99 98 0.04 99 99 0.01
Before Surgery 97 97 0.03 98 98 0.01

Congestive Heart Failure 0.5 0.3 0.02 0.3 0.3 0.00
Ascites 0.7 0.5 0.02 0.6 0.6 0.00
Esophageal Varices 0.1 0.1 0.02 0.1 0.1 0.00
Acute Renal Failure 0.2 0.2 0.01 0.1 0.1 0.00
Undergoing Dialysis (Preoperatively) 1.3 1.2 0.01 1.1 1.2 "0.01
Paraplegia 0.3 0.3 0.01 0.3 0.3 0.00
Quadriplegia 0 0.1 "0.01 0 0 0.00
Steroid Use for Chronic Condition 2.2 2.3 "0.01 2.3 2.4 "0.01
!10% Body Weight Loss 2.8 1.5 0.09 2.3 2 0.02
Inpatient (vs. Outpatient) Surgery 61 56 0.11 58 59 "0.01
Admitted Directly from Home 98 99 "0.04 98 98 0.01
ASA Status Classification§†† 2.4 % 0.7 2.2 % 0.7 0.33 2.3 % 0.6 2.3 % 0.7 "0.06
Emergency Case 9 8.8 0.01 9.1 8.7 0.01
General Anesthesia (vs. Other) 92 91 0.06 92 92 0.02
Do Not Resuscitate Status 0.3 0.3 "0.01 0.2 0.2 0.00
Rest Pain/Gangrene 2.2 0.4 0.16 0.4 0.7 "0.04
Impaired Sensorium 0.2 0.1 0.01 0.1 0.1 0.00
Transfusion !4 U before Surgery 0.1 0.1 0.00 0.1 0.1 0.00

Data are given as percentage of each group unless otherwise indicated.
* Alcohol use indicates !2 drinks/day during the 2 weeks before admission; congestive heart failure, during the 30 days before surgery;
and ! 10% body weight loss, during the past 6 months. † D $ standardized difference (difference in means or proportions/pooled SD)
reported to assess the covariable balance before and after matching between current and never smokers. D ! 0.1 in absolute value
indicates slight imbalance/potential confounding. ‡ Missing values for 0.005% of patients. § Data are given as mean % SD. ! Missing
values for 2.9% of patients (values were imputed before performing the propensity score matching). # Data are given as median (quartile
1–quartile 3). ** Missing values for 0.4% of patients. †† Missing values for 0.5% of patients.
ASA $ American Society of Anesthesiologists.
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smokers, which well exceeds the 20% national average,2,19

presumably because smoking causes complications that re-
quire surgery or reflect that the definition we used of “current
smoking” differs from that used to calculate national smok-
ing prevalence. We found that smokers undergoing noncar-
diac surgery had an estimated 40% increased odds of devel-
oping major morbidity and mortality within 30 days of
surgery over never smokers, representing a modest difference
in the actual percentage with the major morbidity. For ex-
ample, the odds of pneumonia were doubled; the odds of

experiencing an unplanned intubation were 1.9 times higher;
and the odds of experiencing postoperative ventilation last-
ing longer than 48 h were approximately 50% increased.
However, because the incidence of these complications was
low, the increase in the absolute percentage of complications
was modest.

It is not surprising that pulmonary problems predomi-
nate, given that smoking impairs mucus transport; provokes
goblet cell hyperplasia, causing stimulation of mucus over-
production20; impairs pulmonary macrophage function21;
and increases bronchial reactivity by stimulation of airway

Fig. 2. Propensity matching analyses: major morbidity results. Odds ratios (confidence intervals [CIs]) of smokers (in previous
year) versus never smokers for any major complication (collapsed) and each individual major complication, adjusting for patient
age (imbalanced confounder after propensity matching). The CIs for the individual major complications were adjusted using
Bonferroni correction. CVA $ cerebrovascular accident; SSI $ surgical site infection.

Fig. 3. Plot of logit (i.e., log [probability]/1 " probability) of
postoperative composite major morbidity versus tobacco
consumption amount for current smokers undergoing non-
cardiac surgery treated between 2005 and 2008 (n $ 56,903
matched current smokers with a nonmissing value of pack-
years). Logits were estimated using a generalized additive
model (logistic regression with a smoothing term), without
any covariable adjustment.

Fig. 4. Association with amount of smoking. Plot of odds ratio
(95% confidence interval [CI]) of smoking amount categories
versus never smoker for having major complication(s), with ad-
justment for all confounders used for propensity matching. The
CIs were adjusted for multiple comparisons by using Bonferroni
correction.
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inflammation.22 The available data related to smoking are
mixed but suggest a modest increase in risk for postoperative
pulmonary complications among current smokers.23 Our
findings are consistent with those of previous studies6,9,24

that report a significant association between smoking and
postoperative respiratory complications in various types of
surgical procedures.

Although it is reasonably well established that smoking
promotes the development of cardiovascular disease, the re-
lationship between smoking and perioperative cardiovascu-
lar complications remains controversial.25 Most stud-
ies6,10,26,27 have been unable to identify preoperative
smoking status as an independent risk factor for cardiac
events during or after either cardiac or noncardiac surgery.
However, most studies were also fairly small and focused on
specific types of surgery, making it difficult to generalize the
results. In contrast to previous reports, we observed a statis-
tically significant increase in cardiovascular complications: in
our large data set, smokers had 57% increased odds of expe-
riencing 30-day postoperative cardiac arrest, 80% increased
odds of experiencing a myocardial infarction, and 73% in-
creased odds of experiencing stroke. Our results are sup-
ported by the observation that preoperative smoking absti-
nence improves postoperative cardiovascular outcomes in
patients undergoing general and orthopedic surgery.28

Surgeons have long recognized that smoking impairs
healing of certain surgical wounds.29–31 This is not surpris-
ing because smoking provokes peripheral arterial disease, and
some of the constituents of cigarette smoke, such as the va-
soconstrictors nicotine and carbon monoxide, compromise
immune function and reduce tissue oxygenation.32–34 Tissue
oxygenation is the main predictor of wound healing. Low
tissue oxygenation is associated with impaired wound heal-
ing and increased incidence of surgical wound infections.35

Neumayer et al.36 included the data from Veterans Affairs
medical centers with data from the ACS and determined that
smoking was independently associated with surgical site in-
fections. As in previous studies, we observed that smokers
undergoing noncardiac surgery had 30% increased odds of
superficial and 42% increased odds of deep incisional infec-
tions; more seriously, we also observed 30% increased odds
of sepsis, 38% increased odds of organ space infections, and
55% increased odds of septic shock. Finally, there were 61%
increased odds of wound disruption in smokers. Thus, our
results contribute to the evidence that smoking impairs heal-
ing and augments the risk of surgical site infection.

The risk of major complications in patients who smoked
1–10 pack-years did not differ from never smokers. Con-
versely, the complication risk was similar in patients who
smoked 11–22, 23–40, and more than 40 pack-years. This is
consistent with the results of previous studies,37–39 in which
exposure rates above certain levels produced minimal further
risk of complications.

In nonrandomized studies dealing with long-term expo-
sures, it is crucial to distinguish between confounding vari-

ables (i.e., those thought to be causes of both the outcome
and the exposure [smoking]) and mediator variables (i.e.,
those purported to lie on the causal pathway between the
exposure and outcome, such as chronic obstructive pulmo-
nary disease and other smoking-related comorbidities). Pro-
pensity matching smokers and never smokers on mediator
variables, in addition to confounders, would “match away”
the long-term effects of smoking that occur through the me-
diator variables. Therefore, we propensity matched smokers
and never smokers only on a priori–defined confounding
variables. We were then able to assess the relative contribu-
tions of the a priori–defined mediator variables and any re-
sidual smoking effect on outcome. We found that the odds of
major morbidity were 40% higher in smokers than never
smokers when the mediator variables were not included in
the model, versus 27% higher when the mediator variables
were included. Thus, approximately 29% of the observed
overall smoking effect (on the log OR scale) was explained by
the mediator variables and 71% was explained by either the
smoking variable itself, independent of the measured mor-
bidities caused by smoking; or, more likely, by a combination
of unmeasured factors, measurement error, and potential re-
porting bias.

An advantage of using the ACS-NSQIP registry is that it
includes pooled data from numerous academic and nonaca-
demic institutions throughout the country. The ACS-
NSQIP registry provides a large sample size and good gener-
alizability. Furthermore, inclusion criteria are uniform and
reliability is enhanced by uniform data collection and audit-
ing. However, as with any database, there are limitations to
this registry, which we will highlight.

It is impossible to randomize smoking status in a prospec-
tive controlled manner. Thus, we used epidemiologic tools to
evaluate registry data. However, there are distinct limitations
to retrospective analysis of quality improvement registries.
For example, exposure to cigarette smoke in our study was
self-reported. Therefore, recall bias is a potential concern,
although previous work40 indicates that smokers accurately
report the details of their habit. Another limitation of our
study is that exact smoking history in the weeks and days
before surgery is not recorded in the ACS-NSQIP database.
For example, the current smokers may have quit nearly a year
before their surgery. Similarly, we do not know the extent to
which smoking habits changed before or after surgery. Thus,
our study likely underestimates the adverse effects of periop-
erative smoking to the extent that patients restricted or elim-
inated smoking just before or after surgery. For these reasons,
our ORs for the overall effects of smoking may well be un-
derestimates of the true impact of smoking on perioperative
outcomes.

The ACS-NSQIP database has missing values for non-
trivial numbers of patients for smoking status and pack-years
of smoking, either of which may have resulted in overestima-
tion or underestimation of the true relationship between
smoking and the major morbidity. Nevertheless, sensitivity
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analysis did not identify any substantial differences in base-
line variables or outcomes between smokers who had a non-
missing versus a missing value of smoking pack-years. An-
other limitation of the current study is the obverse of a
healthy user effect; smokers also engage in other activities
that are hazardous to health, including alcohol abuse, lack of
primary care, and inadequate access to screening. Although
some of these factors were included in our propensity match-
ing, there are additional uncorrected factors.

We were unable to adjust for the type of hospital (e.g., rural
vs. urban or teaching vs. nonteaching), skill level of surgeons, or
variations in surgical approaches used within a common proce-
dure code. The inability to adjust for these variables might have
confounded the relationship between smoking status and out-
come in our study. Our study also includes a heterogeneous set
of surgical procedures that carry a wide range of risk. Although
we matched on procedure, we cannot conclude that the smok-
ing effect is consistent across the procedures, because this was
not assessed; in addition, it would be difficult to assess with so
many different procedures.

Components of a composite outcome should ideally have
identical clinical importance, frequency, and treatment ef-
fect, although not always attainable in practice.41 Our com-
posite is heterogeneous in that it includes several organ sys-
tems that might directly or indirectly be affected by smoking.
Frequencies across components were similar (i.e., each of the
individual components occurred in less than 1.5% of the
never smokers). In addition, all of the chosen components
represent serious events, although with mortality included,
they cannot be claimed to be of equal severity. Our sensitivity
analysis, in which we incorporated clinical severity ratings of
three staff anesthesiologists to the assessment of smoking,
and our major morbidity composite gave results similar to
the main analysis.

In summary, our analysis of a large well-validated registry
indicates that smoking is associated with higher perioperative
risk for cardiopulmonary, wound-related, and infectious
complications. Previous studies indicate that surgery is a
teachable moment for smoking cessation and is associated
with an increased likelihood of success. Our results enhance
motivation for smoking cessation in general by demonstrat-
ing that the risks of serious adverse outcomes are higher in the
month after surgery, although the increased risk may moti-
vate abstinence; these data do not permit us to evaluate the
potential effects of abstinence on risk.
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