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Abstract

IMPORTANCE—Cigarette smoking adds an estimated $100 billion in annual incremental direct 

health care costs nationwide. Cigarette smoking increases complication risk in surgical patients, 

but the potential effects of smoking status on perioperative health care costs are unclear.

OBJECTIVE—To test the hypothesis that current and former smoking at the time of admission 

for inpatient surgery, compared with never smoking, are independently associated with higher 

incremental health care costs for the surgical episode and the first year after hospital discharge.
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DESIGN, SETTING, AND PARTICIPANTS—This population-based, propensity-matched 

cohort study, with cohort membership based on smoking status (current smokers, former smokers, 

and never smokers) was performed at Mayo Clinic in Rochester (a tertiary care center) and 

included patients at least 18 years old who lived in Olmsted County, Minnesota, for at least 1 year 

before and after the index surgery.

EXPOSURE—Undergoing an inpatient surgical procedure at Mayo Clinic hospitals between 

April 1, 2008, and December 31, 2009.

MAIN OUTCOMES AND MEASURES—Total costs during the index surgical episode and 1 

year after hospital discharge, with the latter standardized as costs per month. Costs were measured 

using the Olmsted County Healthcare Expenditure and Utilization Database, a claims-based 

database including information on medical resource use, associated charges, and estimated 

economic costs for patients receiving care at the 2 medical groups (Mayo Clinic and Olmsted 

Medical Center) that provide most medical services within Olmsted County, Minnesota.

RESULTS—Propensity matching resulted in 678 matched pairs in the current vs never smoker 

grouping and 945 pairs in the former vs never smoker grouping. Compared with never smokers, 

adjusted costs for the index hospitalization did not differ significantly for current or former 

smokers. However, the adjusted costs in the year after hospitalization were significantly higher for 

current and former smokers based on regression analysis (predicted monthly difference of $400 

[95% CI, $131-$669] and $273 [95% CI, $56-$490] for current and former smokers, respectively).

CONCLUSIONS AND RELEVANCE—Compared with never smokers, health care costs during 

the first year after hospital discharge for an inpatient surgical procedure are higher in both former 

and current smokers, although the cost of the index hospitalization is not affected by smoking 

status.

Cigarette smoking adds approximately $100 billion in annual incremental direct health care 

costs nationwide.1 Most studies addressing this topic estimate costs by combining data 

regarding the relative risk of smoking for a disease state and costs associated with that 

condition.1-3 Few studies have directly measured the effects of smoking status on health care 

costs in individual patients or analyzed the cause of increased costs.4-6

One potential source of increased costs associated with smoking is increased use of surgery 

associated with smoking-related diseases (eg, coronary artery bypass grafting). In addition, 

after surgery, smokers are more likely to experience surgical complications, such as 

myocardial infarction, pneumonia, and wound infections,7 although the absolute incidence 

of these complications is relatively low.8,9 Consequently, smokers may receive more 

intensive postoperative medical care, have longer hospital stays, and require more 

readmissions. Thus, in the immediate postoperative period, smokers may have higher health 

care use and costs. A recent study of veterans undergoing general surgical procedures 

provided the first evidence supporting this hypothesis, finding a modest increase in direct 

inpatient costs in patients who had smoked within 1 year of surgery compared with never 

smokers.10 Beyond helping to assess the economic effects of smoking on surgical costs and 

use, knowing the incremental costs and increased use associated with smoking could provide 

an estimate of the potential savings if effective tobacco use interventions were implemented 

as a part of routine surgical care.
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The purpose of this investigation was to test the hypothesis that current and former smoking 

at the time of admission for inpatient surgery are independently associated with higher 

incremental health care costs for the surgical episode and the first year after hospital 

discharge. This hypothesis was tested using a population-based, matched cohort design. 

Cohorts were constructed from patients who lived in Olmsted County, Minnesota. Health 

care costs and use were measured directly using a unique resource, the Olmsted County 

Health care Expenditure and Utilization Database (OCHEUD).

Methods

This study was approved by the institutional review boards of Mayo Clinic and Olmsted 

Medical Center.

Study Population and Setting

Starting in 2004, all patients admitted to the 2 Mayo Clinic Rochester hospitals have been 

assessed by the nursing staff for tobacco use.11 Information collected includes tobacco use 

status (current, former, or never tobacco user), type of tobacco used, and the current quantity 

of tobacco used. Patients were eligible for this study if they (1) underwent an inpatient 

surgical procedure at 1 of the 2 Mayo Clinic hospitals in Rochester, Minnesota, between 

April 1, 2008, and December 31, 2009; (2) had a documented tobacco status assessment 

(currently 100% of all admissions); (3) were residents of Olmsted County for at least 1 year 

before and after the index procedure; and (4) were at least 18 years old. The first surgical 

date within the above-mentioned period was defined as the index date. The index surgical 

episode was defined as starting 7 days before index hospital admission and ending at 

hospital discharge (Figure). This period was chosen so that costs associated with hospital 

admission (eg, preoperative evaluation and emergency department admission) could 

potentially be included as part of the index costs. The baseline period included 1 year before 

the start of the index episode. Patients were followed up for 1 year after the end of the index 

episode. Patients who underwent an inpatient surgical procedure within 1 year before the 

index date, died during the index hospitalization, or declined research authorization as per 

Minnesota statutes were excluded from study.

Data Sources

All data used were retrospectively gathered from multiple electronic data sources. Patient 

discharge information for the index inpatient surgical episode was obtained from billing 

data. Surgery dates from the electronic medical record were linked to discharge information. 

Smoking status was obtained for the linked hospital discharge information from the nursing 

tobacco status protocol database.

Cost and utilization data were obtained from the OCHEUD. This claims-based database 

houses information on medical resource use, associated charges, and estimated economic 

costs for patients receiving care at the 2 medical groups (Mayo Clinic and Olmsted Medical 

Center) that provide most medical services within Olmsted County, Minnesota. The 

OCHEUD provides a standardized inflation-adjusted cost estimate for each service or 

procedure provided locally in constant dollars. Specifically, a “bottom-up” costing approach 
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is used to group services into the Medicare Part A and B classification system. This 

approach adjusts Part A hospital-billed charges with Medicare cost report department-level 

cost-to-charge ratios. Part B physician services are proxied with Medicare reimbursement 

rates. Although the types of services provided represent clinical practice patterns of local 

providers, the value of each unit of service has been adjusted to reflect national norms by the 

use of widely accepted valuation techniques.12 The OCHEUD provides an estimated 

economic cost for each line item in the billing record, allowing the aggregation of costs into 

categories deemed relevant to a particular study. To ensure that complete costs are captured, 

residency in Olmsted County was verified by the Rochester Epidemiology Project.13 More 

than 80% of the residents of Olmsted County are seen at least once annually at 1 of the 2 

health care organizations included in the OCHEUD.14

Outcome Measures

The primary outcomes of the study were total costs during the index surgical episode and the 

1-year follow-up period. The Figure illustrates the study time frame. To account for 

differing lengths of follow-up due to deaths during the follow-up period, the outcome 

measures for the follow-up period were standardized as costs per month. Descriptive 

analyses were conducted to compare unadjusted baseline costs, emergency department use, 

hospital use, and mean length of hospitalization (in days) during follow-up.

Statistical Analysis

Three patient cohorts were constructed from eligible patients based on the admission 

tobacco use assessments: current cigarette smokers (daily or less than daily), former smokers 

(past cigarette smoker but “not currently using”), and never smokers. Based on these 

cohorts, the analyses focused on 3 groupings of comparisons: current smokers vs never 

smokers, current smokers vs former smokers, and former smokers vs never smokers. Each 

analysis grouping used propensity score matching to control differences in the baseline 

characteristics between the 2 cohorts.15 For any given analysis grouping, the propensity 

score is the conditional probability that a patient was of a particular smoking status given 

observed covariates. Propensity scores were generated using logistic regression models 

controlling for age, sex, emergency department admission, patient severity, hospital 

discharge location, payer type, marital status, and principal index procedure captured 

through Clinical Classification Software categories.16 Patient severity was measured using 

the All-Patient Refined Diagnosis Related Groups Severity of Illness scale, a 4-level 

measure classifying the severity of patients’ illness as minor, moderate, major, and 

extreme.17 Hospital discharge location was classified as home, home with home health 

services, skilled nursing facility, or other. Payer type was classified as private insurance, 

government insurance, or no insurance. Marital status was classified as married/life partner, 

divorced/separated, single, or other.

One-to-one propensity score matching was implemented in Stata software.18 Common 

support was implemented, requiring the empirical distributions for outcomes in the 2 cohorts 

to have sufficient overlap.19,20 The C statistic was used to assess goodness of fit of each 

propensity score model. Patient characteristics of unmatched and matched cohorts were 

compared using standardized differences.21
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To account for the skewed nature of cost data, patient costs were modeled using a 

generalized linear model, with an appropriate distribution (based on modified Park test) and 

logarithmic link function, which was confirmed by the Pregibon link test.22,23 When 

appropriate, 2-part regression was conducted, first using a logistic regression modeling the 

probability of having nonzero costs in baseline and then using generalized linear modeling 

in those patients with nonzero costs.24 The generalized linear regression models adjusted for 

Elixhauser comorbid conditions identified during the baseline period and patient 

characteristics included in propensity models, which are expected to remove the residual 

bias after propensity score matching.25,26 Predicted differences in costs between the 2 

cohorts were obtained through recycled predictions to account for the skewness of cost data, 

with 200 boot-strap replications.27-29 To investigate drivers of cost differences in the 

primary outcomes, costs were categorized by using the Berenson-Eggers Type of Service 

(BETOS) classifications for Medicare Part B costs.30

All calculated P values were 2 sided. Statistical analyses were performed using SAS 

(version 9.2; SAS Institute) and Stata (version 12.1; StataCorp) software.

Results

A total of 681 current smokers, 946 former smokers, and 5093 never smokers were available 

for matching after inclusion and exclusion criteria were applied. Comparisons of patient 

characteristics of each unmatched analysis group are described in Table 1. The unmatched 

groups were dissimilar in many respects, including age, sex, marital status, payer type, and 

surgical category (Table 1). Propensity matching resulted in 678 matched pairs in the current 

vs never smoker grouping, 665 in the current vs former smoker grouping, and 945 in the 

former vs never smoker grouping (Table 2). Covariate balance in the matched cohorts was 

fairly good, although the current vs former smoker grouping had the most variable 

categories with residual differences after matching, with former smokers being older and 

more likely to be married and to be undergoing cardiovascular surgery. The C statistics of 

the current smoker vs never smoker, current smoker vs former smoker, and former smoker 

vs never smoker propensity models were 0.804, 0.796, and 0.713, respectively. Mortality the 

year after discharge did not differ according to smoking status in any analysis group (Table 

2).

Tables 3, 4, and 5 present both the observed and adjusted costs for each matched comparison 

according to smoking status. Compared with costs in never smokers, adjusted costs for the 

index hospitalization did not differ significantly in current smokers (Table 3). However, the 

adjusted costs the year after hospitalization were significantly higher for current smokers 

based on regression analysis, with a predicted monthly difference of $400 (95% CI, $131-

$669). Compared with costs in former smokers, neither the adjusted costs for index 

hospitalization nor costs the year after hospitalization significantly differed in current 

smokers (Table 4). Compared with costs in never smokers, adjusted costs for the index 

hospitalization did not differ significantly in former smokers (Table 5), but costs the year 

after hospitalization were significantly higher in the former smokers at adjusted analysis, 

with a predicted monthly difference of $273 (95% CI, $56-$490). Unadjusted baseline costs 

did not differ according to smoking status in any of the 3matched groups (Table 2).
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Further analyses were used to explore the potential causes of observed cost differences. In 

the year after discharge, current smokers were more likely than never smokers to visit the 

emergency department at least once and had more emergency department visits (Table 2). 

The proportion of patients requiring hospitalization at least once did not differ significantly 

according to smoking status, but the number of hospitalizations was significantly higher 

among current smokers, and the length of hospitalization tended to be longer (but not 

significantly so). Accordingly, the unadjusted hospital-related (Part A) costs, the primary 

component of postdischarge costs, were significantly higher in current smokers than in never 

smokers ($1096 vs $965 per month, respectively; P < .01; see eTable 1 in Supplement for 

results in other cost categories). This was also true for follow-up costs in former compared 

with never smokers (Part A monthly costs of $1454 and $961, respectively; P = .03), 

probably reflecting the tendency toward increased length of stay, although this difference 

did not reach statistical significance (see eTable 2 in Supplement for results in other cost 

categories).

Discussion

Compared with costs in never smokers, health care costs during the first year after hospital 

discharge for an inpatient surgical procedure are higher in both former and current smokers, 

although the cost of the index hospitalization is not affected by smoking status.

A key feature of our study design was a population-based analysis based on geography, 

including residents of Olmsted County, Minnesota. This conferred several advantages, 

including a reduced potential for referral bias and inclusion of the full spectrum of surgical 

procedures, providing a true population-based estimate of costs. The design also took 

advantage of a unique billing resource that allowed thorough ascertainment of cost and use 

of procedures. We are unaware of any prior studies that have measured incremental costs 

associated with smoking in a geographically defined population. The degree to which the 

Olmsted County population is representative of the general United States population has 

been reviewed elsewhere; in general, this population is more affluent and less diverse than 

the overall population, which may affect the generalizability of our results.14 In addition, 

medical care delivered by the 2 major providers in Olmsted County, Mayo Clinic and 

Olmsted Medical Center, may not be representative of the nation.

When all eligible participants were compared by smoking status, there were grouping 

differences in several potential confounders known to be associated with smoking status, 

including sex, age, insurance type, and type of surgery.31 For example, cardiovascular 

surgery was more common in former and current smokers, probably reflecting smoking-

related disease that provided the indication for surgery. Because costs vary widely by 

procedure, these and other confounders must be addressed in analyses, accomplished in this 

study through propensity matching. Matching was more challenging when comparing 

current and former smokers; even after matching, former smokers were older and more 

likely to need cardiovascular surgery, 2 factors that can be associated with higher rates of 

resource use.
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After adjustment, there were no significant differences in index hospitalization costs among 

any group. In the only other study to specifically examine the effects of smoking status on 

inpatient surgical costs, in patients who smoked within 1 year before surgery, compared with 

never smokers, Kamath et al10 found a small (approximately 4%) increase in direct inpatient 

costs (during and within 30 days of the index hospitalization), mediated partially by an 

increase in postoperative respiratory complications. Their analysis differed from ours in 

several respects, including surgical procedure type (general surgery only), population 

studied (Veterans Administration patients, predominantly male), and definition of smoking 

status (eg, they had no information regarding current smoking status at the time of surgery, 

thus their “current smokers” may have included those whom we would classify as former 

smokers). Furthermore, because their study included many more patients than ours 

(approximately 5000 current smokers), our study was probably not sufficiently powered to 

detect the relatively small difference they observed. Finally, because we were interested in 

costs the year after surgery, we excluded patients who died during hospitalization, which 

could affect the costs of inpatient hospitalization. However, Kamath et al10 found increased 

inpatient costs even after excluding those who died within 24 hours after surgery.

In contrast to results for index hospitalization, smoking status significantly affected costs in 

the year after index hospitalization, for both current and former smokers compared with 

never smokers. In secondary analysis, this seems to be associated primarily with increased 

hospital use, although we did not determine whether this use was related specifically to the 

consequences of surgery. These differences could reflect relatively poorer health in current 

and former smokers, apart from any factor associated specifically with surgery, such as 

postoperative complications. However, there was no evidence for baseline differences in 

health care costs in the year before surgery, suggesting that these costs were associated with 

the surgical episode.

Quitting smoking can reduce the rate of perioperative complications,32-34 and the findings of 

1 small study suggest that this improvement in outcome is associated with decreased costs.35 

We did not observe significant differences in direct costs between current and former 

smokers, but for several reasons these data cannot be interpreted in terms of potential effects 

of preoperative smoking cessation on perioperative costs. First, even after matching, former 

smokers were about 8 years older and more likely to have high-risk, high-cost surgery, such 

as cardiovascular surgery. It may be difficult for even adjusted analysis to account for these 

fundamental differences. Second, the former smokers may include those who quit only 

recently, within the several weeks that is apparently necessary for maximum risk reduction 

after quitting.36 Third, because these are observational data only, there is the potential for 

“healthy smoker” effects, because sicker patients are more likely to quit in the perioperative 

period, which may bias the former smokers toward increased risk. Finally, postoperative 

smoking behavior may also affect risk,37 and it is possible that those who self-designated as 

former smokers resumed smoking after hospital discharge. Although the potential effects of 

preoperative smoking cessation cannot be estimated from these data, the findings suggest 

that even in former smokers, smoking-related diseases may have continued effects on 

surgical risk and costs.
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Given that our data are population based, the potential effects of the increased costs 

associated with smoking status in the postoperative period can be estimated. Based on these 

results, in Olmsted County, the estimated annual incremental cost (based on annualized 

number of surgical patients who smoke) is approximately $2 million for the current smokers 

eligible for study and $1.4 million for former smokers. Recognizing the potential limitations 

of extrapolation to the US population for the reasons already noted, approximately 12 

million inpatient surgical procedures are performed annually in the United States.38,39 With 

a conservative population-based smoking prevalence for the mean age of study participants 

estimated at 16%,40 approximately 2 million inpatient procedures are thus performed in 

adult smokers annually. If there are $4800 in annual excess postoperative costs per 

procedure, approximately $10 billion in annual excess postoperative costs within the first 

year after surgery are associated with inpatient procedures for current smokers and $7 billion 

for former smokers. This is a substantial fraction of current estimates for the incremental 

increase in direct medical costs caused by smoking in the general population (approximately 

$100 billion).1 Thus, the increased costs that we have identified have significant public 

health consequences. It remains to be determined whether systematic efforts to promote 

perioperative smoking abstinence in surgical patients could reduce these costs,41 but these 

data provide a rationale for studying this issue.

Conclusions

Compared with those in never smokers, health care costs during the first year after hospital 

discharge for an inpatient surgical procedure are higher in both current and former smokers, 

although the cost of the index hospitalization is not affected by smoking status. These excess 

costs add an estimated $17 billion annually to direct medical costs in the United States.
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Figure. Study Time Frame, Including Baseline, Index Surgical Episode, and Follow-up
The index surgical episode was defined as starting 7 days before index hospital admission 

and ending at hospital discharge. This period was chosen so that costs associated with 

hospital admission (eg, preoperative evaluation and emergency department admission) were 

included as part of the index costs. The baseline period included 1 year before the start of 

the index episode. Patients were followed up for 1 year after the end of the index episode. 

Patients who had an inpatient surgical procedure within 1 year before the index date, died 

during the index hospitalization, or declined research authorization as per Minnesota statutes 

were excluded from study.
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