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Abstract
Background—Obesity has become a major epidemic in the US. Though research suggests
obesity does not increase major morbidity or mortality after thoracic operations, it likely results in
greater use of healthcare resources.

Methods—We examined all patients in the Society of Thoracic Surgeons General Thoracic
Surgery database with primary lung cancer who underwent lobectomy from 2006 to 2010. We
investigated the impact of body mass index (BMI) on total operating room time using a linear
mixed-effects regression model, and multiple imputation to account for missing data. Secondary
outcomes included postoperative length of stay and 30-day mortality. Covariates included age,
gender, race, forced expiratory volume, smoking status, Zubrod score, prior chemotherapy or
radiation, steroid use, number of comorbidities, surgical approach, hospital lobectomy volume,
hospital percent obesity, and the addition of mediastinoscopy or wedge resection.

Results—A total of 19,337 patients were included. The mean BMI was 27.3 kg/m2, with 4,898
patients (25.3%) having a BMI ≥ 30 kg/m2. The mean total operating room time, length of stay,
and 30-day mortality were 240 minutes, 6.7 days, and 1.8%, respectively. For every 10 unit
increase in BMI, mean operating room time increased by 7.2 minutes (4.8 – 8.4 minutes,
p<0.0001). Higher hospital lobectomy volume and hospital percentage of obese patients did not
affect the association between BMI and operative time. BMI was not associated with 30-day
mortality or increased length of stay.

Conclusions—Increased body mass index is associated with increased total operating room
time, regardless of institutional experience with obese patients.
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Introduction
The prevalence of obesity within the US has increased to epidemic proportions.[1,2] In
2001, the prevalence was of obesity, defined as a body mass index (BMI) ≥ 30 kg/m2,
among US adults was 21%, with 2.3% being morbidly obese (BMI ≥ 40 kg/m2)[3]. By 2008
these numbers increased to 34.2% and 5.7%, respectively.[4] Accordingly, hospital
admissions of obese patients has risen substantially, and admissions of morbidly obese
patients even more so.[5] The estimated annual medical costs due to obesity in 2008 were
approximately $147 billion.[6] Thus, the obesity epidemic has led to a substantial increase in
utilization of healthcare resources.[7–9]

Obesity is associated with increased comorbidities including diabetes, hypertension, and
coronary artery disease, and has long been considered a major risk factor for poor health
outcomes.[10,11] However, the data regarding obesity’s influence on post-surgical
outcomes have been mixed. Research has shown that obesity increases rates of wound
infections and minor wound complications, but has not demonstrated a relationship between
obesity and increased risk of severe complications or death.[12–18] The two largest studies
of surgical populations to date show a paradoxical effect, where obesity is associated with
improved post-surgical outcomes.[19,20] Within the thoracic surgery population, a multi-
institutional retrospective study of 18,800 patients who underwent lung resection for lung
cancer showed a significant decrease in 30-day mortality with increased BMI.[20] The
counterintuitive observation that obesity does not increase peri-operative mortality, and may
actually be associated with decreased mortality, raises questions as to what other factors
could be involved.

Operative time is a widely used surrogate measure for resource utilization, and several
studies conducted within general surgical, orthopedic, and urologic patient populations have
demonstrated increased operative times among obese patients[21–25]. However, these
studies had significant heterogeneity in the definitions of operative time, and it was often
unclear what actual time period was assessed (e.g. total time in the operating room versus
time for the procedure alone, etc.). To avoid this confusion, we specifically defined the
surrogate measure for resource utilization as total operating room (OR) time, which is
comprised of three component times (pre-procedure, procedure, and post-procedure time).
We tested whether obesity is associated with an increase in total OR time and length of
hospital stay among patients within the Society of Thoracic Surgeons General Thoracic
Surgery Database who underwent lobectomy for primary lung cancer. To our knowledge,
this is the first investigation of the association between obesity and OR time among patients
undergoing lung resection.

Methods
Society of Thoracic Surgeons Database

The Society of Thoracic Surgeons (STS) National Database was established in 1989 to
promote quality improvement and patient safety among cardiothoracic surgeons.[26] It
consists of three component databases: Adult Cardiac, Congenital Heart Surgery, and the
General Thoracic Surgery Database (GTSD). The first database created was the Adult
Cardiac database, which has been extensively validated.[27] As of December 2010, 190
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institutions were contributing to the GTSD nationwide. To prohibit selective reporting, all
participating institutions are required to report all cases.

The STS GTSD utilizes a standardized data collection form to collect information for each
patient undergoing a thoracic operation. During the time period of 2006 to 2010, there were
two versions (v2.07 and v2.081) of the data collection form implemented by the STS. Data
form v2.07 was used until 2008, and v2.081 thereafter. These two forms are very similar,
but differ slightly in how some data were captured (e.g. clinical stage, comorbidities,
additional procedures). Both forms are available on the STS website.[28] A sensitivity
analysis showed no significant difference in associations between these two versions, so the
data were combined for our analyses.

Patient Population
We examined all patients in the STS GTSD with lung cancer who underwent lobectomy as
the primary procedure from 2006 to 2010 (N=19,767). For patients with multiple operations,
only the first operation was included in the analysis. Only patients with complete data for
age, gender, mortality at discharge, hospital identification, and OR time were included.
Patients were excluded if they had both thoracoscopy and thoracotomy as the surgical
approach, because the reason for conversion could not be determined. Patients were
excluded if they underwent endobronchial ultrasound at the time of lobectomy because these
data were only available on v2.081. Two patients with a Zubrod score of 5 were excluded as
well. After excluding 430 patients (2.2%), the total number of patients included in analyses
was 19,337.

Outcome Definitions
The primary outcome was total OR time, measured as the time from the patient entering the
OR to the when the patient leaves the room. Secondary outcomes were pre-procedure (room
entry to skin incision), procedure (skin incision to closure), and post-procedure times (skin
closure to room exit), 30-day mortality, and postoperative length of stay (LOS).

Statistical Analysis
We used the National Institute of Health categorizations of obesity, where a BMI ≥ 30 kg/
m2is classified as obese. [29] Variables were selected from the data collection forms prior to
analyses. Potential confounders included in regression models were selected based on a
priori knowledge, exploratory analyses, and a causal model using directed acyclic
graphs[30] to evaluate for confounding and effect modification. The variables included in
our models were age, gender, race, Zubrod score[31], smoking status, preoperative
chemotherapy, preoperative chest radiation therapy, steroid use, % predicted forced
expiratory volume in one second (FEV1), surgical approach, total number of comorbidities,
and additional procedures performed at the time of lobectomy (mediastinoscopy and wedge
resection). Data on annual hospital lobectomy volume, annual hospital percentage of obese
patients, and clinical tumor stage were also collected. A smoking status of “current” was
defined as actively smoking or quit within 1 month pre-operatively, and “former” was
defined as having quit >1 month pre-operatively and smoked over 100 cigarettes total.
Comorbidities included hypertension, congestive heart failure, coronary artery disease,
diabetes, peripheral vascular disease, and end-stage renal disease on dialysis.

Univariate comparisons were performed using the Pearson chi-square test for categorical
variables, and Wilcoxon rank-sum test for continuous variables. We created linear mixed
effects multivariable regression models to investigate the relationship between BMI and
operating room times. The risk ratios generated were multiplied by the mean OR time to
generate each covariate’s average impact (in minutes) on OR time. The regression models
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for LOS generated an odds ratio which was similarly multiplied by the mean LOS to
estimate the average impact (in days) on LOS. LOS was not normally distributed, so was
log-transformed for analyses, then back-transformed for result interpretation. Missing
variable data was imputed using 10-fold multiple imputation by chained equations.[32] A
secondary analysis to determine the influence of institutional experience on the relationship
between BMI and operative time was performed by including interaction terms between
BMI and annual hospital volume, and between BMI and hospital percentage of obese
patients. We also developed models examining the interaction between clinical tumor stage
and race and gender. Due to the large sample size and multiple comparisons, associations
having a p-value <0.01 were considered statistically significant. All analyses were
performed with R (www.r-project.org) and SAS® 9 (SAS Institute Inc.; Cary, NC) statistical
software packages. This study was approved by the Vanderbilt University Institutional
Review Board.

Results
A total of 19,337 patients were included (11,566 from v2.07; 7,771 from v2.08). The mean
BMI was 27.3 kg/m2, with 13,222 patients (68.4%) having a BMI < 30 kg/m2, 4,898
patients (25.3%) having a BMI ≥ 30 kg/m2, and 1,217 patients (6.3%) having no BMI data
(this data was imputed for analysis). Of the 4,898 patients with a BMI ≥30 kg/m2, there were
625 patients who were morbidly obese (BMI ≥ 40 kg/m2). Patient characteristics are detailed
in Table 1. Mean total OR time was 240.1 (standard deviation (s.d.) = 93.4) minutes. Mean
pre-procedure, procedure, and post-procedure times were 48.4 (s.d. = 34.4), 174.1 (s.d. =
87.3), and 17.4 (s.d. = 37.4) minutes, respectively. The mean LOS was 6.9 days (s.d. = 7.8),
and the overall mean 30-day mortality was 1.8%.

Obese patients were more likely to be younger, black, former smokers with more
comorbidities than non-obese patients. They were less likely to undergo preoperative
chemotherapy, radiation, or mediastinoscopy, and more likely to undergo thoracotomy
(Table 1). Multivariable regression analysis demonstrated that for every 10 unit increase in
BMI there was an increase in the mean total OR time of 7.2 minutes (p<0.0001). For
example, a lobectomy in a patient with a BMI of 45 kg/m2 takes approximately 15 minutes
longer than for a patient with a BMI of 25 kg/m2. Factors associated with longer total
operating time were black race (7.2 minutes; p=0.0001), male gender (19.2 minutes;
p<0.0001), preoperative chemotherapy (12 minutes; p<0.0001), and preoperative chest
radiation therapy (16.8 minutes; p<0.0001) (Table 2). Wedge resection and mediastinoscopy
added an additional 12 minutes (p<0.0001) and 53 minutes (p<0.0001), respectively. BMI
and mediastinoscopy were the only factors significantly impacting all three components of
total OR time (Table 3).

BMI had an inverse association with length of stay, such that for every 10 unit increase in
BMI there was a decrease of 0.3 days (95% confidence interval (CI) 0.23 –0.38, p<0.0001).
Similarly, every 10% increase in FEV1 decreased LOS by 0.2 days (95% CI 0.18 – 0.23,
p<0.0001). Underweight patients (N=583) had a disproportionately longer LOS (mean =
9.34 days) than all other BMI categories of patients (normal weight = 6.98 days, overweight
= 6.39 days, obese = 6.33 days, and morbidly obese 6.54 days). Increasing age, male gender,
steroid use, smoking status, increasing number of comorbidities, thoracotomy, and Zubrod
scores above zero were all significantly associated with increased LOS (p<0.0001). Of these,
a Zubrod score ≥ 3 had the largest impact on LOS (+2.9 days; 95% CI 2.3 – 3.6; p<0.0001),
followed by thoracotomy (+1.9 days; 95% CI 1.7 – 2.0; p<0.0001).

BMI was not significantly associatedwith 30 -day mortality (odds ratio = 0.82; p=0.063). A
higher FEV1was the only factor significantly associated with decreased mortality (odds ratio
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= 0.88; p<0.0001). Age, male gender, preoperative radiation therapy, total number of
comorbidities, thoracotomy, and a Zubrod score ≥ 2 were all significantly associated with
increased mortality (Table 4).

Interaction terms (hospital lobectomy volume*BMI; obesity percentage*BMI) were found to
be non-significant when added to the total OR time model (p>0.01), and did not affect
BMI’s association with total OR time. Similarly, interaction terms (clinical tumor
stage*race; clinical tumor stage*gender) were found to be non-significant and did not affect
the associations between race and operative time, or between gender and operative time.

Discussion
Obesity has become a major health problem in the US, and has long been thought to have a
detrimental effect on health outcomes.[10,11] In this multi-institutional, retrospective study
of adults undergoing lobectomy for primary lung cancer we tested whether obesity was
associated with increased operating room times, which we consider a surrogate measure of
perioperative resource utilization.

BMI increased total OR time by impacting every component of time spent in the operating
room, predominantly the procedure time. Every ten unit increase in BMI increased total OR
time by an average of 7.2 minutes, which could represent a major source of the healthcare
costs that are already known to be higher for obese patients in the US.[7,9] There are no
published data on true operating room costs, but an estimated average patient charge of $62
per minute[33] has been reported. If we consider this cost estimate, then every 10 unit
increase in BMI costs approximately an additional $446. This likely underestimates the true
cost because it does not take into account that most hospitals charge OR time in blocks of 15
or 60 minutes, and many will round up to the next 15 minutes.[33] In 46% of hospitals
participating in the STS GTSD, almost a third (21–30%) of patients were obese, implying
that we can expect significant increases in hospital expenses due to increased OR time alone.

The single largest patient characteristic influencing total OR time was male gender. Black
patients, while only comprising 8.2% of this population, had significantly increased OR
times as compared to whites. The reason for this is unclear, but implies that there are other
factors associated with race and gender that still need to be elucidated. Neither gender nor
race’s effect on total OR time was explained by clinical tumor stage. BMI surprisingly had
an inverse relationship with LOS. This is likely explained by the prolonged LOS
experienced by underweight patients when compared to obese patients. Nonetheless, such a
small impact on LOS is not likely to be clinically significant.

The mean mortality of the STS population (1.8%) is comparable to reported mortality after
lung resections of 1.4 – 2.2%.[20,34] We found no significant association between BMI and
30-day mortality, which differs from the findings of Kozower and colleagues[20] showing
that higher BMI was associated with decreased 30-day mortality. Although we examined a
similar population to that of Kozower, our regression model included the additional
covariates of mediastinoscopy, wedge resection, and pre-operative chest radiation, possibly
accounting for the difference in results. In our model, preoperative chest radiation was one
of the most significant factors associated with increased mortality (odds ratio = 2.98,
p<0.01). Patients who underwent preoperative radiation were more likely to have a lower
(8.9% with BMI < 30 kg/m2vs. 7.1% with BMI ≥ 30 kg/m 2, p<0.0001). Thus by including
radiation in our analyses we adjusted for a large source of increased mortality for patients
with lower BMI’s.

Our study has several limitations to consider. There was a significant amount of missing
data for numerous variables, which required multiple imputation. Imputing large amounts of
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missing data could potentially decrease the “interpretability” of our results. However, when
we analyzed only complete data, the results were unchanged (data not shown). There is also
a substantial lack of diversity within this population, with 87% of patients being white and
only 8% black. Increased research and data collection within underrepresented minority
populations are needed. A major strength of the study is the national, multi-institutional
nature of the STS database, which enhances the generalizability of our findings. Also, since
the data in the STS GTSD are collected prospectively, our analyses are not biased by
knowledge of the outcome.

We have demonstrated that obesity increases OR times for patients undergoing lobectomy
for primary lung cancer. If the prevalence of obesity continues to rise, a greater number of
patients undergoing lobectomies for lung cancer will likely be obese. Thus, we have
identified a significant source of increased healthcare costs that must be considered on both
a hospital and a national health policy level.

Abbreviations and Acronyms

BMI Body Mass Index

STS Society of Thoracic Surgeons

GTSD General Thoracic Surgery Database

OR Operating room

LOS Length of stay

FEV1 Forced expiratory volume in one second

s.d Standard deviation

CI Confidence interval
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Table 1

Clinical and Demographic Characteristics of Study Population

Variable All Patients BMI < 30 kg/m2 BMI ≥ 30 kg/m2 P value

Total 19337 13222 (73)a 4898 (27) a --

BMI (kg/m2), mean (s.d.) 27.3 (6.1) -- --

BMI (kg/m2), N (%)

 < 25 6830 (37.7) -- --

 25 – 29.9 6392 (35.3) -- --

 30 – 39.9 4273 (23.6 ) -- --

 ≥ 40 625 (3.4) -- --

 Missing 1217 -- --

Age (years), mean (s.d.) 66.7 (10.7) 67.2 (10.7) 65.5 (10.3) <0.001

Gender, N (%)

 Male 9120 (47.2) 6182 (46.8) 2356 (48.1) 0.244

 Female 10217 (52.8) 7040 (53.2) 2542 (51.9)

Race, N (%)

 Caucasian 16852 (87.5) 11528 (87.6) 4293 (88) <0.001

 Black 1577 (8.2) 1032 (7.8) 449 (9.2)

 Other 825 (4.3) 610 (4.6) 139 (2.8)

 Missing 83 52 17

Zubrod Score, N (%)

 0 8266 (43.4) 5797 (44.5) 2000 (41.5) 0.030

 1 9639 (50.7) 6467 (49.6) 2522 (52.4)

 2 902 (4.7) 619 (4.7) 239 (5)

 3 191 (1) 136 (1) 43 (0.9)

 4 38 (0.2) 18 (0.2) 12 (0.2)

 Missing 301 185 82

Smoking Status, N (%)

 Never 2716 (14) 1785 (13.5) 738 (15.1) <0.001

 Former 11507 (59.5) 7669 (58) 3137 (64.1)

 Current 5106 (26.5) 3762 (28.5) 1021 (20.8)

 Missing 8 6 2

Preoperative Chemotherapy, N (%)

 No 16656 (88.7) 11454 (88.2) 4334 (90.2) <0.001

 Yes 2115 (11.3) 1526 (11.8) 472 (9.8)

 Missing 566 242 92

Preoperative Radiation, N (%)

 No 17196 (91.5) 11828 (90.9) 4465 (92.8) <0.001

 Yes 1610 (8.5) 1180 (9.1) 349 (7.2)
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Variable All Patients BMI < 30 kg/m2 BMI ≥ 30 kg/m2 P value

 Missing 531 214 84

Steroid Use, N (%)

 No 18082 (96.5) 12504 (96.5) 4620 (96.3) 0.622

 Yes 654 (3.5) 456 (3.5) 176 (3.7)

 Missing 601 262 102

FEV1 % Predicted, mean (s.d.) 80.4 (22.3) 80.4 (22.7) 79.8 (21.5) 0.030

 Missing 2575 1735 641

Surgical Approach, N (%)

 Thoracotomy 12703 (65.9) 8514 (64.5) 3311 (67.8) <0.001

 Thoracoscopy 6587 (34.1) 4679 (35.5) 1575 (32.2)

 Missing 47 29 12

Mediastinoscopy, N (%)

 No 16852 (87.2) 11443 (86.6) 4304 (87.9) 0.007

 Yes 2485 (12.8) 1779 (13.4) 594 (12.1)

Wedge Resection, N (%)

 No 15818 (81.8) 10733 (81.2) 4022 (82.1) 0.429

 Yes 3519 (18.2) 2489 (18.8) 876 (17.9)

Total Number of Comorbidities, mean (s.d.) 1.08 (1.0) 1.01 (0.9) 1.33 (1.0) <0.001

a
The combined total for these two comparison groups is 18,120. This represents the total study population (19,337) minus those with no BMI data

(1,217).

BMI – body mass index; FEV1 – forced expiratory volume in one second; s.d. – standard deviation
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Table 2

Multivariable Regression Results for Total OR Time

Variable Total OR Time

Impact in Minutes 95 % CI P value

BMI (10 unit increments) + 7.2 a 4.8 – 8.4 <0.001

Age (10 year increments) − 2.4 −2.2 – −4.1 <0.001

Male Gender + 19.2 16.1 – 20.2 <0.001

Race

 White (reference) 0 -- --

 African American + 7.2 3.6 – 10.8 0.001

 Other − 2.4 −7.4 – +2.2 0.285

Total Number of Comorbidities + 2.4 0.7 – 2.6 0.002

Zubrod Score

 0 (reference) 0 -- --

 1 + 4.8 1.9 – 6.2 <0.001

 2 + 4.8 1.0 – 7.9 0.014

 >3 − 2.4 −12.2 – +7.2 0.587

Smoking Status

 Never (reference) 0 -- --

 Former + 2.4 −0.7 – +5.0 0.154

 Current + 4.8 0.2 – 7.0 0.036

Preoperative Chemotherapy + 12 5.8 – 16.3 <0.001

Preoperative Radiation Therapy + 16.8 10.1 – 23.5 <0.001

Steroid Use − 2.4 −7.9 – +2.4 0.305

FEV1 Predicted, % − 2.4 −1.7 – −0.7 <0.001

Thoracotomy − 4.8 −2.6 – −7.2 <0.001

Mediastinoscopy + 52.8 48 – 55.7 <0.001

Wedge Resection + 12 9.6 – 14.9 <0.001

a
Every 10 unit increase in BMI was associated with a 7.2 minute average increase in total OR time; BMI – body mass index; CI – confidence

interval; FEV1 – forced expiratory volume in one second; OR – operating room
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Table 3

Multivariable Regression Results on the Components of Operative Time

Variable Impact in Minutesa

Pre-procedure Procedure Post-procedure

BMI (10 unit increments) + 2.4 +3.5 + 0.5

Age (10 year Increments) -- − 3.5 + 0.3

Male Gender − 1.0 + 17.4

Race

 White (reference) 0 0 0

 African American -- + 5.2 + 0.9

 Other -- -- --

Total Number of Comorbidities + 1.0 -- --

Zubrod Score

 0 (reference) 0 0 0

 1 -- + 3.5 --

 2 -- + 5.2 --

 >3 -- -- --

Smoking Status

 Never (reference) 0 0 0

 Former -- -- --

 Current -- -- --

Preoperative Chemotherapy + 2.4 + 8.7 --

Preoperative Radiation Therapy -- + 19.2 --

Steroid Use -- -- --

FEV1 Predicted, % -- − 1.7 − 0.2

Thoracotomy + 2.9 − 8.7 --

Mediastinoscopy − 7.3 + 52.2 + 1.4

Wedge Resection + 15.7 − 0.5

a
Only significant (p<0.01) results shown; BMI – body mass index; FEV1 – forced expiratory volume in one second
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Table 4

Adjusted 30-day Mortality

Variable Mortality

Odds Ratio 95% CI P value

BMI (10 unit increments) 0.82 0.66 – 1.21 0.063

Age (10 year Increments) 2.0 1.74 – 2.30 <0.001

Male Gender 1.59 1.26 – 2.01 <0.001

Race

 White (reference) 0 -- --

 African American 1.10 0.74 – 1.64 0.643

 Other 1.14 0.65 – 1.99 0.658

Total Number of Comorbidities 1.24 1.12 – 1.38 <0.001

Zubrod Score

 0 (reference) 0 -- --

 1 1.26 1.0 – 1.59 0.051

 2 1.80 1.29 – 2.5 <0.001

 >3 3.83 2.02 – 7.25 <0.001

Smoking Status

 Never (reference) 0 -- --

 Former 1.05 0.7 – 1.57 0.812

 Current 1.38 0.89 – 2.14 0.157

Preoperative Chemotherapy 0.55 0.27 – 1.1 0.091

Preoperative Radiation Therapy 2.98 1.46 – 6.1 0.003

Steroid Use 1.45 0.89 – 2.36 0.133

FEV1 Predicted, % 0.88 0.83 – 0.92 <0.001

Thoracotomy 1.69 1.28 – 2.23 <0.001

Mediastinoscopy 1.00 0.71 – 1.41 0.986

Wedge Resection 0.89 0.66 – 1.21 0.462

BMI – body mass index; CI – confidence interval; FEV1 – forced expiratory volume in one second
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