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Abstract

Background—Although body mass index (BMI) has been used in risk stratification for lung 

resection, many models only take obesity into account. Recent studies have demonstrated that 

underweight patients also experience increased postoperative complications. We explored the 

relationship of extremes of BMI to outcomes after lung resection for non-small cell cancer.

Methods—Patients in the Society of Thoracic Surgeons General Thoracic Surgery Database 

(2009 to 2014) undergoing elective lung resection for cancer were evaluated. Multivariable logistic 

regression was used to adjust for potential confounders including functional status and spirometry.

Results—We evaluated 41,446 patients (median 68 years of age; 53% female) grouped by BMI: 

underweight (<18.5 kg/m2; 3.0%), normal (18.5 to 24.9 kg/m2; 33.5%), overweight (25 to 29.9 

kg/m2; 35.4%), obese I (30 to 34.9 kg/m2; 18.1%), obese II (35 to 39.9 kg/m2; 6.4%), and obese 

III (≥40 kg/m2; 3.6%). Pulmonary complication rates were higher in underweight and obese III 

patients compared to normal BMI patients (p < 0.001). On multivariable analysis, compared to 

patients with normal BMI, being underweight was associated with an increased risk of pulmonary 

complications (adjusted odds ratio [OR]: 1.41, 95% confidence interval [CI]: 1.16 to 1.70) and any 

postoperative event (adjusted OR: 1.44, 95% CI: 1.26 to 1.64). Obese III patients had an increased 

risk of any major postoperative complication (adjusted OR: 1.18, 95% CI: 1.02 to 1.36). 

Overweight and obese class I to II patients had a lower risk of pulmonary complications and any 

postoperative event.

Conclusions—BMI is associated with postoperative complications after lung resection for 

cancer. Being underweight or severely overweight is associated with an increased risk of 

complications, whereas being overweight or moderately obese appears to have a protective effect.
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The obesity incidence in the United States has been increasing since the late 20th century, 

with 30% to 40% of adults currently classified as overweight and 35% classified as obese 

[1–3]. Increasing body mass is associated with comorbid conditions that adversely affect life 

expectancy and overall medical expenditures [4, 5]. Recent investigation has demonstrated 

that this relationship is also apparent among patients undergoing surgical resection of lung 

cancer, specifically that operating time is increased among patients with higher body mass 

index (BMI) [6–8], and some have also reported that the incidence of pulmonary 

complications is higher in these patients [9, 10]. In contrast, a few reports found that overall 

surgical outcomes were similar for overweight or obese patients compared to normal weight 

patients [11–15] and in some studies overweight or obese patients actually had better 

outcomes than non-obese patients [8, 13, 14]. The overall association of overweight or obese 

status and outcomes of lung cancer resection remains difficult to define.

Our understanding of the relationship of underweight status to outcomes after lung resection 

for cancer is similarly limited. Being underweight is associated with poor nutritional status, 

sarcopenia and related weakness of respiratory muscles, and frailty [16–18]. Such factors 

could adversely influence outcomes after major lung resection, as has been recently shown 

[8, 13].

The relationship of BMI to outcomes after lung resection is complex and incompletely 

understood. The present study was performed to better characterize the relationship of 

extremes of body mass index to surgical outcomes after lung cancer resection.

Materials and Methods

We queried the Society of Thoracic Surgeons (STS) General Thoracic Surgery Database 

(Versions 2.081 and 2.2) for all patients undergoing elective major lung resection between 

January 1, 2009, and June 30, 2014. Data were collected for demographic, physiologic, 

operative and outcome variables. For patients undergoing more than one operation, only the 

first operation was included. Patients were excluded if they underwent carinal sleeve 

resection, extrapleural pneumonectomy, resection of apical (Pancoast) lung tumors including 

the chest wall, and wedge resections. Additional exclusion criteria included missing 

important data (age, BMI, gender or discharge mortality), patients less than 19 years of age, 

patients in American Society of Anesthesiologists class VI at the time of surgery, and 

operations for occult or stage 0 pathological stage disease.

Outcomes included operative mortality and complications. Operative mortality was defined 

as death during hospitalization or within 30 days of the index operation. Major 

complications were categorized as pulmonary (atelectasis requiring bronchoscopy, 

pneumonia, adult respiratory distress syndrome, initial ventilator support more than 48 

hours, reintubation, tracheostomy, and other), cardiovascular (deep venous thrombosis, atrial 

arrhythmia requiring treatment, ventricular arrhythmia requiring treatment, myocardial 

infarction, pulmonary embolism, other major cardiovascular event), infectious (empyema, 

sepsis, other infection requiring intravenous antibiotics), other (central neurologic event, 

delirium, unexpected admission to the intensive care unit, new renal failure or increase in 

creatinine twofold greater than preoperative value), and surgical (air leak greater than 5 
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days’ duration, blood transfusion, chylothorax requiring drainage or medical therapy, 

pneumothorax, unexpected return to the operating room, bronchopleural fistula). We also 

analyzed 2 composite variables termed “any major postoperative complication” consisting of 

operative mortality, pulmonary, cardiovascular or other complications as defined previously, 

and “any postoperative event” that included any complication listed for an individual patient, 

major or otherwise.

BMI was analyzed as a categorical variable based on previously defined World Health 

Organization criteria: underweight (<18.5 kg/m2), normal (18.5 to 24.9 kg/m2), overweight 

(25 to 29.9 kg/m2), obese I (30 to 34.9 kg/m2), obese II (35 to 39.9 kg/m2), and obese III 

(≥40 kg/m2) [19]. Univariable analyses compared patients in different BMI categories to 

each other using the Wilcoxon rank sum test (number of groups = 2) or Kruskal-Wallis test 

(number of groups >2) for continuous variables and the chi-square test for categorical 

variables. A logistic regression model using generalized estimating equations was created to 

determine the association of BMI and outcomes utilizing complete case analysis. Covariates 

included in the model came from a previously developed and validated STS risk model [20]. 

There were 4.7% missing values for pathologic staging, 5.3% missing values for FEV1 % 

predicted, 6.9% missing values for weight loss within 3 months, and less than 4% missing 

values for the other covariates. Patients with missing data were excluded from the 

multivariate analysis. We compared excluded cohort with included cohort, and found no 

evidence of clinically meaningful differences. All statistical analyses were performed using 

SAS version 9.3 (SAS Institute, Cary, NC).

Results

Elective lung cancer resection was performed in 41,446 patients meeting our inclusion 

criteria. The largest fraction of patients was overweight (35.4%), while 3.0% were 

underweight, 33.5% had a normal BMI, 18.1% were categorized as obese I, 6.4% were 

categorized as obese II, and 3.6% were categorized as obese III (Table 1). The majority of 

patients had a lobectomy performed for pathologic stage I disease. Compared to normal 

weight patients, underweight patients were significantly more likely to be women and have 

chronic obstructive pulmonary disease. Diabetes, hypertension, and coronary artery disease 

tended to be more common with increasing BMI category. Underweight patients were more 

likely to be recent smokers and to have a worse performance status.

The incidence of operative mortality was low (1.7%), and did not differ significantly by BMI 

category (Table 2). Pulmonary complications were most frequent in underweight and obese 

III patients and were decreased in overweight and obese I and II patients relative to normal 

BMI patients (Fig 1). Surgical complications were most frequent in underweight patients 

and decreased with increasing BMI. Infectious complications were statistically higher in 

underweight patients and lowest in obese patients. Although there was no significant 

difference by BMI for the any major complication category, the incidence of any 

postoperative event differed significantly, with the highest percentage in the underweight 

group.
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Following multivariable adjustment for extent of resection, American Society of 

Anesthesiologists class, performance status, renal dysfunction, induction chemotherapy, 

steroid use, age, urgent procedure, male gender, and FEV1 [20], compared to patients with 

normal BMI, overweight patients had a lower risk of operative mortality, and overweight and 

obese I to II patients had a lower risk of pulmonary complications and any postoperative 

event (Table 3). Obese III patients had an increased risk of any major postoperative 

complication compared to normal weight patients. Being underweight was independently 

associated with an increased risk of pulmonary complications and any postoperative event.

Comment

The increasing rate and high prevalence of obesity in the United States is mirrored in the 

population of patients undergoing lung resection [21]. The conduct of thoracic surgery in 

obese patients takes longer and sometimes requires special perioperative considerations and 

instrumentation. Intuitively, prolonged surgery, decreased mobility, impaired diaphragm 

motion, and comorbidities associated with obesity should be associated with increased risk 

for lung resection. However, published reports demonstrate conflicting results regarding this 

issue [7–15].

Our analysis found that being overweight or mildly to moderately obese was not associated 

with an increase in operative risk. Patients in these categories had a lower incidence of 

complications such as operative mortality (overweight group only), pulmonary 

complications, and any postoperative event. These findings echo those of some other studies 

[8, 13, 14], suggesting the possibility that the obesity paradox is applicable to lung resection 

patients. However, not all categories of obesity were protective from complications. Patients 

in the obese III category, although evidencing a trend toward lower mortality and a decrease 

in any postoperative events, did experience a trend towards increased pulmonary 

complications and had a significantly increased risk of any major complication. Thus, 

overweight or mild to moderate obese status does confer an overall surgical advantage, 

whereas extreme obesity is associated with increased risk. The variability in outcomes may 

be related to the fact that high BMI fails to distinguish among body composition phenotypes 

that have an important impact on surgical risk and outcomes [22]. Reliance on increased 

BMI category alone to assess surgical risk of major lung resection is fraught with 

challenges.

There is growing recognition that underweight patients who require lung resection may pose 

a greater challenge for patient selection and perioperative management because of the 

increased incidence of adverse outcomes in this group [8, 13]. The current study identified 

underweight status as being associated with an increased risk of pulmonary complications 

and the occurrence of any postoperative event. Underweight patients did have an increased 

incidence of chronic obstructive pulmonary disease and of worse performance status 

compared to other BMI categories, but these factors were adjusted for in the multivariable 

analysis that demonstrated in increased risk for the underweight group. Whether being 

underweight was related to recent weight loss or was a chronic condition was not evaluable 

in this data set. The increased incidence of adverse events in the underweight group may be 
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related to decreased strength of muscles of respiration, inactivity, fatigue, and overall 

weakness.

In contrast to varying phenotypes that are found among overweight and obese patients, being 

underweight is likely a reasonable surrogate for sarcopenia and is associated with a high 

incidence of frailty. Sarcopenia (low core muscle mass) is associated with decreased 

functional status and frailty, and the latter two conditions are associated with increased 

perioperative risk after major lung resection [23–26]. It is interesting to note that functional 

status and strength can be improved through a short-term exercise program [27, 28]. 

Exercise may be an appropriate intervention in clinical research aimed at decreasing 

perioperative complications in groups identified as being at increased risk for major lung 

resection.

Given the large data set used for this study, it is possible to identify statistically significant 

findings that may not be clinically important. We believe that our findings with regard to the 

relationship of extremes of BMI to outcomes after major lung resection are clinically 

important. The overall p value listed in Table 3 reflects the strength of the overall association 

of the BMI categories with the outcomes, and the odds ratios reflect the magnitude of those 

associations.

Potential shortcomings of our study include the imprecision of using BMI as a metric for 

outcomes. Body composition is often unrelated to BMI—obese patients may be sarcopenic 

or physically fit unrelated to BMI. Similarly, underweight patients may be chronically 

underweight or underweight as a result of recent weight loss. It is likely that chronically 

underweight patients with stable core muscle mass and functional status have substantially 

less risk than do patients who have experienced recent weight loss and a decrease in their 

functional status. The use of BMI as a categorical rather than a continuous variable 

constrained the analyses to pre-defined descriptive categories, the names of which have 

implications that may not be applicable to the current U.S. population. Not all patients in the 

STS General Thoracic Surgery Database had data on BMI, but the number was fortunately 

low (2.3%) and did not have an impact on the study outcomes. Similarly, not all patients 

with BMI data had sufficient information on clinical covariates to permit their use in the 

multivariable analyses. We believe that the patient data that were used for this purpose were 

representative of the overall cohort.

BMI is associated with postoperative complications after lung resection for cancer. Being 

underweight or severely overweight is associated with an increased risk of complications, 

whereas being overweight or moderately obese appears to have a protective effect. These 

findings may assist physicians in selecting patients for major lung resection and in providing 

appropriate resources for perioperative care. The use of exercise to mitigate effects of 

underweight status on surgical outcomes should be investigated in this population.
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Fig 1. 
Risk of pulmonary complications stratified by body mass index (BMI) category. The size of 

each circle represents the number of patients (N) and the place of each circle indicates the 

mean in that group. Vertical bars indicate interquartile range (25th and 75th percentiles).
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