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Abstract BACKGROUND CONTEXT: Obesity as a comorbidity in spine pathology may increase the risk
of complications following surgical treatment. The body mass index (BMI) threshold at which obesity
becomes clinically relevant, and the exact nature of that effect, remains poorly understood.
PURPOSE: Identify the BMI that independently predicts risk of postoperative complications fol-
lowing lumbar spine surgery.
STUDY DESIGN/SETTING: Retrospective review of the National Surgery Quality Improve-
ment Program (NSQIP) years 2011–2013.
PATIENT SAMPLE: A total of 31,763 patients were undergoing arthrodesis, discectomy, lami-
nectomy, laminoplasty, corpectomy, or osteotomy of the lumbar spine.
OUTCOME MEASURES: Complication rates.
METHODS: The patient sample was categorized preoperatively by BMI according to the World
Health Organization stratification: underweight (BMI <18.5), normal overweight (BMI 20.0–29.9),
obesity class 1 (BMI 30.0–34.9), 2 (BMI 35.0–39.9), and 3 (BMI≥40). Patients were dichotomized
based on their position above or below the 75th surgical invasiveness index (SII) percentile cutoff
into low-SII and high-SII. Differences in complication rates in BMI groups were analyzed by Bonferroni
analysis of variance (ANOVA) method. Multivariate binary logistic regression evaluated relation-
ship between BMI and complication categories in all patients and in high-SII and low-SII surgeries.
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RESULTS: Controlling for baseline difference in SII, Charlson Comorbidity Index (CCI) score, di-
abetes, hypertension, and smoking, complications significantly increased at a BMI of 35 kg/m2. The
odds ratios for any complication (odds ratio [OR] [95% confidence interval {CI}]; obesity 2: 1.218
[1.020–1.455]; obesity 3: 1.742 [1.439–2.110]), infection (obesity 2: 1.335 [1.110–1.605]; obesity
3: 1.685 [1.372–2.069]), and surgical complication (obesity 2: 1.622 [1.250–2.104]; obesity 3: 2.798
[2.154–3.634]) were significantly higher in obesity classes 2 and 3 relative to the normal-
overweight cohort (all p<.05).
CONCLUSION: There is a significant increase in complications, specifically infection and surgi-
cal complications, in patients with BMI≥35 following lumbar spine surgery, with that rate further
increasing with BMI≥40. © 2017 Elsevier Inc. All rights reserved.
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Introduction

Obesity has been found to be an independent risk factor
for comorbidities such as hypertension, diabetes, and car-
diovascular disease [1,2]. Current literature suggests that obese
patients, representing nearly 35% of the United States pop-
ulation, need an altered surgical treatment protocol for spine
pathologies [3–5]. Additionally, recent literature suggests that
obesity contributes to low back pain and greater rates of de-
generative spine pathology, which as a result, contributes to
a relatively high prevalence of obesity in patients undergo-
ing elective lumbar surgery [5]. Therefore, given the effect
of excessive weight on the development of lumbar patholo-
gy, a high proportion of patients undergoing elective lumbar
spine surgery are obese [6]. In fact, according to the Nation-
al Surgery Quality Improvement Program (NSQIP) data,
almost 80% of patients undergoing spine surgery are over-
weight or obese [7].

The role of obesity on complications following spinal pro-
cedures has been thoroughly investigated [8–10]. Factors
associated with higher complications following lumbar spine
procedures in obese patients include the associated medical
comorbidities, longer surgical duration, and increased blood
loss. In a recent study, Seicean et al. reported increased
perioperative complications in 49,314 patients undergoing elec-
tive lumbar procedures with body mass index (BMI)≥30 kg/m2

using the NSQIP database. However, after controlling for
medical comorbidities, the authors found that the BMI
threshold increased to >40 kg/m2 for higher complications,
readmissions, and non-routine discharges [11].

In addition to the medical comorbidities, another impor-
tant factor that may influence complication rates in obese
patients undergoing spine surgeries is the invasiveness of the
surgical procedure. However, there is no literature on the effect
of surgical invasiveness in obese patients. Given previous find-
ings that proved surgical invasiveness is associated with
surgical site infection and increased operation time, it would
be beneficial to dichotomize patients based on high or low
surgical invasiveness given that invasiveness has been proven
to significantly affect outcome [12,13].

Although it is widely regarded that obesity is correlated
with complications, it is not entirely clear which complica-
tions predominate. This may be related to the high prevalence

of “obese” patients as defined by the World Health Organi-
zation (BMI greater than 30 kg/m2), which confounds the
results of many series. Marquez-Lara et al. found that in 24,196
lumbar spine procedures, patients with BMI≥25 demon-
strated higher risk of deep vein thrombosis, pulmonary
embolism, and superficial wound infections compared with
normal-weight patients, whereas morbidly obese patients
(BMI≥40) had additional risk of postoperative renal failure,
sepsis, and urinary tract infection [14]. Because of lack of
consistent findings, there is a need for a thorough examina-
tion of obesity’s effect on complications in lumbar spine
surgeries, and to define a threshold at which body mass index
becomes a comorbidity.

The primary objective of this study was to report the effects
of obesity on specific complications following lumbar spine
surgery based on the level of surgical invasiveness. Second-
arily, we sought to determine a threshold value at which obesity
significantly impacts complications. We hypothesized that
obesity is an independent risk factor for complications fol-
lowing lumbar spine surgery and that there is an identifiable
BMI that predicts risk of postoperative complications.

Materials and Methods

National Surgery Quality Improvement Program (NSQIP)

The American College of Surgeons NSQIP was imple-
mented in 1991 by the US Department of Veterans Affairs
to model patient risk-adjusted outcomes for patient factors
and operative procedure. Patient data are collected by a Sur-
gical Clinical Reviewer auditing participating hospitals. It
samples all patient populations undergoing general, spinal,
or epidural anesthesia. Patient data collected include primary
diagnosis in the form of an International Classification of Dis-
eases, Ninth Revision, Clinical Modification code, procedure
as indicated by Current Procedural Terminology (CPT) coding,
70 preoperative risk factors, 11 variables related to the surgery,
and 24 postoperative outcomes. Complications, outcomes, and
any further procedures are recorded for 30 days after enroll-
ment. More detailed information on the NSQIP design is
available at www.facs.org/quality-programs/acs-nsqip [15].
Institutional review board approval is exempt from studies
using de-identified NSQIP data.
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