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Introduction

The United States (US) is in the midst of an obesity 
epidemic. It is estimated that over one third of adults in the 
US aged 20 years or older are obese [body mass index (BMI) 
>30 kg/m2] (1). Secondary medical complications associated 

with obesity, including metabolic and musculoskeletal 
problems, can be extensive and significantly limit a person’s 
ability to function and participate in life (2). 

There is a high prevalence of obese patients who elect 
to have lumbar surgery, despite the potential negative 
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influence obesity may have on surgical outcomes (3-6). 
Obesity has the potential to affect outcomes of lumbar 
spine surgery in a number of ways, including intra-
operative challenges, health-related problems, and because 
of the long-term effect of stresses due to excessive body 
weight. Immediate intra-operative challenges include the 
need for a larger incision and soft tissue retraction due to 
excess subcutaneous tissue, which may increase blood loss, 
operative time, and risk of intra-operative complications. 
Health-related effects of chronic obesity may increase the 
incidence of medical complications after surgery, including 
deep surgical site infection (deep infection), deep vein 
thrombosis (DVT), all-cause mortality, acute myocardial 
infarction (MI), pneumonia, pulmonary embolism (PE), 
and respiratory failure. Over time, excessive body weight 
can impose undue stress on the surgical implants, adjacent 
soft tissue, and joints, increasing risk for long-term surgical 
complications including re-operation and adjacent segment 
disease (ASD). 

Unfortunately, there is conflicting evidence in the 
current literature about the effect of obesity on outcomes 
of lumbar spine surgery. This discrepancy may be due 
to variations in study design, including restriction of the 
inclusion criteria to a single pre-operative diagnosis (3,7-11), 
procedure (8,12,13), or by using a single threshold for obesity 
(30 kg/m2) (9,12-14), thereby limiting the generalizability of 
study findings across different populations and procedures. 
Further, no study has examined the effect of obesity on 
specific surgical-related, health-related, and long-term 
outcomes within a single patient population over a wide 
range of diagnoses. The purpose of the current study was 
to examine the effects of obesity and increasing BMI on 
surgical-related, health-related, and long-term outcomes 
of lumbar spine surgery using a community-based Spine 
Registry from an integrated healthcare system.

 

Methods

Study design, inclusion & exclusion, and data collection

We conducted a retrospective cohort study (Level III). The 
study sample included patients over the age of 18 who had 
an instrumented lumbar spine surgery, including primary 
lumbar spinal fusion or total disc replacement, within our 
large integrated US healthcare system between 1/1/2009 
and 09/30/2013. Procedures performed due to infection 
or trauma were excluded. The study cohort consisted 
of procedures performed by 83 neurosurgeons and 39 

ortho-spine surgeons at 15 hospitals across four distinct 
geographic regions (Hawaii, Northwest, Southern, and 
Northern California). 

Our integrated healthcare system’s Spine Registry 
was used to identify the study cohort of instrumented 
lumbar spine patients. Information on the Spine Registry’s 
coverage, data collection procedures, and quality assurance 
has been detailed previously (15). Briefly, a set of 
International Classification of Diseases, Ninth Revision, 
Clinical Modification (ICD-9-CM) spinal procedure codes 
were used to capture cases of instrumented spine surgeries 
through the institution’s electronic medical record (EMR) 
system. Patient demographics, procedural information, 
and outcomes were imported from the EMR and trained 
research associates working for the Spine Registry 
validated surgical complications via EMR review according 
to published guidelines. Re-operations for any index 
procedures were determined by a set of electronic screening 
algorithms. This study was approved by the Institutional 
Review Board (IRB) at the integrated healthcare system 
prior to data collection, and the IRB at San Diego State 
University, before the data were analyzed.

Exposure of interest

The patients’ BMI was the primary exposure of interest. 
The EMR was used to extract patient’s height and weight 
measurements for the one-year pre-operative time interval. 
These measurements were collected during each medical 
visit with the healthcare system. For the current study, 
median height and weight were used to characterize the 
patient’s BMI. Underweight (BMI <18.5 kg/m2) patients 
were excluded from the study due to their likelihood of 
suffering from nutritional deficiency or end stage cancer. 
BMI was analyzed as a continuous variable in 5 kg/m2 
increments, according to the World Health Organization 
BMI Classification, to examine the association of increasing 
levels of obesity with each outcome in this study (16). 

Outcomes of interest

Surgical-related outcomes included duration of surgery (from 
incision to close in minutes), estimated blood loss (EBL) 
(in mL), dural tears (yes, no), epidural hematoma identified 
within 30 days (yes, no), and improper implant placement 
treated within 30 days of the index procedure (yes, no). A 
chart review was conducted for all aseptic re-operations 
within the first 30 days of the index procedure to determine 



351

J Spine Surg 2017;3(3):349-357© Journal of Spine Surgery. All rights reserved. jss.amegroups.com

Journal of Spine Surgery, Vol 3, No 3 September 2017

occurrences of re-operations due to improper implant 
placement. Health-related outcomes included deep infection 
within 90 days, DVT within 90 days, all-cause mortality 
within 90 days, acute MI within 21 days, pneumonia within 
21 days, PE within 90 days, and respiratory failure within 7 
days. The long-term outcomes included incidence of aseptic 
re-operation or surgery performed on levels adjacent to the 
levels treated during the primary lumbar surgery. Aseptic re-
operations specifically due to ASD were evaluated as a subset 
of aseptic re-operations. 

Confounding variables

The patient’s age at the time of the primary spinal 
surgery, gender (female, male), diabetes status (yes, 
no), smoking status (yes, no), admitting diagnosis 
(degenerative, spondylolisthesis, deformity, others), surgical 
approach (posterior, anterior, combined), and number 
of levels treated (1, 2, 3, 4+) were considered as potential 
confounders. Admitting diagnosis and the surgical approach 
were identified using ICD-9 procedural codes and manual 
chart review of each operative note. 

Statistical analysis

Descriptive statistics were calculated for subjects overall and 
within each BMI category. Means and standard deviations 
(SD) or medians and interquartile ranges (IQR) were 
used to describe continuous variables and frequencies and 
proportions were used to describe categorical variables.

Continuous outcomes (operative time and blood loss) were 
analyzed using mixed linear models with a random intercept 
effect for surgeon, as well as a surgeon level covariate 
representing the mean BMI of patients operated on by each 
surgeon to address surgeon level confounding (17). Plots 
were used to check normality of the residuals in an imputed 
dataset, with no violation detected for any of the outcomes. 

Binary outcomes (surgical-related: dural tears, epidural 
hematoma, improper implant placement; health-related: 
deep infection, DVT, all-cause mortality, MI, pneumonia, 
PE, and respiratory failure) were analyzed using conditional 
logistic regression models to control for surgeon effects. All 
models addressed the non-independence of observations 
due to nesting of cases within surgeon, as well as control 
for the confounding effect of stable surgeon characteristics 
without assuming equal within and between surgeon 
effects. BMI was grouped based on quintiles to evaluate the 
linearity assumption (18). The data were inspected and the 

linearity assumption was confirmed. 
Long-term outcomes for re-operation and re-operation 

due to ASD were analyzed using survival analysis with 
a surgeon stratified Cox regression model. Either re-
operation for infection or non-union, death, or termination 
of healthcare membership before the end of the study 
period constituted a censored event. Re-operations due to 
infection or non-union were censored at the time of re-
operation because of the impact of confounding health-
related factors. Proportional hazards for BMI and age were 
assessed based on the significance tests of simulated 
data (19), and there was no evidence of violation (P>0.05) 
in an imputed dataset. Hazard ratios (HR) were calculated 
to estimate relative risk of long-term outcomes. 

Patient age, gender, diabetes status, smoking status, 
admitting diagnosis, and surgical approach were included 
as covariates in multivariable regression models. Number 
of levels treated was not significantly different among 
BMI categories (Chi Square P>0.05). To address missing 
values for admitting diagnosis, surgical approach, length of 
operation, and EBL, multiple imputations were performed. 
Each dataset was analyzed separately using the same 
model, and later combined to calculate the final parameter 
estimates (20). Data were analyzed using SAS version 9.4 
(SAS Institute, Cary, NC, USA). Threshold for statistical 
significance was alpha =0.05. 

 

Results

During the study period, 8,049 patients underwent 
instrumented lumbar spine surgery; 1,890 (23.5%) patients 
had a BMI <25, 3,122 (38.8%) had a BMI of 25–30, 1,983 
(24.6%) had a BMI of 30–35, 786 (9.8%) had a BMI of 
35–40, and 268 (3.3%) had a BMI of 40+. 222 (2.8%) 
patients died during follow-up and 663 (8.2%) terminated 
membership. The median follow-up time was 2.0 years 
(IQR: 0.9–3.3). For the overall study cohort, the median 
BMI was 28.3 (IQR: 25.1–32.1) and median age was 63.0 
(IQR: 53.0–71.0) (Table 1). Most patients in the overall 
cohort were female, non-diabetic, non-smoking, admitted 
due to degenerative disease, and underwent a posterior 
fusion (Table 1).

Median operation time was lowest for the BMI <25 
group (218 minutes, IQR: 168–286) and highest for the 
BMI 40+ group (234 minutes, IQR: 182–303) (Table 2). 
Similarly, median EBL was lowest for both the BMI <25 
and BMI 25–30 groups at 300 mL (IQR: 150–500 and 
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150–600, respectively) and highest for the BMI 40+ group 
(400 mL, IQR: 200–600) (Table 2). After adjusting for 
confounders, each 5 kg/m2 increase in BMI was associated 
with 7.8 minute increase in the duration of the surgery 
(95% CI: 6.0–9.5, P<0.01) and 36.0 mL increase in the EBL 
during surgery (95% CI: 25.5–46.5, P<0.01). 

Incidence of surgical complications ranged across BMI 
groups from 4.0–5.2% for dural tears, 1.0–1.3% for epidural 
hematomas, and 0.4–1.1% for improper implant placement 
(Table 3). Incidence of health-related complications ranged 
from 0.4–3.0% for deep infection, 0.3–0.8% for DVT, 0.0–
1.1% for all-cause mortality, 0.3–0.4% for MI, 0.8–1.2% for 

pneumonia, 0.4–1.1% for PE, and 0.0–0.5% for respiratory 
failure (Table 3). After adjusting for confounders, BMI 
was not significantly associated with dural tears, epidural 
hematomas, improper implant replacement, all-cause 
mortality, MI, pneumonia, PE, or respiratory failure 
(Table 4). However, every 5 kg/m2 increase in BMI was 
associated with 1.7 greater odds of deep infection within 
90 days (95% CI: 1.4–2.1, P<0.001) and 1.5 greater odds of 
DVT within 90 days (95% CI: 1.1–1.9, P<0.05) (Table 4).

There were 750 (9.3%) lifetime aseptic re-operations 
performed after the index procedure (Table 5). The BMI 
40+ group had the highest cumulative failure at 4 years 

Table 1 Study sample characteristics of patients after lumbar spinal fusion surgery by BMI (kg/m
2
)

a

Characteristics
BMI category (kg/m

2
)

Overall <25 25–30 30–35 35–40 40+

Total (N) 8,049 1,890 3,122 1,983 786 268

BMI (kg/m
2
)

Mean (SD) 28.9 (5.3) 22.7 (1.6) 27.4 (1.4) 32.1 (1.4) 37.0 (1.4) 43.2 (3.6)

Median (IQR) 28.3 (25.1–32.1) 23.0 (21.6–24.0) 27.3 (26.1–28.6) 32.0 (31.0–33.3) 36.8 (35.9–38.1) 42.0 (40.8–44.6)

Age

Mean (SD) 61.3 (12.8) 62.7 (14.0) 61.8 (12.9) 60.9 (11.7) 58.7 (11.9) 56.9 (12.2)

Median (IQR) 63.0 (53.0–71.0) 64.0 (55.0–73.0) 63.0 (54.0–71.0) 62.0 (53.0–69.0) 60.0 (51.0–67.0) 59.0 (50.0–66.0)

Gender, n (%)

Male 3,421 (42.5) 636 (33.7) 1,526 (48.9) 921 (46.4) 271 (34.5) 67 (25.0)

Female 4,628 (57.5) 1,254 (66.3) 1,596 (51.1) 1,062 (53.6) 515 (65.5) 201 (75.0)

Diabetes, n (%) 1,692 (21.0) 219 (11.6) 560 (17.9) 546 (27.5) 257 (32.7) 110 (41.0)

Smoke, n (%) 776 (9.6) 214 (11.3) 308 (9.9) 157 (7.9) 64 (8.1) 33 (12.3)

Admission diagnosis, n (%)

Deformity 1,003 (12.5) 252 (13.3) 395 (12.7) 243 (12.3) 90 (11.5) 23 (8.6)

Degenerative 5,540 (68.8) 1,266 (67.0) 2,192 (70.2) 1,364 (68.8) 548 (69.7) 170 (63.4)

Spondylolisthesis 1,005 (12.5) 229 (12.1) 364 (11.7) 260 (13.1) 102 (13.0) 50 (18.7)

Others
b

277 (3.4) 78 (4.1) 92 (2.9) 63 (3.2) 32 (4.1) 12 (4.5)

Fusion approach, n (%)

Anterior 845 (10.5) 237 (12.5) 339 (10.9) 172 (8.7) 75 (9.5) 22 (8.2)

Combined 811 (10.1) 211 (11.2) 316 (10.1) 213 (10.7) 60 (7.6) 11 (4.1)

Posterior 6,345 (78.8) 1,429 (75.6) 2,440 (78.2) 1,592 (80.3) 649 (82.6) 235 (87.7)
a
, The sample was grouped into five BMI categories according to the World Health Organization BMI Classification.

 
There were 224 (2.8%) 

patients missing admission diagnosis and 48 (0.6%) patients missing surgical approach (16); 
b
, other admission diagnoses included 

neurological dysfunction, pathological (involving neoplasm or osteoporosis), and primary lateral sclerosis. IQR, interquartile range; SD, 
standard deviation; BMI, body mass index.
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(18.0%, 95% CI: 11.0–28.7), while cumulative failures 
for the other BMI categories ranged from 13.7–14.8% 
(Table 5). After adjustment for covariates, the overall risk 
of re-operation was 1.1 times higher (95% CI: 1.0–1.2, 
P=0.03) for every 5 kg/m2 increase in BMI. Risk of re-
operation due to ASD was not associated with BMI (HR: 
1.1, 95% CI: 1.0–1.2, P=0.18).  

Discussion 

Healthcare is evolving to focus more on optimizing patient 

outcomes, quality of care, and costs of care. Using data 
from a community-based Spine Registry, which includes 
a variety of diagnoses, increasing BMI was associated 
with a statistically significant increase in operative time, 
EBL, deep infection, DVT, and higher re-operation rates. 
However, there was no association between increasing 
BMI and dural tears, epidural hematomas, improper 
implant placement, all-cause mortality, MI, pneumonia, 
PE, respiratory failure, or with risk of re-operation due 
to ASD. Based on our findings, when holding all other 
covariates constant, compared to healthy weight patients 

Table 2 Peri-operative factors of lumbar spinal fusion surgery patients by BMI (kg/m
2
)

a

BMI category (kg/m
2
)

Length of operation (minutes) EBL (mL)

Mean (SD) Median (IQR) Mean (SD) Median (IQR)

Overall 236.8 (98.3) 218 [168–286] 469.1 (505.2) 300 [200–600]

<25 226.6 (99.0) 207 [157–274] 420.2 (536.1) 300 [150–500]

25–30 232.3 (94.2) 215 [167–281] 452.1 (474.6) 300 [150–600]

30–35 247.3 (101.9) 226 [174–300] 510.7 (517.0) 350 [200–650]

35–40 247.1 (98.8) 225 [177–303] 535.4 (533.2) 375 [200–700]

40+ 252.1 (101.2) 234 [182–303] 497.6 (405.0) 400 [200–600]
a
, There were 376 (4.7%) patients missing length of operation and 1,172 (14.6%) patients missing EBL. IQR, interquartile range; SD, 

standard deviation; BMI, body mass index.

Table 3 Crude incidence of short-term surgical and health-related complications after lumbar spinal fusion surgery patients by BMI (kg/m
2
)

Outcome, n (%)
BMI category (kg/m

2
)

Overall <25 25–30 30–35 35–40 40+

Surgical

30-day dural tear 361 (4.5) 75 (4.0) 151 (4.8) 83 (4.2) 38 (4.8) 14 (5.2)

30-day epidural hematoma 87 (1.1) 18 (1.0) 32 (1.0) 26 (1.3) 8 (1.0) 3 (1.1)

30-day improper implant placement 40 (0.5) 7 (0.4) 14 (0.4) 11 (0.6) 5 (0.6) 3 (1.1)

Health-related

90-day deep infection 56 (0.7) 10 (0.5) 11 (0.4) 19 (1.0) 8 (1.0) 8 (3.0)

90-day DVT 42 (0.5) 5 (0.3) 16 (0.5) 15 (0.8) 4 (0.5) 2 (0.7)

90-day mortality 53 (0.7) 21 (1.1) 15 (0.5) 14 (0.7) 3 (0.4) 0 (0.0)

21-day MI 26 (0.3) 7 (0.4) 10 (0.3) 6 (0.3) 2 (0.3) 1 (0.4)

21-day pneumonia 82 (1.0) 22 (1.2) 25 (0.8) 24 (1.2) 8 (1.0) 3 (1.1)

90-day PE 47 (0.6) 10 (0.5) 17 (0.5) 14 (0.7) 3 (0.4) 3 (1.1)

7-day respiratory failure 16 (0.2) 4 (0.2) 6 (0.2) 2 (0.1) 4 (0.5) 0 (0.0)

BMI, body mass index; DVT, deep vein thrombosis; MI, myocardial infarction; PE, pulmonary embolism.



354 Flippin et al. Effect of BMI

J Spine Surg 2017;3(3):349-357© Journal of Spine Surgery. All rights reserved. jss.amegroups.com

(BMI <25 kg/m2), obese patients with a BMI >40 kg/m2  
would require approximately 31 additional minutes of 
operating time, experience 144 mL more EBL during 
surgery, and have a 46% higher risk of aseptic re-operation. 
In addition, for patients with a BMI >40 kg/m2, the odds 
for deep infection are 279% higher and the odds for DVT 
are 179% higher than the odds for patients with a BMI  
<25 kg/m2. These patients who are more severely obese, 
may bear the burden of increased medical costs and poor 
patient-centered outcomes associated with the adverse 

outcomes of instrumented lumbar spine surgery.
Our findings are in agreement with some prior studies 

examining the effect of obesity on certain surgical and 
health-related outcomes in selected patient populations. De 
La Garza-Ramos et al. reported that in patients undergoing 
posterolateral fusion surgery, obesity was associated with 
increased blood loss but there was no difference in rates of 
epidural hematomas (13). Similarly, McGuire et al. reported 
a relationship between obesity, classified as a BMI of ≥35, 
and increased operative time and blood loss, but not with 

Table 4 Adjusted odds ratios (OR) with 95% CI for short-term surgical and health-related complications after lumbar spinal fusion surgery by 
BMI (kg/m

2
)

a

Outcome OR (95% CI) P

Surgical

30-day dural tears 1.1 (1.0–1.2) 0.338

30-day epidural hematoma 1.2 (0.9–1.4) 0.173

30-day improper implant placement 1.2 (0.9–1.6) 0.265

Health-related

90-day deep infection 1.7 (1.4–2.1) <0.001

90-day DVT 1.5 (1.1–1.9) 0.013

90-day mortality 0.8 (0.6–1.1) 0.114

21-day MI 0.9 (0.6–1.4) 0.701

21-day pneumonia 1.0 (0.8–1.2) 0.819

90-day PE 1.2 (0.9–1.5) 0.293

7-day respiratory failure 1.2 (0.7–1.9) 0.531
a
, The OR is reported per every 5 kg/m

2
 increase in BMI. Individual models adjusted for patient age, gender, diabetes status, smoking 

status, admitting diagnosis, and surgical approach. BMI, body mass index; DVT, deep vein thrombosis; MI, myocardial infarction; PE, 
pulmonary embolism.

Table 5 Re-operation incidence and cumulative failure estimates
a
 at 4 years after lumbar spinal fusion surgery patients by BMI (kg/m

2
)

BMI category
Aseptic re-operation

b
Re-operation due to ASD

Incidence, n (%) Cumulative failure, % (95% CI) Incidence, n (%) Cumulative failure, % (95% CI)

Overall 750 (9.3) 14.4 (13.3–15.6) 222 (2.8) 6.0 (5.2–7.0)

<25 164 (8.7) 13.8 (11.6–16.3) 52 (2.8) 6.2 (4.6–8.4)

25–30 285 (9.1) 14.4 (12.7–16.4) 79 (2.5) 5.8 (4.5–7.5)

30–35 199 (10.0) 14.8 (12.7–17.2) 56 (2.8) 5.6 (4.1–7.5)

35–40 73 (9.3) 13.7 (10.7–17.4) 28 (3.6) 7.4 (4.9–11.0)

40+ 29 (10.8) 18.0 (11.0–28.7) 7 (2.6) 5.7 (2.4–13.4)
a
, Cumulative failure estimates defined as one minus the Kaplan-Meier survival estimates; 

b
, re-operations for infection or non-union 

excluded. ASD, adjacent segment disease; CI, confidence interval; BMI, body mass index.
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intraoperative complications for a sample of patients with 
spondylolisthesis (14). Peng et al. reported longer operative 
times, but no differences in blood loss or intra-complications 
in patients with and without obesity (12). However, this study 
focused on anterior lumbar disc procedures specifically. 
Based on the current study, which includes a variety of 
diagnoses and considers increasing severity of obesity, 
and the prior literature, increasing BMI appears to be 
consistently associated with increased EBL and operative 
time, but not intraoperative complications.

Our findings agree with most prior literature on the 
effect of obesity on risk of deep infection and DVT after 
lumbar spine surgery. In the current study, risk of deep 
infection and DVT at 90 days was significantly increased 
with increasing levels of obesity. Most prior investigators 
also have reported that obesity increases risk of deep surgical 
site infection in a variety of patient samples (13,14,21). 
However, in obese patients treated for degenerative 
scoliosis, Fu et al. showed no increase in superficial or deep 
infection (10). Previous investigators also consistently 
report that obese patients are at greater risk for DVT (4,13). 
In the current study, no association was found between 
obesity and other surgical and health-related complications 
including: dural tears, epidural hematomas, improper 
implant replacement, all-cause mortality, MI, pneumonia, 
PE, and respiratory failure. While investigators consistently 
report no increase in risk of mortality, some have reported 
an increased risk of the other health-related complications 
for obese patients (4,6,13,14,22). Therefore, based on the 
current study and the previous literature, it appears that 
obesity consistently increases risk of deep wound infection 
and DVT, but may also increase risk of other health-related 
complications in some patient populations. 

Our findings related to long-term risk of re-operation 
and re-operation due to ASD conflict with current literature. 
Radcliff et al. reported no effect of BMI on re-operation 
rates in patients treated with a posterior decompression 
or fusion for spinal stenosis (7). This study was limited to 
only patients with lumbar stenosis, and did not include 
patients with spondylolysis or spondylolisthesis. Further, a 
large majority of patients from the study received treatment 
through decompression only with no fusion (85–89%). 
Fu et al. reported no difference in ASD or revision surgeries 
in obese and non-obese patients treated with lumbar 
fusion (10). However, investigators only divided patients 
into normal, overweight, and obese categories, with no 
stratification of obesity severity. Min et al. also reported 
no difference in BMI between patients with and without 

ASD treated with instrumented lumbar fusion (23), but 
this study included a relatively small population, with only 
two patients undergoing re-operation for ASD. Findings 
from the current study are in agreement with Seicean et al., 
who reported an increased risk of 30-day re-operations in 
National Surgical Quality Improvement Project (NSQIP) 
patients with Class II obesity and treated with elective 
laminectomy or fusion (22). Reporting on longer follow-up 
for re-operations and ASD was unavailable as the NSQIP 
database only tracks the first 30 days post-operatively. Based 
on the current study and the prior literature, evidence most 
consistently suggests that, for a broad range of diagnoses, 
increasing levels of BMI are associated with an overall 
increased risk of re-operation, but not an increase in risk of 
re-operations due to ASD after lumbar spine surgery. 

There are several limitations to the current observational 
study. First, our study was retrospective in nature. However, 
the data utilized was prospectively collected into a Spine 
Registry, in a standardized manner to ensure validity of the 
information collected. In addition, the data was derived 
from actual clinical data and can therefore be generalized to 
a clinical population. Second, median follow-up time for the 
study sample was 2 years (IQR: 0.9–3.3), thus some patients 
had less than 2 years of follow-up. This reduced follow-
up time may have led to an underestimate of ASD as this 
outcome is often chronic in nature. Third, there were fewer 
subjects in the higher BMI categories, which may influence 
generalizability of the findings for these groups. Fourth, 
although some investigators have reported that obesity has 
a negative impact on functional outcomes (3,5), we were 
not able to confirm their findings in the current study as 
functional and patient-centered outcomes are not routinely 
being captured by the Spine Registry. Other limitations of 
the study include that a majority of the procedures were 
performed through a posterior approach, and the data 
includes outcomes from but does not differentiate between 
minimally invasive and open procedures. Last, only all-
cause mortality was captured in the registry, therefore we 
can not differentiate the extent to which mortality was 
directly related to the surgery or other comorbid conditions. 
However, increasing levels of obesity were not associated 
with all-cause mortality.

Study strengths include use of a community-based Spine 
Registry with validated outcomes and no dependence on 
industry support for clinical research. Prior studies have 
utilized Medicare, NSQIP, and insurance databases. These 
data sources are limited to specific patients, narrow outcome 
definitions, and a shorter duration of patient follow-up. The 
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cohort from the current registry study represents a diverse 
population of patients who elected instrumented lumbar spine 
surgery and represent multiple geographic regions, includes 
surgeons from orthopedic and neurosurgical specialties, and 
represents real world data, enhancing generalizability. To 
our knowledge, this is the first study to use data from a single 
large cohort of patients, with a broad range of diagnoses, 
to evaluate the impact of increasing levels of BMI on the 
many different outcomes of lumbar spine surgery, including: 
surgical-related, health-related, and long-term outcomes. 

Obesity presents a complex challenge in spine surgery. In 
this study of 8,049 patients with instrumented lumbar spine 
surgery, increasing obesity and BMI was associated with 
a statistically significant increase in the length of surgery, 
EBL, deep infection, DVT, and rate of re-operation. This 
information is of value when discussing surgical risk with 
obese patients who elect to undergo instrumented lumbar 
spine surgery. These findings are also of value in peri-
operative management for these patients, including medical 
optimization prior to surgery, utilization of alternative 
surgical approaches and techniques, and comprehensive 
post-operative management. Future study is needed to 
determine the impact of obesity and increasing BMI on 
patient-centered outcomes and costs of care. 
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