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Background: in the United States from 1999 to 2000 through 2017–2018, the prevalence of obesity increased 

from 30.5 to 42.4%, while the prevalence of severe obesity nearly doubled. In lumbar spine surgery, obesity is as- 

sociated with increased complications, worse perioperative outcomes, and higher costs. The purpose of this study 

was to examine the association between body mass index (BMI) and opioid consumption in patients undergoing 

lumbar spine fusion surgery. We hypothesized that obese patients would require more opioids postoperatively. 

Methods: retrospective review of 306 patients who underwent one- or two-level posterior lumbar interbody fusion 

surgery between 2016 and 2020. Patients were stratified by BMI as follows: normal weight (18.5–24.9 kg/m2), 

overweight (25.0–29.9 kg/m2), obese I (30.0–34.9 kg/m2), and obese II–III ( ≥ 35.0 kg/m2). Patient demograph- 

ics and preoperative characteristics were compared across BMI cohorts using one-way ANOVA and chi-square 

analysis. Patients with prior history of opioid use were excluded. Primary outcome measure was postoperative 

opioid consumption. Secondary outcomes included operative time, length of stay (LOS), discharge destination, 

and 30-day re-encounter rates. Outcomes were analyzed using multivariable linear regression adjusted for po- 

tential confounders. 

Results: of 306 total patients, 17.3% were normal weight, 39.9% were overweight, 25.5% were obese I, and 17.3% 

were obese II–III. Obesity was associated with longer operative times and length of stay ( p < 0.001, p = 0.024). For 

opioid naïve patients, there was no difference in-house opioid consumption when adjusted for kilograms of body 

mass and LOS ( p = 0.083). Classes II–III patients were prescribed more than twice the number of postoperative 

opioids ( p < 0.001) and were on opioids for a longer time postoperatively ( p = 0.019). 

Conclusion: obesity is associated with longer operative times, longer LOS, and increased consumption of postop- 

erative opioids. This should be considered when counseling patients preoperatively prior to lumbar spine fusion 

procedures. 
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Obesity is a public health crisis in the United States, with nearly forty

ercent of American adults over the age of 20 considered obese [1] . This

as doubled since 2000 [2] . Excess weight and obesity have been linked

o significant medical comorbidities including diabetes, hypertension,

yslipidemia, coronary artery disease, respiratory problems, sleep ap-

ea, and some cancers [ 3 , 4 ]. Regarding spine health, obesity has been

ssociated with a higher prevalence of chronic low back pain and inter-

ertebral disc degeneration [ 5–8 ]. Studies have also reported a higher

ate of perioperative complications, less favorable outcomes, and higher

osts in obese patients [7 , 9–11] . 
✩ TWEET: An interesting article examining the impact obesity has on postoperative
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Prior research has shown that pain and obesity are significantly as-

ociated with one another [ 12–16 ], with both structural and chemical

echanisms underlying this relationship [12] . Morbidly obese people

re four times more likely to have a pain complaint compared to those

ho are not obese [13] , and the prevalence of low back pain has been

hown to have a direct linear correlation with BMI [14] . Both obesity

nd back pain negatively impact health related quality of life and ac-

ount for a large proportion of U.S. health care expenditures [ 17 , 18 ]. 

With the association between pain and obesity, the question arises

s to whether obesity is also linked to increased opioid consumption.

hronic opioid use both before and after lumbar spine surgery is asso-

iated with higher healthcare utilization and worse postoperative out-
 opioid consumption in lumbar spine fusion surgery 
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omes [ 19–21 ]. To our knowledge, there is no literature to date examin-

ng the association between opioid consumption after lumbar spine fu-

ion and BMI. Better understanding of the association between BMI and

pioid consumption will allow opportunities for more effective patient

ounseling regarding postoperative pain control. We sought to exam-

ne the association between BMI and postoperative opioid consumption

n opioid naïve patients undergoing one- or two-level posterior lumbar

nterbody fusion surgery. 

aterial and methods 

atient population 

Study approval was obtained through the hospital’s institutional re-

iew board. A retrospective review was performed evaluating all pa-

ients who had undergone 1or 2 level posterior lumbar interbody fusion

urgery during the study period of April 1, 2016 to March 31, 2020.

ll procedures were performed by three surgeons at a single institution.

ndications for surgery included spinal stenosis, lumbar spondylosis and

pondylolisthesis, and degenerative disc disease. Exclusion criteria in-

luded trauma, malignancy, infection, more than two fusion levels, and

evision fusion. 

ata collection 

Patient and surgical data were collected by review of the institu-

ional electronic medical record. Patient demographics included age,

ex, American Society of Anesthesiologists (ASA) score, body mass in-

ex (BMI), depression, preoperative opioid use, and tobacco use. ASA

core was obtained from the anesthesiologist record from the day of

urgery. Patient’s height and weight were reported on day of surgery

er hospital/anesthesia protocol. This was used to calculate BMI. 

Patients were grouped by BMI category as follows: normal weight

18.5–24.9 kg/m 

2 ), overweight (25.0–29.9 kg/m 

2 ), obese I (30.0–

4.9 kg/m 

2 ), and obese II–III ( > / = 35.0 kg/m 

2 ) [2] . History of depres-

ion was obtained from the patient’s past medical history. 

Preoperative opioid use status was determined based on prior opioid

rescriptions tracked in the electronic medical record. A patient was

onsidered to be opioid naïve if they had not taken opioids within 6

onths of surgery. Tobacco use was self-reported and listed in the social

istory in the patient’s medical record. 

Operative information included the number of operative levels, pro-

edure type (open vs. minimally invasive), operative time, intraopera-

ive estimated blood loss (EBL), and intraoperative complications. Op-

rative time was defined as time from incision to time of completion

f closure. Minimally invasive transforaminal lumbar interbody fusion

MIS-TLIF) via the paramedian approach was considered minimally in-

asive and posterior midline incision was considered open. 

Hospitalization data included in-house and post-discharge opioid

onsumption, length of stay, discharge location, and 30-day readmission

r presentation to a medical center. Length of stay was defined as the

umber of days spent in the hospital from the day of surgery to the day

f discharge. Discharge destination was recorded as either discharge to

ome or to an interim rehabilitation facility. Opioid naïve patients were

ompared across BMI groups. 

pioid consumption 

In-house opioid consumption was calculated by totaling all opioids

dministered during the patient’s hospitalization converted to morphine

quivalent doses (MED). All patients received a standardized postopera-

ive pain regimen while in-house. This regimen includes Acetaminophen

000 mg three times daily, a muscle relaxant, an oral opioid as needed

prn) for pain and an IV opioid for breakthrough pain. Oral opioid op-

ions include Tramadol 25–50 mg every six hours prn, Oxycodone 5–

5 mg every four hours prn, and Dilaudid 2–6 mg every four hours prn.
2 
he muscle relaxant prescribed is Tizanidine 2–4 mg every eight hours

rn and the breakthrough IV medication is hydromorphone (0.5–1.0 mg

very two hours prn). 

Post-discharge opioid consumption was determined based on the

umber of prescriptions a patient received postoperatively. Date of the

ast prescription was used to determine length of time on opioids after

urgery. Opioid prescription data included the type of opioid and num-

er of pills prescribed. The total number of prescriptions and number of

ills prescribed were calculated and converted to MED. Each patient’s

eight at time of surgery was used to determine MED consumption per

nit weight in MED/kg. 

tatistical analysis 

All statistical analyses were performed using SPSS 26.0 (IBMCorp).

atient demographics and perioperative characteristics were compared

cross the BMI cohorts using one-way ANOVA and chi-square analy-

is for continuous and categorical variables, respectively. Multivariable

inear regression was used to determine presence of an association be-

ween BMI category and opioid utilization after surgery. Multivariable

nalyses were adjusted for age, sex, ASA level, history of depression,

nd smoking status. Statistical significance was set at p < 0.05. Patients

ith missing data points were excluded from statistical analysis for that

articular variable. 

esults 

Of a total of 306 patients who underwent 1 or 2 level posterior lum-

ar interbody fusion surgery during the study period, 17.3% ( N = 53)

ere normal weight, 39.9% ( N = 122) were overweight, 25.5% ( N = 78)

ere obese I, and 17.3% ( N = 53) were obese II–III. There was no dif-

erence in age, sex, preoperative opioid use, depression, procedure type,

ischarge destination or 30-day re-encounter rates ( Table 1 ). There was

 statistically significant difference in ASA ( p = 0.001), tobacco use

 p = 0.047), operative time ( p < 0.001), and length of stay (3.02 days,

 = 0.019). ( Table 1 ). 

After excluding patients with a history of opioid use ( N = 84), opioid

aïve patients were compared across BMI groups. There was no differ-

nce in age, depression, EBL, length of stay, discharge destination or

0-day re-encounter rates ( Table 2 ). There was a statistically significant

ifference in sex ( p = 0.021), ASA ( p = 0.027), tobacco use ( p = 0.043),

nd operative time, with longer operative times in obese II–III patients

 p < 0.001) ( Table 2 ). 

After excluding preoperative opioid users, there was no difference in-

ouse opioid consumption across BMI groups when controlled for length

f stay ( p = 0.085) ( Table 3 ). Furthermore, when adjusting opioids to

ED per kg of patient’s body weight, there was no significant difference

n-house opioid consumption ( p = 0.083) ( Table 3 ). 

There was a significant difference in postoperative opioid consump-

ion with obese classes II–III prescribed more than double the num-

er of opioids compared to patients with normal BMI (3013.68 MED ±
740.94 vs. 1036.29 MED ± 1289.66; p < 0.001) ( Table 3 ). When eval-

ating post-discharge opioid consumption based on patient’s body mass

MED/kg), patients in obese II–III continued to consume more opioids

ostoperatively ( p = 0.034). Obese classes II–III patients remained on

pioids for a significantly longer time postoperatively ( p = 0.019). In the

ultivariable regression analysis, the only BMI group associated with

 significant increase in postoperative opioid consumption was obese

lasses II–III ( p = 0.013) ( Table 4 ). 

iscussion 

This study examined the association between two major public

ealth concerns: obesity and the opioid epidemic. Our data shows that

atients who are in obese classes II–III (BMI ≥ 35.0) were prescribed

ore than double the number of opioids postoperatively and were on
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Table 1 

Demographic data compared across levels of obesity. 

BMI Classification Normal Overweight Obese I Obese II–III P-Value 

Total patients, N = 306 ∗ 53 (17.3) 122 (39.9) 78 (25.5) 53 (17.3) –

Age 61.49 ± 13.32 59.96 ± 11.78 60.69 ± 11.72 57.53 ± 11.47 0.345 

Sex (F) 34 (54) 49 (40.2) 37 (47.4) 26 (49) 0.122 

ASA ≥ 3 ∗ 8 (13.5) 26 (21.3) 27 (34.6) 24 (45.3) 0.001 

Pre-op opioid use (Y) ∗ 18 (34) 24 (20) 22 (29) 18 (34) 0.111 

Depression (Y) ∗ 11 (20.7) 21 (17.2) 15 (19.2) 10 (18.8) 0.867 

Tobacco (current smoker) ∗ 7 (13.2) 14 (11.4) 1 (0.01) 6 (11.3) 0.047 

Procedure ( “mini ”) ∗ 12 (22.6) 40 (32.7) 20 (25.6) 12 (22.6) 0.376 

EBL (ml) 144.91 ± 146.12 175.04 ± 152.82 226.28 ± 256.90 217.83 ± 172.30 0.049 

OR time (min) 138.87 ± 35.72 166.29 ± 48.41 175.69 ± 50.85 181.25 ± 49.65 < 0.001 

Length of stay (days) 2.11 ± 1.17 2.45 ± 1.34 2.56 ± 1.73 2.98 ± 1.62 0.024 

Rehab (Y) ∗ 6 (11.3) 12 (9.8) 9 (11.5) 12 (22.6) 0.122 

30-day re-encounter ∗ 5 (9.4) 12 (9.8) 5 (6.4) 5 (9.4) 0.857 

∗ The values are given as the number of patients, with percentage of the total in parentheses. 

Table 2 

Demographic data compared across levels of obesity for opioid naïve patients only + . 

BMI Classification Normal Overweight Obese I Obese II–III P-Value 

Total patients, N = 224 ∗ 34(15.2) 97 (43.3) 55 (24.6) 35 (15.6) –

Age 63.4 ± 13.92 60.27 ± 11.19 61.04 ± 11.73 58.97 ± 12.32 0.444 

Sex (F) 24 (71) 40 (41.2) 23 (41.8) 18 (22.9) 0.021 

ASA ≥ 3 ∗ 6 (17.6) 20 (20.6) 18 (32.7) 15(42.9) 0.027 

Depression (Y) ∗ 4 (12.5) 10 (14.7) 9 (19) 4 (12) 0.868 

Tobacco (current smoker) ∗ 5 (10) 9 (9.5) 0 (0) 5 (8.8) 0.043 

EBL (ml) 156.57 ± 152.44 160.26 ± 132.95 224.20 ± 254.35 196.29 ± 129.98 0.138 

OR time (min) 142.14 ± 38.93 164.54 ± 49.49 173.94 ± 49.63 193.74 ± 45.07 < 0.001 

Length of stay (days) 1.86 ± 0.88 2.40 ± 1.38 2.57 ± 1.93 2.63 ± 1.21 0.094 

Rehab (Y) 4 (10) 8 (9.5) 5 (11.3) 5 (8.8) 0.742 

30-dayre-encounter ∗ 3 (12.5) 10 (10.5) 3 (4) 5 (15) 0.539 

∗ The values are given as the number of patients, with percentage of the total in parentheses. 
+ A patient is opioid naïve if they have not taken opioids within 6 months of surgery. 

Table 3 

Opioid use by level of obesity for opioid naïve patients only + . 

BMI Classification Normal Overweight Obese I Obese II–III P-Value 

Total Patients, N = 224 ∗ 40 (18) 95 (42.7) 53 (23.8) 34 (15.3) –

In-house opioids (MED) 116.92 ± 96.17 190.83 ± 133.59 188.68 ± 162.81 217.85 ± 156.70 0.018 

In-house opioids (MED/day) 62.57 ± 42.47 82.02 ± 46.90 74.78 ± 39.11 89.69 ± 64.50 0.085 

In-house opioids (MED/kg/day) 0.93 ± 0.59 1.03 ± 0.58 0.82 ± 0.44 0.82 ± 0.62 0.083 

Total post-discharge opioids (MED) 1036.29 ± 1289.66 1272.19 ± 1148.30 1352.65 ± 1592.89 3013.68 ± 4740.94 < 0.001 

Total post-discharge opioids (MED/kg) 15.34 ± 18.09 16.02 ± 13.70 14.14 ± 15.64 27.29 ± 43.13 0.034 

Total # days on opioids post-discharge 17.06 ± 32.04 24.1 ± 39.0 36.09 ± 73.85 63.32 ± 124.15 0.019 

∗ The values are given as the number of patients, with percentage of the total in parentheses. 
+ A patient is opioid naïve if they have not taken opioids within 6 months of surgery. 

Table 4 

Multiple regression results for BMI class x postoperative 

MED/kg. 

BMI Classification ∗ Overweight Obese I Obese II–III 

B 132.19 272.46 1362.50 

Std Error 436.58 501.26 545.39 

P-Value + 0.762 0.587 0.013 

∗ BMI classes were compared against the ‘Normal’ class 

which was used as the constant. 
+ Multiple regression was run holding age, sex, ASA, 

smoking status, levels fused and surgical technique con- 

stant. 
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pioids for a significantly longer time postoperatively. This suggests that

besity increases the need for postoperative opioids after lumbar spine

nterbody fusion surgery. 

The use of prescription opioids in the U.S. has increased fourfold be-

ween 1997 and 2010. This increase has been associated with increased
3 
isuse of these medications, diminished quality of life, increased pain

ntensity and pain-related disability, and increased morbidity and mor-

ality [ 21–24 ]. Although opioids are useful in the acute postoperative

eriod, prescribing opioids after orthopedic surgery has been linked to

ncreased conversion of opioid naïve patients to opioid dependent pa-

ients after surgery [ 20 , 25 ]. Patients with chronic pain managed with

ong-term opioid therapy who undergo surgery are also at greater risk

or complications and poor postoperative outcomes [ 21 , 23 , 26 ]. 

Obesity in lumbar spine fusion surgery has been shown to be as-

ociated with worse postoperative outcomes, increased complications,

nd higher costs [ 7 , 11 , 27 , 28 ]. However, there is a paucity of informa-

ion examining postoperative opioid use in obese patients after lumbar

pine fusion surgery. A study by Narain et al. looked at inpatient opioid

onsumption across BMI groups in patients undergoing anterior cervical

iscectomy and fusion and found no significant difference in morphine

quivalent consumption during a patient’s hospital admission [29] . Sim-

larly, we found no difference in in-house opioid consumption across

MI groups. This is likely due to the standardized postoperative pain

rder set with scheduled medications including acetaminophen as well
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s prn medications including an oral opioid, tizanidine, and IV medica-

ion for breakthrough pain. The similar intake of opioids may in part

e due to the fact that nursing and other clinical staff evaluate the pa-

ients throughout their hospitalization and assess their pain level on a

ain scale during clinical assessments. We expected there would not be a

ifference in inpatient opioid consumption; however, once patients are

ndependently managing their pain after discharge, there is a significant

ifference in opioid requirements. 

It is well established that obesity is independently linked to longer

perative times [ 10 , 30 , 31 ]. Patients with higher BMI tend to have a

hicker layer of subcutaneous tissue, necessitating a larger dissection,

ore retraction, and increased time for dissection. This leads to in-

reased operative time. A meta-analysis by Jiang et al. found that obese

atients were fourteen times more likely to have longer operative times

ompared to non-obese patients [10] . Goyal et al. examined 14 studies

ith over 6000 patients and found that obesity is associated with signif-

cantly higher operative times, both for MIS procedures and open spine

urgeries [31] . Our findings are consistent with the literature in that

bese patients in classes II–III had significantly longer operative times. 

The association between obesity and prolonged length of stay is con-

icting in the literature. Our data shows that obesity was associated with

 prolonged length of stay. Similarly, Seicean et al. examined nearly

0,000 patients undergoing spine surgery and found that patients in

oth obese classes II and III had increased odds of prolonged length of

tay [32] . However, there are other studies that have found no differ-

nce in length of hospitalization between obese and non-obese patients

 31 , 33 , 34 ]. 

Higher BMI was not associated with increased 30-day re-encounter

ates after surgery in our study. The association between obesity and

ostoperative outcomes and complications is unclear. Numerous stud-

es have shown increased postoperative complications with increasing

MI [ 11 , 35 , 36 ]. Complications include wound infection, cerebrospinal

uid leak, deep venous thrombosis, cardiac events, pneumonia, pro-

onged intubation, readmission, and return to the operating room. Cao

t al. found significant differences with prolonged operating time, blood

oss, surgical site infection, and nerve injury; however, there was no dif-

erence in deep venous thrombosis, dural tear, revision, and mortality

30] . Other studies have found that BMI is not associated with an in-

reased incidence of minor or major complications [ 27 , 33 , 37 ]. In this

tudy, nine percent of patients presented to the ED or were readmitted

ithin 30 days for various complications ranging from wound infection

o urinary tract infection; however, there were no significant associa-

ions with BMI. 

It is imperative that surgeons counsel overweight and obese patients

n the importance of weight loss prior to spine surgery. Obesity strains

he axial skeleton and increases the mechanical load imparted on the

pine [38] . It has been shown that obesity contributes to low back pain,

ciatica, disc degeneration, and increases the risk of developing opera-

ive pathology [39] . Attaining a healthy weight may reduce or eliminate

 patient’s back pain. Although spine surgery in obese patients may lead

o clinical improvements in both pain and disability, obese patients may

e at higher risk for complications. It is imperative that surgeons coun-

el obese patients on both the risks and benefits of surgery in the setting

f their obesity. It is also important to discuss that weight loss may not

nly mitigate complications but may actually lead to a patient having

ess back pain, shorter operative time, and improved clinical outcomes

fter surgery. 

We recognize the limitations of the study. First, while we were able

o quantify the number of pills patients were prescribed postoperatively,

e understand that writing a prescription does not mean a patient con-

umed the tablets. A patient could choose to not fill the prescription or

ll the prescription, but not consume the entire prescription. However,

his is a limitation across all patients, regardless of BMI. Presumably pa-

ients on chronic opioids will remain on opioids after surgery, therefore

e were unable to quantify post-discharge opioid consumption in this

opulation. Another limitation is that three surgical techniques for in-
4 
erbody fusion were utilized by three surgeons, thereby this could be

onsidered a heterogeneous population. However, all patients under-

ent either 1 or 2 level fusion and no procedure was a revision fusion

urgery. 

To our knowledge, this is the first study that focuses on postopera-

ive opioid consumption after lumbar spine fusion surgery across BMI

roups. These findings show that obesity is associated with increased

pioid consumption postoperatively in both chronic opioid users and

pioid naïve patients. Few studies have specifically analyzed the effect

f obesity on postoperative opioid usage. We hope these findings stimu-

ate interest in further evaluating prescribing patterns based on obesity

fter lumbar spine surgery and help surgeons counsel patients about the

isk of prolong opioid use in obese patients. 

onclusions 

As the prevalence of obesity increases, there will likely be more pa-

ients with low back pain and degenerative disc disease, leading to a

igher percentage of patients needing surgical treatment for lumbar

pine pathology. It is imperative that we counsel patients on the im-

ortance of weight loss as this may mitigate the need for spine surgery.

urthermore, it is important to educate patients on the opioid epidemic,

ostoperative pain, and opioid consumption. Surgeons should counsel

bese patients that they are at higher risk for increased opioid consump-

ion and may require more of a multimodal pain regimen postopera-

ively to limit this risk. 
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