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among bariatric patients. Preoperative opioid use has been identified as a risk factor in other surgical
procedures.
Objectives: To examine the impact of preoperative opioid use on complications after primary bar-
iatric surgery.
Setting: Sweden.
Methods: All primary laparoscopic Roux-en-Y gastric bypass (LRYGB) and laparoscopic sleeve
gastrectomy (LSG) patients from 2007–2017 were identified in the Scandinavian Obesity Surgery
Register. Prescriptions for opioids within 90 days prior to surgery were retrieved from the Swedish
Prescribed Drug Register and converted into oral morphine equivalents (OMEs). Patients with �2
prescription of opioids within 90 days prior to surgery were defined as chronic opioid users. Gener-
alized linear regression was used to adjust for age, sex, bodymass index, procedure type, year of oper-
ation, and co-morbidities.
Results: Of the 56,183 patients who had undergone primary LRYGB (n5 49,615) or LSG (n5 6568),
17.5% (n 5 9825) had at least 1 prescription of opioids prior to surgery, of which 4.3% (n 5 2390)
were defined as chronic opioid users. Chronic opioid use was associated with a higher risk of severe
complications (Clavien Dindo grade � 3b; odds ratio [OR], 1.67; 95% confidence interval [CI],
1.37–2.04), increased lengths of stay (relative risk, 1.11; 95% CI, 1.08–1.14), and higher rates of
readmission (OR, 1.70; 95% CI, 1.49–1.94) and reoperation (OR, 1.87; 95% CI, 1.53–2.27; all P
values , .001). Furthermore, higher OME exposure was associated with stepwise higher risks.
Conclusion: Preoperative opioid usewas an independent risk factor for severe complications, as well
as prolonged lengths of stay, readmission, and reoperation after primary bariatric surgery. (Surg Obes
Relat Dis 2021;17:1256–1262.)� 2021 American Society for Bariatric Surgery. Published by Elsev-
ier Inc. This is an open access article under the CC BY license (http://creativecommons.org/licenses/
by/4.0/).
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Because the prevalence of obesity continues to rise
rapidly [1], an increasing number of individuals worldwide
face multiple obesity-related diseases and premature death
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[2]. In addition to the more specific metabolic diseases,
obesity is significantly associated with pain, probably due
to biomechanical stress on weight-bearing joints, various
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inflammatory mediators, and lifestyle issues [3]. The
increasing use of opioid analgesics [4], known to increase
the risk for opioid-associated adverse effects and mortality
[5,6], is also a concern in bariatric patients [7]. Hence,
this group of individuals suffers from 2 major health con-
cerns, both of which have reached epidemic proportions
[8,9].
Known risk factors for an increased complication risk af-

ter laparoscopic Roux-en-Y gastric bypass (LRYGB) and
laparoscopic sleeve gastrectomy (LSG) are revisional sur-
gery, older age, high body mass index (BMI), male sex,
smoking, and co-morbidities, such as diabetes and pulmo-
nary and cardiovascular diseases [10–12]. Preoperative use
of opioids has also been found to be an independent risk
factor for increased lengths of stay (LOSs), higher 30-day
readmission rates, and higher costs in the postoperative
period after various elective abdominal procedures
[13,14]. Concerning bariatric surgery, Tian et al. [15]
recently reported prolonged LOSs and a higher 30-day
complication rate in 5357 patients, while Shockcor et al.
[16] reported similar complication rates in 130 chronic
opioid users matched with propensity scores to 130
opioid-na€ıve patients.
The aim of this study was to examine the impacts of pre-

operative opioid use on complications, lengths of stay, and
readmission and reoperation rates within 30 days in a large,
nationwide cohort undergoing primary LRYGB and LSG.

Methods

Setting and population

Data from the Scandinavian Obesity Surgery Register
(SOReg) between 2007 and 2017 were used for this retro-
spective cohort study. The database captures baseline data
(age, sex, obesity-related co-morbidities, date of surgery,
and type of procedure) and subsequent follow-up data at 6
weeks and 1, 2, 5, and 10 years. Since its start in 2007,
SOReg has included 97.4% of all bariatric procedures per-
formed in Sweden [17]. All primary LRYGB and LSG cases
were included in this study. The study was approved by the
Regional Ethical Review Board.

Exposure and outcome

The exposure, prescribed opioid analgesics, was retrieved
from the Swedish Prescribed Drug Register [18], which
collect data on all prescribed medications that are dispensed
at any Swedish pharmacy. The dispensed opioid analgesic
was identified by the Anatomical Therapeutic Classification
system (N02A). The outcome variables, complications
within 30 days, LOSs, and readmissions and reoperations
within 30 days, were obtained from SOReg. Our primary
outcome variable, 30-day complications, was dichotomized
into cases with and without severe complications. A severe
complication was defined as a case with a Clavien Dindo
grade of 3b or worse (CD � 3b), indicating a complication
requiring intervention under general anesthesia, treatment at
an intensive care unit, or death [19].

Preoperative opioid use

Patients were classified as chronic opioid users if they had
at least 1 prescription of opioid analgesics within 30 to 90
days prior to surgery and at least another prescription 30
days prior to surgery, in order to differentiate them from pa-
tients with occasional use of opioids. Each opioid prescrip-
tion was first converted into milligrams and then converted
into average daily oral morphine equivalents (OMEs) using
the morphine equivalent conversion factor per milligram for
the specific opioid [20]. The total average daily OME expo-
sure within 90 days prior to surgery was calculated by add-
ing up OME dosages of all opioid prescriptions within this
period and dividing by the total number of days. Hence, 2
independent variables were created describing the use of
opioids before surgery: (1) chronic use of an opioid or not
(dichotomous); and (2) average daily OME dosage during
the 90 days prior to surgery (mg/d). The latter variable
was categorized into 4 groups: (1) opioid na€ıve and (2)
low (.0–10); (3) middle (.10–20); and (4) high OME
exposure (.20 mg/d).

Covariates

Information on sex, age, BMI, year of surgery, type of
procedure, and the obesity-related co-morbidities of depres-
sion, diabetes, dyspepsia, hypertension (dichotomized on
medication or not), and sleep apnea (use of continuous pos-
itive airway pressure), as well as previous venous thrombo-
embolism (VTE), were obtained from SOReg.

Statistical analysis

The independent sample t test and Fischer’s exact test
were used as univariate analyses for continuous and categor-
ical variables, respectively. Continuous variables were re-
ported as means 6 standard deviations and categorical
variables as proportions.

Two regression models were constructed for each of the
outcome variables, each with 1 of the 2 variables describing
use of opioids before surgery. The models were adjusted for
differences in age, sex, BMI, procedure type, year of oper-
ation, and co-morbidities. All covariates were tested for
collinearity. Binary logistic regression was used for 30-
day complications, 30-day readmissions, and 30-day reoper-
ations, whereas LOS data had a Poisson distribution for
which a Poisson regression model was used.

Using the odds ratio (OR) from logistic regression and
relative risk (RR) from Poisson regression, adjusted rates
of 30-day complications, adjusted mean LOSs, adjusted
30-day readmissions, and adjusted 30-day reoperations
were back-calculated.
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All P values were 2-sided, and a P value , .05 was
considered statistically significant. All analyses were done
using IBM SPSS Statistics version 27.

Results

In total, 56,183 patients were included in the study, 88.3%
(n 5 49,615) were patients who underwent LRYGB and
11.7% (n5 6568) LSG, whereof 17.5% had at least 1 opioid
prescription prior to surgery and 4.3% were chronic opioid
users. Chronic opioid users were older and hadmore coexist-
ing co-morbidities (Table 1). Overall, 82.5% (n 5 46,358)
were opioid na€ıve, while 14.2% (n 5 7954), 1.7% (n 5
961), and 1.6% (n 5 909) had low (,10 mg/d), middle
(10–20 mg/d), and high (.20 mg/d) OME exposure,
respectively.

The most prescribed opioid was tramadol (45.6% of all
prescriptions), followed by codeine (30.5%), oxycodone
(14.5%), morphine (2.7%), and buprenorphine (2.3%).

Severe complication

In the total cohort of 56,183 patients, the overall 30-day
complication rate was 6.9% (n 5 3868), of which 2.8%
(n5 1547) had a severe complication (CD � 3b). A severe
complication occurred more frequently among all chronic
opioid users (4.7% [n5 112] versus 2.7% [n5 1435]; P,
.001 in a univariate analysis). After a multivariate regres-
sion analysis, chronic opioid use was still associated with
an increased risk of a severe complication (OR, 1.67;
95% confidence interval [CI], 1.37–2.04; P , .001), with
an adjusted 30-day complication rate of 4.4% (Table 2).
A stepwise relationship between OME exposure and risk
Table 1

Unadjusted characteristics of individuals with bariatric

Opioid use prior

None or occasion

Total, n (%) 53,793 (95.7)

Sex, female, n (%) 41,104 (76.4)

Age, yr, mean 6 SD 40.7 6 11.2

BMI, kg/m2, mean 6 SD 41.9 6 5.5

Operation, n (%)

LRYGB 47,534 (88.4)

LSG 6259 (11.6)

Co-morbidities (on medication)

Depression, n (%) 7745 (14.4)

Diabetes, n (%) 7158 (13.3)

Dyspepsia, n (%) 4848 (9.0)

Hypertension, n (%) 12,943 (24.1)

Previous VTE, n (%) 1136 (2.1)

Sleep apnea, n (%) 5035 (9.4)

SD5 standard deviation; BMI5 bodymass index; L

LSG 5 laparoscopic sleeve gastrectomy; VTE 5 veno

* Opioid-na€ıve patients (82.5%; n 5 46,358) and tho
y Chronic opioid use was defined as�1 prescription o

scription 0–30 days prior to surgery.
for a severe complication was seen (Fig. 1A). In a subanal-
ysis of specific complications, chronic opioid use was asso-
ciated with increased risks of leakage/abscess (OR, 1.60;
95% CI, 1.22–2.10), bleeding (OR, 1.93; 95% CI, 1.54–
2.42), bowel obstruction (OR, 1.72; 95% CI, 1.22–2.44),
and pulmonary complications (OR, 1.56; 95% CI, 1.03–
2.36; Table 3).
Length of stay

The mean LOS was 1.9 6 2.8 days overall. Chronic
opioid users had a slightly longer LOS compared to the
other patients (2.1 6 3.7 versus 1.9 6 2.7 d, respectively;
P , .001 in a univariate analysis). After the multivariate
regression analysis, the RR of an increased LOS remained
significantly higher for chronic opioid users (RR, 1.11;
95% CI, 1.08–1.14; P , .001; Table 2). Opioid users had
a significantly higher risk for a longer hospital stay, except
for those with low OME exposure, compared to the
opioid-na€ıve group (Fig. 1B).
The 30-day readmission rate

The overall 30-day readmission rate was 7.0% (n 5
3911). A higher rate was observed among chronic opioid
users (11.3% [n 5 269] versus 6.8% [n 5 3642]; P ,
.001 in a univariate analysis). After the multivariate regres-
sion analysis, chronic opioid use was still associated with an
increased risk of readmission within 30 days (OR, 1.70;
95% CI, 1.49–1.94; P, .001; Table 2). A stepwise relation-
ship between OME exposure and the risk for readmission
within 30 days was seen (Fig. 1C).
surgery, with and without chronic opioid use

to bariatric surgery P value

al* Chronicy

2390 (4.3)

1811 (75.8) .476

45.4 6 9.8 ,.001

41.4 6 5.6 ,.001

2081 (87.1) .054

309 (12.9)

690 (28.9) ,.001

416 (17.4) ,.001

442 (18.5) ,.001

857 (35.9) ,.001

103 (4.3) ,.001

294 (12.3) ,.001

RYGB5 laparoscopic Roux-en-Y gastric bypass;

us thromboembolism.

se with occasional use (13.2%; n 5 7435).

f opioid 30–90 days prior to surgery and�1 pre-



Table 2

Unadjusted and adjusted differences in healthcare use for chronic opioid users (n 5 2390) and the remaining patients (n 5 53,793)

Opioid use prior to bariatric surgery

Unadjusted Adjustedz

None or occasional* Chronicy P value Chronicy OR (95% CI) P value

30-d severe complication, % 2.7 4.7 ,.001 4.4 1.67 (1.37–2.04) ,.001

Length of stay, days 1.9 2.1 ,.001 2.1 1.11 (1.08–1.14)x ,.001

30-d readmission, % 6.8 11.3 ,.001 11.0 1.70 (1.49–1.94) ,.001

30-d reoperation, % 2.5 4.9 ,.001 4.6 1.87 (1.53–2.27) ,.001

OR 5 odds ratio; CI 5 confidence interval.

* Opioid-na€ıve patients (82.5%; n 5 46,358) and those with occasional use (13.2%; n 5 7435).
y Chronic opioid use was defined as�1 prescription of opioids 30–90 days prior to surgery and�1 prescription 0–30 days prior to surgery.
z Adjusted for differences in baseline characteristics (sex, age, body mass index, year of surgery, procedure type, and co-morbidities).
x Relative risk.
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The 30-day reoperation rate

Overall, 2.6% (n 5 1480) had a reoperation related to a
complication within 30 days, which was more common
among chronic opioid users (4.9% [n 5 117] versus
2.5% [n 5 1363]; P , .001 in a univariate analysis). After
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Fig. 1. ORs or RRs with 95% CIs for (A) severe complications (Clavien Dindo gr

care unit); (B) prolonged hospital stays; (C) 30-day readmissions; and (D) 30-day re

were adjusted for differences in baseline characteristics (sex, age, BMI, year of sur

ratio; RR 5 relative risk; OME 5 oral morphine equivalents; BMI 5 body mass
the multivariate regression analysis, chronic opioid use
was still associated with an increased risk for reoperation
within 30 days (OR, 1.87; 95% CI, 1.53–2.27; P , .001;
Table 2). A stepwise relationship between OME exposure
and the risk for reoperation within 30 days was seen
(Fig. 1D).
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Table 3

Complications within 30 days for chronic opioid users (n 5 2390) and the remaining patients (n 5 53,793)

Opioid use prior to bariatric surgery OR (95% CI)x P valuex

None or occasional* Chronicy P valuez

Leakage/abscess, n (%) 748 (1.4) 60 (2.5) ,.001 1.60 (1.22–2.10) .001

Bleeding, n (%) 925 (1.7) 88 (3.7) ,.001 1.93 (1.54–2.42) ,.001

Bowel obstruction, n (%) 495 (.9) 36 (1.5) .005 1.72 (1.22–2.44) .002

Cardiovascular event, n (%) 76 (.1) 5 (.2) .398 1.04 (.42–2.58) .941

Thromboembolism, n (%) 48 (.1) 2 (.1) .999 .72 (.17–2.98) .645

Pulmonary complication, n (%) 312 (.6) 25 (1.0) .009 1.56 (1.03–2.36) .036

OR 5 odds ratio; CI 5 confidence interval.

More than 1 complication was possible for each patient.

* Opioid-na€ıve patients (82.5%; n 5 46,358) and those with occasional use (13.2%; n 5 7435).
y Chronic opioid use was defined as �1 prescription of opioids 30–90 days prior to surgery and �1 prescription 0–30

days prior to surgery.
z Unadjusted analysis.
x Adjusted for differences in baseline characteristics (sex, age, body mass index, year of surgery, procedure type, and

co-morbidities).
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Subgroup analysis of LRYGB and LSG

A subgroup analysis of patients who underwent LRYGB
(n 5 49,615) and LSG (n 5 6568) was performed. In the
multivariate regression analysis, chronic opioid users in
the LRYGB group had increased risks of a severe complica-
tion (OR, 1.74; 95% CI, 1.42–2.14; P, .001), a longer LOS
(RR, 1.12; 95% CI, 1.08–1.15; P , .001), readmission
within 30 days (OR, 1.73; 95% CI, 1.51–1.99; P , .001),
and reoperation within 30 days (OR, 1.86; 95% CI, 1.54–
2.25; P , .001). No such associations were observed in
the LSG group alone (severe complication OR, .85 [95%
CI, .34–2.13; P 5 .732]; LOS OR, 1.07 [95% CI, .98–
1.17; P 5 .118]; 30-d readmission OR, 1.33 [95% CI,
.81–2.17; P 5 .263]; 30-d reoperation OR, .84 [95% CI,
.34–2.10; P 5 .841]).

Discussion

In this cohort of 56,183 patients who underwent primary
laparoscopic bariatric surgery (gastric bypass or sleeve gas-
trectomy), 17.5% of the patients had at least 1 prescription
of opioids prior to surgery, of which 4.3% were defined as
chronic opioid users. The latter group of patients had an
increased risk of severe complications (OR, 1.67; 95% CI,
1.37–2.04), as well as prolonged LOSs (RR, 1.11; 95%
CI, 1.08–1.14) and higher rates of both readmissions (OR,
1.70; 95% CI, 1.49–1.94) and reoperations (OR, 1.78;
95% CI, 1.48–2.14; all P values , .001) within the first
30 postoperative days. In addition, a stepwise positive corre-
lation was observed between total average OME exposure
and an increased risk for an adverse outcome (severe
complication, longer LOS, and higher 30-day readmission
and reoperation rates).

The prevalence of opioid users in this cohort of bariatric
patients was remarkably high (17.5% with �1 dispensed
opioid within 90 days) compared to the Swedish population
in general (6%–8% with �1 dispensed opioid during a
calendar year) [21,22], which highlights the association be-
tween severe obesity and pain. As an international compar-
ison, the prevalence of opioid use before bariatric surgery
has been reported to be 14.7% in the United States [23]
and 12% in Canada [15]. The slightly higher rate observed
in this study might be explained by our access to the Swed-
ish Prescribed Drug Register, which made it possible to
identify all dispensed opioid prescriptions, whereas the 2
other studies captured opioid use by patient reports, chart re-
views from the preoperative assessment, or both. In compar-
ison, 8% of patients were identified as chronic opioid users
before bariatric surgery (defined as �10 opioids dispensed
over �90 d or a �120-d supply of opioids dispensed during
the year before surgery) in the United States [7], compared
with 4.3% in our study; however, the definitions of chronic
opioid use differed. Pain lasting more than 3 months is often
referred to as chronic pain [24]; hence, our definition of
chronic opioid use was based on repetitive prescriptions
within 90 days prior to surgery. More than 75% of pre-
scribed opioids in our study were “weak opioids” (Codeine,
Tramadol), while higher doses and stronger opioids seem to
be more commonly prescribed in North America [25].
The negative impact of preoperative opioid use has previ-

ously been reported in spine surgery (increased LOS) [26],
orthopedic surgery (increased postoperative morbidity, mor-
tality, and resource utilization) [27], general abdominal sur-
gery (higher costs, increased LOSs, more complications,
and readmissions) [13,14], and bariatric surgery (prolonged
LOSs and higher 30-d complication rate) [15]. However,
conflicting results have been reported in bariatric surgery
[16]. The present study, consisting of a large, nationwide
cohort with cross-matching data from 2 national registers
with high coverage, establishes the increased risks and en-
ables a better understanding of the relationship between
higher opioid dosages and risks of complications after bar-
iatric surgery. In the subgroup analysis of LRYGB and
LSG, a worsened outcome was observed only in the LRYGB
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group; therefore, we agree with Tian et al. [15], that LSG
might be a safer choice in patients using opioids
preoperatively.
In clinical practice, bariatric surgeons and staff might

become insecure when evaluating postoperative patients
with ongoing opioid use, because these individuals could
present an abnormally high level of pain due to undertreat-
ment of their underlying pain-related condition or having a
lower pain threshold. Maintaining an increased level of
safety could therefore lead to a diagnostic laparoscopy
(graded as a severe complication) or an extended observa-
tion time (increased LOS), as well as increased risk for read-
mission, reoperation, or both if the patient returns within the
first 30 days. Respiratory depression, impaired bowel move-
ment, and opioid-induced hyperalgesia, 3 well-known
adverse effects of opioids, might also play an important
role in the longer LOSs and higher rates of early readmis-
sions observed in this study. Interestingly, postoperative
bowel obstruction was more often observed for patients
with chronic opioid use (1.5% versus .9%). Moreover, the
immunosuppressive effects of opioids are likely another
important factor. Increasing dosages and prolonged treat-
ment have been found to have additive impairments on the
innate and adaptive immune system [28]. In a clinical study,
opioid use was found to be associated with increased risks of
infections and pneumonia [29]. An intact immune system
has a central role in tissue healing after surgery, and an
impaired immune system might therefore lead to an
increased risk of a severe complication and the need for
reoperation. Based on these findings, it seems likely that
chronic opioid users, particularly those with high dosages,
may be more susceptible to complications related to poorer
tissue healing and infections [30].
Although this study focuses on preoperative opioid use,

correct and safe perioperative use is probably of greater
concern. Recently, an international multidisciplinary
consensus panel developed strategies to prevent opioid-
related harm in adult surgical patients postoperatively
[31]. Among these, a preoperative assessment of the risk
of persistent postoperative opioid use, avoidance of long-
acting opioid formulations, limiting the number of tablets
prescribed at discharge, and avoidance of automatic pre-
scription refills, as well as better education of healthcare
professionals and patients, are mentioned. Previous studies
have reported increased use of opioids after bariatric surgery
[7,32]. The association between opioid use preoperatively
and the increased risk of an adverse outcome after bariatric
surgery, as observed in this study, may at least partly be a
contributing factor.

Limitations

This registry-based study has several inherent limitations.
Firstly, the indication for the prescription of opioids was un-
known, and there were potential differences between
dispensed prescriptions of opioids and actual use. Musculo-
skeletal pain was observed in 21% (n5 512) of our chronic
opioid users in SOReg; however, as this is a nonmandatory
variable, data were missing in 58.2%. Moreover, our deci-
sion to compare chronic opioid users to the remaining pa-
tients (opioid na€ıve and those with occasional use) may
underestimate the effects of chronic opioid use. Secondly,
the presence of co-morbidities was binary and was defined
based on whether a patient used ongoing medication.
Thirdly, some residual confounding factors may exist,
such as former abdominal surgery and specific pain disor-
ders, for which we were not able to adjust. However, the re-
sults were in line with previous studies, and a clear stepwise
increase was observed in our outcome variables.

Conclusion

Preoperative opioid use is common among patients un-
dergoing bariatric surgery and represents an independent
risk factor for severe complications, as well as prolonged
lengths of stay, readmission, and reoperation after primary
LRYGB and LSG. Furthermore, higher OME exposure
was associated with stepwise higher risks. Patients using
opioid analgesics before bariatric surgery require special
attention during the perioperative phase.
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