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Obesity remains a growing national and global epi-
demic. Obesity rates across Canada are estimated to 
be greater than 20% among adults,1 with a much 

higher prevalence of overweight individuals, at 65% and 
49% for adult men and women, respectively. Since 1985, 
rates of obesity have increased 300% while rates of morbid 
obesity, a body mass index (BMI) greater than 40, have 
increased fivefold.2 Obesity poses substantial health risks, 
including cardiac disease, hypertension, diabetes mellitus 
and, ultimately, premature death.3,4 In 2006, obesity-related 
illnesses resulted in an estimated $3.9 billion in direct costs 
in Canada, with an additional $3.2 billion for indirect costs; 
these amounts have likely increased over time.5

Bariatric surgery has been proposed as a treatment for obe-
sity and its associated comorbidities. The surgery has been 
shown to result in sustainable weight reduction, with long-
term data showing patients maintaining 50% or greater loss of 
excess weight after gastric bypass surgery.6–8 In addition, bar-
iatric surgery, depending on the type of procedure, has a sub-
stantial impact on remission and improvement in obesity-
related illnesses. In studies with 2 or more years of follow-up 
after gastric bypass surgery, 67% of patients diagnosed with 

diabetes, 38% with hypertension and 60% with hyperlipid-
emia remained disease-free after surgery;7 reduced illness 
severity was attained in additional patients who did not 
achieve remission.9 Studies have also shown a 50% reduction 
in mortality after bariatric surgery and an improvement in the 
quality of life of patients that accompanies their weight loss 
and improvement in overall health.10,11 

The objective of this study was to publish short-term out-
comes after bariatric surgery in Canada’s largest regional 
bariatric surgery program, and to compare short-term out-
comes between sites. We hypothesize that outcomes of the 
Ontario Bariatric Network would be similar to other major 
international centres, with little variation across centres 
within the program.
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Background: Bariatric surgery centres of excellence are relatively new in Canada and were first started in Ontario in 2009. This 
study presents short-term outcomes of Canada’s largest bariatric collaborative, from Ontario, during its first 3 years.

Methods: We performed a population-based cohort study that included all patients (age ≥ 18) who received a Roux-en-Y gastric 
bypass or sleeve gastrectomy for the purpose of weight loss from March 2009 to April 2012 within Ontario. Data were derived from 
the Canadian Institute for Health Information Discharge Abstract and Hospital Morbidity Databases. Primary outcomes included 
short-term overall complication rate, reoperation rate, anastomotic leak rate and death. Hierarchical logistic regression was used to 
identify risk factors for overall complications. A median odds ratio (OR) was used to compare risk-adjusted complication rates across 
centres of excellence.

Results: A total of 5007 procedures (91.7% Roux-en-Y gastric bypass, 8.3% sleeve gastrectomy) were performed during the 3-year 
study period, with an overall complication rate of 11.7% (95% confidence interval [CI] 10.8%–12.6%). The leak rate was 0.84% (95% 
CI 0.61%–1.13%), the reoperation rate was 4.6% (95% CI 4.0%–5.2%) and mortality was 0.16% (95% CI 0.07%–0.31%). Male sex, 
chronic kidney disease and osteoarthritis were identified as risk factors for overall complications (p value < 0.05). The median ORs 
across centres of excellence, calculated for both overall complications and reoperation rate, were 1.76 and 1.49, respectively.

Interpretation: Bariatric surgery within Ontario has similar short-term outcomes to those of other major world centres. The variability 
of outcomes within centres of excellence highlights areas for program quality improvement.
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Methods

Design and setting
This was a retrospective cohort study in which the principle 
objective was to evaluate short-term outcomes after bariatric 
surgery in Ontario between fiscal years 2009 and 2011.

In Ontario, publicly funded out-of-country bariatric sur-
gery was common and increasing before the establishment of 
Canadian bariatric programs, peaking in 2009 at just under 
2000 procedures, most of which were performed in the 
United States.12,13 Bariatric surgery across the province was 
sparsely performed until the Ministry of Health devoted $75 
million to establishing Ontario’s 4 centres of excellence, man-
aged by the Ontario Bariatric Network, to carry out Roux-en-
Y gastric bypass and longitudinal sleeve gastrectomy 
surgeries.14

Publicly funded bariatric surgery in Ontario was per-
formed within the following sites during the study period: 
University of Toronto Bariatric Collaborative, Toronto, Ont., 
St. Joseph’s Hospital, Hamilton, Ont., the Ottawa Hospital — 
Civic Campus, Ottawa, Ont., and Guelph General Hospital, 
Guelph, Ont. Although the latter 3 sites include only a single 
hospital, the University of Toronto Collaborative program 
consists of 5 different hospitals jointly administered by the 
collaborative. The minimum criteria for a hospital to receive 
centre of excellence status include being a full acute care/
inpatient facility with a 24-hour intensive care unit, emer-
gency and surgical coverage; at least 2 fellowship-trained bar-
iatric surgeons with a minimum of 50 cases per year and a 
total volume of 120 cases per year; and multidisciplinary 
medical, psychiatric and respiratory support for preoperative, 
postoperative and clinic care.13,15

Sources of data
Patient demographics, comorbidity profiles, surgical proce-
dures and complications were derived from the Canadian 
Institute for Health Information Discharge Abstract Database 
and Hospital Morbidity Database. These are comprehensive 
databases that document inpatient admissions, including 
comorbidities and in-hospital complications. The institute is 
highly accurate in documenting most responsible diagnoses 
and primary surgical procedures, which are validated and 
widely used to identify patients for study inclusion.16,17 How-
ever, the accuracy in capturing comorbidities is low.18 In addi-
tion, BMI data were unavailable for use in this study. This 
study was approved by the research ethics board of St. Joseph’s 
Hospital, Hamilton, Ontario.

Population
All patients, 18 years of age or older, who underwent bariat-
ric surgery at a centre of excellence within Ontario during 
fiscal years 2009 to 2011 for the purpose of weight loss were 
included in the study. Patients were identified using obesity 
as the most responsible diagnosis (International Statistical 
Classification of Diseases and Related Health Problems, 
10th revision [ICD-10] codes E65, E66.0, E66.8, E66.9), 
with 1 of the funded bariatric procedures: a sleeve gastrectomy 

(Canadian Classification of Health Interventions codes 
1NF78GB, 1NF78WJ) or Roux-en-Y gastric bypass (Classifi-
cation of Health Interventions codes 1NF78SH, 1NF78DQ). 
Indications for surgery were based on National Institutes of 
Health criteria.19

Outcomes
Outcomes within this study had to have occurred during the 
index admission or during a readmission within 30 days of the 
index bariatric procedure. The outcomes of interest in this 
study included overall complications, reoperation, anasto-
motic leak and death. Overall complications included any 
complication that occurred during the exposure period. This 
was a composite outcome and was determined using ICD-10 
codes for diagnoses that developed during the hospital admis-
sion. Reoperations were unplanned events that occurred any 
time after the initial elective operation for weight loss. Anas-
tomotic leak was defined as having occurred if a reoperation 
was required, if the operative procedure included a washout 
(Classification of Health Interventions codes 1OT52DA, 
1OT52DATS, 1OT52LA, 1OT52LATS) and if postopera-
tive hemorrhage was not a complication so as to avoid confu-
sion with the need for a washout.

Statistical analysis
Descriptive statistics were used to characterize the patient 
population. The χ2 statistic was used to compare categorical 
variables and analyses of variance (ANOVA) were used for 
continuous variables. Hierarchical logistic regression was 
used to determine predictors of complications, using the log 
(odds) of the binary outcome modelled as a linear function 
of important baseline characteristics, which were selected a 
priori. These baseline covariates were entered into the 
model as fixed effects, whereas centre of excellence was 
entered as a random effect to adjust for clustering within 
centres. Age was the only continuous variable and was 
entered as such into the model. No data were missing for the 
variables used in the statistical models. Odds ratios (ORs) 
with 95% confidence intervals (CIs) comparing clustering 
between hospitals were estimated, comparing each hospital 
to the mean overall complication rate. This was done for 
reoperation rate in a similar way. A median OR was also 
estimated to assess overall complication and reoperation rate 
variability between centres of excellence using the 
hierarchical models.20 The median OR is a measure of 
variability between centres of excellence and can be 
interpreted as the median value of the OR of complication 
when taking the same patient from a centre of higher risk to 
a centre of lower risk. A sensitivity analysis was performed 
on the effect of low prevalence comorbidities on the point 
estimates of other variables within the multivariable model 
and on the median ORs. Specifically, the low prevalence 
comorbidities of osteoarthritis, coronary artery disease, 
chronic obstructive pulmonary disease and chronic kidney 
disease were removed individually and as a group. Statistical 
significance was set at p < 0.05. Data were analyzed using 
Stata (StataCorp version 12.1; College Station, TX).
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Results

Table 1 presents characteristics of the study population. 
From 2009 to 2011, 5007 patients underwent bariatric sur-
gery in Ontario for the purpose of weight loss. Roux-en-Y 
gastric bypass accounted for about 92% of procedures, 
whereas sleeve gastrectomy comprised the remainder. 
Almost all procedures (99%) were done laparoscopically 
(data not shown). The mean age of the cohort was 44.6 years 
(standard deviation [SD] ± 10.3) and 81.9% of patients were 
female. Obstructive sleep apnea, diabetes, hypertension and 
gastresophageal reflux affected 30.9%, 29.6%, 27.2% and 
6.6% of patients, respectively. Reflecting the higher risk 
profile of gastric bypass as compared with sleeve gastrec-
tomy, bypass patients tended to be younger (44.4 v. 47.0 yr; 
p < 0.001), were less likely to be male (17.8% v. 21.6%; p = 
0.05) and had fewer comorbidities, with lower rates of 

obstructive sleep apnea, chronic kidney disease, hyperten-
sion, coronary artery disease and chronic obstructive pulmo-
nary disease (p < 0.05).

The complications are displayed in Table 2. Overall com-
plication rate was 11.7% (95% confidence interval [CI] 
10.8%–1%2.6), with 11.9% occurring in the bypass group 
and 9.9% in the sleeve gastrectomy group (p = 0.2). There 
were a total of 8 deaths during the study, yielding mortality of 
0.16% (95% CI 0.07%–0.31%), which was not statistically 
different in either group (0.15% in the bypass group v. 0.24% 
in the sleeve gastrectomy group, p = 0.5). The reoperation 
rate was 4.6% (95% CI 4.0%–5.2%). The reoperation rate 
was lower in the sleeve gastrectomy group (3.1% v. 4.8%), but 
the different was not significant (p = 0.1). Finally, the leak rate 
in the study population was 0.84% (95% CI 0.61%–1.13%) 
and was similar in the 2 groups (0.83% in the bypass group v. 
0.96% in the sleeve gastrectomy group, p = 0.8).

Table 1: Characteristics of the study population

Characteristic
Overall no. (%)*

n = 5007

Roux-en-Y gastric bypass 
no. (%)*
n = 4591

Sleeve gastrectomy 
no. (%)*
n = 416 p value

Age, year, mean ± SD 44.6 ±10.3 44.4 ±10.3 47.0 ±10.2 < 0.001

Male sex 907 (18.1) 817 (17.8) 90 (21.6) 0.05

Diabetes 1483 (29.6) 1335 (29.1) 148 (35.6) 0.005

Hyperlipidemia 175 (3.5) 152 (3.3) 23 (5.5) 0.02

Obstructive sleep apnea 1545 (30.9) 1375 (30.0) 170 (40.9) < 0.001

Chronic kidney disease 38 (0.76) 30 (0.65) 8 (1.92) 0.004

Hypertension 1363 (27.2) 1209 (26.3) 154 (37.0) < 0.001

Coronary artery disease 74 (1.5) 61 (1.3) 13 (3.1) 0.004

COPD 27 (0.5) 21 (0.5) 6 (1.4) 0.009

GERD 328 (6.6) 293 (6.4) 35 (8.4) 0.1

Osteoarthritis 151 (3.0) 139 (3.0) 12 (2.9) 0.90

Note: COPD = chronic obstructive pulmonary disease, GERD = gastresophageal reflux dissease, SD = standard deviation.
*Unless otherwise specified.

Table 2: Short-term complications after Roux-en-Y gastric bypass and sleeve gastrectomy*

Complication

Overall Roux-en-Y gastric bypass Sleeve gastrectomy

p valueN Rate, % 95% CI† N Rate, % 95% CI† N Rate, % 95% CI†

Overall 585 11.7 10.8–12.6 544 11.9 10.9–12.8 41 9.9 7.2–13.1 0.2

Death 8 0.16 0.07–0.31 7 0.15 0.06–0.31 1 0.24 0.01–1.33 0.5

Reoperation 231 4.6 4.0–5.2 218 4.8 4.2–5.4 13 3.1 1.7–5.3 0.1

Leak 42 0.84 0.61–1.13 38 0.83 0.59–1.13 4 0.96 0.26–2.44 0.8

Note: CI = confidence interval.
*Outcomes occurring anytime during the index admission or anytime during a readmission within 30 days of the index procedure.
†Based on binomial distribution.
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Table 3 details the results of the fixed effects hierarchical 
logistic multivariable regression model for overall complications 
across centres of excellence. The ORs displayed allow for within-
centre comparison. Female sex appeared to be protective against 
complications (OR 0.74, 95% CI 0.59–0.91; p = 0.006), as was 
the presence of osteoarthritis (OR 0.32, 95% CI 0.13– 0.80; p = 
0.01), whereas the presence of chronic kidney disease was associ-
ated with a nearly fivefold increase in complications (OR 4.96, 
95% CI 2.52–9.75; p < 0.001). Notably, age, type of procedure 
(i.e., bypass v. sleeve gastrectomy), diabetes mellitus, hyperlipid-
emia, obstructive sleep apnea, hypertension, coronary artery dis-
ease, chronic obstructive pulmonary disease and gastresophageal 
reflux did not confer an increased risk (p > 0.05).

Figures 1 and 2 show variation in outcomes between cen-
tres of excellence. Each point on the plots represents the 
adjusted OR of overall complication or reoperation rate of a 
particular centre compared with the mean rate. Ratios less 
than 1 translate to centres with lower complication rates, 
whereas ratios greater than 1 indicate higher relative compli-
cation rates. If the 95% CI represented by the error bars does 
not cross the dashed line, the OR is significantly different 
from the mean (p < 0.05). In Figures 1 and 2, 2 centres of 
excellence are high performers, with ORs statistically below 
the mean (centres A and B), where 1 is a poor performer, hav-
ing overall complications higher than the mean (centre D). 
The poorest performing centre has an almost fivefold higher 
OR for overall complications. In Figure 2, centre A is a high 
performer, with the lowest OR for reoperation compared with 
the mean, C is a poor performer, and both B and D have 
reoperation rates similar to the mean. The median OR for 
overall complications from the hierarchal model was 1.76. 
The median OR for reoperation was 1.49. The median OR 
for both leak rates and death could not be reliably calculated 
owing to low event rates.

Figure 3 shows the trend over time of the complication 
rates during the first 3 years of the study. Although overall 
complication rates remain stable at about 11% (p = 0.5), 
reoperation, leak and death rates decrease over the study 
period, with statistical significance reached for both reopera-
tion (p = 0.005) and death (p < 0.001). In fiscal year 2011, 
reoperation rate dropped to 3.79% and leak rate to 0.66% 
with no deaths.

Discussion

During its infancy period, when this study took place, the 
Ontario Bariatric Network collaborative had comparable 
results to other established centres.21–25 In addition, using 
overall complication rate, we have shown a 5-fold increase in 
complications between the best performing centre of excel-
lence and the lowest performing centre. 

It is worth noting that our reported overall complication 
rate is high relative to other observational cohort studies, but 
the definition is not uniform and various limitations using 
administrative data exist. However, the more important mea-
sures, including rates of death, anastomotic leakage and reop-
eration, were similar. For example, the death rate reported by 
Burns and colleagues in a national study on bariatric surgery 
in the United Kingdom was reported as 0.3%, nearly double 
the mortality we found of 0.16%.22 The UK rate was likely 
higher because deaths were included to 1 year of follow-up. In 
a Swedish cohort study of gastric bypass surgery, Stenberg 
and colleagues reported a leak rate of 1.6%, which is higher 
than the leak rate after bypass seen in our study (0.83%), 
likely because of their inclusion of deep space abscess.25 
Hutter and colleagues reported data from the Bariatric Sur-
gery Center Network, citing reoperation rates of 3.0% after 
sleeve gastrectomy and 5.0% after Roux-en-Y gastric bypass, 
which are similar to our results.23  

Major morbidity, as shown in the trend over time of the 
different complications, appeared to decrease during our 
study period, suggesting that the collaborative learning curve 
had yet to reach equilibrium in Ontario (Figure 3). It has been 
suggested that the learning curve for proficiency in bariatric 
surgery may be more difficult that other laparoscopic proce-
dures and that technical measures of proficiency, such as oper-
ative time and postoperative complications, stabilizes at 100 
cases for Roux-en-Y gastric bypass in particular.26 Surgeons 
with fellowship training have been shown to reduce not only 
postoperative complications but also mortality.27 

Numerous studies have also shown variability in risk-
adjusted patient outcomes across different hospitals and across 
different procedures, including bariatric surgery.21,28–31

Programs such as the National Surgical Quality Improve-
ment Program have been shown to reduce complication rates 
at participating hospitals and have proven both cost-effective 
and cost-saving.32,33

Limitations
The data used was limited to the province of Ontario. In the 
unlikely scenario in which patients were admitted and 

Table 3: Predictors of short-term complications after bariatric 
surgery

Variables OR (95% CI)

Female sex (v. male) 0.74 (0.59–0.91)

Age, yr 1.01 (1.00–1.01)

Roux-en-Y gastric bypass (v. sleeve 
gastrectomy)

1.15 (0.81–1.63)

Diabetes 1.21 (0.99–1.49)

Chronic kidney disease 4.96 (2.52–9.75)

Hyperlipidemia 0.69 (0.39–1.20)

Obstructive sleep apnea 1.12 (0.90–1.39)

Hypertension 1.20 (0.96–1.50)

Coronary artery disease 0.91 (0.44–1.89)

COPD 2.43 (0.94–6.28)

GERD 0.89 (0.58–1.36)

Osteoarthritis 0.32 (0.13–0.80)

Note: CI = confidence interval, COPD = chronic obstructive pulmonary disease, 
GERD = gastresophageal reflux disease, OR = odds ratio.



Research

CMAJ  OPEN

	 CMAJ OPEN, 4(3)	 E387

0.
5

1.
0

1.
5

2.
0

2.
5

3.
0

O
dd

s 
ra

tio

A B C D
Centre of excellence

Figure 1: Adjusted odds ratios comparing overall complications of bariatric centres of excellence to the mean overall complication rate. *Results 
adjusted for sex, age, procedure, diabetes, renal failure, hyperlipidemia, obstructed sleep apnea, coronary artery disease, chronic obstructive 
pulmonary disease, gastresophageal reflux and osteoarthritis. 
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Figure 2: Adjusted odds ratios comparing reoperation rates of bariatric centres of excellence to mean reoperation rate. *Results adjusted for sex, 
age, procedure, diabetes, renal failure, hyperlipidemia, obstructed sleep apnea, coronary artery disease, chronic obstructive pulmonary disease, 
gastresophageal reflux, osteoarthritis.
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received treatment at hospitals outside the province during 
their postoperative care, they would not be captured in our 
data set. In addition, complications listed in the data set, 
although based on ICD-10 diagnoses, did not uniformly con-
form to surgical diagnoses. This applies specifically for anas-
tomotic leaks for which we relied on surrogates to inform us 
of whether or not a leak occurred. Furthermore, trying to 
standardize complications to make them comparable to other 
published studies was made difficult for this reason. 

Although the Canadian Institute for Health Information 
database has been shown to be very effective for identifying 
patients based on procedure codes and most responsible diag-
nosis, other diagnostic codes have been noted to have much 
poorer positive predictive values and can thus underestimate 
certain complications.16–18 This may have resulted in an over 
or underestimation of the leak rate and a likely overestima-
tion of overall complication rate, but we are confident that 
we are close to the true value because our results are similar 
to those from other centres. In addition, because the database 
is an administrative database, it is subject to measurement 
error, which likely resulted in an underestimation of comor-
bidity rates. This is particularly true of chronic kidney disease 
and chronic obstructive pulmonary disease, for which the 
numbers of patients were quite low, thus making the confi-
dence intervals in the multivariable model quite wide. 
Although these limitation may influence risk factors for com-
plications, they are unlikely to affect variability in outcomes 
between centres, because they were all likely to be similarly 
affected. In addition, a number of sensitivity analyses were 

performed to see the effect of removing variables with low 
prevalence from the multivariable model, and the effects 
were found to be minimal.

We were unable to adjust for all potential confounders in 
our multivariable model and were limited to the variables pro-
vided by the data set. Specifically, we were not able to control 
for BMI across centres, although data from an internal data-
base (not shown in this study) suggests that BMI is similar 
between centers of excellence, which gives us confidence that 
its omission in this study does not affect our results. 

Conclusion
Short-term outcomes of bariatric surgery in Ontario appear to 
be comparable to those of other major centres and improving 
over time. Further studies are needed to provide data on the 
health outcomes in the long term, such as percent excess 
weight loss, remission or improvement of medical co-morbid-
ity. In addition, further studies exploring reasons behind vari-
ations in outcomes between centres of excellence are needed 
to help bridge the gap and to ensure patients continue to have 
access to exceptional care.
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