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Abstract 

Background: Severe post-operative malnutrition after bariatric surgery is believed to be very rare, but 

little is known about its incidence and risk factors. Post-surgical follow-up attendance at a bariatric centre 

reduces the risk of many bariatric surgery-related complications, but its impact on the occurrence of 

severe post-operative malnutrition has not been studied. 

 

Aims: 1) Describe incidence and factors associated with severe nutritional complications following 

bariatric surgery. 2) Investigate the relationship between attending follow-up during the first post-surgical 

year after Roux-en-Y gastric bypass (RYGB) and severe nutritional complications. 

 

Methods: Retrospective population-based cohort study of Ontario adults undergoing bariatric surgery 

from 2009 to 2015. The primary outcome was a severe nutritional complication, defined as hospital 

admission with malnutrition. Patient, institution, and surgical factors were obtained from administrative 

databases and the Ontario Bariatric Registry (OBR). In the first study, we describe incidence and patterns 

of severe nutritional complications after bariatric surgery, including association with other post-surgical 

complications, mortality patterns and healthcare use. In the second study, we examine the relationship 

between follow-up at a bariatric centre during the first year after surgery, and occurrence of the primary 

outcome after the first year using Cox Proportional Hazards multivariable modeling in patients who had 

RYGB and participated in OBR. Datasets were linked and analyzed at ICES Queen’s. 

 

Results: 18,783 Ontario adults underwent bariatric surgery during the study period (88.8% RYGB). 

Mean age was 45.1 years, 81.8% were female and 57.1% participated in the OBR. 2% of the cohort had 

severe nutritional complications, with an incidence rate of 4.5 per 1000 person-years of follow-up. Risk 

was constant over time. Factors associated with severe nutritional complication included more major 

comorbidities, post-surgical complication, and imperfect follow-up. 9105 patients met inclusion criteria 
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for the second study. Compared to patients with perfect follow-up, those with no follow-up (HR 3.09) and 

partial follow-up (HR 1.94) had significantly increased risk of severe nutritional complications. 

 

Conclusions: Severe nutritional complications after bariatric surgery occur at rates similar to many 

bariatric surgery-specific complications. Adherence to follow-up during the first year after RYGB is 

independently associated with a reduction in risk of subsequent severe nutritional complications. 
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Chapter 1 

Introduction 

The prevalence of severe obesity is increasing in Canada, and with it, the need for bariatric surgery. 

Bariatric surgery refers to an operative procedure designed to produce weight loss, and is used in 

situations where the amount of excess weight is extreme (body mass index, BMI > 40kg/m2), and less 

extreme (BMI >35kg/m2) when obesity-related comorbidities are present. The two most common forms 

of modern bariatric surgery are Roux-en-Y Gastric Bypass (RYGB) and Sleeve Gastrectomy (SG). These 

procedures are highly effective at inducing weight loss and improving obesity-related diseases, while 

avoiding many of the severe complications that occurred with older types of bariatric surgery. Serious 

complications still do occur, albeit infrequently. One such complication is severe post-operative 

malnutrition. Whereas asymptomatic nutrient deficiencies after bariatric operations are highly prevalent 

and well described, the frequency of severe, symptomatic nutritional complications after modern bariatric 

surgeries is largely unknown. While generally regarded to be “very rare”, there has been speculation that 

poor nutritional outcomes after these procedures are not uncommon. Studies of long term outcomes of 

bariatric surgery have relied on patients to attend follow-up visits, which may lead to attrition bias if those 

who experience poor nutritional outcomes are more or less likely to attend. When severe nutritional 

complications do occur, many cases appear to be precipitated by a surgical complication; however, some 

patients become malnourished for no easily identifiable reason. It is well known that compliance with 

follow-up visits, especially in the first year after surgery, is an important predictor of a good outcome 

after bariatric surgery, but whether this applies to the risk of severe nutritional complications is unknown. 

It is thus apparent that the incidence and predictors of severe nutritional complications after modern 

bariatric surgery is an area where a relative knowledge gap exists. 
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The purpose of this study was to describe the incidence and factors associated with severe nutritional 

complications following bariatric surgery, and to investigate the relationship between attending follow-up 

visits in the first year after surgery, and subsequent occurrence of these complications. 

 

To address these research questions, we proposed a population-based study of Ontario adults designed to 

capture all bariatric surgeries in the public healthcare system. Patient, surgical, and institutional factors 

were obtained using data from the Ontario Bariatric Registry (OBR), as well as administrative databases 

housed at ICES. The outcome of severe nutritional complication, defined as hospitalization with 

malnutrition, was obtained using administrative data. The rationale for this study design was to avoid risk 

of selection and attrition bias (population-based study not relying on follow-up attendance to ascertain 

outcome), in a large enough population to study incidence and predictors of a rare outcome over time. We 

hypothesized that studies published to date have underestimated the incidence of severe nutritional 

complications after bariatric surgery due to selective loss to follow-up, and that low attendance of follow-

up visits in the first year after bariatric surgery increases the risk of severe nutritional complications. 

 

In Chapter 2, we present a brief overview of obesity and bariatric surgery, as well as a review of the 

literature on malnutrition in obese patients before and after bariatric surgery. Medical care after surgery, 

as well as prevalence, predictors, and consequences of noncompliance, are also reviewed.  

 

Chapter 3 contains the first of two manuscripts included in this thesis. In this chapter, we present results 

of the descriptive portion of the study. Incidence and factors associated with severe nutritional 

complications after all bariatric surgeries in Ontario are presented, including the association with other 

post-surgical complications. Additionally, mortality patterns and healthcare use among patients with 

nutritional complications are described. In this portion of the study, we also describe patterns of follow-up 

attendance during the first year after bariatric surgery, with time to event analysis of risk of severe 

nutritional complications after the first post-surgical year stratified by categories of first year follow-up 
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attendance. This information was used to create categorical variables of follow-up attendance for the 

analytic portion of the thesis, which is presented in Chapter 4.  

 

Chapter 4 contains the second manuscript, which examines the impact of post-surgical follow-up visit 

attendance on severe nutritional complications after bariatric surgery. Unlike Chapter 3, which was a 

descriptive study, this was a retrospective cohort study based on a subset of the full cohort described in 

Chapter 3. This subset consisted of patients participating in the OBR who had Roux-en-Y gastric bypass 

(RYGB), as opposed to all patients undergoing bariatric surgery regardless of surgery type or registry 

inclusion. This was done so the cohort would be uniform. Furthermore, because the main exposure of 

interest (follow-up) was obtained from the OBR, only patients participating in the registry could be 

included. This study examined the impact of follow-up attendance during the first post-operative year 

after bariatric surgery (exposure time window), on subsequent development of severe nutritional 

complications. Unlike in Chapter 3, where severe nutritional complications occurring any time after 

hospital discharge following bariatric surgery were considered, only those in post-operative year two and 

beyond were considered for the analytic study, so that the exposure was known to occur prior to the 

outcome. In this study, we used time to event analysis using Cox Proportional Hazards modeling to 

maximize use of our patient-time data. Due to the known strong relationship between surgical 

complications and our primary outcome, surgical complications were treated as a time-dependent variable 

in our analysis. The analytic study used three different constructs of post-surgical follow-up to study the 

relationship between follow-up and the primary outcome. Ultimately, one of these (a three-level 

categorical variable) was chosen as the primary independent variable and the others (two-level categorical 

variables) used in sensitivity analyses. Bivariate analyses were used to assess for confounding of the 

relationship between the primary outcome and the primary exposure variable, and to inform variable 

selection for multivariable models, as we had dozens of potential variables for inclusion, and fewer than 

100 events. Sample size calculations were performed to assess the appropriateness of the study cohort for 

these analyses (see Appendix A). Because the complexity of a sample size calculation for time to event 
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analysis was beyond the scope of this project, we used a formula intended for a cohort study with a 

dichotomous outcome as a rough approximation. For the three-category primary independent variable, we 

approximated levels of exposure to be 16.6% for no follow-up, 33.3% for partial follow-up, and 50% for 

perfect follow-up. In order to detect a significant RR of 2 with 95% confidence interval for a difference 

between perfect and no follow-up if 2% of the cohort had the outcome, a sample size of 4817 with 97 

events would be needed in a cohort study with a dichotomous outcome. Since we knew the size of our sub 

cohort would be well above this, we determined our sample size was likely to be sufficient for our type of 

analysis. 

 

 

Chapter 5 of the thesis contains a common discussion of study findings and limitations, as well as the 

conclusions. 
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Chapter 2 

Literature Review 

 

Obesity 

 

The obesity epidemic is a growing public health concern for Canadians and carries with it significant 

morbidity, mortality and health care costs.1 The World Health Organization defines obesity as “abnormal 

or excessive fat accumulation that presents a risk to health”.2 In practice, obesity is typically defined using 

the Body Mass Index (BMI), which correlates well with both measures of excess visceral fat3 and weight-

related health outcomes.4 There are three classes of obesity severity in terms of BMI: Class I (BMI 30-

34.9), Class II (BMI 35-39.9) and Class III (BMI > 40).2 Severe obesity is typically defined as Class III 

BMI, or Class II BMI with obesity-related comorbidities, such as type II diabetes mellitus, hypertension, 

or obstructive sleep apnea.5 In severe obesity, lifestyle interventions and medical therapy are usually 

inadequate for sufficient, sustained weight loss to improve health outcomes.5 Meanwhile, bariatric 

surgery is a highly effective treatment, producing significant long-term weight loss, improvement in 

obesity-related complications, and reduced mortality.6, 7 

 

Bariatric surgery 

 

Bariatric surgery refers to operative procedures designed to produce weight loss. Classically, bariatric 

surgeries have been classified as restrictive, malabsorptive, or combination.8 Restriction refers to methods 

that reduce oral caloric intake and is typically achieved by reducing the size or capacity of the stomach.8 

Malabsorption occurs when the anatomy is altered to prevent complete digestion and/or absorption of 

nutrients, so that some portion of ingested nutrients remain in the digestive tract lumen and are excreted.8 
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Malabsorption can occur when bowel is bypassed or removed, or when mixing of food with digestive 

secretions is prevented or delayed.9 Modern understanding of bariatric surgery is that all procedures 

ultimately work through a combination of restriction of nutrient intake, malabsorption, and entero-

encephalic endocrine axis (aka gut-brain-hormone axis) modulation.9-11  

 

Bariatric surgeries have significantly evolved since they were first introduced in the 1960s. Prior to the 

advent of modern procedures and laparoscopy, bariatric surgery was associated with high rates of 

significant complications including profound malnutrition, liver failure, chronic severe gastrointestinal 

symptoms and failure to sustain weight loss.5 In the last twenty years, increasing surgeon experience, 

availability of formal fellowships in bariatric and metabolic surgery, the “centers of excellence” model for 

accreditation of bariatric surgery programs, and continuous quality improvement through outcomes 

research has resulted in better techniques and outcomes. 

 

During the last decade, bariatric surgery has increasingly been used in Canada to treat severe obesity.12 

Due to high demand and excessively long wait times, in 2005 the Ontario Ministry of Health and Long 

Term Care classified bariatric surgery as an eligible out-of-province service, and thousands of patients 

had bariatric operations in the United States, while some went to other provinces (mostly Quebec).12, 13 

The Ontario Bariatric Network was established in 2009 to facilitate access to bariatric surgery in the 

province, with massive expansion of surgical capacity and a centralized referral process.12 Within two 

years, out-of-country procedures were no longer funded. At present, there are twelve bariatric centers in 

Ontario, including seven bariatric centers of excellence, two regional assessment centers and three 

surgical-only sites (see Appendix B for full list of centers). The Ontario Bariatric Network has been 

previously described elsewhere.14  

 

Three types of bariatric operations are currently funded in Ontario: Roux-en-Y Gastric Bypass (RYGB), 

sleeve gastrectomy (SG), and biliopancreatic diversion with duodenal switch (BPD-DS). RYGB is by far 
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the most popular bariatric procedure, accounting for 91.5% of bariatric surgery performed in Ontario 

between 2007-2012.12 It involves bypass of the body of the stomach and duodenum by creation of a 20-

30ml gastric pouch that is attached to a segment of proximal jejunum (the roux limb).8 SG is a relatively 

new bariatric procedure which involves removal of 70% of the gastric body in a vertical resection, 

without bypass.5 Compared to RYGB, SG offers slightly inferior weight loss and comorbidity 

improvement5, but SG is a technically easier procedure to perform.15 SG is often chosen for patients with 

greater comorbidity burden or higher baseline BMI, and has gained popularity as a stand-alone surgery or 

as the first step to subsequent BPD-DS.16 BPD-DS is a complex procedure that involves sleeve 

gastrectomy and transection of the proximal duodenum with attachment of the duodenal cuff to the distal 

ileum by a Roux, or alimentary limb.8 The remaining intestine (biliopancreatic limb) is thus excluded 

from nutrient absorption and serves only to deliver biliary and pancreatic secretions to the distal ileum, 

where it mixes with ingested food in a short 75cm-150cm common channel. BPD-DS is a highly 

malabsorptive procedure that produces superior weight loss but carries a much greater risk of 

complications.17 

 

Bariatric surgery is associated with numerous potential surgical complications. The most dreaded 

complication is an anastomotic leak.18 Leaks occur in 0.4-5.2% of laparoscopic RYGB, with experienced 

surgeons (such as those who completed a fellowship in minimally invasive and bariatric surgery) having 

40% lower rates of these complications.18 SG has a higher risk of staple line leaks compared to RYGB.15 

Leaks require interventions ranging from surgery to percutaneous drainage or intraluminal stenting.15 

Other complications are listed in Table 2.1.19, 20  

 

Reported complication rates for bariatric surgeries are highly variable, even when only centers of 

excellence are considered.21 In large American series, the average 30-day morbidity rate is 5.6% for SG 

and 5.9% for RYGB, whereas average 30-day mortality is reported to be 0.11% for SG, 0.16% for 

RYGB, and 1.11% for BPD-DS.5 Re-operations due to complications or insufficient weight loss are not 
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Table 2.1. Complications of bariatric surgery, based on usual timing of presentation. 

Early complicationsa Late complications 
Complication Incidence Complication Incidence 

Marginal ulcer 15% RYGB Anastomotic stenosis 3-12% 
Anastomotic leak 1-6% RYGB, 3-7% SG Incisional hernia 0.5-8% 
Anastomotic bleeding 2% Internal hernia 1-3% 
Small bowel obstruction 1.7% Small bowel obstruction 2.5% 
Dumping syndrome Up to 30% Gastric stricture 1% SG 
Mesenteric venous thrombosis rare Gallstones 3-30% 
 

 

infrequent, with long term studies of RYGB reporting re-operation rates between 8 to 38%.22 There are 

three types of re-operations: revision, which maintains the same bariatric anatomy; conversion, which 

involves change to different bariatric anatomy; and reversal, a surgery that attempts to restore normal or 

near-normal anatomy.23 Ontario data from 2007-2012 reveal 0.1% 30-day mortality, 19.6% rate of 

hospitalization in the first post-operative year, and 3.8% re-operation in the first year.12 

 

Surgical and medical complications after bariatric surgery have serious clinical consequences and 

markedly increase healthcare costs.24, 25 While the primary focus in the field of bariatric surgery has been 

optimizing techniques to maximize weight loss and minimize surgical complications, a somewhat 

neglected concept is that of post-operative malnutrition. Malnutrition is highly prevalent in the bariatric 

population and can have severe consequences in a minority of patients, as is described in the following 

sections. It may occur de novo or represent exacerbation of pre-existing nutrient deficiency. 

 

Malnutrition in Obesity 

 

Despite the appearance of over-nutrition, morbidly obese individuals are commonly found to have 

deficiencies in one or more vitamins or minerals (micronutrients) and/or low muscle mass (sarcopenia).8 

                                                        
aEarly complications occur in the first 3 months. 
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This may be especially common in severe obesity (BMI >40).8 Reasons for malnutrition in obese 

individuals include: consumption of energy-dense food that is poor in nutrients; reduced intake of 

unprocessed, nutrient-rich food; high fat diets that are associated with decreased intake of folate, vitamin 

A and vitamin C; high intake of sweetened beverages and reduced intake of dairy; lack of physical 

activity and low sun exposure; decreased availability of vitamin D due to storage in fat tissue; use of 

certain medications (ex. metformin inducing deficiencies in vitamin B12 and folate).8, 26 Sarcopenia is 

especially seen in older obese patients and is due to a combination of decreased physical activity, a pro-

inflammatory state caused by inflammatory cytokines produced by metabolically active adipose tissue, 

insulin resistance promoting muscle catabolism and fatty infiltration of muscle, hormonal changes, and 

reduced protein intake.27 

 

Several studies have examined specific nutrient deficiencies in obese and pre-bariatric surgery 

populations.28-32 Studies based in North America and the United Kingdom have revealed deficiencies in 

vitamin D in 68.1-92.9%,28, 31, 32 vitamin K in 40%,28 iron in 22.6-56.9%,28, 29, 31, 32 folate in 5.3-18%,28, 29, 

32 vitamin B12 in 0-25%,28, 31, 32, zinc in 19.9%,29 calcium in 3.2-10.7%,29, 31 albumin in 1.1-5%,29, 31 

vitamin A in 1.7%,32 vitamin E in 5.2%,32 and thiamine in 1.8-29.1%.31, 32 Secondary hyperparathyroidism 

is seen in 18%.28 Multiple deficiencies are common, with one study reporting 39.7% of obese individuals 

having three or more micronutrient deficiencies.32 Increasing BMI is associated with lower vitamin D30, 32, 

33 and B12 levels,28 as well as secondary hyperparathyroidism.34 Metabolic syndrome33, African American 

ethnicity30 and low socioeconomic status33 are also risk factors for vitamin D deficiency in the morbidly 

obese population. African American and Hispanic ethnicity have been associated with lower levels of 

vitamin A, vitamin E, and thiamine, as well as deficiency of multiple micronutrients concurrently.32 Older 

age has been associated with low vitamin A and vitamin D levels32, while younger age has been 

associated with low iron and vitamin K.28  Female sex has been shown to predict lower levels of iron28 

and folate.32 Increasing number of comorbidities is associated with greater vitamin A deficiency,32 while 

low renal function is associated with iron deficiency.28 
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Bariatric surgery impact on nutrition 

 

Since obese individuals undergoing bariatric surgery are frequently nutritionally compromised from the 

outset, this can have significant nutritional implications once they undergo surgery. Nutritional 

complications can occur at any time after bariatric surgery depending on pre-existing deficiency, the 

specific nutrient(s) in question, and the occurrence of surgical complications.  

 

Proposed risk factors for malnutrition after bariatric surgery include prolonged gastrointestinal symptoms 

(especially persistent vomiting, dumping syndrome and diarrhea), major weight loss (rate and absolute 

amount), inadequate nutritional follow-up, pre-existing deficiency, and failure to take supplements.10, 11, 35 

Most of these findings come from observational research of malnutrition-related neurologic complications 

such as thiamine deficiency. Altered dietary pattern with inadequate intake of certain nutrients is also a 

risk factor for serologic nutrient deficiencies.36, 37 Females of reproductive age are at greater risk of 

vitamin deficits.38  

 

Type of surgery is relevant with regards to specific structural changes and loss of absorptive surface.11, 39 

Bypass of the gastric body and gastric resection reduce acid production and impair mechanical digestion8, 

while also reducing levels of intrinsic factor (necessary for absorption of vitamin B12).40 Gastric acid 

facilitates absorption of multiple nutrients, including vitamin B12, iron and copper.11 After RYGB, gastric 

acid secretion has been shown to be negligible and B12 absorption to be significantly decreased.40 

Minerals and vitamin D are best absorbed in the duodenum, which is bypassed in RYGB.8 Common limb 

length in RYGB that is <50% total length of the small intestine portends a greater risk of nutritional 

deficiency (specifically iron and protein).39 Meanwhile, BPD-DS is associated with profound 

malabsorption, specifically of fat soluble vitamins.11 Bacterial overgrowth may occur after bariatric 

surgery due to altered motility and creation of blind loops, which leads to loss of many nutrients including 

vitamin B12, copper and thiamine.11 Although SG is believed to have fewer nutritional complications 
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compared to RYGB, many authors have demonstrated no difference in deficiencies between the two 

surgeries, especially in the long term.41 

 

Surgical complications after bariatric surgery can result in prolonged periods of suboptimal nutrient 

intake and lead to deficiencies. Severe complications such as bowel obstruction, internal hernia, or 

mesenteric infarction can also lead to massive bowel resection and short bowel syndrome, which may 

require parenteral nutrition42 or small bowel transplant.43  

 

Specific nutrient deficiencies after bariatric surgery 

 

Water soluble vitamins 

 

Thiamine 

 

Thiamine (vitamin B1) is absorbed in the proximal jejunum.26 There is little tissue storage of this vitamin 

and even relatively short periods of reduced intake can lead to deficiency. Deficiency in serum thiamine 

levels is reported in 26-66% of bariatric surgery patients.19 Specific causes of thiamine deficiency after 

bariatric surgery are vomiting, excess alcohol, noncompliance with vitamins, rapid weight loss, glucose 

administration without vitamin replacement, parenteral feeding, and bacterial overgrowth.11, 35 RYGB is a 

known risk factor, although symptomatic thiamine deficiency has also been reported after SG.44, 45 In 

purely restrictive surgeries, recurrent or persistent vomiting is the typical cause.46 Clinical consequences 

of thiamine deficiency are predominantly neurologic. Severe, short-term deficiency results in Wernicke’s 

encephalopathy (WE), whereas prolonged mild to moderate deficiency results in peripheral neuropathy 

(dry beriberi).11 More rare presentations include a Guillain-Barré syndrome-like acute 
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polyradiculoneuropathy35 and wet beriberi (cardiac involvement with heart failure).11 WE is more often 

reported in women, although it may be because women more often undergo bariatric surgery.11 

 

Vitamin B12 

 

Vitamin B12 has large body stores, which take several years to deplete.35 Specific causes of B12 

deficiency after bariatric surgery are inadequate intake, impaired hydrolysis (loss of acid and pepsin), 

intrinsic factor (IF) loss, abnormal IF-B12 interaction, decreased contact time, duodenal bypass, and 

bacterial overgrowth.11, 26 Other causes of low B12 are pernicious anemia, atrophic gastritis, antacid 

therapy, gastrointestinal (GI) disease associated with malabsorption, pancreatic disease, and 

vegetarianism.11 Deficiency is common after bariatric surgery, with one RYGB study finding a 61.8% 

prevalence of deficiency at an average of 7 years after surgery.38 B12 deficiency is reported to be more 

common after RYGB than SG (42.1% vs 5% in one study).47 B12 deficiency is a known cause of anemia, 

but the most concerning manifestations are neurologic. Neurologic manifestations of B12 deficiency 

develop months to years after bariatric surgery and can occur in the absence of anemia.11 There are a 

myriad of possible presentations, including myelopathy with or without neuropathy, optic neuropathy, 

paresthesia, and neuropsychiatric manifestations (impaired memory, personality change, delirium).11 

 

Other B Vitamins 

 

Other B vitamin deficiencies that have been studied after bariatric surgery include those of folate (vitamin 

B9) and pyridoxine (vitamin B6). Folate deficiency is rare in Canada due to routine fortification of foods, 

but has been demonstrated following bariatric surgery in North America, with greater prevalence after 

RYGB than restrictive surgeries.48 Clinically significant depletion can be seen within months of reduced 

intake and causes anemia as well as the same neurologic complications as B12 deficiency.11 Deficiency in 

pyridoxine (vitamin B6) is typically caused by GI surgery (including bariatric), malabsorptive GI disease, 
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and alcoholism.11 A study in Alabama found 17.6% prevalence of B6 deficiency one year after RYGB.49 

In adults, B6 deficiency is usually asymptomatic but can lead to peripheral neuropathy.11  

 

Vitamin C 

 

Little is reported on vitamin C deficiency after bariatric surgery because most cases are asymptomatic.50 

A study of RYGB patients found a 34.6% prevalence of serological deficiency of vitamin C at one year.49 

Rates of deficiency as high as 50% have been reported.51 Clinically apparent vitamin C deficiency 

(scurvy) is characterized by gum bleeding, corkscrew hairs with perifollicular petechiae, and impaired 

wound healing.50 

 

Fat soluble vitamins 

 

Fat soluble vitamin (A, D, E, K) deficiency is of particular concern after procedures that lead to 

significant fat malabsorption (such as BPD-DS), but can occur with any bariatric surgery. Measuring 

deficiency of these vitamins by levels alone can be misleading without adjusting for levels of carrier 

proteins; therefore, it is imperative to assess for clinical signs of deficiency.52 

 

Vitamin D 

 

Vitamin D is unique in that it is mostly endogenously produced from cholesterol under sun exposure, but 

when this is low, dietary sources are the most significant contributor to body stores. Vitamin D is mainly 

absorbed in the jejunum and ileum. Following RYGB, there is delayed mixing of bile with food that leads 

to some fat malabsorption, while after BPD-DS, 72% of fat is malabsorbed.26 Vitamin D is critical to 

bone health and calcium metabolism. Deficiency results in hypocalcemia with secondary 

hyperparathyroidism, osteomalacia, proximal myopathy, pathologic fractures, and bone pain.11 
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Vitamin D deficiency is a significant concern after bariatric surgery. After bariatric surgery, markers of 

bone turnover increase53 and bone mineral density (BMD) may significantly fall as soon as 3-9 months 

after RYGB.11 A study comparing RYGB patients to an obese control group found RYGB patients had 

higher prevalence of low sun exposure, lower vitamin D, high prevalence of secondary 

hyperparathyroidism, and lower BMD a year or more after surgery.54 The effect on risk of bone fracture is 

debated as obesity itself is protective and studies are conflicting on fracture risk when bariatric surgery 

patients are compared to non-operated obese patients.55 A recent study of 15,032 propensity score-

matched patients compared those who underwent RYGB to patients who had adjustable gastric banding, 

which has purported minimal effects on bone density. This study found at mean follow-up of 2.3 years 

that the RYGB patients had increased risk of non-vertebral bone fracture (HR 1.43, 95% CI 1.13-1.81). 

The incidence rate of fracture was 9.7 per 1000 person years.55 

 

Vitamin A 

 

Vitamin A deficiency is common after bariatric surgery, with prevalence of serological deficiency as high 

as 52-69% without supplementation after 1-4 years.35 Symptoms of vitamin A deficiency include 

xerophthalmia, night blindness, anemia, and immune suppression.26 Visual disturbances related to low 

vitamin A are common after RYGB.56 Pregnancy may be a particularly risky time for this deficiency, as a 

study of pregnant women who had a history of RYGB found 60% had low vitamin A and 57%  reported 

night blindness.57 Another study found 75% of pregnant women with previous RYGB had symptomatic 

vitamin A deficiency (night blindness) compared with 20% who had no history of bariatric surgery.58 

 

Vitamin E 
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Years of malabsorption are needed to deplete body stores of vitamin E.11 Adjusting for total cholesterol, 

one study found 8.7% deficiency after RYGB and 21.4% after BPD.52 Vitamin E deficiency can cause 

neurologic dysfunction including a spinocerebellar syndrome with variable peripheral nerve involvement 

similar to Friedreich ataxia.11 Other causes of vitamin E deficiency are chronic cholestasis, pancreatic 

insufficiency, intestinal malabsorptive diseases, and inadequate supplementation in total parenteral 

nutrition (TPN).11 

 

Vitamin K 

 

Vitamin K is required for synthesis of several coagulation co-factors. There is negligible tissue storage of 

this vitamin; however, vitamin K is produced by colonic bacteria and inadequate intake can be 

compensated for, especially in the context of bacterial overgrowth.59 Deficiency causes bleeding (and 

possibly reduced BMD). A study of RYGB patients found 50% prevalence of vitamin K deficiency at 3 

years after RYGB, but clotting time was unaffected.60 However, a study of pregnant women showed 

significantly lower levels of vitamin K in those with history of bariatric surgery, accompanied by 

significantly longer prothrombin time in that group.61 

 

Minerals 

 

Mineral, or trace metal deficiency is common after bariatric surgery as these tend to be best absorbed in 

the duodenum with facilitation by gastric acid.  

 

Iron 

 

Iron deficiency may be the most commonly encountered micronutrient deficiency after bariatric surgery, 

and leads to anemia. It is common after SG, RYGB and duodenal switch.26 The prevalence after RYGB is 
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reported at 20-49%.17 Contributing mechanisms include reduced intake and loss of gastric acid (required 

to transform ferric to ferrous iron for absorption), as well as chronic intestinal blood loss such as from 

marginal ulceration.17 However, in the case of RYGB and duodenal switch, bypass of the duodenum and 

proximal jejunum is a key contributor, as these are precisely the chief sites of iron absorption.17 Iron 

deficiency may be suspected by the presence of microcytosis with or without anemia, and is typically 

diagnosed by finding a low serum ferritin. However, in the presence of systemic illness or inflammation, 

ferritin is less reliable and clinicians need to interpret a larger panel of serum iron studies including the 

transferrin saturation.62 Despite routine supplementation, iron levels frequently decrease with time after 

surgery in both men and women, and can be challenging to replace adequately by the oral route.63 

 

Calcium 

 

Calcium is absorbed in the duodenum, a process facilitated by vitamin D. In surgeries that produce fat 

malabsorption, calcium binds to free fatty acids in the intestine and is excreted, necessitating high dose 

oral supplementation. Prevalence of calcium deficiency after bariatric surgery is estimated at 10%.50 

Serum calcium levels tend to be maintained via secondary hyperparathyroidism, although small but 

significant drops in serum levels have been detected.64 Symptomatic hypocalcemia is rare, but can occur 

with symptoms of muscle cramps, numbness and tingling of hands and feet.26 However, the most 

important consequences of hypocalcemia are on bone metabolism, which is tightly linked with vitamin D, 

as discussed above. 

 

Copper 

 

Copper deficiency is a rare, but potentially devastating complication of bariatric surgery, with serologic 

deficiency seen in 0-5% of patients post operatively.65 It can lead to anemia, but also symptomatic 

myelopathy occurring less than one year to two decades after surgery.11 Gastric surgery is the primary risk 
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factor for acquired copper deficiency.11 Other causes of copper deficiency are bacterial overgrowth, 

excessive zinc supplementation, celiac disease, inflammatory bowel disease and prolonged total 

parenteral nutrition without supplementation.11 SG, RYGB and BPD-DS all are risk factors.26 Typically 

considered a very late complication, symptomatic copper deficiency has been described within 14 months 

of bariatric surgery despite compliance with supplements.66 Delay in diagnosis is common, ranging from 

9 months to 10 years after symptoms begin.66 

 

Zinc 

 

Zinc is a fat-dependent mineral which can be malabsorbed when fat malabsorption occurs with BPD-DS 

and RYGB (especially with a long Roux limb).26 Absorption capacity is significantly decreased after 

RYGB.67 Symptoms include hair loss, skin lesions, and delayed wound healing. Estimates of deficiency 

after bariatric surgery range from 7-15%65 to 61%.68 

 

Other minerals 

 

Selenium deficiency occurs in 14-22% of patients after bariatric surgery.59, 65 Clinical consequences 

include cardiomyopathy, myositis and thyroid dysfunction.59 Magnesium deficiency is estimated to occur 

in 32% of patients after bariatric surgery, and can lead to muscle spasms and osteoporosis.50 

 

Protein deficiency 

 

Protein deficiency is categorized as protein-calorie malnutrition (from insufficient intake of protein and 

non-protein calories) or protein-restricted malnutrition (due to restricted protein intake or severe protein 

loss). Protein-calorie malnutrition is the form of protein deficiency after bariatric surgery. Global protein 

deficiency is said to be rare after RYGB and slightly more common with BPD-DS, as protein absorption 
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is not significantly impacted unless there is severe malabsorption. However, serum protein markers tend 

to be maintained even in the face of significant body protein deficit (due to catabolism of lean tissues) and 

muscle wasting can be clinically inapparent in obese persons. Dedicated studies have found protein 

deficiency to be common after all types of bariatric surgery, with increasing deficiency over the first post-

operative year.68-70 Severe protein deficiency after bariatric surgery is typically attributed to surgical 

complications (stenosis, fistula), overly rapid or severe weight loss, or intercurrent illness.35 BPD-DS and 

long limb gastric bypass are thought to be surgical risk factors. However, a dedicated study of body 

composition following RYGB versus SG in South Carolina found that significantly more fat-free mass 

was lost with SG than RYGB during the first post-operative year, suggesting that dietary protein intake 

may be the key factor for post-surgical protein deficiency.71 Food aversion, reduced oral intake, vomiting, 

and diarrhea can lead to inadequate protein intake, and these can commonly occur after any bariatric 

surgery. Therefore, all bariatric patients are at risk of protein malnutrition.26 Signs include muscle wasting 

(of skeletal and smooth muscle), edema and hair loss. 

 

Timing of deficiencies 

 

Timing of deficiencies is variable and depends on pre-operative levels as well as mechanism of 

absorption and tissue storage. A dedicated study of serum levels of fat soluble vitamins and their 

precursors following bariatric surgery found a rapid drop in serum levels to the 5th percentile or below 

within 3 months of surgery, which was sustained, but there were no clinically apparent deficiencies.72 A 

retrospective Dutch study of 427 RYGB patients who were prescribed standard supplements post-

operatively found deficiencies of iron, vitamin B12, folate, and hemoglobin, occurring between 12 and 15 

months post operatively on average, while vitamin D deficiency occurred earlier (9.7 months).73 

Prevalence and timing were affected by pre-operative levels as well as adherence to supplements.73 

Anemia, although typically driven by low iron, can result from multiple deficiencies and is commonly 

seen within two years of bariatric surgery in over 20% of patients.63 A long-term follow-up study of 
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RYGB patients found a 50% prevalence of anemia at an average of 83 months after surgery.38 Timing of 

water soluble vitamin deficiencies is variable. Other than vitamin B, water soluble vitamins have little 

storage in body tissues.74 Thiamine deficiency tends to present very early, with most neurologic 

manifestations seen 4 to 12 weeks after bariatric surgery. 11 By contrast, vitamin B12 deficiency develops 

after many years, as body stores typically last for two to five years.17 In a retrospective study of B vitamin 

deficiency causing neurologic symptoms after bariatric surgery, median time from surgery to symptom 

onset was 12 months.75 With respect to protein-calorie malnutrition, a recent Mayo Clinic retrospective 

review of patients who required home parenteral nutrition (HPN) after bariatric surgery found the median 

time from surgery to start of HPN was 7.2 years (range 0.1-41.2 years).76 

 

Clinical consequences of malnutrition after bariatric surgery 

 

While multiple authors have demonstrated serological nutrient deficiencies in obese persons who have 

undergone bariatric surgery, few studies have examined clinical effects of these deficiencies. Signs and 

symptoms of nutrient deficiency are often vague and nonspecific, and can take years to develop after 

onset of serological deficiency. One nutritional consequence of bariatric surgery that is easily and 

commonly detected is anemia; however, anemia is a final common pathway for many nutrient 

deficiencies and has many non-nutritional causes. While there are prospective studies of bariatric surgery 

which have looked at nutritional outcomes and symptomatic deficiency, such studies are too small,77, 78 

and often of too short duration,79 to study rare outcomes with a long latency period. Severe nutritional 

complications including those requiring parenteral nutrition are typically reported in the form of case 

reports or case series,80 which makes estimating their incidence difficult. In a 2004 retrospective study of 

RYGB patients, 4.7% of the cohort were diagnosed with severe protein-calorie malnutrition (at least 3 of 

anemia, hypoalbuminemia, edema, inability to walk, difficulty performing simple tasks) an average of 

17.9 months after surgery.81 Two thirds of cases had a defined event triggering malnutrition (ex. gastric 

stenosis, extensive venous thrombosis), half required hospitalization and nutritional support (enteral or 
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parenteral), and overall mortality from malnutrition in the study was 1%.81 While that study would now 

be considered to be from a different surgical era, protein-calorie malnutrition after laparoscopic RYGB 

continues to be reported, with some centers proposing clinical algorithms for this scenario, including the 

role for reversal surgery to normal anatomy.82 

 

An important subtype of nutritional complications after bariatric surgery relates to neurologic sequelae. 

Nutritional deficiencies are the chief cause of neurologic complications after bariatric surgery, ahead of 

chronic inflammation and peripheral nerve compression due to loss of fat pads.10, 35 Multiple nutrients are 

implicated.11 A prospective study of restrictive surgery published in 1987 found 4.6% of patients were 

diagnosed with neurologic complications between 3-20 months after bariatric surgery.83 More recently, 

the prevalence of such complications after surgery has been estimated to be least 5-10%.10 A recent Mayo 

clinic study found a 16% prevalence of peripheral neuropathy in bariatric surgery patients.84 

 

Medical care after bariatric surgery 

 

After bariatric surgery, patients are prescribed specific dietary instructions that typically include lifelong 

supplementation with multivitamins. There is no universally accepted guideline for follow-up or 

laboratory monitoring, although comprehensive guidelines, such as that from the American Society for 

Metabolic and Bariatric Surgery85, are available. In practice, instructions vary by center. In the bariatric 

program at St. Joseph’s Hospital in Hamilton (Ontario, Canada), which has a publicly available detailed 

instruction booklet online, patients are instructed to start multivitamin and mineral supplementation two 

months prior to bariatric surgery. After surgery, patients are additionally instructed to take 1200mg daily 

of calcium citrate with 400-800 units of vitamin D. Those undergoing SG are also prescribed 350-500mcg 

daily oral B12 supplementation. All supplements are to be taken indefinitely. Patients are scheduled for 

follow-up visits after surgery at 4-6 weeks, 3 months, 6 months, 12 months, and annually thereafter. 
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Noncompliance with nutritional supplements is common and contributes to deficiencies seen after 

bariatric surgery. A Tennessee study demonstrated that 59% of RYGB patients were compliant with 

vitamin supplements in the first year after surgery.86 By 12 months, the noncompliant group had 

significantly more deficiencies in iron, vitamin A, B12, thiamine and vitamin D.86 A study of patients 

who underwent RYGB an average of 7 years prior found one third of patients reliably took supplements, 

with much lower intake of supplements in males.38 An Ontario study also found male sex, as well as full-

time employment and attachment anxiety, were predictive of nonadherence to supplements.87 However, 

multiple studies have shown that deficiencies often occur in spite of adherence to supplements after both 

RYGB88 and SG.89 A prospective study in France found that despite long term multivitamin 

supplementation, there were deficiencies in multiple nutrients including thiamine, vitamin B12, vitamin D 

and iron, with more deficits in noncompliant patients.90 

 

While noncompliance with multivitamin supplements appears to be common,86 nonadherence to follow-

up medical visits is also frequent.91 Rates of attrition in post-bariatric surgery clinics range from 3% to 

over 60%, depending on the setting.91, 92 A Brazilian study found a progressive reduction in compliance 

with nutritional consultation visits over the first year after surgery, with almost 75% nonadherence by one 

year and 85% nonadherence with visits at two years.92 Several authors have studied factors that predict 

compliance with medical follow-up after bariatric surgery.93-97 Factors predicting nonadherence to follow-

up include longer travel distance,93, 95 younger age,94-97 higher pre-operative BMI,94 lack of health 

insurance,94 and avoidant relationship style.95 Factors that predict compliance with visits are being 

single,94 being employed,94 Caucasian ethnicity,96 and lower phobic anxiety.96 

 

Compliance with routine post-operative follow-up visits after bariatric surgery has been shown to 

improve certain patient outcomes. A study of over 50,000 patients enrolled in the bariatric outcomes 

longitudinal database (BOLD) in North Carolina found that compared to patients with imperfect follow-

up, those with perfect attendance at 3, 6, and 12 month visits were more likely to have lost 50% of excess 
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weight at 1 year.98 Other authors have demonstrated improved long-term weight loss in patients who 

comply with follow-up.97, 99 There are limited data on the effect of attending follow-up visits after 

bariatric surgery and nutritional complications. A French study that recalled patients who failed to attend 

follow-up medical visits for more than 1 year found these patients had significantly more nutrient 

deficiencies than compliant patients, and the number of deficits correlated with time from last visit.90 A 

Swedish cross sectional study of post-RYGB patients found lower prevalence of anemia in patients who 

regularly attended medical check-ups.100 Meanwhile, an American cohort study found that 10 years after 

RYGB, patients who did not have follow-up with a bariatric specialist had over six times the odds of 

having anemia, compared to patients who had bariatric follow-up.101 There is no study on the impact of 

compliance with post-bariatric follow-up and severe or symptomatic nutritional deficiencies, or the 

impact of compliance with early follow-up after bariatric surgery and subsequent occurrence of late 

nutritional complications. 

 

Ontario Bariatric Registry 

 

The Ontario Bariatric Registry (OBR)102 was established in 2009 and is run by the Centre for Surgical 

Invention and Innovation, Ontario Bariatric Network (OBN), the Population Health Research Institute and 

the Ministry of Health and Long Term Care (MOHLTC). It is a multi-center observational database that 

collects data on patients treated at all OBN centers. Every patient is invited to participate in the registry, 

and consenting patients are enrolled. Patient data, including demographics, medical history, and 

anthropometric measurements from each visit at the bariatric centre are collected retrospectively by chart 

review at regular intervals by trained reviewers. Patient data is de-identified and entered into the database. 

Multiple studies have used the database, and described it in more detail.14, 103, 104 The database was 

recently integrated into ICES, allowing linkage of patients in the OBR with administrative data present in 

ICES. Linkage of OBR and ICES data provides an opportunity to study rare complications of bariatric 

surgery in a large cohort of patients over time. 
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Chapter 3 

Descriptive Study 

 

Abstract 

 

Background: Bariatric surgery is the most effective treatment for severe obesity, but carries potential for 

significant operative and post-operative risks in a small number of patients. Severe post-operative 

malnutrition is believed to be a very rare complication of bariatric surgery, but relatively little is known 

about its incidence and risk factors. 

 

Aims: Describe incidence and factors associated with severe nutritional complications following bariatric 

surgery in adult patients. 

 

Methods: Retrospective population-based descriptive study of Ontario adults aged 18 years and older 

who underwent bariatric surgery between January 1, 2009 and December 31, 2015, with follow-up until 

March 31, 2017. The primary outcome was a severe nutritional complication, defined as hospital 

admission with malnutrition or nutrient deficiency. Secondary outcomes included major nutrient 

deficiencies, invasive nutrition support and death. Outcomes were identified using administrative 

databases. Incidence and patterns of severe nutritional complications were described. Detailed patient data 

including anthropometry were obtained for a subset of patients participating in the Ontario Bariatric 

Registry (OBR). For all patients, data were also obtained from administrative databases. Baseline patient, 

institution, and surgical factors, as well as post-operative course (complications, weight change, follow-

up) were described for all patients and by subgroups. Datasets were linked and analyzed at ICES Queen’s. 
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Results: We identified 18,783 Ontario adults who underwent bariatric surgery during the study period 

(88.8% Roux-en-Y gastric bypass, 10.8% sleeve gastrectomy). The mean age was 45.1 years and 81.8% 

were female. 57.1% had data in the OBR: 88% of these were Caucasian with a mean pre-operative BMI 

of 49.3 kg/m2. The proportion of patients with severe nutritional complication was 2% of the cohort, with 

an incidence rate of 4.5 per 1000 person-years of follow-up. Risk of hospitalization with malnutrition was 

constant over time. The most common deficiencies were iron (1%) and protein (0.9%). Pre-operative 

factors associated with severe nutritional complication were younger age, more major comorbidities, and 

not being employed, while post-operative factors were bariatric surgery-specific complication, early 

perioperative complication, imperfect follow-up attendance, and greater weight loss during the first post-

operative year. 10.5% of patients with severe nutritional complications died during the study observation 

period, compared to 2.1% overall. 

 

Conclusions: Severe nutritional complications after bariatric surgery are associated with serious 

consequences, including death. Although the absolute risk is low, it is similar to that of many bariatric 

surgery-specific complications that receive significantly more attention. 

 

 

Introduction 

 

Bariatric surgery is an effective treatment for severe obesity that produces durable long-term weight loss, 

improvement in obesity-related comorbidities, and reduced mortality.1, 2 However, it carries potential for 

significant operative and post-operative risks in a small number of patients. One such risk is severe post-

operative malnutrition, which has been an underexplored topic of research. 

 

Despite the appearance of over-nutrition, morbidly obese individuals are commonly found to have 

deficiencies in one or more vitamins and minerals (micronutrients) and/or low muscle mass.3 These 
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deficiencies often worsen after bariatric surgery.4 Several studies have shown that asymptomatic 

micronutrient deficiencies are frequent after both Roux-en-Y gastric bypass (RYGB)5-7 and sleeve 

gastrectomy (SG)6, 8, even in patients who adhere to prescribed post-operative vitamin and mineral 

supplement regimens. The frequency of symptomatic nutritional deficiencies and complications, such as 

disability from protein-calorie malnutrition, is largely unknown. Severe, symptomatic nutritional 

complications after bariatric surgery are typically reported in the form of case reports or case series, 

which makes estimating incidence difficult.9 Several prospective studies of bariatric surgery have 

included outcomes related to symptomatic micronutrient deficiency, but these studies had a small number 

of patients10 and short follow-up periods,11 which limits ability to study rare outcomes with a long latency 

period. Because long term follow-up studies of bariatric surgery have relied on patients to attend follow-

up visits, attrition bias can occur if poor nutritional outcomes affect the likelihood of attending. 

 

A joint guideline from the American Association of Clinical Endocrinologists, The Obesity Society, and 

the American Society for Metabolic & Bariatric Surgery recommends routine pre-operative micronutrient 

testing for all bariatric surgery candidates, while post-operative monitoring is only recommended for 

vitamin B12.12 In practice, pre-operative testing for nutrient deficiencies and post-operative monitoring 

occurs in a minority of cases.13 There are no guidelines regarding screening for protein-calorie 

malnutrition after bariatric surgery. Therefore, malnutrition after bariatric procedures may be widely 

underdiagnosed. 

 

The objective of this study is to describe the incidence and factors associated with severe nutritional 

complications following bariatric surgery in adult patients in Ontario, Canada, using data from a 

province-wide bariatric registry and administrative databases.  
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Methods 

 

Study Design 

 

This is a retrospective population-based study of adults aged 18 and older in Ontario, Canada, who 

underwent bariatric surgery between January 1, 2009 and December 31, 2015. Follow-up data were 

collected until March 31, 2017. The Queen’s University Health Sciences and Affiliated Hospitals 

Research Ethics Board approved this study (see Appendix C for a copy of the certificate). 

 

Data Sources 

 

The Ontario Bariatric Registry (OBR)14 is a database established in 2009 by the Ontario Bariatric 

Network (OBN) to collect detailed information on patients undergoing bariatric surgery in Ontario, 

including baseline demographics and medical history, anthropometric measurements, details of bariatric 

procedure(s), clinical outcomes and follow-up visits. All eligible patients referred for bariatric treatment 

are invited to participate in the registry, and consenting patients are enrolled.15, 16 

 

The Ontario Health Insurance Plan (OHIP) database contains all physician billing data for the province, 

which has a single-payer universal health insurance system funded by the Ministry of Health and Long-

Term Care (MOHLTC). OHIP includes information on surgical and non-surgical encounters with 

physicians in Ontario, as well as eligible out-of-province procedures covered by the MOHLTC. 

 

The Canadian Institute for Health Information (CIHI) Discharge Abstract Database (DAD) contains 

detailed information on each hospital admission in the province. Diagnostic codes are recorded in DAD 

according to the International Classification of Diseases 10th Revision (ICD-10-CM), while procedure 
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codes are recorded using the Canadian Classification of Health Interventions (CCI), a companion system 

to the ICD-10-CM. 

 

The Registered Persons Database (RPDB) includes patient demographic information such as age, sex, and 

vital status. The Postal Code Conversion File Plus (PCCF) contains postal codes that can be used to 

assign patients to a geographic area for linking to Canadian census data from Statistics Canada. The 

Ontario Marginalization Index (ONMARG) database is a socioeconomic status index based on the 2006 

Canadian Census, which quantifies degree of marginalization based on 18 census variables, from which 

four dimensions have been created: residential instability, material deprivation, dependency, and ethnic 

concentration.17 Individuals are assigned a factor score and quintile for each dimension, which may be 

used individually in analyses or combined into a summary score using a prescribed protocol.18 

 

The Institution Information System (INST) holds information on healthcare institutions funded by the 

MOHLTC. Institutions are assigned a unique number allowing linkage to administrative data related to 

patient care and outcomes. 

 

The Local Health Integration Network (LHIN) database defines geographically determined LHINs, which 

are independent regional health authorities that coordinate local health services. 

These datasets were linked using unique encoded identifiers and analyzed at ICES Queen’s. 

 

Study Cohort 

 

All adults aged 18 years and older with a record of MOHLTC eligible bariatric surgery between January 

1, 2009 and December 31, 2015 in DAD and/or OHIP were considered for inclusion in the study. Eligible 
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bariatric surgeries are Roux-en-Y gastric bypass (RYGB), sleeve gastrectomy (SG), and biliopancreatic 

diversion with or without duodenal switch (BPD, BPD-DS). Patients having bariatric surgery outside of 

the public system could not be captured and were thus not included. Specific codes used appear in 

Appendix D. 

 

We excluded patients with a history of bariatric surgery (gastric band, vertical banded gastroplasty, and 

others) prior to the index operation. This was determined using the OBR record indicating the procedure 

was a repeat bariatric surgery. Patients were also excluded if they had an invalid unique identifier, were 

an out-of-province resident, or were aged less than 18 years. In cases where more than one record of 

bariatric surgery for an individual patient was captured during the study period, the first surgery was 

considered the index event. The index date was the date of surgery, obtained from DAD. If date of 

surgery was absent from DAD, such as for out-of-province surgeries, the OHIP date was used. Length of 

follow-up in months was calculated starting at date of index surgery until first occurrence of the primary 

outcome, date of death, end of OHIP eligibility, or end of study observation period (March 31, 2017). 

 

Outcomes 

 

The primary outcome was the first occurrence of any severe nutritional complication, defined as a 

hospital admission with a diagnosis of malnutrition, specific nutrient deficiency or neurologic 

complication associated with nutrient deficiency, occurring between the date of index surgery and the end 

of the study observation period. The primary outcome could not occur during the same hospitalization as 

the index surgery. Presence of one or more ICD-10 codes in DAD was used to define specific diagnoses 

indicating admission for malnutrition (see Appendix E, Table E1 for full list of codes). Outpatient 

diagnoses were not included as these could represent less severe cases of malnutrition, and were outside 

of the scope of this study. 
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Secondary outcomes included specific nutrient deficiencies and major types of nutrient deficiency (water 

soluble vitamin, fat soluble vitamin, mineral, other micronutrient, protein-calorie). See Appendix E, Table 

E2 for classification of codes into categories. For patients admitted with a severe nutritional complication, 

we used DAD to describe length of hospital stay, and determined use of invasive nutrition support using 

OHIP or DAD codes indicating parenteral or enteral nutrition (see Appendix F). Death occurring between 

the date of index surgery and end of study observation period was also recorded using RPDB. 

 

Factors examined 

 

Patient characteristics included demographic and comorbidity factors, as well as anthropometric and 

laboratory measurements. Age (at time of surgery) and sex were obtained from RPDB and DAD. Each 

patient was assigned to one of 14 LHINs (see Data Sources) based on patient postal code. For patients in 

the OBR, indicators of socioeconomic status (SES) included employment and education. In all patients, 

SES was also measured using the Ontario Marginalization Index. The marginalization index at time of 

surgery was obtained by calculating a summary score of quintiles in each of the four marginalization 

dimensions in ON-MARG to produce an ordinal scale (1 = least marginalized, 5 = most marginalized). 

This was done as per the ON-MARG User Guide,18 and is described in Appendix G. 

 

For patients captured in the OBR, presence of specific major comorbidities prior to bariatric surgery was 

recorded. Comorbidity was also measured for each patient using the Johns Hopkins ACG® System 

Version 10 Aggregated Diagnosis Groups (ADG)19, which are 34 clinically meaningful diagnostic 

groupings of similar disease severity, etiology and duration. ADG are further classified into 8 major and 

26 minor categories, the former representing severe and/or unstable conditions. We used a lookback 

window of 2 years prior to index surgery and categorized comorbidity burden by the number of major 

ADG (0, 1-3, more than 3). This system has been shown to predict mortality in a general population 

ambulatory cohort in Ontario.20 
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Post-surgical follow-up visit attendance at a bariatric centre at 3, 6 and 12 months after bariatric surgery 

was recorded for patients in the OBR database. Anthropometric measurements obtained from the OBR 

included height, as well as weight at the baseline visit (first contact with the bariatric clinic), at the time of 

bariatric surgery (last recorded weight prior to surgery), and at each first-year post-surgical follow-up 

visit (3 month, 6 month, 12 month). These were used to calculate BMI (kg/m2). Pre-operative weight loss 

was defined as percent change in weight from the baseline visit to the last recorded pre-operative weight. 

Patients were also classified as having Class III obesity based on OHIP code E676 (indicating BMI > 40) 

being billed at time of bariatric surgery. For patients in the OBR for whom measurements were available, 

we also captured serum albumin, vitamin D, and vitamin B12 at baseline, as well as vitamin D and 

albumin at 6 and 12 months after bariatric surgery. 

 

Surgical factors included date of index surgery and surgical center. This information was obtained from 

DAD preferentially, and where unavailable, OHIP. Surgical centers were classified into three categories: 

Ontario Bariatric Network accredited site, United States site, and Missing. A list of OBN accredited sites 

appears in Appendix B. Type of surgery was determined from DAD (primary method) and from OHIP 

codes (see Appendix D). Surgery type was categorized as RYGB, sleeve gastrectomy, or other bypass, the 

latter category including cases of BPD and BPD-DS. Surgery was also classified as being open or 

laparoscopic by the specific codes in DAD, or where not available, OHIP billing code E793, which 

indicates laparoscopic surgery. For patients having surgery in the United States or missing an institution 

designation (missing institution suspected to represent out-of-province procedures), information regarding 

laparoscopic versus open surgery was designated as missing. 

 

Other surgical factors included occurrence of an early perioperative complication or bariatric surgery-

specific complication. An early perioperative complication was defined using ICD-10 codes and CCI 

codes in DAD as a major complication occurring within 30 days of surgery. Diagnoses included major 
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vascular, renal, respiratory, neurological, gastrointestinal, incision-related, and infectious complications 

(see Appendix H). Codes for these complications were adapted from the Health Benchmarks Clinical 

Quality Indicator Specification 2008.21 We defined a bariatric surgery-specific complication as hospital 

admission for a major surgical complication related to bariatric surgery occurring at any time point after 

hospital discharge from the index surgery. These included: anastomotic leak or abscess, upper 

gastrointestinal bleeding and gastric ulcer, anastomotic or small bowel obstruction, and re-operation. 

These were defined using ICD-10 and CCI codes in DAD, as well as OHIP procedure codes (see 

Appendix I). We also separately looked at re-operations occurring in the first post-surgical year and after 

the first post-surgical year. Finally, we determined whether the patient underwent revision or conversion 

of bariatric surgery after the index date. This was defined as a second occurrence of bariatric surgery 

codes in DAD or OHIP any time after discharge from admission for the index surgery to the end of 

observation window (see Appendix D for codes). If the second surgery was the same surgery type 

(RYGB, sleeve gastrectomy, other) as the index surgery, the surgery was considered a revision. If the 

second surgery was different from the index surgery (ex. index sleeve gastrectomy with subsequent 

RYGB), the surgery was considered a conversion. 

 

Data Analysis 

 

Baseline characteristics for the whole cohort were compiled. Continuous variables with normal 

distributions are presented as means, while both means and medians are shown for those with skewed 

distributions. Weight at baseline was defined using the initial bariatric center visit weight preferentially, 

and pre-operative weight if not available. Sensitivity analysis using the reverse was also performed. 

Descriptive statistics were performed to compare patients who experienced the primary outcome to those 

who did not, to compare patients who were in the OBR database to those who were not, and compare 

patients who had surgery at an OBN accredited site versus those who had surgery elsewhere. Post hoc 

analysis was also performed to examine differences in early perioperative complications between patients 
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who had surgery at an OBN site versus elsewhere. For continuous variables, the t-test was used. In cases 

where the Folded F statistic indicated the equal variance assumption to be true, the pooled method for 

determining p value was used; otherwise, the Satterthwaite method was used. For ordinal variables, the 

Wilcoxon Rank Sum (Mann Whitney U) test was used. For categorical variables, the χ2 test was used 

except in cases with expected cell counts less than 5, where Fisher’s exact test was used. To determine the 

utility of the morbid obesity billing code, validation of this variable was performed in OBR patients who 

had height and weight recorded to allow calculation of actual BMI. 

 

Incidence rate of any severe nutritional complication was calculated for the cohort. Time to first severe 

nutritional complication was also described graphically using a survival distribution curve, with a 

cumulative hazard function to describe the risk over time.  

 

The post-operative course of patients was also described for the whole cohort, and compared using 

descriptive statistics between those who did and did not experience a severe nutritional complication. This 

course included post-operative complications (early perioperative and bariatric surgery-specific 

complications), re-operation in the first post-surgical year and after the first year, as well as change in 

weight, albumin, and vitamin D levels in the first year. Change in weight at different time points after 

surgery was calculated using pre-operative weight as the baseline. If pre-operative weight was not 

available, baseline bariatric centre visit weight was used. Sensitivity analyses using only pre-operative 

and only baseline bariatric centre visit weight to calculate post-operative weight change were also 

performed.  

 

Descriptive statistics were used as described above to compare baseline characteristics of patients with 

and without major categories of nutritional deficiency (iron, protein-calorie, water soluble vitamin). 

Additionally, we presented the proportion of patients in the cohort within each major category of 
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malnutrition, and for individual nutritional complications with at least six events. These proportions are 

partly a function of follow-up time and are not to be used to infer true proportions of complications. 

 

Post-surgical follow-up attendance was described for patients in the OBR database. Categories of follow-

up attendance were compared using a cox proportional hazards model for those who did and did not have 

the primary outcome. To avoid bias, this analysis was restricted by excluding cases of the primary 

outcome occurring during the first post-surgical year. Three different categorizations of follow-up 

attendance were created prior to data analysis: perfect follow-up (attending all three post-surgical visits 

during the first year) versus imperfect follow-up (attending two or fewer post-surgical visits); perfect 

follow-up versus no follow-up; and at least one follow-up visit versus no follow-up. We also performed 

post-hoc comparisons of follow-up attendance among those who did and did not experience a post-

operative complication, re-operation, revision, or conversion surgery. 

 

Death during the study period is described. A post hoc analysis of death in post-operative year 1 was also 

performed. For patients admitted with the primary outcome, length of stay data are reported, along with 

the proportion of patients who had enteral or parenteral nutrition support. 

 

Two-sided p values of <0.05 were considered to represent statistically significant differences. Data 

analysis was conducted at ICES-Queen’s using SAS v9.4. 

 

Results 

 

Study Cohort 

 

Between January 1, 2009 and December 31, 2015, we identified 18,983 Ontario adults who met study 

inclusion and exclusion criteria. Two hundred of these were subsequently excluded due to suspicion of 
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being non-bariatric surgery cases (see Appendix J). This left 18,783 Ontario adults who underwent 

bariatric surgery during the study period, forming our study cohort. Of these, 16,091 had surgery at an 

OBN accredited site, 2296 in the United States and 394 had missing institution. More than half (57.1%) 

of study cohort patients were captured in the OBR database: 10,710 who had surgery at an OBN 

accredited site, and 21 who had surgery outside of the OBN. 

 

Baseline characteristics of the full study cohort appear in Table 3.1. The mean age was 45.1 years and 

patients were predominantly female (81.8%) with at least one major comorbidity (61.2%). The dominant 

type of surgery was RYGB (88.8%), followed by sleeve gastrectomy (10.8%), and 97.8% of surgeries 

were done laparoscopically. Of patients in the OBR database, 88.1% were Caucasian and 2.2% were 

Aboriginal. The mean pre-operative BMI was 49.3 kg/m2. Over 70% had above High School education 

and 70.2% were actively employed before surgery. 

 

Among patients participating in the OBR, 68.4% had serum vitamin D measured prior to bariatric 

surgery, while vitamin B12 was measured in 22.6%. Pre-operative prevalence of vitamin D insufficiency 

(below 75 nmol/L) was 82.7%, and that of significant vitamin D deficiency (below 30 nmol/L) was 

14.8%, in those in whom it was measured. Pre-operative prevalence of vitamin B12 deficiency (below 

120 pg/mL) was 2.1%. 

 

From 2009 to 2010, 54.2% of Ontario patients who underwent bariatric surgery did so at a site outside of 

the OBN and only 3.1% were included in the bariatric registry. After 2010, only 10 surgeries (<1%) were 

done outside of the OBN. Meanwhile, enrolment in the OBR sharply increased in 2011, and from 2012-

2015, 85% of Ontario patients who underwent bariatric surgery were enrolled in the bariatric registry. 

Patients who had surgery outside of the OBN and those not participating in the OBR were younger, less 

likely to be female, and more likely to have RYGB. Those not participating in the OBR also had more 

major comorbidities. Comparison of baseline characteristics by inclusion in the OBR is presented in  
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Table 3.1. Baseline characteristics of Ontario adults undergoing bariatric surgery from 2009-2015, 
N = 18,783. 

Variable N (%)a 

Age in years, mean (SD) 45.1 (+ 10.6) 
Female sex 15,365 (81.8) 
Weightb (kg)  

Mean (SD) 135.8 (26.8) 
Median (IQR) 131.3 (116.9-149.9) 

Pre-operative weight lossc (%), mean 
(SD) 

2.2 (+ 5.5) 

BMId (kg/m2)  
Mean (SD) 49.3 (+ 8.0) 

Median (IQR) 47.8 (43.5-53.5) 
Albumine (g/L), mean (SD) 40.1 (+ 3.7) 
B12f (pg/mL)  

Mean (SD) 313.5 (+ 162.9) 
Median (IQR) 270 (210-371) 

Vitamin Dg (nmol/L), mean (SD) 53.7 (+ 24.7) 
Presence of comorbidityh  

Coronary artery disease 225 (2.2) 
COPD 43 (0.4) 

Diabetes 3172 (30.9) 
Venous Thromboembolism 291 (2.8) 

Heart failure 109 (1.1) 
Hypertension 4533 (45.1) 
Renal disease 16 (0.2) 

Sleep apnea 4600 (44.8) 
Stroke/TIA 117 (1.1) 

Prior surgery 2637 (25.7) 
GI disease 813 (7.9) 

Number of major comorbiditiesi  
0 7293 (38.8) 

1-3 11,045 (58.8) 
>3 445 (2.37) 

Highest level of educationj  
High School or below 2772 (28.7) 

Above High School 6879 (71.3) 
Employment levelk  

Employed 6777 (70.2) 
Unemployed 1611 (16.7) 

Disability 1264 (13.1) 
Ethnicityl  

Caucasian 7556 (88.1) 
Aboriginal 189 (2.2) 

Other 830 (9.7) 
Marginalization scorem  

1-2 2524 (13.6) 
2.25-2.5 3580 (19.3) 

2.75-3 3682 (19.9) 
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3.25-3.75 5349 (28.9) 
4-5 3384 (18.3) 

Type of Surgery   
RYGB 16,671 (88.8) 

Sleeve gastrectomy 2032 (10.8) 
Other 80 (0.4) 

Laparoscopic surgeryn 15,735 (97.8) 
Institution affiliation  

OBN site 16,093 (85.7) 
United States site 2296 (12.2) 

Missing 394 (2.1) 
aValues presented as N (%) unless otherwise specified 
bN = 10,377. Weight at baseline bariatric center visit used where available, otherwise pre-operative weight used 
cN = 9183. Percent of body weight lost from baseline bariatric centre visit to time of bariatric surgery. 
dN = 10,347 
eN = 8990 
fN = 2429 
gN = 7343 
hData presented for patients in OBR database, N = 10,263 except for venous thromboembolism (N = 10,260), heart 
failure (N = 10,259), stroke/TIA (N = 10,257), prior surgery (N = 10,258), GI disease (N = 10,252) 
iSevere and/or unstable conditions as defined by Johns Hopkins system of Aggregated Diagnosis Groups (ADG) 
jN = 9651 
kN = 9652 
lN = 8575 
mMissing = 264  
nMissing = 2690 
 
SD = standard deviation. IQR = interquartile range. BMI = body mass index. COPD = chronic obstructive 
pulmonary disease. TIA = transient ischemic attack. GI = gastrointestinal. ADG = aggregated diagnosis 
groups. RYGB = Roux-en-Y gastric bypass. OBN = Ontario Bariatric Network. 
 
 
 
 

Appendix K, and that of patients who had surgery at an OBN site versus outside of the OBN appears in 

Appendix L. 

 

Severe nutritional complications 

 

Of 18,783 patients who underwent bariatric surgery during the study period, 381 (2%) had the primary 

outcome of at least one hospital admission with a diagnosis of malnutrition, specific nutrient deficiency or 

neurologic complication associated with nutrient deficiency, occurring between the date of discharge 

from hospital for index surgery until end of the study. 72 (19%) of these admissions occurred during the 
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first post-operative year. The average length of follow-up was 53.3 months, with a maximum follow-up 

time of 105 months. Minimum follow-up was 15 months for all patients except those who died or 

experienced the primary outcome in the first 15 months, as well as 40 patients whose OHIP eligibility 

ended prior to 15 months. The incidence rate of severe nutritional complications was 4.5 per 1000 person-

years.  When data were examined in the form of survival distribution (see Figure 3.1), the cumulative 

hazard function demonstrated the risk of severe nutritional complications to be constant over time. 

 

Comparison of baseline characteristics of patients with and without a severe nutritional complication is 

presented in Table 3.2. Patients who experienced severe nutritional complications were statistically 

significantly more likely to be younger and have more major comorbidities. Patients who experienced 

severe nutritional complications were also more likely to undergo RYGB and have open surgery. Patients 

whose surgery was performed in the United States (12% of the cohort) made up 23% of the severe 

nutritional complication group. However, the association between site of surgery and severe nutritional 

complications was no longer statistically significant when stratified by year of bariatric surgery (see 

Appendix M). There was no relationship between patient LHIN or marginalization index and severe 

nutritional complications. Of those captured in the bariatric registry, patients who experienced a severe 

nutritional complication were more likely to be unemployed or disabled at baseline (p < 0.001), and have 

below High School education (p = 0.07). With respect to specific comorbidities, history of heart failure (p 

= 0.003) was statistically significantly associated with severe nutritional complications. Patients 

participating in the OBR were also statistically significantly less likely to have severe nutritional 

complications compared to those not participating (p < 0.001). 
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Figure 3.1. Kaplan-Meier survival curve of time to severe nutritional complication in Ontario 
adults who underwent bariatric surgery between 2009-2015 (top panel)a, and cumulative hazard 
function (bottom panel). N = 381 events over 83,430 person-years of follow-up. 

                                                        
aNote: Y axis begins at 0.95. Six observations were excluded due to missing end of OHIP eligibility. 
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Table 3.2. Baseline characteristics of Ontario adults undergoing bariatric surgery from 2009-2015, 
by occurrence of a severe nutritional complication, N = 18,783. 

 
Variable Nutritional complicationa 

N = 381 
No complicationa 

N = 18,402 
p value 

Age in years, mean (SD) 43.9 (+ 11.4) 45.1 (+ 10.5) 0.03 
Female sex 315 (82.7) 15,050 (81.8) 0.69 
Weightb (kg)    

Mean (SD) 133.5 (+ 27.3) 135.8 (+ 26.8) 0.33 
Median (IQR) 130.0 (114.2-148.2) 131.3 (116.9-150.0)  

Pre-operative weight lossc (%), 
mean (SD) 

2.4 (+ 6.0) 2.2 (+ 5.5) 0.69 

BMId (kg/m2)    
Mean (SD) 48.5 (+ 8.1) 49.3 (+ 8.0) 0.22 

Median (IQR) 47.3 (43.7-52.5) 47.8 (43.5-53.6)  
Albumine (g/L), mean (SD) 39.5 (+ 3.6) 40.1 (+ 3.7) 0.14 
B12f (pg/mL)    

Mean (SD) 277.8 (+ 88.7) 313.7 (+ 163.2) 0.14 
Median (IQR) 264 (223-327) 270 (210-371)  

Vitamin Dg (nmol/L), mean 
(SD) 

55.8 (+ 25.3) 53.7 (+ 24.7) 0.44 

Presence of comorbidityh    
Coronary artery disease <6 (0.7-3.7) 220-224 (2.2) 0.55 

COPD 0 (0) 43 (0.4) 1.0 
Diabetes 37 (27.2) 3135 (31.0) 0.35 

Venous Thromboembolism <6 (0.7-3.7) 286-290 (2.8-2.9) 0.55 
Heart failure <6 (0.7-3.7) 104-108 (1.0-1.1) 0.003 

Hypertension 59 (43.4) 4574 (45.2) 0.68 
Renal disease 0 (0) 16 (0.16) 1.0 

Sleep apnea 60 (44.1) 4540 (44.8) 0.87 
Stroke/TIA <6 (0.7-3.7) 112-116 (1.1) 0.07 

Prior surgery 29 (21.3) 2608 (25.8) 0.24 
GI disease 13 (9.6) 800 (7.9) 0.48 

Number of major ADGi    
0 128 (33.6) 7165 (38.9) <0.001 

1-3 230 (60.4) 10815 (58.8)  
>3 23 (6.0) 422 (2.3)  

Highest level of educationj    
High School or below 41 (36.3) 2731 (28.6) 0.07 

Above High School 72 (63.7) 6807 (71.4)  
Employment levelk    

Employed 62 (54.9) 6715 (70.4) <0.001 
Unemployed 23 (20.4) 1588 (16.7)  

Disability 28 (24.8) 1236 (13.0)  
Ethnicityl    

Caucasian 88 (86.3) 7468 (88.1) 0.56 
Aboriginal/Other 14 (13.7) 1005 (11.9)  

Marginalization scorem    
1-2 43 (11.5) 2481 (13.7) 0.13 

2.25-2.5 58 (15.6) 3522 (19.4)  
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2.75-3 83 (22.3) 3599 (19.8)  
3.25-3.75 124 (33.2) 5225 (28.8)  

4-5 65 (17.4) 3319 (18.3)  
Type of Surgery     

RYGB 352 (92.4) 16319 (88.7) 0.02 
Non-RYGB 29 (7.6) 2083 (11.3)  

Laparoscopic surgeryn 256 (93.8) 15,479 (97.8) <0.001 
Bariatric registry participant 140 (36.8) 10,591 (57.6) <0.001 
Institution type    

OBN site 273 (71.7) 15,820 (86.0) <0.001 
United States site 89 (23.4) 2207 (12.0)  

Missing 19 (5.0) 375 (2.0)  
aValues presented as N (%) unless otherwise specified 
bN = 136 for nutritional complication group, N = 10,241 for no complication group. Weight at baseline bariatric 
center visit used where available, otherwise pre-operative weight used. 
cN = 114 for nutritional complication group, N = 9069 for no complication group. Percent of body weight lost from 
baseline bariatric centre visit to time of bariatric surgery. 
dN = 136 for nutritional complication group, N = 10,211 for no complication group 
eN = 103 for nutritional complication group, N = 8887 for no complication group 
fN = 15 for nutritional complication group, N = 2414 for no complication group 
gN = 83 for nutritional complication group, N = 7260 for no complication group 
hN = 136 for all nutritional complication group; N = 10,127 for no complication group except for venous 
thromboembolism (N = 10,124), heart failure (N = 10,123), stroke/TIA (N = 10,121), prior surgery (N = 10,122), GI 
disease (N = 10,116). Small cell sizes <6 are suppressed and presented as a range. 
iSevere and/or unstable conditions as defined by Johns Hopkins system of Aggregated Diagnosis Groups (ADG) 
jN = 113 for nutritional complication group, N = 9538 for no complication group 
kN = 113 for nutritional complication group, N = 9539 for no complication group 
lN = 102 for nutritional complication group, N = 8473 for no complication group 
mN = 373 for nutritional complication group, N = 18,146 for no complication group 
nN = 273 for nutritional complication group, N = 15,820 for no complication group 
 
SD = standard deviation. IQR = interquartile range. BMI = body mass index. COPD = chronic obstructive 
pulmonary disease. TIA = transient ischemic attack. GI = gastrointestinal. ADG = aggregated diagnosis 
groups. RYGB = Roux-en-Y gastric bypass. OBN = Ontario Bariatric Network 
 

 

Specific nutrient deficiencies 

 

The proportion of patients with specific nutrient deficiencies and the most common categories of 

malnutrition appears in Table 3.3. The most common specific nutrient deficiency was iron (1%). Factors 

associated with iron deficiency were younger age (p=0.006), female sex (p=0.046), history of heart failure 

(p=0.006), history of stroke (p=0.007), non-participation in the bariatric registry (p<0.001), surgery 

outside the OBN (p<0.001), and non-laparoscopic surgery (p=0.003) [see Appendix N, Table N1]. 
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Table 3.3. Proportion of patients with hospital admission with specific nutrient deficiencies for the 
most common nutrient deficiencies and categories of malnutrition occurring after bariatric surgery 
in Ontario adults who underwent bariatric surgery from 2009-2015, N = 18,783. 

 
Type of nutrient deficiency N (%)a 
Iron  190 (1.0) 
Protein-calorie 172 (0.92) 
Water soluble vitamins 31 (0.17) 

Thiamine 10 (0.05) 
Folate 7 (0.04) 

B12 & other B vitaminsb 18 (0.1) 
Fat soluble vitaminsc <6 (0.005-0.03) 
Minerals other than irond 8 (0.04) 
Malnutrition Neuropathy <6 (0.005-0.03) 
Multiple or unspecified nutrient 11 (0.06) 

 

aSmall cell sizes <6 are suppressed and presented as a range 
bIncludes niacin, riboflavin, pyridoxine and other B group vitamins not otherwise specified 
cIncludes vitamins A and D 
dIncludes calcium and zinc 
 

 

 

Protein-calorie malnutrition occurred in 0.92% of patients. Factors associated with protein-calorie 

malnutrition were higher baseline comorbidity burden (number of major ADG, p<0.001), non-

participation in the bariatric registry (p<0.001), lower education level (p=0.03), being unemployed or 

disabled at baseline (p=0.012), and non-laparoscopic surgery (p<0.001) [see Appendix N, Table N2]. 

Deficiency in water-soluble vitamins (all B group vitamins) was uncommon, occurring in 0.2% of the 

cohort. Factors associated with water-soluble vitamin deficiency were younger age (p =0.049), higher 

marginalization index (p=0.03), higher baseline comorbidity burden (p=0.005), and non-participation in 

the bariatric registry (p=0.005) [see Appendix N, Table N3]. 

 

Anthropometry and serum markers during first year 

 

In patients participating in the bariatric registry (N = 10,731) for whom data were available, changes in 

weight, serum albumin and vitamin D levels during the first post-operative year are presented in Table 
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3.4. Mean percent weight loss in all patients was 17% at three months, 26% at 6 months, and 31% at one 

year. Patients who experienced severe nutritional complications had statistically significantly greater 

weight loss at one year (35% vs 31%, p=0.002). In those who had a severe nutritional complication, 

albumin levels were statistically significantly lower at 6 months (p=0.006), but not at one year. On 

average, vitamin D levels markedly increased after surgery, with mean 90% increase from baseline at 6 

months and 84% at one year. A less robust increase in vitamin D levels was seen in those with severe 

nutritional complications. 

 

Sensitivity analysis was performed excluding cases of severe nutritional complications that occurred 

during the first post-operative year (see Appendix O, Table O1). The results were similar, with 

statistically significantly greater weight loss at 1 year and drop in albumin at 6 months in the severe 

nutritional complications group. In addition, the lower mean increase in vitamin D at 6 months (90% vs 

57%) was statistically significant (p=0.007). Sensitivity analysis was also performed for post-operative 

weight loss (see Appendix O, Table O2). When post-operative weight loss was calculated using baseline 

bariatric centre visit weight as the starting point, there was statistically significantly greater weight loss at 

3 months (p=0.04), 6 months (p=0.005), and at 1 year (p=0.004) in patients who had severe nutritional 

complications. 

 

In the whole cohort, 16,093 patients had billing data indicating presence or absence of morbid obesity at 

time of bariatric surgery. 15,165 (94%) of patients in this subgroup were coded as having Class III 

obesity. The physician billing code for Class III obesity was validated against BMI data from OBR 

patients (see Appendix P). Due to poor specificity (<6%), the variable was discarded. 
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Table 3.4. Change in weight, serum albumin and vitamin D levels during the first post-operative year in Ontario adults undergoing 
bariatric surgery from 2009-2015 who were part of the Ontario Bariatric Registry. 

 
Variable Whole cohort Nutritional complication No complication p value 

 Na Mean (SD) Na Mean (SD) Na Mean (SD)  
Percent weight loss        

At 3 months 8128 17.4 (+ 5.6) 100 18.3 (+ 5.4) 8028 17.4 (+ 5.6) 0.10 
At 6 months 7348 25.6 (+ 6.4) 83 26.9 (+ 7.0) 7265 25.5 (+ 6.5) 0.07 

At 12 months 5919 31.4 (+ 8.6) 68 34.7 (+ 8.9) 5851 31.4 (+ 8.6) 0.002 
Percent change in albumin        

At 6 months 5634 0.59 (+ 13) 57 -3.1 (+ 10) 5577 0.62 (+ 13) 0.006 
At 12 months 4503 0.76 (+ 13) 45 -0.09 (+ 10) 4458 0.77 (+ 13) 0.56 

Percent change in vitamin D        
At 6 months 4611 90 (+ 117) 45 70 (+ 81) 4566 90 (+ 117) 0.10 

At 12 months 3553 84 (+ 112) 34 69 (+ 79) 3519 84 (+ 112) 0.26 
aN = Number of patients supplying data for summary statistic calculation 
 
SD = standard deviation 
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Post-operative complications and additional surgery 

 

Post-operative complications and additional surgeries in all patients, as well as by presence and absence 

of severe nutritional complications, are presented in Table 3.5. Overall, 2835 patients (15.1%) had a 

bariatric surgery-specific complication. The proportion of patients with anastomotic bleeding or ulcer was 

4.3%, small bowel obstruction 4.8%, re-operation 3.6%, anastomotic stricture 0.6%, and anastomotic leak 

or fistula 3.5%. Of those admitted to hospital with a bariatric surgery-specific complication, 818 (28.9%) 

had more than one admission. 

 

Early perioperative complication within 30 days of surgery occurred in 2093 patients (11.1%). Second 

occurrence of bariatric surgery was seen in 2.1% of patients (revision of original surgery 1.3%, 

conversion to different bariatric anatomy 0.8%). The most common type of conversion surgery was sleeve 

gastrectomy to RYGB (48.1%), followed by sleeve gastrectomy to other bypass (33.8%). Of the 396 

patients who required bariatric surgery revision or conversion, 191 (48.2%) had a bariatric surgery-

specific complication, and 43 (10.9%) had a severe nutritional complication. 

 

As outlined in Table 3.5, occurrence of an early perioperative and/or bariatric surgery-specific 

complication was seen in 221 (58%) patients with severe nutritional complications. While early 

perioperative complications were slightly more common in those with a severe nutritional complication 

(17%) compared to those without such a complication (11%), bariatric surgery-specific complications 

were seen in over half of those with severe nutritional complications, compared to 14.3% in those 

without. Multiple bariatric surgery-specific complications were common in patients with severe 

nutritional complications, with 32% having two or more surgical complications, compared to 3.8% of 

those who did not have a nutritional complication. Revision and conversion of bariatric surgery, as well as 

any re-operation, were also each statistically significantly more likely to be seen in those with severe 

nutritional complication. 
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Table 3.5. Post-operative complications and additional surgeries in Ontario adults undergoing 
bariatric surgery between 2009-2015, overall and by occurrence of a severe nutritional 
complication, N = 18,783. 

 
Variable Whole cohorta 

N = 18,783 
Nutritional 

complicationa 
N = 381 

No 
complicationa 

N = 18,402 

p value 

Early perioperative complication 2093 (11.1) 68 (17.0) 2025 (11.0) <0.001 
Bariatric surgery-specific 
complication 

2835 (15.1) 204 (53.5) 2631 (14.3) <0.001 
 

Number of bariatric surgery-
specific complications 

    
 

None 15,948 (84.9) 177 (46.5) 15,771 (85.7) <0.001 
1 2017 (10.7) 89 (23.4) 1928 (10.5)  
2 487 (2.6) 47 (12.3) 440 (2.4)  

3+ 331 (1.8) 68 (17.9) 263 (1.4)  
Re-operation in first year 367 (2.0) 19 (5.0) 348 (1.90) <0.001 
Re-operation after first year 317 (1.7) 12 (3.2) 305 (1.7) 0.03 
Revision surgery 242 (1.3) 29 (7.6) 213 (1.1) <0.001 
Conversion surgery 154 (0.8) 14 (3.7) 140 (0.8) <0.001 

aValues presented as N (%) 
 
 

 

Since early perioperative complications predominantly occur during the same admission as the index 

surgery, and some surgeries in our cohort were performed out of province (ie. did not have data in DAD), 

we performed a post hoc analysis of early perioperative complications by site of surgery. Early 

perioperative complications were found in 12.8% of those with surgery at an OBN site, versus 1.4% for 

patients who had surgery elsewhere (see Appendix Q, Table Q1). As this difference was determined to 

reflect missing data, the relationship between early perioperative complications and severe nutritional 

complications was then examined in patients who had surgery at an OBN site only (see Appendix Q, 

Table Q2). When non-OBN site surgeries were excluded, 21.3% of patients with severe nutritional 

complication were found to have an early perioperative complication, compared to 12.6% of those 

without a severe nutritional complication. 
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Follow-up attendance 

 

In the 10,731 patients participating in the bariatric registry, attendance at mandated 3, 6, and 12-month 

post-surgical visits at the bariatric centre is described in Table 3.6. This does not include early post-

operative visits at 4-6 weeks, which were not recorded in the database until 2014. Fewer than half of 

patients had perfect attendance (attending all three follow-up visits), and 18.5% did not attend any follow-

up visits. The 3-month visit was the best attended, with follow-up falling off thereafter. 

 

Table 3.6. Patterns of follow-up visit attendance at the bariatric centre in the first year after 
surgery in Ontario adults undergoing bariatric surgery between 2009-2015, excluding early 6-week 
post-operative visit. N = 10,731. 

 
Visit Patients attending, N (%) 
3 month 8280 (77.2) 
6 month 7317 (68.2) 
1 year 5923 (55.2) 
No follow-up visits 1985 (18.5) 
1 visit only 1288 (12.0) 
2 visits 2142 (20.0) 
3 visits 5316 (49.5) 

 
 
 

The association of follow-up visit attendance with risk of severe nutritional complications after the first 

post-surgical year is described in Table 3.7. Compared to those with perfect follow-up attendance, those 

attending fewer than three follow-up visits had an increased risk of hospital admission for severe 

nutritional complications (HR 1.98, 95% CI 1.35-2.90). Increased risk of severe nutritional complications 

was also seen in those with no follow-up visits compared to those with perfect follow-up, and those with 

no follow-up compared to those with at least one follow-up visit. 
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Table 3.7. Risk of severe nutritional complication after the first post-operative year following 
bariatric surgery, by follow-up visit attendance during the first post-operative year, in Ontario 
adults enrolled in the Ontario Bariatric Registry, from 2009-2015, using a Cox Proportional 
Hazards model. 

 
Follow-up category HR 95% Confidence 

Interval 
p value 

Perfect vs imperfect follow-upa    
Attending <3 visits 1.98 1.35-2.90 <0.001 

Attending 3 visits ref   
Perfect vs no follow-upb    

Attending 0 visits 2.48 1.47-4.18 <0.001 
Attending 3 visits ref   

Any follow-up vs no follow-
upa 

   

Attending 0 visits 1.95 1.21-3.14 0.006 
Attending 1-3 visits ref   

aN = 10,664 with 110 events 
bN = 7260 with 68 events 

 

 

The relationship between follow-up attendance and post-surgical complications as well as additional 

surgeries was explored (see Appendix R, Tables R1-R4). Patients who had an early perioperative 

complication attended statistically significantly fewer follow-up visits than those without such 

complications (p<0.001). Patients who underwent re-operation at any point attended more follow-up 

visits than those who did not (p<0.001). The pattern was similar for both early and late re-operations. 

There was no difference between follow-up attendance of patients with and without a bariatric surgery-

specific complication during the first post-operative year, and by whether the patient had revision or 

conversion of bariatric surgery. 

 

Death 

 

Overall, 392 patients (2.1%) died during the study period, with 77 deaths (0.4%) occurring during the first 

post-operative year. Analysis of death rates over time showed a steady fall in rate of death during the first 
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post-operative year in each year, from 0.85% in 2009 to 0.2% in 2015. Of patients who experienced 

severe nutritional complications, 40 (10.5%) died, compared to 352 (1.9%) of those without a severe 

nutritional complication (p<0.001). Compared to patients not participating in the bariatric registry, those 

in the OBR were statistically significantly less likely to die during the first post-operative year (0.75% 

versus 0.16%, p<0.001). The association of death with OBR participation persisted after stratifying by 

year of index surgery. 

 

Length of stay and invasive nutrition support 

 

There were 521 hospital admissions for severe nutritional complication after bariatric surgery in 381 

patients, with a range of 1 to 8 hospitalizations per patient. Mean length of stay of the first hospital 

admission with a severe nutritional complication was 11 days, with median of 4 days. Sixty-four patients 

(16.8%) had a second admission for malnutrition during the study period, with mean length of stay 16.8 

days (median 8.5). Among patients requiring a third or further additional admission with malnutrition, the 

mean length of stay was 16.4 days (median 9.5). 

 

Of 381 patients with a first admission for severe nutritional complications during the study period, 56 

(14.7%) received parenteral nutrition (PN) and 19 (5%) received enteral nutrition (EN) support. In 64 

patients admitted a second time with severe nutritional complications, 25% received PN and 17.2% 

received EN. In patients diagnosed with protein-calorie malnutrition, 43.6% received invasive nutrition 

support during at least one of their hospital admissions: 37.8% received PN, 17.4% received EN, and 

5.8% received both. Invasive nutrition support was only used in 1.4% of patients who had a nutritional 

complication without a diagnosis of protein-calorie malnutrition. 
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Discussion 

 

In this population-based study of 18,783 Ontario adults who underwent bariatric surgery, we found 2% of 

patients had a severe nutritional complication during the study observation period, with an incidence rate 

of 4.5 per 1000 person-years. Risk of hospitalization with malnutrition was constant over time, even 8 

years after bariatric surgery. The most common nutritional deficiencies were iron and protein. Most cases 

of severe nutritional complication were associated with a post-operative medical or surgical complication. 

A statistically significantly greater proportion of patients with severe nutritional complications died 

during the study period, compared to those without such complications. 

 

Multiple authors have demonstrated a high prevalence of serologic nutrient deficiencies after bariatric 

surgery, with several well written review articles describing this phenomenon.4, 22 However, the 

epidemiology of severe malnutrition after bariatric surgery is largely unknown, and these complications 

are often simply said to be “rare”. In 2004, Faintuch et al. described a consecutive series of 236 RYGB 

patients who had surgery between 1998-2003, and found 4.7% of their cohort experienced severe protein-

calorie malnutrition (PCM), with 2.5% requiring hospitalization.23 In our study, we found 2% of our 

cohort had at least one hospitalization with malnutrition, including 0.9% for PCM. The difference in 

proportion of patients hospitalized for PCM in our study compared to Faintuch et al. is most likely due to 

improvements in surgical techniques, as well as pre and post-surgical management of bariatric patients in 

the 15 years between our study and theirs, leading to a reduction in incidence of PCM. Since our study 

did not capture non-hospitalized PCM, the difference may also be partially explained by reduction in 

hospitalization, and not PCM. However, it is important to consider that these proportions do not represent 

incidence and cannot be directly compared, as observation time may have significantly differed between 

the two studies (observation time is not reported by Faintuch et al.). 
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It has been widely reported that following bariatric surgery, many patients have inadequate micronutrient 

and protein intake.24-26 Complications after surgery can lead to further reduction in oral intake. In the 

Faintuch study, a defined event believed to trigger malnutrition such as gastric stenosis or venous 

thrombosis was seen in 64% of cases.23  In our study, 58% of patients with severe nutritional 

complications had a medical or surgical post-operative complication. Because data on early perioperative 

complications was mostly unavailable for patients with surgery outside of the OBN, this proportion is 

likely an underestimate (discussed further below). Although our findings cannot be used to infer causality, 

they do appear to be consistent with previous work which suggests that most severe nutritional 

complications after bariatric surgery are seen in patients with a post-surgical complication, but in at least 

one third of cases, severe malnutrition occurs without an identifiable associated complication. Regardless 

of the reason, severe malnutrition after bariatric surgery is associated with adverse clinical outcomes, 

including death. In our study, the proportion of patients who died was significantly higher in those who 

had severe nutritional complications, with 10% of those patients dying during the study period, compared 

to 2% overall. This finding warrants further study. 

 

Protein-calorie malnutrition is frequently under-diagnosed in obese patients, as biochemical markers are 

unreliable and physical examination may hide low muscle mass.27 In our study, we found 0.92% of the 

cohort had at least one hospitalization with PCM. These patients likely represent the most extreme and 

clinically evident cases. Despite this, fewer than half of these patients received invasive nutrition support 

during the hospitalization. The re-admission rate in this population was 28%, and 15.7% of these patients 

died during the study observation period, compared to 2% of those without this diagnosis. Guidelines 

from the American Association of Clinical Endocrinologists, the Obesity Society, and the American 

Society for Metabolic & Bariatric Surgery recommend severely malnourished post-bariatric surgery 

patients should all receive invasive nutrition support, while those at high nutritional risk (unable to meet 

energy requirements) receive invasive nutrition support within 5-7 days of noncritical illness, and within 
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3-7 days of critical illness.12 Therefore, it appears that invasive nutrition support was significantly 

underused in our study population with PCM.  

 

It is worth noting that even before bariatric surgery, morbidly obese individuals are well documented to 

have a high prevalence of multiple nutrient deficiencies. The most commonly reported deficiencies are of 

vitamin D, iron, vitamin B12, and thiamine.4 Multi-society guidelines have strongly recommended routine 

pre-operative micronutrient testing for all bariatric surgery candidates, with a weak recommendation for 

routine pre-operative supplements in lieu of screening due to cost considerations.12 In our study, more 

than two thirds of patients in the bariatric registry had vitamin D measured prior to surgery, while only 

one third had measurements done at 1 year. Vitamin B12 was measured in under one quarter of patients 

pre-operatively, with unknown frequency of post-operative testing. Data regarding measurement of other 

nutrients were not available. A large American study using administrative data found that fewer than 25% 

of patients had basic micronutrient testing before bariatric surgery (iron, B12, folate, vitamin D), and 

testing after surgery was variable and dropped off over time.13 Therefore, it would seem that 

micronutrient testing practice in Ontario is similar to that in the United States, with perhaps more 

attention to vitamin D deficiency. In our study, hospitalization with vitamin D deficiency was seen in less 

than 0.03% of patients; however, our study findings cannot be used to infer that greater attention to 

vitamin D status reduced the risk of severe vitamin D deficiency, as vitamin D deficiency does not have a 

unique or specific presentation and severe vitamin D deficiency does not by itself cause a syndrome that 

would require hospitalization. 

 

Noncompliance with nutritional supplements after bariatric surgery is known to be common and 

contribute to post-operative deficiencies.28, 29 It has also previously been suggested that patients who are 

non-compliant with post-operative bariatric centre visits have more serologic nutrient deficiencies.7 In our 

study, we did not have data regarding patient compliance with supplements; however, we did have 

information on bariatric centre follow-up attendance during the first post-operative year. We found that 
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only half of patients in our cohort attended all routine visits, and patients who attended fewer visits had an 

increased risk of severe nutritional complications beyond the first post-operative year. Further study is 

planned to explore whether this represents an independent association. 

 

In this study, we found several baseline predictors of severe nutritional complications after bariatric 

surgery. Overall, younger age and higher comorbidity burden were associated with the occurrence of 

severe nutritional complications, while female sex and history of heart failure or stroke were associated 

with the occurrence of iron deficiency. Previous studies have shown female sex and younger age to be 

risk factors for vitamin deficits after bariatric surgery.29 Our study suggests comorbidity burden and 

specific comorbidities may also increase risk of nutrient deficiencies, or perhaps more likely, increase risk 

of nutrient deficiencies becoming severely symptomatic. 

 

Our follow-up data over the first post-operative year showed that patients with severe nutritional 

complications had greater weight loss at one year after surgery and a drop in serum albumin at 6 months, 

with both findings being statistically significant. When post-operative weight loss was calculated using 

first bariatric center contact as baseline, we found that patients who had severe nutritional complications 

showed statistically significantly greater weight loss at each time point after surgery (3, 6 and 12 months). 

It has been proposed that ongoing weight loss two years after bariatric surgery should raise concern for 

malnutrition.30 Our study suggests that greater than expected weight loss during the first post-operative 

year may also be a useful marker. However, further study is needed to determine what constitutes excess 

weight loss in the first year. 

 

Socioeconomic status is associated with morbid obesity, is known to impact access to bariatric surgery,31, 

32 and has been associated with inferior post-operative maintenance of weight loss.33 It has also been 

increasingly recognized that socioeconomic factors are predictors of malnutrition in patients with morbid 

obesity. A retrospective study of adult patients with morbid obesity in France found that low 
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socioeconomic status was an independent predictor of vitamin D deficiency.34 A recent American cross-

sectional study of morbidly obese patients awaiting bariatric surgery found that African American and 

Hispanic ethnicity was associated with lower levels of vitamin A, vitamin E and thiamine, as well as 

deficiency of multiple micronutrients concurrently.35 While ethnic disparities in nutrient levels may be 

partly due to differences in lifestyle and genetics, socioeconomic status may also play a role. To date, 

studies of nutrient deficiencies after bariatric surgery have not examined socioeconomic factors. In our 

study, we found that patients who experienced a severe nutritional complication after bariatric surgery 

were more likely to be unemployed or disabled at baseline, and have a lower level of education. We also 

found statistically significant associations between protein-calorie malnutrition and employment status 

and education level, and between water soluble vitamin deficiency and a greater degree of 

marginalization. Our findings thus suggest that socioeconomically disadvantaged individuals may be at 

greater risk of nutritional complications after bariatric surgery. Proposed reasons include inability to 

afford nutritional supplements and less access to medical care. This novel finding warrants further study. 

 

This study demonstrates successful implementation of a centralized bariatric network in a large province 

with a universal single-payer healthcare system. Mortality and re-operation were uncommon among 

patients who had surgery within the OBN, even after adjusting for year of surgery. However, we also 

identify areas for improvement. In this study, patients who did not participate in the bariatric registry had 

more nutritional complications. They also had a higher risk of death in the first post-surgical year, even in 

the last few years of the study. We also found that some patients did not attend mandated follow-up visits 

at the bariatric centre in the first post-operative year, despite universal healthcare coverage, and that 

suboptimal follow-up attendance was a risk factor for nutritional complications beyond the first post-

operative year. Further study is needed into patients who decline registry inclusion and miss follow-up to 

determine if lack of follow-up contributes to poor outcomes, or is a marker of other causative factors. 
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It is important to note that this study captures only a fraction of the malnutrition burden in our population. 

We did not identify any instances of vitamin C deficiency, and found fewer than six cases of fat soluble 

vitamin deficiency. By contrast, in studies where routine testing for deficiencies is performed in all 

patients, serologic deficiencies in these vitamins following bariatric surgery are well documented: 34.6-

50% for vitamin C36, 37, 52-69% for vitamin A,38 8.7% for vitamin E,39 50% for vitamin K.40 We also 

found only 8 cases (0.04%) of mineral deficiency other than iron, despite the fact that serologic 

deficiencies of minerals after bariatric surgery are not so rare.41 There are multiple reasons for the low 

occurrence of deficiencies seen in this study. Most deficiencies do not have a single, specific clinical 

presentation and many micronutrients are not part of routinely ordered laboratory testing panels. While 

serologic micronutrient deficiencies may be asymptomatic, in many cases symptoms are vague and 

nonspecific, resulting in long diagnostic delay or failure to make a diagnosis. Symptomatic deficiencies 

may have been treated in the outpatient setting and not captured in our study. However, even patients 

presenting to hospital with complications of nutrient deficiency may have been undiagnosed or 

misdiagnosed. It is also possible that nutrient deficiency may have been diagnosed in hospital but the 

diagnosis was not prominently featured in the medical record and therefore not coded in the 

administrative data. 

 

Our data suggest that the risk of severe nutritional complication is constant over time following bariatric 

surgery. Therefore, the study finding of 2% of patients having severe nutritional complications is an 

underestimation of the true lifetime risk of this complication due to our limited follow-up period. Serious 

complications, including intestinal failure requiring home invasive nutrition support, can manifest even 

four decades after bariatric surgery.42 A recent Mayo Clinic home parenteral nutrition (HPN) database 

review found 6.3% of their HPN patients had a history of bariatric surgery, with 72% of those having had 

RYGB.42 Median time from surgery to start of HPN was 7.2 years.42 The comparatively short follow-up 

period in our study would not capture most such patients. Finally, this study was also not designed to 

capture most neurologic complications of bariatric surgery, which rarely require hospitalization. 
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Prevalence of neurologic complications after bariatric surgery, mostly consisting of peripheral 

neuropathy, is estimated to be at least 5-10%.43 

 

Strengths of this study include use of population-based data in a single-payer healthcare system, which 

allowed us to capture almost all bariatric surgeries in Ontario patients. Use of administrative data for 

determining outcome avoids selective loss to follow-up, which can bias results toward finding fewer or 

more complications. The large cohort size allowed us to study predictors of rare outcomes, although we 

did not perform multivariable analysis and therefore these factors cannot be considered to be independent 

predictors. Linking to the Ontario Bariatric Registry allowed us to include detailed medical history, 

socioeconomic factors, and details of anthropometric and laboratory measurements pre-operatively and 

during the first post-operative year.  Although this type of study is limited by misclassification, that which 

is present in administrative data is expected to be mostly non-differential. Misclassification present in the 

bariatric registry is also expected to be non-differential, although missing values may impact this. 

Misclassification and its potential impact on study findings is detailed below as well as in the common 

discussion (see Chapter 5). 

 

There are several limitations to this study. Use of retrospective administrative data introduces potential 

for random error and missing data leading to non-differential misclassification. Use of diagnostic codes to 

define the outcome introduces potential for misclassification as well, and is expected to have low 

sensitivity as many cases of nutrient deficiency may have been diagnosed but not been sufficiently 

prominent in the discharge record to be coded into the administrative discharge abstract database. Since 

these codes are specific, it is expected that misclassification of patients without the primary outcome as 

having had the primary outcome would be extremely rare. A more likely scenario is that patients with 

severe nutritional complications were misclassified as having no such complication, either through failure 

to make a diagnosis or the diagnosis not being coded into DAD. Therefore, we would expect that the 
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reported proportion of patients with the primary outcome, as well as the incidence rate, underestimate the 

truth.  

 

In the study, we were not able to validate our outcome measure; however, specificity of codes used is 

expected to be high as the codes used are very specific for nutrient deficiencies. In the study, we found 

that 58% of cases of severe nutritional complication were associated with a post-surgical complication; 

however, post hoc analysis of data for early perioperative complications revealed that in cases of surgery 

outside of the OBN, data for early perioperative complications was mostly missing. Therefore, this 58% 

figure is an underestimate of the true proportion of severe nutritional complication cases associated with 

post-operative complications. Another potential finding affected by the nature of data relates to the 

finding that invasive nutrition support was severely underused in patients with PCM. It is possible that 

some cases were misclassified as not receiving nutrition support because it was not billed to OHIP or 

coded in DAD. 

 

An additional limitation of our study is that potentially important factors such as operative details on limb 

length in RYGB, dietary intake, specific instructions given to patients, or compliance with nutritional 

supplements could not be captured. Therefore, we were unable to describe the impact of these potentially 

important variables on our primary outcome. We also did not have details on specific institutions in 

Ontario or their practices. We relied on the bariatric registry to define and exclude instances of non-

primary bariatric surgery. Because many cases, especially in the early years, were not included in the 

registry, some cases included in the cohort may have represented revision or conversion, rather than 

primary bariatric procedures. However, this number would be expected to be very small (<1%) and not 

impact study findings. Inclusion of re-operations under bariatric surgery-specific complications may 

overestimate the incidence of these complications, as repeat surgery such as diagnostic laparoscopy for 

suspected complication is often performed but no actual complication is discovered. However, patients 
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who undergo negative diagnostic laparoscopy do so because of significant symptoms, which can 

themselves impact nutritional intake adversely and thus be considered a type of complication.  

 

Further limitations of our study are that we found that patients participating in the bariatric registry may 

have been at lower risk of complications compared to those who were not included. Our administrative 

data demonstrated that patients not participating in the OBR were younger, less likely to be female, more 

likely to have RYGB, and had more major comorbidities. All these factors except for female sex were 

also associated with the primary outcome. Since only 57% of the cohort was enrolled in the registry, this 

represents selection bias. Therefore, the strength of associations between socioeconomic factors and the 

primary outcome may be falsely attenuated, and true relationships between the primary outcome and 

factors such as specific comorbidities may have been masked. Furthermore, even for patients participating 

in the bariatric registry, there were many missing data points including weight, laboratory results, and 

demographic factors. We cannot rule out that patients with missing data differed from those who had data 

available. It may be speculated that patients with missing socioeconomic data such as education and 

employment are more likely to have lower education and be unemployed. If this is the case, and a true 

association exists between these factors and severe nutritional complications, the weak associations found 

in our data represent an underestimate of the true strength of the relationship. Therefore, the study 

findings may not be generalizable to all patients undergoing bariatric surgery.  

 

Because this study presents a univariate, rather than multivariate analysis of factors associated with severe 

nutritional complications, some individual factors found to be associated with the primary outcome are 

not independent predictors, and cannot be interpreted as such. For instance, factors such as non-

laparoscopic surgery and surgery outside of the OBN may be associated with severe nutritional 

complications because these were more common in surgeries that occurred earlier, and thus had longer 

follow-up time during which to develop complications. 
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Despite mean length of follow-up of over four years, follow-up time was not long enough for many 

deficiencies to develop, especially copper deficiency, which is typically seen decades after surgery. 

Because different deficiencies develop over different time frames, length of follow-up also contributes to 

proportions of specific nutrient deficiencies identified. Therefore, our described proportions of specific 

nutrient deficiencies cannot be used to infer true proportions of these deficiencies among all patients who 

experience severe nutritional complications after bariatric surgery. In addition, the study only captured 

severe outcomes requiring hospitalization, and study findings may not be generalizable to less severe 

outcomes. Because over 90% of patients had RYGB, we were unable to analyze data by type of bariatric 

surgery. Most cases of nutritional complications occurred in patients who were not participating in the 

bariatric registry; therefore, detailed analysis using registry data was limited. Because the number of 

events for individual nutrient deficiencies was small for most nutrients, individual analysis by nutrient 

type was limited to a few nutrient types. The study cohort also mostly consisted of Caucasian women, 

which may limit generalizability of study findings. 

 

In summary, severe nutritional complications after bariatric surgery appear to be more common than is 

generally believed, and the risk of developing severe nutritional complications does not diminish over 

time. Although the risk is low, it is similar to published rates of many bariatric surgery-specific 

complications that receive significantly more attention. We found severe malnutrition to be associated 

with serious consequences, including recurrent hospitalization, need for invasive nutrition support and 

death. Undoubtedly malnutrition is not a sole factor in these events and interacts with patient 

comorbidities and effects of other complications. However, malnutrition has important consequences 

including impaired wound healing and immune suppression; therefore the role of malnutrition in these 

hard outcomes cannot be discounted.  

 

Clinicians need to be aware of the risk of post-operative malnutrition and have a high index of suspicion 

for nutrient deficiency in bariatric patients, particularly those displaying rapid weight loss after surgery. 
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Patients with low socioeconomic status may be at higher risk of these complications and may need 

additional attention, such as ensuring access to nutritional supplements and education. While laboratory 

testing of all bariatric patients for nutrient deficiencies at regular intervals would likely be the most 

effective method of preventing severe deficiencies, such practice is unlikely to be cost-effective, 

especially in a publicly funded universal healthcare system. Since some patients are noncompliant with 

bariatric centre follow-up, a more realistic and sustainable solution would be educating primary care 

providers on optimal lifelong follow-up practices for these patients, including attention to compliance 

with micronutrient supplements, and inquiry and recognition of signs of nutritional deficiency, such as 

functional impairment, skin changes, and neurologic symptoms. However, as most severe nutritional 

complications appear to be preceded by post-surgical complications of bariatric surgery, clinicians may 

wish to consider routine micronutrient testing in these patients. Protein-calorie malnutrition is a 

particularly severe complication of bariatric surgery, and invasive nutrition support appears to be under-

utilized in this setting. Clinicians need to be aware of guidelines for nutrition support in the bariatric 

population.12, 44 

 

Potential areas of future research in the field of post-bariatric surgery malnutrition include markers and 

predictors of poor nutritional outcomes. We planned to further investigate the relationship between 

nutritional complications and follow-up attendance using time to event analysis (see Chapter 4). 
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Chapter 4 

Analytic Study 

 
Abstract 

 

Background: Severe nutritional complications after modern bariatric surgery such as Roux-en-Y gastric 

bypass (RYGB), are generally believed to be very rare. We have recently described their incidence and 

found it to be similar to rates of other widely reported complications of this surgery. Attending follow-up 

visits at the bariatric centre after surgery is known to reduce the risk of other complications of bariatric 

surgery, but there are no data on the association between follow-up visit attendance and incidence of 

severe post-operative malnutrition. 

 

Aims: Investigate the relationship between follow-up visit attendance during the first post-surgical year 

after RYGB and subsequent (beyond the first year) incidence of severe nutritional complications. 

 

Methods: Retrospective cohort study of Ontario adults aged 18 years and older participating in the 

Ontario Bariatric Registry (OBR), who underwent RYGB between January 1, 2009 and December 31, 

2015, with follow-up until March 31, 2017. The primary outcome was a severe nutritional complication, 

defined as hospital admission with malnutrition or nutrient deficiency occurring one year or more after 

RYGB, identified using administrative data. The primary exposure was follow-up visit attendance at the 

bariatric centre recorded in OBR during the first year after RYGB. Eligible visits occurred at 3, 6 and 12 

months post-operatively. Follow-up was divided into three categories: perfect (3 visits), partial (1-2 

visits), and none (0 visits). Covariables included baseline patient, institution, and surgical factors, as well 

as post-operative complications. Cox Proportional Hazards modeling was used to quantify the association 

between follow-up, the primary outcome, and potential covariables. Measures of association were 
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presented as hazard ratios (HR) with 95% confidence intervals. Datasets were linked and analyzed at 

ICES Queen’s. 

 

Results: We identified 9105 adults who met study inclusion criteria. The mean age was 44.7 years, 84% 

of patients were female and 88% were Caucasian. The mean pre-operative BMI was 48.6 kg/m2. The 

median length of time in the study was 3.4 years (range 1 to 8.2 years). Severe nutritional complications 

were seen in 1.1% of patients. Compared to patients with perfect follow-up attendance, those with no 

follow-up (HR 3.09, 95% CI 1.74-5.50) and partial follow-up (HR 1.94, 95% CI 1.25-3.03) had an 

increased risk of severe nutritional complications. Other factors independently associated with risk of 

severe nutritional complications were occurrence of a surgical complication and history of a 

cerebrovascular event. 

 

Conclusions: Adherence to follow-up visits during the first year after RYGB is independently associated 

with reduction in risk of subsequent severe nutritional complications. 

 

Introduction 

 

Bariatric surgery is the most effective treatment for obesity and comorbidities associated with the 

metabolic syndrome.1 However, it is a complex therapy that carries potential for significant risks, costs, 

and need for long-term follow-up.2 One of these risks is severe post-operative malnutrition, which is 

generally believed to be extremely rare after modern bariatric procedures such as Roux-en-Y gastric 

bypass (RYGB), although the incidence had been undefined. However, we have recently described the 

occurrence of severe nutritional complications following bariatric surgery in adult patients in Ontario, 

Canada, defined as hospital admission with a diagnosis of malnutrition, specific nutrient deficiency or 

neurologic complication associated with a nutrient deficiency (see Chapter 3). We found an incidence rate 

of 4.5 per 1000 person years for severe malnutrition after bariatric surgery, which was stable over time. 
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Since the incidence of this complication appears to be similar to that of other widely reported 

complications such as anastomotic leak and internal hernia,3 more research is needed into this topic, 

including identifying predictors of severe nutritional complications. One such possible predictor is 

adherence to early post-surgical follow-up. 

 

The first year after bariatric surgery is a critical time. The majority of weight is lost during this period,4 

and protocols typically call for patients to be seen at the bariatric center regularly over the first post-

surgical year to monitor for complications and inadequate weight loss, with opportunity for intervention 

such as dietary counseling and education. However, poor adherence to follow-up visits is common, as 

rates of attrition in post-bariatric surgery clinics range from 3% to over 60%, depending on the setting.5, 6 

In randomized trials, patients who were noncompliant with first-year follow-up have been found to have 

increased risks of post-operative complications, lower weight loss, and inferior comorbidity 

improvement.5, 7 While several studies have detected a higher prevalence of nutrient deficiencies in 

patients who are noncompliant with medical visits years after bariatric surgery,8, 9 there is no data 

regarding the relationship between adherence to first-year post-surgical follow-up and subsequent severe 

malnutrition after RYGB. 

 

The purpose of this study is to investigate the relationship between follow-up visit attendance during the 

first post-surgical year after RYGB, and subsequent (beyond the first year) incidence of severe nutritional 

complications, in a cohort of adult patients undergoing bariatric surgery in Ontario, Canada who were 

enrolled in a province-wide bariatric registry. We hypothesize that imperfect first-year follow-up after 

RYGB is independently associated with severe nutritional complications in subsequent years after 

bariatric surgery. 
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Methods 

 

Study Design 

 

This is a retrospective cohort study of adults aged 18 and older participating in the Ontario Bariatric 

Registry in Ontario, Canada, who underwent Roux-en-Y gastric bypass for obesity between January 1, 

2009 and December 31, 2015. Follow-up data were collected until March 31, 2017. The Queen’s 

University Health Sciences and Affiliated Hospitals Research Ethics Board approved this study (see 

Appendix C). 

 

Data Sources 

 

Data sources included the Ontario Bariatric Registry (OBR), the Ontario Health Insurance Plan (OHIP), 

the Canadian Institute for Health Information (CIHI) Discharge Abstract Database (DAD), the Registered 

Persons Database (RPDB), the Postal Code Conversion File Plus (PCCF), the Ontario Marginalization 

Index (ONMARG) database, the Institution Information System (INST), and the Local Health Integration 

Network (LHIN) database. Data sources are described in detail in Chapter 3 (Methods). 

 

These datasets were linked using unique encoded identifiers and analyzed at ICES Queen’s. 

 

Study Cohort 

 

The study cohort was a subset of the population-based cohort described in the previous paper (Chapter 3). 

Briefly, that cohort included all adults aged 18 years and older with a record of Ministry of Health and 

Long-Term Care (MOHLTC) eligible bariatric surgery between January 1, 2009 and December 31, 2015 
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in DAD and/or OHIP. Patients were excluded if they had a history of bariatric surgery prior to the index 

operation, an invalid unique identifier, or were an out-of-province resident. The index date was the date of 

surgery, obtained from DAD. If date of surgery was absent from DAD, the OHIP date was used. 

 

Unlike the previous paper, the present study cohort included only patients participating in the OBR who 

had Roux-en-Y gastric bypass (RYGB), as opposed to all patients undergoing bariatric surgery regardless 

of surgery type or registry inclusion. Therefore, patients not enrolled in OBR and those with surgeries 

other than RYGB were excluded. Unlike the previous study, we further excluded patients without follow-

up data beyond the first post-surgical year due to death or loss of OHIP eligibility, and patients who had 

the primary outcome in the first post-surgical year were also excluded (see Discussion for rationale). 

 

Primary Outcome 

 

The primary outcome was the first occurrence of any severe nutritional complication, defined as a 

hospital admission with a diagnosis of malnutrition, specific nutrient deficiency or neurologic 

complication associated with nutrient deficiency, occurring between one year after the date of index 

surgery, and the end of study observation period. The primary outcome could not occur during the same 

hospitalization as the index surgery. Presence of one or more ICD-10 codes in DAD was used to define 

specific diagnoses indicating admission for malnutrition (see Appendix E). 

 

Primary Independent Variable 

 

The primary independent variable was follow-up visit attendance at the bariatric centre during the first 

year after bariatric surgery, obtained from the OBR. Eligible visits occurred at 3, 6 and 12 months post-

operatively. We used data from our previous study (Chapter 3) to explore how best to categorize follow-
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up exposure for this portion of the study. Follow-up attendance was quantified using three different 

categorical variables. The variable chosen as the primary independent variable classified patients into 

three categories of follow-up: perfect (attending all 3 visits), partial (attending 1-2 visits), and none 

(attending 0 visits). There were two alternative follow-up variable definitions. Perfect vs imperfect 

follow-up was defined as having perfect follow-up in the first post-surgical year (attending all 3 visits) 

versus imperfect follow-up (attending 0 to 2 visits). High vs low follow-up was defined as having high 

follow-up (attending 2-3 visits) versus low follow-up (attending 0-1 visits). These secondary independent 

variables were used for sensitivity analyses. 

 

Potential Covariables 

 

Patient factors included demographics, comorbidities, clinical measurements, and surgical/system factors. 

Sex and age at time of surgery were obtained from the administrative databases, while presence of 

specific major comorbidities prior to bariatric surgery was obtained from the OBR. These included 

coronary artery disease, chronic obstructive pulmonary disease, diabetes mellitus, history of venous 

thromboembolism, heart failure, hypertension, obstructive sleep apnea, stroke or transient ischemic attack 

(TIA), prior surgery, and gastrointestinal disease. Comorbidity was also measured for each patient using 

the Johns Hopkins ACG® System Version 10 Aggregated Diagnosis Groups (ADG)10, which are 34 

clinically meaningful diagnostic groupings of similar disease severity, etiology and duration. ADG are 

further classified into 8 major and 26 minor categories, the former representing severe and/or unstable 

conditions. We used a lookback window of 2 years prior to index surgery and categorized comorbidity 

burden by the major ADG score (continuous variable) and categories of major ADG number (0, 1-2, >2). 

 

Socioeconomic status (SES) indicators obtained from the OBR included highest level of education (High 

School or below versus above High School), employment status (employed, unemployed, or disabled), 

and ethnicity (Caucasian, Aboriginal, other). SES was also measured from administrative data using the 
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Ontario Marginalization Index (ON-MARG). The marginalization index was obtained by calculating a 

summary score of quintiles in each of the four marginalization dimensions in ON-MARG to produce an 

ordinal scale (1 = least marginalized, 5 = most marginalized), according to the ON-MARG User Guide 

version 1.0.11 This is described in Appendix G. 

 

Clinical factors included body mass index (BMI), pre-operative weight loss, and select laboratory 

measurements recorded in the OBR. BMI in kg/m2 was calculated using baseline weight (first contact 

with the bariatric clinic) and height. If baseline weight was not available, pre-operative weight (last 

recorded weight prior to surgery) was used. Pre-operative weight loss was calculated as percent difference 

between baseline weight and pre-operative weight. Pre-operative laboratory measurements of interest 

were levels of serum albumin, vitamin D, and vitamin B12. 

 

Surgical and system factors included laparoscopic vs open surgery (using specific codes in DAD, or 

where not available, OHIP billing code E793), year of surgery, and location of surgery (Ontario Bariatric 

Network accredited site, Other, Missing). Each patient was also assigned to one of 14 geographic regions 

defined by Local Health Integration Networks (LHINs) according to his or her residential postal code. 

Other surgical factors included occurrence of an early perioperative complication or bariatric surgery-

specific complication. Early perioperative complication was defined using ICD-10 codes and CCI codes 

in DAD as a major complication occurring within 30 days of surgery. Diagnoses included major vascular, 

renal, respiratory, neurological, gastrointestinal, incision-related and infectious complications (see 

Appendix H). Codes for these complications were adapted from the Health Benchmarks Clinical Quality 

Indicator Specification 2008.12 We defined a bariatric surgery-specific complication as hospital admission 

for a major surgical complication related to bariatric surgery occurring at any time point after hospital 

discharge from the index surgery. These included: anastomotic leak or abscess, upper gastrointestinal 

bleeding and gastric ulcer, anastomotic or small bowel obstruction, and re-operation. These were defined 

using ICD-10 and CCI codes in DAD, as well as OHIP procedure codes (see Appendix I). 
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Data Analysis 

 

Baseline characteristics for the whole cohort were compiled. Continuous variables with normal 

distributions are presented as means, while both means and medians are shown for variables with skewed 

distributions. Descriptive statistics were performed to compare baseline characteristics of patients by 

levels of follow-up visit attendance during the first year after bariatric surgery for the main 3-level 

primary independent variable. For continuous variables, one way ANOVA was used to assess for 

significant differences between group means. For categorical variables, the χ2 test was used except in 

cases with expected cell counts less than 5, where Fisher’s exact test was used. 

 

Time to the primary outcome for the overall cohort is described using a Kaplan Meier survival 

distribution. We also analyzed the survival curve stratified by the three categories of the primary 

independent variable. The Log-Rank test was used to determine statistical differences between survival 

distributions stratified on the basis of the primary independent variable. Negative log and log of negative 

log curves were used to graphically assess for constant hazard over time, and for proportional hazards, 

respectively. 

 

Cox Proportional Hazards modeling was used to quantify the association between the primary 

independent variable and the primary outcome. Patient-time data was calculated starting at one year after 

index surgery until first occurrence of the primary outcome, date of death, end of OHIP eligibility, or end 

of study observation period (March 31, 2017). The primary outcome of severe nutritional complication 

was the event of interest, while the other outcomes were treated as censoring events. We had initially 

planned a sensitivity analysis using death as a competing risk; however, the number of deaths was 

deemed to be too low to impact findings. Univariate analysis was performed for the primary independent 

variable and all covariates. The occurrence of a surgical complication was treated as a time-dependent 

variable, while all other variables were treated as static. Measures of association are presented as hazard 
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ratios (HR) with 95% confidence intervals. Variables violating the proportional hazards assumption on 

univariate analysis, indicated by the Supremum test for proportional hazards p <0.05, were discarded.  

 

For the purpose of multivariable model construction, a bivariate analysis was subsequently performed 

with the primary independent variable and each potential covariate. Bivariate analysis was chosen as a 

model building strategy due to the very large number of potential covariates in the face of relatively few 

events. The purpose of bivariate analysis was to examine each covariate as a potential confounder in the 

relationship between the primary independent variable and the primary outcome, and to select variables 

for final model consideration. Covariates without excess missing data and having a p value of 0.15 or 

lower on bivariate analysis were considered for inclusion in the multivariable model. Excess missing data 

was defined as that reducing the number of events by more than 10%. This threshold was chosen to 

ensure sufficient number of events for multivariable model power. Additionally, when 10% or more 

observations are missing, it is conventionally considered that the degree of missingness is excessive and 

can lead to biased analysis, which necessitates either imputation (beyond the scope of this thesis), or 

restricting analysis.13 A multivariable model was constructed using backward elimination, with p value of 

0.1 or lower as the criterion to stay in the model.  

 

Sensitivity analyses were performed using the secondary independent variables. Survival curves stratified 

by levels of the secondary independent variables were constructed. For each of the secondary independent 

variables, a separate bivariate analysis was also performed to identify candidate variables for 

multivariable models, followed by multivariable model creation by the same criteria as outlined above for 

the main model. Additional sensitivity analyses involved constructing models using stepwise forward 

selection with criteria for entry at p=0.15 and criteria for staying of p=0.1, and including variables with 

excess missing data that would otherwise be ineligible for model entry. 
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Two-sided p values of <0.05 were considered to represent statistically significant differences. Data 

analysis was conducted at ICES Queen’s using SAS v9.4. 

 

Results 

 

Study Cohort 

 

Between January 1, 2009 and December 31, 2015, 18,783 Ontario adults were identified as having had 

bariatric surgery. After excluding ineligible patients, the study cohort consisted of 9105 patients 

participating in the Ontario Bariatric Registry who had RYGB during the study period. Cohort creation is 

detailed in Figure 4.1. Differences between non-OBR patients and those in the registry are described in 

Appendix K. Non-participants in the registry were younger, more likely to be male, and had higher 

comorbidity burden, in addition to having surgery earlier during the study period. 

 

Baseline characteristics of the study cohort, overall and by levels of follow-up attendance at the bariatric 

centre during the first post-operative year, appear in Table 4.1. The mean age was 44.7 years. Patients 

were predominantly female (84%), Caucasian (88%), and more than half had at least one major 

comorbidity (58%). The mean pre-operative BMI was 48.6 kg/m2. Over 70% had above High School 

education and 72% were actively employed before surgery. In more than 99% of cases, surgery was 

laparoscopic and occurred at an OBN accredited site. Fewer than 10% of surgeries were performed prior 

to 2012. Overall, perfect follow-up was seen in only half of patients, while fewer than 20% of patients 

attended no follow-up visits (see Table 4.2). 
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Figure 4.1. Creation of study cohort. 
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Table 4.1. Baseline characteristics of Ontario adults enrolled in the Ontario Bariatric Registry who underwent Roux-en-Y gastric bypass 
from 2009-2015, overall and by levels of follow-up visit attendance during the first year after bariatric surgery, N = 9105.a 

 
Variable All patients 

N = 9105 
Perfect follow-up 

N = 4708 
Partial follow-up 

N = 2878 
No follow-up 

N = 1519 
p value 

Age in years, mean (SD) 44.7 (+ 10.3) 45.7 (+ 10.1) 43.5 (+ 10.4) 44.3 (+ 10.6) <0.001 
Female sex 7673 (84.3) 4013 (85.2) 2402 (83.5) 1258 (82.8) 0.03 
BMIb (kg/m2)      

Mean (SD) 48.6 (+ 7.3) 48.8 (+ 7.3) 48.4 (+ 7.3) 48.0 (+ 7.2) <0.001 
Median (IQR) 47.4 (43.4-52.6) 47.6 (43.6-52.9) 47.3 (43.1-52.4) 47.0 (43.1-51.7)  

Pre-operative weight lossc 
(%), mean (SD) 2.3 (+ 5.5) 3.0 (+ 5.1) 1.5 (+ 5.8) 0.6 (+ 5.6) <0.001 

Albumind (g/L), mean (SD) 40.1 (+ 3.7) 40.2 (+ 3.7) 39.9 (+ 3.6) 39.9 (+ 3.7) <0.001 
B12e (pg/mL)      

Mean (SD) 308.9 (+ 157.4) 316.5 (+ 176.3) 301.7 (+ 150.3) 309.5 (+ 140.0) 0.2 
Median (IQR) 268 (209-367) 262 (205-378) 265 (207-355) 278 (214-371)  

Vitamin Df (nmol/L), mean 
(SD) 53.9 (+ 24.3) 54.9 (+ 24.3) 52.4 (+ 24.5) 53.5 (+ 23.5) 0.001 

Presence of comorbidityg      
Coronary artery disease 162 (1.9) 90 (1.9) 54 (1.9) 18 (1.5) 0.7 

Diabetes 2633 (30.1) 1513 (32.2) 801 (27.9) 319 (27.2) <0.001 
Venous Thromboembolism 232 (2.7) 136 (2.9) 63 (2.2) 33 (2.8) 0.2 

Heart failure 80 (0.9) 37 (0.8) 32 (1.1) 11 (0.9) 0.3 
Hypertension 3857 (44.1) 2270 (48.3) 1198 (41.8) 389 (33.1) <0.001 

Sleep apnea 3823 (43.7) 2247 (47.8) 1175 (41.0) 401 (34.1) <0.001 
Stroke/TIA 93 (1.1) 45 (1.0) 34 (1.2) 14 (1.2) 0.6 

Prior surgery 2207 (25.3) 1255 (26.7) 718 (25.0) 234 (19.9) <0.001 
GI disease 655 (7.5) 367 (7.8) 203 (7.1) 85 (7.2) 0.5 

Number of major 
comorbiditiesh 

     

0 3787 (41.6) 1984 (42.1) 1167 (40.6) 636 (41.9) 0.27 
1-2 4689 (51.5) 2423 (51.5) 1495 (52.0) 771 (50.8)  
>2 629 (6.9) 301 (6.4) 216 (7.5) 112 (7.4)  

Highest level of educationi      
High School or below 2323 (28.4) 1269 (29.0) 678 (27.2) 376 (28.6) 0.31 
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Above High School 5861 (71.6) 3112 (71.0) 1811 (72.8) 938 (71.4)  
Employment statusj      

Disabled 936 (11.4) 494 (11.3) 276 (11.1) 166 (12.6) 0.01 
Unemployed 1339 (16.4) 660 (15.1) 454 (18.2) 225 (17.1)  

Employed 5913 (72.2) 3221 (73.6) 1765 (70.7) 927 (70.3)  
Ethnicityk      

Caucasian 6335 (87.7) 3254 (90.8) 2006 (85.1) 1075 (84.1) <0.001 
Aboriginal 150 (2.1) 61 (1.7) 61 (2.6) 28 (2.2)  

Other 735 (10.2) 269 (7.5) 291 (12.3) 175 (13.7)  
Marginalization scorel      

1-2 1215 (13.5) 658 (14.1) 362 (12.7) 195 (13.1)  
2.25-2.5 1771 (19.7) 954 (20.5) 523 (18.4) 294 (19.7) <0.001 

2.75-3 1884 (21.0) 994 (21.3) 570 (20.1) 320 (21.5)  
3.25-3.75 2545 (28.3) 1278 (27.4) 841 (29.6) 426 (28.6)  

4-5 1573 (17.5) 773 (16.6) 545 (19.2) 255 (17.1)  
Year of surgery      

2009-2011 850 (9.3) 595 (12.6) 193 (6.7) 62 (4.1) <0.001 
2012-2013 4150 (45.6) 2580 (54.8) 1307 (45.4) 263 (17.3)  
2014-2015 4105 (45.1) 1533 (32.6) 1378 (47.9) 1194 (78.6)  

aValues presented as N (%) unless otherwise specified, with row percentages  
bN = 4702 for perfect follow-up group, 2866 for partial follow-up group, 1231 for no follow-up group 
cN = 4428 for perfect follow-up group, 2725 for partial follow-up group, 730 for no follow-up group. Percent of body weight lost from baseline bariatric centre 
visit to time of bariatric surgery. 
dN = 4096 for perfect follow-up group, 2430 for partial follow-up group, 1060 for no follow-up group 
eN = 692 for perfect follow-up group, 763 for partial follow-up group, 527 for no follow-up group 
fN = 3235 for perfect follow-up group, 2038 for partial follow-up group, 829 for no follow-up group 
gN = 4704 for perfect follow-up group except for venous thromboembolism (N = 4703), heart failure (N = 4702), stroke/TIA (N = 4697), prior surgery (N = 
4695), GI disease (N = 4693). N = 2868 for partial follow-up group except for heart failure and stroke/TIA (N = 2867), GI disease (N = 2865). N = 1175 for no 
follow-up group. 
hSevere and/or unstable conditions as defined by Johns Hopkins system of Aggregated Diagnosis Groups (ADG) 
iN = 4381 for perfect follow-up group, 2489 for partial follow-up group, 1314 for no follow-up group 
jN = 4375 for perfect follow-up group, 2495 for partial follow-up group, 1318 for no follow-up group 
kN = 3584 for perfect follow-up group, 2358 for partial follow-up group, 1278 for no follow-up group  

lN = 4657 for perfect follow-up group, 2841 for partial follow-up group, 1490 for no follow-up group 
 
SD = standard deviation. IQR = interquartile range. BMI = body mass index. COPD = chronic obstructive pulmonary disease. TIA = transient 
ischemic attack. GI = gastrointestinal. ADG = aggregated diagnosis groups. OBN = Ontario Bariatric Network. 
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Table 4.2. Patterns of follow-up visit attendance at the bariatric centre during the first year after 
bariatric surgery in Ontario adults enrolled in the Ontario Bariatric Registry who underwent 
Roux-en-Y gastric bypass from 2009-2015, overall and by occurrence of a severe nutritional 
complication after the first post-operative year, N = 9105. 

 
Description of follow-upa All patientsb 

N = 9105 
Nutritional 

complicationb 
N = 99 

No 
complicationb 

N = 9006 

Perfect vs partial vs none    
Attending 0 visits 1519 (16.7) 21 (21.2) 1498 (16.6) 

Attending 1-2 visits 2878 (31.6) 38 (38.4) 2840 (31.5) 
Attending 3 visits 4708 (51.7) 40 (40.4) 4668 (51.8) 

Perfect vs. imperfect    
Attending <3 visits 4397 (48.3) 59 (59.6) 4338 (48.2) 

Attending 3 visits 4708 (51.7) 40 (40.4) 4668 (51.8) 
High vs low    

Attending 0-1 visits 2586 (28.4) 34 (34.3) 2552 (28.3) 
Attending 2-3 visits 6519 (71.6) 65 (65.7) 6454 (71.7) 

aEligible visits occurred at 3, 6, and 12 months post-operatively. 
bValues presented as N (%)  
 

 

There were multiple differences in baseline characteristics according to follow-up categories (see Table 

4.1). Patients with perfect follow-up were slightly younger and more likely to be female than those with 

imperfect or no follow-up, and they also had higher pre-operative BMI and greater pre-operative weight 

loss. Patients with perfect follow-up were more likely to have diabetes, hypertension, sleep apnea, and 

history of prior surgery than those with imperfect or no follow-up. Those with perfect compared to 

imperfect or no follow-up were also more likely to be Caucasian and employed prior to surgery. There 

were statistically significant differences in follow-up based on year of surgery, with follow-up adherence 

declining over time. In patients having surgery between 2009-2011, 70% had perfect follow-up and 7.3% 

had no follow-up. Meanwhile, for patients having surgery between 2014-2015, 37.3% had perfect follow-

up and 29.1% had no follow-up. 
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Primary Outcome 

  

Of 9105 patients in the study cohort, 99 (1.1%) had the primary outcome of a severe nutritional 

complication, defined as hospital admission with malnutrition or nutrient deficiency occurring one year or 

more after RYGB. Median time from bariatric surgery to developing the primary outcome was 2.4 years 

(range 1 year to 5.7 years). The median length of time in the study was 3.4 years (range 1 to 8.2 years). 

Time from one year post-surgery to primary outcome is graphically displayed in Figure 4.2. 

 

 
Figure 4.2. Kaplan-Meier survival curve of time to severe nutritional complication after Roux-en-Y 
gastric bypass in Ontario adult patients participating in the Ontario Bariatric Registry, starting at 
1 year after surgery; N= 99 events over 31,198 person-years of follow-up.a 

                                                        
a Note: Y axis begins at 0.95. 
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Follow-up Attendance and the Primary Outcome 

 

Follow-up attendance at the bariatric centre during the first post-operative year after bariatric surgery 

according to the occurrence of a severe nutritional complication is presented in Table 4.2. Patients who 

experienced a severe nutritional complication attended proportionally fewer follow-up visits than those 

who did not. When data were analyzed using survival distributions stratified by the primary and 

secondary independent variables, statistically significant differences in risk of severe nutritional 

complication were seen for all independent variable definitions (Log-Rank p<0.001, see Figure 4.3 and 

Appendix S). Time from surgery to primary outcome, stratified by levels of the primary independent 

variable, is presented in Figure 4.3. Additional curves (negative log and log of negative log of survival 

distribution) are included in Appendix T. These demonstrate the hazard to be constant over time, and 

hazards to be proportional at each level of the primary independent variable. 

 

Univariate and Bivariate Models 

 

Univariate association of each variable with the primary outcome is shown in Table 4.3. The primary 

independent variable was statistically significantly associated with the occurrence of a severe nutritional 

complication. Compared to patients with perfect follow-up, those with no follow-up (HR 3.03) and 

imperfect follow-up (HR 1.96) had increased risk of severe nutritional complication. Patients who 

developed a severe nutritional complication were statistically significantly more likely to have a history of 

cerebrovascular event, be unemployed or disabled prior to surgery, and have bariatric surgery occurring 

earlier in the study period, compared to those without the primary outcome. Surgical complication and 1 

point increase in major ADG score were also statistically significantly associated with the primary 

outcome. There was no difference in the primary outcome based on patient LHIN (see Appendix U).  
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Figure 4.3. Kaplan-Meier survival curve of time to severe nutritional complication starting one year 
after Roux-en-Y gastric bypass in Ontario adult patients participating in the Ontario Bariatric 
Registry, stratified by perfect versus partial vs no follow-up; N = 99 events over 31,198 person-
years of follow-up, Log-Rank p<0.001.a 

 

 

 

 

 

 

 

 

 

                                                        
a Note: Y axis begins at 0.90 
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Table 4.3. Univariate analysis of factors associated with risk of severe nutritional complication after 
the first post-operative year following Roux-en-Y gastric bypass in Ontario adults enrolled in the 
Ontario Bariatric Registry, from 2009-2015, using a Cox Proportional Hazards model. N = 9105. 

 
Variable Unadjusted HR 95% Confidence Interval p value 

    
PRE-OPERATIVE VARIABLES    
    
Age (1-year increase) 0.99 0.98-1.01 0.51 
Male sex 0.97 0.56-1.67 0.90 
Pre-operative weight loss (1% 
increase) 

0.98 0.94-1.02 0.33 

BMI (1-point increase) 0.98 0.95-1.01 0.13 
Number of major comorbidities    

>2 1.78 0.89-3.60 0.11 
1-2 1.20 0.78-1.83 0.40 

0 ref   
Major ADG score (1-point increase) 1.25 1.04-1.50 0.02 
Marginalization score 1.05 0.82-1.35 0.69 
Open surgery 1.51 0.21-10.86 0.68 
Year of surgery    

2009-2011 1.39 0.71-2.72 0.34 
2012-2013 1.05 0.62-1.80 0.86 
2014-2015 ref   

OBN site of surgery 0.44 0.06-3.21 0.65 
Lower level of education 1.49 0.94-2.36 0.09 
Employment status     

Unemployed 1.88 1.09-3.26 0.02 
Disabled 2.34 1.32-4.15 0.004 

Employed ref   
Non-caucasian ethnicity 1.06 0.53-2.14 0.87 
Coronary artery disease 1.15 0.28-4.67 0.84 
Diabetes mellitus 0.77 0.48-1.22 0.26 
Venous thromboembolism 1.15 0.37-3.64 0.81 
Heart failure 3.37 1.07-10.65 0.04 
Hypertension 0.84 0.56-1.27 0.41 
Sleep apnea 0.80 0.53-1.21 0.28 
Stroke/TIA 4.15 1.52-11.28 0.005 
Previous surgery 0.78 0.48-1.28 0.33 
Baseline albumin level 0.96 0.90-1.02 0.18 
Baseline vitamin D level 1.00 0.99-1.01 0.27 

    
POST-OPERATIVE VARIABLES    
    
Perfect vs partial vs none follow-up    

Attending 0 visits 3.03 1.77-5.18 <0.001 
Attending 1-2 visits 1.96 1.25-3.05 <0.001 

Attending 3 visits ref   
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Perfect vs imperfect follow-up 
Attending <3 visits 2.23 1.49-3.34 <0.001 

Attending 3 visits Ref   
High vs low follow-up    

Attending 0-1 visits 1.94 1.27-2.94 <0.001 
Attending 2-3 visits ref   

Surgical complication 7.19 4.83-10.72 <0.001 
Early perioperative complication 1.11 0.56-2.20 0.76 

Note: GI disease variable violated proportional hazards assumption and is therefore excluded. LHIN variable (see 
Appendix U, Table U2) was nonsignificant (overall p = 0.75). 
 
HR = Hazard ratio. CI = confidence interval 
 
 
 
 
Bivariate analysis with the primary independent variable and each covariate is presented in Table 4.4. 

Occurrence of a surgical complication, major ADG score, employment status, and history of stroke or 

TIA remained statistically significantly associated with the primary outcome. None of the covariates 

attenuated the statistically significant association between severe nutritional complications and follow-up, 

with the exception of pre-operative weight loss. However, this variable was not eligible for further 

analysis due to excess missing data. Furthermore, we suspected this to be a biased variable, due to 

differential missing data (see Discussion and Chapter 5). 
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Table 4.4. Bivariate analysis of factors associated with risk of severe nutritional complication after the first post-operative year following 
Roux-en-Y gastric bypass in Ontario adults enrolled in the Ontario Bariatric Registry, from 2009-2015, using a Cox Proportional Hazards 
model, with focus on follow-up visit attendance at the bariatric centre during the first year after bariatric surgery. N = 9105. 

 
 Covariable 0 visits 1-2 visits N events 
Covariable name Adjusted HR  

(95% CI) 
p 

value 
Adjusted HR  

(95% CI) 
p 

value 
Adjusted HR 

(95% CI) 
p 

value 
 

Age (1-year increase) 1.00 (0.98-1.02) 0.83 3.02 (1.76-5.17) <0.01 1.95 (1.25-3.04) <0.01 99 
Male sex 0.94 (0.54-1.62) 0.82 3.03 (1.78-5.19) <0.01 1.96 (1.26-3.06) <0.01 99 
Pre-operative weight loss 
(1% increase) 

0.99 (0.95-1.03) 0.56 1.92 (1.21-3.05) <0.01 1.42 (0.56-3.63) 0.46 79 

BMI (1-point increase) 0.98 (0.95-1.01) 0.18 2.99 (1.68-5.32) <0.01 1.96 (1.26-3.06) <0.01 95 
Number of major 
comorbidities 

  
 

        

>2 1.72 (0.85-3.46) 0.13  3.01 (1.76-5.15)  <0.01  1.94 (1.24-3.03)  <0.01 99 
1-2 1.20 (0.79-1.83) 0.40      

0 ref  ref          
Major ADG score (1-point 
increase) 1.24 (1.03-1.48) 0.02 3.00 (1.76-5.13) <0.01 1.93 (1.24-3.02) <0.01 99 

Marginalization score 1.04 (0.80-1.33) 0.79 3.05 (1.78-5.21) <0.01 1.85 (1.18-2.91) <0.01 97 
Open surgery 1.31 (0.18-9.43) 0.79 2.97 (1.72-5.13) <0.01 1.95 (1.25-3.04) <0.01 98 
Year of surgery            

2009-2011 1.88 (0.94-3.74) 0.07 3.37 (1.93-5.86) <0.01 2.02 (1.29-3.16) <0.01 99 
2012-2013 1.37 (0.78-2.40) 0.27          
2014-2015 ref  ref          

OBN site of surgery 0.85 (0.11-6.36) 0.87 3.01 (1.75-5.18) <0.01 1.96 (1.25-3.05) <0.01 99 
Coronary artery disease 1.15 (0.28-4.68) 0.85 3.11 (1.75-5.53) <0.01 1.97 (1.26-3.08) <0.01 95 
Diabetes mellitus 0.80 (0.51-1.28) 0.35 3.07 (1.72-5.46) <0.01 1.95 (1.25-3.05) <0.01 95 
Venous thromboembolism 1.16 (0.37-3.65) 0.81 3.11 (1.75-5.52) <0.01 1.97 (1.26-3.08) <0.01 95 
Heart failure 3.09 (0.98-9.78) 0.05 3.07 (1.73-5.47) <0.01 1.96 (1.25-3.05) <0.01 95 
Hypertension 0.91 (0.60-1.36) 0.63 3.07 (1.72-5.47) <0.01 1.96 (1.25-3.06) <0.01 95 
Sleep apnea 0.87 (0.57-1.31) 0.50 3.05 (1.71-5.44) <0.01 1.95 (1.25-3.04) <0.01 95 
Stroke/TIA 4.02 (1.48-10.95) <0.01 3.07 (1.73-5.46) <0.01 1.97 (1.26-3.08) <0.01 95 
Previous surgery 0.80 (0.49-1.31) 0.38 3.08 (1.73-5.48) <0.01 1.96 (1.26-3.06) <0.01 95 
Lower level of education 1.49 (0.94-2.37) 0.09 3.77 (2.10-6.77) <0.01 2.11 (1.26-3.54) <0.01 77 
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Employment level            
Disabled 2.26 (1.27-4.01) 0.006 3.61 (2.01-6.49) <0.01 2.07 (1.23-3.47) <0.01 77 

Unemployed 1.78 (1.03-3.10) 0.040      
Employed ref  ref          

Non-caucasian ethnicity 0.93 (0.46-1.88) 0.84 3.37 (1.82-6.24) <0.01 1.95 (1.12-3.38) 0.02 69 
Baseline albumin level 0.97 (0.91-1.03) 0.26 2.75 (1.32-5.71) <0.01 2.41 (1.44-4.05) <0.01 68 
Baseline vitamin D level 1.00 (0.99-1.01) 0.50 3.98 (1.83-8.68) <0.01 2.60 (1.41-4.79) <0.01 52 
Surgical complication 7.14 (4.79-10.64) <0.01 3.00 (1.75-5.12) <0.01 1.92 (1.23-2.99) <0.01 99 
Early perioperative 
complication 

1.15 (0.58-2.28) 0.70 3.04 (1.78-5.20) <0.01 1.96 (1.25-3.05) <0.01 99 

 

Note: Model: Event = Follow-up (reference = 3 visits) + covariable. 

The primary independent variable has 3 categories: 0 visits, 1-2 visits, 3 visits 

LHIN variable (see Appendix U, Table U3) nonsignificant (overall p = 0.86) 
 
HR = Hazard ratio. CI = confidence interval 
 

 

 



 92 

Multivariable Model 

 

Based on bivariate analysis, variables eligible for model entry along with the primary independent 

variable were: surgical complication, major ADG score, history of stroke or TIA, and history of heart 

failure. Employment status and level of education also met p value criteria for entry into the model; 

however, they were excluded due to excess missing data. Result of multivariable analysis is presented in 

Table 4.5. Variables remaining in the final model after multivariable adjustment were the primary 

independent variable, surgical complication and history of stroke or TIA. 

 

Table 4.5. Multivariable model of the association between follow-up visit attendance at the bariatric 
centre during the first year after bariatric surgery and subsequent risk of severe nutritional 
complication after the first post-operative year following Roux-en-Y gastric bypass in Ontario 
adults enrolled in the Ontario Bariatric Registry, from 2009-2015, using a Cox Proportional 
Hazards model. N = 8743. 

 
Final Model Variables HR 95% CI p value 

Follow-up 
None (0 visits) 

 
3.09 

 
1.74-5.50 

 
<0.001 

Partial (1-2 visits) 
Perfect (3 visits) 

1.94 
ref 

1.25-3.03 
 

0.003 
 

Surgical complication 
Yes 
No 

 
6.72 
ref 

4.47-10.10 <0.001 

History of stroke/TIA 
Yes 
No 

 
3.40 
ref 

1.25-9.30 0.02 

 
HR = Hazard ratio. CI = confidence interval 
 
 

Sensitivity analyses 

 

Survival distribution curves for the secondary independent variables (perfect vs imperfect and high vs 

low) are presented in Appendix S. Statistically significant differences between levels of follow-up were 

seen for both secondary independent variables (Log-Rank p<0.001). Bivariate analyses with the two 
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secondary independent variables and each covariate are presented in Appendix S, Tables S1-S2. Results 

were not different from those obtained with the primary independent variable. Multivariable models 

constructed using the secondary independent variables appear in Appendix S, Table S3. In the case of 

perfect vs imperfect follow-up, the final model included the same variables as the primary independent 

variable model (follow-up, surgical complication and history of stroke or TIA), whereas the final model 

for high vs low follow-up also included the major ADG score. 

 

Sensitivity analysis using stepwise selection yielded the same final models for each independent variable. 

A sensitivity analysis was also performed including employment and education as eligible variables for 

model inclusion for each independent variable (see Appendix V). After multivariable adjustment based on 

77 events, education and employment did not remain statistically significant, and their initial inclusion 

did not change the final models. 

 

Discussion 

 

In this cohort study of 9105 adult patients in Ontario, Canada who underwent Roux-en-Y gastric bypass 

surgery for management of obesity, we found attendance at regularly scheduled bariatric centre visits 

during the first post-operative year to be independently associated with subsequent risk of a severe 

nutritional complication. There appeared to be a dose-response between the number of visits attended, and 

this risk. Other factors independently associated with subsequent risk of a severe nutritional complication 

were occurrence of a surgical complication and history of a cerebrovascular event.  

 

Adherence to routine post-operative follow-up visits after bariatric surgery is known to be important. 

These visits provide patients with a support network, allow early recognition of complications, and afford 

an opportunity to ensure patients are adhering to post-operative diet advice and supplements.14 A study of 

over 50,000 patients enrolled in the bariatric outcomes longitudinal database (BOLD) in North Carolina 
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found that compared to patients with imperfect follow-up, those with perfect attendance at 3, 6, and 12 

month visits were more likely to have lost 50% of excess weight at 1 year.7 In the present study, we 

examined the impact of this same visit schedule on risk of severe nutritional complications beyond the 

first post-operative year. We found that compared to patients with perfect attendance, partial attendance 

was independently associated with doubling of the risk of severe nutritional complications, while 

attending no follow-up visits was associated with tripling of this risk. Previous studies of nutritional 

complications after bariatric surgery have found that ongoing bariatric centre follow-up years after 

surgery was associated with better adherence to nutritional supplements15 and lower rates of some nutrient 

deficiencies.9 To our knowledge, this is the first study examining the impact of first year follow-up on 

subsequent risk of clinically significant malnutrition after Roux-en-Y gastric bypass. 

 

Several authors have studied factors that predict compliance with medical follow-up after bariatric 

surgery.14, 16, 17 Factors associated with nonadherence to follow-up include longer travel distance,16, 17 

younger age,14, 17 higher pre-operative BMI,14 and lack of health insurance,14 while those associated with 

compliance include being single,14 being employed,14 and Caucasian ethnicity.18 In studies inquiring into 

patient reasons for not attending follow-up, other commonly cited items include lack of finances, work or 

family problems, embarrassment due to poor weight loss or weight regain, and belief that follow-up is 

unnecessary.19 Consistent with prior work, factors associated with less than perfect follow-up attendance 

in our study included younger age, not being employed and non-Caucasian ethnicity. In contrast to 

previous studies, we found that higher pre-operative BMI was associated with better adherence to follow-

up, although the difference in BMI between follow-up groups was less than 1 kg/m2, and may not be 

clinically meaningful. Furthermore, BMI had a skewed distribution, and therefore comparison of means 

may not be accurate. Additionally, whereas BMI was recorded for more than 99% of patients with perfect 

or partial follow-up, it was only available for 81% of those with no follow-up. Therefore, this finding 

could also be biased due to missing data (see later for discussion of limitations). In a similar fashion, there 

was greater pre-operative weight loss in patients with perfect follow-up compared to those with imperfect 
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or no follow-up. However, while pre-operative weight loss was recorded for 94-95% of patients with 

perfect and imperfect follow-up, this value was only available for 48% of patients with no follow-up, 

which makes this variable unreliable and at high risk of bias due to differential missingness. Excess 

missing data for pre-operative weight loss in patients with no follow-up may be due to various patient or 

institutional factors causing poor pre-operative compliance with medical care (visits, weight 

measurements), which persist after surgery. This finding warrants further study. 

 

Additional factors associated with nonadherence to post-surgical follow-up in our study were absence of 

obesity related complications (diabetes, hypertension, sleep apnea). It may be hypothesized that in cases 

with fewer comorbidities prior to bariatric surgery, patients or clinicians may place a lower level of 

importance on post-surgical follow-up adherence. In our study, we also found a statistically significant 

drop-off in follow-up adherence over time, with a decline in perfect follow-up from 70% for operations 

between 2009-2011 to 37% for surgeries between 2014-2015. Reasons for this drop may include increase 

in case volume with reduced capacity to accommodate patients for follow-up, change in institutional 

practices, shift in follow-up to primary care earlier after surgery for lower-risk patients, and changing 

patient expectations after surgery. Additionally, the findings may be due to database issues such as 

reduced data entry. Since follow-up adherence is associated with better post-surgical outcomes, further 

study is warranted into the increasing rates of nonadherence. 

 

Of the factors associated with follow-up, only employment status was also associated with the outcome of 

severe nutritional complication; therefore, the other variables mentioned above did not confound the 

relationship between follow-up and the primary outcome. This was confirmed with bivariate analysis, 

which demonstrated no meaningful change in hazard ratios for levels of follow-up when adjusting for the 

effects of variables associated with follow-up (with the exception of pre-operative weight loss, which did 

produce a greater than 5% change in hazard ratios, although as discussed above this variable was not 

reliable). With regard to employment status, bivariate analysis demonstrated that adjusting for this 
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variable did not attenuate the relationship between follow-up and the primary outcome, and there was an 

even greater risk of severe nutritional complications seen in patients with poor follow-up (adjusted HR 

3.61 vs unadjusted HR 3.0). Due to excess missing data, employment status was not included in the main 

multivariable model; however, sensitivity analysis using the variable demonstrated that the association of 

employment status with severe nutritional complications was not independent of other factors. 

Missingness of this variable was similar among levels of follow-up (see Chapter 5 for discussion of 

missingness). 

 

We did find that the association between not attending follow-up and risk of severe nutritional 

complications was independent of the effect of many of the above factors including age, sex, BMI, 

socioeconomic status, and health insurance (as bariatric centre visits are fully covered by OHIP). 

However, as we did not have detailed socioeconomic data such as patient income and access to private 

coverage for medications and supplements, we cannot fully exclude the possibility that these partially 

explain the association between less than perfect follow-up and risk of severe nutritional complications. 

 

In our prior study (see Chapter 3) and the present study, we found that post-operative surgical 

complications are the strongest predictor of severe nutritional complications after bariatric surgery. 

Adherence to post-surgical follow-up visits is thought to facilitate early recognition and treatment of these 

complications.14 However, even after adjusting for post-surgical complications, we found that first-year 

follow-up visit attendance remained a strong, statistically significant predictor of subsequent severe 

nutritional complications. 

 

In this study, we found that history of a cerebrovascular event (stroke or TIA) was the only comorbidity 

independently associated with an increased risk of severe nutritional complications. We propose that 

patients with severe cardiovascular disease may be more frail and potentially more prone to nutritional 

complications. An alternative explanation is that these patients had pre-existing nutrient deficiencies with 
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neurologic symptoms and were misdiagnosed as having cerebrovascular disease. However, since only 1% 

of our cohort had a history of cerebrovascular event prior to bariatric surgery, this is unlikely to be an 

important predictor warranting significant attention. 

 

There are several possible explanations for our main findings. It is conceivable that attending first year 

follow-up visits teaches skills and enforces habits that allow patients to maintain nutrition better than 

those who attend fewer or no visits. Alternatively, first year follow-up visit attendance may be a marker 

for other elements that improve nutritional outcomes, such as socioeconomic and psychological factors, 

or ongoing follow-up with the bariatric centre after the first year. It is also possible that despite adjusting 

for available comorbidity information, patients who attended more post-operative visits were healthier at 

baseline and thus less likely to have nutritional complications. While there were some small differences in 

many baseline factors between follow-up groups, these were mostly very small and statistically 

significant on the basis of large sample size, but unlikely to be clinically significant.  

 

Strengths of this study include the large cohort size and the combination of detailed registry data with 

administrative data, eliminating the problem of loss to follow-up when determining the primary outcome. 

We were able to adjust for a large number of factors that could confound the relationship between follow-

up attendance and our outcome. While misclassification in the administrative data is expected to be 

present, it would be non-differential by exposure and outcome, and thus not expected to bias the findings. 

The finding of a dose-response relationship between our main exposure and primary outcome strengthens 

the conclusion of a true, rather than spurious association. 

 

Limitations of this study include those described for our previous study (see Chapter 3, Discussion). 

Additional limitations for this study relate to missing data in the OBR. This resulted in the inability to 

adjust for potentially important variables such as baseline B12 level, which had excess missing data. 

Missing data also limited our ability to adjust for socioeconomic factors, although they did not appear to 
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be independently associated with our primary outcome. We were also unable to adjust for the independent 

effect of weight loss during the first post-operative year, as weight measurements were only available for 

patients who attended follow-up. Furthermore, some variables including BMI, pre-operative weight loss, 

and specific comorbidities had unequal distribution of missing data by level of exposure, which 

introduces potential for differential misclassification of these variables. Therefore, the relationship of 

these variables with the occurrence of severe nutritional complications, and their impact on the 

relationship between follow-up and the primary outcome, may not be accurately captured in this study. 

Finally, low rates of follow-up for patients in the latter years of the study may have also been partially due 

to missing data and reduced data entry into the database. However, this missingness would be expected to 

be non-differential by outcome. Missingness is discussed in detail in Chapter 5.  

 

An additional limitation is that the present study findings may not be generalizable to all patients who 

undergo bariatric surgery in Ontario. In the first study, we found that compared to registry non-

participants, patients participating in the bariatric registry had fewer severe nutritional complications and 

were less likely to die, even after adjusting for year of surgery. Non-participants in the registry were also 

younger, had higher comorbidity burden, and surgery earlier during the study period. This represents 

selection bias into our cohort. Our study selected patients who were at lower risk of the primary outcome. 

Additionally, patients who declined to participate in the OBR are suspected of being less compliant 

overall, including with follow-up. Therefore, our study population likely represents the best case scenario, 

and it may be hypothesized that inclusion of non-OBR patients into the cohort would have increased the 

number of events and increased the proportion of patients with poor follow-up. This would have increased 

study power, and potentially demonstrated an even stronger relationship between follow-up and the 

outcome. Another issue of generalizability is that we only studied patients who underwent RYGB; 

therefore, findings may not be applicable to other types of bariatric surgery.  

 



 99 

It should also be noted that we restricted our study to events occurring after the first post-surgical year. 

This was done for two reasons. Firstly, to support a causal relationship, we did not want to capture cases 

of the outcome that occurred during the pre-specified exposure time window. Secondly, we felt that cases 

of severe nutritional complications that occur early after bariatric surgery, such as during the first year, 

are different from cases that occur later. Early severe nutritional complications were felt to be much more 

likely to be related to a severe or acute event in the early post-operative period, which is less likely to be 

avoidable or related to follow-up. In contrast, delayed (beyond the first year) nutritional complications are 

more likely to be insidious, multifactorial, and/or preventable, whereby follow-up would be expected to 

have an impact. Because early and delayed severe nutritional complications are hypothesized to follow 

different causal pathways, and follow-up adherence is less likely to play a role in the causal pathway of 

early events, we restricted our cohort and analysis to delayed nutritional complications occurring after the 

first post-surgical year. Therefore, our findings cannot be generalized to nutritional complications 

occurring during the first post-surgical year. 

 

Finally, in this study, we did not have data on non-bariatric centre outpatient visits, such as those with a 

family physician. Therefore, we could not determine if follow-up outside of the bariatric centre is also 

associated with reduction in risk of severe nutritional complications, and we could not adjust for the 

impact of these visits on the relationship between our primary outcome and bariatric centre follow-up.  

 

In summary, we have found adherence to follow-up visits during the first year after bariatric surgery to be 

independently associated with a reduction in risk of subsequent severe nutritional complications. Our 

findings add to the body of literature supporting the merit of these visits for outcomes such as excess 

weight loss. Clinicians may wish to pay special attention to patients with risk factors for missing follow-

up appointments, and bariatric centers should proactively seek to improve post-operative follow-up and 

reconnect with patients who miss appointments, such as through telemedicine or active engagement of the 

primary care physician. While our study cannot be used to determine causality, this finding warrants 
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further investigation. With an ever expanding population of patients who have had bariatric surgery, 

future studies should focus on optimal follow-up protocols, as well as the role and ability of primary care 

physicians to provide follow-up that is as effective as that provided by bariatric centers. 
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Chapter 5 

General Discussion and Conclusions 

 

In this body of work using data from a province-wide bariatric registry and administrative databases, we 

have demonstrated that severe nutritional complications after bariatric surgery occur at a similar rate to 

other post-operative complications of bariatric surgery. Our descriptive study of 18,783 Ontario adults 

who underwent bariatric surgery between 2009-2015 found 2% of patients had a severe nutritional 

complication during the study observation period, with an incidence rate of 4.5 per 1000 person-years. 

We found that risk of hospitalization with malnutrition was constant over time, even 8 years after bariatric 

surgery. In our study, a statistically significantly greater proportion of patients with severe nutritional 

complications died during the study period, compared to those without such complications, which 

confirms that this is an important clinical entity that warrants attention.  

 

Patients who undergo bariatric surgery for weight loss are a fairly homogeneous group, with female 

predominance and similar obesity-related comorbidities. In our descriptive study, we did not identify any 

strong baseline predictors of severe nutritional complications after bariatric surgery. We did find that 

history of stroke or heart failure prior to bariatric surgery was associated with severe nutritional 

complications, but these comorbidities were only seen in 1% of patients, which limits their utility as 

predictors. We did see that patients with severe nutritional complications had statistically significantly 

greater weight loss at one year after surgery, and this is a potential area for future study, as exactly how 

much weight loss can be considered excessive will need to be defined. However, the presence of bariatric 

surgery related complications was the factor most strongly associated with our primary outcome. This 

group of patients, who represented 15% of the study cohort, appears to be a population that requires 

attention to nutritional status. A potential area for future research would be to determine whether 
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screening these patients for malnutrition at the time of surgical complication diagnosis and at regular 

subsequent intervals (either clinically or using serologic testing) can improve outcomes.  

 

The hypothesis for the analytic part of the thesis (Chapter 4) was that not attending follow-up visits after 

bariatric surgery would increase risk of severe nutritional complications. In this second part of our study, 

which was restricted to patients participating in the Ontario Bariatric Registry (OBR) who underwent 

RYGB, we found that poor first-year attendance of follow-up visits after RYGB was independently 

associated with severe nutritional complications in subsequent years after bariatric surgery. There 

appeared to be a dose-response between number of visits attended, and this risk. The association was 

independent of all available baseline factors, as well as surgical complications. We hypothesize that 

attending first year follow-up visits teaches skills and enforces habits that allow patients to maintain 

nutrition better than those who attend fewer or no visits. Alternatively, first year follow-up visit 

attendance may be a marker for other elements that improve nutritional outcomes, such as socioeconomic 

and psychological factors, or ongoing follow-up with the bariatric centre after the first year. Future 

studies should focus on optimal follow-up protocols, as well as the role and ability of primary care 

physicians to provide follow-up that is as effective as that provided by bariatric centers. 

 

It is important to acknowledge the limitations of our studies, which rely on routinely collected 

administrative data as well as the OBR database. Administrative data are inherently imprecise, and the 

primary intention of their collection is not for research. This introduces random error, as well as issues 

with missing data. Using diagnostic codes from administrative data to define our outcome was likely a 

fairly insensitive method of ascertaining the true incidence of severe nutritional complications, leading us 

to underestimate the true proportion of patients affected, and reducing the power of the analytic study. 

The definition of our primary outcome also required hospitalization, which is not just a reflection of 

disease severity, but also local practices and resource availability that impact the likelihood of being 
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hospitalized with a given complication. It was also outside the scope of this study to validate our outcome 

measure. 

 

For variables obtained from administrative data, we used both DAD and OHIP in order to reduce the 

amount of missing data. The impact of missing data on these variables, such as ADG score and 

marginalization index, was minimal. However, the issue of missing data was a significant limitation for 

variables obtained from the OBR. The missingness of OBR variables differed significantly between 

variables, and in some cases was also differential by exposure (see Table 5.1). Excess missing data 

significantly impacted the study, leading some variables to be excluded from consideration for the 

multivariable models in the analytic portion, and generally reduced the utility of these variables. Pre-

operative weight was notably more often missing for patients with no post-operative follow-up compared 

to perfect or imperfect follow-up. This was also the case for pre-operative comorbidities. Since lack of 

follow-up is a risk factor for poor nutritional outcomes, it would be worth exploring in future studies why 

patients who consent to the registry subsequently do not contribute weight or baseline comorbidity data.  

 

Table 5.1. Percent of missing values for selected variables obtained from the Ontario Bariatric 
Registry, by levels of the primary independent variable. 

 

Variable Perfect follow-up Imperfect follow-up No follow-up 
BMI 0.1 0.4 19.0 
Pre-op weight loss 5.9 5.3 51.9 
Albumin 13.0 15.6 30.1 
B12 85.3 73.5 65.3 
Vitamin D 31.3 29.2 45.4 
Specific comorbidities 0.1-0.3 0.1-0.4 22.6 
Education 6.9 13.5 13.5 
Employment 7.1 13.3 13.2 
Ethnicity 23.9 18.1 15.9 
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The analytic study was also impacted by missing data in the sense that only 57% of the cohort 

participated in the OBR, and OBR data were used to measure the exposure. This resulted in selection bias 

into the cohort, as discussed in Chapter 4. One strategy to combat this would have been to obtain OHIP 

billing codes for physician visits to capture follow-up for patients not in the OBR. However, this would 

have been a complex endeavor, needing to separate bariatric center visits from other unrelated medical 

encounters, and would have required a complex algorithm which would not be validated. Therefore, our 

analytic study is limited by the reduced sample size compared to the whole cohort, as well as the selection 

bias of restricting analysis to OBR cases, which as described in both previous chapters, differed from non 

OBR cases. 

 

Despite issues with data quality, the strength of this study is its large sample size and ability to study a 

rare outcome over time. We have demonstrated that severe nutritional complications after bariatric 

surgery occur at a similar frequency to other important post-surgical complications, and that suboptimal 

follow-up attendance at the bariatric centre is independently associated with risk of severe nutritional 

complications after RYGB. These findings warrant further exploration in future work. 
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Appendix A 

Sample size calculation 

 

Sample size calculation as per Kelsey JL. Methods in observational epidemiology. New York: Oxford 
University Press, 1996 

 

For the three category primary independent variable: 
16.6% for no follow-up (exposed) 
33.3% for partial follow-up 
50% for perfect follow-up (unexposed) 

 
Sample size to detect significant RR of 2 with 80% power and significance level 5%: 
 
Nexposed = (Za/2  + Zb)2 p (1-p)(r+1) / [d2r] 
 
Where: 

alpha = 0.05 
beta = 0.8 
(Za/2  + Zb)2 = 7.849 
r = ratio unexposed to exposed = 0.5:0.166 = 3 
p = overall event rate = 0.02 
d = difference to detect = p1 – p0 where p1 (event rate for no follow-up = 0.032) and p0 (event rate 
perfect follow-up = 0.016) 

    = 0.032 – 0.016 = 0.016 
 
Nexposed  = (7.849)(0.02)(0.98)(4) / [0.0162 x3] 

= 801.25 = 802 
 
Nunexposed = r(Nexposed) = 3x802 = 2406 

N = Nunexposed + Nexposed = 3208 

Since Nunexposed + Nexposed = only 66% of total sample (as there is 33% partial follow-up), 

final Ntotal = N/0.66 = 3208/0.666 = 4817 

 

N events = 0.02 x 4817 = 96.3 = 97 
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Appendix B 

Ontario Bariatric Network (OBN) institutions 

Type Center 
BCOE Hotel Dieu Hospital (Kingston) 
BCOE Guelph General Hospital 
BCOE St. Joseph’s Healthcare Hamilton 
BCOE Thunder Bay Regional Health Sciences Centre 
BCOE The Ottawa Hospital 
BCOE Toronto Western Hospital 
BCOE Humber River Hospital (Toronto) 
SOS Michael Garron Hospital (Toronto) 
SOS St. Joseph’s Health Centre Toronto 
SOS St. Michael’s Hospital (Toronto) 
RATC Hotel Dieu Grace Healthcare (Windsor) 
RATC Health Sciences North (Sudbury) 
 

BCOE = Bariatric Centre of Excellence. SOS = Surgical Only Site. RATC = Regional Assessment 

Treatment Centre. 
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Appendix C 

Ethics certificate 
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Appendix D 

Codes defining bariatric surgery 

Database Code Description 
OHIP S120 Gastric bypass with Roux-en-Y anastomosis, for morbid obesity 

S114 Sleeve gastrectomy  
S189 Intestinal bypass for morbid obesity 

CIHI-
DAD 

1NF78SH Repair by decreasing size, stomach open approach using gastric 
bypass technique with gastroenterostomy [e.g. Roux-en-Y] 

1NF78DQ Repair by decreasing size, stomach endoscopic [laparoscopic] 
approach using gastric bypass technique with gastroenterostomy 
[e.g. Roux-en-Y] 

1NF78WJ Repair by decreasing size, stomach open approach using vertical 
(sleeve) gastrectomy technique 

1NF78GB Repair by decreasing size, stomach endoscopic [laparoscopic] 
approach using vertical (sleeve) gastrectomy technique 

1NF78DI Repair by decreasing size, stomach endoscopic [laparoscopic] 
approach using gastric bypass technique with enteroenterostomy and 
biliopancreatic bypass [to terminal ileum] [e.g. duodenal switch] 

1NF78DO Repair by decreasing size, stomach endoscopic [laparoscopic] 
approach using gastric bypass technique with gastroenterostomy and 
biliopancreatic bypass [to terminal ileum [e.g. biliopancreatic 
diversion] 

1NF78SI Repair by decreasing size, stomach open approach using gastric 
bypass technique with enteroenterostomy and biliopancreatic bypass 
[to terminal ileum] [e.g. duodenal switch] 

1NF78SJ Repair by decreasing size, stomach open approach using gastric 
bypass technique with gastroenterostomy and biliopancreatic bypass 
[to terminal ileum] [e.g. biliopancreatic diversion] 

 

OHIP = Ontario Health Insurance Plan. CIHI-DAD = Canadian Institute for Health Information 

Discharge Abstract Database 
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Appendix E 

Codes identifying malnutrition 

 

Table E1. International Classification of Diseases 10th revision (ICD-10) codes identifying 
malnutrition at hospital admission used to define primary outcome. 
 

ICD-10 Code ICD-10 Code Description 
E40 Kwashiorkor 
E41 Nutritional marasmus 
E42 Marasmic kwashiorkor 
E43 Unspecified severe protein-energy malnutrition 
E440 Moderate protein-energy malnutrition 
E46 Unspecified protein-energy malnutrition 
E500 Vitamin A deficiency with conjunctival xerosis 
E501 Vitamin A deficiency with Bitot's spot and conjunctival xerosis 
E502 Vitamin A deficiency with corneal xerosis 
E503 Vitamin A deficiency with corneal ulceration and xerosis 
E504 Vitamin A deficiency with keratomalacia 
E505 Vitamin A deficiency with night blindness 
E506 Vitamin A deficiency with xerophthalmic scars of cornea 
E507 Other ocular manifestations of vitamin A deficiency 
E508 Other manifestations of vitamin A deficiency 
E509 Vitamin A deficiency, unspecified 
E511 Beriberi 
E512 Wernicke's encephalopathy 
E518 Other manifestations of thiamine deficiency 
E519 Thiamine deficiency, unspecified 
E52 Niacin deficiency [pellagra] 
E530 Riboflavin deficiency 
E531 Pyridoxine deficiency 
E538 Deficiency of other specified B group vitamins 
E539 Vitamin B deficiency, unspecified 
E54 Ascorbic acid deficiency 
E550 Rickets, active 
E559 Vitamin D deficiency, unspecified 
E560 Deficiency of vitamin E 
E561 Deficiency of vitamin K 
E568 Deficiency of other vitamins 
E569 Vitamin deficiency, unspecified 
E58 Dietary calcium deficiency 
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E60 Dietary zinc deficiency 
E610 Copper deficiency 
E611 Iron deficiency 
E617 Deficiency of multiple nutrient elements 
E618 Deficiency of other specified nutrient elements 
E619 Deficiency of nutrient element, unspecified 
E638 Other specified nutritional deficiencies 
E639 Nutritional deficiency, unspecified 
E640 Sequelae of protein-energy malnutrition 
E641 Sequelae of vitamin A deficiency 
E642 Sequelae of vitamin C deficiency 
E643 Sequelae of rickets 
E648 Sequelae of other nutritional deficiencies 
E649 Sequelae of unspecified nutritional deficiency 
E211 Secondary hyperparathyroidism, not elsewhere classified 
G634 Polyneuropathy in nutritional deficiency 
D513 Other dietary vitamin B12 deficiency anaemia 
D518 Other vitamin B12 deficiency anaemias 
D519 Vitamin B12 deficiency anaemia, unspecified 
D520 Dietary folate deficiency anaemia 
D528 Other folate deficiency anaemias 
D529 Folate deficiency anaemia, unspecified 
D530 Protein deficiency anaemia 
D538 Other specified nutritional anaemias 
D539 Nutritional anaemia, unspecified 
D508 Other iron deficiency anaemias 
D509 Iron deficiency anaemia, unspecified 
R64 Cachexia 
R634 Abnormal weight loss 
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Table E2. Classification of ICD-10 codes into malnutrition type categories. 
 

Large group Subgroup ICD-10 
code 

ICD-10 code description 

Water 
soluble 
vitamin 
deficiency 

Thiamine deficiency E511 Beriberi 
E512 Wernicke's encephalopathy 
E518 Other manifestations of thiamine deficiency 
E519 Thiamine deficiency, unspecified 

Folate deficiency D520 Dietary folate deficiency anaemia 
D528 Other folate deficiency anaemias 
D529 Folate deficiency anaemia, unspecified 

B12 deficiency D513 Other dietary vitamin B12 deficiency anaemia 
D518 Other vitamin B12 deficiency anaemias 
D519 Vitamin B12 deficiency anaemia, unspecified 

Other B vitamin 
deficiency 

E52 Niacin deficiency [pellagra] 
E530 Riboflavin deficiency 
E531 Pyridoxine deficiency 
E538 Deficiency of other specified B group vitamins 
E539 Vitamin B deficiency, unspecified 

Vitamin C deficiency E54 Ascorbic acid deficiency 
E642 Sequelae of vitamin C deficiency 

Fat soluble 
vitamin 
deficiency 

Vitamin A deficiency E500 Vitamin A deficiency with conjunctival xerosis 
E501 Vitamin A deficiency with Bitot's spot and 

conjunctival xerosis 
E502 Vitamin A deficiency with corneal xerosis 
E503 Vitamin A deficiency with corneal ulceration and 

xerosis 
E504 Vitamin A deficiency with keratomalacia 
E505 Vitamin A deficiency with night blindness 
E506 Vitamin A deficiency with xerophthalmic scars of 

cornea 
E507 Other ocular manifestations of vitamin A 

deficiency 
E508 Other manifestations of vitamin A deficiency 
E509 Vitamin A deficiency, unspecified 
E641 Sequelae of vitamin A deficiency 

Vitamin D deficiency E550 Rickets, active 
E559 Vitamin D deficiency, unspecified 
E643 Sequelae of rickets 

Vitamin E deficiency E560 Deficiency of vitamin E 
Vitamin K deficiency E561 Deficiency of vitamin K 

Mineral 
deficiency 

Calcium deficiency E58 Dietary calcium deficiency 
E211 Secondary hyperparathyroidism, not elsewhere 
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classified 
Zinc deficiency E60 Dietary zinc deficiency 
Copper deficiency E610 Copper deficiency 
Iron deficiency E611 Iron deficiency 

D508 Other iron deficiency anaemias 
D509 Iron deficiency anaemia, unspecified 

Other 
micronutrient 
deficiency 

Multiple or unspecified 
nutrient deficiency 

E617 Deficiency of multiple nutrient elements 
E618 Deficiency of other specified nutrient elements 
E619 Deficiency of nutrient element, unspecified 
E638 Other specified nutritional deficiencies 
E639 Nutritional deficiency, unspecified 
E648 Sequelae of other nutritional deficiencies 
E649 Sequelae of unspecified nutritional deficiency 
E568 Deficiency of other vitamins 
E569 Vitamin deficiency, unspecified 

Malnutrition 
Neuropathy 

G634 Polyneuropathy in nutritional deficiency 

Nutritional anemia D530 Protein deficiency anaemia 
D538 Other specified nutritional anaemias 
D539 Nutritional anaemia, unspecified 

Protein-
calorie 
malnutrition 

Protein-calorie 
malnutrition 

E40 Kwashiorkor 
E41 Nutritional marasmus 
E42 Marasmic kwashiorkor 
E43 Unspecified severe protein-energy malnutrition 
E440 Moderate protein-energy malnutrition 
E46 Unspecified protein-energy malnutrition 
E640 Sequelae of protein-energy malnutrition 
R64 Cachexia 
R634 Abnormal weight loss 
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Appendix F 

Codes defining invasive nutrition support 

Table F1. Codes defining parenteral nutrition support. 

 

OHIP code Description 
G510 Management of parenteral alimentation 
CCI Code Description 
1LZ35HAC6 Pharmacotherapy (local), circulatory system NEC 

percutaneous injection approach of parenteral nutrition 
1LZ35HHC6 Pharmacotherapy (local), circulatory system NEC 

percutaneous infusion approach of parenteral nutrition 
 

OHIP = Ontario Health Insurance Plan. CCI = Canadian Classification of Health Interventions. 

 

Table F2. Codes defining enteral nutrition support. 

OHIP code Description 
J055 Percutaneous gastrostomy (radiology) 
J063 Percutaneous jejunostomy 
S151 Insertion of feeding enterostomy 
E737 Insertion of feeding enterostomy when done with another intra-abdominal 

procedure 
CCI Code Description 

1OZ17CDT4 
Alimentation, digestive system NEC using per orifice (and NG tube) pump 
approach and general nutrients 

1OZ17CET4 
Alimentation, digestive system NEC using per orifice (and NG tube) syringe 
approach and general nutrients 

1OZ17CFT4 
Alimentation, digestive system NEC using per orifice (and NG tube) drip 
approach and general nutrients 

1OZ17HHT4 
Alimentation, digestive system NEC using percutaneous (via 
catheter/gastrostomy tube) and general nutrients 

1NF53 Implantation of internal device, stomach 
 

OHIP = Ontario Health Insurance Plan. CCI = Canadian Classification of Health Interventions. 
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Appendix G 

Creation of marginalization score 

 

Calculation of a summary marginalization index was performed as per ON-MARG User Guide Version 

1.0, which describes the procedure in detail. In the first step, the correlation between quintiles of each 

marginalization dimension and the outcome was examined using the Cochran Armitage test for trend. The 

Z-statistics and two-sided p values were as follows: dependency (Z = -0.3627, p = 0.7169), deprivation (Z 

= 0.4256, p = 0.6704), ethnic concentration (Z = 1.5127, p = 0.1303), instability (Z = 1.7857, p = 0.0742). 

This shows that none of the four dimensions of marginalization were significantly associated with the 

outcome. In three of the four dimensions, the direction of effect was that greater marginalization was 

associated with the outcome. 

 

The four dimensions were then combined to a summary score, calculated by summing the quintiles and 

dividing by four. This resulted in a total of 17 possible values for marginalization, between 1 and 5. 

Correlation between summary marginalization score and the outcome was examined using the Cochran 

Armitage test for trend. The Z-statistic and two-sided p value was 1.45, p = 0.15. 
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Appendix H 

Codes identifying early perioperative complication 

 

Table H1. International Classification of Diseases 10th revision (ICD-10) codes defining early 

perioperative complications. 

 

Category Subtype ICD-10 
code 

ICD-10 diagnosis 

Vascular Acute Cardiac I210 Acute transmural myocardial infarction of anterior wall 
I211 Acute transmural myocardial infarction of inferior wall 
I212 Acute transmural myocardial infarction of other sites 
I213 Acute transmural myocardial infarction of unspecified 

site 
I2140 Acute subendocardial myocardial infarction of anterior 

wall 
I2141 Acute subendocardial myocardial infarction of inferior 

wall 
I2142 Acute subendocardial myocardial infarction of other 

sites 
I2149 Acute subendocardial myocardial infarction, 

unspecified site 
I219 Acute myocardial infarction, unspecified 

Post-operative 
vascular 

T817 Vascular complications following a procedure, not 
elsewhere classified 

K550 Acute vascular disorders of intestine 
Deep vein 
thrombosis 

I820 Budd-Chiari syndrome 
I821 Thrombophlebitis migrans 
I822 Embolism and thrombosis of vena cava 
I823 Embolism and thrombosis of renal vein 
I828 Embolism and thrombosis of other specified veins 
I829 Embolism and thrombosis of unspecified vein 
I801 Phlebitis and thrombophlebitis of femoral vein 
I802 Phlebitis and thrombophlebitis of other deep vessels of 

lower extremities 
I803 Phlebitis and thrombophlebitis of lower extremities, 

unspecified 
I808 Phlebitis and thrombophlebitis of other sites 
I809 Phlebitis and thrombophlebitis of unspecified site 

Pulmonary 
embolism 

I260 Pulmonary embolism with mention of acute cor 
pulmonale 
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I269 Pulmonary embolism without mention of acute cor 
pulmonale 

Respiratory Respiratory 
failure 

J960 Acute respiratory failure 
R092 Respiratory arrest 
J80 Adult respiratory distress syndrome 

Incision Seroma, 
hematoma or 
hemorrhage 

T810 Haemorrhage and haematoma complicating a 
procedure, not elsewhere classified 

K918 Other postprocedural disorders of digestive system, not 
elsewhere classified 

K919 Postprocedural disorder of digestive system, 
unspecified 

K920 Haematemesis 
K921 Melaena 
K922 Gastrointestinal haemorrhage, unspecified 
K661 Haemoperitoneum 

Dehiscence T813 Disruption of operation wound, not elsewhere 
classified 

Non-healing 
wound 

T8182 Persistent post-operative fistula 
T8188 Other complications of procedures, not elsewhere 

classified 
T819 Unspecified complication of procedure 

Infection Post-operative T814 Infection following a procedure, not elsewhere 
classified 

Urinary T835 Infection and inflammatory reaction due to prosthetic 
device, implant and graft in urinary system 

Renal Acute kidney 
injury 

N170 Acute renal failure with tubular necrosis 
N171 Acute renal failure with acute cortical necrosis 
N172 Acute renal failure with medullary necrosis 
N178 Other acute renal failure 
N179 Acute renal failure, unspecified 
N998 Other postprocedural disorders of genitourinary system 

Neurologic CNS 
complication 
from procedure 

G978 Other postprocedural disorders of nervous system 
G979 Postprocedural disorder of nervous system, unspecified 
I978 Other postprocedural disorders of circulatory system, 

not elsewhere classified 
Stroke G458 Other transient cerebral ischaemic attacks and related 

syndromes 
G459 Transient cerebral ischaemic attack, unspecified 
G460 Middle cerebral artery syndrome 
G461 Anterior cerebral artery syndrome 
G462 Posterior cerebral artery syndrome 
G463 Brain stem stroke syndrome 
G464 Cerebellar stroke syndrome 
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G465 Pure motor lacunar syndrome 
G466 Pure sensory lacunar syndrome 
G467 Other lacunar syndromes 
G468 Other vascular syndromes of brain in cerebrovascular 

diseases 
I630 Cerebral infarction due to thrombosis of precerebral 

arteries 
I631 Cerebral infarction due to embolism of precerebral 

arteries 
I632 Cerebral infarction due to unspecified occlusion or 

stenosis of precerebral arteries 
I633 Cerebral infarction due to thrombosis of cerebral 

arteries 
I634 Cerebral infarction due to embolism of cerebral arteries 
I635 Cerebral infarction due to unspecified occlusion or 

stenosis of cerebral arteries 
I636 Cerebral infarction due to cerebral venous thrombosis, 

nonpyogenic 
I638 Other cerebral infarction 
I639 Cerebral infarction, unspecified 
I64 Stroke, not specified as haemorrhage or infarction 

Gastrointestinal Perforation, 
laceration 

T812 Accidental puncture and laceration during a procedure, 
not elsewhere classified 

Bowel 
obstruction, 
ileus 

K560 Paralytic ileus 
K561 Intussusception 
K562 Volvulus 
K565 Intestinal adhesions [bands] with obstruction 
K566 Other and unspecified intestinal obstruction 
K567 Ileus, unspecified 
K913 Post-operative intestinal obstruction 

Fistula K632 Fistula of intestine 
Digestive 
complications 

K910 Vomiting following gastrointestinal surgery 
K911 Postgastric surgery syndromes 
K918 Other postprocedural disorders of digestive system, not 

elsewhere classified 
K919 Postprocedural disorder of digestive system, 

unspecified 
 

CNS = central nervous system 
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Table H2. Canadian Classification of Health Interventions (CCI) codes defining early perioperative 

complications. 
 

Category Subtype CCI code CCI code description 

Vascular Acute cardiac 1IJ50 Dilation, coronary arteries 

1IJ57 Extraction, coronary arteries 

1IJ76 Bypass, coronary arteries 

Respiratory Respiratory 
failure 

1GZ31 Ventilation, respiratory system 

NEC 

Gastrointestinal Bowel obstruction 1NP72 Release, small and large 

intestine 

Surgical repair of 
intestinal wound 

1NK80 Repair, small intestine 

1NM80 Repair, large intestine 
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Appendix I 

Codes identifying bariatric surgery specific complication 

 

Complication Code type Code Description 
Gastric ulcer, 
anastomotic 
bleeding 

ICD-10 K250 Gastric ulcer, acute with haemorrhage 
K251 Gastric ulcer, acute with perforation 
K252 Gastric ulcer, acute with both haemorrhage and 

perforation 
K253 Gastric ulcer, acute without haemorrhage or perforation 
K254 Gastric ulcer, chronic or unspecified with haemorrhage 
K255 Gastric ulcer, chronic or unspecified with perforation 
K256 Gastric ulcer, chronic or unspecified with both 

haemorrhage and perforation 
K257 Gastric ulcer, chronic without haemorrhage or 

perforation 
K259 Gastric ulcer, unspecified as acute or chronic, without 

haemorrhage or perforation 
K280 Gastrojejunal ulcer, acute with haemorrhage 
K281 Gastrojejunal ulcer, acute with perforation 
K282 Gastrojejunal ulcer, acute with both haemorrhage and 

perforation 
K283 Gastrojejunal ulcer, acute without haemorrhage or 

perforation 
K284 Gastrojejunal ulcer, chronic or unspecified with 

haemorrhage 
K285 Gastrojejunal ulcer, chronic or unspecified with 

perforation 
K286 Gastrojejunal ulcer, chronic or unspecified with both 

haemorrhage and perforation 
K287 Gastrojejunal ulcer, chronic without haemorrhage or 

perforation 
K289 Gastrojejunal ulcer, unspecified as acute or chronic, 

without haemorrhage or perforation 
K270 Peptic ulcer, acute with haemorrhage 
K271 Peptic ulcer, acute with perforation 
K272 Peptic ulcer, acute with both haemorrhage and 

perforation 
K273 Peptic ulcer, acute without haemorrhage or perforation 
K274 Peptic ulcer, chronic or unspecified with haemorrhage 
K275 Peptic ulcer, chronic or unspecified with perforation 
K276 Peptic ulcer, chronic or unspecified with both 
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haemorrhage and perforation 
K277 Peptic ulcer, chronic without haemorrhage or 

perforation 
K279 Peptic ulcer, unspecified as acute or chronic, without 

haemorrhage or perforation 
K633 Ulcer of intestine 
K922 Gastrointestinal haemorrhage, unspecified 

CCI 1NF13 Control of bleeding, stomach 
Anastomotic leak, 
abscess, fistula 
 

ICD-10 K316 Fistula of stomach and duodenum 
K650 Acute peritonitis 
K630 Abscess of intestine 
T8182 Persistent post-operative fistula 

CCI 1NF86 Closure of fistula, stomach 
1NP86 Closure of fistula, small and large intestine 
1OT52 Drainage, abdominal cavity 

OHIP S313 Subphrenic peritoneal abscess 
S314 Abdominal peritoneal abscess 
Z594 Percutaneous abdominal abscess drainage 

Small bowel 
obstruction 

ICD-10 K565 Intestinal adhesions [bands] with obstruction 
K566 Other and unspecified intestinal obstruction 
K430 Ventral hernia with obstruction, without gangrene 
K431 Ventral hernia with gangrene 
K450 Other specified abdominal hernia with obstruction, 

without gangrene 
K451 Other specified abdominal hernia with gangrene 
K460 Unspecified abdominal hernia with obstruction, without 

gangrene 
K461 Unspecified abdominal hernia with gangrene 
K469 Unspecified abdominal hernia without obstruction or 

gangrene 
OHIP S329 Herniotomy, strangulated or incarcerated, without 

resection 
S330 Herniotomy, strangulated or incarcerated, with 

resection 
Anastomotic 
stenosis, gastric 
stricture 

ICD-10 K312 Hourglass stricture and stenosis of stomach 
CCI 1NF50 Dilation, stomach 

1OW50 Dilation, surgically constructed sites in digestive & 
biliary tract 

OHIP E698 Endoscopic pneumatic or balloon dilation 
Z539 Dilation of gastrostomy, enterostomy 
E629 Intraluminal stenting 

Any re-operation OHIP Z552 Laparoscopy without biopsy 
Z553 Laparoscopy with biopsy and/or lysis of adhesions 
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S312 Laparotomy +/- biopsy 
S313 Laparotomy for subphrenic abscess 
S314 Laparotomy for abdominal abscess 

 

 

ICD-10 = International Classification of Diseases 10th revision. CCI = Canadian Classification of Health 

Interventions. OHIP = Ontario Health Insurance Plan 
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Appendix J 

Additional exclusions from study cohort 

Of the 18,983 patients identified for the study cohort, 202 were recorded to have had bariatric surgery at 

an Ontario institution not affiliated with the OBN. Since bariatric surgery outside of an OBN institution in 

Ontario is not covered by the MOHLTC (and should thus not occur), we separately examined the group of 

202 patients at these other Ontario institutions. Two of the patients were in the OBR, indicating actual 

OBN affiliation. These two cases were subsequently classified as being OBN cases. Compared to the rest 

of the cohort, the remaining 200 were significantly older with more comorbidities, no female 

predominance, and 29% died in the first post-operative year (see table below). We suspected these were 

mostly cases of non-bariatric surgery (ex. bypass for cancer) or coding error and therefore these 200 cases 

were excluded from the final cohort. 

 

Table J1. Characteristics of patients who had bariatric surgery codes in CIHI or OHIP at Ontario 
institution other than an OBN site during study period and were excluded from the final study 
cohort (n = 200), compared to final cohort. 
 

Variable Excluded Casesa 

N = 200 
Final Cohorta 

N = 18,783 
Age in years, mean (SD) 60.9 (+ 16.7) 45.1 (+ 10.6) 
Female sex 102 (51.0) 15,365 (81.8) 
Number of major comorbiditiesb   

0 21 (10.5) 7293 (38.8) 
1-3 122 (61.0) 11,045 (58.8) 
>3 57 (28.5) 445 (2.37) 

Cancer diagnosis within last 2 
yearsc  

120 (60.0) 1112 (5.9) 

Type of Surgery    
RYGB 147 (73.5) 16,671 (88.8) 

Sleeve gastrectomy 37 (18.5) 2032 (10.8) 
Other 16 (8.0) 80 (0.4) 

Laparoscopic surgery  58 (29.0) 15,735 (97.8) 
Early post-operative complication 96 (48.0) 2093 (11.1) 
Died within 1 year of surgery 58 (29.0) 77 (0.4) 

aValues presented as N (%) unless otherwise specified 
bSevere and/or unstable conditions as defined by Johns Hopkins system of Aggregated Diagnosis Groups (ADG) 
cIdentified using the Johns Hopkins ADG algorithm, ADG group 32 (malignancy) 
 

SD = standard deviation. RYGB = Roux-en-Y gastric bypass. CIHI = Canadian Institute for Health 

Information. OHIP = Ontario Health Insurance Plan. OBN = Ontario Bariatric Network. 
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Appendix K 

Baseline characteristics by inclusion status in Ontario Bariatric Registry 

Table K1. Baseline characteristics of Ontario adults undergoing bariatric surgery from 2009-2015, 
by inclusion status in Ontario Bariatric Registry (OBR), N = 18,783. 
 

Variable OBR participant 
N = 10,731a 

Not in OBR 

N = 8052a 
p value 

Age in years, mean (SD) 45.3 (+ 10.5) 44.9 (+ 10.8) 0.01 
Female sex 8894 (82.9) 6471 (80.4) <0.001 
Type of Surgery     

RYGB 9155 (85.3) 7516 (93.3) <0.001 
Sleeve gastrectomy 1536 (14.3) 496 (6.2)  

Other 40 (0.4) 40 (0.5)  
Laparoscopic surgeryb 10,636 (99.3) 5099 (94.7) <0.001 
Year of surgery    

2009 16 (0.2) 2795 (34.7) <0.001 
2010 135 (1.3) 2001 (24.9)  
2011 839 (7.8) 1541 (19.1)  
2012 2048 (19.1) 579 (7.2)  
2013 2681 (25.0) 330 (4.1)  
2014 2386 (22.2) 365 (4.5)  
2015 2626 (24.5) 441 (5.5)  

Number of major ADGc    
0 4224 (39.4) 3069 (38.1) 0.01 

1-3 6279 (58.5) 4766 (59.2)  
>3 228 (2.1) 217 (2.7)  

Marginalization scored    
1-2 1377 (13.0) 1147 (14.5) 0.82 

2.25-2.5 2070 (19.5) 1510 (19.1)  
2.75-3 2198 (20.8) 1484 (18.7)  

3.25-3.75 3070 (29.0) 2279 (28.8)  
4-5 1878 (17.7) 1506 (19.0)  

aValues presented as N (%) unless otherwise specified 
bN for bariatric registry participants = 10,710, N for registry non-participants = 5383 
cSevere and/or unstable conditions as defined by Johns Hopkins system of Aggregated Diagnosis Groups (ADG) 
dN = 10,593 for registry group, N = 7926 for non-registry group. 
 

OBR = Ontario Bariatric Registry. SD = standard deviation. RYGB = Roux-en-Y gastric bypass. ADG = 

Aggregated Diagnosis Groups. 
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Table K2. Baseline characteristics of Ontario adults undergoing bariatric surgery in Ontario at a 
site affiliated with the Ontario Bariatric Network (OBN) from 2009-2015, by inclusion status in the 
Ontario Bariatric Registry (OBR), N = 16,093. 
 

Variable OBR participant 
N = 10,710a 

Not in OBR 

N = 5383a 
p value 

Age in years, mean (SD) 45.3 (+ 10.5) 45.1 (+ 10.8) 0.40 
Female sex 8874 (82.9) 4352 (80.9) 0.002 
Type of Surgery    

RYGB 9134 (85.3) 4847 (90.0) <0.001 
Sleeve gastrectomy 1536 (14.3) 496 (9.2)  

Other 40 (0.4) 40 (0.7)  
Laparoscopic surgery  10,636 (99.3) 5099 (94.7) <0.001 
Year of surgery    

2009-2010 133 (1.2) 2134 (39.6) <0.001 
2011 838 (7.8) 1538 (28.6)  
2012 2048 (19.1) 576 (10.7)  
2013 2681 (25.0) 329 (6.1)  
2014 2384 (22.3) 365 (6.8)  
2015 2626 (24.5) 441 (8.2)  

Number of major ADGb    
0 4216 (39.4) 2016 (37.5) <0.001 

1-3 6266 (58.5) 3198 (59.4)  
>3 228 (2.1) 169 (3.1)  

Marginalization scorec    
1-2 1376 (13.0) 775 (14.6) 0.43 

2.25-2.5 2065 (19.5) 1002 (18.9)  
2.75-3 2193 (20.7) 979 (18.5)  

3.25-3.75 3064 (29.0) 1492 (28.1)  
4-5 1874 (17.7) 1057 (19.9)  

aValues presented as N (%) unless otherwise specified 
bSevere and/or unstable conditions as defined by Johns Hopkins system of Aggregated Diagnosis Groups (ADG) 
cN = 10,572 for registry group, N = 5305 for non-registry group. 
 

OBN = Ontario Bariatric Network. OBR = Ontario Bariatric Registry. SD = standard deviation. RYGB = 

Roux-en-Y gastric bypass. ADG = Aggregated Diagnosis Groups. 
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Appendix L 

Baseline characteristics by site of surgery 

 

Table L1. Baseline characteristics of Ontario adults undergoing bariatric surgery from 2009-2015, 
by site of surgery (Ontario Bariatric Network site vs not), N = 18,783. 
 

Variable OBN site 
N = 16,093a 

Non-OBN site 

N = 2690a 
p value 

Age in years, mean (SD) 45.2 (+ 10.6) 44.3 (+ 10.4) <0.001 
Female sex 13,226 (82.2) 2139 (79.5) <0.001 
Type of Surgery     

RYGB 13,981 (86.9) 2690 (100) <0.001 
Sleeve gastrectomy 2032 (12.6) 0 (0)  

Other 80 (0.5) 0 (0)  
Year of surgery    

2009 697 (4.3) 2114 (78.6) <0.001 
2010 1570 (9.8) 566 (21.0)  

2011-2015 13,826 (85.9) 10 (0.4)  
Number of major ADGb    

0 6232 (38.7) 1061 (39.4) 0.09 
1-3 9464 (58.8) 1581 (58.8)  
>3 397 (2.5) 48 (1.8)  

Marginalization scorec    
1-2 2151 (13.6) 373 (14.1) 0.35 

2.25-2.5 3067 (19.3) 513 (19.4)  
2.75-3 3172 (20.0) 510 (19.3)  

3.25-3.75 4556 (28.7) 793 (30.0)  
4-5 2931 (18.5) 453 (17.2)  

aValues presented as N (%) unless otherwise specified 
bSevere and/or unstable conditions as defined by Johns Hopkins system of Aggregated Diagnosis Groups (ADG) 
cN = 15,877 for OBN group, N = 2642 for non-OBN group. 
 

OBN = Ontario Bariatric Network. SD = standard deviation. RYGB = Roux-en-Y gastric bypass. ADG = 
Aggregated Diagnosis Groups. 
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Appendix M 

Severe nutritional complication by site of surgery, stratified by year 

 

Analyses for 2009-2010 only presented, as number of cases in USA after 2010 too small for analysis. 

 

Table M1. Severe nutritional complication by site of surgery (USA vs OBN), year = 2009. 

Site of Surgery Severe Nutritional 
Complication 

Yes No 

OBN 39 (5.6) 658 (94.4) 

USA 74 (4.1) 1737 (95.9) 

Chi square p value for table = 0.10 

 

Table M2. Severe nutritional complication by site of surgery (USA vs OBN), year = 2010. 

Site of Surgery Severe Nutritional 
Complication 

Yes No 

OBN 43 (2.7) 1527 (97.3) 

USA 15 (3.1) 466 (96.9) 

Chi square p value for table = 0.66 

 
USA = United States of America. OBN = Ontario Bariatric Network. 
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Appendix N 

Baseline characteristics according to specific malnutrition outcomes 

 

Table N1. Baseline characteristics of Ontario adults undergoing bariatric surgery from 2009-2015, 
by occurrence of hospital admission with iron deficiency, N = 18,783. 
 

Variable Iron deficiencya 
N = 190 

No iron deficiencya 

N = 18,593 
p value 

Age in years, mean (SD) 43.0 (+ 11.2) 45.1 (+ 10.5) 0.006 
Female sex 166 (87.4) 15,199 (81.8) 0.046 
Weightb (kg), mean (SD) 133.9 (+ 29.4) 135.8 (+ 26.8) 0.57 
Pre-operative weight lossc (%), 
mean (SD) 

2.5 (+ 7.0) 2.2 (+ 5.5) 0.75 

BMId (kg/m2), mean (SD) 48.7 (+ 8.8) 49.3 (+ 8.0) 0.57 
Albumine (g/L), mean (SD) 39.5 (+ 4.0) 40.1 (+ 3.7) 0.31 
B12f (pg/mL), mean (SD) 260.2 (+ 107.7) 313.6 (+ 163) 0.42 
Vitamin Dg (nmol/L), mean (SD) 52.8 (+ 21.1) 53.7 (+ 24.7) 0.81 
Presence of comorbidityh    

Coronary artery disease <6 (1.5-7.5%) 220-224 (2.2) 0.66 
COPD 0 (0) 43 (0.4) 1.0 

Diabetes 20 (29.9) 3152 (30.9) 0.85 
Venous Thromboembolism <6 (1.5-7.5%) 286-290 (2.8) 0.44 

Heart failure <6 (1.5-7.5%) 104-108 (1.0-1.1) 0.006 
Hypertension 27 (40.3) 4606 (45.2) 0.42 
Renal disease 0 (0) 16 (0.16) 1.0 

Sleep apnea 25 (37.3) 4575 (44.9) 0.22 
Stroke/TIA <6 (1.5-7.5%) 112-116 (1.1) 0.007 

Prior surgery 14 (20.9) 2623 (25.7) 0.37 
GI disease <6 (1.5-7.5%) 808-812 (7.9-8.0) 0.89 

Number of major ADGi    
0 66 (34.7) 7227 (38.9) 0.15 

1-3 116 (61.0) 10,929 (58.8)  
>3 8 (4.2) 437 (2.4)  

Highest level of educationj    
High School or below 16 (29.6) 2756/9597 (28.7) 0.88 

Above High School 38 (70.4) 6841/9597 (71.3)  
Employment levelk    

Employed 31 (56.4) 6746 (70.3) 0.06 
Unemployed 12 (21.8) 1599 (16.7)  

Disability 12 (21.8) 1252 (13.1)  
Ethnicityl    

Caucasian 44 (86.3) 7512 (88.1) 0.68 
Aboriginal/Other 7 (13.7) 1012 (11.9)  

Marginalization scorem    
1-2 20 (10.9) 2504 (13.7) 0.16 

2.25-2.5 23 (12.5) 3557 (19.4)  
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2.75-3 46 (25.0) 3636 (19.8)  
3.25-3.75 65 (35.3) 5284 (28.8)  

4-5 30 (16.3) 3354 (18.3)  
Type of Surgery     

RYGB 176 (92.6) 16,495 (88.7) 0.06 
Non-RYGB 14 (7.4) 2098 (11.3)  

Laparoscopic surgeryn 126 (94.0) 15,609 (97.8) 0.003 
Bariatric registry participant 69 (36.3) 10,662 (57.3) <0.001 
Institution type    

OBN site 134 (70.5) 15,959 (85.8) <0.001 
United States site 46 (24.2) 2250 (12.1)  

Missing 10 (5.3) 384 (2.1)  
aValues presented as N (%) unless otherwise specified 
bN = 67 for iron deficiency group, N = 10,310 for no iron deficiency group. Weight at baseline bariatric center visit 
used where available, otherwise pre-operative weight used. 
cN = 54 for iron deficiency group, N = 9129 for no iron deficiency group. Percent of body weight lost from baseline 
bariatric centre visit to time of bariatric surgery. 
dN = 67 for iron deficiency group, N = 10,280 for no iron deficiency group 
eN = 51 for iron deficiency group, N = 8939 for no iron deficiency group 
fN = 6 for iron deficiency group, N = 2423 for no iron deficiency group 
gN = 40 for iron deficiency group, N = 7303 for no iron deficiency group 
hData presented for patients in OBR database. N = 67 for all iron deficiency group; N = 10,196 for no complication 
group except for venous thromboembolism (N = 10,193), heart failure (N = 10,192), stroke/TIA (N = 10,190), prior 
surgery (N = 10,191), GI disease (N = 10,185). Small cell sizes <6 are suppressed and presented as a range. 
iSevere and/or unstable conditions as defined by Johns Hopkins system of Aggregated Diagnosis Groups (ADG) 
jData presented for patients in OBR database. N = 54 for iron deficiency group, N = 9597 for no iron deficiency 
group 
kData presented for patients in OBR database. N = 55 for iron deficiency group, N = 9597 for no iron deficiency 
group 
lData presented for patients in OBR database. N = 51 for iron deficiency group, N = 8524 for no iron deficiency 
group 
mN = 184 for iron deficiency group, N = 18,335 for no iron deficiency group 
nN = 134 for iron deficiency group, N = 15,959 for no iron deficiency group 
 

SD = standard deviation. BMI = body mass index. COPD = chronic obstructive pulmonary disease. TIA = 
transient ischemic attack. GI = gastrointestinal. ADG = aggregated diagnosis groups. RYGB = Roux-en-
Y gastric bypass. OBN = Ontario Bariatric Network. 
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Table N2. Baseline characteristics of Ontario adults undergoing bariatric surgery from 2009-2015, 
by occurrence of hospitalization with protein-calorie malnutrition (PCM), N = 18,783. 
 

Variable PCMa 
N = 172 

No PCMa 

N = 18,611 
p value 

Age in years, mean (SD) 45.1 (+ 10.8) 45.1 (+ 10.6) 0.95 
Female sex 138 (80.2) 15,227 (81.8) 0.59 
Weightb (kg), mean (SD) 131.1 (+ 23.4) 135.8 (+ 26.8) 0.17 
Pre-operative weight lossc (%), 
mean (SD) 

2.5 (+ 5.7) 2.2 (+ 5.5) 0.64 

BMId (kg/m2), mean (SD) 47.9 (+ 7.2) 49.3 (+ 8.0) 0.17 
Albumine (g/L), mean (SD) 39.2 (+ 3.1) 40.1 (+ 3.7) 0.12 
B12f (pg/mL), mean (SD) 289.6 (+ 78.3) 313.6 (+ 163) 0.39 
Vitamin Dg (nmol/L), mean (SD) 55.9 (+ 26.1) 53.7 (+ 24.7) 0.59 
Presence of comorbidityh    

Coronary artery disease <6 (1.6-8.1) 220-224 (2.2) 0.40 
COPD 0 (0) 43 (0.42) 1.0 

Diabetes 13 (21.0) 3159 (31.0) 0.09 
Venous Thromboembolism <6 (1.6-8.1) 286-290 (2.8) 0.70 

Heart failure <6 (1.6-8.1) 104-108 (1.0-1.1) 0.14 
Hypertension 27 (43.6) 4606 (45.2) 0.80 
Renal disease 0 (0) 16 (0.16) 1.0 

Sleep apnea 32 (51.6) 4568 (44.8) 0.28 
Stroke/TIA (suppressed) (suppressed) 1.0 

Prior surgery 15 (24.2) 2622 (25.7) 0.78 
GI disease 9 (14.5) 804 (7.9) 0.054 

Number of major ADGi    
0 55 (32.0) 7238 (38.9) <0.001 

1-3 104 (60.5) 10,941 (58.8)  
>3 13 (7.6) 432 (2.3)  

Highest level of educationj    
High School or below 22 (42.3) 2750 (28.7) 0.03 

Above High School 30 (57.7) 6849 (71.4)  
Employment levelk    

Employed 27 (52.9) 6750 (70.3) 0.01 
Unemployed 11 (21.6) 1600 (16.7)  

Disability 13 (25.5) 1251 (13.0)  
Ethnicity (suppressed) (suppressed) 0.87 
Marginalization scorel    

1-2 22 (12.9) 2502 (13.6) 0.64 
2.25-2.5 29 (17.1) 3551 (19.4)  

2.75-3 34 (20.0) 3648 (19.9)  
3.25-3.75 54 (31.8) 5295 (28.9)  

4-5 31 (18.2) 3353 (18.3)  
Type of Surgery     

RYGB 156 (90.7) 16,515 (88.7) 0.18 
Non-RYGB 16 (9.3) 2096 (11.3)  

Laparoscopic surgerym 120 (93.0) 15,615 (97.8) 0.003 
Bariatric registry participant 63 (36.6) 10,668 (57.3) <0.001 
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Institution type    
OBN site 129 (75.0) 15,964 (85.8) <0.001 

United States site 34 (19.8) 2262 (12.2)  
Missing 9 (5.2) 385 (2.1)  

aValues presented as N (%) unless otherwise specified 
bN = 62 for PCM group, N = 10,315 for no PCM group. Weight at baseline bariatric center visit used where 
available, otherwise pre-operative weight used. 
cN = 53 for PCM group, N = 9130 for no PCM group. Percent of body weight lost from baseline bariatric centre visit 
to time of bariatric surgery. 
dN = 62 for PCM group, N = 10,285 for no PCM group 
eN = 49 for PCM group, N = 8941 for no PCM group 
fN = 9 for PCM group, N = 2420 for no PCM group 
gN = 38 for PCM group, N = 7305 for no PCM group 
hData presented for patients in OBR database, N = 62 for all PCM group; N = 10,201 for no complication group 
except for venous thromboembolism (N = 10,198), heart failure (N = 10,197), stroke/TIA (N = 10,195), prior 
surgery (N = 10,196), GI disease (N = 10,190). Small cell sizes <6 are suppressed and presented as a range. 
iSevere and/or unstable conditions as defined by Johns Hopkins system of Aggregated Diagnosis Groups (ADG) 
jData presented for patients in OBR database, N = 54 for PCM group, N = 9597 for no PCM group 
kData presented for patients in OBR database, N = 55 for PCM group, N = 9597 for no PCM group 
lN = 170 for PCM group, N = 18,349 for no PCM group 
mN = 129 for PCM group, N = 15,964 for no PCM group 
 

PCM = Protein-calorie malnutrition. SD = standard deviation. BMI = body mass index. COPD = chronic 

obstructive pulmonary disease. TIA = transient ischemic attack. GI = gastrointestinal. ADG = aggregated 

diagnosis groups. RYGB = Roux-en-Y gastric bypass. OBN = Ontario Bariatric Network. 
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Table N3. Baseline characteristics of Ontario adults undergoing bariatric surgery from 2009-2015, 
by occurrence of hospital admission with water soluble vitamin deficiency (WSVD), N = 18,783. 
Some data are omitted due to the very small sample of available observations. 
 

Variable WSVDa 
N = 31 

No WSVDa 

N = 18,752 
p value 

Age in years, mean (SD) 41.3 (+ 12.1) 45.1 (+ 10.5) 0.049 
Female sex 24 (77.4) 15,341 (81.8) 0.53 
Weightb (kg), mean (SD) 140.0 (+ 31.2) 135.8 (+ 26.8) 0.61 
Pre-operative weight lossc (%), 
mean (SD) 

4.1 (+ 5.1) 2.2 (+ 5.5) 0.30 

BMId (kg/m2), mean (SD) 49.2 (+ 8.7) 49.3 (+ 8.0) 0.96 
Albumine (g/L), mean (SD) 39.7 (+ 4.3) 40.1 (+ 3.7) 0.80 
Vitamin Df (nmol/L), mean (SD) 44.4 (+ 22.1) 53.7 (+ 24.7) 0.32 
Number of major ADGg    

0 6 (19.4) 7287 (38.9) 0.03 
>1 25 (80.7) 11,465 (61.1)  

Marginalization scoreh    
1-2.75 8 (26.7) 7954 (43.0) 0.03 
3-3.75 15 (50) 7158 (38.7)  

4-5 7 (23.3) 3377 (18.3)  
RYGB  29 (93.6) 16,642 (88.8) 0.68 
Laparoscopic surgeryi 16 (94.1) 15,719 (97.8) 0.31 
Bariatric registry participant 10 (32.3) 10,721 (57.2) 0.005 
Institution type    

OBN site 17 (54.8) 16,074 (85.8) <0.001 
Non OBN site 14 (45.2) 2678 (14.3)  

aValues presented as N (%) unless otherwise specified 
bN = 10 for WSVD group, N = 10,367 for no WSVD group. Weight at baseline bariatric center visit used where 
available, otherwise pre-operative weight used. 
cN = 9 for WSVD group, N = 10,375 for no WSVD group. Percent of body weight lost from baseline bariatric centre 
visit to time of bariatric surgery. 
dN = 10 for WSVD group, N = 10,337 for no WSVD group 
eN = 7 for WSVD group, N = 8983 for no WSVD group 
fN = 7 for WSVD group, N = 7336 for no WSVD group 
gSevere and/or unstable conditions as defined by Johns Hopkins system of Aggregated Diagnosis Groups (ADG) 
hN = 30 for WSVD group, N = 18,489 for no WSVD group  

iN = 17 for WSVD group, N = 16,076 for no WSVD group 
 

WSVD = water soluble vitamin deficiency. SD = standard deviation. BMI = body mass index. COPD = 

chronic obstructive pulmonary disease. TIA = transient ischemic attack. GI = gastrointestinal. ADG = 

aggregated diagnosis groups. RYGB = Roux-en-Y gastric bypass. OBN = Ontario Bariatric Network. 
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Appendix O 

Sensitivity analyses of changes in weight and serum markers during first post-operative year 

Table O1. Change in weight, serum albumin and vitamin D levels during the first post-operative year in Ontario adults undergoing 
bariatric surgery from 2009-2015 who were part of the Ontario Bariatric Registry, overall and by occurrence of a severe nutritional 
complication after the first post-operative year.  
 

Variable Whole cohort Nutritional complication No complication p value 

 Na Mean (SD) Na Mean (SD) Na Mean (SD)  
Percent weight loss        

At 3 months 8111 17.4 (+ 5.6) 83 18.4 (+ 5.6) 8028 17.4 (+ 5.6) 0.13 
At 6 months 7333 25.5 (+ 6.5) 68 26.7 (+ 7.2) 7265 25.5 (+ 6.5) 0.14 

At 12 months 5908 31.4 (+ 8.7) 56 34.0 (+ 9.2) 5851 31.4 (+ 8.6) 0.02 
Percent change in albumin        

At 6 months 5622 0.60 (+ 13) 45 -1.9 (+ 6) 5577 0.62 (+ 13) 0.01 
At 12 months 4492 0.75 (+ 13) 34 -1.2 (+ 10) 4458 0.77 (+ 13) 0.37 

Percent change in vitamin D        
At 6 months 4599 90 (+ 117) 33 57 (+ 67) 4566 90 (+ 117) 0.007 

At 12 months 3544 84 (+ 112) 25 60 (+ 73) 3519 84 (+ 112) 0.11 
aN = Number of patients supplying data for summary statistic calculation 

 

SD = standard deviation 
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Table O2. Change in weight during the first post-operative year in Ontario adults undergoing bariatric surgery from 2009-2015 who were 
part of the Ontario Bariatric Registry, overall and by occurrence of a severe nutritional complication.  
 

Reference weighta Percent weight 
loss 

Whole cohort Nutritional complication No complication p value 

Nb Mean (SD) Nb Mean (SD) Nb Mean (SD)  
Per protocol At 3 months 8128 17.4 (+ 5.6) 100 18.3 (+ 5.4) 8028 17.4 (+ 5.6) 0.10 
 At 6 months 7348 25.6 (+ 6.4) 83 26.9 (+ 7.0) 7265 25.5 (+ 6.5) 0.07 
 At 12 months 5919 31.4 (+ 8.6) 68 34.7 (+ 8.9) 5851 31.4 (+ 8.6) 0.002 
Pre-operative weight At 3 months 7658 17.3 (+ 5.5) 93 18.2 (+ 5.4) 7565 17.2 (+ 5.5) 0.09 

At 6 months 6900 25.4 (+ 6.4) 79 26.7 (+ 7.1) 6821 25.4 (+ 6.5) 0.07 
At 12 months 5561 31.3 (+ 8.6) 64 34.9 (+ 8.8) 5497 31.3 (+ 8.6) <0.001 

Baseline visit weight At 3 months 8113 19.5 (+ 5.5) 100 20.6 (+ 6.0) 8013 19.4 (+ 5.5) 0.04 
At 6 months 7340 27.4 (+ 6.5) 83 29.4 (+ 7.2) 7257 27.4 (+ 6.4) 0.005 
At 12 months 5916 33.3 (+ 8.5) 68 36.2 (+ 9.0) 5848 33.3 (+ 8.5) 0.004 

aWeight used to calculate percent weight loss. Per protocol weight is pre-operative weight preferentially, and where not available, baseline visit weight. Baseline 
visit weight refers to weight taken at first bariatric centre contact. 
bN = Number of patients supplying data for summary statistic calculation 
 

SD = standard deviation 
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Appendix P 

Validation of morbid obesity billing code 

 

Of 16,093 patients who had billing data indicating presence or absence of morbid obesity at time of 

bariatric surgery, 10,322 had weight and height recorded in the Ontario Bariatric Registry to allow 

calculation of actual BMI. 

 

Billing Code for BMI 
>40 

Actual BMI 

 >40 <40 
Yes 8010 2100 
No 97 125 

 
Sensitivity: 98.8% 
Specificity: 5.6% 
Positive predictive value: 79.2% 
Negative predictive value 56.3% 
Disease prevalence: 78.5% 
Accuracy: 78.7% 
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Appendix Q 

Early perioperative complications post hoc analysis 

Table Q1. Early perioperative complications after bariatric surgery in Ontario adults undergoing 
bariatric surgery between 2009-2015, by site of surgery. N = 18,783. 
 

Site of Surgery 
Early perioperative complication 
Yes No 

OBN 2056 (12.8) 14,037 (87.2) 

USA 30 (1.3) 2266 (98.7) 

Missing 7 (1.8) 387 (98.2) 
Note: values presented as N (row percent) 
Chi square p value for table <0.001 

 

Table Q2. Severe nutritional complications after bariatric surgery, by occurrence of an early 
perioperative complication, in Ontario adults undergoing bariatric surgery at an Ontario Bariatric 
Network site between 2009-2015. N = 16,091. 
 

Early perioperative 
complication 

Severe nutritional complication 
Yes No 

Yes 58 (2.8) 1997 (97.2) 

No 214 (1.5) 13,822 (98.5) 
Note: values presented as N (row percent) 
Chi square p value for table <0.001 
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Appendix R 
Relationship between follow-up attendance and post-operative complications 

and additional surgeries 

Table R1. Patterns of follow-up visit attendance at the bariatric centre in the first year after 
bariatric surgery in Ontario adults undergoing bariatric surgery between 2009-2015 who 
participated in the Ontario Bariatric Registry, by occurrence of an early peri-operative 
complication within 30 days of surgery. N = 10,731.a 

 

 Early perioperative complication within 30 days of 
bariatric surgery, N (%) 

Follow-up visits attended Yes 
N = 1277 

No 
N = 9454 

No follow-up visits 363 (28.4) 1622 (17.2) 
1 visit only 162 (12.7) 1126 (11.9) 
2 visits 231 (20.0) 1911 (20.2) 
3 visits 521 (40.8) 4795 (50.7) 
ap value for table < 0.0001 
 

Table R2. Patterns of follow-up visit attendance at the bariatric centre in the first year after 
bariatric surgery in Ontario adults undergoing bariatric surgery between 2009-2015 who 
participated in the Ontario Bariatric Registry, by occurrence of a bariatric surgery-specific 
complication during the first post-surgical year. N = 10,731.a 

 

 Bariatric surgery-specific complication during first 
post-operative year, N (%) 

Follow-up visits attended Yes 
N = 739 

No 
N = 9992 

No follow-up visits 143 (19.4) 1842 (18.4) 
1 visit only 97 (13.1) 1191 (11.9) 
2 visits 149 (20.2) 1993 (20.0) 
3 visits 350 (47.4) 4966 (49.7) 
ap value for table = 0.589 
 
Table R3. Patterns of follow-up visit attendance at the bariatric centre in the first year after 
bariatric surgery in Ontario adults undergoing bariatric surgery between 2009-2015 who 
participated in the Ontario Bariatric Registry, by need for re-operation. N = 10,731.a 

 

 Re-operation, N (%) 
Follow-up visits attended Yes 

N = 353 
No 

N = 10,378 
No follow-up visits 38 (10.8) 1947 (18.8) 
1 visit only 39 (11.1) 1249 (12.0) 
2 visits 68 (19.3) 2074 (20.0) 
3 visits 208 (58.9) 5108 (49.2) 
ap value for table = 0.0003 
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Table R4. Patterns of follow-up visit attendance at the bariatric centre in the first year after 
bariatric surgery in Ontario adults undergoing bariatric surgery between 2009-2015 who 
participated in the Ontario Bariatric Registry, by need for revision or conversion of bariatric 
surgery. N = 10,731.a 

 

 Second bariatric surgery during study period, N (%) 
Follow-up visits attended Revision 

N = 115 
Conversion 

N = 113 
None 

N = 10,503 
No follow-up visits 17 (14.8) 24 (21.2) 1944 (18.5) 
1 visit only 8 (7.0) 13 (11.5) 1267 (12.1) 
2 visits 23 (20.0) 26 (23.0) 2093 (19.9) 
3 visits 67 (58.3) 50 (44.3) 5199 (49.5) 
ap value for table = 0.344 
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Appendix S 

Sensitivity analyses with secondary follow-up variables 

 
Figure S1. Kaplan-Meier survival curve of time to severe nutritional complication after Roux-en-Y 
gastric bypass in Ontario adult patients participating in the Ontario Bariatric Registry, stratified 
by perfect versus imperfect follow-up (top) and high vs low follow-up (bottom). Log-Rank p <0.001 
for each panel. N = 99. 
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Figure S2. Negative log and Log of Negative log of survival distribution of time to severe nutritional 
complication after Roux-en-Y gastric bypass, stratified by levels of follow-up attendance in the first 
year after bariatric surgery in Ontario adults participating in the Ontario Bariatric Registry, 2009-
2015. Perfect vs imperfect follow-up (top panel), High vs low follow-up (bottom panel). N = 99. 
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Table S1. Bivariate analysis of factors associated with risk of severe nutritional complication after 
the first post-operative year following Roux-en-Y gastric bypass in Ontario adults enrolled in the 
Ontario Bariatric Registry, from 2009-2015, using a Cox Proportional Hazards modela, with focus 
on perfect vs imperfect follow-upb visit attendance at the bariatric centre during the first year after 
bariatric surgery. N = 9105. 
 

Covariable name Covariable Imperfect follow-up N 
Events  HR (95% CI) p value HR (95% CI) p value 

Age (1-year increase) 1.00 (0.98-1.02) 0.82 2.22 (1.48-3.33) <0.01 99 
Male sex 0.93 (0.54-1.62) 0.81 2.23 (1.49-3.35) <0.01 99 
Pre-operative weight loss (1% 
increase) 

0.99 (0.95-1.03) 0.57 1.84 (1.18-2.89) 0.008 79 

BMI (1-point increase) 0.98 (0.95-1.01) 0.17 2.18 (1.45-3.29) <0.01 95 
Number of major comorbidities       

>2 1.72 (0.85-3.46) 0.13 2.21 (1.48-3.32) <0.01 99 
1-2 1.19 (0.78-1.82) 0.41    

0 ref  ref    
Major ADG score (1-point 
increase) 1.24 (1.03-1.48) 0.02 2.21 (1.47-3.30) <0.01 99 

Marginalization score 1.03 (0.80-1.33) 0.80 2.15 (1.43-3.23) <0.01 97 
Open surgery 1.32 (0.18-9.47) 0.78 2.20 (1.47-3.30) <0.01 98 
Year of surgery       

2009-2011 1.72 (0.87-3.40) 0.12 2.33 (1.55-3.50) <0.01 99 
2012-2013 1.22 (0.71-2.10) 0.47    
2014-2015 ref  ref    

OBN site of surgery 0.64 (0.09-4.71) 0.66 2.22 (1.48-3.32) <0.01 99 
Coronary artery disease 1.14 (0.28-4.64) 0.85 2.21 (1.47-3.34) <0.01 95 
Diabetes mellitus 0.80 (0.50-1.27) 0.34 2.19 (1.46-3.30) <0.01 95 
Venous thromboembolism 1.17 (0.37-3.69) 0.79 2.21 (1.47-3.34) <0.01 95 
Heart failure 3.11 (0.99-9.84) 0.05 2.20 (1.46-3.31) <0.01 95 
Hypertension 0.89 (0.59-1.35) 0.59 2.20 (1.46-3.31) <0.01 95 
Sleep apnea 0.86 (0.56-1.30) 0.46 2.18 (1.45-3.29) <0.01 95 
Stroke/TIA 4.10 (1.50-11.15) 0.01 2.21 (1.47-3.33) <0.01 95 
Previous surgery 0.80 (0.49-1.30) 0.36 2.20 (1.46-3.32) <0.01 95 
Lower education level 1.50 (0.95-2.38) 0.08 2.55 (1.61-4.05) <0.01 77 
Employment level       

Disabled 2.31 (1.30-4.09) <0.01 2.49 (1.57-3.95) <0.01 77 
Unemployed 1.79 (1.03-3.10) 0.04    

Employed ref  ref    
Non-caucasian ethnicity 0.94 (0.47-1.90) 0.86 2.34 (1.43-3.84) <0.01 69 
Baseline albumin level 0.97 (0.91-1.03) 0.26 2.48 (1.52-4.04) <0.01 68 
Baseline vitamin D level 1.00 (0.99-1.01) 0.49 2.89 (1.64-5.11) <0.01 52 
Surgical complication 7.13 (4.78-10.63) <0.01 2.19 (1.46-3.28) <0.01 99 
Early perioperative 
complication 

1.13 (0.57-2.24) 0.73 2.23 (1.49-3.34) <0.01 99 

a Model: Event = Follow-up (reference = 3 visits) + covariable. 
bThe follow-up variable perfect vs imperfect follow-up has 2 categories: 0-2 visits and 3 visits 

 
HR = Hazard ratio. CI = confidence interval. BMI = body mass index. ADG = aggregated diagnosis 
groups. OBN = Ontario Bariatric Network.   
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Table S2. Bivariate analysis of factors associated with risk of severe nutritional complication after 
the first post-operative year following Roux-en-Y gastric bypass in Ontario adults enrolled in the 
Ontario Bariatric Registry, from 2009-2015, using a Cox Proportional Hazards modela, with focus 
on high vs low follow-upb visit attendance at the bariatric centre during the first year after bariatric 
surgery. N = 9105. 
 

Covariable name Covariable Low follow-up N 
Events  HR (95% CI) p value HR (95% CI) p value 

Age (1-year increase) 1.00 (0.98-1.02) 0.73 1.92 (1.26-2.93) <0.01 99 
Male sex 0.96 (0.55-1.66) 0.88 1.94 (1.27-2.94) <0.01 99 
Pre-operative weight loss (1% 
increase) 

0.98 (0.94-1.02) 0.37 1.20 (0.69-2.09) 0.52 79 

BMI (1-point increase) 0.98 (0.95-1.01) 0.15 1.88 (1.21-2.91) <0.01 95 
Number of major comorbidities       

>2 1.74 (0.86-3.51) 0.12 1.93 (1.27-2.93) <0.01 99 
1-2 1.21 (0.79-1.85) 0.37    

0 ref  ref    
Major ADG score (1-point 
increase) 1.25 (1.04-1.49) 0.02 1.93 (1.27-2.93) <0.01 99 

Marginalization score 1.05 (0.81-1.34) 0.73 1.83 (1.19-2.81) <0.01 97 
Open surgery 1.42 (0.20-10.20) 0.73 1.90 (1.25-2.91) <0.01 98 
Year of surgery       

2009-2011 1.66 (0.84-3.29) 0.15 2.03 (1.33-3.11) <0.01 99 
2012-2013 1.22 (0.71-2.11) 0.47    
2014-2015 ref  ref    

OBN site of surgery 0.69 (0.09-5.12) 0.72 1.92 (1.26-2.93) <0.01 99 
Coronary artery disease 1.19 (0.29-4.84) 0.80 1.91 (1.24-2.96) <0.01 95 
Diabetes mellitus 0.79 (0.50-1.26) 0.32 1.89 (1.22-2.92) <0.01 95 
Venous thromboembolism 1.16 (0.37-3.65) 0.81 1.91 (1.24-2.96) <0.01 95 
Heart failure 3.30 (1.04-10.41) 0.04 1.91 (1.23-2.95) <0.01 95 
Hypertension 0.88 (0.58-1.33) 0.54 1.89 (1.22-2.93) <0.01 95 
Sleep apnea 0.84 (0.55-1.27) 0.40 1.88 (1.21-2.91) <0.01 95 
Stroke/TIA 3.91 (1.44-10.65) <0.01 1.88 (1.22-2.91) <0.01 95 
Previous surgery 0.79 (0.48-1.30) 0.35 1.90 (1.23-2.94) <0.01 95 
Lower education level 1.49 (0.94-2.36) 0.09 2.18 (1.36-3.48) <0.01 77 
Employment level       

Disabled 2.30 (1.29-4.08) <0.01 2.13 (1.33-3.41) <0.01 77 
Unemployed 1.83 (1.06-3.18) 0.03    

Employed ref  ref    
Non-caucasian ethnicity 0.96 (0.47-1.94) 0.91 2.02 (1.24-3.29) <0.01 69 
Baseline albumin level 0.96 (0.90-1.02) 0.21 1.61 (0.94-2.78) 0.09 68 
Baseline vitamin D level 1.00 (0.99-1.01) 0.54 1.78 (0.97-3.27) 0.06 52 
Surgical complication 7.20 (4.84-10.73) <0.01 1.95 (1.28-2.96) <0.01 99 
Early perioperative 
complication 1.13 (0.57-2.24) 0.73 1.94 (1.28-2.95) <0.01 99 

a Model: Event = Follow-up (reference = 3 visits) + covariable. 
bThe follow-up variable high vs low follow-up has 2 categories: low (0-1 visits) and high (2-3 visits) 

 

HR = Hazard ratio. CI = confidence interval. BMI = body mass index. ADG = aggregated diagnosis 
groups. OBN = Ontario Bariatric Network 
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Table S3. Multivariable models of the association between follow-up visit attendance at the 
bariatric centre during the first year after bariatric surgery and subsequent risk of severe 
nutritional complication after the first post-operative year following Roux-en-Y gastric bypass in 
Ontario adults enrolled in the Ontario Bariatric Registry, from 2009-2015, using a Cox 
Proportional Hazards model. N = 8743. 
 
Model Independent variable Final Model Variables HR 95% CI p value 

1 Perfect vs imperfect 
follow-up 

Follow-up 
Imperfect 

Perfect 

 
2.19 
ref 

1.45-3.30 <0.001 

 Surgical complication 
Yes 
No 

 
6.70 
ref 

4.46-10.07 <0.001 

 History of stroke/TIA 
Yes 
No 

 
3.59 
ref 

1.32-9.77 0.01 

2 High vs low follow-up Follow-up 
Low (0-1 visits) 
High (2-3 visits) 

 
1.91 
ref 

1.23-2.95 <0.001 

Surgical complication 
Yes 
No 

 
6.66 
ref 

4.43-10.01 <0.001 

Major ADG score 
1 point increase 

 
1.18 

 
0.98-1.42 

 
0.09 

History of stroke/TIA 
Yes 
No 

 
2.94 
ref 

1.06-8.12 0.04 

 
HR = Hazard ratio. CI = confidence interval 
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Appendix T 

Additional survival curves 

Negative log demonstrates constant hazard over time, while log of negative log shows hazards to be 
proportional. 

 
Figure T1. Negative log and Log of Negative log of survival distribution of time to severe nutritional 
complication after Roux-en-Y gastric bypass, stratified by levels of follow-up attendance in the first 
year after bariatric surgery in Ontario adults participating in the Ontario Bariatric Registry, 2009-
2015. N = 99. 
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Appendix U 

LHIN data for analytic study 

 

Table U1. Primary outcome by LHIN. 
 

LHIN Nutritional complication 
N = 99 

No complication 

N = 9006 

1 <6 (1.0-5.1) 683 (7.6) 
2 <6 (1.0-5.1) 826 (9.2) 
3 <6 (1.0-5.1) 627 (7.0) 
4 15 (15.2) 1220 (13.6) 
5 6 (6.1) 380 (4.2) 
6 <6 (1.0-5.1) 387 (4.3) 
7 <6 (1.0-5.1) 357 (4.0) 
8 9 (9.1) 518 (5.8) 
9 13 (13.1) 976 (10.8) 

10 6 (6.1) 650 (7.2) 
11 8 (8.1) 844 (9.4) 
12 6 (6.1) 471 (5.2) 
13 11 (11.1) 770 (8.6) 
14 <6 (1.0-5.1) 297 (3.3) 

Note: Small cell sizes <6 are suppressed and presented as a range. 
 
Table U2. Univariate analysis of the association of patient LHIN with risk of severe nutritional 
complication after the first post-operative year following Roux-en-Y gastric bypass in Ontario 
adults enrolled in the Ontario Bariatric Registry, from 2009-2015, using a Cox Proportional 
Hazards model. N = 9105. 
 

LHIN HR (95% CI) p value 
1 0.64 (0.23-1.76) 0.39 
2 0.45 (0.15-1.35) 0.15 
3 0.57 (0.19-1.72) 0.32 
4a ref ref 
5 1.44 (0.56-3.73) 0.45 
6 0.72 (0.21-2.48) 0.60 
7 1.19 (0.43-3.28) 0.73 
8 1.44 (0.63-3.30) 0.39 
9 1.12 (0.53-2.37) 0.76 

10 0.88 (0.34-2.26) 0.79 
11 0.83 (0.35-1.97) 0.67 
12 1.07 (0.41-2.76) 0.89 
13 1.37 (0.63-2.98) 0.43 
14 1.30 (0.43-3.93) 0.64 

aLHIN 4 used as the reference due to largest number of patients being from this LHIN. 

 
HR = hazard ratio. CI = confidence interval. 
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Table U3. Bivariate analysis of the association of patient LHIN, post-surgical follow-up attendance 
at the bariatric centre during the first year after bariatric surgery, and risk of severe nutritional 
complication after the first post-operative year following Roux-en-Y gastric bypass in Ontario 
adults enrolled in the Ontario Bariatric Registry, from 2009-2015, using a Cox Proportional 
Hazards modela. N = 9105. 
 

Variable HR (95% CI) p value 
Follow-upb   

0 visits 2.98 (1.72-5.19) <0.01 
1-2 visits 1.87 (1.19-2.94) <0.01 

3 visits ref ref 
LHIN   

1 0.77 (0.28-2.12) 0.61 
2 0.54 (0.18-1.63) 0.27 
3 0.79 (0.26-2.41) 0.67 

4c ref ref 
5 1.32 (0.51-3.41) 0.57 
6 0.64 (0.18-2.20) 0.47 
7 1.12 (0.41-3.08) 0.83 
8 1.59 (0.69-3.64) 0.28 
9 1.19 (0.56-2.51) 0.66 

10 0.95 (0.37-2.45) 0.91 
11 0.78 (0.33-1.84) 0.57 
12 1.25 (0.48-3.24) 0.65 
13 1.47 (0.67-3.21) 0.34 
14 1.26 (0.42-3.81) 0.68 

aModel: Event = Follow-up (reference = 3 visits) + LHIN 

bThe primary independent variable defining follow-up has 3 categories: 0 visits, 1-2 visits, 3 visits.  
cLHIN 4 used as the reference due to largest number of patients being from this LHIN. 
 
HR = hazard ratio. CI = confidence interval.  
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Appendix V 

Sensitivity analysis including variables with excess missing data 

 

Table V1. Multivariable models of the association between follow-up visit attendance at the 
bariatric centre during the first year after bariatric surgery and subsequent risk of severe 
nutritional complication after the first post-operative year following Roux-en-Y gastric bypass in 
Ontario adults enrolled in the Ontario Bariatric Registry, from 2009-2015, using Cox Proportional 
Hazards models, including covariables with excess missing data. N = 7897. 
 
Model Follow-up variable Final Model Variables HR 95% CI p value 

1 Primary (perfect vs 
partial vs none) 

Follow-up 
None (0 visits) 

 
3.39 

 
1.81-6.35 

 
<0.001 

Partial (1-2 visits) 
Perfect (3 visits) 

2.07 
ref 

1.24-3.48 
 

0.006 
 

Surgical complication 
Yes 
No 

 
7.53 
ref 

4.73-11.98 <0.001 

History of stroke/TIA 
Yes 
No 

 
3.06 
ref 

0.96-9.77 0.06 

2 Perfect vs imperfect Follow-up 
Imperfect 

Perfect 

 
2.39 
ref 

1.49-3.82 <0.001 

 Surgical complication 
Yes 
No 

 
7.49 
ref 

4.71-11.92 <0.001 

 History of stroke/TIA 
Yes 
No 

 
3.26 
ref 

1.02-10.35 0.046 

3 High vs low Follow-up 
Low (0-1 visits) 
High (2-3 visits) 

 
2.01 
ref 

1.23-3.29 0.006 

Surgical complication 
Yes 
No 

 
7.60 
ref 

4.78-12.07 <0.001 

History of stroke/TIA 
Yes 
No 

 
3.03 
ref 

0.95-9.66 0.06 

 
HR = Hazard ratio. CI = confidence interval 


