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LAY ABSTRACT

Obstructive sleep apnea (OSA) is underrecognized and a good proportion of patients with
OSA are undiagnosed. To reduce the risk of peri-operative complications related to undiagnosed
OSA, patients planned to undergo bariatric surgery are screened for OSA. To understand the
performance of OSA screening practices, using a province-wide registry, the proportion of
patients diagnosed with OSA within patients who underwent publicly-funded bariatric surgery in
Ontario between 2010 and 2016 was measured at 47%. Furthermore, to understand the effect of
OSA screening practices on peri-operative costs and longer-term health care costs, health care
utilization and costs were compared between patients with OSA and matched patients without
OSA in the 30 days and 1 year post-bariatric surgery. Total health care costs per patient were 1%
lower in patients with OSA compared to patients without OSA, and this difference was driven by

lower hospitalization-related costs.
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ABSTRACT

Obstructive sleep apnea (OSA) is underrecognized. Between 10% and 69% of pre-
operative patients have undiagnosed OSA (3. To reduce the risk of peri-operative
complications related to undiagnosed OSA, patients planned to undergo bariatric surgery are
screened for OSA *9),

To understand the OSA detection rate with screening practices, the prevalence of OSA
within patients who underwent publicly funded bariatric surgery in Ontario between 2010 and
2016 was measured. Secondly, to understand the effect of OSA screening practices on peri-
operative and longer-term health care costs, health care utilization and costs were compared
between patients with OSA and matched patients without OSA in the 30 days post-bariatric
surgery, as well as in the 1 year post-bariatric surgery.

The Ontario Bariatric Registry (OBR) linked to the ICES health administrative databases
were used 7. A diagnosis of OSA was identified if recorded in the OBR at time of initial
bariatric consultation, or if recorded in ICES databases from the bariatric surgery admission
records. Costs were calculated based on the “Guidelines on Person-Level Costing Using

Administrative Databases in Ontario” using ICES costing algorithms ®.
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The overall prevalence of OSA was 47% (95% CI 46% to 47%). Total health care costs
per patient, in the 30-day post-operative period, were 1% lower (95% CI 1% to 1%, p < 0.001) in
patients with OSA compared to matched patients without OSA. Similarly, at 1 year post-
bariatric surgery, total health care costs per patient, were 1% lower (95% CI 1% to 1%, p <
0.001) in patients with OSA compared to matched patients without OSA. At 30 days and 1 year,
this difference was driven by lower hospitalization-related costs.

OSA screening practices at surgical centers in our network led to similar rates of OSA
detection as reported in the literature. However, the literature suggests that screening practices
lead to missed OSA diagnoses. Further study is required to understand the reduced post-bariatric
surgery costs in patients with OSA compared to matched controls without OSA; and, we

postulate that missed OSA diagnoses may be a contributor.
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INTRODUCTION

Obstructive sleep apnea (OSA) is a sleep-related breathing disorder characterized by
recurrent reduction in breathing during sleep caused by transient upper airway collapse, which
may lead to excessive daytime sleepiness, impaired quality of life, as well as an increased risk of
cardiovascular disease (1). To diagnose OSA, an in-laboratory polysomnogram (PSG) or a home
sleep study, which measure the frequency of respiratory events during sleep, i.e., the apnea
hypopnea index (AHI), is required (2). Risk factors for developing OSA include: age, male sex,
menopause, obesity, smoking, as well as genetic factors and race (due to their relationship with
craniofacial features) (1). The following anthropometric measures have been associated with an
increased risk for OSA: weight, body mass index (BMI), neck circumference, waist:hip ratio,
and skin-fold thickness (3). In a secondary analysis of a dietary weight loss trial including 180
patients, a 5% to 10% reduction in weight was associated with an approximately 40% reduction
in AHI (4). Although, in women, the incidence of OSA is thought to increase significantly post-
menopause due to hormonal changes, this diagnosis should also be considered in pre-menopausal
women. In a study of morbidly obese women with a mean age of 40 years (range 21 to 62
years), 93% were found to have OSA (5). In men and women, after age 60, evidence has shown
that there is no longer a relationship between BMI and OSA severity (6).

In high-income countries, the prevalence of OSA in the general population has been
estimated at 10% in women and 20% in men (1). However, the true prevalence may be higher
than what has been estimated, as it is agreed upon that a high proportion of OSA remains
undiagnosed (7). In a single center U.S.A. study of 1,118 pre-operative ambulatory patients, a
screening protocol led to a new diagnosis of OSA in 10% of these patients (8). In a prospective

Canadian study in which all pre-operative ambulatory patients without a pre-existing OSA
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diagnosis underwent a sleep study (708 total), 69% were found to have undiagnosed OSA (9). In
a randomly selected sample of 793 participants from a region of Australia, with the following
characteristics: mean age 54 years, 48% male, mean BMI 27 kg/m? and 97% European ancestry,
15% were found to have previously undiagnosed moderate or severe OSA (10).

Given that obesity is a significant risk factor for OSA, it is expected that the prevalence
of OSA in the bariatric surgery population is higher compared to the general population. In a
U.S.A.- based registry in which all 290 patients being evaluated for bariatric surgery underwent
an in-laboratory PSG, the prevalence of OSA was 78% overall, and rose to 95% in patients with
a BMI greater than 60 kg/m? (11). Similarly, in a multicenter study conducted in Finland, all
patients being evaluated for bariatric surgery underwent a home sleep study, and the prevalence
of OSA was 71% overall (60% in females and 90% in males) (12). Similarly to the general
population, OSA is underdiagnosed in the bariatric surgery population. In the aforementioned
Finnish study, only one third of the included patients had been diagnosed with OSA prior to
being referred for bariatric surgery (12). In a prospective cohort study of ten U.S.A. surgical
centers (including 2,458 patients), not all patients underwent a sleep study; and, there was
significant variation in the frequency of OSA testing in the 12 months preceding bariatric surgery
(median: 18%, range: 5% to 71%) (13). This study found an overall OSA prevalence of 53%
(based on sleep study results if a study was completed, or self-report) (13).

Given that OSA may be associated with an increased risk of peri-operative complications,
American and international guidelines recommend screening bariatric surgery patients for OSA
using validated questionnaires (either the Berlin Questionnaire or the STOP-Bang Questionnaire)
(7, 14-16). Because of limited resources, a diagnostic sleep study is not the recommended

standard for all patients being evaluated for bariatric surgery (15, 16). Although Canadian
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authors contributed to the international guideline, there are currently no Canadian guidelines on
OSA screening in the bariatric surgery population.

By definition, a screening test does not diagnosis disease, but rather identifies patients
who should undergo further evaluation for a specific condition (17). Traditionally, screening
tests are studied in terms of their ability to lead to early identification of asymptomatic disease
and therefore improved outcomes (17). The STOP-Bang Questionnaire and the Berlin
Questionnaire are referred to as screening tools, although they do not diagnose early
asymptomatic disease. The STOP-Bang Questionnaire was developed in Canada to assist
surgeons and anesthetists in determining which patients should have increased peri-operative
monitoring or even a delay in surgery due to increased risk from untreated OSA (7). These
screening tools were desirable because wait times for diagnostic sleep studies are in excess of
several months, which would delay surgeries (7). The predictive ability of the STOP-Bang
questionnaire has been evaluated in obese surgical patients, with a score of > 3 having the
following characteristics: to predict all OSA: sensitivity 91%, specificity 28%; to predict
moderate/severe OSA: sensitivity 95%; specificity 20% (18). In patients being evaluated for
bariatric surgery, the Berlin questionnaire was found to have a sensitivity of 86% and a
specificity of 77% for the diagnosis of OSA (16). Although these screening tools have good test
characteristics, some false negative results will occur, leading to undiagnosed OSA in patients
undergoing surgery.

There is currently no published data on the prevalence of diagnosed OSA in patients
undergoing bariatric surgery across the province of Ontario, Canada. Measuring OSA
prevalence in patients who underwent bariatric surgery in Ontario, and comparison with the

reported prevalence in other jurisdictions, would inform on the performance of OSA screening
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practices in this province. Medically necessary care, including bariatric surgery, is covered in
Ontario by a single payer public health care system. The Ontario Bariatric Registry (OBR),
which was established in 2010 and prospectively collects data on all patients referred for publicly
funded bariatric surgery within the province, represents a unique opportunity to generate
information on the prevalence of OSA in Canadian patients undergoing bariatric surgery (19).
Furthermore, there is currently no published Canadian data on health care costs in
patients with OSA in the context of post-bariatric surgery, both in the immediate (30 days) and
longer term (1 year). Health administrative data can be leveraged to fill this void. Health
administrative data are collected by governmental institutions or health systems for the purposes
of accountability and planning (20). Although these data were not originally designed to be used
for research purposes, organizations such as the Institute for Clinical Evaluative Sciences (ICES)
in Ontario (the largest province in Canada), have utilized this data to perform studies on health
care utilization, health policy and social determinants of health (21). This has been possible
through data linkage of multiple governmental data repositories, as well as linkage to disease-
specific registries and country- or province-wide health surveys (21). Furthermore, ICES-
derived cohorts consist of population-level cohorts for certain chronic diseases (asthma, chronic
obstructive pulmonary disease, diabetes, etc.) which are defined by a combination of physician
billing diagnostic codes and International Classification of Disease (ICD) diagnosis codes
recorded during hospitalizations or emergency department (ED) visits, and validated via chart
review of physician records (21-23). Health administrative databases have also been used in
health economic studies to measure cost of illness and cost-effectiveness of therapies, using
validated costing algorithms (20). The World Health Organization has published guidelines for

the systematic description of financial flows related to health care (24).
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The published literature includes mixed evidence regarding the effect of OSA on post-
bariatric surgery outcomes. Surgical outcomes, in turn, affect health care utilization and costs in
the 30 days post-bariatric surgery. In a study of patients who underwent bariatric surgery in a
single surgical center in Poland, treated OSA patients had a shorter post-operative hospital stay
and a lower rate of post-operative pneumonia in comparison to untreated OSA patients or
patients with a STOP-Bang score of > 3 who had not undergone a sleep study (25). In addition,
there were two deaths in the night of the second postoperative day in the untreated/undiagnosed
group (25). In contrast, in a study of 1,050 hospitals and 91,028 patients undergoing bariatric
surgery (from a U.S.A. all-payers’ database), regression analysis showed that OSA compared to
non-OSA was associated with decreased mortality, reduced length of stay and reduced total
hospitalization costs (26). That being said, OSA was associated with an increased risk of
emergent endotracheal intubation and need for invasive mechanical ventilation (26). In this
study, protocols for increased peri-operative monitoring and OSA treatment status were not
reported (26).

In the 1 year post-bariatric surgery, OSA may affect health care utilization and costs. The
following data suggests that OSA treatment leads to reduced health care utilization and costs
over a longer term. A study conducted within a health organization in Isracl measured health
care costs of patients with OSA in the two years prior to OSA diagnosis, in comparison to
matched controls without OSA, including: number of days in hospital, number of ambulatory
visits, number of ED visits, number of primary care visits, number of specialist visits and
prescription drugs (27). This study showed that before OSA diagnosis, patients with OSA have
higher health care costs compared to controls (2.2 fold higher in those aged < 65 years of age),

and this difference was driven by higher costs secondary to physician visits and prescription
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drugs (27). Although OSA treatment is considered cost-effective, it is uncertain whether, patients
with diagnosed OSA have increased or reduced health care utilization and costs compared to
matched controls without OSA (28).

In summary, OSA is common, and a significant proportion of patients with OSA
presenting for bariatric surgery evaluation may be undiagnosed at the time of initial consultation.
Because untreated OSA may lead to increased perioperative complications, it is recommended
that patients being evaluated for bariatric surgery be screened for OSA using questionnaires or
other measures; however, the standard of care does not require all patients to undergo a sleep
study, which may lead to underdiagnosis of OSA. To understand the performance of OSA
screening practices in Ontario, Article 1 measures the prevalence of OSA in patients who
underwent publicly funded bariatric surgery in Ontario overall, as well as by surgical center.

Furthermore, there is uncertainty regarding the effect of current screening practices’ OSA
diagnosis rate on peri-operative outcomes, and, in turn, health care utilization and costs in the
peri-operative period. Article 2 measures health care utilization and costs in the 30 days post-
bariatric surgery in patients with OSA compared to matched controls without OSA. Lastly,
although OSA treatment is considered cost-effective, it is uncertain whether health care
utilization and costs of patients with diagnosed OSA are higher than patients without OSA in the
longer term. Therefore, Article 2 compares health care utilization and costs in the 1 year post-
bariatric surgery in patients with OSA compared to matched controls without OSA. One year

was chosen to capture the effect of diagnosed OSA rather than weight loss.
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ARTICLE 1: Prevalence of Obstructive Sleep Apnea in Bariatric Surgery Patients: a Population-
Based Study

Authors: Martelli, V; Doumouras, AG; Mbuagbaw, L; Tarride, JE

Introduction

Obstructive sleep apnea (OSA) is a sleep-related breathing disorder characterized by
recurrent reduction in breathing during sleep caused by transient upper airway collapse, which
may lead to excessive daytime sleepiness, impaired quality of life, as well as an increased risk of
cardiovascular disease (1). Risk factors for developing OSA include: age, male sex, menopause,
obesity, smoking, as well as genetic factors and race (due to their relationship with craniofacial
features) (1). OSA is diagnosed using an in-laboratory polysomnogram (PSG) or a home sleep
study (2). The prevalence of OSA in the general population of high-income countries has been
estimated at 10% in women and 20% in men (1). It is agreed upon that a high proportion of OSA
remains undiagnosed; and, therefore, the true prevalence may be higher than what has been
estimated (7).

Given that obesity is a significant risk factor for OSA, the prevalence of OSA in the
bariatric surgery population is higher compared to the general population. In a U.S.A.- based
registry in which all patients being evaluated for bariatric surgery underwent an in-laboratory
PSG, the prevalence of OSA was 78% overall, and rose to 95% in patients with a body mass
index (BMI) greater than 60 kg/m? (11). Similarly, in a multicenter study conducted in Finland
in which all patients being evaluated for bariatric surgery underwent a home sleep study, the
prevalence of OSA was 71% overall (60% in females and 90% in males); and only one third of

these patients had been diagnosed with OSA prior to being referred for bariatric surgery (12). In
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a prospective cohort study of ten U.S.A. surgical centers (including 2,458 patients), there was
significant variation in the frequency of OSA testing in the 12 months preceding bariatric surgery
(median: 18%, min: max: 5%: 71%) (13). In this study, the overall prevalence of OSA (based on
sleep study results if a study was completed, or self-report) was 53% (13).

Given that OSA may be associated with an increased risk of peri-operative complications,
international guidelines recommend screening bariatric surgery patients for OSA using validated
questionnaires (either the Berlin Questionnaire or the STOP-Bang Questionnaire) (7, 14, 15).
Because of limited resources, a diagnostic sleep study is not the recommended standard for all
patients being evaluated for bariatric surgery (15, 16). There is currently no published data on
the prevalence of diagnosed OSA in patients undergoing bariatric surgery across the province of
Ontario, Canada.

Thus, OSA is common, and a significant proportion of patients with OSA presenting for
bariatric surgery evaluation may be undiagnosed at the time of initial consultation. Because
untreated OSA may lead to increased perioperative complications, it is recommended that
patients being evaluated for bariatric surgery be screened for OSA using questionnaires or other
measures; however, the standard of care does not require all patients to undergo a sleep study.

In order to better understand the performance of current OSA screening practices, the objectives
of this study were to: (i) measure the prevalence of OSA in patients who underwent publicly
funded bariatric surgery in Ontario, Canada; and (ii) compare OSA prevalence between Ontario
bariatric surgical centers to identify whether there may be varying effectiveness in OSA

screening practices.
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Methods
Study Design

This was a cross-sectional population-based study using the Ontario Bariatric Registry
(OBR) linked to the Institute for Clinical Evaluative Sciences (ICES) health administrative
databases. Ethics approval was obtained from the Hamilton Integrated Research Ethics Board,
Hamilton, Ontario, Canada.
Setting and Participants

Patients who underwent publicly funded bariatric surgery in Ontario between January
2010 and December 2016 (most recent data available) were included. Non-Ontario residents and
patients with a history of previous bariatric surgery were excluded. The Ontario Bariatric
Network consists of 10 surgical centers of excellence across the province.
Data Sources

The OBR was established in 2010 and includes all patients referred for publicly funded
bariatric surgery within the province of Ontario, Canada (19). ICES is an independent, non-
profit research institute whose legal status under Ontario’s health information privacy law allows
it to collect and analyze health care and demographic data, without consent, for health system
evaluation and improvement (21). For the purpose of this study, ICES databases accessed
included: the Registered Persons Database (RPDB); the OHIP database; the Canadian Institute
for Health Information Discharge Abstract Database (CIHI-DAD); and the National Ambulatory
Care Reporting System (NACRS). These datasets were linked using unique encoded identifiers

and analyzed at ICES.
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Variables

The following baseline characteristics were recorded in the OBR at the time of initial
bariatric consultation: sex, BMI and current smoker; and the following characteristics were
recorded at the time of surgery: age and surgery type.

ICES administrative databases were used to derive several variables to describe our
population. First, the Ontario Marginalization Index (OMI), developed by Public Health Ontario
in 2006 and shown to be associated with health outcomes, was used as a measure of social
inequality (29). The OMI uses home address and 2016 census data to generate a score for each
of the following four dimensions of social inequality: residential instability, material deprivation,
dependency, and ethnic concentration (29). These four scores can then be incorporated into a
summary score (1 to 5, with a higher score indicating a higher level of social inequality,
Appendix Figures 2 & 3) (29).

Johns Hopkins Aggregated Diagnosis Groups (ADGs) were obtained from the Johns
Hopkins ACG® system version 10, a widely used measure of morbidity burden based on
International Classification of Disease (ICD) diagnosis codes (30). A count of major ADGs
(labeled as such due to their very high expected resource use) was conducted for each patient
(Appendix Figure 1) (30).

Comorbid asthma, chronic obstructive pulmonary disease (COPD), type II diabetes
mellitus (T2DM) and hypertension (HTN) were identified using ICES-derived cohorts, which are
defined using health administrative data via validated algorithms, and updated annually (21).
Comorbid coronary artery disease (CAD) and anxiety or depression were defined based on either
physician billings, in-patient hospital records or emergency department (ED) / ambulatory care

records housed at ICES (21).

10
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Defining Patients with OSA

A diagnosis of OSA is recorded in the OBR if present at the time of initial bariatric
consultation. All patients are screened for OSA symptoms prior to undergoing surgery; however,
it is not standard for all patients being evaluated for surgery to undergo a sleep study. Because
many patients are diagnosed with OSA between the time of initial consultation and the time of
surgery, a diagnosis of OSA was identified if recorded in the OBR at time of initial bariatric
consultation; or, if recorded in ICES health administrative databases (based on in-patient hospital
records or ED / ambulatory care records) in the five years leading up to the surgery (including
the bariatric surgery admission records).
Statistical Methods

Using the aforementioned OSA definition, the prevalence of OSA was calculated within
all patients having undergone publicly funded bariatric surgery in Ontario from 2010 to 2016. In
addition, OSA prevalence was calculated for each individual surgical center, and comparison was
made using Pearson chi-square test with Yates continuity correction. Lastly, to inform whether a
difference in OSA prevalence across surgical centers was secondary to different populations or
varying effectiveness of screening practices, patient characteristics were compared between
surgical centers by calculating the standardized difference, which represents the difference in
means or proportions divided by the standard error. A standardized difference greater than 0.2
(absolute value) was considered a significant difference (31). Surgical centres were deidentified

using a letter designation. Statistical analysis was performed using R software (version 3.6.2).

11
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Results
Study Population

A total of 18,074 patients underwent publicly funded bariatric surgery in Ontario from
January 2010 to December 2016 (Table 1). The mean age of patients was 45 years and the
majority (83%) were female. Regarding comorbidity burden, most patients had three or less
major ADGs. The most common major comorbidity was anxiety or depression (58%), with only
about 10% of patients having comorbid HTN, T2DM or CAD, and 3% with chronic lung disease
(asthma or COPD).
Prevalence of Obstructive Sleep Apnea

The overall prevalence of OSA was 47% (95% CI 46% to 47%) (Table 2). 63% of OSA
diagnoses were recorded in the OBR at the time of initial bariatric consultation, and the
remainder were identified using ICES in-patient hospital records or ED / ambulatory care records
in the five years leading up to the surgery (including the bariatric surgery admission records).
Comparison between Ontario Surgical Centres

OSA prevalence differed across surgical centers from 21% to 66%, and was significantly
different in seven out of the ten surgical centers. Table 3 summarizes the characteristics of
patients who underwent bariatric surgery by surgical center. Overall, patient characteristics were
similar across centers. The patient population who underwent bariatric surgery at center A had a
significantly lower mean BMI (small effect size, with a standardized mean difference of -0.21).
Patients who underwent surgery at center H had a significantly lower mean OMI summary score

(small effect size, with a standardized mean difference of -0.22).
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Discussion

The prevalence of OSA in the bariatric surgery population reported in the literature varies
from 35% to 94% (16). We estimated a prevalence of 47% (95% CI 46% to 47%). OSA was the
second most common major comorbidity in this patient population, after anxiety or depression.

The variability in the reported prevalence in the literature is likely dependent on the OSA
screening and testing practices employed, with studies in which all patients being evaluated for
bariatric surgery are tested reporting a higher prevalence compared to studies in which only
patients who screen positive are tested. For example, in a U.S.A.- based registry in which all
patients being evaluated for bariatric surgery underwent an in-laboratory PSG, the prevalence of
OSA was 78% overall (11). Similarly, in a single center U.S.A. study and a multicenter study
conducted in Finland in which all patients being evaluated for bariatric surgery underwent a
home sleep study, the prevalence of OSA was 71% and 77%, respectively (12, 32). In contrast,
in studies in which patients were screened for OSA based on routine practices, the measured
OSA prevalence was lower. In a study of ten U.S.A. surgical centers (including 2,458 patients),
in which there was significant variation in the frequency of OSA testing, the overall prevalence
of OSA (based on sleep study results if a study was completed, or self-report) was 53% (13).
The Nationwide Inpatient Sample included 91,028 patients who underwent bariatric surgery at
1,050 hospitals with different OSA screening practices, and recorded an OSA prevalence of 36%
(26). The overall OSA prevalence measured in our study resembles that reported in other studies
in which not all patients being evaluated for bariatric surgery routinely undergo a sleep study.
Therefore, OSA screening practices at surgical centers in our network led to similar rates of OSA

detection as reported in the literature.
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OSA may be associated with an increased risk of peri-operative complications (15). It is
uncertain whether, with current OSA screening practices, missed OSA diagnoses lead to adverse
outcomes. The predictive ability of the STOP-Bang questionnaire has been evaluated in obese
surgical patients, with a score of > 3 having the following characteristics: to predict all OSA:
sensitivity 91%, specificity 28%; to predict moderate/severe OSA: sensitivity 95%; specificity
20% (18). In patients being evaluated for bariatric surgery, the Berlin questionnaire was found to
have a sensitivity of 86% and a specificity of 77% for the diagnosis of OSA (16). Given that the
sensitivity of these OSA screening questionnaires likely increases with increasing OSA severity,
it is possible that missed OSA diagnoses consist of patients with milder sleep disordered
breathing, which may be less likely to predispose to peri-operative complications.

It has been reported in the general population that a high proportion of OSA remains
undiagnosed (7). In our study, about two thirds of patients with OSA were already diagnosed at
the time of initial bariatric consultation. In the aforementioned multicenter study of bariatric
surgery patients conducted in Finland, one third of the included patients with OSA were
diagnosed prior to initial bariatric consultation (12). In a study conducted in the Netherlands,
only 13% of patients with OSA were diagnosed prior to their initial bariatric consultation (33).
These differences may be related to accessibility of sleep studies.

In our study, OSA prevalence differed across surgical centers from 21% to 66%, and was
significantly different in seven out of the ten surgical centers. In order to verify whether the
difference measured was secondary to differences in the patient populations seen at each surgical
center, patient characteristics were compared. Patients who underwent bariatric surgery at center
A had a significantly lower mean BMI (small effect size, with a standardized mean difference of

-0.21), and this may partially explain why the lowest prevalence of OSA was measured at this

14



MSc Thesis — V. Martelli; McMaster University — Health Research Methodology

center. Although patients who underwent surgery at center H had a significantly lower mean
OMI summary score (indicating lower social inequality), this, in isolation, would not explain the
lower OSA prevalence in comparison to the rest of the group. Overall, it is felt that patient
characteristics were similar across surgical centers; and, therefore, the differences in OSA
prevalence measured may be secondary to varying effectiveness of OSA screening practices. As
aforementioned, there has been variability in the measures of OSA prevalence reported in the
literature within the bariatric surgery population, which is likely secondary to differing OSA
screening and testing practices employed.

A major strength of this study is that it included all patients who underwent publicly
funded bariatric surgery within the province of Ontario from 2010 and 2016; and, as such, is
population-based, thereby reducing selection bias related to its observational nature.
Furthermore, data from the prospectively collected bariatric registry had few missing values. An
important limitation is the following. Given that OSA is recorded in the OBR only at time of
initial consultation, ICES health administrative databases were used to capture OSA diagnoses
between initial bariatric consultation and time of surgery, including records from the bariatric
surgery hospitalization itself. Although patients diagnosed with OSA and recommended positive
airway pressure therapy and/or a monitored setting in the peri-operative period were likely
reliably documented in the bariatric surgery admission record, those considered to have mild
OSA, for whom therapy and/or monitoring was not recommended, may not have been accurately
captured.

Furthermore, the international consensus guideline on peri-operative management of

OSA in bariatric surgery patients was published in 2017, whereas our study includes data from
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surgeries that took place between 2010 and 2016 (16). Future directions of this work are to

validate these findings using more recent data.

Conclusion

In keeping with studies conducted in other jurisdictions, a significant proportion of
patients presenting for bariatric surgery evaluation in Ontario have undiagnosed OSA; and,
therefore, a protocol for evaluation of OSA in this patient population remains important. The
overall prevalence of OSA measured within the Ontarian population who underwent bariatric
surgery between 2010 and 2016 was found to be 47%. This percentage is in keeping with other
literature in which patients undergo sleep study testing based on pre-test probability for OSA;
however, is lower compared to literature in which all patients undergo sleep study testing
regardless of OSA screening questionnaire results. OSA prevalence varied across individual
surgical centers, despite similar patient characteristics, indicating possible varying effectiveness
of OSA screening practices. Further studies are required to determine whether, with current

screening practices, missed OSA diagnoses lead to adverse outcomes.

16



MSc Thesis — V. Martelli; McMaster University — Health Research Methodology

Tables and Figures

Table 1: Characteristics of Patients Having Undergone Publicly Funded Bariatric Surgery in

Ontario between 2010 and 2016

Variable Statistic
N 18,074
Age (years, mean, SD) 45 (10)
Sex
Female (n, %) 14,947 (83%)

BMI (kg/m?, median, IQR)

47.0 (42.5 t0 52.5)

T2DM (n, %)

Missing (n, %) 56 (0.3%)
Current smoker (n, %) 680 (4%)
OMI summary score (mean, SD) 3(0.8)

Missing (n, %) 148 (1%)
Number of major ADGs

Mean (SD) 2(1.4)

0 (n, %) 2,939 (16%)

1 (n, %) 5,046 (28%)

2 (n, %) 4,615 (26%)

3 (n, %) 3,009 (17%)

4 (n, %) 1,596 (9%)

5 (n, %) 612 (3%)

6 (n, %) 212 (1%)

7 (n, %) 39 (0.2%)

8 (n, %) 6 (0.03%)
Major comorbidities

Asthma (n, %) 473 (3%)

COPD (n, %) 592 (3%)

2,085 (12%)

HTN (n, %) 2,133 (12%)
CAD (n, %) 1,696 (9%)
Anxiety or depression (n, %) 10,418 (58%)
Surgery type

Duodenal switch (n, %) 34 (0.1%)
Gastric bypass (n, %) 15,403 (85%)
Sleeve gastrectomy (n, %) 2,312 (13%)
Missing (n, %) 325 (2%)
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Table 2: Percentage of Patients with OSA by Surgical Center

: % «
Surgical Center N OSA (95% CI) p-value
Overall 8,438 47% NA
(46% to 47%)
A 83 21% <0.001
(17% to 25%)
B 296 50% 0.07
(46% to 54%)
C 351 39% <0.001
(35% to 42%)
D 386 41% <0.001
(38% to 44%)
E 591 42% <0.001
(40% to 45%)
F 1,261 53% <0.001
(51% to 55%)
G 1,634 66% <0.001
(64% to 68%)
H 932 33% <0.001
(32% to 35%)
I 1,355 48% 0.06
(46% to 50%)
J 1,549 46% 0.15
(44% to 47%)

* Comparison was made between selected center vs. overall minus selected center, using Pearson
chi-square test with Yates continuity correction.
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ARTICLE 2: Health Care Utilization and Costs of Bariatric Surgery Patients with vs. without
Comorbid Obstructive Sleep Apnea in Ontario, Canada

Authors: Martelli, V; Doumouras, AG; Mbuagbaw, L; Tarride, JE

Introduction

Obstructive sleep apnea (OSA) is a sleep-related breathing disorder characterized by
recurrent reduction in breathing during sleep caused by transient upper airway collapse, which
may lead to excessive daytime sleepiness, impaired quality of life, as well as an increased risk of
cardiovascular disease (1). Risk factors for developing OSA include: age, male sex, menopause,
obesity, smoking, as well as genetic factors and race (due to their relationship with craniofacial
features) (1). OSA is diagnosed using an in-laboratory polysomnogram (PSG) or a home sleep
study (2). The prevalence of OSA in the general population of high-income countries has been
estimated at 10% in women and 20% in men (1). Given that obesity is a significant risk factor
for OSA, the prevalence of OSA in the bariatric surgery population is higher, with estimates
ranging from 35% to 94% (16).

There is mixed evidence regarding the effect of OSA on peri-operative outcomes and, in
turn, the effect of OSA on health care utilization and costs in the peri-operative period. In a
study of patients who underwent bariatric surgery in a single surgical center in Poland, treated
OSA patients (compared to untreated OSA patients or patients with a STOP-Bang score of > 3
who had not undergone a sleep study) had a shorter post-operative hospital stay and a lower rate
of post-operative pneumonia (25). In addition, there were two deaths in the night of the second
postoperative day in the untreated/undiagnosed group (25). In contrast, in a study using data

from a U.S.A. all-payers’ database (including 1,050 hospitals and 91,028 patients undergoing
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bariatric surgery), regression analysis identified that OSA was associated with decreased
mortality, reduced length of stay and reduced total hospitalization costs (26). That being said,
OSA was associated with an increased risk of emergent endotracheal intubation and need for
invasive mechanical ventilation (26). This study did not report OSA treatment status (26). There
is no Canadian data on the effect of OSA on post-bariatric surgery health care costs in the peri-
operative period.

In the 1 year post-bariatric surgery, OSA may affect post-bariatric surgery health care
utilization and costs. The following data suggests that OSA treatment leads to reduced health
care utilization and costs over a longer term. A study conducted in Israel measured health care
costs of patients with OSA in the two years prior to OSA diagnosis, in comparison to matched
controls without OSA, including: number of days in hospital, number of ambulatory visits,
number of emergency department (ED) visits, number of primary care visits, number of
specialist visits and prescription drugs (27). This study showed that before OSA diagnosis,
patients with OSA have higher health care costs compared to controls (2.2 fold higher in those
aged < 65 years of age), and this difference was driven by higher costs for physician visits and
prescription drugs (27). Although OSA treatment is considered cost-effective, it is uncertain
whether, patients with diagnosed OSA have increased or reduced health care utilization and costs
compared to matched controls without OSA (28).

Thus, there is uncertainty regarding the effect of OSA on peri-operative health care costs,
as well as the longer-term effect of diagnosed OSA on health care utilization and costs. The
objectives of this study were to: (i) compare health care utilization and costs between bariatric

surgery patients with vs. without OSA at 30 days post-surgery; and (ii) compare health care
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utilization and costs between bariatric surgery patients with vs. without OSA at 1 year post-

surgery. One year was chosen to capture the effect of diagnosed OSA rather than weight loss.

Methods
Study Design

This was a population-based cohort study using the Ontario Bariatric Registry (OBR)
linked to the Institute for Clinical Evaluative Sciences (ICES) health administrative databases.
Ethics approval was obtained from the Hamilton Integrated Research Ethics Board, Hamilton,
Ontario, Canada.
Setting and Participants

Patients who underwent publicly funded bariatric surgery in Ontario between January
2010 and December 2016 (most recent data available) were included. Non-Ontario residents and
patients with a history of previous bariatric surgery were excluded.
Data Sources

The OBR was established in 2010 and includes all patients referred for publicly funded
bariatric surgery within the province of Ontario, Canada (19). ICES is an independent, non-
profit research institute whose legal status under Ontario’s health information privacy law allows
it to collect and analyze health care and demographic data, without consent, for health system
evaluation and improvement (21). Databases accessed included: the Assistive Devices Program
Database (ADP); the Registered Persons Database (RPDB); the OHIP database; the Canadian
Institute for Health Information Discharge Abstract Database (CIHI-DAD); the National
Ambulatory Care Reporting System (NACRS) and the Home Care Database (HCD). These

datasets were linked using unique encoded identifiers and analyzed at ICES.
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Variables

The following baseline characteristics were recorded in the OBR at the time of initial
bariatric consultation: sex, body mass index (BMI) and current smoker; and the following
characteristics were recorded at the time of surgery: age and surgery type. The Ontario
Marginalization Index (OMI), described previously, was used as a measure of social inequality
(29). As described previously, a count of major Johns Hopkins Aggregated Diagnosis Groups
(ADGs) was conducted for each patient (30). As described previously, the following major
comorbidities were recorded: asthma, chronic obstructive pulmonary disease (COPD), type 11
diabetes mellitus (T2DM), hypertension (HTN), coronary artery disease (CAD) and anxiety or
depression. A diagnosis of OSA was identified if recorded in the OBR at time of initial bariatric
consultation; or, if recorded in ICES health administrative databases (based on in-patient hospital
records or ED / ambulatory care records) in the five years leading up to the surgery (including
the bariatric surgery admission records).

Health care utilization and costs were measured prior to surgery (for propensity score
matching), 30 days and 1 year post bariatric surgery. The perspective used was that of the single
payer public health care system in the province of Ontario, Canada. ICES houses health
administrative data from the Canadian Institute for Health Information (CIHI) and the Ministry
of Health and Long Term Care (MOHLTC), which include health care utilization data for all
Ontario residents, including: hospital admissions, ED visits, ambulatory care visits, same day
surgery, physician billings (visits and procedures) and home care visits (21). Costs not captured
include all hospital-administered drug costs, as well as out-patient prescription medication costs
for those who do not qualify for public drug insurance (individuals under the age of 65 not

receiving social assistance).
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Costs were calculated based on the “Guidelines on Person-Level Costing Using
Administrative Databases in Ontario” using ICES costing algorithms (20). Costs per encounter
are derived either from service-specific cost data (e.g. physician billings, diagnostic tests or
home care services) or micro-level costing (20). Micro-level costing is performed using health
care utilization data (number of hospitalizations, length of stay, number of ED visits, etc.)
factored with a case-mix system, which categorizes patients into groups based on major
diagnoses and interventions received for each visit, to determine resource utilization intensity
(20). Costs were measured in 2018 Canadian dollars.

Outcome Measures

The primary outcome was total health care costs per patient at 30 days and 1 year post-
bariatric surgery.

Secondary outcomes were the following health care utilization measures (at 30 days and
1 year post-surgery): number of hospitalizations per patient, length of stay per patient, number of
ED visits per patient, total number of physician visits per patient, number of generalist visits per
patient, number of specialist visits per patient, and number of home care visits per patient. In
addition, secondary outcomes included dividing health care costs per patient into those related to:
hospitalizations, ED visits, physician visits (including generalist vs. specialist) and home care
visits.

Statistical Methods

In order to control for confounding, propensity score matching was used (34). Nearest
neighbour matching (1:1), with replacement, keeping all members of the OSA group and selected
matching members of the non-OSA group, was performed. The propensity score was calculated

using logistic regression with the following potential confounders included as covariates: age,
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sex, BMI, current smoker, OMI summary score, count of major ADGs, major comorbidities
(asthma, COPD, T2DM, HTN, CAD, anxiety or depression), total health care costs in three years
prior to surgery, number of hospitalizations in one year prior to surgery, number of days in
hospital in one year prior to surgery and number of ED visits in one year prior to surgery. The
adequacy of propensity score matching was assessed using visual inspection of the propensity
score distribution graph, as well as the standardized difference per covariate, with greater than
0.1 considered a significant difference.

After balanced groups were created by propensity score matching, mean and median
health care utilization and costs at 30 days and 1 year post-bariatric surgery were calculated for
the group with OSA vs. the matched group without OSA. The effect of OSA on health care
utilization was analyzed in the following manner. Health care utilization consists of count data,
and we expected to see a skewed data distribution. Therefore, in order to fit the assumptions of
the model, depending on data distribution, a negative binomial (NB) regression model or, if an
important proportion of zeroes was present due to non-consumption of health care services, a
zero-inflated NB regression model was used. A NB regression model estimates an incidence rate
ratio that is interpreted as the odds of the outcome (hospitalization, ED visit, etc.) within a time
frame in patients with compared to without the exposure (OSA) (35). A zero-inflated NB
regression model is considered a 2-part model, and generates two incidence rate ratios per
exposure. The binomial model (with logit link) predicts the odds of a value of zero for the
outcome, and the negative binominal model (with log link) predicts the odds of an additional
count of the outcome (35). Zero-inflated models assume that excessive zeroes are due to a
subpopulation who are not at risk for the outcome, i.e. low health care users (35). To take into

account sampling with replacement, matching weights were included in the regression model.
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Clustering caused by matching was considered by using cluster-robust variance to estimate the
standard error, with matching stratum membership as the clustering variable.

The effect of OSA on health care costs was analyzed in the following manner. Health
care costs consist of continuous data, and we expected to find a skewed data distribution.
Therefore, in order to fit the assumptions of the model, a generalized linear mixed model
(GLMM) with log link and gamma-distributed errors or, if an important proportion of zeroes was
present due to non-consumption of health care services, a zero-inflated GLMM with the same
parameters was used. A GLMM estimates a coefficient that is interpreted as the relative
difference in cost in patients with compared to without the exposure (OSA) (26). A zero-inflated
GLMM is considered a 2-part model, and generates two coefficients per exposure. The binomial
model (with logit link) predicts the odds of a value of zero for the outcome, and the GLMM
(with log link) estimates a coefficient, i.e., the relative difference in cost in patients with
compared to without the exposure (36). Matching stratum membership was used as the
clustering variable and matching weights were included in the regression model.

The percentage of patients that were dropped from the models due to a missing variable

was 1%. Statistical analysis was performed using R software (version 3.6.2).

Results
Study Population

A total of 18,074 patients underwent publicly funded bariatric surgery in Ontario from
January 2010 to December 2016. Table 4 summarizes characteristics of patients with vs. without
comorbid OSA for the entire sample, prior to propensity score matching. Patients diagnosed

with OSA were older; more likely to be male; had a higher BMI; a higher burden of
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comorbidities; and increased health care utilization and associated costs prior to surgery. After
propensity score matching, patient characteristics were balanced between patients with vs.
without OSA (standardized difference < 0.1) (Table 5, Appendix Figures 4 & 5).

Total Health Care Costs per Patient at 30 Days Post-Bariatric Surgery

Based on regression analysis, total health care costs per patient, in the 30-day post-
operative period, were 1% lower (95% CI 1% to 1%; p < 0.001; mean: $ 13,753.00 [SD $
7,842.94] vs. mean: $ 14,007.00 [SD § 8,918.13]) in patients with OSA compared to matched
patients without OSA (Table 7).

Health Care Utilization and Costs per Patient at 30 Days Post-Bariatric Surgery

At the timeframe of 30 days post-bariatric surgery, patients with OSA had a 7% increased
(95% CI 5% to 9%, p < 0.001) odds of requiring a physician visit (Table 6). There was no
statistically significant difference found with regards to number of hospitalizations, length of
stay, ED visits or home care services between patients with vs. without OSA.

Based on regression, costs related to hospitalizations in the 30-day post-operative period
were 2% lower (95% CI 2% to 2%; p < 0.001) in patients with vs. without OSA (Table 7). Costs
incurred by physician visits were 6% higher (95% CI 4% to 9%; p < 0.001) in patients with
OSA. No statistically significant differences were observed for 30-day costs related to ED visits
or home care services.

Total Health Care Costs per Patient at 1 Year Post-Bariatric Surgery

Based on regression analysis, total health care costs per patient, in the 1 year post-
operative period, were 1% lower (95% CI 1% to 1%; p < 0.001; mean: $ 17,698.00 [SD $
13,588.13] vs. mean: $ 18,150.00 [SD $ 19,841.23]) in patients with OSA compared to matched

patients without OSA (Table 9).
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Health Care Utilization and Costs per Patient at 1 Year Post-Bariatric Surgery

At 1 year post-bariatric surgery, patients with OSA had a 7% lower (95% CI 4% to 9%, p
< 0.05) odds of a one day increase in hospitalization duration (Table 8). In addition, patients
with OSA had a 6% increased (95% CI 3% to 8%, p < 0.001) odds of requiring a physician visit.
There was no statistically significant difference found with regards to number of hospitalizations,
ED visits or home care services between patients with vs. without OSA.

Based on regression, costs per patient related to hospitalization in the 1-year post-
operative period were 3% lower (95% CI 3% to 3%; p < 0.001) in patients with vs. without OSA
(Table 9). Costs incurred by physician visits were 6% higher (95% CI 3% to 9%; p <0.001) in

patients with OSA.

Discussion

Within the 30-day post-bariatric surgery period, patients with OSA had lower total health
care costs per patient compared to matched patients without OSA, and this difference was driven
by lower hospitalization-related costs. At 1 year post-bariatric surgery, patients with OSA
continued to have lower total health care costs per patient compared to matched patients without
OSA. This is the first study measuring health care costs post-bariatric surgery in the Canadian
context.

The majority of patients had a single hospitalization during the 30-day post-operative
period, which would have been the bariatric surgery hospitalization itself. There was no
difference in the number of hospitalizations per patient or length of stay per patient between
patients with vs. matched patients without OSA; and, therefore, the difference in hospitalization

costs was secondary to increased resource utilization intensity (i.e. interventions such as
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diagnostic tests, procedures, level of monitoring, etc.) between the two groups. Based on
practice guidelines, patients in our study with a diagnosis of OSA would have been receiving
OSA treatment in a monitored setting in the perioperative period, although some patients with
very mild OSA may not have been recommended treatment (16). It has previously been reported
in the literature that patients with OSA have lower total health care costs within 30 days post-
bariatric surgery. In the Nationwide Inpatient Sample (NIS, U.S.A. all-payers’ database
including 1,050 hospitals and 91,028 patients undergoing bariatric surgery), regression analysis
showed that OSA was associated with reduced mortality, reduced length of stay and reduced total
hospitalization costs in the adjusted analysis (26). OSA treatment status was not reported in this
study (26). The authors postulated that OSA may be a protective factor due to ischemic
preconditioning, i.e., the ability of short periods of ischemia to make the myocardium more
resistant to subsequent myocardial infarction (26, 37).

Although some authors postulate that OSA may be cardioprotective, the literature shows
convincing evidence that undiagnosed, untreated or suboptimally treated OSA increases the risk
of respiratory complications in the peri-operative setting. The aforementioned NIS study also
showed an increased risk of emergent endotracheal intubation and need for invasive mechanical
ventilation in patients with OSA (26). In a study of patients who underwent bariatric surgery in a
single surgical center in Poland, treated OSA patients (compared to untreated OSA patients or
patients with a STOP-Bang score of > 3 who had not undergone a sleep study) had a shorter
post-operative hospital stay and a lower rate of post-operative pneumonia (25). In addition, there
were two deaths in the night of the second postoperative day in the untreated/undiagnosed group
(25). From a Canadian perspective, in a retrospective matched cohort study of 480 surgical

patients (not exclusively bariatric surgery) at a single center in Ontario, patients with OSA (49%
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of whom used continuous positive airway pressure (CPAP) post-operatively) had a higher rate of
respiratory complications, and an increased rate of admission to intensive care unit (38).
Furthermore, in comparison to patients with OSA alone, patients with OSA and hypercapnia
(from obesity hypoventilation syndrome or chronic lung disease) are at further increased risk of
respiratory failure and increased hospital length of stay (39).

In a separate publication, our group reported on the difference in OSA prevalence
measured within the bariatric surgery population depending on OSA screening and testing
practices employed. More specifically, we summarized that the prevalence of OSA reported in
the bariatric surgery literature differs between studies in which all patients undergo a sleep study
vs. studies in which patients undergo testing based on screening protocols by approximately
30%. Therefore, although the OSA prevalence measured in our study was 47%, the true
prevalence may be closer to 77%. Thus, we postulate that the increased 30-day postoperative
hospitalization costs in the group labeled as “No OSA” may in fact be the effect of missed OSA
diagnoses. The predictive ability of the STOP-Bang questionnaire has been evaluated in obese
surgical patients, with a score of > 3 having the following characteristics: to predict all OSA:
sensitivity 91%, specificity 28%; to predict moderate/severe OSA: sensitivity 95%; specificity
20% (18). In patients being evaluated for bariatric surgery, the Berlin questionnaire was found to
have a sensitivity of 86% and a specificity of 77% for the diagnosis of OSA (16). Given that the
sensitivity of these OSA screening questionnaires likely increases with increasing OSA severity,
it is possible that missed OSA diagnoses consist of patients with milder sleep disordered
breathing, which may be less likely to predispose to peri-operative complications and increased
health care services use in the 30-day post-operative period. Further study is required to better

understand the reason for decreased health care service use in patients with OSA in the 30-day
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post-bariatric surgery period compared to matched patients without OSA. In addition to the
previously described hypothesis that treated OSA is cardioprotective, we postulate that increased
health care use in the “No OSA” group may be secondary to undiagnosed OSA in this group.

At 30 days and 1 year post-bariatric surgery, patients with OSA had increased physician
visits (to both general practitioners and specialists) compared to matched patients without OSA.
Previous studies have looked at health care utilization and costs of patients with OSA compared
to controls. A study conducted within a health organization in Israel showed patients with OSA
have higher health care costs compared to matched controls (2.2 fold higher in those aged < 65
years), and this difference was driven by higher costs for physician visits and prescription drugs
(27). A study from Manitoba, Canada using health administrative databases measured increased
physician billings in patients with OSA compared to matched controls (40). In keeping with
previous studies, our study showed that patients diagnosed with OSA have increased physician
visits compared to matched controls.

At 1 year post-bariatric surgery, patients with OSA continued to have lower total health
care costs compared to matched patients without OSA. This difference was driven by reduced
hospitalization-related costs in patients with OSA, which was contributed to by reduced average
length of stay in this group; and, potentially, as was described within the 30-day post-operative
period, reduced resource utilization intensity while in hospital. Previously published literature
has shown a difference in health care utilization and costs depending on OSA treatment
adherence, suggesting that OSA treatment reduces health care costs. In a study of 543 patients
from a sleep practice in California U.S.A., in an adjusted analysis, patients with high adherence
to OSA treatment had lower total health care costs (including physician visits, hospitalizations,

ED visits, drugs and tests) at 3 years compared to those with low adherence (41). In a study of
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1,098 patients from a sleep practice in North Carolina U.S.A., in an adjusted analysis, patients
with high adherence to OSA treatment had lower total health care costs (including
hospitalizations and ED visits only) at 18 months compared to patients with low adherence (42).
However, previously published literature has not shown reduced health care costs over a 1 year
period in patients with OSA compared to matched controls without OSA. As already mentioned,
possible hypotheses to explain this include OSA being cardioprotective via ischemic
preconditioning, or undiagnosed OSA in the “No OSA” group secondary to current OSA
screening practices.

An additional hypothesis to explain the reduced health care costs related to
hospitalizations in patients with OSA at 1 year post-bariatric surgery is the following. We
showed that patients with OSA have increased physician visits in the 1 year post-bariatric
surgery, and preventative care likely reduces the need for acute care. In a study of a U.S.A.
representative sample using claims data, it was found that patients with better continuity of
primary care had lower hospitalization rates and total health care costs (43). Furthermore, in the
Canadian context, in a study of urban residents of the province of Manitoba, results suggested
that ambulatory care visits reduce hospitalizations in patients with higher socioeconomic status
(44).

A major strength of this study is that it included all patients who underwent publicly
funded bariatric surgery within the province of Ontario from 2010 and 2016; and, as such, is
population-based, thereby reducing selection bias related to its observational nature.
Furthermore, data from the prospectively collected bariatric registry had few missing values; and
ICES health administrative databases include the entirety of health care utilization within the

province’s single public payer health care system.
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In addition to strengths, there are also limitations to using health administrative
databases. Firstly, given that OSA is recorded in the OBR only at time of initial consultation,
ICES health administrative databases were used to capture OSA diagnoses between initial
bariatric consultation and time of surgery, including records from the bariatric surgery
hospitalization itself. Although patients diagnosed with OSA and recommended positive airway
pressure therapy and/or a monitored setting in the peri-operative period were likely reliably
documented in the bariatric surgery admission record, those considered to have mild OSA, for
whom therapy and/or monitoring were not recommended, may not have been accurately
captured. Secondly, information on OSA severity, as well as OSA therapy was not available.
Thirdly, although propensity score matching is a validated method to address confounding, in
observational studies, there is a risk of confounding from unknown/unmeasured variables.
Lastly, given the single-payer health care system, the health administrative data used to measure
health care utilization and costs is complete; however, an important category of costs not
captured are drug costs. Furthermore, based on the “Guidelines on Person-Level Costing Using
Administrative Databases in Ontario”, when service-specific cost data are not available, costs are

estimated using algorithms, rather than directly measured.

Conclusion

Patients with OSA had lower 30-day post-bariatric surgery total health care costs per
patient compared to matched patients without OSA, a difference which was likely driven by
reduced resource utilization intensity during the bariatric surgery hospitalization. Previous
authors have hypothesized that this difference is secondary to cardioprotection from ischemic

preconditioning secondary to OSA. Given that we have previously described the likelihood of
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undetected OSA in patients who underwent bariatric surgery, we postulate that the difference in
health care costs measured in this study may be secondary to costs related to undiagnosed OSA
in the “No OSA” group. At | year post-bariatric surgery, patients with OSA continued to have
reduced total health care costs per patient compared to matched patients without OSA. This
difference was secondary to reduced hospitalization related costs and reduced length of stay,
despite increased physician visits. This suggests that increased preventative care through

ambulatory visits may reduce acute care costs.
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Tables and Figures

Table 4: Comparison of Patients having Undergone Bariatric Surgery, with vs. without OSA

Patients with OSA Patients without OSA | P-value*
N, % 8,438 (47%) 9,636 (53%) NA
Age (years, mean, SD) 48 (10) 43 (11) <0.001
Sex
Female (n, %) 6,296 (75%) 8,651 (90%) <0.001
BMI (kg/m?, median, IQR) 48.1 (43.4 t0 53.8) 47.2 (42.0 to 51.3) <0.001
Current smoker (n, %) 321 (4%) 359 (4%) 0.81
OMI summary score (mean, 3.0 (0.8) 3.0 (0.8) 0.08
SD)
Missing (n, %) 70 (1%) 78 (1%)
Number of major ADGs
(mean, SD) 2.0 (1.5) 1.8 (1.4) <0.001
Major comorbidities
Asthma (n, %) 226 (3%) 247 (3%) 0.66
COPD (n, %) 343 (4%) 249 (3%) <0.001
T2DM (n, %) 1,126 (13%) 959 (10%) <0.001
HTN (n, %) 1,055 (13%) 1,078 (11%) 0.006
CAD (n, %) 988 (12%) 708 (7%) <0.001
Anxiety or depression (n, 4,868 (58%) 5,550 (58%) 0.91
%0)
Total health care cost per 10,423.00 (14,061.00) | 8,011.00 (10,353.00) <0.001
patient in 3 years prior to
surgery (CAN $; mean, SD; 6,580.00 (4,113.00 to 5,160.00 (3,044.00 to
median, IQR) 11,707.00) 9,508.00)
Number of hospitalizations 0.09 (0.30) 0.07 (0.30) <0.001
per patient in 1 year prior to
surgery (mean, SD; median, 0(0to5) 0(0to8)
min to max)
Number of days in hospital 4.1(6.0) 4.1 (10.9) 0.54
per patient with > 1
hospitalization in 1 year prior 2.0(1.0t0 5.0) 2.0 (1.0 to 4.0)
to surgery (days; mean, SD;
median, IQR)
Number of ED visits per 1.0 (5.6) 0.8 (3.4) 0.95
patient in 1 year prior to
surgery (mean, SD; median, 0(tol) 0(0tol)
IQR)

* Student’s t-test used for normally distributed continuous variables; Pearson chi-square test with
Yates continuity correction used for categorical variables; and Wilcoxon rank-sum test used for
non-normally distributed continuous variables.
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Table 5: After Propensity Score Matching - Comparison of Patients having Undergone Bariatric
Surgery, with vs. without OSA

Std.
Patients with OSA Patients without OSA | difference
%
N 8,356 8,356 NA
Age (years, mean, SD) 48 (10) 48 (10) 0.03
Sex
Female (n, %) 6,243 (75%) 6,348 (76%) 0.03
BMI (kg/m?, median, IQR) 48.1 (43.4 t0 53.8) 48.1 (43.3 t0 53.9) 0.01
Current smoker (n, %) 313 (4%) 264 (3%) 0.03
OMI summary score (mean, 3.0 (0.8) 3.1 (0.8) 0.01
SD)
Number of major ADGs 2.0(1.4) 2.1(1.4) 0.00
(mean, SD)
Major comorbidities
Asthma (n, %) 222 (3%) 205 (2%) 0.01
COPD (n, %) 340 (4%) 320 (4%) 0.01
T2DM (n, %) 1,119 (13%) 1,115 (13%) 0.00
HTN (n, %) 1,037 (12%) 1,086 (13%) 0.02
CAD (n, %) 977 (12%) 1,022 (12%) 0.02
Anxiety or depression (n, 4,830 (58%) 4,904 (59%) 0.02
%)
Total health care cost per 10,425.00 (14,093.00) | 10,257.00 (15,293.00) 0.01
patient in 3 years prior to
surgery (CAN §$; mean, SD; 6,585.00 (4,115.00 to 6,095.00 (3,552.00 to
median, IQR) 11,689.00) 11,361.00)
Number of hospitalizations 0.09 (0.3) 0.09 (0.3) 0.00
per patient in 1 year prior to
surgery (mean, SD; median, 0(0to5) 0(0to4)
min to max)
Number of days in hospital 4.1 (6.0) 3.94.7) 0.00
per patient with > 1
hospitalization in 1 year prior 2.0(1.0t0 5.0) 2.0(1.0t0 5.0)
to surgery (days; mean, SD;
median, IQR)
Number of ED visits per 1.0 (5.6) 0.9 (3.6) 0.02
patient in 1 year prior to
surgery (mean, SD; median, 0(0tol) 0(0tol)
IQR)

* A standardized difference greater than 0.1 was considered a significant difference.
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Table 6: Effect of OSA on Health Care Utilization per Patient at 30 Days Post-Bariatric Surgery

No OSA OSA IRR (95% CI) p-value
INumber of hospitalizations per 1.1(0.3) 1.1(0.3)
patient (mean, SD; median, IQR) 1 (1to1) 1(1to1) 1.00 (098 to 1.04) 0.21
Length of stay (days; (mean, SD; 2.8 (6.1) 2.7(3.3)
median, IQR) 2(2t02) 2(2t03) 0.96 (0.94 10 0.98) 0.15
INumber of ED visits per 0.2 (0.6) 0.2 (0.6) count: 1.05 (0.97 to 1.13) 0.23
patient (mean, SD; median, IQR) 0(0to0) 00t 0) zero: 1.02 (0.86 to 1.21) 0.86
INumber of physician visits per
patient (mean, SD; median, IQR)
Total 8.6(9.2) 9.2(9.1) 1.07 (1.05 to 1.09) <0.001
6(5t09) 7 (510 10)
Generalist 1.7 (2.3) 1.9 (2.4) 1.12 (1.08 to 1.16) <0.001
1(0to2) 1(0to3)
Specialist 6.9 (8.5) 7.3 (8.4) 1.06 (1.03 to 1.08) 0.003
5@t 5(4t08)
Home care service visits per 0.52.7) 0.52.7) count: 0.91 (0.87 to 1.13) 0.91
patient (mean, SD; median, IQR) 0(0to0) 000t 0) zero: 0.73 (0.89 to 1.18) 0.73

Table 7: Effect of OSA on Health Care Costs per Patient at 30 Days Post-Bariatric Surgery

median, IQR)

to 14,100.00)

13,812.00)

No OSA OSA Coefficient (95% CI) p-value
Hospitalization costs
er patient (CANS: 10,122.00 (8,265.17) |  9,799.00 (6,866.44)
per b ) L 9,047.00 (8,376.00 to | 8,592.00 (7,673.00 to 0.98 (0.98 to 0.98) <0.001
fcan, SD; median, 9,717.00) 9,717.00)
IQR) > >
ED visit costs per .
patent (CANS: mean. | ,06.6.001,000) | 0,00 00010 000) | sero 0.7 (09010 1.09) | 051
SD: median, IQR) . . . . . . : 0. . . .
Physician visit costs per
patient (CANS; mean,
SD; median, IQR)
Total 467.90 (1,007.42) 482.30 (973.51) 1.02 (1.02 to 1.02) <0.001
214.00 (137.00 to 240.00 (155.00 to
380.00) 410.00)
Generalist 37.11 (101.68) 38.21 (73.71) 1.15(1.08 to 1.22) <0.001
6.00 (0.00 to 43.00) | 11.00 (0.00 to 45.00)
Specialist 430.80 (972.53) 444.00 (956.19)
181.00 (126.00 to 205.00 (130.00 to 1.02 (1.02 to 1.02) <0.001
340.00) 364.00)
Home care costs per )
patent (CANS: mean. |, 00°0100.14000) | 0,00 (00010 0.00) | seror 102 (08910 117) | 075
SD: median, IQR) . . . . . . L . . .
Total costs per patient | 14,007.00 (8,918.13) | 13,753.00 (7,842.94)
(CANS; mean, SD; 12,527.00 (11,544.00 {12,238.00 (11,445.00 to 0.99 (0.99 to 0.99) <0.001
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Table 8: Effect of OSA on Health Care Utilization per Patient at 1 Year Post-Bariatric Surgery

No OSA OSA IRR (95% CI) p-value
INumber of hospitalizations per 1.3 (0.8) 1.2 (0.7)
patient (mean, SD; median, IQR) 1 (1to1) 1(1to1) 0.99 (0970 1.02) 0.35
Length of stay (days; (mean, SD; 3.7 (10.5) 3.5(6.2)
median, IQR) 2 (21t03) 2 (210 3) 0.93 (0.91 t0 0.96) 0.05
INumber of ED visits per 1.2 (2.3) 1.2 (2.1) count: 0.96 (0.91 to 1.01) 0.14
patient (mean, SD; median, IQR) 0(0to2) 0(0to2) zero: 0.99 (0.92 to 1.06) 0.75
INumber of physician visits per
patient (mean, SD; median, IQR)
Total 34.9 (40.0) 36.9 (36.4) 1.06 (1.03 to 1.08) <0.001
24 (14 to 42) 26 (16 to 36)
Generalist 13.8 (17.8) 14.8 (20.5) 1.07 (1.04 to 1.10) <0.01
9(5to0 16) 10 (5to0 17)
Specialist 21.0 (31.8) 22.1(26.2) 1.05 (1.02 to 1.08) 0.02
13 (7t024) 14 (8 t0 27)
Home care service visits per 3.5(23.5) 3.3(22.0) count: 0.94 (0.79 to 1.12) 0.56
patient (mean, SD; median, IQR) 0(0to0) 000t 0) zero: 0.99 (0.89 to 1.11) 0.85
Table 9: Effect of OSA on Health Care Costs per Patient at 1 Year Post-Bariatric Surgery
No OSA OSA Coefficient (95% CI) p-value
Hospitalization costs per|11,718.00 (16,948.77)| 11,186.00 (10,841.88)
patient (CANS; mean, |9,528.00 (8,476.00 to| 9,046.00 (8,142.00 to 0.97 (0.97 t0 0.97) <0.001
SD; median, IQR) 10,800.00) 10,647.00)
Sii;ilzé’[‘f‘%?iean 425.00 (837.07) 401.10 (1,733.13)  |gamma: 0.97 (0.94 to 1.01)|  0.12
SD: median, IQR) 0.00 (0.00 to 522.00) [ 0.00 (0.00 to 536.20) | zero: 1.02 (0.96 to 1.08) 0.62
Physician visit costs per
patient (CANS; mean,
SD; median, IQR)
Total 1,848.80 (2,648.67) 1,891.90 (2,403.37) 1.03 (1.02 to 1.04) <0.001
1,013.00 (501.80 to 1,130.00 (582.80 to
2,121.80) 2,270.20)
Generalist 287.90 (526.52) 292.80 (697.28) 1.04 (1.00 to 1.09) 0.07
141.00 (41.00to  |{142.00 (47.00 to 342.00)
344.00)
Specialist
1,560.80 (2,451.96) 1,599.00 (2,168.21) 1.03 (1.02 to 1.04) <0.001
794.50 (362.00 to 895.00 (431.00 to
1,766.20) 1,887.00)
Home care costs per )
o onmen, | @y | s lomm o 0ra L] o7
SD: median, IQR) . . . . . . 1. . . .
Total costs per patient |18,150.00 (19,841.23)| 17,698.00 (13,588.13)
(CANS; mean, SD; 14,468.00 (12,742.00 | 14,303.00 (12,702.00 to 0.99 (0.99 to 0.99) <0.001
median, IQR) to 17,833.00) 17,590.00)
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DISCUSSION AND CONCLUSIONS

Based on literature review, OSA prevalence in the bariatric surgery population has been
reported at 35% to 94% (16). Our study measured an overall prevalence of 47% (95% CI 46% to
47%) within all patients who underwent publicly funded bariatric surgery in Ontario from 2010
to 2016. After anxiety or depression, OSA was the second most common major comorbidity in
patients who underwent bariatric surgery.

The variability in the reported prevalence in the literature is likely secondary to the OSA
screening and testing practices employed. Studies in which all patients being evaluated for
bariatric surgery were tested for OSA reported a higher OSA prevalence compared to studies in
which only patients who screen positive are tested. For example, in a U.S.A.- based registry in
which all patients being evaluated for bariatric surgery underwent an in-laboratory
polysomnogram (PSG), OSA prevalence was 78% (11). Similarly, in a single center U.S.A.
study and a multicenter study conducted in Finland in which all patients being evaluated for
bariatric surgery underwent a home sleep study, the prevalence of OSA was 71% and 77%,
respectively (12, 32). In contrast, studies in which patients were screened for OSA based on
routine practices resulted in a lower OSA prevalence. In a study of ten U.S.A. surgical centers
(including 2,458 patients), in which there was significant variation in the frequency of OSA
testing, the overall prevalence of OSA (based on sleep study results if a study was completed, or
self-report) was 53% (13). The Nationwide Inpatient Sample included 91,028 patients who
underwent bariatric surgery at 1,050 hospitals in the U.S.A. with different OSA screening
practices, and recorded an OSA prevalence of 36% (26). The overall OSA prevalence measured

in our study resembles that reported in other studies in which not all patients being evaluated for
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bariatric surgery routinely undergo a sleep study. Therefore, OSA screening practices at surgical
centers in our network led to similar rates of OSA detection as reported in the literature.

Given that OSA may be associated with an increased risk of peri-operative complications,
guidelines recommend screening bariatric surgery patients for OSA using validated
questionnaires (either the Berlin Questionnaire or the STOP-Bang Questionnaire) (7, 14, 15).
Because of limited resources, a diagnostic sleep study is not the recommended standard for all
patients being evaluated for bariatric surgery (15, 16). It is uncertain whether, with current OSA
screening practices, missed OSA diagnoses lead to adverse outcomes, and, in turn, increased
health care utilization and costs in the 30-day post-operative period. The predictive ability of the
STOP-Bang questionnaire has been evaluated in obese surgical patients (18). The following test
characteristics have been measured for a score of > 3: to predict all OSA: sensitivity 91%,
specificity 28%; to predict moderate/severe OSA: sensitivity 95%; specificity 20% (18). In
patients being evaluated for bariatric surgery, the Berlin questionnaire was found to have a
sensitivity of 86% and a specificity of 77% for the diagnosis of OSA (16). If the sensitivity of
these OSA screening questionnaires increases with increasing OSA severity, missed OSA
diagnoses would consist primarily of patients with milder sleep disordered breathing, which may
be less likely to predispose to peri-operative complications. Furthermore, these two screening
questionnaires are not always concordant. In a single center study conducted in the U.S.A. of
14,962 pre-operative patients, 24% were classified as high risk for OSA based on the Berlin
Questionnaire and 42% were considered high risk for OSA based on the STOP-Bang
Questionnaire (45). Although patients with already diagnosed OSA or who screened high risk
based on the STOP-Bang had a higher rate of ICU admission, the proportion of planned vs.

unplanned ICU admissions was unknown (45). There was no significant difference in 30-day
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mortality in patients with diagnosed OSA or high risk for OSA compared to those without OSA,
and it was postulated that this could be because of protocols for increased peri-operative
monitoring of patients with OSA leading to prevention of complications (45).

It has been reported in the general population that a high proportion of OSA remains
undiagnosed (7). In our study, two thirds of patients with OSA were already diagnosed at the
time of initial bariatric consultation. In the aforementioned multicenter study of bariatric surgery
patients conducted in Finland, prior to initial bariatric consultation, one third of the included
patients with OSA were already diagnosed (12). In a study conducted in the Netherlands, only
13% of patients with OSA were diagnosed prior to their initial bariatric consultation (33). These
differences may be related to accessibility of sleep studies. Analysis of Ontario health
administrative data from 2006 to 2013 measured a median wait time between primary care
referral to diagnostic sleep study of 449 days at hospital-based sleep clinics, and 361 days at
community-based sleep clinics (46). In Ontario, OSA diagnosis is made almost exclusively by
in-laboratory polysomnogram because home sleep studies are currently not funded by the public
health care system. This wait time may partially explain why OSA is underdiagnosed, and also
highlights the need for alternative pathways to diagnose OSA in patients awaiting surgery.

In our study, OSA prevalence differed across surgical centers from 21% to 66%, and was
significantly different in seven out of the ten surgical centers. To determine whether the
difference measured was secondary to differences in the patient populations seen at each surgical
center, patient characteristics were compared. Patients who underwent bariatric surgery at center
A had a significantly lower mean BMI (small effect size, with a standardized mean difference of
-0.21), and this may partially explain why the lowest prevalence of OSA was measured at this

center. Although patients who underwent surgery at center H had a significantly lower mean
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OMI summary score (indicating lower social inequality), this, in isolation, would not explain the
lower OSA prevalence in comparison to the rest of the group. Overall, patient characteristics
were similar across surgical centers; and, therefore, it can be postulated that the differences in
OSA prevalence measured may be secondary to varying effectiveness of OSA screening
practices. As previously mentioned, literature review has shown variability in OSA prevalence
reported within the bariatric surgery population, which is likely secondary to differing OSA
screening and testing practices employed.

There is uncertainty whether current OSA screening and testing practices are sufficient to
prevent peri-operative complications related to untreated OSA. Our study showed that, within
the 30-day post-bariatric surgery period, patients with OSA had lower hospitalization-related
costs compared to matched patients without OSA. Patients with OSA also had lower total heal
care costs per patient at 30 days, and this was driven by the lower hospitalization-related costs.
The majority of patients had a single hospitalization during the 30-day post-operative period,
which would have been the bariatric surgery hospitalization itself. There was no difference in
the number of hospitalizations per patient or length of stay per patient between patients with vs.
matched patients without OSA. Therefore, the difference in hospitalization costs was secondary
to increased resource utilization intensity (i.e. interventions such as diagnostic tests, procedures,
level of monitoring, etc.) between the two groups. Based on practice guidelines, patients
included in our study with a diagnosis of OSA would have been receiving OSA treatment in the
perioperative setting, with the exception of some patients with very mild OSA may not have been
recommended treatment (16). Similar findings have been reported previously in the literature.
In the Nationwide Inpatient Sample (NIS) including 91,028 patients undergoing bariatric surgery

(U.S.A. all-payers’ database including 1,050 hospitals), a regression analysis showed that OSA
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was associated with reduced mortality, reduced length of stay and reduced total hospitalization
costs in the adjusted analysis (26). OSA treatment status was not reported in this study (26). The
authors postulated that OSA may be a protective factor due to ischemic preconditioning, i.e.,
short periods of ischemia leading to the myocardium becoming more resistant to myocardial
infarction (26, 37). In a single center study conducted in the U.S.A. of 14,962 pre-operative
patients, patients with already diagnosed OSA had shorter surgery-related hospital lengths of stay
compared to patients without OSA and patients who screened high risk based on questionnaires;
however, data on the proportion of patients treated with positive airway pressure therapy was not
available (45).

Although some authors postulate that OSA may be cardioprotective, there is convincing
evidence that undiagnosed, untreated or suboptimally treated OSA increases the risk of
respiratory complications in the peri-operative setting. The aforementioned NIS study also
showed an increased risk of emergent endotracheal intubation and need for invasive mechanical
ventilation in patients with OSA (26). In a study of patients who underwent bariatric surgery in a
single surgical center in Poland, treated OSA patients (compared to untreated OSA patients or
patients with a STOP-Bang score of > 3 who had not undergone a sleep study) had a shorter
post-operative hospital stay and a lower rate of post-operative pneumonia (25). In addition, there
were two deaths in the night of the second postoperative day in the untreated/undiagnosed group
(25). In a retrospective matched cohort study of 480 surgical patients at a single center in
Ontario, patients with OSA (49% of whom used continuous positive airway pressure (CPAP)
post-operatively) had a higher rate of respiratory complications, and an increased rate of
admission to intensive care unit (38). In a study of 3,452 elective surgery patients conducted at

three sites in Italy, before a standardized protocol for anesthesia management of high risk for
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OSA patients was in place, patients classified as high risk for OSA based on a STOP-Bang score
of > 5 had a higher rate of peri-operative complications, difficult intubation and difficult mask
ventilation compared to those classified as low risk (47). Moreover, in comparison to patients
with OSA alone, patients with OSA and hypercapnia (from obesity hypoventilation syndrome or
chronic lung disease) are at an even higher risk of respiratory failure and increased hospital
length of stay (39).

As already mentioned, there is a difference in OSA prevalence measured within the
bariatric surgery population depending on OSA screening and testing practices employed. More
specifically, we summarized that the prevalence of OSA reported in the bariatric surgery
literature differs between studies in which all patients undergo a sleep study vs. studies in which
patients undergo testing based on screening protocols by approximately 30%. Therefore,
although the OSA prevalence measured in our study was 47%, the true prevalence may be closer
to 77%. Thus, we postulate that the increased 30-day postoperative hospitalization costs in the
group labeled as “No OSA” may in fact be the effect of missed OSA diagnoses. In a study
conducted in a tertiary hospital in India, 182 elective non-cardiac surgery patients without a
previous diagnosis of OSA completed the STOP-Bang Questionnaire as well as a portable sleep
study (48). 39% were diagnosed with OSA based on the sleep study, 12% of which were not
identified using a STOP-Bang Questionnaire cut-off of > 3 (48). All patients were monitored
with continuous pulse oximetry for 24 hours post-surgery; however, they were not treated with
positive airway pressure therapy (48). In an adjusted analysis, patients with untreated OSA had
an increased risk of pneumonia or sepsis, respiratory failure and myocardial infarction or heart

failure at seven days post-surgery, compared to those without OSA (48). Further study is
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required to better understand the effect of missed OSA diagnoses on peri-operative outcomes
and, in turn, health care utilization and costs in the 30 days post-bariatric surgery.

At 30 days and 1 year post-bariatric surgery, patients with OSA had increased physician
visits (to both general practitioners and specialists) compared to matched patients without OSA.
Previous studies have reported health care utilization and costs of patients with OSA compared to
controls. A study conducted within a health organization in Israel showed patients with OSA
have higher health care costs compared to matched controls without OSA (2.2 fold higher in
those < 65 years of age), and this difference was driven by higher costs related to physician visits
and prescription drugs (27). A study using health administrative data from Manitoba, Canada
measured increased physician billings in patients with OSA compared to matched controls (40).
In keeping with previously reported findings, our study measured increased physician visits in
patients with OSA compared to matched patients without OSA.

At 1 year post-bariatric surgery, patients with OSA continued to have lower total health
care costs per patient compared to matched patients without OSA. This difference was
secondary to reduced hospitalization-related costs in patients with OSA, which was contributed
to by reduced average length of stay in this group; and, potentially, as was described within the
30-day post-operative period, reduced resource utilization intensity while in hospital. Previous
studies have shown a difference in health care utilization and costs depending on OSA treatment
adherence, suggesting that OSA treatment reduces health care costs. In a study of 543 patients
from a sleep practice in California U.S.A., the adjusted analysis showed that patients with high
OSA treatment adherence had lower total health care costs (including physician visits,
hospitalizations, ED visits, drugs and tests) at three years compared to patients with low

treatment adherence (41). In a study of 1,098 patients from a sleep practice in North Carolina
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U.S.A., the adjusted analysis showed that patients with high OSA treatment adherence had lower
total health care costs (including hospitalizations and ED visits only) at 18 months compared to
those with low adherence (42). To our knowledge, this is the first study to show reduced health
care costs over a one year period in patients with OSA compared to matched controls without
OSA. As already mentioned, possible hypotheses to explain this include OSA being
cardioprotective via ischemic preconditioning, or undiagnosed OSA in the “No OSA” group in
the context of current OSA screening practices.

The following is an additional hypothesis to explain the reduced health care costs related
to hospitalizations in patients with OSA at 1 year post-bariatric surgery. We showed that patients
with OSA have increased physician visits in the 1 year post-bariatric surgery, and previously
reported studies have shown that preventative care likely reduces the need for acute care. In a
study using claims data of a representative U.S.A. sample, patients with better continuity of
primary care were found to have lower hospitalization rates and total health care costs (43). In
the Canadian context, in a study of urban residents of the province of Manitoba, results
suggested that ambulatory care visits reduce admissions to hospital in patients with higher
socioeconomic status (44).

A major strength of this study is that it included all patients who underwent publicly
funded bariatric surgery within the province of Ontario from 2010 and 2016; and, as such, is
population-based. This reduces selection bias related to the study’s observational nature.
Furthermore, data from the prospectively collected bariatric registry had few missing values;
and, ICES health administrative databases capture the entirety of health care utilization in

Ontario’s single public payer health care system.
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In addition to strengths, there are limitations to using health administrative datasets.
Firstly, given that a diagnosis of OSA is recorded in the OBR only at time of initial consultation,
ICES health administrative databases were used in order to include OSA diagnoses made
between the initial bariatric consultation and the time of surgery (including records from the
bariatric surgery hospitalization itself). Although patients diagnosed with OSA and
recommended positive airway pressure therapy and/or a monitored setting in the peri-operative
period were likely reliably recorded in the bariatric surgery admission record, those considered to
have mild OSA, for whom therapy and/or monitoring were not recommended, may not have
been accurately documented. Secondly, it is important to mention that information on OSA
severity, as well as adherence to OSA therapy were not available. Thirdly, although propensity
score matching is a validated method to address confounding in observational studies, there
remains a risk of confounding from unknown or unmeasured variables. Fourthly, given the
single-payer health care system, health administrative data used to measure health care
utilization and costs are complete; however, an important cost category not captured in the ICES
datasets are costs related to prescription drugs. In addition, based on the “Guidelines on Person-
Level Costing Using Administrative Databases in Ontario”, if service-specific cost data are not
available, costs are estimated using algorithms, rather than directly measured. Furthermore, the
international consensus guideline on peri-operative management of OSA in bariatric surgery
patients was published in 2017, whereas our study includes data from surgeries that took place
between 2010 and 2016 (16). Future directions of this work are to validate these findings using
more recent data.

In summary, in keeping with studies conducted in other jurisdictions, a significant

proportion of patients referred for bariatric surgery in Ontario have undiagnosed OSA.
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Therefore, a protocol for evaluation of OSA in this patient population remains important. We
measured an overall prevalence of OSA within the Ontarian population who underwent bariatric
surgery between 2010 and 2016 to be 47%. This percentage is in keeping with previously
reported studies in which patients undergo OSA testing based on pre-test probability for OSA;
however, is lower compared to the prevalence reported in studies in which all patients undergo
OSA testing regardless of OSA screening questionnaire results. Despite similar patient
characteristics, OSA prevalence varied across individual surgical centers, which was suggestive
of varying effectiveness of OSA screening practices.

Patients with OSA had lower 30-day post-bariatric surgery total health care costs per
patient compared to matched patients without OSA. This difference was likely secondary to
reduced resource utilization intensity during the bariatric surgery hospitalization. Previous
authors have hypothesized that this difference is secondary to cardioprotection from ischemic
preconditioning secondary to OSA. Given that we have previously described the likelihood of
undetected OSA in patients who underwent bariatric surgery, we postulate that this difference
may be secondary to increased resource utilization related to undiagnosed OSA in the “No OSA”
group. Therefore, current OSA screening practices may be insufficient at preventing peri-
operative complications related to OSA in the bariatric surgery population, and further study is
required on this topic.

At 1 year post-bariatric surgery, patients with OSA continued to have reduced total health
care costs per patient compared to matched patients without OSA. This difference was
secondary to reduced hospitalization related costs and reduced length of stay, despite increased
physician visits. Once more, this difference may be secondary to cardioprotection from ischemic

preconditioning or undiagnosed OSA in the “No OSA” group. An additional hypothetical
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explanation would be that increased preventative care through ambulatory visits reduces acute
care costs. Further study is required to understand the effects of OSA on health care utilization

and costs in the longer term.

50



MSc Thesis — V. Martelli; McMaster University — Health Research Methodology

LIST OF REFERENCES

10.

I1.

12.

13.

14.

Jordan AS, McSharry DG, Malhotra A. Adult obstructive sleep apnoea. Lancet.
2014;383(9918):736-47.

Kapur VK, Auckley DH, Chowdhuri S, Kuhlmann DC, Mehra R, Ramar K, et al. Clinical
Practice Guideline for Diagnostic Testing for Adult Obstructive Sleep Apnea: An American
Academy of Sleep Medicine Clinical Practice Guideline. J Clin Sleep Med. 2017;13(3):479-
504.

Young T, Palta M, Dempsey J, Skatrud J, Weber S, Badr S. The occurrence of sleep-
disordered breathing among middle-aged adults. N Engl J Med. 1993;328(17):1230-5.
Georgoulis M, Yiannakouris N, Kechribari I, Lamprou K, Perraki E, Vagiakis E, et al. Dose-
response relationship between weight loss and improvements in obstructive sleep apnea
severity after a diet/lifestyle interventions: secondary analyses of the "MIMOSA"
randomized clinical trial. J Clin Sleep Med. 2022;18(5):1251-61.

Santiago-Recuerda A, Gomez-Terreros FJ, Caballero P, Martin-Duce A, Soleto MJ,
Vesperinas G, et al. Relationship between the upper airway and obstructive sleep apnea-
hypopnea syndrome in morbidly obese women. Obes Surg. 2007;17(5):689-97.

Tishler PV, Larkin EK, Schluchter MD, Redline S. Incidence of sleep-disordered breathing
in an urban adult population: the relative importance of risk factors in the development of
sleep-disordered breathing. Jama. 2003;289(17):2230-7.

Chung F, Abdullah HR, Liao P. STOP-Bang Questionnaire: A Practical Approach to Screen
for Obstructive Sleep Apnea. Chest. 2016;149(3):631-8.

Hardy Tabet C, Lopez-Bushnell K. Sleep, Snoring, and Surgery: OSA Screening Matters. J
Perianesth Nurs. 2018;33(6):790-800.

Singh M, Liao P, Kobah S, Wijeysundera DN, Shapiro C, Chung F. Proportion of surgical
patients with undiagnosed obstructive sleep apnoea. British Journal of Anaesthesia.
2013;110(4):629-36.

Simpson L, Hillman DR, Cooper MN, Ward KL, Hunter M, Cullen S, et al. High prevalence
of undiagnosed obstructive sleep apnoea in the general population and methods for
screening for representative controls. Sleep Breath. 2013;17(3):967-73.

Lopez PP, Stefan B, Schulman CI, Byers PM. Prevalence of sleep apnea in morbidly obese
patients who presented for weight loss surgery evaluation: more evidence for routine
screening for obstructive sleep apnea before weight loss surgery. Am Surg. 2008;74(9):834-
8.

Peromaa-Haavisto P, Tuomilehto H, Kossi J, Virtanen J, Luostarinen M, Pihlajaméki J, et al.
Prevalence of Obstructive Sleep Apnoea Among Patients Admitted for Bariatric Surgery. A
Prospective Multicentre Trial. Obes Surg. 2016;26(7):1384-90.

Khan A, King WC, Patterson EJ, Laut J, Raum W, Courcoulas AP, et al. Assessment of
obstructive sleep apnea in adults undergoing bariatric surgery in the longitudinal assessment
of bariatric surgery-2 (LABS-2) study. J Clin Sleep Med. 2013;9(1):21-9.

Netzer NC, Stoohs RA, Netzer CM, Clark K, Strohl KP. Using the Berlin Questionnaire to
identify patients at risk for the sleep apnea syndrome. Annals of Internal Medicine.
1999;131(7):485-91.

51



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.

27.

28.

29.

30.

MSc Thesis — V. Martelli; McMaster University — Health Research Methodology

Mechanick JI, Apovian C, Brethauer S, Garvey WT, Joffe AM, Kim J, et al. CLINICAL
PRACTICE GUIDELINES FOR THE PERIOPERATIVE NUTRITION, METABOLIC,
AND NONSURGICAL SUPPORT OF PATIENTS UNDERGOING BARIATRIC
PROCEDURES - 2019 UPDATE: COSPONSORED BY AMERICAN ASSOCIATION OF
CLINICAL ENDOCRINOLOGISTS/AMERICAN COLLEGE OF ENDOCRINOLOGY,
THE OBESITY SOCIETY, AMERICAN SOCIETY FOR METABOLIC & BARIATRIC
SURGERY, OBESITY MEDICINE ASSOCIATION, AND AMERICAN SOCIETY OF
ANESTHESIOLOGISTS - EXECUTIVE SUMMARY. Endocr Pract. 2019;25(12):1346-59.
de Raaff CAL, Gorter-Stam MAW, de Vries N, Sinha AC, Jaap Bonjer H, Chung F, et al.
Perioperative management of obstructive sleep apnea in bariatric surgery: a consensus
guideline. Surg Obes Relat Dis. 2017;13(7):1095-109.

Maxim LD, Niebo R, Utell MJ. Screening tests: a review with examples. Inhal Toxicol.
2014;26(13):811-28.

Chung F, Yang Y, Liao P. Predictive performance of the STOP-Bang score for identifying
obstructive sleep apnea in obese patients. Obesity Surgery. 2013;23(12):2050-7.

Tarride JE, Doumouras AG, Hong D, Paterson JM, Tibebu S, Perez R, et al. Association of
Roux-en-Y Gastric Bypass With Postoperative Health Care Use and Expenditures in
Canada. JAMA Surg. 2020;155(9):¢201985.

Wodchis W, Bushmeneva K, Nikitovic M, McKillop 1. Guidelines on Person-Level Costing
Using Administrative Databases in Ontario: Toronto: Health System Performance Research
Network; 2013.

Schull MJ, Azimaee M, Marra M, Cartagena RG, Vermeulen MJ, Ho M, et al. ICES: Data,
Discovery, Better Health. Int J Popul Data Sci. 2020;4(2):1135.

Gershon AS, Wang C, Guan J, Vasilevska-Ristovska J, Cicutto L, To T. Identifying patients
with physician-diagnosed asthma in health administrative databases. Can Respir J.
2009;16(6):183-8.

Gershon AS, Wang C, Guan J, Vasilevska-Ristovska J, Cicutto L, To T. Identifying
individuals with physcian diagnosed COPD in health administrative databases. Copd.
2009;6(5):388-94.

OECD. World Health Organization A System of Health Accounts. France: OECD; 2011.
Proczko MA, Stepaniak PS, de Quelerij M, van der Lely FH, Smulders JF, Kaska L, et al.
STOP-Bang and the effect on patient outcome and length of hospital stay when patients are
not using continuous positive airway pressure. J Anesth. 2014;28(6):891-7.

Mokhlesi B, Hovda MD, Vekhter B, Arora VM, Chung F, Meltzer DO. Sleep-disordered
breathing and postoperative outcomes after bariatric surgery: analysis of the nationwide
inpatient sample. Obes Surg. 2013;23(11):1842-51.

Tarasiuk A, Greenberg-Dotan S, Brin YS, Simon T, Tal A, Reuveni H. Determinants
affecting health-care utilization in obstructive sleep apnea syndrome patients. Chest.
2005;128(3):1310-4.

CADTH. Interventions for the Treatment of Obstructive Sleep Apnea in Adults: A Health
Technology Assessment. 2017.

Matheson F, Moloney G, Ingen Tv. 2016 Ontario marginalization index: user guide. Ist
revision. Toronto, ON: St. Michael’s Hospital (Unity Health Toronto). Joint publication with
Public Health Ontario; 2022.

II. The Johns Hopkins ACG® System. Excerpt from Version 11.0 Technical Reference
Guide: Johns Hopkins Bloomberg School of Public Health; 2014.

52



31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

MSc Thesis — V. Martelli; McMaster University — Health Research Methodology

Durlak JA. How to select, calculate, and interpret effect sizes. J Pediatr Psychol.
2009;34(9):917-28.

Sareli AE, Cantor CR, Williams NN, Korus G, Raper SE, Pien G, et al. Obstructive sleep
apnea in patients undergoing bariatric surgery--a tertiary center experience. Obes Surg.
2011;21(3):316-27.

Ravesloot MJ, van Maanen JP, Hilgevoord AA, van Wagensveld BA, de Vries N.
Obstructive sleep apnea is underrecognized and underdiagnosed in patients undergoing
bariatric surgery. Eur Arch Otorhinolaryngol. 2012;269(7):1865-71.

Austin PC. A comparison of 12 algorithms for matching on the propensity score. Stat Med.
2014;33(6):1057-69.

Feng CX. A comparison of zero-inflated and hurdle models for modeling zero-inflated count
data. J Stat Distrib Appl. 2021;8(1):8.

Harrison JM, Oganisian A, Grande DT, Mitra N, Chhabra M, Chaiyachati KH. Economic
outcomes of insurer-led care management for high-cost Medicaid patients. Am J Manag
Care. 2020;26(7):310-6.

Tomai F, Crea F, Chiariello L, Gioffré PA. Ischemic preconditioning in humans: models,
mediators, and clinical relevance. Circulation. 1999;100(5):559-63.

Liao P, Yegneswaran B, Vairavanathan S, Zilberman P, Chung F. Postoperative
complications in patients with obstructive sleep apnea: a retrospective matched cohort study.
Can J Anaesth. 2009;56(11):819-28.

Kaw R, Bhateja P, Paz YMH, Hernandez AV, Ramaswamy A, Deshpande A, et al.
Postoperative Complications in Patients With Unrecognized Obesity Hypoventilation
Syndrome Undergoing Elective Noncardiac Surgery. Chest. 2016;149(1):84-91.

Ronald J, Delaive K, Roos L, Manfreda J, Bahammam A, Kryger MH. Health care
utilization in the 10 years prior to diagnosis in obstructive sleep apnea syndrome patients.
Sleep. 1999;22(2):225-9.

An J, Glick HA, Sawyer AM, Arguelles J, Bae CJ, Keenan BT, et al. Association Between
Positive Airway Pressure Adherence and Health Care Costs Among Individuals With OSA.
Chest. 2023;163(6):1543-54.

Kirsch DB, Yang H, Maslow AL, Stolzenbach M, McCall A. Association of Positive Airway
Pressure Use With Acute Care Utilization and Costs. J Clin Sleep Med. 2019;15(9):1243-50.
Bazemore A, Petterson S, Peterson LE, Bruno R, Chung Y, Phillips RL, Jr. Higher Primary
Care Physician Continuity is Associated With Lower Costs and Hospitalizations. Ann Fam
Med. 2018;16(6):492-7.

Roos LL, Walld R, Uhanova J, Bond R. Physician visits, hospitalizations, and
socioeconomic status: ambulatory care sensitive conditions in a canadian setting. Health
Serv Res. 2005;40(4):1167-85.

Lockhart EM, Willingham MD, Abdallah AB, Helsten DL, Bedair BA, Thomas J, et al.
Obstructive sleep apnea screening and postoperative mortality in a large surgical cohort.
Sleep Med. 2013;14(5):407-15.

Povitz M, Jenkyn K, Kendzerska T, Allen B, Pendharkar S, Ouedraogo A, et al. Clinical
pathways and wait times for OSA care in Ontario, Canada: A population

cohort study. Can J Respir Crit Care Sleep Med. 2019;3(2).

47.

Corso RM, Petrini F, Buccioli M, Nanni O, Carretta E, Trolio A, et al. Clinical utility of
preoperative screening with STOP-Bang questionnaire in elective surgery. Minerva
Anestesiol. 2014;80(8):877-84.

53



MSc Thesis — V. Martelli; McMaster University — Health Research Methodology

48. Devaraj U, Rajagopala S, Kumar A, Ramachandran P, Devereaux PJ, D'Souza GA.
Undiagnosed Obstructive Sleep Apnea and Postoperative Outcomes: A Prospective
Observational Study. Respiration. 2017;94(1):18-25.

54



MSc Thesis — V. Martelli; McMaster University — Health Research Methodology

APPENDICES

Article 1 — Supplementary Results

Appendix Figure 1 illustrates the frequency of each major ADG within patients who
underwent bariatric surgery in Ontario from 2010 to 2016, as well as a description of the ADGs

considered major, with an accompanying example.

Article 2 — Supplementary Methods

The OMI summary score should be used only if all four dimensions are similarly
correlated with the outcome of interest. This was verified used total health care costs at 1 year
post surgery as the outcome measure (Appendix Figures 2 & 3).

The following propensity score matching yielded the best balance between groups:
nearest neighbour matching (1:1), with replacement, keeping all members of the OSA group and
selected matching members of the non-OSA group (Appendix Figures 4 & 5). The following
additional propensity score matching methods were trialed. Nearest neighbour matching (1:1)
without replacement yielded less unmatched control units; however, covariates were unbalanced
(Appendix Figures 6 & 7). Nearest neighbour matching (1:1) without replacement and with a
caliper of 0.25 yielded relatively balanced groups; however, treated units went unmatched

(Appendix Figures 8 & 9).

Article 2 — Supplementary Results

To inform regression model selection, distribution of outcome measures was visualized

using histograms (Appendix Figure 10). In order to quantify model goodness of fit, residual
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deviance and dispersion parameter were calculated (Appendix Tables 1 to 4). Although overall,

model goodness of fit was good, some models were less ideal.
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Appendix Figure 1: Bar Plot of Major ADGs in Patients who Underwent Bariatric Surgery in

Ontario from 2010 to 2016
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Septic arthritis
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Appendix Figure 2: Correlation between each Dimension of the Ontario Marginalization Index
and Total Health Care Costs at 1 Year Post-surgery
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=

Ethnic Diversity Quintile vs. Total Health Care Costs During 1 Year Post-surgery
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Appendix Figure 4: Distribution of Propensity Scores (Selected Method)

Unmatched Treated Units

Matched Treated Units

o
| T T T T T
0.0 0.2 0.4 0.6 0.8 1.0
Propensity Score
N matched treated (OSA) units = 8,356 N matched control (no OSA) units = 4,355
N unmatched treated (OSA) units = 0 N unmatched control (no OSA) units = 5,160

Appendix Figure 5: Standardized Mean Difference Using All vs. Matched Patients (Selected
Method)
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Appendix Figure 6: Distribution of Propensity Scores (Alternative Method 1)
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Appendix Figure 7: Standardized Mean Difference Using All vs. Matched Patients (Alternative
Method 1)
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Appendix Figure 8: Distribution of Propensity Scores (Alternative Method 2)
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Appendix Figure 9: Standardized Mean Difference Using All vs. Matched Patients (Alternative
Method 2)
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Appendix Table 1: Regression Analysis of Effect of OSA on Average Health Care Utilization per
Patient at 30 Days Post-Bariatric Surgery

IRR (95% CI) p-value Goodness of Fit
Nuranr of hospitalizations 1.00 (0.98 to 1.04) 021 Remdgal deylance 881 (16710 DF)
er patient Dispersion parameter: 0.07
Length of stay 0.96 (0.94 to 0.98) 0.15 Re51du§11 deV.lance 12625 ('16710 DF)
Dispersion parameter: 4.97
ED visits per patient count: 1.05 (0.97 to 1.13) 0.23 Log-likelihood -10140 (5 DF)
zero: 1.02 (0.86 to 1.21) 0.86 Dispersion parameter: 1.09
Physician visits per patient
Total 1.07 (1.05 to 1.09) <0.001 | Residual deviance 16831 (16710 DF)
Dispersion parameter: 2.14
Generalist 1.12 (1.08 to 1.16) <0.001 | Residual deviance 18054 (16710 DF)
Dispersion parameter: 1.32
Specialist 1.06 (1.03 to 1.08) 0.003 | Residual deviance 16830 (16710 DF)
Dispersion parameter: 2.48
Home care services per count: 0.91 (0.87 to 1.13) 0.91 Log-likelihood -6082 (5 DF)
atient zero: 0.73 (0.89 to 1.18) 0.73 Dispersion parameter: 0.99

Appendix Table 2: Regression Analysis of Effect of OSA on Average Health Care Costs per
Patient at 30 Days Post-Bariatric Surgery

Coefficient (95% CI) p-value Goodness of Fit
Ho§p1tallzat10n costs per 0.98 (0.98 to 0.98) <0.001 Remdua} dev1gnce 315690 (16708 DF)
atient Dispersion parameter: 0.09
ED visit costs per patient | gamma: 1.01 (0.96 to 1.07) 0.62 Residual deviance 59338 (16706 DF)
zero: 0.97 (0.90 to 1.05) 0.51 Dispersion parameter: 0.35
Physician visit costs per
patient
Total 1.02 (1.02 to 1.02) <0.001 | Residual deviance 279346 (16708 DF)
Dispersion parameter: 0.06
Generalist 1.15 (1.08 to 1.22) <0.001 | Residual deviance 120400(16708 DF)
Dispersion parameter: 4.76
Specialist 1.02 (1.02 to 1.02) <0.001 | Residual deviance 279279 (16708 DF)
Dispersion parameter: 0.06
Home care services costs gamma: 0.96 (0.88 to 1.04) 0.33 Residual deviance 20489 (16706 DF)
er patient zero: 1.02 (0.89 to 1.17) 0.75 Dispersion parameter: 0.38
Total costs per patient 0.99 (0.99 to 0.99) <0.001 Residual deviance 320338(16708 DF)

Dispersion parameter: 0.06
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Appendix Table 3: Regression Analysis of Effect of OSA on Average Health Care Utilization per
Patient at 1 Year Post-Bariatric Surgery

IRR (95% CI) p-value Goodness of Fit
Nuranr of hospitalizations 0.99 (0.97 to 1.02) 0.35 Re&dugl de\.llance 4513 (16710 DF)
er patient Dispersion parameter: 0.42
Length of stay 0.93 (0.91 o 0.96) 0.05 Re51du§11 deV.lance 14910 ('16710 DF)
Dispersion parameter: 6.72
ED visits per patient count: 0.96 (0.91 to 1.01) 0.14 Log-likelihood -25070 (5 DF)
zero: 0.99 (0.92 to 1.06) 0.75 Dispersion parameter: 2.09
Physician visits per patient
Total 1.06 (1.03 to 1.08) <0.001 | Residual deviance 18023 (16710 DF)
Dispersion parameter: 1.86
Generalist 1.07 (1.04 to 1.10) <0.01 | Residual deviance 18567 (16710 DF)
Dispersion parameter: 2.04
Specialist 1.05 (1.02 to 1.08) 0.02 Residual deviance 18265 (16710 DF)
Dispersion parameter: 2.27
Home care services per count: 0.94 (0.79 to 1.12) 0.56 Log-likelihood -12040 (5 DF)
atient zero: 0.99 (0.89 to 1.11) 0.85 Dispersion parameter: 1.29

Appendix Table 4: Regression Analysis of Effect of OSA on Average Health Care Costs per
Patient at 1 Year Post-Bariatric Surgery

Coefficient (95% CI) p-value Goodness of Fit
Ho§p1tallzat10n costs per 0.97 (0.97 to 0.97) <0.001 Res1dug1 dev1gnce 323559 ('16708 DF)
atient Dispersion parameter: 0.13
ED visit costs per patient gamma: 0.97 (0.94 to 1.01) | 0.12 | Residual deviance 150080 (16706 DF)
zero: 1.02 (0.96 to 1.08) 0.62 Dispersion parameter: 0.55
Physician visit costs per
patient
Total 1.03 (1.02 to 1.04) <0.001 | Residual deviance 296821(16708 DF)
Dispersion parameter: 0.11
Generalist 1.04 (1.00 to 1.09) 0.07 | Residual deviance 219015 (16708 DF)
Dispersion parameter: 3.88
Specialist 1.03 (1.02 to 1.04) <0.001 | Residual deviance 278166 (16708 DF)

Dispersion parameter: 0.10

Home care services costs gamma: 1.01 (0.92to 1.11) | 0.78 Residual deviance 38443 (16706 DF)
er patient zero: 1.00 (0.90 to 1.11) 0.96 Dispersion parameter: 0.40
Total costs per patient 0.99 (0.99 0 0.99) <0.001 Residual deviance 337698(16708 DF)

Dispersion parameter: 0.12
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Appendix Figure 10: Verifying Assumptions of Regression Models

A. Hospitalizations
Histogram of Hospitalizations at 30 Days Post-Bariatric Surgery
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B. Length of Stay

Histogram of Length of Stay at 30 Days Post-Bariatric Surgery
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Appendix Figure 10 (cont’d.): Verifying Assumptions of Regression Models

Histogram of Length of Stay at 1 Year Post-Bariatric Surgery
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Appendix Figure 10 (cont.d): Verifying Assumptions of Regression Models

D. Physician Visits
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Appendix Figure 10 (cont’d.): Verifying Assumptions of Regression Models

Histogram of Home Care Visits at 1 Year Post-Bariatric Surgery
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F. Hospitalization Costs

Histogram of Hospitalization Costs at 30 Days Post-Bariatric Surgery
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Appendix Figure 10 (cont’d.): Verifying Assumptions of Regression Models
G. ED Visits Costs

Histogram of ED Visits Costs at 30 Days Post-Bariatric Surgery
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Appendix Figure 10 (cont’d.): Verifying Assumptions of Regression Models
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Appendix Figure 10 (cont’d.): Verifying Assumptions of Regression Models

J. Total Costs
Histogram of Total Health Care Costs at 30 Days Post-Bariatric Surgery
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