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Abstract This systematic review explores the sociodemographic
factors associated with the utilization of bariatric surgery among
eligible patients. Electronic databases were searched for
population-based studies that explored the relationship
between sociodemographic characteristics of patients el-
igible for bariatric surgery to those who actually re-
ceived the procedure. Twelve retrospective cohort

studies were retrieved, of which the results of 9 studies
were pooled using a random effects model. Patients who
received bariatric surgery were significantly more likely
to be white versus non-white (OR 1.54; 95 % CI 1.08,
2.19), female versus male (OR 2.80; 95 % CI 2.46,
3.22), and have private versus government or public
insurance (OR 2.51; 95 % CI 1.04, 6.05). Prospective
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cohort studies are warranted to further determine the
relative effect of these factors, adjusting for confound-
ing factors.
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Background

The prevalence of obesity has increased dramatically since the
1970s. Recent estimates indicate that 24 % of Canadian adults
and 34 % of American adults are obese, defined as having a
body mass index (BMI) ≥30 kg/m2 [1]. The prevalence of
morbid obesity, defined as having a BMI ≥40 kg/m2, has in-
creased by 400 % in the past two decades [2, 3]. The reduced
quality of life and life expectancy associated with obesity due
to obesity-related comorbidities [4, 5], such as diabetes
mellitus and hypertension, are even more pronounced among
those who are classified as morbidly obese [6]. The current
obesity epidemic reflects results from both societal and cultur-
al factors that favor overeating and a sedentary lifestyle. To-
gether, these promote a positive energy balance, and in ex-
treme forms, the development of obesity [6]. To date, bariatric
surgery has been documented as the only available treatment
that results in sustained weight loss, leading to significant
improvement in obesity-related comorbidities [7]. Bariatric
surgery significantly decreases overall morbidity and mortal-
ity in patients receiving such procedures compared to controls
[8–12]. Despite the evidence supporting the safety, and clini-
cal benefits of bariatric surgery [8–12], uptake of these proce-
dures in eligible patients remains low [13].

Health inequity, defined as unfair inequalities in population
groups which lead to unequal chances to access health care
services [14], may be contributory. Studies have shown sig-
nificant demographic differences between the general obese
population and the subset that has access to and/or receives
bariatric surgical procedures [15–17]. Compared to the gener-
al population, individuals who fulfill the National Institutes of
Health (NIH) criteria for bariatric surgery—defined as having
a BMI of ≥40 kg/m2 or ≥35 kg/m2 with at least one obesity-
related comorbidity—are often older, come from racial or eth-
nic minorities, are economically disadvantaged, and have low
levels of education [15, 18]. However, it is believed that this
subset of the population is least likely to undergo bariatric
surgery [17]. In an effort to create equity in the access to
bariatric surgery for the treatment of obesity, a clear under-
standing of all the apparent disparities, and how they interact
with each other, is required.

The acronym PROGRESS-PLUS describes the
sociodemographic factors across which disadvantage may exist:
Place of residence; Race/ethnicity/culture; Occupation; Gender/
sex; Religion; Education; Socioeconomic status; Social capital;
Plus—additional factors (i.e., age) [19]. The objective of this
systematic review was to identify the PROGRESS-PLUS fac-
tors that differ between obese patients who are eligible for bar-
iatric surgery to those who actually receive the surgery.

Methods

Protocol

We developed a systematic review protocol using the Pre-
ferred Items for Systematic Reviews and Meta-analysis for
Protocols (or PRISMA-P) Statement [20]. Our systematic re-
view protocol was revised and registered in the PROSPERO
registry (CRD42013004920) [21]. Our final protocol is avail-
able upon request from the corresponding author (TJ) [22].

Eligibility

Patients

Adult patients over the age of 18 years meeting the NIH or
equivalent criteria (i.e., Asian-Pacific Consensus, Internation-
al Statistics Classification of Disease (ICD) codes) for bariat-
ric surgery were included, irrespective of geographical loca-
tion. The NIH eligibility criteria for bariatric surgery required
an individual to have a BMI ≥40 kg/m2; or BMI ≥35 kg/m2

with at least one significant weight-related comorbidity.

Exposures and Comparators

The exposures of interest were the PROGRESS-PLUS
sociodemographic factors. Place of residence was categorized
by the geographical location of residence classified as urban,
and non-urban. Race/ethnicity/culture was defined by race
with the following categories: White and others. Others in-
cluded the following races/ethnicities: Asian, South Asian,
Black, Hispanic, Aboriginal, and Other. Occupation was cat-
egorized as being working or not working. Gender/sex was
categorized as being male or female. Religion was categorized
as identifying with Christianity/Catholicism, Judaism, Islam,
and Other. Education was defined by the highest level of ed-
ucation attained and categorized as less than secondary edu-
cation, secondary education, or having obtained post-
secondary education. Socioeconomic status was categorized
into the following income categories: <$40,000 and ≥$40,
000. Social capital was defined by family support as being full
support, some support, or no support. Plus factors included
age and health insurance. Age was categorized into the
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following age categories: 18–49 years, and ≥50 years. Health
insurance was defined as having private insurance versus gov-
ernment or public insurance.

Outcomes

The primary outcome of interest was the utilization of bariatric
surgery. The following surgical procedures were considered
eligible: Roux-en-Y gastric bypass, sleeve gastrectomy, ad-
justable gastric band, vertical banded gastroplasty, jejunoileal
bypass, biliopancreatic diversion, duodenal switch, mini-
gastric bypass, loop gastric bypass, gastric plication, gastric
balloon, and the Scopinaro procedure. Both open and laparo-
scopic approaches were considered. Bariatric surgery may
have been either universally implemented or targeted to a
specific risk group. Two groups were defined a priori: Patients
who were [1] eligible for bariatric surgery and received the
procedure; and [2] eligible for bariatric surgery but do not
receive the procedure.

Study Designs

Population-based retrospective and prospective cohort and
cross-sectional studies were eligible for inclusion. To be in-
cluded, studies must have compared study participants on at
least one of the PROGRESS-PLUS factors.

Information Sources and Search Strategy

The search strategy was developed by an experienced librarian
and peer reviewed using Peer Review of Electronic Search
Strategy (PRESS) [23] by another experienced librarian (Sup-
plementary Table 1). No language or publication limitations
were imposed during the database searches; the search, howev-
er, was limited to January 1980 onwards, as bariatric surgery
was not widely available prior to this date. Studies were iden-
tified through searching the EMBASE and Medline. This was
supplemented with hand-searching for difficult to locate or un-
published literature, including technical or research reports
(e.g., Canadian Institute of Health Information reports), rele-
vant websites (i.e., Google Scholar; Statistics Canada: http://
www.statcan.gc.ca/start-debut-eng.html; Royal College of
Physicians and Surgeons of Canada: http://www.royalcollege.
ca/; Institute for Clinical Evaluative Sciences: http://www.ices.
on.ca/index.html; Canadian Institute for Health Information:
http://www.cihi.ca; American College of Surgeons: http://
www.facs.org/; National Centre for Health Statistics: http://
www.cdc.gov/nchs/; National Institutes of Health: http://
www.nih.gov/; Agency for Healthcare Research and Quality:
http://www.ahrq.gov/; Royal College of Surgeons of England:
http://www.rcseng.ac.uk/; Health and Social Care Information
Centre: http://www.hscic.gov.uk/; European Institute for Health
Records: http://www.eurorec.org/; Royal Australasian College

of Surgeons: http://www.surgeons.org/; Australian Institute for
Health and Welfare: http://www.aihw.gov.au/), and reference
lists of included studies. The literature search was executed
on January 2014.

Study Selection

Three researchers (SKB, JIR, and DG) independently
reviewed the title, abstract, or description of all trials identified
by the literature search. For level 1 screening, the eligibility
criteria were kept broad, as PROGRESS-PLUS factors are
poorly reported in titles and abstracts. Studies that aimed to
explore bariatric surgery among individuals over the age of
18 years were selected. The eligibility criteria were stricter for
full-text review and the type of bariatric surgery, outcomes
reported, and study designs were scrutinized to determine if
they met the inclusion criteria. Discrepancies were resolved
through discussion.

Data Items and Abstraction

The data abstraction form was pilot-tested on a random sam-
ple of studies (n=150) to ensure high inter-rater agreement
between reviewers (kappa≥0.80). Subsequently, three re-
searchers (SKB, JIR, and DG) independently extracted data
from included studies using a pre-specified data collection
form. Discrepancies were resolved by discussion. The data
items included study characteristics, primary outcome results,
PROGRESS-PLUS factors, patient risk factors, including
BMI, and details of the surgical intervention. The presence
or absence of the following comorbidities was documented:
hypertension, dyslipidemia, diabetes, coronary artery disease,
cerebrovascular disease, depression, hypothyroidism, sleep
apnea, gastroesophageal reflux, osteoarthritis, and
cholelithiasis.

Risk of Bias Assessment

Two researchers (SKB, JIR) independently assessed the risk
of bias in all of the included studies. Discrepancies were re-
solved by discussion. The Scottish Intercollegiate Guidelines
Network (SIGN) 50 tool was used to quantify the degree of
bias in the include studies [24]. The SIGN 50 includes 17
items and evaluates the following criteria: selection and com-
parability of subjects, ascertainment of exposure/intervention,
assessment of outcome measure, identification and minimiza-
tion of confounding, appropriateness of statistical analysis,
and funding.

Data Synthesis and Analysis

The proportion of study participants who received and did
not receive bariatric surgery within a PROGRESS-PLUS
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category was summarized as a percentage. For a PROGRESS-
PLUS variable to be considered for inclusion in the meta-
analysis, it was determined a priori that at least four trials must
be able to be combined for a specific variable [25]. For ex-
ploratory purposes, we also conducted secondary meta-
analysis for PROGRESS-PLUS factors that were measured
in two and/or three studies. Pooled odds ratios (ORs) and
95 % confidence intervals (CIs) were generated using a ran-
dom effects model and depicted in forest plots to determine
whether there was evidence that PROGRESS-PLUS factors
were associated with receiving bariatric surgery. All trials
were analyzed using R version 3.0.3 software [26], along with
the metafor package [27]. To test for sensitivity of results,
leave-one-out analysis was conducted. Statistical heterogene-
ity was assessed using the I2 statistic [28]. Where significant
heterogeneity was detected, and where possible, meta-
regression was performed using potential clinical (i.e., eligi-
bility criteria for surgery) and methodological (i.e., source of
bariatric surgery-eligible population) covariates (often called
moderators in the meta-regression framework). Specifically,
covariates used were:

1. Eligibility criteria for surgery (nih criteria vs. other eligibil-
ity criteria)
2. Source of bariatric surgery-eligible population (hospital vs.
general population)

Results

The initial literature search identified 6482 titles and abstracts
of which 3415 were removed for being duplicate citations. Of
the remaining 3067, 3055 citations were excluded because the
studies (1) did not aim to explore bariatric surgery in the con-
text of managing obesity, (2) did not include an appropriate
non-intervention comparison group, (3) were not described as
being an observation study, (4) included patients who were
under the age of 18 years, (5) did not involve an eligible
bariatric surgical intervention, (6) did not use the NIH or an
equivalent criteria for bariatric surgery eligibility, (7) did not
compare patients on one of the PROGRESS-PLUS factors,
and (8) included emergency procedures (Fig. 1).

A total of 12 studies met eligibility criteria, all of which
were full-text publications (Table 1). Briefly, all studies were
retrospective cohort studies, and were deemed to be of accept-
able quality (Supplementary Table 2). Eight of the studies
were conducted in the USA, two in the UK, and one in Aus-
tralia and Canada, each. In all studies, patients who received
bariatric surgery were identified via inpatient hospital regis-
tries or databases; identification of the population eligible to
receive bariatric surgery were identified through a variety of
sources, including census data [29, 30], national health

surveys [15, 18, 31–35], and national hospital inpatient data-
bases [17, 36, 37]. Eligibility for bariatric surgery was defined
using the NIH criteria in four studies [15, 18, 32, 33]. The
remaining studies based eligibility according to a BMI cut-
off point (≥30 kg/m or ≥40 kg/m2) [29–31, 34], ICD-9 or
ICD-10 codes [17, 36, 37], or other hospital diagnosis codes
for the primary diagnosis of obesity [35].

The results indicated that eligible patients who underwent
bariatric surgery were more likely to be female [15, 17, 18, 29,
31–37], White [15, 17, 32, 33, 37], and hold private insurance
[15, 17, 31–33, 37]. One UK study found no differences in the
rates of bariatric surgery among White, Asian, or Black bar-
iatric surgery-eligible patients [30]. Themajority of the studies
also reported that eligible patients who had surgery were more
likely to be middle aged or younger [17, 18, 31, 34, 36, 37].
Due to inconsistency in the categorization of socioeconomic
status (SES) across studies, we were unable to aggregate SES
data (Supplementary Table 3). Eligible patients who had sur-
gery were more likely to have high household incomes [15,
17, 31, 37]. In terms of interaction effects, an inverse relation-
ship was found between rates of bariatric surgery and socio-
economic status among White patients, while a positive rela-
tionship between rates of surgery and socioeconomic status
was documented for Blacks [29]. Furthermore, men who re-
ceived bariatric surgery tended to be older, while women who
received surgery were younger [34]. Rates of obesity comor-
bidities differed across the studies with some finding those
that had surgery had a very low burden of comorbidities, with
the exception of diabetes [18], while others found high rates of
obesity-related comorbidities, including liver disease [36].

Nine studies providing data on 64,736,656 patients were
included in our meta-analyses. Of the patients eligible for
bariatric surgery, only 260,677 (0.4 %) patients received the
surgery (Table 2). Across studies, bariatric surgery-eligible
patients who received surgery ranged from <1 % [15, 18,
30–33] to 5 % [29, 34, 36].

Characteristics of bariatric surgery-eligible patients who re-
ceived and did not receive surgery aggregated across studies are
presented in Table 3. Of those who received bariatric surgery,
85 % were from urban areas, 81 % were White, 68 % were
female, 74 % were between the ages of 18 and 49 years, and
82 % held private insurance. Among those who were identified
as being non-White, the majority were Black (69 %), followed
by Hispanic (23.2 %), Other (7.4 %), and Asian (0.4 %).

Due to inconsistency in data reporting across the studies
(i.e., use of different definitions and categorical cut-offs, and
lack of studies reporting a particular factor), the current review
was unable to explore the association between the rates of
bariatric surgery across the following variables: place of resi-
dence, education, occupation, religion, household income,
age, and social capital.

Performing a meta-analysis for each characteristic, the uti-
lization of bariatric surgery was significantly associated with
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ethnicity, insurance type, and sex (Fig. 2). Patients who re-
ceived bariatric surgery were significantly more likely to be
White than non-White (N=4; OR 1.54; 95 % CI 1.08, 2.19),
have private insurance than non-private insurance (N=4; OR
2.51; 95 % CI 1.04, 6.05), and be female than male (N=9; OR
2.80; 95 % CI 2.46, 3.22). I2 test for heterogeneity indicated
significant heterogeneity (p<0.0001) among the results.

Additional analysis was done to predict receipt of bariatric
surgery with sex, including eligibility criteria as a covariate.

This analysis found no evidence that differing eligibility
criteria for surgery (NIH vs. other criteria) had an effect on
the outcome (p=0.98). A further analysis predicted surgery
with sex, and included the source from which the surgery-
eligible population was identified from (hospital vs. general
population) as a covariate. There was no evidence that these
covariates had any effect on the outcome of receiving bariatric
surgery (p=0.16). Thus, neither of these covariates was able to
explain any heterogeneity.

6478 citations identified 
through database searching  

 3415 duplicate citations removed 

11 studies included in 
quantitative synthesis  

1 study excluded from analysis  
• Study provided insufficient data to aggregate trials 

4 additional citation identified 
through other sources 

3067 citation screen  
(by title and abstract)  

76 full-text articles 
assessed for eligibility  

12 studies included in 
qualitative synthesis   

2991 (97.5%) citations excluded 
• 2294 (76.7%) did not aim to explore bariatric 

surgery in the context of managing obesity 
• 432 (14.4%) did not include an appropriate no-

intervention control group 
• 224 (7.5%) were not described as being an 

observational study design 
• 17 (0.6%) included patients who were under 18 

years of age 
• 17 (0.6%) did not involve an appropriate bariatric 

surgical intervention 
• 3 (0.1%) did not use the NIH or an equivalent 

criteria for bariatric surgery eligibility  
• 3 (0.1%) did not compared patients on one of the 

PROGRESS-PLUS factors 
• 1 (0.03%) were emergency procedures 

64 (84.2%) citations excluded 
• 35 (4.7%) were not described as being an 

observational study design 
• 22 (34.4%) did not include an appropriate no-

intervention control group 
• 6 (9.4%) did not aim to explore bariatric surgery in 

the context of managing obesity 
• 1 (1.6%) included patients who were under 18 

years of age

Fig. 1 Trials selected for inclusion in review
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Exploratory analysis revealed that odds of having bariatric
surgery was more likely among those living in urban areas
versus non-urban areas (N=2; OR 1.45; 95 % CI 1.42,
1.48); and who were between the ages of 18 and 50 years
versus over 50 years of age (N=3; OR 2.39; 95 % CI 1.28,
4.48). There was no evidence to suggest a difference in the
odds of having bariatric surgery based on whether or not an
individual had diabetes mellitus (N=3; OR 1.21; 95 % CI
0.60, 2.41). However, due to a lack of studies included in these
analyses, the results must be interpreted with caution as they
are not very robust.

Discussion

This review identified 12 retrospective cohort studies explor-
ing the rate of bariatric surgery across a variety of
sociodemographic factors. Nine of these were included in a
meta-analysis. Our review found that less than 1% of bariatric
surgery-eligible patients received surgery. Eligible patients
were more likely to receive surgery if they wereWhite, female
sex, and held private insurance. Bariatric surgery was also
more likely among eligible patients from urban areas, and
those between 18 and 50 years of age.

Our finding that individuals identified as White had an
odds of receiving bariatric surgery almost twice that of those
identified as being non-White is consistent with the literature
demonstrating that ethnic minorities tend to have poorer ac-
cess to healthcare services compared with non-minorities [38].
Understanding these disparities requires careful consideration
of patient, systemic, and provider factors [39–41]. With re-
spect to patient factors, lower rates of bariatric surgery may
reflect cultural differences in how ethnic minorities perceive
their weight status and quality of life at higher body weights
[42, 43]. In addition, it could be linked to patients’ beliefs
regarding the need for, and risks involved with surgical inter-
ventions for weight loss [44]. Evidence suggests that Black
and Hispanic patients are less likely to choose surgical inter-
ventions for various conditions compared to their White coun-
terparts [45, 46]. However, this “choice”may stem from a lack
of trust in the healthcare system [47]; an issue that is strongly
associated with negative patient-physician communication ex-
periences [48], and decreased use (avoidance) of the
healthcare system [49–52]. Finally, there is emerging evidence
that bias, stereotyping, and clinical uncertainty on the part of
healthcare providers may contribute more generally to racial
and ethnic disparities in health, an issue that requires further
investigation [41, 53]. In interpreting our findings, we do ac-
knowledge that race is often confounded by socioeconomic
status [54], and that racial disparities may be a result of resi-
dential segregation [55]. Unfortunately, difficulties in analyz-
ing or interpreting racial disparities often arise as a result of
using national data, which does not account for differencesT
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resulting from residential segregation. Moreover, adjusting
for socioeconomic status alone in multivariate models
may be insufficient to detangle the effects of race on
health care access [55].

Our analysis also identified that privately insured patients are
on average 2.5 times more likely to receive bariatric surgery
compared to those who are not privately insured. This finding is
consistent with other studies exploring health inequities across
various medical conditions, which also demonstrate that those
who are not privately insured have poorer access to health care
services compared to those with private insurance [40]. In the
USA, individuals unable to obtain private insurance coverage
from their employers often obtain coverage through public pro-
grams, includingMedicare andMedicaid [56]. Given that these
public programs only pay physicians a percentage of what is
paid by private insurance companies, there is financial disin-
centive for physicians to accept patients who are insured
through such public programs [57]. It is important to note that
insurance status is positively associated with socioeconomic
status; however, we were unable to include socioeconomic sta-
tus in the current meta-analysis due to inconsistency in defining
socioeconomic status across the primary studies. Previous stud-
ies have documented lower rates of bariatric surgery among
surgery-eligible patients who were considered socioeconomi-
cally disadvantaged [13, 58], even in countries with a public
healthcare system such as Canada [58]. In aggregate, these
findings support the conclusion that multiple factors, and not
just access to healthcare funding, have impact on access to
bariatric surgical procedures. Why rates of bariatric surgery
would differ according to socioeconomic status in a publicly
funded healthcare system is unclear. Further research is

warranted to explore disparities in access to bariatric surgery
within publicly funded healthcare systems.

Our finding that women are more likely to receive bariatric
surgery generates two interesting questions. First, what is the
relationship between sex, insurance status, and socioeconomic
status on access to bariatric surgery? Given the positive associ-
ation between socioeconomic status and private insurance to
receiving bariatric surgery, further research is needed to
detangle the relative effect of sex on access to bariatric surgery.
Second, how do the treatment-seeking behaviors between men
and women impact access to bariatric surgery? A recent study
found that womenwere four timesmore likely thanmen to seek
weight-loss surgery [59]. By the timemen actually sought med-
ical assistance from a doctor regarding bariatric surgery, they
are more obese and sicker than women [59].

Table 2 Proportion of bariatric surgery-eligible patients who received
surgery

Bariatric surgery-eligible
patients

Eligible patients who
received bariatric surgery

Study N N %

• Padwal [18] 15,153,000 847 0.01

• Livingston [32] 5,324,123 20,771 0.39

• Martin [15] 22,151,116 87,749 0.40

• Mainous [33] 14,925,046 63,141 0.42

• Old [30] 1,107,970 5270 0.48

• Korda [31] 49,364 312 0.65

• Birkmeyer [29] 935,870 9769 1.04

• Poulose [34] 5,024,058 69,490 1.38

• Flum [36] 66,109 3328 5.03

Combined 64,736,656 260,677 0.40

Wallace andWorni were not included in this analysis because of overlap-
ping patient population due to the use of the same database during the
same time period with Martin and Poulose

Table 3 Characteristics of bariatric surgery eligible patients who
received and did not receive bariatric surgery

Received bariatric surgery

Yes
N=260,677

No
N=64,475,989

Place of residence, N (%)

[N study=2] [15, 17] n=88,610 n=732,465

Urban 75,658 (85.4 %) 567,828 (77.5 %)

Non-urban 12,952 (14.6 %) 164,637 (22.5 %)

Race, N (%)

[N study=4] [15, 30, 23, 33] n=157,598 n=42,568,521

White 127,600 (81 %) 30,686,918 (72.1 %)

Non-white 29,998 (19 %) 11,881,603 (27.9 %)

•Asian 128 (0.4 %) 24,412 (0.2 %)

•Black 20,683 (68.9 %) 8,543,710 (71.9 %)

•Hispanic 6969 (23.2 %) 2,208,143 (18.6 %)

•Other 2218 (7.4 %) 1,105,338 (9.3 %)

Sex, N (%)

[N study=8]
[15, 18, 29, 31–34, 36]

n=65,275 n=49,749,181

Female 44,090 (67.5 %) 31,027,000 (62.4 %)

Male 21,185 (32.5 %) 18,722,181 (37.6 %)

Age, N (%)

[N study=3] [31, 34, 37] n=114,016 n=6,664,348

18–49 years 83,746 (73.5 %) 3,688,199 (55.3 %)

≥50 years 30,270 (26.5 %) 2,976,149 (44.7 %)

Health insurance, N (%)

[N study=4] [15, 31–33] n=163,528 n=36,475,150

Private insurance 134,240 (82.1 %) 27,650,868 (75.8 %)

Government supplemented
(e.g., Medicare/Medicaid)

29,288 (17.9 %) 8,824,282 (24.2 %)

Comorbidities: diabetes, N (%)

[N study=3] [18, 31, 36] n=4488 n=1,626,285

Diabetes 698 (15.6 %) 248,802 (15.3 %)

No diabetes 3790 (84.4 %) 1,377,483 (84.7 %)
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Sociodemographic predictors that may affect access to bariatric surgery
a. Race: White versus non-White

b. Insurance: Privately insured versus not privately insured

c. Sex: Female versus male

1

Martin
OR: 1.40 (1.38, 1.42)

Livingston
OR: 2.39 (2.27, 2.48)

Old
OR: 0.99 (0.88, 1.12)

Mainous
OR: 1.16 (1.63, 1.72)

Pooled Estimate
OR: 1.54 (1.08, 2.18)

1

Martin
OR: 1.40 (1.38, 1.43)

Korda
OR: 9.39 (5.93, 14.88)

Livingston
OR: 2.56 (2.46, 2.66)

Mainous
OR: 1.26 (1.23, 1.28)

Pooled Estimate
OR: 2.51 (1.04, 6.05)

1

Martin
OR: 2.59 (2.53, 2.63)
Korda
OR: 2.80 (2.16, 3.67)
Livingston
OR: 3.46 (3.32, 3.60)
Flum
OR: 2.29 (2.10, 2.51)
Padwal
OR: 2.80 (2.36, 3.35)
Mainous
OR: 2.69 (2.61, 2.75)

Poulose
OR: 3.82 (3.74, 3.90)
Birkmeyer
OR: 2.27 (2.16, 2.39)

Pooled Estimate
OR: 2.80 (2.46, 3.22)

Favours WhiteFavours non-White

Favours non-private insurance Favours private insurance

Favours males Favours females

Fig. 2 Figure 2 illustrates the point estimates of the odds of receiving
bariatric surgery based on race (a), insurance (b), and sex (c). Point
estimates are presented as unadjusted odds ratio (95 % confidence
interval). The pooled effect size is presented as an unadjusted pooled
odds ratio (95 % CI), and represented as a diamond. The width of the

horizontal line represents the 95 % CI around the point estimate (black
circle). The size of the point estimates represents the weight of the
particular estimate on the pooled effect. The vertical line is the line of
no effect; with 1 representing no effect for odds ratio
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We identified that only a minority of bariatric surgery-
eligible patients received the surgery. This finding was consis-
tent across the included studies, regardless of whether bariatric
surgery was publically or privately funded. This access to care
issue is largely manifested by the high cost of bariatric proce-
dures and the lack of government funding or insurance cover-
age available to compensate for these high costs. However,
several physician-level barriers across the healthcare continuum
may be contributing not only to the low rates of bariatric sur-
geries completed but also to the disparities present in the pa-
tients who are receiving it. Primary care physicians (PCPs) and
surgeons both play a crucial role in patient access to bariatric
surgery: PCPs are responsible for recommending bariatric sur-
gery for weight loss and educating patients of the procedure,
while surgeons are responsible for accepting patients to be un-
der their care for the procedure. Several barriers have been
identified that may prevent PCPs from recommending surgical
obesity treatment to patients, including inadequate training and
knowledge of the tools needed to diagnose and treat obesity,
lack of time, and negative physician attitudes toward obese
patients [60]. For instance, findings from telephone interviews
with obese patients eligible for bariatric surgery revealed that
only 20 % reported they had ever received a recommendation
to undergo bariatric surgery from their PCP [61]. In regards to
surgeon approval for surgery, a national survey of 820 bariatric
surgeons from the USA indicated that sex and race did not
influence surgeons’ decisions to operate; however, public in-
surance, poor social support, and older age were associated
with a decreased odds to selection for surgery [62].

The results of our systematic review are strengthened by
the methods employed. Our systematic review included only
population-based studies, thereby increasing the representa-
tiveness of the bariatric surgery-eligible population. We ob-
tained confirmation of methodology and data, as well as ad-
ditional data from primary authors, as required. We used the
validated SIGN 50 to assess internal validity of the included
studies [24]; which the Canadian Agency for Drugs and Tech-
nologies in Health deemed to be the most appropriate tool for
assessing observational studies [63]. All included studies were
deemed to be of acceptable quality. There was no evidence of
funding bias. However, our findings should be interpreted in
the light of the following limitations. First, our review only
included retrospective cohort studies. Due to the inherent na-
ture of the retrospective cohort design, variables of interest
within the primary studies were limited by what was available
in the chosen database for the analysis, and may not have
accounted for unknown confounders. Second, while the ma-
jority of included studies analyzed data that was to be repre-
sentative of the national bariatric surgery population, many
studies indicated a possibility of underestimating the rates of
patients eligible for bariatric surgery. Furthermore, synthesis
of the included studies was limited by inconsistent categori-
zation and reporting of sociodemographic factors; inconsistent

coding of comorbidities and surgical procedures may contrib-
ute to underrepresentation of the bariatric surgery population.
Third, due to the use of surveys and administrative datasets in
the included studies, we were unable to fully capture preva-
lence of specific obesity-related comorbidities (i.e., sleep ap-
nea). Moreover, we were unable to account for the relative
effect of race that may have resulted from residential segrega-
tion, insurance status, and socioeconomic status. Fourth, the
majority of included studies compared two different data-
bases, collected using different sampling methods to compare
the bariatric surgery-eligible population and the population
which received bariatric surgery, thereby potentially introduc-
ing variance and bias. Fifth, we were unable to aggregate data
concerning education, occupation, religion, household in-
come, and social capital due to inconsistency of categorizing
variables across studies. Consequently, we were not able to
perform meta-analysis to distinguish the relative effect of in-
dividual PROGRESS-PLUS factors on the utilization of bar-
iatric surgery. Sixth, while the risk of publication bias cannot
be excluded, given the population size of many of the studies
included, and that most confidence intervals were quite nar-
row, small studies that may have been missing would likely
have little effect on our results. Finally, we were not able to
distinguish at what point in the care process inequities were
introduced. Although there was evidence of significant het-
erogeneity in the results, given that heterogeneity tends to bias
the results toward the null, our significant findings demon-
strate robustness.

In summary, the utilization of bariatric surgery remains
low. Within this group receiving bariatric surgery, significant
disparities exist in access to bariatric surgery including race,
insurance type, and sex. We conclude that prospective cohort
studies are warranted to further determine the relative effect of
these factors, adjusting for socioeconomic status, place of res-
idence, social support, and confounding sociodemographic
factors. More consistent categorization and reporting of
sociodemographic factors in future studies would be benefi-
cial to further identify health inequities in access to bariatric
surgical care. Furthermore, studies exploring where along the
care continuum these disparities come into play will provide
leads to the barriers to accessing bariatric surgery. Our recom-
mendations for future studies would help prioritize solutions
to bridge the care gap and inform policies to the referral and
approval process of patients for bariatric surgery.
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