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Abstract

Background The Ontario Bariatric Network implemented

an online referral system to completely replace a fax-based

system in 2015. Strategies such as electronic information

transfer have been suggested to improve the bariatric

referral process but few studies exist demonstrating their

efficacy. Therefore, the purpose of this study was to

determine the impact on referral rates to bariatric surgery

after converting to an online referral system from a fax-

based system.

Methods All referrals from 2011 to 2015 were included in

the study. The main outcomes included the total number of

referrals and whether a practitioner increased referrals after

the implementation of the online referral system. A hier-

archical logistic regression model was used for the final

analysis. Predictors of interest included physician and

neighbourhood level factors

Results Referrals more than doubled overall and increased

significantly across all health regions. Compared to prac-

titioners in their first five years, all other experience groups

were approximately 50% less likely to increase referrals.

Compared to those within 50 km of a bariatric facility,

practitioners 50–99 km (OR 0.76 95% CI 0.58–0.98

p = 0.04) and 100–199 km (OR 0.73 95% CI 0.55–0.96

p = 0.03) away were both significantly less likely to

increase referrals.

Conclusion This study found that referrals increased sig-

nificantly after implementing an online referral system.

Furthermore, physicians in their first five years of practice

as well as those practicing closer to bariatric centers were

more likely to increase referrals. Our findings demonstrate

that an online referral system may aid in increasing refer-

rals to bariatric surgery.

Keywords Bariatric surgery � Primary care referrals �
Online referral system

Obesity is a significant public health concern in Canada,

affecting approximately 24% of the population [1]. Severe

obesity has been well established as a major risk factor for

early mortality, cancer and chronic conditions such as

diabetes and cardiovascular disease [2, 3]. It also has been

shown to lead to an increased utilization of health resources

and a resultant financial burden on the healthcare system

[4]. Of the various interventions that exist to treat severe

obesity, bariatric surgery has been demonstrated to be the

most effective, leading to significant and sustained weight

loss as well as resolution of comorbid conditions [4, 5].

Current Canadian clinical practice suggests bariatric sur-

gery as the treatment of choice for severely obese patients

(class II and class III obesity) for whom other, non-surgical

interventions have failed [6]. To receive bariatric surgery

in Ontario, patients must be referred to the appropriate

specialist after being deemed eligible. Because the majority

of referrals come from primary care physicians, they serve

as a vital gateway to this treatment.

While the number of bariatric surgeries performed has

increased in recent years [4, 7], less than 1% of patients
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who could benefit from bariatric surgery undergo it [8],

highlighting, among other things, problems with the

referral process. This is particularly concerning given that

primary care providers have recognized the benefits and

efficacy of bariatric surgery at achieving long-term weight

loss [9, 10]. A recent study of the referral process in the

United States highlighted a lack of effective information

transfer between primary care providers and specialists as

one of the greatest problems in the referral process [11].

Poor integration of care and variation in referral thresh-

olds were also cited as important issues. Specific to bar-

iatric surgery, several studies have highlighted lack of

resources, high costs, and limited knowledge of bariatric

procedures as barriers to surgical referral. [1, 9, 12] These

factors all contribute to the disparity between the number

of people who could benefit from surgical treatment and

those who actually receive it. In addition, practitioners

were deterred from referring severely obese patients due

to the complicated and time-consuming referral process

[11]. However, despite these identified issues with bar-

iatric referrals, little is known as to how to best address

them.

General strategies, such as standardized referral guide-

lines, pre-screening of referrals, and the use of electronic

information transfer (such as web-based referral systems),

have been suggested to improve the process [11], but few

studies exist demonstrating their efficacy. As such, the

purpose of this study was to determine the impact of an

online referral system on referral rates to bariatric surgery.

Materials and methods

Design and setting

This was a longitudinal analysis that looked at the effect of

an online referral system on the rate of referral to bariatric

surgery. This study was approved by the Hamilton Inte-

grated Research Ethics Board.

Setting

The Ontario Bariatric Network was established by the

Ontario Ministry of Health and Long-Term Care in the

middle of the 2009 fiscal year with full operation begin-

ning in 2010. Referrals to bariatric surgery within the

Ontario Bariatric Network are made to a centralized

referral system that allows for an equitable distribution of

patients among the 9 bariatric centers in 5 cities (Ottawa,

Hamilton, Toronto, Guelph and Thunder Bay). All centers

are accredited as Centers of Excellence by the Ontario

Bariatric Network. Upon referral, each physician is given

a bariatric registry referral identification number. Referrals

are accepted for any patients that meet National Institutes

of Health criteria though patients are required to undergo

a 6-month preparation process before receiving the actual

surgery.

Referral system changeover

On April 1, 2015 the Ontario Bariatric Network completely

switched from a fax-based referral system to an online

system. Before this time, only fax referrals were accepted

and the changeover happened over a four-day period. After

this period, fax-based referrals were no longer accepted.

There was a communiqué sent out to family physicians in

Ontario alerting them of the change to the referral process.

Study data and data sources

All surgical referrals to the Ontario Bariatric Network for

the years 2011–2015 were included in the study. Referrals

were stored in a database developed by the Population

Health Research Institute and the Center for Surgical

Invention and Innovation. Referrer data, including date of

graduation, specialty, and gender, were abstracted from the

College of Physicians and Surgeons of Ontario public

database of physicians. Neighborhoods were defined as

forward sortation areas which are denoted by the first three

digits of a postal code. There are 514 forward sortation

areas in Ontario. Rurality was defined by the postal code.

Distance from a neighborhood to a bariatric center was

calculated from the neighborhood centroid to the nearest

facility. Public Health Units, a region type recognized by

Statistics Canada, were the health regions of interest [13].

There are 34 Public Health Units in Ontario which are

divided based on health planning and promotion goals.

Neighborhood income was defined as the median individ-

ual income and data were derived from Statistics Canada

[14].

Outcomes and predictors

The main outcome of this study was the total number of

referrals at the provider, neighborhood and health region

level. A secondary outcome of interest was whether a

physician increased their referral total after implementation

of the online referral system. Comparisons were made

between the 2015 referral rate and the mean annual referral

rate from 2011 to 2014. Our predictors of interest included

physician and neighborhood characteristics. Physician

characteristics included gender, specialty and years of

experience. Rurality, having their office within the same

health region as a bariatric center, distance to the closest

bariatric center and neighborhood income were the neigh-

borhood predictors of interest.
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Statistical analysis

Descriptive statistics were used to characterize the patient

population. The v2 statistic was used to compare categor-

ical variables. Neighborhoods were classified into 4 quan-

tiles based on income. A three-level hierarchical logistic

regression model was used to determine factors predicting

an increase in referrals. To account for unmeasured con-

founding at the health region, neighborhood and provider

level and to obtain unbiased effect estimates, identifiers for

each level were used as cross-classified random effects.

Fixed effects included physician characteristics including

gender, specialty, and years experience as well as neigh-

borhood characteristics including rurality, having a bar-

iatric center within the health region, income, and distance

the closest bariatric center. Monte Carlo Markov Chain

estimation was used for the logistic regression model with

100,000 iterations after a 5000 iteration burn-in. All chains

were examined for convergence. Statistical significance

was set at p\ 0.05. Data were analyzed using Stata (Sta-

taCorp version 12.1; College Station, TX) and MLwiN

(Version 2.26; Centre for Multilevel Modelling, University

of Bristol). Spatial analysis for Fig. 1 was carried out using

the ArcGIS Desktop suite (Environmental Systems

Research Institute ArcMap10.1, Redlands, CA).

Results

Table 1 presents the mean number of referrals by year at

the provider, neighborhood, and health region levels. At all

three levels, a consistent trend was seen. Between 2011 and

2014, the mean annual number of referrals to the Ontario

Bariatric Network was relatively constant at approximately

1 referral per provider, 24 per neighborhood, and 293 per

health region. After the implementation of the online

referral system, the number of referrals doubled at each

level. The mean number of referrals per individual was 2.1

(p\ 0.001), while the mean number of referrals at the

neighborhood and health region levels were 52.0

(p\ 0.001) and 671.0 (p\ 0.001), respectively.

Figure 1 depicts the percent change in referrals between the

mean annual total for 2011–2014 and the 2015 total number of

referrals among the health regions. The lowest percent change

was 23%, and there was a significant increase in every single

health region. The most substantial increases were for health

regions that had a bariatric surgical center. These are depicted

by the regions with the darkest color on the map.

Figure 2 depicts the number of new referrers by year.

This illustrates that the number of new referrers decreased

every year from 2011 to 2014. This also demonstrates that

the increases in 2015 were not simply the result of the same

Fig. 1 Percent change in

referral rates in Ontario by

Health Region in 2015

(compared to mean annual

number of referrals 2011–2014)
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physicians increasing their number of referrals but that a

significant number of new referrers were brought into the

system.

Table 2 presents the associations between physician

characteristics and an increase in referrals. A total of 5317

physicians made referrals to the Ontario Bariatric Network

from 2011 to 2015 and 68% increased referrals after

implementation of the online system. Primary care spe-

cialists comprised 88.3% of the cohort, and 27.8% of

physicians were in their first 5 years of practice. Global

associations between an increase in referrals and female

practitioners status, specialty, and years experience were

seen on univariate testing.

Table 3 presents the associations between neighborhood

level variables and an increase in referrals. More than 38%

of practitioners worked in neighborhoods that were in the

same health region as a bariatric center and nearly 60% had

practices within 50 km of a bariatric center. Only 11.3% of

practitioners were from rural neighborhoods. Univariate

associations between an increase in referrals and neigh-

borhood characteristics were found for being in the same

health region as a bariatric facility, income quantile, and

distance from bariatric center though not for rurality.

Table 4 presents the results of the hierarchal regression

that modeled the odds of a provider increasing referrals

after the implementation of the online referral system.

Compared to male providers, female practitioners had a

17% higher odds of increasing referrals (OR 1.17 95% CI

1.03–1.32 p = 0.02). Moreover, general practitioners were

no more likely to increase referrals than any subspecialty.

Conversely, years of experience had a significant impact on

the odds of an increase in referrals as the odds decreased

with years of experience and, compared to the practitioners

with less than 5 years of experience, all other experience

groups had odds that were approximately 50% lower with

the lowest odds being for the group that had more than

40 years experience (OR 0.44 95% CI 0.32–0.59

p\ 0.001). With regards to neighborhood characteristics,

proximity as well as having their practice in the same

health region as a bariatric facility had significant impacts

on the likelihood of increasing referrals. Practitioners

within the same health region as a bariatric center were

35% more likely to increase referrals in 2015 (OR 1.35

95% CI 1.01–1.76 p = 0.04). Similarly, compared to those

within 50 km of a bariatric facility, practitioners 50–99 km

(OR 0.76 95% CI 0.58–0.98 p = 0.04) and 100–199 km

(OR 0.73 95% CI 0.55–0.96 p = 0.03) away both were

significantly less likely to increase referrals after imple-

mentation of an online system. A similar effect was seen

for practitioners living more than 200 km away but did not

reach statistical significance (OR 0.79 95% CI 0.57–1.05

p = 0.10). Neighborhood income quantile and rurality had

no effect on the odds of an increase in referrals.

Discussion

This study investigated the effect of the implementation of

an online referral system on referrals to bariatric surgery in

a single-payer, universal healthcare system. We found that

Table 1 Mean number of

referrals to the Ontario Bariatric

Network by year for individual

practitioners, neighborhoods,

and health regions

Individual Neighborhood Health region

Mean (±SD) p value Mean (±SD) p value Mean (±SD) p value

2011 0.9 (2.2) \0.001a 20.1 (21.3) \0.001a 244.3 (176.9) \0.001a

2012 1.0 (2.3) 24.2 (27.3) 292.0 (227.3)

2013 1.0 (2.9) 24.9 (30.2) 301.2 (242.1)

2014 1.2 (3.2) 27.0 (33.5) 332.7 (253.7)

Mean 2011–2014 1.0 (2.2) 24.0 (26.9) 292.5 (223.9)

2015 2.1 (4.7) 52.0 (73.6) 671.0 (542.1)

SD, Standard deviation
a p values derived from ANOVA for global differences across multiple years (2011–2015)

Fig. 2 Number of new referrers within the Ontario Bariatric Network

by year
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there was a significant increase in referrals and that these

increases were widespread, with every health region

increasing referrals by at least 23%. To better evaluate this

variation, we investigated the physician and neighborhood

level characteristics that influenced the increases. At the

physician level, female practitioners and having less than

5 years experience were major drivers of having an

increased referral rate after implementation. Closer prox-

imity to a bariatric surgery center as well as having a

bariatric surgery center within the same health region both

had significant effects on odds of increased referrals after

the implementation of the online referral system.

Several studies have investigated referrals and found

issues other than patient need influencing bariatric surgery

referral. The relationship between bariatric referrals and

provider characteristics, such as years of practice, spe-

cialty, and level of education, has been relatively well

studied. Petrin et al. in a survey of family physicians, OB-

Table 2 Associations between

physician characteristics and an

increase in referrals

No increase Increase Total p value

N = 1687 N = 3630 N = 5317

Female practitioner 734 (43.5) 1883 (51.9) 2617 (49.2) \0.001a

Specialty

Primary care 1501 (89.2) 3170 (87.9) 4671 (88.3) \0.001a

Internal medicine 96 (5.7) 234 (6.5) 330 (6.2)

OB/GYN 5 (0.3) 22 (0.6) 27 (0.5)

General surgery 36 (2.1) 79 (2.2) 115 (2.2)

Emergency medicine 40 (2.4) 84 (2.3) 124 (2.3)

Psychiatry 3 (0.2) 12 (0.3) 15 (0.3)

Pediatrics 1 (0.1) 6 (0.2) 7 (0.1)

Years of experience

0–5 327 (19.4) 1149 (31.7) 1476 (27.8) \0.001a

6–10 274 (16.2) 567 (15.6) 841 (15.8)

11–20 322 (19.1) 634 (17.5) 956 (18.0)

21–30 370 (21.9) 704 (19.4) 1074 (20.2)

31–40 293 (17.4) 431 (11.9) 724 (13.6)

[40 101 (6.0) 145 (4.0) 246 (4.6)

OB/GYN, obstetrics and gynecology

Values represent n (%) unless otherwise specified
a p values derived from v2 for global differences across groups

Table 3 Associations between

neighborhood characteristics

and an increase in referrals

No increase Increase Total p value

N = 1687 N = 3630 N = 5317

Rural 203 (12.0) 399 (11.0) 602 (11.3) 0.28a

Bariatric center within health region 529 (31.4) 1498 (41.3) 2027 (38.1) \0.001a

Income quantile

1 (Lowest) 393 (23.3) 799 (22.1) 1192 (22.5) \0.001a

2 574 (34.1) 1123 (31.0) 1697 (32.0)

3 401 (23.8) 845 (23.3) 1246 (23.5)

4 (Highest) 318 (18.9) 854 (23.6) 1172 (22.1)

Distance from bariatric center (km)

\50 891 (52.9) 2235 (61.7) 3126 (58.9) \0.001a

50–99 258 (15.3) 450 (12.4) 708 (13.3)

100–199 315 (18.7) 531 (14.7) 846 (15.9)

[200 222 (13.2) 405 (11.2) 627 (11.8)

OB/GYN obstetrics and gynecology

Values represent n, (%) unless otherwise specified
a p values derived from v2 for global differences across groups
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GYNs, and nurse practitioners found that OB-GYNs and

nurse practitioners were significantly less likely to refer

patients when compared to family physicians [15]. Addi-

tionally, Balduf et al. reported that referring physicians

tended to be younger, with fewer years of practice [16],

whereas Auspitz et al. found that older physicians were

more likely to refer their patients for bariatric surgery [1].

Interestingly, studies nearly unanimously found that

referring physicians tended to be more knowledgeable

about bariatric surgery [1]. Accordingly, Balduf et al.

found that the mean knowledge score among referring

physicians was significantly higher than among those that

did not refer, a finding corroborated by Funk et al. [16, 17].

In our study, proximity to bariatric centers may be a proxy

for familiarity with the procedure and process though,

among other things, it may also represent an aversion to

burdening the patients with greater distances. Furthermore,

online referral systems have been implemented in several

specialties with varying degrees of efficacy. Studies using

online systems for referral to neurosurgical units [18] and

specialized endocrinological care [19] reported improved

continuity of care, fewer cases of delayed examination, and

decreases in inappropriate referrals. Conversely, one study

was unable to find an improvement in patient care fol-

lowing the implementation of an online referral system

[20]. While flaws have been identified in online referrals,

such platforms have been demonstrated to be feasible and

promising options with the potential to increase the number

of appropriate referrals and streamline the referral process,

leading to improved patient continuity of care.

This study evaluated the effect of an online referral

system on referrals to bariatric surgery. Most importantly,

it found a significant increase in referrals after converting

from a fax-based referral system. Referrals to bariatric

Table 4 Adjusted odds of

increase in referrals by referring

physician and neighborhood

characteristics

Odds ratio (95% CI) p value

Physician characteristics

Female 1.17 (1.03–1.32) 0.02

Specialty

Primary care Ref

Internal medicine 1.13 (0.87–1.46) 0.37

OB/GYN 2.58 (0.85–6.84) 0.13

General surgery 1.06 (0.69–1.57) 0.88

Emergency medicine 1.29 (0.86–1.90) 0.24

Psychiatry 2.84 (0.62–9.69) 0.27

Pediatrics 34.95 (0.62–131.42) 0.23

Years of experience

0–5 Ref

6–10 0.58 (0.47–0.70) \0.001

11–20 0.53 (0.44–0.64) \0.001

21–30 0.54 (0.45–0.65) \0.001

31–40 0.43 (0.35–0.52) \0.001

[40 0.44 (0.32–0.59) \0.001

Neighborhood characteristics

Rural 1.07 (0.86–1.32) 0.59

Bariatric center within health region 1.35 (1.01–1.76) 0.04

Income quantile

1 (Lowest) Ref

2 1.03 (0.85–1.24) 0.81

3 1.06 (0.86–1.30) 0.62

4 (Highest) 1.11 (0.89–1.38) 0.36

Distance from bariatric center

\50 Ref

50–99 0.76 (0.58–0.98) 0.04

100–199 0.73 (0.55–0.96) 0.03

[200 0.79 (0.57–1.05) 0.10

CI Confidence interval, Ref Reference value, OB/GYN Obstetrics and gynecology
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surgery more than doubled across the province and brought

more than 1500 new referrers into the system. This finding

underscores the fact that factors secondary to patient need

are major drivers of referrals to bariatric surgery. In this

specific case, the referral system was important and had a

substantial impact on the number of referrals. The effect

was also demonstrated in all health regions as well as for

all types of physicians. This is important as it demonstrates

how integral the referral system is to a bariatric care net-

work. We also evaluated physician and neighborhood

factors affecting increases in referrals after the imple-

mentation of an online referral system. We found that

physicians in the first 5 years of training are the most likely

to increase their referrals after the implementation of an

online system and this speaks to the fact that strategies to

increase referrals may have disparate effects for physicians

of differing experience levels. To this point, we also found

geographic disparities in the effect of the online referral

system. Physicians closer to bariatric centers as well as

those in the same health region as bariatric centers were

more likely to increase the referrals. Accordingly, this may

represent some level of disparity in physician education

about bariatric surgery based on location with those closer

to bariatric centers having better education and comfort

with the procedure. It may also be that physicians perceive

closer distances as less of a burden for their patients and

would be more likely to refer on this basis. Overall, there is

likely no single thing but a combination of physician and

geographic attributes which all contribute.

This paper has several limitations. Other important

factors such as physician comfort with the procedure and

education could not be assessed. In addition, a small per-

centage of referrals were from nurse practitioners, and

these were not included in the study, although we do not

feel that the effect on nurse practitioners would be sub-

stantially different than physicians. The study could also

only look at physicians who had at some point referred to

the bariatric network, and therefore the conclusions do not

shed light on why physicians do not refer to bariatric sur-

gery in the first place. Lastly, this study’s setting was a

single-payer, universal healthcare system with complete

regionalization of care. Therefore, in settings with multi-

ple, competing hospital systems, the effect of an online

referral system may not be as profound or applicable.

Conclusion

This study evaluated the effects of the implementation of

an online referral system on referrals to bariatric surgery in

a single-payer, universal healthcare system. After imple-

mentation, there was a significant increase in referrals that

was substantial in every single health region. We also

found that physicians in the first five years of practice as

well as those practicing closer to bariatric centers were

more likely to increase the referrals. Our findings demon-

strate that factors other than need are substantial drivers of

referral to bariatric surgery. In this study, an online referral

system seemed to substantially increase referrals and

attract new physicians to the referral process. Based on

these results, we feel online referral systems could be

implemented to maximize referrals in other, similar

healthcare systems.
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