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Figure 4  Modelled association between local obesity 
prevalence and predicted bariatric case count per Middle-
layer Super Output Area (MSOA), at tertiles of deprivation, 
Birmingham epoch 3.

Figure 5  Modelled association between local obesity 
prevalence and predicted bariatric case count per Middle-
layer Super Output Area (MSOA), at tertiles of deprivation, 
South-West epoch 1.

Figure 6  Modelled association between local obesity 
prevalence and predicted bariatric case count per Middle-
layer Super Output Area (MSOA), at tertiles of deprivation, 
South-West epoch 2.

Figure 7  Modelled association between local obesity 
prevalence and predicted bariatric case count per Middle-
layer Super Output Area (MSOA), at tertiles of deprivation, 
South-West epoch 3.
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in these relationships between the two centres studied 
suggest variability in access to bariatric surgery.

Meaning of the study: possible explanations and implications 
for clinicians and policy-makers
Eligibility recommendations from NICE22 aim to stan-
dardise the provision of bariatric surgery throughout the 
UK to ensure that the treatment is used for the correct 
patients, and also to ensure equality of access indepen-
dent of other factors. However, demographic differ-
ences between regions may result in regional centres 
facing differing demands on their bariatric services. The 
requirement to meet the health needs of patients with 
other illnesses will also affect healthcare funding for a 
regional population.

In a model of bariatric provision, we would hope to see 
a fairly constant association between obesity prevalence 
and bariatric surgery use even after adjusting for other 
variables. Where we see a non-constant association this 
could potentially indicate situations where there is less 
equity in service access. In our data, we see that there 
appears to be a growing disconnect between obesity prev-
alence and surgical volume in both centres. Furthermore, 
this disconnect seems to grow further as the level of socio-
economic deprivation decreases, independent of obesity 
prevalence. Indeed, in our South-West centre we see a 
strong positive association between demand and provi-
sion in deprived areas, and a less convincing relationship 
in less deprived populations.

A crude interpretation of our findings could point to 
possible inequalities to access in centre 1, however, we must 
temper our conclusions with regard to the many other 
supply and demand side factors that can affect this rela-
tionship. The higher prevalence of obesity in the region 
of centre 1 suggests an overall higher demand for bariatric 
surgery among this population. The excess demand over 
the supply of bariatric surgery may contribute to the 
emergence of bias in the selecting of patients for referral. 
In addition, differences in consulting behaviours between 
socioeconomic and ethnic groups may vary between the 
two regions, resulting in differences between referral 
patterns from primary care. Furthermore, differences in 
surgical practice between the two centres, for example, if 
one centre had a higher propensity to operate than the 
other, may skew the results of this study. However, this 
would suggest variation in adherence to NICE guidelines 
between the two regions.

Referral behaviours and patterns among general prac-
titioners may differ between the two regions. Certain 
primary care practices may be more or less likely to refer 
patients for bariatric surgery and these may be associ-
ated with the socioeconomic conditions in which they 
are located. The SOCCER study into referral patterns to 
weight management services across 33 practices in Canada 
concluded that the referral behaviours of general prac-
titioners are a barrier to access for patients to specialist 
weight management services.29 However, there may also 
be differences in both the number and proportion of 

patients that are referred to private providers operating in 
the two study regions, as these patients were not included 
in either sample.

However, total demand for bariatric surgery in both 
centres was not investigated by the present study, as only 
patients who received surgery were analysed. Further 
studies investigating centre capacity may yield conclu-
sions regarding supply and demand of bariatric services.

Differences in local commissioning arrangements, 
which were primarily set by the primary care sector 
during the study period, have possibly lead to differences 
in the provision of bariatric surgery and the pathways 
into specialist weight management services in general. A 
survey of 49 Primary care trusts (PCTs) in 2011 found that 
only 35% of the 49 PCTs that responded had referral poli-
cies that matched NICE guidelines in all respects. 47% of 
PCTs had placed extra criteria on top of those suggested 
by NICE or had interpreted the national guidelines more 
stringently.23 The main reason for this is thought to be 
due to a lack of funding.30

Strengths and weaknesses of the study
This study had a number of limitations. The most 
important of these is a selection bias in that data were 
collected retrospectively from databases of patients who 
had received bariatric surgery. As a result, patients who 
were referred to specialist weight management services 
in either centre, but did not receive surgery for any other 
reason (unsuitable for surgery, patient refusal etc) were 
not included.

Furthermore, the role of the private sector in either of 
the two studies was not investigated due to a lack of reliable 
data. Indeed, data sources such as the National Bariatric 
Surgery Registry do not collect any data pertaining to 
residential location, therefore locally resident patients 
who received bariatric surgery privately are not able to 
be identified. The completeness of the remaining data in 
such registries for private patients is also not guaranteed.

Second, there are likely to be several other factors that 
influence both the demand for and provision of bariatric 
surgery in the two regions studied. These include referral 
behaviours of primary care providers, patient ethnicity 
and the presence of comorbidities. For example, esti-
mated type 2 diabetes prevalence in adults is different in 
the two populations. In North Somerset and Plymouth 
the prevalence amongst those aged over 17 years is esti-
mated as 5.54% whereas in Birmingham it is 7.61%.31 
Although surgical volume was judged to be similar in 
the two regions selected for this study, the certain variety 
in the size of bariatric units across the UK will affect the 
generalisability of the results of this study to the rest of 
the country.

Unfortunately, the authors were unable to reliably 
obtain data on the treatment history of included patients 
prior to surgical intervention, such as weight loss via 
conservative measures which is suggested by NICE prior 
to any bariatric surgery. IMD score and Public Health 
England obesity estimates, although the most recent 
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available, were from 2010 and 2006, respectively. We used 
a cross-sectional estimate of obesity in all of our popula-
tions, when clearly obesity rates are changing constantly. 
We assume, although cannot prove conclusively, that 
obesity rates have been generally rising. This raises the 
question of the validity of using a cross-sectional estimate 
in this work. The alternative would have been to model 
obesity prevalence over time. However, the precision of 
such an estimate would make the use of it in a model 
statistically difficult. We were able however to model the 
changes in the overall relationships over time by making 
models for each epoch. This was a pragmatic choice 
rather than performing a conventional time series anal-
ysis, but we did succeed in showing that the modelled 
associations changed over time in both centres and in 
slightly different ways.

There is a paucity of data on prevalence of BMI >40 in 
the population and so we have used BMI >30 as an indica-
tive variable. This would appear reasonable, as it has been 
shown from data from Health Survey for England that the 
UK’s median BMI has increased over time, but there has 
been a larger increase in the 95th percentile.32 Nonethe-
less, there remains an assumption in this study that the 
relationship between BMI  >30 and BMI  >40 is more or 
less constant across different regional populations.

Also of note is the assumption in this study that a patient 
from an area of high socioeconomic deprivation belongs 
to a lower socioeconomic group, which may not always be 
the case.

Conclusion
In summary, the present study demonstrates an example 
of variation in access to bariatric surgery based on resi-
dential location. This is the first statistical evidence that 
there is a geographically variable relationship between 
the apparent need and provision of surgery. This supports 
recent concerns from the Royal College of Surgeons of 
England that access to bariatric services is inconsistent 
and dependent on geographical location.33 Whether or 
not this disparity in provision is due to undersupply of 
bariatric services, differences in referral patterns or other 
variables requires further investigation.

In an attempt to reduce disparity and to increase the 
provision of bariatric services throughout the UK, the 
responsibility for funding of bariatric surgery was allo-
cated to specialised commissioning through NHS England 
in 2013.34 However, there are now imminent plans to 
devolve this service back to the local Clinical Commis-
sioning Groups (formerly PCTs), with the potential for 
the reintroduction of inequalities in access to service.35

With the rising prevalence of obesity and the increasing 
future demand for bariatric surgery, this study highlights 
the need for an evidence-based approach to delivery of 
bariatric services. As a nation, we spend a large amount 
of money on the treatment of obesity, including bariatric 
surgery and much more money on treating the conse-
quences of obesity. In this paper, we argue for a more 

scientific approach to understanding the complex rela-
tionship between supply and demand for bariatric treat-
ment. We do not propose that we have built a definitive 
model of these factors in this simple observational study. 
However, given the policy imperative of providing treat-
ment for those most in need equitably, we conclude that 
a much larger study investigating more demographic vari-
ables and in a larger study population, but with a broadly 
similar methodological approach, could usefully inform 
service development.
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