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Scientific summary

Background

Severe and morbid obesity are increasing rapidly in the UK. Bariatric surgery, the use of surgical procedures
for treatment of obesity, is considered to be an effective intervention for severe and morbid obesity but most
clinical trials have been of short duration (less than 2 years’ follow-up) and have often evaluated intermediate
outcome measures, including body weight. In 2006, the National Institute for Health and Care Excellence
(NICE) recognised that there is a large gap between population need, measured in terms of the prevalence of
obesity, and service delivery within the NHS. The National Obesity Observatory reported that there were fewer
than 7000 inpatient bariatric surgical procedures performed in England in 2009/10, but more than 1 million
patients are potentially eligible for this form of intervention. NICE recommended a gradual expansion of
bariatric surgery utilisation for patients with morbid obesity, as well as for patients with severe obesity when
comorbidity is present. The International Diabetes Federation recently advocated more widespread use of
bariatric surgery in the management of obese patients with poorly controlled type 2 diabetes mellitus (T2DM).

Definitions

In this report, ‘bariatric surgery’ refers to surgical procedures for obesity including laparoscopic-adjustable
gastric banding (LAGB), gastric bypass (GBP) and sleeve gastrectomy (SG). ‘Morbid obesity’ refers to
persons with body mass index (BMI) ≥ 40 kg/m2. ‘Severe obesity’ refers to persons with BMI between
35.0 and 39.9 kg/m2.

Objectives

This study aimed to inform decision-makers of the costs and outcomes of increasing, or not increasing,
access to bariatric surgery for severe and morbid obesity.

Setting

The setting for the study was the general population with obesity, aged ≥ 20 years, in the UK.

Perspective

The research took the perspective of the NHS. Health service costs were included. Wider societal costs,
including changes in productivity, which are hard to estimate precisely, were not included. The research
adopted a lifetime time horizon. Utilisation of bariatric surgical procedures in the private sector was not
explicitly considered.

Outcomes

The primary outcome was quality-adjusted life-years (QALYs), after taking into account the incremental
costs associated with intervention. Net health benefits were estimated at a threshold value of £30,000 per
QALY. Secondary outcomes included incidence of T2DM, remission of T2DM, prevalence of depression
and years lived with diabetes, coronary heart disease (CHD), stroke, cancer or depression.
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Data source

The UK Clinical Practice Research Datalink (CPRD) provided the source of electronic health records (EHRs)
for this study. The CPRD is the world’s largest primary care database comprising anonymised longitudinal
patient records from UK family practices. Data held within CPRD are considered to be broadly
representative of the UK population.

Ethical and scientific approval

Scientific and ethical approval of the protocol for the study was given by the CPRD Independent Scientific
Advisory Committee (ISAC protocol 13_089).

Methods

A health economic model was designed. Empirical data inputs to the model were provided through
analysis of EHRs for a large population registered in primary care, derived from the CPRD. Estimates for the
clinical effectiveness of bariatric surgery were derived from CPRD data analysis and updated systematic
reviews. Probabilistic simulations, run using the model, provided estimates of lifetime incremental costs and
health outcomes aggregated across the population at risk.

Three cohorts of participants were selected from CPRD.

Bariatric surgery cohort
This comprised a cohort of adult obese patients, aged ≥ 20 years, with first bariatric surgery procedures
performed, including all participants with LAGB, GBP or SG recorded before 30 April 2014. The earliest
procedure was performed in 2002.

Reliability study
A sample of 102 participants who had bariatric surgery recorded in their CPRD records was selected for a
reliability study in which EHR data were compared with general practitioner-reported information.

General population cohort stratified by body mass index category
We sampled a second cohort of participants from CPRD to act as a general population comparison sample.
The sample was drawn from the list of all acceptable patients who were registered with CPRD practices
that contributed to the data linkage scheme at any time between 1 January 2008 and 31 December 2014.
A stratified random sample was taken of up to 50,000 participants in each category of BMI, including
normal weight (18.5–24.9 kg/m2); overweight (25.0–29.9 kg/m2); obese (30.0–34.9 kg/m2), severe obesity
(35.0–39.9 kg/m2); morbid obesity (40.0–44.9 kg/m2) and super-obesity (≥ 45.0 kg/m2). Participants with
bariatric surgery recorded who were excluded from the sample leaving 257,187 patients for further
analysis. There were 247,537 participants eligible for linkage of Hospital Episode Statistics (HES) and
deprivation data.

Sample for analysis of the probability of attaining normal body weight
In order to conduct in-depth analysis of BMI transitions, we drew a sample that enabled analysis over a
longer period of time, with the inclusion of participants with a larger number of BMI records. The cohort
comprised a stratified random sample of participants with at least three BMI values recorded between
1 November 2004 and 31 October 2014, with 278,982 participants for analysis.
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Statistical analysis
Analyses were conducted to estimate mortality and the incidence and prevalence of comorbidity for BMI
categories ranging from normal weight to morbid obesity. Health-care utilisation was estimated from EHRs
in CPRD with linked HES data. Unit costs from reference sources were used to estimate health-care costs,
using a two-part econometric model.

Markov model
A probabilistic Markov model was employed to conduct a cost–utility analysis comparing discounted costs
and QALYs for bariatric surgery against standard non-surgical management for obesity. Model states
included ‘at risk’ with no morbidity, diabetes mellitus, CHD, stroke and cancer. Each state was further
subdivided into ‘depressed’ and ‘not depressed’. Each state was stratified by BMI category, as well as by
gender and single year of age. Death was included as an absorbing state. There were therefore 101 states
in the model. Costs and outcomes were compared under conditions in which no patients received bariatric
surgery or all patients received bariatric surgery. Costs and QALYs were discounted at 3.5%. A wide range
of sensitivity analyses was conducted.

Results

Weight changes in the absence of bariatric surgery
We analysed data for 76,704 obese men and 99,791 obese women who did not receive bariatric surgery.
During a maximum of 9 years’ follow-up, 1283 men and 2245 women attained normal body weight. In
simple obesity, the annual probability of attaining normal weight was 1 in 210 for men and 1 in 124
for women, increasing to 1 in 1290 for men and 1 in 677 for women with morbid obesity. The annual
probability of achieving a 5% weight reduction was 1 in 8 for men and 1 in 7 for women with morbid
obesity. Among participants who lost 5% body weight, 52.7% [95% confidence interval (CI) 52.4% to
53.0%] at 2 years and 78.0% (95% CI 77.7% to 78.3%) at 5 years had BMI records that indicated weight
gain to values above the 5% weight loss threshold.

Obesity and the costs of health-care utilisation
There was a general trend of increasing cost as BMI category increased but ‘normal’ weight was
sometimes associated with greater costs than overweight. Analysis showed that physical comorbidities,
which were more frequent in obese patients, were the greatest predictors of annual health-care costs
(adjusted mean additional cost £1366, 95% CI £1269 to £1463) followed by depression (£1044, 95% CI
£973 to £1115). At a given level of comorbidity, morbid obesity was associated with mean additional costs
of £456 (95% CI £344 to £568) higher than normal weight.

Epidemiology of bariatric surgery in the UK
There were 3045 adult obese patients with first bariatric surgery procedures recorded, including 3039
of defined type, between 2002 and 2014, including LAGB, 1297; GBP, 1265; and SG, 477. Annual
procedures increased from one in 2002 to a maximum of 525 in 2010. Intervention rates were greatest
among those aged 35–54 years, with a peak of 37 procedures per 100,000 population per year in women
and 10 per 100,000 per year in men. The mean age and BMI of participants undergoing surgery increased
during the period, as did the proportion of men and proportion with diabetes. Between 2002 and 2006,
LAGB accounted for > 90% of procedures; in 2014, GBP accounted for 52% and SG accounted for 26%.
Among patients initially receiving LAGB, rates of band removal were 1.6 (95% CI 1.3 to 2.0) per 100
patient-years; rates of a second procedure of a different type were 1.2 (95% CI 0.9 to 1.5) per 100
patient-years.
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Bariatric surgery and Incidence of type 2 diabetes mellitus
During a maximum of 7 years of follow-up (median 2.8 years, interquartile range 1.3–4.5), 38 new
diagnoses of diabetes were made in bariatric surgery patients and 177 were made in controls. By the end
of 7 years of follow-up, 4.3% (95% CI 2.9% to 6.5%) of bariatric surgery patients and 16.2% (95% CI
13.3% to 19.6%) of matched controls had developed diabetes. The incidence of diabetes diagnosis was
28.2 (95% CI 24.4 to 32.7) per 1000 person-years in controls and 5.7 (95% CI 4.2 to 7.8) per 1000
person-years in bariatric surgery patients; the adjusted hazard ratio was 0.20 (95% CI 0.13 to 0.30;
p< 0.0001). This estimate was robust after varying the comparison group in sensitivity analyses, excluding
gestational diabetes, or allowing for competing mortality risk.

Bariatric surgery in the management of type 2 diabetes mellitus
There were 826 obese participants with T2DM who received bariatric surgery, including LAGB 220, GBP
449 and SG 153, with four procedures undefined. Mean glycated haemoglobin (HbA1c) declined from
64mmol/mol (8.0%) before bariatric surgery to 48mmol/mol (6.5%) in the second postoperative year; the
proportion with HbA1c < 48mmol/mol (< 6.5%) increased from 17% to 47%. The adjusted relative rate of
remission over the first 6 postoperative years was 5.97 (95% CI 4.86 to 7.33; p< 0.001) overall; for LAGB
3.32 (95% CI 2.27 to 4.86); for GBP 7.16 (95% CI 5.64 to 9.08); and for SG 6.82 (95% CI 5.05 to 9.19).
Rates of remission were maintained into the sixth year of follow-up.

Bariatric surgery and clinical depression
Before surgery, 36% of bariatric surgery participants, and 21% of controls, had clinical depression:
between-group adjusted odds ratio (OR) 2.02 (95% CI 1.75 to 2.33; p< 0.001). In the second
postoperative year 32% had depression: adjusted OR, compared with time without surgery, 0.83 (95% CI
0.76 to 0.90, p< 0.001). By the seventh year, the prevalence of depression increased to 37%: adjusted OR
0.99 (95% CI 0.76 to 1.29; p= 0.959).

Cost-effectiveness analysis
In persons with morbid obesity aged 20–74 years, bariatric surgery was associated with increased longevity
and reduced time living with diabetes. Incremental costs associated with bariatric surgery were £15,258
(95% CI £15,184 to £15,330), including costs of bariatric surgical procedures of £9164 per participant.
Incremental QALYs were 2.142 (95% CI 2.031 to 2.256) per participant. The estimated cost per QALY
gained was £7129 (95% CI £6775 to £7506). Net monetary benefits valued at a threshold of £30,000 per
QALY were £49,016 (95% CI £45,720 to £52,414) per participant. Estimates were similar across gender,
age and deprivation subgroups. Bariatric surgery was slightly more cost-effective in patients with morbid
obesity and diabetes at £6176 (95% CI £5894 to £6457) per QALY, and slightly less cost-effective in
severe obesity, at £7675 (95% CI £7339 to £8037).

Limitations

Intervention effects were estimated from non-randomised studies because there have not been sufficient
clinical trials that evaluated substantive clinical outcomes over more than a few years of follow-up. It is
uncertain whether or not benefits from surgery will be maintained in the long-term. We modelled
scenarios in which benefits from surgery declined rapidly over time and showed that conclusions were
robust to varying assumptions. The health economic model included diabetes, cardiovascular disease,
cancer and depression but did not include other forms of obesity-related comorbidity that might also
benefit from bariatric surgery. The study only considered NHS health-care costs. Data were analysed for
bariatric surgery patients who are presently highly selected and outcomes may differ if bariatric surgery is
more widely utilised. EHRs contain frequent missing values and recording of data may be biased in relation
to outcomes of interest.
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Conclusions

For patients with morbid obesity, the chance of attaining normal weight or maintaining clinically relevant
weight loss is very low. Present obesity treatment frameworks grounded in community-based weight
management programmes appear to be ineffective. Health-care costs are increased in obesity, primarily
because of the greater burden of comorbidity.

Bariatric surgery is associated with reduced incidence of clinical diabetes in obese participants without
diabetes at baseline, and remission of diabetes in obese patients with diabetes. Psychological comorbidity
is frequent among individuals selected to undergo bariatric surgery, but any modest improvement over the
initial postoperative years is not maintained.

Bariatric surgery is cost-effective relative to standard weight management across a wider range of BMI
levels than currently recommended, and is more cost-effective in diabetes mellitus, with results robust to
gender, age and deprivation differences.

In a primary care organisation with a population of 250,000 adults aged 20–75 years, there may be 7000
people with morbid obesity. This number may be as high as 11,000 in a deprived area or as low as 4500
in an affluent area. There may be 1500 with morbid obesity and diabetes. If 1000 bariatric surgical
procedures are commissioned over a period of time, the immediate financial cost will be approximately
£9.2M. Total additional NHS costs may be £15.3M over the patients’ lifetime, as a result of increased
longevity. If bariatric surgery procedures are allocated equally to people with and without diabetes, there
will be 112 fewer patients developing diabetes over the next 10 years, while 200 patients with diabetes
may experience remission of the condition. The expected health gain over the patients’ lifetime is 2142
QALYs, from reduced mortality, reduced incidence of diabetes, cardiovascular disease and cancer, and
increased well-being. Valued at a threshold of £30,000 per QALY, these benefits amount to £64M, with a
net monetary benefit of £49M. Based on equitable patient selection, health gains will generally be directed
to more deprived groups but diverse population groups have capacity to benefit from increased access to
bariatric surgery at acceptable cost.
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