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Abstract

The Kingâ��s Obesity Staging system was developed to evaluate the effect of obesity treatments in multiple physical,
psychological and functional domains. In this prospective cohort study, a Northern Irish cohort was scored using the
Kingâ��s Obesity Staging system before and 1 year after bariatric surgery. 71 individuals underwent surgery and 31
(44%) had type 2 diabetes. Bariatric surgery improved each health domain (p<0.05). A subgroup with type 2 diabetes
showed a significantly greater improvement in gonadal disease (polycystic ovarian syndrome and sub-fertility) (p=0.02),
and a trend towards greater improvement in cardiovascular disease (p=0.07) compared with the non-diabetic subgroup.
Half of those with pre-diabetes were normoglycaemic postoperatively (p<0.05). The Kingâ��s Obesity Staging system can
be used to holistically evaluate the outcomes of bariatric surgery. Patients benefit from bariatric surgery in many
ways, but those with diabetes may benefit more.

Introduction

Obesity is an ever-more prevalent condition that is associated with impaired functional status and a higher risk of
physical disease and psychological morbidity

1-4
. There is a marked direct and indirect cost associated with obesity,

both from the increased use of healthcare services and medicines, and the reduced productivity associated with
obesity

5,6
. Despite the broad impact of obesity on multiple facets of wellbeing and health, much of the focus on

outcomes of bariatric surgery, which is the most successful treatment, has been limited to weight loss and the
remission of type 2 diabetes mellitus (T2DM). Whilst the assessment of weight may be important, it provides very little
information on the improvement in overall health in the individual patient. The Kingâ��s Obesity Staging system and its
modified version were developed to address this shortfall in assessment

7,8
. This approach comprises a standardised,

holistic scoring system that stratifies the individual in severity stages of physical, psychological and functional
domains. These 9 domains are named to allow an alphabetic mnemonic; Airways, Body Mass Index, Cardiovascular, Diabetes,
Economic, Functional, Gonadal, Health Status perceived, and body Image

7
.

Bariatric surgery was not routinely available as part of the National Health Service (NHS) of Northern Ireland, but
between 2008 and 2010 a cohort of 71 patients were referred to Imperial College Healthcare NHS Trust in collaboration
with the NHS hospitals of Northern Ireland. Patients were assessed pre-operatively at the Royal Victoria Hospital in
Belfast, had their surgery and inpatient treatment at Imperial College Healthcare NHS Trust, and then were followed up
at the Royal Victoria Hospital in Belfast. In this study we used the Kingâ��s Obesity Score criteria to assess the
clinical impact of bariatric surgery in this patient cohort.

Methods

In accordance with local guidelines, only patients with a body mass index (BMI) of greater than 35 kg/m2 with obesity
related co-morbidities were referred for surgery. The local Clinical Governance and Patient Safety committee at
Imperial College Healthcare NHS Trust approved the study (Reference: ICHNT 09/612). The study was registered at
ClinicalTrials.gov (NCT01112228). The type of surgical procedure was based on patient choice after multi-disciplinary
team assessment and recommendation. The scoring of each patient was performed at the first visit to the service and 1
year after surgery, and was based on the collective assessment of the same multidisciplinary team. This team included a
metabolic physician and bariatric nurse specialist. The numbers used to score the severity of each of the health
domains were 0 for â��normal healthâ��, 1 for â��at risk of diseaseâ��, 2 for â��established diseaseâ�� and 3 for
â��advanced or complex diseaseâ�� (Table 1)

8
.

The scores before and after surgery were compared using paired tests including the Chi-squared test. The
McNemarâ��Bowker test of symmetry was used to compare the overall distribution of patients across health stages before
and after surgery (4 x 4 tables). The McNemar test was used to compare the proportions of patients within stages 0-1
and stages 2-3, respectively, before and after surgery (2 x 2 tables). Data are presented as means and standard
deviations, or numbers as percentages. Significance was assumed at p<0.05. Analyses were performed in PASW Statistics
V.17 (SPSS Inc. Chicago, Il, USA).

Results

A total of 71 patients underwent surgery; 52 (73%) were female and 31 (44%) had T2DM. Mean age was 46 – 8 years and
pre-operative BMI 54 – 8 kg/m2. Patients underwent sleeve gastrectomy (n=37, 51%), gastric bypass (n=31, 45%) or
gastric banding (n=3, 4%). One year after surgery, the mean BMI in the cohort was reduced to 39 – 8 kg/m2. Bariatric
surgery improved each health domain (Table 2) with a significantly higher number of patients achieving scores of 0
(â��normal healthâ��) and a significantly lower number of patients still having scores of 2 (â��established
diseaseâ��), postoperatively compared to preoperatively. The subgroup with T2DM had improvements in all domains, but
also showed a significantly greater improvement in the domain of gonadal disease (polycystic ovarian syndrome and
sub-fertility) compared with non-T2DM patients (p=0.02). There was also a trend towards greater improvement in the
domain of cardiovascular disease when compared to the subgroup without T2DM (p=0.07). In total, 55% of patients with
T2DM stage 3 improved by at least 1 stage, while 27% of patients with T2DM stage 2 became normoglycaemic. Half of the
patients with pre-diabetes (stage 1) normalised to stage 0 on post-operative assessment.

Discussion

In this study we applied the Kingâ��s Obesity Staging system to the largest cohort of patients from Northern Ireland
undergoing bariatric surgery for the first time. The main finding was that the staging system captured a number of
obesity-associated co-morbidities, which a narrower focus on adiposity fails to incorporate. Bariatric surgery resulted
in consistent and clinically significant improvements of these co-morbidities, with a significant number of patients
being down-staged in terms of disease severity 1 year after surgery. The Kingâ��s Obesity Staging system was devised to
evaluate the effect of obesity interventions in a holistic, patient-centred fashion. These criteria are important, as
they emphasise the multiple negative effects of obesity, and the positive consequences of its treatments. They shift
the focus away from reduction of weight or glucose to the holistic management of obesity related complications. They
also provide a framework for standardised multi-disciplinary team decision-making, communication, audit and clinical
research. The system has been validated in previous studies and has been shown to have low inter-operator variability

8
.

Our data is consistent with previous studies using the same criteria
8
; the improvements in airway disease,

cardiovascular risk, psychosocial functioning, quality of life, daily function and mobility and sexual function are in
line with those seen in previous studies

9-12
. These improvements translate into economic benefits of reduced direct and

indirect healthcare cost
13
.

The improvements in T2DM were also consistent with the impressive effects of bariatric surgery on glycaemia
14,15

.
Indeed, patients with established or complex T2DM (score 2 or 3) had greater improvement in glucose homeostasis than
those with normoglycaemia or impaired fasting glycaemia (score 0 and 1). However, our data show a lower glycaemic
remission rate of 27% at 1 year than rates previously published

14-17
. This finding may be due to a high percentage (29%)
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of patients with complex T2DM at baseline. We also detected a trend towards a lowering of cardiovascular risk. It is
known that bariatric surgery is associated with cardiovascular risk reduction in the long-term

2,10,18
. It could be that

the shorter duration of follow-up did not allow sufficient time for this to be detected. Our data suggested that
patients with T2DM benefited more in domains such as gonadal (polycystic ovarian syndrome and sub-fertility) and tended
to benefit more in the cardiovascular domain than patients who pre-operatively did not have T2DM. This is consistent
with other studies earmarking the group of morbidly obese patients with T2DM as those that benefit most from bariatric
surgery

18
.

Both the Kingâ��s Obesity Staging system and the Edmonton Obesity Staging system
19
 can be readily introduced in routine

clinical practice. Potential improvements include the addition of more domains (i.e. reflux across the
gastrooesophageal Junction (â��Jâ��), Kidney disease (â��Kâ��), Liver disease (â��Lâ��), Medication usage (â��Mâ��) and
Neurological disease (â��Nâ��). The use of weighing factors for each domain can improve patient selection based on
local clinical priorities and evidence from randomised controlled clinical trials. The latter may also prevent or stop
the selection of patient based purely on the BMI, which has a very low predictive value in terms of overall
mortality

20
. The limitations of the Kingâ��s Obesity Staging system include the use of constantly changing definitions

and targets (i.e. definition of T2DM or hypertension) and the incorporation of functional or psychological domains
which can introduce variability in assessment. It can also be challenging to be clinically certain whether
co-morbidities are obesity related or not. The use of categories to describe continuous variables (i.e. blood pressure)
is an inevitable limitation of any staging system.

In conclusion, this study has shown that the Kingâ��s Obesity Staging system can be applied to the largest cohort of
patients from Northern Ireland undergoing bariatric surgery, not only to stratify them pre-operatively but also to
capture the health benefits achieved after surgery. All patients appeared to have some benefit, but those with T2DM
benefited more. The approach of using a staging score instead of just using body weight can be readily adopted in
routine clinical care and improve patient selection, team communication, clinical governance, service provision and
resource allocation.
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