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Abstract

The prevalence of obesity worldwide has more thaubted since 1980. The World Health
Organisation (WHO) estimates that more than ontennadults in the global population is
obese. Cardiovascular and metabolic health caitmipeoved with moderate weight loss;
losses of 5%—-10% have been found to improve camditsuch as diabetes, hypertension
and cholesterol and low-density lipoprotein (LDlevéls. Within the UK, a number of
weight management programmes that depend on liéestiervention (tier 2) and others

that supplement this with drug therapy (tier 3) anthery (tier 4) are available.

The guidelines produced by the Scottish Intercadiieg Guideline Network (SIGN)
advocate that weight management programmes addnesgies to diet, physical activity
and behaviour. For patients with a body mass in@MI) >30 kg/nf or >28 kg/nf in
patients with comorbidities, orlistat can be coesadl as a drug intervention on a case-by-
case basis following a full risk and benefit asses#. The objective of the Glasgow and
Clyde Weight Management Service (GCWMS), a spetialeight-loss programme, is for

patients to lose at least 5 kg.

There are a number of metabolic disorders thataasmciated with obesity. One such
disorder is type 2 diabetes mellitus, where weighks is a standard recommendation to
improve blood glucose control. Randomised contdotigals (RCTs) of orlistat indicate
that the drug is effective in promoting weight laasd improving metabolic control for
those patients with the comorbidity of type 2 dialseand obesity. There are several
different groups of anti-diabetic drugs that canubed to manage diabetes. The effects of
the different medications on body weight are comigille. Some, such as biguanides
(metformin), dipeptidyl peptidase-4 inhibitors (DB, Glucagon-like peptide-1 agonist
(GLP-1) and sodium-glucose co-transporter-2 inbisif{SGLT2), either have no effect on
weight or can cause weight loss. Others, such adongiureas (SUs) and

thiazolidinediones (TZDs) can lead to weight gain.

This thesis explores the impact of lifestyle intriions in weight management services,
and the impact of drug interventions, on weightlaad glycaemic control. It is supported
by the results of five complementary studies tleaiawed the effect of orlistat on type 2
diabetes and assessed the impact of the presaripatterns of anti-diabetic drugs in
addition to the effects of these pharmacologicakrirentions on weight change in

comorbid patients.



The first aim of this thesis is to review the evide of the effects of orlistat on diabetic
outcomes. The second aim is to evaluate the liestyerventions, and phase 2 of the
GCWMS. Finally, the third aim is to determine thegrribing patterns of anti-diabetic
drugs, and to observe the association betweendeftetic medications and weight
change. This thesis addresses the following obesti

1. To undertake a systematic review and meta-asabfspublished studies in order to
review the evidence of the effects of orlistat oeight loss, specifically concerning
glycosylated haemoglobin (HbAlc) and fasting plagitu@ose (FPG), using the Cochrane
review methodology;

2. To investigate the proportion of patients losthigg of weight, commencing from their
entry into the GCWMS programme, until the end d tifiestyle phase of treatment, for
individuals of different ages, genders, and so@aemic groups;

3. To study the proportion of patients losing 5dfgveight, commencing from their entry
into the GCWMS programme, until the end of phasewith the three different
interventions of orlistat, low-calorie diet (LDLand further weight loss (FWL);

4. To investigate the proportion of patients reddrto the GCWMS on weight-neutral,
mixed, and weight-gaining anti-diabetic medications

5. To investigate the effect of baseline anti-diEbenedications on weight change for

patients within a weight management programme.

Chapter 2 presents the first study, which was desyis review that considered the
evidence collected in RCTs on the efficacy of talior type 2 diabetes and weight loss.
The effects were considered at the biochemical | lewed included the levels of

glycosylated haemoglobin (HbAlc) and fasting plasgphacose (FPG) in people with

overweight and obesity. The results, collected 2802 participants in 12 trials, were
combined into a meta-analysis. The overall findivegs that a combination of orlistat and
lifestyle intervention yielded superior results. &ihthe results were compared, it was
evident that patients who are overweight or obe$® were subjected to combined
lifestyle and drug intervention lost more weightdamad better glycaemic control than

patients who were subjected to lifestyle intervamgionly.

Chapter 3 presents the second study which appréisedffectiveness of a real-life NHS
lifestyle weight management intervention in redgcbody weight by>5 kg. The study
followed 23,650 patients referred to the GCWMSwbiom 7,329 attended at least two

lifestyle intervention sessions. Those individua&d either a BMI of30 kg/nf, with
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obesity-related comorbidities, or a BMI e85 kg/m2 and were age®ll8 years. The
lifestyle interventions included a combination of6@0 kcal deficit diet, exercise, and
behavioural changes. 30% of the overall group sda®e in losing>5 kg. Out of those
who completed the programme, however, a considetagher number (46%) losts kg.
The greatest losers were men, those agtil years, those with a BMt50 kg/nf, and

those from areas that are more affluent.

Chapter 4 presents the third study which focuseg@aiients who lost5 kg in phase 2 of
the treatment provided by GCWMS which comprisedw-talorie diet (LCD), orlistat
120 mg, three times a day, or further weight IdSgVI(). Participants on LCD were
prescribed a 1,200 or 1,500 calorie plan; howetleyse on FWL repeated the lifestyle
phase. There were 3,262 participants who attentlézhst two sessions in phase 2; these
were divided into three categories: 536 who todlstat, 1,043 who followed a LCD and
1,683 who were selected FWL. By the end of phasthe |evels of success in terms of
weight loss across the groups varied from 31% digypants in the orlistat group to 22%

of participants in the LCD group and 83% of papagits in the FWL group who losb
kg.

Chapter 5 presents the fourth study, which evatLde pattern of anti-diabetic drug
prescriptions for comorbid patients referred to 8@WMS. The study also looked at the
proportion of patients who were referred prior tal after the publication of updated SIGN
guidelines for the prescription of anti-diabeticdivation. In total, the study enrolled 3,063
participants who received anti-diabetic medicatjoos whom 47.8% received weight-
neutral medications, 39.4% had mixed-effect medioatand 12.7% took weight-gaining
drugs. Prior to the publication of the SIGN guideB, 11.6% of participants were on
weight-gaining drugs, a proportion that did not radpa significantly one year after the
release of the guidelinesVeight-neutral drugs were more commonly prescribed

women, those with a higher BMI and young people ré&lationship was observed between
the Scottish Index of Multiple Deprivation (SIMDhé anti-diabetic drug prescriptions.
Weight-gaining drugs such as SUs and TZDs were monemonly prescribed to older

patients and those with lower BMIs.

Chapter 6 presents the fifth and final study, whiorestigated the effect on body weight
of anti-diabetic medications in 998 participantdldwing the lifestyle phase of the
GCWMS. By the end of the programme, patients whrevee weight-neutral anti-diabetic

drugs achieved a mean weight change of -3.3 kg (@&%%dence interval [CI]: -3.8 to -2.9
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kg) and those on weight-gaining drugs achieved anmeeight change of -2.5 kg (95% CI:
-3.2 to -1.8 kg)p =0.05. Among those who completed the programmedifference was
statistically significant § =0.005). The association between weight change artd

diabetic drug type was not explained by differenoesex, initial BMI or age.

To conclude, there was a clinically and statislycalgnificant change in weight, HbAlc
and FPG in patients with obesity and type 2 diabetbo used orlistat. Of the patients
following the GCWMS lifestyle phase, less than 56&eceeded in losing at least 5 kg,
with patients who completed the programme beingensoiccessful. Participants who lost
weight in the lifestyle phase were selected for F#id experienced the greatest weight
loss by the end of phase 2. Those who were unssfates losing 5 kg through the
lifestyle programme, were offered orlistat and LCIe large sample size increased the
precision of the results, while the stratificatimn potential confounding factors increased
the study’s validity. A higher proportion of pattsnwere prescribed weight-neutral
medications, compared with mixed and weight-gainargi-diabetic medications. The
proportion of patients on weight-gaining diabetesgd referred to the GCWMS did not
alter appreciably following the release of the SIGNdelines. By the end of the lifestyle
treatment phase, patients receiving weight-nedimads (metformin, DPP-IV, GLP-1, and
SGLT2) were more successful in losing weight tHaoseé receiving weight-gaining drugs
(SUs, TZDs, and any combination including insulifife main recommendation from this
research are, that further studies are carriedoobetter establish the best timing of use of
orlistat within a weight management programme, ti& intensity of phase 2 of the
GCWNMS is increased, and that prescribers take atamfua patient’s current BMI prior
when prescribing anti-diabetic medication, espéciahen recommending weight loss and

referring to a weight management programme.
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Introduction

1.1 Epidemiology of obesity

1.1.1 Definition of obesity

Obesity has been defined by the World Health Oggiin (WHO) (2000, 2013) as a
medical condition in which the health of the indival is put at risk and/or the likelihood
of mortality is enhanced due to the excessive as®en the body’s fat storage capacity. To
put it differently, obesity represents accumulatidrfat beyond levels that are considered
healthy. It is caused by the fact that the enelggoebed in the form of calories is greater
than the energy consumed, with the unconsumed giheigg deposited in different parts

of the body as fat.

The risks to health depend on the manner in whiehobdy fat is distributed. For example,
as indicated by Jensen (2008), upper body or abtdrmbesity is associated with greater
health risks when compared to lower body or gluteadoral obesity, because in the
former case the fat is mainly intra-abdominal @ceral, while in the latter case the fat is
subcutaneous (Harvard Health Publications, 2008 tlaarefore is less dangerous to health
as it accumulates under the skin rather than ardined organs. Although a clear
understanding of the heightened risks related soeval fat is yet to be achieved, there is
extensive evidence that visceral fat can contriltatenetabolic disorders, cardiovascular
disease and type 2 diabetes (Despres, 2012; J&2G@8), The Body Mass Index (BMI),
which is determined based on an individual's weightl height, represents the standard

tool of obesity measurement.

1.1.2 Incidence and prevalence

Using a BMI of 30 kg/mand 25-29.9 kg/fas the reference point to define ‘obesity’ and
‘overweight’, respectively, the WHO has estimatédtt at global level, the number of
individuals who are overweight has reached 1 wi|li800 million of who are classified as
obese (WHO, 2014ajrom 1995 to 2002, the total number of individuaish obesity
rose by 100 million (Formiguera and Canton, 20®4).2014, the number of individuals
with overweight reached almost 1.9 billion with 6@@llion being classified as obese
(WHO, 2014a). In percentages, this means that 3B¥doviduals older than 18 years of

age are overweight and 13% are obese. Obesitytisestricted to certain countries or
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areas but has become a global trend, with manytgesnincluding China, having high
numbers of individualsuffering from obesity. However, because obesithésoutcome of
lifestyle and cultural choices as well as genetictdrs, there are differences among

countries in terms of how prevalent obesity is bad it occurs.

The countries with the highest obesity rate in 2@&te identified by the Organisation for
Economic Cooperation and Development (OECD) asgathie US (33.8%), Mexico (30%)
and New Zealand (26.5%); while India (2.1%), Indgiag?2.4%) and China (2.9%) were
listed as the countries with the lowest obesity nat the same year (NHS Information
Centre, Lifestyle Statistics, 2012). 25% each ofemadividuals of black Caribbean and
Irish descent were found to be obese. Similarlgrehwere more female individuals of
black Caribbean (32%), Pakistani (28%) and blaakcAh (38%) descent that were found
to be obese than the percentage of people withtgldeand in the general population, but
fewer Chinese female individuals were found to bese (8%) (NHS Information Centre,
Health Survey, 2004). Initially, it was found inflaént countries that obesity was most
prevalent and most likely to occur, but due to dnag trends, obesity has now also
become much more prevalent in moderately rich s pountries. A direct correlation
between a BME30 kg/nf and age was highlighted by the Scottish Healthv&u(The
Scottish Government, 2011). No significant differerrelating to age was found in the
proportions of male and female individuals havingBMI >30 kg/nf apart from
individuals falling within the 16-24 year age growpere it was found that 16.9% of the
females and only 9.2% of the males had a BBD kg/nf.

1.1.3 Obesity in the male and female populations

Worldwide, the annual mortality rate among peopleovare overweight or obese is 2.8
million (WHO, 2014b). Obesity has become more plaviathroughout the world, having
increased two-fold from 1980 to 2008. 35% of adulividuals were classified as
overweight in 2008, with male and female individuatcounting for 34% and 35% of the
whole population, respectively (WHO, 2014b). Furthere, based on a BMi30 kg/nf,
10% of the global male population and 14% of thebgl female population were
classified as being obese, which represents a ddoHicrease compared to 1980, when
there were fewer individuals with obesity on a glblevel (5% male and 8% female),
although in affluent countries men’s BMI exceedadttof women’s. According to the
Foresight Report, in the UK there are more maléviddals who are overweight or obese

than female individuals; 47% and 36% of male anddie individuals are expected to
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become obese by 2025 (Robertsinal, 2014). By contrast, in Scotland, more female
individuals are obese than male individuals (29\89624.9%) (The Scottish Parliament,
2015).

According to data reported by WHO (2014 b), thearigj of overweight (62%) and obese
(26%) adult individuals are in the Americas, wherélae fewest overweight (14%) and
obese (3%) people are in Southeast Asia (Ogdeh, 2007). The WHO further indicated

that over half of the female population of the EastMediterranean, Europe and the
Americas was overweight, while the female obesitypprtions for these same regions
were calculated to be 24%, 23% and 29%, respeytilrddeed, obesity levels were higher
among female individuals than male individuals \rery region covered by the WHO.

Moreover, the obesity levels among females in Afrithe Eastern Mediterranean and
Southeast Asia were almost double the levels amualgs(Figure 1-1).

The WHO (2014b) has concluded that there is a @reatedilection towards obesity
among females than males. However, irrespectivgenfder, the likelihood of a BMI
>30kg/nt is increased by factors such as lack of physici@igy, living in a deprived area,
not being fit for work, poor level of education, sking, alcohol consumption, married
status, having poor general health and sufferimgnfra protracted illness. Social and
economic factors (e.g. income level and occupatizeye been found to increase the
likelihood of obesity among females more than tlky among males. A comparison
between the two quintiles with the highest and keiwevel of deprivation revealed that
33% of individuals in the former and 19% of indivils in the latter had a BM#30 kg/nf
(The Scottish Government, 2011). This could be bgea person’s economic status has an

impact on their diet.
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Figure 1-1 A graphical representation of the preweé of obesity (WHO,
2014b) (AFR: Africa; AMR: Americas; SEAR: South-Eaésia; EUR:
Europe; EMR: Eastern Mediterranean; WPR = Westanifie).

1.1.4 Obesity in the UK

There is increasing awareness in the UK about ¢hews health implications of obesity
which, according to health authorities, is a magause of mortality, but which is
preventable. It has been estimated that by 202ndr83% of the UK population could be
obese (Seidell, 2006). The proportion of adults vene obese in the UK has reached
23.1%, which is greater than the average obesieyafil5.5% in the rest of the European
Union states (Freeman, 2010). Since 2009, about @5#te adult population of the UK
has been considered obese, with male and femaileduadls accounting for 22% and 24%,
respectively. In 2010, 26% of the adult populatidrEngland was obese, with more men
(42%) being overweight than women (32%) (NHS, Llijes Statistics, 2012).
Furthermore, according to the Scottish Parliamafbrination Centre, the numbers of
female adults who are overweight and obese areshigiScotland than in England, Wales
and Northern Ireland respectively (SPICe, 2015).tienother hand, the number of male
adults with obesity is greater in both Northerddnel and England than in Scotland.

1.1.5 Obesity in Scotland

Statistics regarding the rate of obesity in Scatlahow a gradual rise in the number of
individuals with obesity over the years. Since 1,98%esity levels have increased markedly
among individuals in the 16-64 age range. An opesite of 17.2% in 1995 rose to 26.1%
in 2012 and 27.1% in 2013, with 65% of adult indivals being considered overweight or
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obese (The Scottish Government, 2014a). Howevenbasrved by Keenast al (2011),
this rate has not changed significantly since 2@&:r the same period, the proportion of
individuals who are overweight or obese reache@%1lin 2013, in contrast to 52.4% in
1995. Scotland is the fifth country in the worldhwvthe highest number of individuals with
overweight or obesity and the sixth country wite thighest rate of obesity. An overview
of obesity trends and the numbers of overweighitviddals in Scotland during the period
from 1995 to 2013 is provided Figure 1-2 below (SPICe, 2015).

==Adult (16-64) overweight —a—Adult (16+) overweight
== AdUIt (16-64) Obesity o= Adult (16+) obesity

70 :

60 A B—4—6—pH § A

—_

50
40
30
20 A

Prevalence (%)

2003 200820092010201120122013

Survey Year

1995 1998

Figure 1-2 Number of Scottish adults with overweighd obesity (aged 16 to 64
years) from 1995 to 2010 and from 2003 to 2013d&gé years). Source: SPICe.
http://www.parliament.scot/ResearchBriefingsAndBheets/S4/SB_15-

01 Obesity_in_Scotland.pdf.
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1.2 Causes of obesity

1.2.1 Genetic history

As high calorie foods have become increasingly lakk and the opportunities for
physical activity have decreased, a growing nunolbgreople at global level have become
obese in recent years (Formiguera and Canto’n,)200ds trend is to some extent rooted
in genetic factors, despite the fact that the exélg slow occurrence of variation in
populations’ genetic composition means that suckofa are not wholly accountable for
the increasing obesity rate (Walleyal, 2009). There is some consensus among scientists
that genes play a role in the regulation of foodw#& energy assimilation, storage and
consumption by the human body. Out of the varioeseg considered to make an
individual prone to becoming obese (O’Rahilly araddoqi, 2006), the major one is the fat
mass and obesity-associated gene (FTO), which éas the focus of extensive research
since its identification in 2007 (Fraylingt al, 2007). Shinozaki and Okuda (2012)
reported that, within the general population, FT&®iations have been associated with a
0.39 kg/nf body mass increase, while variations in the apgagimal to MCR4 genes
have been related to an increase in body mas28fk@y/nf to 0.25 kg/m (Zobel et al,
2009). Furthermore, according to Herretal (2011), genetics can help shed light on 40-
70% of variability in proneness to obesity.

Environmental and genetic factors must be afforelgell importance in any investigation
of the increase in the rate of obesity throughbetworld. From a genetic perspective, a
frequently invoked explanation is the developmelfit am imbalance between the
environment and the internal structure of the bdésgwcett and Barroso (2010) have
suggested that significant environmental transfdiona have led to modifications in the
functions of the so-called thrifty genes, whichlgled early people to withstand periods of

food shortages.

Different studies have supplied scientific proofgesting an indirect correlation between
obesity and genetics (Gregg al, 2003). Such proof is usually the outcome of aede

into similarities and discrepancies between fammigmbers, adopted individuals and
twins. Research has also focused on certain gdvasate found more extensively in
peoplewith obesity. Although this kind of research idées genetic factors as the most
likely cause of many of the weight variations oleer in adult individuals, the exact
nature of such factors is not yet known (McCar@§10; Barryet al, 2009). Genes have

been identified as being the direct determinantsamfindividual’s weight in research
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conducted on identical twins (Silventoiret al, 2010). Thus, an individual who is
overweight or obese is likely to be so due to gemberited from parents who are
overweight or obese. In addition, the body’s capydor fat storage and the distribution of
fat are significantly influenced by genes. Furtheren since physical activities and dietary

patterns are shared within families, genes aresblarrelated with the environment.

1.2.2 Lifestyle factors

1.2.2.1 Diet and eating habits

Lifestyle choices and dietary patterns are genecalhsidered to be the major reasons why
individuals become overweight or obese. Throughbetworld, obesity is mostly due to
excessive eating and the eating of unhealthy fesadh as processed food or food with a
high fat content (Perez-Cuett al, 2010) as opposed to vegetables, fruit and uredfi
carbohydrates. Alcoholic drinks and soft drinks taoming large quantities of sugar also
cause an increase in body weight (Powers and B&099; Ludwiget al, 2001) and

therefore their consumption should be avoided (Ebfpet al, 2006).

McNeill and Cummings (2004) suggest decreasingatheunt of calories consumed per
day by 600 calories, that is, 20-25% of the enéntgke, to achieve what is considered to
be an appropriate weight loss of 0.5 kg weekly.e@irgy a starter and dessert in addition to
the main course in a restaurant is considered sixeesating which can lead to obesity,
especially if the amount of fat in the consumedd@ high. Bes-Rastrollet al. (2013)
systematically reviewed studies on the correlatietween weight increase and drinks with
high sugar levels and found that ten out of twg|88.3%) reviews with no specified
conflict of interest confirmed that weight increasas indeed related to consumption of
sugary drinks. Furthermore, the family plays an omgnt role in an individual's

development of unhealthy dietary patterns.

1.2.2.2. Physical activity

Any movement of the body determined by the actbratf skeletal muscles and leading to
energy consumption can be considered to be phyesitiaity (Casperseat al, 1985). The
implications of both physical activity and of theck of physical activity have come into
sharper focus due to research conducted in theéelastears. A direct correlation has been

established between the lack of physical activig, 6edentariness) and heightened risks of
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chronic health conditions such as obesity, diabates cardiovascular disease (Van der
ploeget al, 2012). The reason for this is that energy intakgreater than energy release.
The physical activity levels of the majority of ddundividuals are insufficient to ensure
fitness and prevent obesity, contributing to thevated rate of obesity at a global level.
According to Wright and Aronne (2012), the lackpbiysical activity is due to the fact that
technological innovations have diminished the ngitgdor people to engage in physical

tasks.

1.2.2.3. Other factors

Ex-smokers are likely to gain weight both because dmell and taste of food improves
when one stops smoking (Sahénhal., 2009) and also because the body metabolism does
not function as fast as it does when there is imeoin the system, resulting in reduced
energy consumption (Chioleet al, 2008). Although the majority of studies haveuesrd)
that smoking and adipose levels are negativelyetated, the manner in which fat is
distributed in smokers is more harmful to the melism and the rise in BMI is directly
proportional to smoking frequency (Kiet al, 2012). In comparison to individuals who do
not smoke and have a normal BMI, those who do snaokiehave a high BMI are 6 to 8
times more likely to die from obesity-related cdiadis. Furthermore, in comparison with
individuals who do not smoke and have a normal waisumference (WC), smokers who
have a high WC are more than five times more likelydie than non-smokers with a
normal WC.

The increasing rate of obesity throughout the wasldlso tied to the fact that people are
living longer. Loss of muscle mass is a common equsence of age advancement,
particularly in the case of sedentary individudlsis in turn reduces energy consumption,
which increases the probability of weight gain, exsally if the energy intake is higher
(Sahlinet al, 2009). As indicated by the findings of crosstee@l studies, the rise in
obesity levels is directly proportional to age emse, accelerating between the ages of 20
and 30 and continuing until the late 50s (Rollarati@raet al, 1991). Meanwhile, an
important determinant of obesity prevalence is mep which reflects socioeconomic
standing. In England, the BMI of female individualgh a lower income is higher than
that of female individuals with a higher incomedeage BMI 27.7 kg/fvs. 26.5 kg/m),

but no correlation has so far been establisheddstwncome and BMI in the case of male
individuals (NHS, 2013). By contrast, a generabaggion has been established between

lower socioeconomic standing and higher obesigsrat Scotland (SPICe, 2015).
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The caloric content of alcohol is considerable tretefore drinking alcohol directly leads
to weight gain. In addition, it has been demonsttahat weight gain is also triggered by
alcohol consumption indirectly because it enhareggsetite and the sensation of being
hungry in the short-term (Sahlet al, 2009). Pregnant women are more predisposed to
weight gain, due to the fact that foetus’ developtmdemands higher amounts of energy
and nutrients. However, many women struggle tormeta their normal weight after they
give birth (Sahlinet al, 2009), thus increasing the likelihood of becagnaverweight or
obese, particularly if they have been through ntioba® one pregnancy (multiparity).

Another factor that can heighten the likelihoodbgsity is lack of sleep. During sleep, the
hormones ghrelin and leptin, which are respectilieaked to the sensation of hunger and
satiety, are regulated by the body. However, theelghlevels increase and the leptin
levels decrease when an individual has not sldfitgntly (Sahlinet al, 2009), making
them feel hungry. Furthermore, Wright and Aronn@l{) have suggested that a negative
correlation exists between the number of hourst glep night and BMI, with fewer hours
of sleep stimulating cravings for carbohydrate- aaldrie-rich foods and excessive eating,

resulting in weight gain.

1.2.3. Use of medication

Evidence exists that a range of prescription meidicantended for health and wellbeing
causes body fat levels to rise, thus leading toghteigain. It is still unclear how
prescription medication determines weight gain #yabut it has been demonstrated that
some medication, such as medication for diabetegpredsion, inflammation, and
convulsion, is accompanied by side-effects suchnamcreased sense of hunger or water
retention (Malone, 2005), as well as a reductiothefmetabolic rate, leading to increased
sedentarines.able 1-1lists a number of agents that may cause weigint gaare weight
neutral The sensation of hunger is enhanced by some atesicwhich acts on the brain
and triggers modifications in the centre concerndith satiety. There are a number of
considerable dangers related to weight gain andhehiddMI caused by prescription
medication, including an increased level of chaesdt hypertension, and risk of diabetes.
Some medication may induce weight gain in a sheriog of time, resulting in adverse

cardiac effects and leading to hypertension, whécfuires immediate medical attention.
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Prescription medication alternatives may be suggest certain cases, although these may
also have secondary effects and may thereforenowtde a viable solution. Furthermore,
as noted by Seaglet al (2009), not all people respond in the same wapddicular
medications, so the effects may vary. For exangleertain type of medication may cause

some individuals to lose weight and have no efbecbthers.

Drug groups Example of weight gain drugs Example ofveight
neutral/loss drugs
Anti-diabetic agents Insulin, SUs and TZDs. GLRmEktformin, SGLT2
Psychiatric agents Fluoxetine, citalopram Bupropion, Tranylcypromine

amitriptyline, olanzapine,

risperidone

B-adrenergic blockers Propranolol, atenolol -

Neurologic agents Valproic acid, carbamazepine  Lamotrigine, topiramate

Table 1-1 List of medications that may cause weggih or are weight neutral.
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1.3 Body composition measurement

Epidemiological studies have highlighted the faett tto determine how the reflective body
adipose tissues are distributed, there is no needdmplicated densitometry or imaging
methods, as anthropometric measurements (i.e. bddyensions and weight
measurements) are sufficient. These measurementgleran indication of an individual's
predisposition towards obesity based on the detextioin of adipose tissue levels. The
statistical correlations between the weight ande sif the body have enabled the

formulation of accurate limits for overall body fatlume (Heimet al, 2010).

In the UK, threshold values associated with motiidnd mortality, especially in the case
of non-transmittable conditions such as type 2 elied and cardiovascular disease (CVD),
have been established (National Obesity Observagf§9). Apart from BMI, there are
two additional fundamental anthropometric measurésméor adults, namely, WC and
waist to hip ratio (WHR).

1.3.1 Body Mass Index (BMI)

Calculated as the body weight divided by the sqoéhe body height (kg/f), the BMI
indicates the overall body fat volume, but does nefiect how the fat is distributed. Its
measurement is straightforward and accurate andt mmolividuals have no trouble
understanding it (WHO, 2013). A BMI that exceedskegfnt is considered to be a clear
indicator of all-cause mortality (Callet al, 1999). However, the fact that it cannot
differentiate fat mass from lean mass is a majawback of the BMI, because it can lead
to errors of categorisation of younger and oldeopbe On the other hand, evidence
gathered by previous studies suggests that patdmisare overweight have a lower risk of
suffering from cardiovascular disease and havesbstirvival rates than those with a BMI

within the normal range (Romero-Corgdlal, 2006; Oreopoulost al, 2008).

Pischonet al (2008) argued that, in the case of young adalissity is overestimated by
the BMI measure. Young individuals can be clasgifs overweight even though what
causes high BMI values may be lean mass ratherfgthanass, which means that their risk
of morbidity is reduced because they are fittes¢Ronet al, 2008). On the other hand,
obesity may be underestimated by the BMI measurinencase of individuals who are
older or who are not of white ethnicity, due to faet that the level of body fat of these

individuals is greater than that of younger induats. Additionally, the degenerative
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processes that accompany age advancement caustudiae in the height of older

individuals.

The National Institute of Clinical Excellence (NIC@ational Obesity Observatory, 2009)
states that optimum cut-off values have not yenbdearly defined in the case of older
individuals. In the case of individuals of Asianigim, the issue is further complicated
because they seem to be more at risk of healthittmmgl associated with obesity even if
they have a normal BMI (Pischat al, 2008). Therefore, the intermediate cut-off value
of 23 kg/nf (“increased risk”) and 27.5 kgfn(‘higher risk”) have been introduced for this
population (WHO Expert Consultation, 2004). Compaxreindividuals with overweight or
those of normal weight, individualsho are obese are more likely to develop diseases.
Nevertheless, as stressed by Mieal (2002), BMI cannot be used to diagnose obesity bu
only to screen for obesity. The classification afdp weight and the risk of health

complications can be seenTable 1-2

BMI (kg/m?) Definition Associated health risks
Underweight <185 Low (but ir?c.reased the risk
of other clinical problems)
Normal-weight 18.5t0 24.9 Average
Overweight 2510 29.9 Increased
Obese >30
Class | 30to 34.9 Moderately increased
Class li 3510 39.9 Severely increased
Class lll >40 Very severely increased

Table 1-2 Different cut off points and classifioas of obesity into various groups.

1.3.2 Waist Circumference (WC)

WC is a surrogate measure for visceral fat andiipes a cheap, accessible, simple
measure. Abdominal adipose tissue can be measyredrbputed tomography (CT) and
magnetic resonance imaging (MRI), and these teclesiqre able to differentiate between
subcutaneous abdominal adipose tissue (SAAT) asckral adipose tissue (VAT). The
advantage of the two techniques is that they pmuicturate results; however, the services
they provide are expensive so their use is limttedhospitals and research centres. The
processes also take a long time and therefore tieeb@iques are unsuitable for use in
large sample studies (Browniegjal, 2011). According to Pischast al (2008), WC must
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be better defined to enable distinctions to be nimdeeen different stages of obesity that
would help health professionals to predict the sisklated to high WC with greater
precision. The presence of high levels of adipassués in the abdominal cavity and
surrounding the organs is indicated by a high Wiejacompared to subcutaneous fat,
this kind of visceral fat poses greater health siskumerous community and clinical
organisations at both the local and the internatidevel have adopted the sex-related
intervention thresholds proposed by the WH@ble 1-3)

Classification Men Women
Normal-weight <94 cm <80 cm
Overweight 94cmto102cm  80-88 cm
Obese >102 cm >88 cm

Table 1-3 Waist circumference categories.

WC can estimate abdominal fat and overall fat kewelan effective and straightforward
way that is not connected to height. Owing to iffsciency in determining overall fat
levels, WC has been used instead of BMI in clinpactice. On the downside, obtaining
WC data is not as easy as obtaining BMI data becatiseveral reasons, including the
need to use a measuring tape, discomfort felt biduals at having to take off their
clothes, as well as the requirement to measureteydar area of the body. Steveesal
(2010) conducted a prospective study involving e@B®0,000 European participants and
revealed that WC could anticipate the likelihood déath from obesity-related
complications separately from BMI. Similarly, a i@wv of cross-sectional and prospective
studies by the WHO indicated a close correlatiobwben WC and CVD as well as
between WC and type 2 diabetes. Pischbal (2008) also reported that high fat levels in
the abdominal cavity measured with WC instead oflIBire closely correlated with

metabolic syndrome, diabetes, CVD, and all-causeatity.

1.3.3 Waist-to-hip ratio (WHR)

Measured in centimetres, the WHR indicates howataist circumference is related to the
hip circumference. Based on risks and the likelthowf mortality, the WHO has
established sex-particular thresholds for WHR dgdifor WC(Table 1-4)
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Classification Men Women

Normal-weight <0.94 <0.80
Overweight 0.94 t0 0.99 0.80-0.84
Obese >1 >0.85

Table 1-4 Waist-to-hip-ratio categories.

Although WHR can be used instead of WC to meashdomainal adiposity, the higher
risks associated with high WHR values may stem fther abdominal fat or from a
smaller body stature and frame, making interpr@taf this index more challenging
(Pischonet al, 2008). The hip circumference is indicative ofttbdody fat and body
stature and frame. Meanwhile, the prospective stiadyied out by Janssest al. (2004)

has revealed that, in the case of older individuaisrtality can be more effectively
anticipated by WHR than by BMI, especially deatraassult of myocardial infarction and
CVD. On the other hand, there is evidence thatiddals with a small hip circumference

are more prone to diabetes and cardiovascular ¢catiphs (Heimet al, 2010).

An earlier review found that the cut-offs for thme&d of higher risk WHR in South Asian
ethnic groups was0.80 and>0.90 for women and men respectively (Learal, 2010).
Lower cut-off thresholds for non-European groupgehalso been proposed by numerous
studies. However, the predictability of WHR is mastgood as that of WC because of issues
related to the collection of data through measuregnie ensure the validity and reliability
of the data, two measurements must be taken angetisen taking the measurements has
to touch the individuals being measured on the waisl the hips (Heinet al, 2010),

creating a potentially uncomfortable situationtfoe persons being measured.

Valid association between WHR measurements andioezonditions such as CVD, type
2 diabetes, high blood pressure, and specific tyesancers, particularly breast cancer
(Heimet al, 2010). Factors such as age, sex and ethnicihotdfluence the accuracy of
WHR in indicating abdominal adiposity. FurthermaBdl, WC and WHR may differ in
terms of their interpretation as indicators of C¥Bd type 2 diabetes, but the differences
are not marked and lack statistical significanessderet al (2004) reviewed data from
across the UK but did not find evidence that BMIHR/ and WC estimates differed
significantly. Nonetheless, out of the three indicé/HR is considered to estimate high

cholesterol levels most accurately. There is sulisiaevidence in favour of high odd
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ratios once other obesity indicators are taken atoount, but even after BMI and WC

adjustment, WHR is still associated with the higltegree of prediction.
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1.4 Obesity-related morbidity and mortality

Health is adversely affected by obesity in a vgra@tways. People with obesity are more
likely to suffer not only from CVD, high blood psse and peripheral vascular disease,
but also from changes in lung function, such asiced lung compliance, anomalies of
ventilation and perfusion, and respiratory musceakness and diminished performance.
Depressed ventilator drive, obstructive sleep amdndhospasm are also likely
consequences of obesity. Sternal wound infectiowisleg infections may also develop in
individuals with obesity (Gronniger, 2006). In the US aloneguaxd 300,000 people die
from obesity-related complications every year. flapnoea, respiratory problems, high
blood pressure, joint degeneration (e.g. osteaasbhand cancer, especially in female

individuals, are the most pervasive implication®bésity.

1.4.1 Cardiovascular diseases

Most individuals with hypertension are typicallyesweight and are six times more likely
to experience hypertension-related complicationan thndividuals of normal weight
(Alwan, 2011). Furthermore, as emphasised by Radti@l (2006), in addition to being
more prevalent among individuals who are overweidiigh blood pressure can also
develop in young individuals who gain weight. Fastance, an increase in body weight of
10 kg elevates the systolic and diastolic bloodsgues by 3 mmHg and 2.3 mmHg,
respectively, which in turn heightens the likelidoaf chronic heart failure and stroke by
12% and 24%, respectively. Browet al (2000) reported that the prevalence of
hypertension in men increased progressively wighBMI increasing from 15% at a BMI
of <25 kg/nf to 42% at a BMI 0£30 kg/nf.

The blood volume, stroke capacity and cardiac dufjpe all elevated in individuals who
are overweight. In individuals whose blood presssineormal, such a high output state is
associated with diminished peripheral vascularstasce (Trullaset al, 2013), but in
individuals who are obese this resistance is inaaleqor elevated in the presence of
hypertension (Lavieet al, 2009). There are two main causes underpinniegfaletors

associated with hypertension and ensuing coroneait llisease:

1. The effect of obesity on body hemodynamics

2. Processes such as defective endothahalibn, resistance to insulin, anomalies in
the sympathetic nervous system, and adipocyte-pgemtaytotoxic substances that
create a direct correlation between obesity andagdel peripheral resistance.
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Another perspective that is gathering supportas diesity plays a role in the activation of
the sympathetic nervous system and alterationseimalr morphology and function.
Evidence also exists that hypertension in the eofth obesity develops with the crucial
involvement of renal dysfunction manifested as eckd tubular sodium reabsorption and
the resetting of pressure natriuresis. In additknausset al (1998) indicated that obesity
is correlated with dyslipidaemia, while increasddlLLC, low HDL-C and proliferation of

triglycerides are all caused by excessive weight.

In the case of female individuals, the correlatimtween obesity and hypertension is not
very different, with BMI of 25 kg/mand 30 kg/mbeing respectively associated with 15%
and 38% likelihood of coronary artery disease assalt of the fact that arteriosclerosis
develops in the main arteries that supply the migbeen (Lavieet al, 2009). Aside from
interfering with body hemodynamics, obesity alsdances the demand for oxygen to
about 15 ml/kg per minute, causing the heart tokwarder (Gluckmarmt al, 2009) and
resulting in a rise in the blood volume. Shitalal (2012) indicated that the likelihood of
incident hypertension was greater among male iddals in the US who are overweight
or obese than among male individuals of normal fateig

Earlier studies suggested that obesity is an inuthgr® risk factor for coronary heart
disease (CHD) and atherosclerosis (Lawgieal, 2007; 2009). The relationship between
BMI and the risk of CHD events is poorly understodde to the effect of other potential
confounding factors such as non-intentional weighs, smoking and medication. In the
West of Scotland Coronary Prevention Study (WOSCOHR&t comprised 6,082 male
participants, Loguet al (2011) found that obesity was associated witmareased risk of
fatal CHD events after an adjustment was made dafazinding factors. A collaborative
analysis of large prospective studies (comprisifg, 876 participants), undertaken by
Whitlock et al (2009), found a 30% increase in mortality for gvB kg/nf increase in
BMI above 25 kg/h Mortality was higher in those with a BMI of 30-8§/n? (median
survival was reduced by 2-4 years) and a BMI of#48Ckg/nf (reduced by 8-10 years). It
has been suggested that the excess mortality wadaoduascular disease; whereas, the
higher mortality of people with a BMI below 22.5/ktf was due to smoking related
diseases or malnutrition. Additionally, in the 1day follow-up of the Framingham Heart
Study patrticipants (Kenchaiagt al, 2002), it was found that the risk of heart feglu
increased 5% and 7% in men and women respectigevery 1 kg/rincrease in BMI.
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1.4.2 Type 2 diabetes

Type 2 diabetes has become markedly more previaléhé last two decades. In Scotland,
around 284,122 people were diagnosed with diababek this represents 5.3% of the
population (NHS Scotland, 2015). Regardless of fdw that type 2 diabetes is more
prevalent in patients with obesity, 13% of indivadi with type 2 diabetes had a BMI of
18.5-24.9 kg/my, 31.5% had a BMI of 25-29.9 kgfmand 55.5% had a BM#30 kg/nf
(NHS Scotland, 2014). There is ample researchsimgports the fact that weight gain and
obesity enhance the likelihood of type 2 diabetepgecially among individuals with higher
levels of abdominal fat as opposed to fat in thepperies of gluteal-femoral areas of the
body (Kissebah and Krakower, 1994).

According to Huet al.(1999), female individuals are more likely to haype 2 diabetes if
they are obese and do not engage in physical gcti@imilarly, Careyet al. (1997)
indicated that a BMP23 kg/nf heightens the risk of diabetes, while a BAM5 kg/nf is
associated with almost 100 relative risks. Eaiedl. (2011) investigated the correlation
between type 2 diabetes and obesity and discovénratdthe development of type 2
diabetes has an adverse impact on the functionr@inflammatory cytokines such as
Tumour Necrosis Factor (TNF) and Interleukin-6 @L-mitochondria, insulin resistance,
fatty acid metabolism, and the endoplasmic reticuliPeople with obesity have higher
levels of free fatty acids, which determine a daseein insulin production and an
overproduction of hepatic glucose (Boden, 2008Jatt, the elevated prevalence of type 2
diabetes is based on obesity and the distributforisceral fat as a major risk factor. As
explained by Mancini and Halpern (2008), a chromflammatory condition with

resistance to insulin may develop as a result®fktibstances contained in visceral fat.

Formiguera and Canton (2004) argued that obesudytyge 2 diabetes are primarily linked
through insulin resistance, which refers to the faat insulin can no longer regulate the
metabolism of carbohydrates and lipids effectivétyindividuals with obesity and type 2
diabetes, insulin resistance takes the form ofeceduransport and metabolism of glucose
in adipocytes and skeletal muscle as well as dgsfomal inhibition of hepatic glucose
output (Formiguera and Canton, 2004). When the neascis no longer able to overcome
insulin resistance by producing sufficient insulinjeads to the development of type 2

diabetes.
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Furthermore, Ye (2013) reports that glucose honasasis affected in different ways by
the various adipose tissue sub-types, as thesetdbawe the same function. Among the
different processes underpinning the correlatiotwben obesity and type 2 diabetes are
cytokine overproduction, deposition of ectopic adip tissue, and inadequate functioning
of the mitochondria. A moderate decrease in bodghtas enough to avoid both type 2
diabetes and obesity; this can be achieved in warmays, including lifestyle changes,

behavioural intervention, obesity drugs, or baigagurgery (SIGN 116, 2010).

1.4.3 Cancer

According to statistics reported by Vucergk al. (2012), in the UK, one out of twenty

types of cancers is associated with obesity or drigiian-normal weight. Research has
revealed that individuals with overweight are mdkely to develop certain types of

cancer. As stated by the International Agency fesdarch on Cancer (IARC), the existing
evidence is ample enough to support the correlabetween obesity and cancer,
especially, post-menopausal breast cancer, oesephaglenocarcinoma, endometrial
cancer, colorectal cancer and renal cell canceRQA2002). Fat deposition and exposure
to growth factors are the reasons that increasestiseeptibility of individuals with

overweight to the influence of hormones. Furthemmordividuals who are obese are more
likely to develop some types of cancers becausedisérogens in their blood are higher

than usual.

To determine how a BMI rise of 5 kgfnis correlated with the risk of twenty types of
cancers with greater or lesser prevalence, Renethain(2008) carried out a meta-analysis
and found that the risk of endometrial cancer (RB9,195% CI: 1.5 to 1.6& <0.001),
oesophageal adenocarcinoma (RR 1.59, 95% CI: 5.3174,p <0.001), kidney cancer
(RR 1.34, 95% CI: 1.25 to 1.4B,<0.001) and gallbladder cancer (RR 1.59, 95% @12 1
to 2.47,p =0.04) was considerably higher, especially in fiemadividuals. Furthermore,
the increase in BMI was also significantly correthtwith leukaemia, postmenopausal
breast cancer, thyroid cancer, multiple myelomacpaatic cancer and colon cancer. On
the other hand, male individuals were particulatyisk of oesophageal adenocarcinoma,
colon cancer, thyroid cancer and renal cancer, ek multiple myeloma, rectal cancer,

malignant melanoma and leukaemia.
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1.4.4 Respiratory diseases

Obesity may also trigger different respiratory peohs. Elevated ventilation demand,
tissue perfusion, breathing overload, reduced fanat residual capacity, low performance
of respiratory muscles, and peripheral lung segrbfatkage are common occurrences in
people who are overweight. As explained by Zameh#l. (2010) such conditions usually
result from the fact that the ventilation demand nist balanced with perfusion
insufficiency, particularly in a prone position.\@eely people with obesity often develop

obstructed respiratory syndrome.

Severely individualswho are obese display respiratory insufficiency gndmonary
hypertension. As the expanding pulmonary structaressubjected to increased pressure
due to the greater weight, sleep disorders andingaobstructions are highly prevalent
among individualsvith obesity. The condition known as sleep apnseeharacterised by
recurring intervals of breathing obstruction angdynoea during sleep, a sensation of
sleepiness during the day as well as irregularigputinonary function (Zammiet al,
2010). Furthermore, Murugan and Sharma (2008) iglgtdd the fact that additional
respiratory diseases are also more likely to devéhopeoplewho are obese, such as
bronchial asthma, pneumonia, pulmonary embolisnmeoary hypertension, deep vein

thrombosis and chronic obstructive pulmonary diseas

1.4.5 Additional obesity-related morbidities

The hormonal irregularities that accompany obesity responsible for about 6% of
primary infertility, interfering with normal reprarttive function in the case of women and
making men impotent (Esposiéb al, 2004). Furthermore, the kidneys, liver, gall lled

muscles and bones, and the endocrine system asewalely affected by the increased
levels of lipids in the body (Reeuwigt al, 2010). The likelihood of secondary disorder

development increases in direct proportion withléwels of adipose tissue in the body.

The kidneys are under massive pressure in indilgdudo are obese as they have to
eliminate the toxins and sustain the demands mgé lelevated BMI on the metabolism.
As a result of hyperfiltration, the likelihood oidkey disease is high. Additional condition
that is prevalent in individuals with obesity istemarthritis (OA), and additional
musculoskeletal conditions such as back pain and (frotle et al, 2008). Moreover,
compared to individuals of normal weight, peopléhwabesity are more likely to develop
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cholelithiasis and cholecystitis, while their riskdeveloping Alzheimer’s disease is 42%
greater (Beydouet al, 2008).
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1.5 Health implications of weight reduction

The findings of the review of weight loss studiemducted by Poobalaet al (2007)
revealed that conditions associated with obesitgh @s diabetes, high blood pressure, and
high cholesterol and LDL levels, all improved aseault of a weight reduction of 5-10%.
According to the Action for Health in Diabetes (lkoAHEAD) study, substantial weight
reduction also leads to ample clinical benefits r{g\et al, 2011). However, it remains
unknown whether clinical outcomes such as myochidiarction, stroke and sudden

death are influenced in any way by weight reduction

1.5.1 Weight loss and mortality

The link between obesity and increased risk of alibytis well documented. However,
studies found that patients suffering from obesaityl other diseases such as rheumatoid
arthritis or heart failure were associated withrdased mortality “obesity paradox”. For
example, in a meta-analysis of studies with a tofaR8,209 participants with cardiac
failure (Oreopouloset al, 2008), patients with a BMI of 25-29.9 kd/rand BMI >30
kg/m? had 16% and 27%, lower all-cause mortality respelgt than patients with a BMI

of 18.5-24.9 kg/rhduring a period of 2.7 years. In a prospectiveocbbf 779 participants
with rheumatoid arthritis, Escalangt al (2005) found that, after adjusting for smoking,
medication and duration of disease, the mortabtg was 66% lower in patients with a
BMI >30 kg/nt than those with a BMI of 20-24.9 kg?m

The results of the study conducted by Gregal. (2003) indicated that the likelihood of
death decreased when moderate deliberate weighictred was achieved, but the
likelihood of death increased as a result of inaidve weight reduction in the case of
overweight and obese adult Americans aged 35 ywavkler. Likewise, Wannametheg¢
al. (2000) reported that the mortality rate rose by7Z% due to inadvertent weight
reduction, owing to the natural history of a ramgeonditions, including depression, end-
stage heart disease, and cancer. Likewise, thealhtyprtate decreased by 25% among
female and male individuals with diabetes-relatedigit reduction, while a weight
reduction of 20-29Ib (9-13 kg) led to the most gigant mortality rate decrease of 33%
(Williamsonet al, 2000). Moreover, a prospective cohort study (®wos et al, 2007) of
2,010 participants who had bariatric surgery artid 2,who were following conventional
treatment programmes, showed that over 10.9 yddotlawv up, the overall mortality rate
within the surgery group was reduced by 29% (10dthgein the surgery group and 129
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deaths in the control group). Another retrospeativeort study carried out by Adarasal
(2007), involving 9,949 patients who had underggastric bypass and a control group of
participants suffering from severe obesity who ggapfor driver’s license, found that, over
7 years, long-term mortality decreased by 40% antbegsurgery group and there were
92% fewer deaths caused by diabetes and 60% fexa¢insicaused by cancer.

On the other hand, Trullat al. (2013) reported that no BMI category was associaiiu

a heightened mortality risk as a result of weigdkduction equal to or greater than 5%.
However, there are some chronic debilitating cood#, such as cardiac cachexia or
chronic obstructive pulmonary disease (COPD), thatl to massive weight reduction,
which increases the likelihood of death (Graessledd, 2009). Furthermore, some studies
have suggested that all-cause mortality beneffferdaccording to sex. Indeed, Poobalan
et al. (2007) revealed that female individuals who dekibely lose weight enjoy all-cause
mortality benefits in the long-term, but the lormgrh benefits for male individuals are yet

to be fully elucidated.

In conclusion, in the general population, the mgkmortality increases with a BMI >25
kg/m?; however, a higher BMI in people with a diseasehsas CHD or rheumatoid
arthritis is associated with a decrease in the aityrtrate. A study by Martin-Poncst al
(2010) that included 400 patients ageD years who were hospitalised at the internal
medicine unit found that patients who suffered fralpesity had a better long-term survival
chance than those with lower BMI scores. The staldp concluded that people with
obesity were younger, suffered less from anorel&d better nutrition and had more
muscle mass. It has been suggested that the bdtsrof survival associated with obesity
are due to factors other than any beneficial effexft excess weight, such as reverse
causality due to disease-related weight loss. Aattitly, it is suggested that in case of
ageing and illness with obesity, a “healthy BMI niey>25 kg/m, but not over 30 kg/f

1.5.2 Diabetes

Complicated comorbidities are more likely to octuindividuals with obesity and type 2
diabetes (Nilsson, 2008). According to the findimgsa number of studies, lifestyle
modifications, including physical activity, medigat, and surgery, are effective in helping
diminish the incidence of type 2 diabetes in relatio obesity (Nilsson, 2008). However, it
is still unclear how weight loss benefits patientth type 2 diabetes. Souto-Gallardo Mde

et al. (2011) have reported that hypoglycaemic medicati@s needed less frequently
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and/or diabetes showed remission as a result gfhiveeduction. Similarly, Aucottt al.
(2004) revealed that the status of type 2 diabatek impaired glucose tolerance (IGT)

improved after moderate weight reduction.

The Look AHEAD study reported a correlation betweegight reduction and enhanced
diabetes control. Carried out in the US, this stadgnprised 5,145 overweight and obese
individuals with type 2 diabetes who were randordlyided into two groups; where
members of one group receiving standard diabetggostiand education and members of
the other receiving intensive lifestyle interventiolhe latter programme consisted of
collective and one-on-one meetings geared towasetkicing weight and hindering
renewed weight gain via an approach involving loamergy intake and enhanced physical
activity (Pi-Sunyeret al, 2007). At baseline, all participants had a BA6 kg/nf or >27
kg/m? in the case of those taking insulin. Additionalyl, participants were older than 40
years of ageThe main goal was to establish whether an approawtbining diet, physical
exercise and behavioural changes, including fortimmaof objectives and maintenance of
weight reduction to 7% or more of the original baslgight, could accomplish long-term
weight loss that would lower cardiovascular mortyidind mortality in patients with type 2
diabetes. Male and female participants with typ#iabetes were subjected to an exercise
test, since the ultimate goal was to diminish tis& of cardiovascular conditions, while

weight loss was a primary objective.

Participants were not included for randomisationthi@ intervention group if they did not
satisfy the criteria for age-related maximal heate. Registered dieticians, behavioural
psychologists, exercise specialists and lifestgiensellors made up the intervention teams
that managed the sessions. They met with the pmtits regularly during the first six
months, with an individual session being scheddiadng the fourth week of each month.
The results revealed that the intervention grougmiplished 8.6% weight losB €0.001)
when the support group achieved only 0.7% weighs.lé\t twelve months, people with
type 2 diabetes lost a significant amount of weigiving to the intensive intervention,
resulting in better diabetes management and dilmdisisk of CVD and use of drugs (Pi-
Sunyeret al, 2007).

Williamson et al. (2000) conducted a prospective study on 4,970qyaaints with type 2

diabetes who were 13 years or older, who were rocedtfor deliberate and inadvertent

weight reduction. Results showed that mortality thueardiovascular disease and diabetes

decreased by 28% among those who lost weight detddg. In a different study, the
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medical records of deceased individuals with typhabetes were investigated by Lestn
al. (1990), who observed that individuals lived 3-4mhs longer for every kilogramme of
weight lost. Similarly, Knowleet al. (2002) reported that the risk of type 2 diabetes wa
considerably lowered by modest weight reductioB-dfkg (5%).

The Diabetes Prevention Programme (DPP) showedittivedis possible to prevent the

onset of type 2 diabetes with an intensive progranaflifestyle changes and diet. The
DPP succeeded in reducing the incidence of typ@aRetks by 58% in a population that
was at high risk of developing this disease bystifle intervention and physical activity

that aimed to achieve 7% weight loss (Knowdéml., 2002). It randomly assigned 3,234
individuals without diabetes and with an elevat&{zRo a group that received a placebo,
metformin (850 mg twice a day) or was given a tifs intervention programme. At 3

years, the cumulative incidence of diabetes in phecebo, metformin and lifestyle

intervention groups was 28.9%, 21.7% and 14.4%ews/ely.

1.5.3 Lipid profile

Blood cholesterol, low density lipoproteins (LDL)datriglycerides all occur at high levels
in the serum of individuals who are obese (Jeblal, 2011). Overweight individuals
usually have reduced levels of high density liptgires (HDLS) and there is generally an
increased level of triglyceride in those who arsuim resistant. The main recommendation
for improvement of lipid profile in patients whoeaalso obese is weight loss (Graesster
al., 2009). However, the issue regarding the impaateifjht loss on HDL concentration
has been extensively debated, with HDL blood levatsng higher in the case of
individuals who maintain a stable weight than thag® lose weight. This is because all
lipids levels fall during weight loss and increasee the weight stabilises.

Poobalaret al. (2004) systematically reviewed 13 studies conduatedarious countries

and concluded that lipid levels, particularly LDInda total cholesterol levels, were
favourably impacted in the long-term by weight retton. In the long-term, cholesterol
levels decreased by around 5% (0.23 mmol/l) wittaagrage weight reduction of 10 kg.
However, as highlighted by Pi-Sunyer (1996), a Weigduction of 10 kg in the short-
term could result in a greater decline in choledtlvels of up to 10%. Furthermore, the
findings obtained by Avenelét al. (2004) from systematically reviewing randomised
controlled trials (RCTs) indicated that LDL, totaholesterol and triglyceride levels
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decreased while HDL levels rose in the case oliddals with overweight or obesity who
lost between 5 and 10 kg.

1.5.4 Hypertension

There is a positive correlation between weight geanand blood pressure. According to
several studies, blood pressure decreases as la sésueight reduction and enhances
blood peripheral resistance by reducing fatty pésqun arteries and capillaries that had
obstructed the blood flow. It is suggested thaarge of pathophysiological mechanisms
may be involved but these have not been identiv@tl certainty. Extracellular volume
diminishes as a result of weight reduction anduim treduces hypervolaemia and cardiac
output, inhibits the sympathetic nervous systenguces resistance to insulin and
normalises the correlation between aldosteroneranoh, which ultimately leads to the
reduction in blood pressure (Mertens and Van G410).

The results obtained by earlier intervention stsidevealed that cardiovascular risk factors
associated with obesity (e.g. high blood pressaucedabetesyvere considerably reduced
after intentional weight reduction of 5-10% (Sjostret al, 1999). Furthermore, Netet

al. (2003) reviewed a series of RCTs and found thateézh kilogramme of weight lost,
the diastolic pressure dropped by 0.92 mmHg. Theertgnsion Prevention Collaborative
Research Group (1992) compared how the diastokt systolic blood pressures were
affected by weight loss among 308 individuals witlgpertension and among 256
individuals with normal blood pressure. The hypestee group lost 23.9 kg (4.3%)
following a year and a half of intervention, whichused the diastolic and systolic blood
pressures to decrease to 22.3 mmHg and 22.9 mnadgectively. Meanwhile, a Look
AHEAD study found that the systolic pressure (-5\&3 -2.97 mm Hgp <0.001) and
diastolic blood pressure (-2.92 vs. -2.48mmldg:=0.01) of individuals subjected to an
intensive intervention over four years improved ensignificantly than those in control
group (Wing, 2010).
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1.6 Therapeutic interventions for obesity
1.6.1 Existing guidelines

The initial step in the treatment of obesity igdentify individuals who are overweight or
obese. In the UK and the US, weight managemenpisally undertaken in the context of
primary care, since the numbers of patients whooaesweight or obese has become so
high (SIGN 8, 1996; Sciamanmd al, 2000). Although awareness about growing levels of
obesity is high, measurements are not conducted oegular basis. According to the
findings of an audit conducted in the UK, the reutign of obesity within primary care
was inadequate with weight or BMI measurements wealeded in the medical records of
just two-thirds of the patients of forty generaagtices that indicated they were interested
in weight management (Laws, 2004). In the UK, ad p&the Quality and Outcomes
Framework (QOF) set up in 2006, general practitisr{&Ps) are rewarded for recording
individuals with a BMI>30 kg/nf who are age@16 years. In 2010, in England, it was
found that prevalence of obesity according to ttamdard set in the QOF (10.5%) was
lower than the prevalence recorded in the healthesu26.1%); this result may reflect the
fact that not all patients were measured or hadwated their GP (NHS, 2012). In
Scotland, the Scottish Intercollegiate Guidelingviek (SIGN) guidelines were issued in
2010 to support management of adult obesity withiclinical context. These guidelines
include measures for preventing obesity via primatgrvention targeted at people of

normal weight or within the obesity range.

Weight gain prevention, achievement of weight reidnc of 5-10% or more, and
improvement of health and risk factors are the gyaaltlined by SIGN 115 (2010) for
weight management in the case of individualth obesity. Furthermore, the guidelines
emphasise that physical exercise, diet modificatiamd behaviour management should be
integrated in weight management. It is recommentatithe BMI should not exceed 25
kg/n?, diets should be dominated by foods with lowergpelensity, such as wholegrains,
cereals, vegetables and salads, and alcohol comissnmphould be limited. SIGN
guidelines recommend that healthcare professiatadald encourage individuals to weigh
themselves and consider the patient’s willingnesshange before offering weight loss
interventions. Additional recommendations inclutte use of medication in support of
diet, physical exercise and behavioural modifiaetin individuals with a BME28 kg/nf
with comorbidities or a BME30 kg/nf, after comprehensive consideration of risks and
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benefits. Another option that should be taken aatoount in adult weight management is
bariatric surgery (SIGN 115, 2010).

The guidelines for obesity treatment that have bssmed by the NICE (2014) specify that
every NHS department should play a role in idemtdgyand managing individuals who are
overweight or obese. One of the greatest diffieslttonfronting healthcare practitioners in
the UK is ensuring that patients stay physicalliivac To effectively deal with obesity, a
multi-faceted strategy has been advocated by tk#EENIfestyle guidelines (NICE lifestyle,
2014). ljzelenbergt al. (2012) advocated the prioritisation of commerciagrammes for
obesity management such as community-based progearfwousing on healthy eating and
physical activity. Additionally, to motivate indiduals to improve their lifestyle, cognitive

behavioural therapy should also be included in henganagement programmes.

An approach integrating physical activity, diet dmehavioural changes is considered the
most effective in managing obesity and excessivighteHowever, bariatric surgery or
medication therapy is necessary in the case of somwiduals. No treatment is
commenced before an assessment of a patient iucaadto determine any potential
risks. This so-called “risk-benefit assessmentphdb establish which treatment would be
most effective (Neff and le Roux, 2013). The amoohexcessive weight and patients’

preferences are taken into account when decidirg specific treatment course.

In conclusion, the NICE (2014) recommend that matiponent interventions should be
the treatment of choice for people with obesitytidtdis should be given all the
information they need regarding realistic targetsvieight loss (5-10% of initial weight)
and know that the main requirement to reach thgetadiet is that energy expenditure
should be higher than the total energy intake.dditeon, 45-60 minutes/day of physical
activity may help to prevent obesity in people wdamnot reduce their energy intake; and
60-90 minutes/day of physical activity may be nekfite people who are obese and have
recently lost weight. Furthermore, the NICE (20@d)delines recommend drug treatment
for patients who have not yet reached their targetight loss through lifestyle

interventions and the consideration of bariatrigeuy for those with a BMI >50 kg/fm

1.6.2 Modifications in lifestyle and physical activ ity

Weight gain is the result of sedentariness, lackhofsical activity, and unhealthy eating

patterns. Hence, improving these aspects is theisfoaf the majority of weight
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management programmes (Esposti al, 2006). Behavioural programmes seeking to
improve lifestyle choices are referred to as lifesinterventions. At the same time, weight
management programmes put great emphasis on phgsitodaty as a solution to redress

the balance between energy intake and energy cqtgumChanges in what individuals

eat and drink, how much they eat and drink and bften are necessary to reduce the
intake of calories and, thus, to achieve weightucédn. The energy intake should be
reduced by 600 kcal/day or 3,500 kcal/week, in ptdeattain the recommended weight

loss of 0.5 kg per week.

Diets with low fat content, modest energy presaipt low or extremely low caloric
content, protein-sparing modified fasts, and dietsin both carbohydrates and fat can all
help to reduce the energy intake. A range of diath at least one-year follow-up was
compared in the context of a detailed health teldgyoassessment (HTA). In the case of a
600 kcal deficit diet or diet with low fat conterhe average amount of weight lost over
twelve comparisons was -4.6 kg (95% CI. -7.20 t60kg), while standard interventions
led to an increase in weight of 0.60 kg (95% Cl361to +2.40 kg) (NICE, 2006; SIGN,
2010). Similarly, at the one-year follow-up, a made weight reduction of 5-6% as a
result of hypocaloric diets with 800-1800 kcal/datake and less than 800 kcal/day was
recorded by Tsai and Wadden (2006). In a diffestidly, a moderate weight loss of 5 kg
was recorded at the one-year follow-up as a redulliets low in carbohydrates (<30
g/day) and low in fats (<30% of overall energy k&drom fat per day) (Nordmaret al,
2006). Additionally, the results obtained by Pi-8enet al. (2007) in the Look AHEAD
study indicated that lifestyle interventions of thigtensity led to a 5% weight reduction in
68% of the participants and a minimum of 10% weigltluction in 37% of the
participants.

The benefits of physical activity include maintecamf weight reduction in the long-term
and maintenance of a lean body mass during dietihg. UK guidelines suggest that, in
order to derive health benefits, adult individual®ould engage in moderately intense
physical activity for a minimum of 150 minutes wiekHowever, this interval may need
to be prolonged, since the recommendation of 150utes was formulated based on
physical activity that participants in longitudir@servational studies themselves reported.
According to the SIGN guidelines (SIGN 115, 201ividuals with overweight or
obesity issues should aim for 225-300 minutes ofienately intense physical activity per
week, which could be completed in five sessiongi®60 minutes weekly and would
result in the burning of 1,800-2,500 kcal/week.tRermore, physical activity should be
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undertaken in conjunction with other strategieswafight management. Jakicet al.

(2008) reported that adult female individuals wibesity exhibited a dose-response
relationship with regard to the level of physicatiaty they engaged in and the ability to
maintain the weight they lost in the long-term. Eento summarise, behavioural therapy,
physical activity, and dietary intake represent theee cornerstones through which

lifestyle interventions can achieve beneficial apes

Other study reported that, after one year, gresgeght reduction was achieved through an
intervention consisting of 45 minutes of physicetiaty three times a week and a low fat
diet aimed at reducing the caloric intake by 60@lkiay than through a programme
consisting of diet alone. The diet-only group aghtkan average weight reduction of 4.10
kg (range -4.00 kg to -5.10 kg), while the physiaativity combined with dieting group
lost on average of -5.60 kg (range -5.10 kg toG&d) (NICE, 2006). Furthermore, diet
alone is not as efficient as an intervention cosipg physical exercise, behavioural
therapy and hypocaloric diet, as attested by a-awedidysis of five studies, which revealed
that diet alone led to a weight reduction of jugt80kg (range 0.53 kg to -2.40 kg), while
the combined intervention achieved a weight reduactif 4.60 kg (range -3.33 kg to -5.87
kg) (NICE, 2006; SIGN 115, 2010).

The treatment of adult with obesity benefits gne&tbm behavioural programmes (Shaw
et al, 2005) which are designed to bring about changethe way individuals act and
think that are in line with changes in patterngbysical activity and diet. To lose weight
and prevent regaining it, individuals must havamrge of behavioural skills. Behavioural
therapy aims to equip individuals with techniquesl gractices that will change their
attitude to physical activity and eating. Some héh&al change techniques include
patient monitoring, motivational enhancement, aagnitive behavioural therapy. It has
been demonstrated that, in comparison with dieheglaliet combined with behavioural

therapy achieved greater weight reduction afteryeaae.

Shawet al. (2005) indicated that greater weight reduction a&elsieved through lifestyle
interventions focusing on development of healthiyngabehaviour coupled with physical
exercise than through interventions focusing on pg/sical exercise or just diet. There
are various factors that can determine the exténteatment success. Thus, treatment
success can be diminished by family traits, suclpaents with obesity (Sabin, 2007)
and/or siblings, attachment avoidance on the parhe mother, as well as maternal
depression. Reinelet al. (2010) argued that outcomes after five years cbaldnticipated
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based on BMI decrease during interventions. Thega®es of weight management can be
more comprehensively understood and obesity treaswan be improved once the factors

that most favourably and unfavourably affect weiglss are better understood.

1.6.3 Medication-based treatment

The efficiency of medication-based treatments adsitly, either on their own or integrated
with behavioural therapy, has been the focus of ynstndies. The main purpose of
medication-based treatments is to regulate foodwoption and body weight (Ornellas
and Chavez, 2011), particularly in individuals whtiuggle with maintaining weight

reduction through changes in eating habits andtijfe.

1.6.3.1 Orlistat

Orlistat is used to treat obesity in the long telhoften modifies the digestion of fats by
restraining the pancreatic lipases (Hemkal, 2000). Hence, fats are not hydrolysed
completely and excretion of faecal fat is augmenidds medicine is usually available in
120 mg capsules with the recommended dose beingntt be taken three times daily
(Berne, 2005).Orlistat’s effectiveness in facilitating weight ®das been verified in

various other meta-analyses and randomised ttialkst @l, 2005; Torgersoet al, 2004).

In numerous other trials related to patients witbdtes, orlistat resulted in a significantly
higher of weight loss and diminished glycosylategroglobin (HbAlc) at 1 year when
compared to the placebo groups (Kelletyal, 2002). Yancyet al (2010) conducted
another trial, in which 146 patients suffering frasbesity (that is, having a BMI of
39.3kg/nf) were examined. A low-fat diet (less than 30% oltine energy) in
combination with orlistat resulted in a loss of g (9% on an estimate) that was
analogous with a low ketogenic carbohydrate dietigiwally less than 20g
carbohydrates/day). A 1-year trial was conductedagibus centres by Milest al. (2002)

to evaluate the effects of orlistat. The trial adn® check the effects of 120 mg
orlistat/three times a day versus a placebo ineptgtiwho are overweight or obese with
type 2 diabetes who were being treated with metiort the end of the 1-year treatment,
weight loss was significantly greater in the gradpich was on orlistat than the placebo
group. Glycaemic control improved immensely in ¢ineup which was treated with orlistat
and the HbAlc serum was significantly reduced. 8de al. (2002) concluded that the
orlistat treatment was very helpful in reducing gigi and improved the control of
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glycaemia along with blood pressure and serum llpicels in patients suffering from

obesity and type 2 diabetes who were being treaigdmetformin.

In another 57-week randomised double-blind placsidrolled study, 120 mg of orlistat
or a placebo was administered orally three timgstdgether with hypocaloric diet to 391
men and women aged 18 years and over who wererisgffiecom obesity (with a BMI of
28-40 kg/m) and type 2 diabetes and who were being treatédosél sulfonylureas (SUs)
(Hollanderet al, 1998). After 1 year of treatment, the mean wedtange in the orlistat
group and the placebo group was -6.2 £ 0.45% ardl+49.49% p <0.001), respectively.
There are numerous clinical trials which indicdtattearly weight loss is greater and the
rate of weight regain is lowered when a patierttaated with orlistat than when they are

treated with a placebo and lifestyle changes.

Another controlled trial was conducted to analysetblerance levels and effectiveness of
orlistat over a 2-year period in participants withdiabetes (Sjostrort al, 1999). In the
first year, the group which was on orlistat lostrenaveight than the group which was
given the placebo treatment (10.2% [10.3 kg] v&%6[6.1 kg]). A total of 743 patients
from 15 European centres whose BMI was between728eint were included in this
trial. 688 patients were treated with 120 mg ofstatt 3 times/day or a placebo for 1 year.
By the second year, patients who were on orlidateyl half the weight they had lost back
again when compared to the patients on who switthg@thcebo§ <0.001). The group of
patients who switched from the placebo to orlidiating the second year had an additional
weight loss of 0.9 kg. Apart from the weight logswas observed that the orlistat group
showed lesser concentrations of glucose and insiohver cholesterol levels, LDL/HDL
ratio and LDL when compared to the placebo group.

This study finally confirmed that orlistat, wherkéa in conjunction with an appropriate
diet, promotes a significant loss of weight andsées the chances of weight gain in
patients who are obese over a period of 2 yearenilistat is taken for more than 2
years, the patient should be closely monitoredafiverse events. Further study showed
that orlistat, taken at a dose of 120 mg/three giah&ly in conjunction with a low caloric
diet, can reduce weight by 30 % in patients withet® diabetes and hypertension (Berne,
2005).

In a 4-year double blind (XENDOS) study of 3,304igrats with overweight, Torgersaat
al. (2004)concluded that the use of orlistat along with lij#s changes exhibited better
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results when compared to the changes achievedjbsgtacknt to lifestyle alone. The study
concluded that orlistat combined with lifestyle ngas reduced the incidence of type 2
diabetes. Prospective subjects who participatethenstudy were advised of the lifestyle
changes they had to make and were given eitheaicelpb three times a day or 120 mg of
orlistat three times a day. The BMI of the subjeess less or equal to 30 kgfrand they
had an impaired percentage of 21% or normal pesgentf 79% glucose tolerance. The
primary aim was to check the onset of type 2 dieband observe whether there were any
changes in body weight. The intention of the anslygas to shed light on effective
treatment choices. The percentage of the patientsaempleted the treatment were 52%
in the group treated with orlistat and 34% in theugp which received the placebo
treatment§ <0.0001). The mean weight loss was significantlager in the orlistat group
when compared with the placebo group (-10.6 kg&2 kg;p <0.001).At the end of 4
years, the degree of incidence for diabetes in ghtents who received the orlistat
treatment was 6.2% and 9% in the patients who vedethe placebo treatment, which
corresponded to an overall risk reduction of 37(g%0.003). The mean weight change in

the orlistat group and the placebo group was -§.8rd -3.0 kgp <0.001, respectively.

Worldwide, over the past ten years, it is estimdbed 40 million individuals were treated
with orlistat. Dougla®t al (2013) conducted a population-based study usatg on acute
liver injury incidences from the use of orlistapogted through the “UK Clinical Practice
Research Data link”. They found that acute livguny incidences from the use of orlistat
augmented (roughly doubled) ninety days beforethirty days after the treatment began
in comparison with background prevalence. The datggested that this linkage is not
causal. On the other hand, patients taking orlist& warned to contact healthcare
professionals if they see sign of anorexia, palewed stools, jaundice, and itching. In
addition, a study reported a statistically sigrifit decrease in the presence of all assessed
fat-soluble vitamins after 4 years of treatmenthi@ orlistat group when compared with the

placebo group (Torgersaat al, 2004).

1.6.3.2 Other drugs

Liraglutide (Victoz&) is a glucagon-like peptide-1 (GLP-1) long-actimmalogue.
Liraglutide is administered once a day by subcuiasédnjection and has shown benefits
for glycaemic control at doses up to 1.8 mg/dag for weight loss at doses of up to 3.0
mg once daily (Astrugt al, 2012). Its effect is on the gastrointestinattrand the brain

by as it suppresses appetite and energy intaketim formal-weight people and people
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with obesity as well as in individuals with typediabetes and it delays gastric emptying
(Astrupet al, 2009). The fact that liraglutide causes dosesddpnt weight loss, decreases
the concentration of HbAlc, improvfscell function and systolic blood pressure (Vildbol

et al, 2007) makes it a treatment option for both @Ekabetes and obesity.

The taking of liraglutide in diabetes trials iskad significantly with weight reductions
(2.0 to 2.5 kg). The loss in weight is also obsdrire people without diabetes receiving
liraglutide over a 20-week. Astrugi al. (2009) conducted an RCT among 564 participants
with a BMI in the range 30-40 kg/mOf these, 95 were distributed at random to one of
four liraglutide doses (1.2 mg, 1.8 mg, 2.4 mg3ang); 98 were allocated to the placebo
group; and 95 were allocated to the orlistat 120gmogip. An intervention comprising 500
kcal/day energy-deficit diet and physical exeraises applied to all participants. Results
indicated that, by comparison to the placebo (abes) and orlistat (vs. 2.4 and 3 mg
liraglutide), a more significant weight reductiomsvachieved by liraglutide administered
together with lifestyle intervention. The four ljlatide doses led to an average weight
reduction of 4.8, 5.5, 6.3 and 7.2, respectivelpilevthe placebo and orlistat induced
weight reduction of 2.8 and 4.1 kg. The percentigadividuals who lost more than 5%
of their weight in the liraglutide 3.0 mg group w&% f =70) when compared with the
individuals in the placebo group (30%529) or the orlistat group (44%,=42).

Moreover, in an earlier RCT (SCALE study) condudte@7 countries in North America,
Europe, Asia, South America, Africa, and Austrdiam 1 June 2011 to 18 March 2013
(Pi-Sunyeret al, 2015), 3,731 participants without diabetes nesei counselling on
lifestyle modification; 2,487 participants receiviadglutide 3 mg, and 1,244 participants
received a placebo. At week 56, the mean weighhgdan the people in the liraglutide
group was -8.4+7.3 kg and in people in the placgtmup was -2.8+6.5. The estimated
treatment difference was -5.6 kg (95% CI: -6.03d.kg),p <0.001.

Drugs such as phentermine and topiramate (Q$Yyniaot available in the UK, but
available in the US) given in combination are atiaspfor obese adult without coronary
heart disease and who do not suffer from hyperengBays, 2010). Phentermine, a
nonselective stimulator of synaptic noradrenalidepamine and serotonin release, has
been widely used (mainly outside of Europe) asaatdlerm appetite suppressant since the
1960s (Ryan and Bray, 2013). Topiramate is an amiglsant drug and approved for the
prophylaxis of migraine headaches. It has shownstamlial weight reduction in
individuals with obesity but is not currently appeal as a treatment for obesity (Ganaty
59



al., 2012). The US FDA in 2012 approved an exten@ééebse topiramate and phentermine
preparation (in one capsule) for adults having al Bi#27 kg/nf along with at least one
comorbidity related to obesity or a BMi30 kg/nf (e.g., dyslipidaemia, diabetes and
hypertension) (Gaddet al, 2011). Such a combination was thought to in@ehs loss in

weight in the initial year of use, as was demonstrdy the subsequent trials:

In a CONQUER study (Gaddst al, 2011), the phentermine-topiramate combinatiash an
its controlled release (15/92 mg or 7.5/46 mg) waspared with the placebo in 2,487
adults having a BMI of 27 to 45 kgfrand two or more comorbidities. After one year, the
mean weight loss was -1.4 kg (95% CI -1.8 to -@Yik the placebo group, -8.1 kg (95%
Cl: -8.5 to -7.1 kg;p <0.0001) in the group given 7.5 mg of phentermind 46 mg of
topiramate and -10.2 kg (95% CLO0.4 to -9.3;p <0.0001) in the group given 15 mg of
phentermine and 92 mg of topiramate. Only 61% df tharticipants successfully

completed the 1 year treatment, which raised questiegarding the outcomes of the trial.

In the SEQUEL study (Garvegt al, 2012), which was a 52 week extension of the
CONQUER study, around 676 (78%) of the participgmasticipated in the trials. The
results showed a significant mean weight loss ttien placebo group (108 weeks of
baseline data) with a loss of -2.1 kg, -9.6 kg, ahd.9 kg in the placebo, 7.5 mg
phentermine / 46 mg topiramate, and 15 mg phentermi92 mg topiramate groups,
respectively § =0.0001). Hence, phentermine-topiramate treatmeavea to be less
effective in enhancing weight loss in the secondrybut a number of participants were

able to maintain the weight lost in one year.

The combination of bupropion and naltrexone (Camfawas evaluated successfully in

various clinical trials. Naltrexone is a pure ogioantagonist and bupropion is an
antidepressant of a dopamine reuptake inhibitoral®RCT including naltrexone and

bupropion versus double placebo, the loss in weig®t enhanced in individuals assigned
to treatments given actively (with a mean weighdrage of -1.3% in the placebo group, -
6.1% in the naltrexone 32 mg/ bupropion gropg@.0001) and -5.0% in the naltrexone 16
mg / bupropion group(<0.0001)) (Greenwagt al, 2010).

Lorcaserin (Belvi{) also known as Lorgess is an optional treatmettt am efficacy that

iIs comparable to orlistat. It was officially laurechin the USA in June 2013 (Mannieg

al., 2014). It is a selective serotonin 2C receptwnast that could be useful in reducing

body weight. It causes less adverse effects wherpaced to orlistat but information on its
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safety in the long-term is limited. In one a lonopming RCT 3,182 adultwho are obese
with a BMI of 30-45 kg/rh or 27-45 kg/rhand at least one weight related comorbidity
were randomised to receive lorcaserin 10 mg twaily @r a placebo twice daily (Smitt

al., 2010). These participants also took part in @ognes on lifestyle adjustment related

to exercise and nutritional counselling.

The average weight loss was 5.8+0.2 kg in indivisitaking lorcaserin and 2.2+0.1 kg in
individuals taking the placebo during yearpl<0.001). In the second years, the placebo
group patients continued to get the placebo, wthie lorcaserin group patients were
reassigned randomly to receive either the placelbarcaserin. In one year, the individuals
receiving lorcaserin successfully lost 5% or mofreheir baseline body weight and the
majority of the patients who had received lorcaseluring the 2 years maintained their
loss in body weight (67.9 vs. 50.3%<0.001). After two years, the participants who had
been reassigned to the placebo had gained the tisgk.

1.6.4 Surgical intervention

Most individuals fail to reach their weight reduscti goal only through lifestyle
interventions, despite the fact that diet and ptatsactivity are undoubtedly important in
the treatment of obesity (Tuadt al, 2011). As reported by Douketet al. (2005),
individuals lost less than 5 kg after 2-4 yearslietary and lifestyle interventions, whereas
the amount of weight lost after 1-2 years of metthcabased treatment was 5-10 kg and
the greatest weight reduction of 25-75 kg was aeueafter 2-4 years as a result of
surgery. Individuals with obesity can reduce theight most effectively through bariatric
surgery, including the Roux-en-Y gastric bypass @By, adjustable gastric banding
(AGB) and sleeve gastrectomy (SG) (Buchwald andnOR009). In the case of the
morbidly obese, biliopancreatic diversion is thémpl method of bariatric surgery (Smith

et al, 2008); however, no one does this operation iflXkes it can be very dangerous.

According to the SIGN guidelines (SIGN 115, 201Bgriatric surgery ought to be
incorporated in a general clinical approach forghlieimanagement intended for adults.
Following subject evaluation of risk-benefit, sealezronditions must be met by individuals

to qualify for bariatric surgery, including:

« BMI equal to or greater than 35 kgfm
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» Development of at least one serious comorbidity. (@cthritis and type 2 diabetes)
that could be significantly improved through weidghgs.

* Proof of completion of a weight management programcombining dieting,
physical exercise, behavioural therapy, and meditdiased treatment, but

without success in alleviating comorbidities.

O’Brien et al. (2006) conducted an RCT among 80 participants wdtw & BMI of 30-35
kg/m? and displayed morbidities associated with obesRgsults showed that, at 24
months, greater weight reduction was achieved with adjustable gastric banding than
with an intensive intervention comprising diet,efifyle changes and medication-based
treatment (87.2% vs. 21.8%6,<0.001). In a different study, Dixoet al. (2008) reported
that the greater weight reduction achieved throsgtgery contributed significantly to
improvement of type 2 diabetes. At the 24-monttofelup of 60 individuals, the group
assigned surgery had accomplished an average weiduction of 20.7%, with 73% of
individuals in this group achieving type 2 diabeteprovement. By contrast, the group
assigned standard treatment achieved an averagétweduction of 1.7%, with 13% of
the individuals in this group exhibiting type 2 lees improvement. Furthermore,
Colquitt et al. (2005) also found that, at the 24-month follow-upe likelihood of
hypertriglyceridemia and low HDL cholesterol wasrsdiminished as a result of bariatric
surgery than as a result of the most effective sumgical weight management programme.
In their RCT conducted on 150 individuals, Schaataal. (2012) confirmed that, at the 12-
month follow-up, the medical therapy group (-5.4%8g) had not achieved the level of
weight reduction achieved by the gastric bypas8.4:£9.0 kg) and the sleeve gastrectomy
(-25.14£8.5 kg) groups. Moreover, the systematicewwndertaken by Vet al. (2012)
indicated that bariatric surgery not only diminidheisk factors associated with
cardiovascular disease, but also improved left narar hypertrophy and diastolic

function.
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1.7 The impact of weight management services

The NHS Commissioning Board issued recommendationthe clinical commissioning
for specialised obesity surgery, which introducefflecent tiers of weight management
services. Tier 1 usually covers universal servisgsh as primary care; tier 2 includes
lifestyle interventions; tier 3 covers specialigight management programmes; and tier 4
includes bariatric surgery (NHS Commissioning bpa2813). The NICE guidelines
recommend multi-component lifestyle interventiomsluding diet, physical activity and

behavioural change, as the treatments of choicelfesity (NICE, 2014).

The NICE (2014) has recommended a number of pragesifor obesity treatment that
are offered by different health management agertbresighout the UK. To ensure value
for money, programmes must produce long-term weighs results rather than just
temporary weight loss. However, the outcomes actishgal by different group-based
projects available in the UK have not been longias A series of recommendations have
been formulated by NICE (2014) for the local auites responsible for liaising with
clinical commissioning bodies, local healthcare viiders, and health and wellbeing
boards. Lifestyle change and health educationterddcus of these recommendations and
the active participation of health and medical pssionals, including pharmacists, general
practitioners (Jollyet al, 2011) as well as health visitors and communiigitheofficers, is
advocated. Among the recommendations made arenghlernentation of a comprehensive
strategy of obesity prevention and management. WMaogld offer assurance of service
safety, dissemination of information about localigh¢ management programmes via the
commissioners, introduce different strategies fio@alth and social care practitioners to
promote lifestyle intervention services, and dissate information about available
obesity and health management programmes. Suctmatmn would include the option
of referral for individuals with overweight and dity to the relevant health intervention
programmes, and the promotion of practices andntgubs to assist individuals to
improve their motivation and adopt a more posiatttude towards healthy eating and a
healthier lifestyle (Jebbt al, 2011).

Numerous providers of weight management programexest in the UK and access to
these programmes can be secured via the NatiorattH8ervice (NHS) or commercial
sources. Commercial weight management programmaairee payment to provide

assistance and help with weight loss.
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A number of commercial weight management programamnescurrently available in the

UK, including Weight Watchers, Slimming World, atite Rosemary Conley programmes.
These group-based programmes allow participanjeitoat any time. Each programme
combines individual support with group discussibattis overseen by the programme
leader. Generally, meetings last between 60 mintdesne and a half hours and are
organised in community spaces. The whole struaifitbese programmes revolves around
the reduction of energy intake by 600 kcals per dag to achieve a weekly weight
reduction of 0.5-1 kg. In addition, these prograranmelude support to increase physical
activity and behavioural modification. For every Xg lost and at the 5% and 10% of

body weight loss target, the participants receaveards.

Most of the available evidence obtained to daterbsaslted from the evaluation of the tier
2 weight management. However, the NHS Glasgow ahdleCWeight Management
Service (GCWMS) is a tier 3 weight management serawvailable in the UK that will be
assessed in this study. The different studies déisaessed various weight management
programmes are listed ifable 1-5 Included are the studies conducted by Morrigbal.
(2011) and Loguet al.(2014) that discussed the results of the GCWMitl2and 2014,
respectively. The search for these studies wasumbed on 2 January 2017, and was
limited to studies published between January 20@72ecember 2016. Search terms such
as weight management, weight loss, programme 2ti¢ier 3, obesity management, and
intervention were applied to the Ovid database. axual search was also conducted, and

certain studies were included based on colleageesmmendations.
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Study, Author and Year

Study Population

Methods andnterventions

Results

1- Specialist health visitor-led weigh
management intervention in primary
care: exploratory evaluation
(Jackson et al., 2007). (Tier 2).

[ Individuals with a BMI >30
kg/ne.

Weight management clinic managed by specialisttihg
visitors in the context of primary care. Collectiaf

clinical outcome data and data about self-repoftexdi

intake was undertaken at weeks 1, 13, 27 and
Collection of quantitative and qualitative data awting

patients’ satisfaction with the clinic was undegnakat
week 26.

alClinic attendance included 89 individuals. In thed-term, there|
was a reduction in average body weight and BMI. uthane in
ten individuals had diabetes that was not diagnoBedre was g
Hatistically significant reduction in the averagelf-reported
intake of cakes, desserts and snacks and an iedredise intake
of fruit and vegetables per week. The clinic wasrded highly
satisfactory by the patients, and they consideredt the
contribution of the specialists health visitorsheesng especially
valuable.

2- Planning to lose weight
randomised controlled trial of a
implementation intention prompt t|
enhance weight reduction amofr
overweight and obese wome
(Luszczynska et al., 2007). (Tier 2).

. Individuals in the age group 18§
h 76 years old, with a BMI greatg
b than 25 kg/mwere included. The
caverage weight and average BN
hwere 89 kg and 33.3 kgin
respectively.

- The control and weight groups consisted of 29 and
r participants, respectively. The conditions involy
watchers with implementation intention prompt (I&H)d

Ithe programme lasted for two months.

Zontrol: -2.1 kg
ed95% Cl: 1.11-3.09),
-2.4%

IIP: -4.2 kg
(95% ClI: 3.19-5.07),
-4.7%

3- Evaluation of the Counterweigh
Programme for obesity manageme
in primary care: a starting point fg
continuous

(Counterweight
2008). (Tier 2).

Project  Team,

improvement.

t1906 individuals with BMI>30
nkg/m? or BMI >28 kg/nt and
r obesity-associated morbidities.

Prospective appraisal of a novel ongoing improvenm
framework for weight management in the context
primary care. Weight change and proportion

individuals losing at least 5% of their body weigtitone
and two years represented the primary outcome mesas

eAverage weight loss at one and two years was résphc-3.0
dfg (95% CI: -3.5 to -2.4 kg) among 642 individuatsd -2.3 kg
of95% CI: -3.2 to -1.4 kg) among 357 individuals. ig¥e loss of
clinical significance was achieved and maintaineih whis
U intervention in the context of routine primary care

4- Process evaluation of an intern
based resource for weight control: u
and views of an obese samp
(MCconnon et al., 2009). (Tier 2).

ptA number of 221 individualg
sérom Leeds, UK, in the 18-64
eyears age group and with a BN
>30 kg/nt. They could access th
Internet one or more time
weekly and were English literate

Weight control website active for one year. Collattof
data was undertaken at baseline, half a year aad/esr
ilin the context of a community-based RCT and the
lewere used for questionnaire-based assessment.
5

At half a year, 59 individuals (53%) indicated tlia¢y had used

the website, while at one year, 32 of them (29%}est website|
jlatisage. Regarding promotion of favourable behavbange for

weight regulation, a marginally negative score wolimined.

5- Evaluation of attendance an

weight loss in an intensive weight participating in an intense weigh

management clinic compared
standard dietetic caréHickson et al.,
2009). (Tier 2).

dindividuals with obesity

omanagement clinic (IWMC) or a
general dietetic outpatient clinic.

Collection of data was undertaken from consecu
individuals suffering from obesity who participatedan
IWMC or general dietetic outpatient clinic.

ivEhere was no significant difference between clinicserms of
weight loss rate. The intensive clinic achievechaarage weight
loss of 1.8% as indicated by the final recordedgigiwhereas
the general clinic did not achieve any overall eigss.

6- Primary care referral to
commercial provider for weight los
treatment versus standard care:

A 772 individuals (668 female an
5104 male) 18 years of age
alder with a BMI of 27-35 kg/fh

randomised controlled trial (Lancet), Average weight and average BN

d Primary care practices situated in Germany, Austeid
brthe UK. The commercial Weight Watchers program
and standard care involved 378 and 395 participg

Weight loss achieved in the commercial programntestandard
meare was -5.06 kg (-5.8%) and -2.25 kg (-2.6%)peetvely p
nts.0001).

Irespectively, and lasted for one year.
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(Jebb et al., 2011). (Tier 2).

were 86.7 kg and 31.4 kd/n
respectively.

7- Comparison
commercial or

of range
primary care

q
le

weight reduction programmes withage or older.

minimal intervention control for
weight loss in obesity: Lighten U
randomised controlled tria(Jolly et
al., 2011). (Tier 2).

f 740 participants (495 female ar]
d 245 male) were all 18 years

Caucasian Europeans, regardlg

p of ethnicity, had a BMI>28
kg/n? with comorbidities or BMI
>30 kg/nt without comorbidities.
South Asians had BM#23 kg/nt
with comorbidities or BMI>25
kg/n? without comorbidities.
Average weight and average BM
were 93.3kgand 33.6 kg/rh
respectively.

dinterventions took place at 17 primary care prastiin
fSouth Birmingham, England. The programmes Wei

es€onley (RC), Size Down (SD),
Comparator (C) all had 100 participants each. Tereetal
practice (GP) and pharmacy (P) groups each incl@e|
participants.

The interventions lasted for three months.

Watchers (WW), Slimming World (SW), Rosema
and Choice 4

WW: -4.4 kg (95% CI: 3.6 t0 5.3), -4.7%
gI8W: -3.6 kg (95% CI: 2.7 to 4.4), -3.8%
IRC: a -4.2 kg (95% ClI: 3.2t0 5.2), -4.5%
N&D: -2.4 kg (95% CI: 1.7 to 3.1), -2.5%

Choice: -3.3 kg (95% CI: 2.5 t0 4.1), -3.6%
dC:-2kg (95% Cl: 1.2 t0 2.8), -2.1%

GP: -1.4 kg (95% CI: 0.4 to 2.3), -1.5%

P:-2.1kg (95% CI: 1.0 to 3.2), -2.3%

8- Weight Watchers on prescriptio
An observational study of weigh
change among adults referred
Weight Watcherdy the NHS (Ahem
etal., 2011). (Tier 2).

nN:29,560 individuals enrolling in

t the Weight Watchers programny

tQiuring 2 April — 6 Octobe2009
via the Weight Watchers NH
Referral Scheme.

Observational study for the purpose of measurinighte)

eloss upon completion of twelve sessions. Medians
inter-quartile ranges (IQR) were used to repreghst
5 data.

The median weight change among the participants-@&skg

aflQR -5.9 - -0.7 kg]. A weight reduction5% was achieved b
33% of all course, while a minimum of 5% weight dowas
accomplished by 57% of participants who completée
programme.

9- Evaluation of the first phase of
specialist weight manageme
programme in the UK Nationg
Health Service: prospective cohqg
study. (Morrison et al., 2011). (Tier
3, NHS).

alndividuals with BMI>35 kg/nf
ntor BMI >30 kg/nf with
| comorbidities who had receive|
rtreferral to the GCWMS during
the period 2004-2006.

The specialist weight management programme GCWM
To estimate probability of weight loss5 kg in all
d participants and those who completed the programasn
well as the probability of completion (95% confiden|
intervals), multiple logistic regression analysisasw
applied in a prospective cohort study.

SWeight loss>5 kg was achieved by 35.5% of the 809 participsg

who completed the programme. Men 40 years of ageldsr,
lewith a BMI>50 kg/nf and suffering from depression were mg
likely to lose>5 kg. Factors detrimental to weight loss wg
diabetes mellitus and low socioeconomic statustidjzants 40
years of age or older, with a BMI50 kg/nf were also more
likely to complete the programme. Participants afw |
socioeconomic status were less likely to continuiéh vthe
programme until the end, hence their probabilityosing >5kg
was limited.

10- Attendance and weight outcom
in 4754 adults referred over 6 mont
to a primary care/commercial weig
management partnership  schen
(Stubbset al., 2012). (Tier 2).

eS75 male and 4,179 femal
hgarticipants  enrolled in

ntSlimming World programme vig
naeferral scheme during the perig
May 2004-November 2009.

e The Slimming World programme consisted of 24 wee
sessions.

o

kiMale participants lost more weight than female ipgrants p <
0.001). A weight reduction of 5% or more was acht\by
74.5% of the total number of participants and by3%® of
participants who attended at least 20 sessions0% fveight
reduction was achieved by 37.3% of the total numbg
participants.

11- Weight loss and dropout during
commercial weight-loss progran
including a very-low-calorie die
(VLCD), a low-calorie diet (LCD), o

29,037 participants joined the lItrin
nweight loss programme durin
the period 1 January 2006 — 3

n Observational cohort study that established a lztioa
g between commercial weight loss data and the Nalti
1Health Care Registers. Participants were allocttedree

May 2009.

groups: VLCD =500 kcal formula, LCD =1200-1500 kg

The VLCD, LCD and restricted normal diet groupsiacad a
pnaeight loss of 11.4 kg, 6.8 kg, and 5.1 kg, respely, at twelve
months. Participants were more likely to withdraseni the

aprogramme if they were younger and did not lose mweight
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restricted normal food: observation|
cohort study. Klemmingsson et al.,
2012). (Tier 2).

Al

formula and restricted normal diet =1500-1800 ktzal/

initially (o =0.001).

12- Outcomes of a specialist weig
management programme in the U
National Health Service: prospecti
study of 1838 patientsL@gue et al.,
2014). (Tier 3, NHS).

htindividuals with BMI>35 kg/nt
Kor
ecomorbidities who were referre|

BMI >30 kg/nf with
to the GCWMS during 2008

2009

Structural educational lifestyle programme comhin
cognitive behavioural therapy, 600 kcal reductien gay,
d physical activity instructions,
medication-based treatment.
The prospective observational study employed LOQd#
BOCF to report average weight loss of 5 kg and

completed phase 1, phase 1+2 and phase 1+2+3.

hypocaloric diet dan

weight reduction for all participants and those w

nThe proportions of participants who losb kg by the end o
phase 1, phase 2, and phase 3, respectively, \§éte 30%, and
28%. Male participants, especially those who wedey@ars of
age or younger, lost a greater amount of weight.

a

5%

ho

13- A community pharmacy weight
management programme: an
evaluation of effectiveness.
(Morrison et al., 2013). (Tier 2).

Participants were selected fro

among individuals living in Fife|

region, Scotland, with a BM430
kg/m? or a BMI >28 kg/nf with

comorbidity, who did not haveé

access to the Counterweig
programme via GP practices.

mCommunity pharmacies that had received training
relevant materials from Counterweight
provided the Counterweight programme. During e
session, pharmacy personnel weighed each partici
» and the documented weight data enabled estimatio
htweight loss and attendance at 3, 6, and 12 months.

consulta

prd weight reduction>5% was accomplished by 32 of the 3
ntsarticipants (41.6%, 4.1 kg average weight redagtizsho
aciittended the programme for a minimum of one yepplidation
paof the Last Observation Carried Forward indicateat,twithin a
nyear of joining the programme, the target weighiuction was
accomplished by 15.9% of participants

14

14- Evaluation of a multidisciplinar
Tier 3 weight management service f
adults with morbid obesity, or obesit
and comorbidities, based in prima
care. Fakenham. (ennings et al.,
2014). (Tier 3, NHS).

ly

230 individuals 18 years of age

prolder with BMI >40 kg/nt or

BMI >30 kg/nf comorbidity.

y

brThe purpose of the cohort study was to assesswid3:
The goal was to achieve 5% weight loss at one fpeal
participants and 5% weight loss at half a yearSf@fo of
participants.

Of the 170 participants whose weight was measurete year,
weight reduction 0$5% was achieved at three months by 25.
of them, at six months by 44.1%, at nine month$®y%, and
at one year by 60%. Programme completion was aetliby 117
participants, and of these, weight reduction >5% waehieve af
three months by 34.2%, at six months by 53.8%jr& months
by 65.8%, and at one year by 72.6%.

P%

15- Evaluation of the 'Live Life
Better Service', a community-basg
weight management service, f
morbidly obese patientgWallace et
al., 2016). (Tier 2).

pr

Individuals living in Derbyshire,

2dUK, who were morbidly obese

with BMI >40 kg/nt or BMI >35
kg/n? with comorbidities.

Mean weight loss was calculated based on a ongg

, pre-post design. Measurements were conducted
baseline, 12 weeks, 24 weeks, 12 months, 18 mamitig
24 months, and the paired sample t-test gave
significance § <0.05).

rdRarticipants who were committed to the programntéeaed a
veeight reduction of statistical significance at ®nths and 24
months of 4.9 kg and 18.2 kg, respectively.

the

16- An evaluation of a multi
component adult weight manageme
on referral intervention in
community setting.(Birnie et al.,
2016). (Tier 2).

n

g

559 individuals 18 years of age
blder, living in South
Gloucestershire, UK, with a BMI
>30 kg/nf or BMI >28 kg/nt

with comorbidities.

rA community-based multidimensional weig
management programme for adults lasting for th
months and combining diet Weight Watchers (W
physical activity (Exercise on Prescription, EOR) g
behavioural change (motivational interviewing).

htAverage weight reduction was 3.7 kg, the greatepouarh of
reeeight (5.9 kg on average) being lost by partictpawho
Vicompleted the programme. These participants aathied®
weight reduction in a greater proportion (58%) thlaase who
did not complete the programme (19%) and those fothowved

only the WW or EOP component (19%).

Table 1-5 Studies evaluating different weight mamagnt programmes.
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1.7.1 Tier 2 weight management programme

Developed on the theoretical framework of EvideBesed Quality Assessment, the
Counterweight programme is a weight managementanage that is intended for people
with obesity and delivered within primary care igf$ by trained primary care and
pharmacy support personnel. There are four stagékid programme, namely, practice
audit, evaluation of needs, practice support aauhitrg, and practice patient intervention
and assessment led by nurses (Laws, 2004). Thergonoge is managed by weight
management consultants and dieticians, who prowaeert support for obesity

management, relevant materials, as well as traifomgnursing staff from 65 general

practices in the UK. Patient education based onighgd materials is provided by practice
nurses over the course of nine sessions spanniagyear following the preliminary

screening. The first-line interventions consistsof one-to-one sessions of up to half an
hour long focusing on the formulation of a custadi®ating plan or six group sessions
lasting 60 minutes each, which are organised ovegrend of 3 months and focus on the
setting of goals. Follow-up is undertaken at 613, and 24 months, with the overall goal

being reduction of food intake by more than 500 kcday.

The programme targets individuals with a BMIO kg/nf or with a BMI>28 kg/nf and a
comorbidity. The established weight loss goal onre sessions spanning one year is
more than 5% of body weight. A proportion of 31%patfticipants achieve this weight loss
goal, having started from an average BMI of 37 Kg/tdence, by comparison to
participants who do not complete the programmesdhbat do have a greater likelihood of
attaining a clinically significant weight reductia@i 5% or more. Programme completion
requires attendance to at least four sessionsthuee months, at least five sessions over

half a year or at least six sessions over a year.

A comparison of the weight reduction results achék\after one year by the Weight
Watchers programme and standard GP care was ukelerd@ross the UK, Australia and
Germany. The participants were all 18 years of age older and had a BMI of 27-35
kg/m? and one or more risk factors for comorbiditiesbtlet al, 2011). At baseline, the
average BMI was 31 kgfmand a weight reduction equal to or greater than vBas
attained by a proportion of 60% of the participamtso completed the programme
(McCombieet al, 2012).

68



Jolly et al. (2011) reported on the Lighten Up study, which uideld participants recruited
via welcome letters distributed by GPs. These gigeints were randomly allocated to one
of three commercial programmes, namely, Weight Wats, Slimming World or the
Rosemary Conley programme, or were alternativelgcated to a weight management
programme delivered by the NHS. At baseline, theraye BMI in this study was 33.8
kg/m? and the primary results were delivered upon cotigsieof the first three months,
while the achieved weight reduction was reportethatend of 12 months. Ethnicity and
occurrence of comorbidities were the criteria agaplio recruit participants. Participants
without comorbidity were selected if their BMI wa30 kg/nf, while participants of South
Asian ethnicity were recruited even if their BMI svlower. The findings implied that, out
of the other commercial programmes and primary tdsgventions, the Weight Watchers
programme was the only programme to lead to a weegtuction of clinical significance.
More specifically, the primary care programme deiaed weight reduction in 15.7% of
participants, while the Weight Watchers programmigieved weight reduction in 31% of

participants.

The importance of session attendance to succassfght loss was highlighted by the fact
that the Weight Watchers programme had higher @diece rate when compared to the
primary care programme. The studies differed immgerof how they reported the
programme results, how they gathered data and hew addressed the issue of absent
data. In the case of the Weight Watchers study,aterage weight loss achieved by
participants with overweight and obesity recruitea primary care services was reported
at one year, while the Last Observation CarriedMaod (LOCF) was employed to deal
with absent data. On the other hand, in the caskeeokighten Up study, weight reduction
was reported from baseline to programme complediaeh the final weight achieved was

reported on the basis of participants’ self-repayti

Age, sex, deprivation and baseline weight are antbedactors that can affect attendance
or weight reduction in the context of group-basedight management programmes,
therefore affecting the overall success of the agnes. However, Kinat al. (2007) did
not find weight reduction to be affected by age=0.7), sex f§ =0.3) or initial weight |
=0.7). By contrast, a study that assessed the €owueight programme observed that a
greater amount of weight was lost by individualghe 35-44 year age group, which was
of statistical significance (Counterweight Projéeiam, 2008). The study further reported
that the average amount of weight loss among wofr#8 kg; 95% CI. -3.3 to -2.2 kg)
was lower than the average amount lost by men (k8;495% CI: -4.5 to -2.3 kg).
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Although observed difference was implied by the 9%k overlap, no statistical
significance was obtained. In a different studyoyd and Khan (2011) examined the
determinants of effective weight reduction achietsgdndividuals with a BMI equal to or
greater than 28 kg/fmwho participated in the Healthy Choices Programurganised in
Dorset, UK, during the period 1 October 2008 toS¥ptember 2009. Weight reduction
greater than 5% was achieved by participants ofyd&rs of age or older and weight
reduction was more successful among participantis aiBMI of 30-34.9 kg/m(class 1)

that the other classes of overweight or obese ididals.

The weight loss achieved by participants in the r@emweight programme provided by
community pharmacies was examined by Morrisoral. (2011), who found that, at one
year, by using the Baseline Observation Carriedveod (BOCF) the average weight
reduction of 314 participants was 1.01 kg and ald@u?% of participants had lost 5% of
body weight. By contrast, the findings of a Lightdp study regarding the weight loss
among participants in a weight management progradwetieered by pharmacies indicated
that, at one year, the average weight loss by usieg8OCF was 1.19 kg and 14.3% of
participants had lost 5% of their body weight.

1.7.2 Tier 3 weight management programme

In regards to tier 3 weight management serviceByituals aged 18 years or older, with a
BMI >40 kg/nf or with a BMI>30 kg/nf with comorbidity received referral from GPs or
practice nurses for participation in a multidistigry tier 3 Fakenham weight management
service (FWMS) delivered in primary care settinfgse purpose of this programme was to
achieve a weight reduction of 5% in all particigat one year and to achieve this
reduction at half a year in the case of half of plagticipants. The Tier 3 interventions
included are clinical evaluation, medication-badegatment, low-energy liquid diets
(LELDs), psychological therapy and bariatric suygddenningset al, 2014). The
programme was twelve months long and the 17 patiestruited for the programme had
been referred through the individual funding requ@sR) procedure, with the same
intervention being applied over a period of halfear. The twelve-month programme
encompassed 10-15 sessions, while the six-monthrgorone comprised 9-15 sessions.
Participants completing the full programme had eerage BMI of 44.1 kg/f while the
IFR participants had an average BMI of 49.9 Kg/At half a year, a weight loss of 5%
was achieved by 44.1% of the full programme paréinis and by 53.8% of the

completers, while at twelve months, 5% weight réiducwas achieved by 60% of the full

70



programme participants and by 72.6% of the compdet&ased on these results, the study
confirmed that, by contrast to other services irmpry care settings, a Tier 3 weight
management programme was the most adequate foridodis who are obese with

complex comorbidity.

71



1.8 The impact of anti-diabetic medication on weigh  t change

The main features of the metabolic disorder of tgpeliabetes mellitus are reduced
sensitivity to insulin and gradually rising glucdseels due to the disruption of beta cell
function. According to the WHO, diabetics usualigplay levels of fasting plasma glucose
(FPG) equal to or greater than 7 mmol/l and leweélgenous plasmall.1 mmol/l at 120

minutes following a glucose load comprising 75 gyairous glucose dissolved in water.

The suggested cut-off point for diabetes diagnisi48 mmol/l HbAlc. Regulation of

glucose as much as possible and prevention of macmb micro-vascular complications
are the major objectives of type 2 diabetes treatrflégKPDS, 1998). Blood glucose can
be regulated with various types of drugs, some bickv can cause weight reduction or

weight gain (Hollander, 2007). The manner in whiokse drugs act is explained below.

Biguanides: This class of drugs decreases glucosdugtion and glycogenolysis by

reducing the resistance of peripheral and hepasaés to insulifFigure 1-3).

SUs: This class of drugs binds to a particular 8teptor to stimulate pancreaficells to
produce more insulin (Figure 1-3). As a result, thegative energy balance from
glycosuria is reversed by glycaemic control, oedlse levels of glucose in the blood are

lowered, generating a feeling of hunger.

Thiazolidinediones (TZDs): This class of drugs mehi the resistance of hepatic and
peripheral tissue to insulin as a way of mediaiiisgfunction (Figure 1-3). The rise in

plasma volume determined by TZDs may lead to weigim.

Dipeptidyl peptidase-4 (DPP-4) inhibitors: This sdaof drugs suppresses the DPP-4
enzyme and defers the breakdown of glucagon-likgighe-1 (GLP-1), thus prolonging the
action of glucose-based insulin production. Inldpit of the discharge of pancreatic
glucagon and decrease of hepatic glucose synthesialso achieved by this class (Figure
1-3).

GLP-1: This class of drugs promotes insulin proauntinsulin gene expression and the

maturation of pancreatig cells, whilst also counteracting the incretin efféhat causes

insulin to be produced in larger quantities aftieicgse is orally administered (Bosenberg
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and Van Zyl, 2008). Gastric emptying suppressioreduction of calorific intake through

the central nervous system may occur, resultingaight reduction.

a-Glucosidaselnhibitors: This class of drugs suppresses sevguaélenzymes, thereby
deferring polysaccharide disintegration, and lowdrs levels of postprandial glucose,
which leads to a drop in postprandial concentratiohinsulin (Bosenberg and Van Zyl,
2008). Digestion of carbohydrates is suppressedjasttic emptying is postponed through

GLP-1, which may result in weight reduction.

Increased Impaired
Glucagon Insulin
Secretion  Secretion

@ Sulfonylureas

DPP-4 Inhibitors (=) DPP-4 Inhibitors

DPP-4 Inhibitors TZDs
TZDs Improved Metformin

Metformin @ ﬁ G::v;r:airrnuilc ﬁ @

Increased Decreased Muscle
Hepatic Glucose Glucose Uptake
Production

Figure 1-3 Mechanism of action of biguanides, SDBP-4 inhibitors
and TZDs (plus=stimulation, minus=inhibition) (Dekrzo, 1999).
“Reproduced from the American College of Physiciaiith permission”.
License number: 4073791152037.

Sodium/glucose co-transporter 2 inhibitors (SGLTR)novel class of oral anti-diabetic
medication that have been available since 2013gtdeugs enhance elimination of urinary
glucose without dependence on insulin production aativity, thereby lowering
hyperglycaemia (Kim and Chung, 2014figure 1-4). NHS Scotland has approved
dapagliflozin for use in some type 2 diabetics #ml US Food and Drug Administration
(FDA) has approved the use of canagliflozin. Bensifying elimination of renal glucose,
these drugs promote calorie consumption and herageresult in weight reduction (Van

Gaal and Scheen, 2015).
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Figure 1-4 Mechanism of action of SGLT2 (Kim andu@y,
2014). “Reproduced from Springer with permissiohicense
number: 4060400726094.

Individuals who are overweight or obese and haye t§ diabetes should be first and
foremost prescribed anti-diabetic medication thidtee contributes to weight reduction or
does not affect weight at all. The American Diabgigsociation (ADA) and the European
Society for the Study of Diabetes (EASD) have depetl an algorithm for
hyperglycaemia management in type 2 diabeticsdgivats due consideration to the impact
of drugs on weight. According to the SIGN 116 (2046d ADA/EASD (Inzucchet al,
2015) recommendations, if metformin proves inedinti in regulating glycaemia or is
contraindicated for individuals with overweight amtesity, then GLP-1 and DPP-4
inhibitors should be used (Bonora, 2007). By caifraddollander (2007) argued that
glycaemic control rather than weight change shd@dhe main priority of the algorithm
for type 2 diabetes management. Weight is bendfidi#luenced by metformin, which is
thus suggested as the first choice of medicatidretprescribed for individuals with type 2

diabetes.

Metformin should be used together with insulin, 8tJa TZD as a second stage in the
management of type 2 diabetes, since every ondasfet drugs causes an increase in
weight. On the other hand, weight is reduced druethanged by DPP-4 inhibitors and
GLP-1 analogues (Phurg al, 2010). There is ample evidence in support offéoe that
certain anti-diabetic medication can either inceeaisdecrease weight. Phueigal. (2010)
reviewed a series of RCTs and found that the us®lbfogether with metformin led to a
1.99 kg (95% CI: 0.86 to 3.12 kg) weight increaséwo trials, while the use of TZD with
metformin led to weight increase of 2.30 kg (95% CI70 to 2.90 kg) in one trial. By
contrast, four trials using DPP-4 inhibitors repdria weight loss of -0.09 kg (95% CI: -
0.47 to 0.30 kg), while two trials employing GLPafalogues obtained a weight reduction
of -1.76 kg (95% CI: -2.90 to -0.62 kg). FurthermoKim and Chung (2014) reported
considerable weight loss of 2.5 kg and 3.5 kg duadministration of canagliflozin in 100
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and 300 mg concentration, respectively, during we2kof treatment, which contrasted
with the placebo. There was a big change on wdamgg® and cardiovascular outcomes
when used empagliflozin in patients with type 2béi@s. An earlier RCT (EMPA-REG
OUTCOME trial) of 7,020 participants with type 2abietes and a BM&45 kg/nf were
randomly assigned to receive 10 mg or 25 mg of gfifftein or a placebo once a day.
All the participants had experienced CVD. Afteréays, there was a significant lower rate
of death from cardiovascular causes (3.7%) in tm@agliflozin group when compared
with the placebo group (5.9%) and lower rate ofpitafisation for heart failure (2.7% vs.
4.1%, respectively) (Zinmaet al, 2015).

Domecqget al. (2015) systematically reviewed 257 RCTs and cotetlia meta-analysis to
explore the correlation between commonplace meaditand weight change. They found
that pioglitazone and gliclazide increased weigh2t6 kg and 1.8 kg, respectively. On the
other hand, metformin, acarbose, liraglutide anenexide reduced weight by 1.1 kg, 0.4
kg, 1.7 kg, and 1.2 kg, respectively.the SCALE diabetes RCT (Daviesal, 2015) that
was conducted in 9 countries, from June 2011 teadn2013, to assess the efficacy of
liraglutide for weight loss among people with typdiabetes, 211 participants received 1.8
mg liraglutide (diabetes dose) and 212 patientsived a placebo. All the patients were
put on a 500 kcal/d deficit diet ard50 min/week exercise regime. At week 56, the mean
weight loss in the liraglutide group and the placelroup was -5.0 kg and -2.2 kg,
respectively (the estimated weight difference betwihe two groups was -2.8 kg).

Marre et al. (2009) carried out a double-blind RCT among 1,04ttippants from 21
European and Asian countries, with average ageaachge weight of 56 years old and 82
kg, respectively. They were allocated to differgmbups that were given 2-4 mg/day
glimepiride alongside 0.6, 1.2, or 1.8 mg of litatgle, or else that were given placebo or
rosiglitazone over a period of 26 weeks. Upon t@hpletion, liraglutide in 1.8 mg dose
and placebo resulted in an average weight reductidh2 kg and 0.1 kg, respectively (
<0.05). There was statistical significanpe<Q©.0001) to the difference between liraglutide
(-0.2 kg) and rosiglitazone (+2.1 kg).

To sum up, on the basis of the results of the R@&ibned above it can be concluded that
some anti-diabetic drugs, such as drugs fallindniwithe SUs and TZDs groups, might
cause weight gain. Other group of drugs, such atoman or GLP-1 and SGLT2 group

drugs, might cause weight loss or not affect weaglzll.
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1.9 Summary of the introduction

Obesity is characterised by excessive body fatraation, mainly caused by increased
calories intake and reduced energy expenditureet@geand lifestyle factors are the most
important factors that play a role in the developmef obesity. BMI is the most
commonly used measure of obesity; it is easily mmemk and understood by the patient
population. Obesity prevalence is rapidly incregsiworldwide, in developed and
developing countries. Worldwide, around 1.4 billiadults are overweight and more than
500 million are obese. 2.8 million individuals adging annually from complications
related to being overweight or obese. In Scotlahdut 61.9% of the adult population are
overweight or obese, and 27% are obese. Obes#gsasciated with increased morbidity
and mortality; however, moderate weight losses (%)L are associated with
improvements in obesity-related cardiovascular aretabolic abnormalities. There are
three interventions for obesity treatment, nambfgstyle changes and physical activity,
pharmacotherapy and surgery. The SIGN guidelinesmenend that weight management
programmes should include physical activity, digtelnange and behavioural components
and the use of pharmacotherapy if BMI8 kg/nf with comorbiditiesor BMI >30 kg/nf.
The increasing the prevalence of obesity is asttiwith increase in the incidence of
type 2 diabetes. Orlistat is the only drug that bhasn approved in the UK for use in
obesity treatment, and its effectiveness on botightdoss and glycaemic control has been
recently proven through a number of tridPsevious studies have suggested that a modest
weight loss is associated with improvements in taus of type 2 diabetes. There are
different classes of anti-diabetic medications thaty improve glycaemic control; weight

loss, weight gain and weight maintenance were katyween the different groups.
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1.10 Aims and objectives

The main evidence regarding the effect of orlisi@s been compiled in the context of its
application to patients without diabetes, althotltgdre have been several small to medium
sized studies on the effect of orlistat in patiemith type 2 diabetes. In this context, the
first aim of my thesis is to review the evidence thé effect of orlistat on diabetic

outcomes.

There is limited published evidence on the effemiess of interventions in weight
management programmes; the second aim of my tiessuse large samples from the
GCWNMS to evaluate the effectiveness of the weighhagement programmes available in
the UK.

There is a clear guideline (SIGN 115, 2010) fongsanti-diabetic medications in patients
suffering from obesity; the third aim of my thess to determine the anti-diabetic
prescribing pattern and to investigate the relatgm between anti-diabetic medications

and weight change within the context of a weighhaggement intervention.

The thesis comprises five studies that addresttlosving specific objectives:

1. To undertake a systematic review and meta-asatypublished studies to review the
evidence on the effects of orlistat on weight Id$8Alc and FPG using the Cochrane

reviews methodology.

2. To investigate the proportion of patients losingg of weight starting from entry into
the GCWMS programme until the end of lifestyle ghaatment for individuals of
different ages, genders and socioeconomic groups.

3. To study the proportion of patients losing 5dgweight starting from entry into the
GCWMS programme until the end of phase 2 with tlifflerent interventions (orlistat,
LDL and FWL).

4. To investigate the proportion of patients reddrto the GCWMS on weight-neutral,
mixed and weight-gaining anti-diabetic medications.

5. To investigate the effect of baseline anti-diEbenedications on weight change for

patients within a weight management programme.
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Chapter 2: Effect of orlistat on glycaemic
control in overweight and obese patients
with type 2 diabetes mellitus: A
systematic review and meta-analysis of

randomised controlled trials
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2.1 Chapter summary

Orlistat is an effective adjunctive treatment tqsort lifestyle modifications to treat
obesity. While the majority of current evidence cems the effect of orlistat in obese
patients without diabetes, some studies suggesngmaiwho are obese and have diabetes
mellitus lose more weight and experience great@ravements in their diabetic outcomes
when treated with orlistat in conjunction with efityle intervention than when treated by
lifestyle interventions alone. The aim of this stuslas to review evidence to reveal the
effects of orlistat on glycaemic control in patemtho are overweight or obese with type 2
diabetes.

It comprises a systematic review of randomisedrotiet trials of orlistat in people with
type 2 diabetes reporting diabetic outcomes, idlistupublished between January 1990
and September 2013. Articles published in EnglishMIEDLINE and EMBASE were
searched. Inclusion criteria included all randomhisentrolled trials of orlistat carried out
on adult participants with a body mass index okgBm’ or above, diagnosed with type 2

diabetes, and reporting weight change and at tewstliabetic outcome.

In total, 765 articles were identified, of which fifffilled the inclusion criteriaThe overall
mean weight reduction (3, 6 and 12 months) in tiistat group was -4.25 kg (95% CI: -
4.5 to -3.9 kg)The mean weight difference between the treatmeshicantrol groups was
-2.10 kg (95% CI. -2.3 to -1.8 k,<0.001), the mean glycosylated haemogldbibAlc)
difference was -6.12 mmol/mol (95% CI: -10.3 td®-inmol/mol,p <0.004), and the mean
fasting plasma glucose (FPG) difference was -1.frth (95% CI: -1.4 to -0.8 mmol/p
<0.001).

Treatment with orlistat combined with a lifestyletarvention resulted in significantly

greater weight loss and better glycaemic contrgtatients who are overweight or obese

with type 2 diabetes, than lifestyle interventidore.
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2.2 Introduction

Estimates suggest that by 2015, approximately BiBrbadults will be overweight, and at
least 700 million will be obese (WHO, 2014b). Obes causally associated with multiple
metabolic abnormalities including type 2 diabetedlibas (Birkset al, 2012). The World
Health Organization reports that more than 347iomllpeople worldwide suffer from
diabetes, and of these most are overweight or obkse thought that in 2005,
approximately 3.4 million people died from diabetasd this number is predicted to
double by 2030 (WHO, 20148 0me researchers have also suggested that up tmtved
every three cases of type 2 diabetes result frorasigb (Davidsonet al, 1999).
Specifically, type 2 diabetes has most commonlynbassociated with obesity and
advancing age; it is characterised by insulin tesie, relative insulin deficiency and
gestational diabetes (American Diabetes Associatkiil0). Thus, to improve blood
glucose control, the preferred standard recommesrdédr care is weight loss (American
Diabetes Association, 2010; SIGN 116, 2010).

Orlistat (tetrahydrolipstatin) is a pancreatic agastric lipase inhibitor, whose primary
effect is to reduce the absorption of fat and ttoeescalories. Long term use has been
linked to reductions in blood pressure (Siebenheteal, 2013). It is one of the few
pharmacologic treatment options available to asgaéients with type 2 diabetes in
reducing their body weight to improve glycaemic ttoh(Yanovski and Yanovski, 2002).
Orlistat works by partially inhibiting the hydrolgsof triglycerides, thereby reducing the
absorption of monoglycerides and free fatty acfodistat is minimally absorbed into the
circulation because of its lipophilic nature. Aftagestion of 360 mg of orlistat, only <2%
is expelled in urine and approximately 97% in stddle half-life of orlistat is 14-19 hrs,
thus most of the drug is excreted unchanged €Zhl, 1996).

As discussed in Chapter 1 (page 56-58), the baak&fects of orlistat on both weight
loss and blood glucose have recently been proverugh a number of trials. As stated
above, there is evidence that orlistat in additmhfestyle change achieves greater weight
loss than lifestyle change alone (Jineihl, 2012). Weight loss might also reduce the risk
of developing diabetes (Stevestsal, 2015). While several RCTs have been carriedmut
describe changes in glycaemic control among patietio are obese treated with orlistat,
the majority have only sampled a small number diviiduals, and therefore the findings
lack sufficient statistical power.

80



To the best of our knowledge, no previous attenfyage been made to systematically

review and synthesise the results of these trials.

Importantly, no serious adverse effects have beported during orlistat treatment, and
there have been no indications that it affectsrgast pancreatic secretion, or gastric
emptying time. A short-term study claimed that sidt results in several mild adverse
effects on the gastrointestinal system (Kayaal, 2004). These adverse effects include
diarrhoea, faecal incontinence, flatulence and sggtting. They are typically mild, with
over 50% of cases lasting <lweek in duration aedwhjority confined to the first year of
treatment (80%) (Aronne, 1998). However, it is tiouthat orlistat might increase the
chance of gallstones forming, due to the reductionmeal related contraction of
gallbladder (Hopmaet al, 1984).

The Canadian Diabetes Association clinical praagjeelelines highlight that the addition
of orlistat for 1 year in patients who are overnvrigr obese (BMI =28-40 kg/hwith
type 2 diabetes, being treated with other anti-hylgeaemic agents or insulin, results in a
decrease in body weight and improved HbAlc (Chem Bantus, 2005). In addition, a
European evidence-based guideline recommends dhgtatients who are obese with or
without impaired glucose tolerance, orlistat initidd to lifestyle changes can be used as a
second line strategy to prevent type 2 diabetesh{beret al, 2010). Moreover, SIGN
guidelines on the management of diabetes considaradnacotherapy as an adjunct to
lifestyle interventions, such as encouraging weigbs for patients with obesity and type 2
diabetes to improve their metabolic control (SIGIN,12010).

The aim of this research, therefore, was to sydieaily review the evidence from RCTs

on the effects of orlistat in weight loss and typdiabetes, such as HbAlc and FPG, for

people who are overweight or obese, and to conthimeesults using meta-analysis.
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2.3 Materials and methods:
2.3.1 Systematic review

A systematic review of RCTs published between Janti890 and September 2013 was
performed. The relevant search terms were applideMBASE and MEDLINE databases

as follows:

* Obes* OR overweight OR BMI OR body mass index ORenghagia OR
adipose tissue OR fat

e Diabet* OR diabetes mellitus OR NIDDM OR non-insuldependent
diabetes OR DM

* Orlistat OR xenical OR alli

The search was performed on 30 September 2013wasdimited to studies on human

subjects and articles written in English.

Inclusion criteria
The inclusion criteria were as follows:

« Participants with BMI greater than or equal to 2%
« Diagnosed with type 2 diabetes

» Using orlistat at the time of the study

Studies with patients with BMIs of 25 or greaterrgvéncluded, on the assumption that
their weight was considered a clinical problem ragg treatment with orlistat. In

addition, the inclusion criteria encompassed studigh these outcomes:

* BMI or weight (kg)
* HbAlc or FPG

Participant criteria included:

* Adults>18 years

* Both sexes

All the completed RCTs included assessed the sffettorlistat plus lifestyle change
versus a lifestyle-control group. Those reportihdeast one diabetic outcome (HbAlc or
FPG) were considered eligible trials. In additiancomparison between the two groups

was performed as follows:
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a) Lifestyle intervention + orlistat VS Lifestylatervention

b) Lifestyle intervention + orlistat VS Lifestylatervention + placebo.

The extracted journal articles were all scannedguie Cochrane reviews methodology in
three stages by two independent authors (haviregmddtd a systematic review and meta-
analysis of health research course at London Scbibblygiene and Tropical Medicine
from 2" to 6" September 2013). Any disagreements were resolyedidzussion.The
articles were initially identified by scanning thée and abstract; in cases where they still
appeared to be relevant, then the complete amiake then examined. All final decisions
were derived according to a standardised approapplying study selection criteria
outlined above. The risk of bias in the trials waduced by assessing the trial quality,
including the quality of the sequence generatioth mdom allocation concealment, the
blinding of outcome assessors, evidence of incolmpbeitcome data and any selective

reporting of outcomes (Higgiret al, 2008).

The Data were extracted from each study and repp@teording to Preferred Reporting
Items for Systematic Review and Meta-Analysis (RAS guidelines (Moheret al,
2010). A matrix table of study characteristics wasduced, and from this relevant
information was extracted by two independent awwhbine information included author,
year of publication, publication country, age amd f participants, follow-up duration,
sample size, type of intervention, baseline forcomtes, outcomes results, and the
differences between the baseline and results fdr geoup of participants. The authors of
the studies were contacted in some instances whecessary to provide additional

information not included in the published papers.

2.3.2 Meta-analysis

A random effects meta-analysis was undertaken solve of the differences in study
designs and locations. The effect size of the meeaight, HbAlc and FPG differences
between orlistat and the control groups was andlysequared statistics were calculated
to determine the degree of heterogeneity, and skecation between weight change and
HbAlc change examined using a simple linear regresall the statistical analyses were

performed using Stata version 12.1 (StataCorpe@elStation, Texas).

83



2.4 Results

The search identified 765 potentially eligible tidas, of which 453 were excluded
because they were duplicat@sgure 2-1). After reviewing the titles and the abstracts of
the 312 articles, 35 were still considered releantt the full articles were obtainedf the

35 articles, 14 fulfilled the inclusion criteriaw®d studies (Hollandest al, 1998; Derosat

al., 2012) did not provide necessary information neglifor the meta-analysis within the
publications. Contact was attempted with the cpoading authors by both email and
phone to retrieve this additional information, Imat response was received. One of these
studies (Hollandeet al, 1998) had previously been provided for a metyas for the
National Institute for Health Research (NIHR) (Aediret al, 2004); however, the authors
of the meta-analysis no longer held the additiaeth [personal communication]. The
final 12 trials published between 2002 and 2010evesiecteqTable 2-1) All the studies
were RCTs; one study was only involved female pigndints (Kuoet al, 2006), but the

remainder included both sexes.
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N=765

N of records identified through
database (Medline, EMBASE)

Identification

l

limit to 1990-current
N=312

N of records after duplicates and

A 4

N of records
screenedN=312

Screening

N of full-text articles
assessed for
eligibility
N=35

Eligibility

A 4

N of records excluded
N= 144 (review)
N=111 (by title)
N=22 (by abstract)

Included

N of studies
included
N=12

N of full-text articles excluded, with
reasons

N =9 Due to not matching
inclusion criteria

N =9 removed due to lack of HbA1g
and FPG

N =3 review articles

N =2 author did not respond to
gueries (lack of outcome data)

Figure 2-1 Search strategy for RCTs on agyaoic outcomes among patienigth

overweight and obesityeated with orlistat.
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Author/ Year

Mean BMI (SD) at baseline kg/m

Dropout rate (N)

Country Age range Sex Duration N
Orlistat Control Orlistat  Control
P. Kopelman/2009 UK 18-65 M/F 3 months 250 35.0 (¥4.1) 34.0 (¥4.1) 4 7
C. Kuo/2006 Taiwan - F 3 months 60 27.2 (#1.1) 26.9 (20.9) No No
C. Berne/2005 Sweden 30-75 M/F 12 months 220 32.6 (¥3.1) 32.900¢3 15 17
T.P. Didangelos/2004 Greece 30-72 M/F 6 months 126 - - No No
B. Guy-Grand/2004 France 18-65 M/F 6 months 193 33.8 (+0.3) 33.54}+0. No No
Kelley/2004 us - M/F 6 months 52 34.0 (£5.0) 35.9 (#5.0) 9 4
M. Hanefeld/2002 Germany 18-70 M/F 12 months 383 34.5 (5.6) 3353} 6 8
J.M. Miles/2002 us 40-65 M/F 12 months 504 35.6 (z4.7) 35.2 (33.1) 90 115
A. Halpern/2003 Brazil 18-70 M/F 6 months 338 34.6 (20.8) 34.5 @0. 25 33
D.E. Kelley/2002 us 40-65 M/F 12 months 550 35.8 (+4.9) 35.6 (+4.1) 137 148
G. Cocco/2005 Switzerland >35 M/F 6 months 90 36.5 (+1.9) 36.0 (+1.8) No No
M.F. Pathan/2004 Bangladesh 40-65 M/F 6 months 36 31.6 (+3.5) 29.8 (+3.2) No No

Table 2-1 Baseline characteristics and dropoutafitecluded studies (F: Female; M: Male; N: numi&D: Standard deviation).
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The number of participants ranged from 36 to 550yigding a total 2,802 participants.
Three (25%) of the studies had been conducted itetStates (Kellegt al, 2004; Miles

et al, 2002; Kelleyet al, 2002), one (8.3%) in the United Kingdom (Kopetret al.,
2009), one (8.3%) in Taiwan (Kwat al, 2006), one (8.3%) in Sweden (Berne and Orlistat
Swedish Type 2 diabetes study, 2005), one (8.3%ré@ece (Didangelaost al, 2004), one
(8.3%) in France (Guy-Graret al, 2004), one (8.3%) in Germany (Hanefeld and Sachs
2002), one (8.3%) in Brazil (Halpeat al, 2003), one (8.3%) in Switzerland (Coataal,
2005), and one (8.3%) in Bangladesh (Patharal, 2004) (Table 2-1). The youngest
participants were 18 and the oldest 75 years, withitiple age ranges tested in most
studies. The trials varied in duration between 8 42 months. Ten studies (83.3%)
included patrticipants taking hypoglycaemic agebtd,two (16.6%) did not (Kellegt al,
2004; Hanefeld and Sachse, 2002). Details of ttexvantions and outcomes are apparent
in Table 2-2
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Author/

Vear Intervention/ dose Baseline Results (primary end point) Difference (gmary end point)
Wi, HbAlc FPG HbAlc EPG HbA1 (%) FPG
- pa N Wt (Kg) W. &
a) Orlistat b)  Control (Kg) (%) & mmol/l @& | mmot | K9 | mmolmol | mmol
mmol/mol mmol/mol

1) P. Kopelman/ 2009 Orlistat 360mg+hd+rf | hd +rf + placeboN=12¢€) NO a) 101 7.2/55 a) 120 97.22 6.67/49 -3.78 -0.53/-6

(N=124) b) 98 7.2/55 b) 119 95.14 6.83/51 -2.86 -0.37/-4
2) C. Kuo/2006 Orlistat 360mg+hd hd + placeboN=30) NO a) 76.8 9.8/84 11.2 a) 30 74.3 8.1/65 7.8 -2.5 -1.7/-19 -3.40
(N=30) b) 78.3 9.6/81 12.1 b) 30 77.9 9.4/79 11.2 -0.4 -0.2/-2 -0.9
3) C. Berne/2005 Orlistat360mg+hd+rf+ | hd +rf +pa+ placebo YES a) 95.3 7.6/60 11.2 a) 96 90.54 6.5/48 9.3 -4.76 -1.1/-12 -1.9
pa N=111) (N=109 b) 95.7 7.6/60 10.9 b) 92 93.98 7.38/56 | 10.64 | -1.72 -0.22/-4 -0.26
4) T.P. Didangelos/2004  Orlistat 360mg+hd+pa | hd+pa N=32) YES a) 93.4 8.0/64 10.0 a) 94 87.8 6.4/46 7.5 -5.6 -1.6/-18 -2.5
(N=94) b) 87.3 7.9/63 9.7 b) 32 83.4 7.1/54 9.6 -3.9 -0.8/-9 -0.1
5) B. Guy-Grand/2004 | Orlistat 360mg-+hd-+rf hd +rf + placeb@dN=96) NO a) 94.3 7.6/60 9.9 a) 97 90.4 7.1/54 8.51 -3.9 -0.54/-6 -1.39
(N=97) b) 91.3 7.7/61 10.6 b) 96 90.0 7.6/60 10.1 -1.3 0.18/-1 -0.50
6) Kelley/2004 Orlistat 360mg+hd+rf+pa hd +rf+pa + placeb®=26) | YES a) 99.0 8.13/65 10.87 a) 17 87.0 6.48/46 6.82 -10.1 | -1.65/-19 -4.05
(N=26) b)102.0 7.82/62 8.77 b) 22 92.0 6.85/51 6.99 -9.4 -0.97/-11 -1.78
7) M. Hanefeld/2002 Orlistat 360mg+hd+rf | hd +rf + placebdN=18¢€) NO a) 99.4 8.6/70 10.95 a) 189 94.1 7.7/61 9.35 -5.3 -1.1/-9 -1.6
(N=195) b) 98. 8.6/7( 10.9¢ b) 18(C 95.C 8.1/6¢ 10.2¢ -3.4 -1.0r5 -0.7
8) J.M. Miles/2002 Orlistat 360mg+hd+rf +gahd +rf+pa + placebo YES | a)l02.1 8.87/73 11.6 a) 160 97.4 8.12/65 9.6 -4.7 -0.75/-8 -2.0
(N=250) (N=254) b)101.1 8.79/72 11.1 b) 139 99.3 8.38/67 10.4 -1.8 -0.41/-5 -0.7
9) A. Halpern/2003 Orlistat 360mg-+hd+rf +pahd+rf+pa +placeb@N=174 a) 89.7 8.37/67 11.05 a) 139 84.8 7.76/61 | 10.05 | -4.24 -0.61/-6 -1.00
(N=164 YES b) 89.5 8.49/68 11.50 b) 141 86.4 8.27/66 | 11.49 | -2.58 -0.22/-2 -0.01
10) D.E. Kelley/2002 Orlistat 360mg-+hd+rf +pahd +rf+pa+placeboN=276 a) 102.0 9.01/75 10.91 a) 137 98.11 8.39/67 9.28 -3.89 -0.62/-8 -1.63
(N=274) YES | b)101.8 8.99/74 11.16 b) 128 100.53 8.72/72 | 10.08 | -1.27 -0.27/-2 -1.08
11) G. Cocco/2005 Orlistat 360mg+hd+rf +pdnd +rf+pa+placeboN=45) a) 106.99| 7.28/55 10.93 a) 45 101.58 6.78/50 9.19 -5.55 -0.5/-5 -1.74
(N=45) YES | b) 105.98 | 6.92/52 10.33 b) 45 103.50 6.88/51 9.71 -2.65 -0.04/-1 -0.62
12) M.F. Pathan/2004 Orlistat 360mg+hd+rf +pad +rf+pa N=15) YES a) 76.9 8.9/74 9.8 a) 21 73.8 6.9/52 7.7 -3.1 -2.00/-22 2.1
(N=21) b) 73.4 8.0/64 10.0 b) 15 72.3 6.9/52 7.7 -1.1 -1.1/-12 -2.3

Table 2-2 Studies results for weight loss usingstat and type 2 diabetes outcomes (hd: hypocatieit rf: reduced fat; pa
Plasma Glucose; Wt.: Weight; N: Number).
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Ten of the twelve trials included a placebo conaintl two did not (Didangelost al,
2004; Pathan et al 2004). All of the studies included a hypocaloric diet asome
continued physical activity; although no specifdormation regarding levels or types of
physical activity was provided in four of the stesli(Kuoet al, 2006; Hanefeld and
Sachse, 2002; Kopelmaat al, 2009; Guy-Granet al, 2004). All, with the exception of
two, studies included a reduced fat diet (Keibal, 2006; Didangelost al, 2004).
Diabetes duration was not reported in the majaftyhe trials, with the exception of one
trial, which was restricted to those with known ation of type 2 diabetes &5 years
(Kelley et al, 2004). The mean BMI values at baseline for tiest included for the
orlistat group and the control group, ranged from22to 36.5 and 26.9 to 36.0 kd/m
respectively (Table 2-1).

All the trials reported results in terms of weigkg), HbAlc and FPG, with the exception
of one study, in which only weight and HbAlc wem@yded (Kopelmaret al, 2009)
(Table 2-2). Some of the included studies repodattomes for different durations of
time, in addition to the primary end point; theserevthen compared in the meta-analysis.
All of the included trials reported gastrointestirsde effects from orlistat, including
abdominal pain, defecation urgency, diarrhoea,dlegwontinence and oily stool, except
for one trial (which did not choose to report satfects) (Pathaet al, 2004).
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2.4.1 Weight change

The trials included in this review reported weigggses for primary end points of 3, 6 and
12 months (Table 2-2). Kelley’s (2004) study repdrthe largest weight loss fboth the
orlistat andplacebocontrol groups, while Kuo (2006) and Pathan (20@ported the
smallest. There were also patterns determined dyltination of the trials. Studies of three
months of duration provided the smallest weightngfgacompared with those of six and
twelve months duration. Figure 2-2 displays rapeight loss within three months duration
in both the treatment and control groups. Howetler, mean weight loss was higher for
the treatment group (i.e. the mean weight changehie eight studies at three months
duration in orlistat and control groups was -3.6id a2.32 kg, respectivelgFigure 2-2
and Table 2-3) The included studies reported continued weigss leithin the time in the
orlistat group (i.e. the mean weight change ofdtedies at six months and four studies at
twelve months in the orlistat group was -4.52 ah@3 kg, respectively). A greater overall
(3, 6 and 12 months) mean weight reduction wasrtegavhen administering the orlistat
treatment compared to a lifestyle intervention vattwithout placebo (-4.25 kg, 95% CI: -
4.5 10 -3.9 vs -2.27 kg, 95% CI: -2.6 to -1.8 pg;0.001).

Figure 2-3 and Table 2-4depict an overall effect size in weight loss betwehe
treatment groups and control groups of -2.10 kg4q95l: -2.3 to -1.8p <0.001), which
indicates the difference in weight change betwdwntteatment groups and the control
groups was significantly greater with orlistat. Thesults were grouped into those reporting
3, 6 and 12 monthly primary end points, respecyivAk expected, longer duration trials
were associated with greater weight losses. TheabbMesquared (test of heterogeneity)
was 76.6%p =0.001, which indicates substantial heterogenestyben the studies. There
was no significant heterogeneity between the studdporting weight change after three
months (I-squared =319%,=0.17).
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Figure 2-2 Mean weight change in all patients réngi orlistat or placebo by

duration.
Orlistat Control
. ) . Pooled estimate .
Duration N. of Pooled estimate Heterogeneity Heterogeneity
(Months)  studies N N
|2
ES 12 ES
(95% CI) P o F (95% CI) P P
3 8 1165 -3.67 -2.32
(-4.30 to -3.04) 0.001 88.8 0.001 1174 (-3.37 t0 -1.26) 0.001 95.7 0.001
6 10 1271 -4.52 -2.42
(-4.81 to -4.23) 0.001 925 0.001 1207 (-2.96 t0 -1.88) 0.001 95.6 0.001
12 4 824 4.63 0001 716 0014 819 ~2.02 0.001 851  0.001

(-5.24 to -4.01)

(-2.86 10 -1.18)

Table 2-3 Pooled estimate of mean weight changg lflxgduration in orlistat and control
group (ES: effect size; Cl. confidence interval;NNumber).
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Treatment Control %

Author Country N mean SE N mean SE ES (95% Cl) Weight
3 months :
Hanefeld (2002)  Germany 195 -4.1(0.497) 188 -3.1(0.492) —_— -1.00(-2.37,0.37) 3.13
Halpern (2003)  Brazil 164 -3.58 (0.39) 174 -2(0.46) —:0— -158(-2.76, -0.40) 3.83
Kopelman (2009) UK 124 -3.78 (0.72) 126 -2.86 (0.54) _—— -0.92 (-2.68,0.84) 2.14
Kuo (2006) Tawan 30 -25(0.1) 30 -0.4(0.05) - -210(-2.32,-1.88) 9.93
Kelley (2002)  US 274 -33(0.31) 276 -15(0.31) —_—— -1.80 (-2.66,-0.94) 5.46
Kelley (2004)  US 26 -56(0.63) 26 -55(0.604) | -0.10(-1.81,1.61) 2.25
Beme (2005)  Sweden 111 -3.71(0.25) 109 -1.72 (0.6) —_— -1.99 (-3.26,-0.72) 3.46
Miles (2002) us 250 -36(0.3) 254 -1.9(0.3) —_— -1.70 (-2.53,-0.87) 5.63
Subtotal (I-squared = 31.4%, p = 0.177) {0 -1.73(-2.11,-1.34) 35.84
|
6 months :
Kelley (2004)  US 26 -101(L4) 26 -9.4(13) + + -0.70 (-4.44,3.04) 0.56
Guy-Grand (2004) France 97 -39(0.04) 96 -13(0.03) -+ -2.60 (-2.70, -2.50) 10.40
Miles (2002) us 250 -42(0.2) 254 -1.9(0.2) e -2.30(-2.85,-1.75) 7.63
Kelley 2002)  US 274 -41(1.0) 276 -13(09) *~— -2.80 (-5.43,-0.17) 1.09
Didangelos (2004) Greece 94 -5.6(0.48) 32 -3.9(0.80) _——— -170 (-355,0.15) 1.98
Halpern (2003)  Brazil 164 -4.24 (0.01) 174 -258 (0.12) : - -1.66 (-1.90,-1.42) 9.84
Hanefeld (2002) ~ Germany 195 -5.0 (0.6) 188 -36(0.7) —f—o—— -140 (-3.20,0.40) 2.07
Pathan (2004)  Bangladesh 21 -3.1(0.82) 15 -1.1(0.10) _— -2.00 (-3.64,-0.36) 2.41
Beme (2005)  Sweden 111 -53(06) 109 -25(0.7) —0—:— -2.80 (-4.60, -1.00) 2.07
Cocco (2005)  Switzerland 45 555 (0.29) 45 -2.65 (0.27) —_—— -2.90 (-3.69, -2.11) 5.89
Subtotal (I-squared =84.2%, p = 0.000) <> 223(:2.73,-174) 43.94
|
12 months :
Kelley 2002)  US 274 -389(0.27) 276 -1.27 (0.28) —_— -2.62(-3.38, -1.86) 6.08
Miles (2002) us 250 -47(0.3) 254 -1.8(0.3) —0—! -2.90 (-3.73,-2.07) 5.63
Hanefeld (2002) ~Germany ~ 195-5.3(0.37)  188-3.4(0.39) —_—— -1.90 (-2.95,-0.85) 4.39
Beme (2005)  Sweden 111 -4.76(0.43) 109 -1.72 (0.37) —_— -3.04 (-4.15,-1.93) 4.12
Subtotal (--squared = 0.0%, p = 0.428) <>: -2.64 (-3.09,-2.19) 20.22
: |
Overall (l-squared = 76.6%, p = 0.000) Q -2.10 (-2:39,-1.81) 100.00
NOTE: Weights are from random effects analysis :
I I

Favours treatment Favours control

Figure 2-3 Forest plots for the weight differenkg)(between orlistat and control groups
by duration (ES: Effect Size; I-squared: test dehageneity).

Difference
Duration N. of studies Pooled estimate Heterogeneity
(Months) 5
ES P-value ! P-value
(95% ClI) (%)
3 8 -1.73 0.001 311 0.17
(-2.12 to -1.34)
6 10 -2.23 0.001 84.2 0.001
(-2.73 t0 -1.74)
12 4 -2.64 0.001 0.0 0.42
(-3.09 to -2.19)
Total difference -2.10 0.001 76.6  0.001

(-2.39 to -1.81)

Table 2-4 Pooled estimate of mean weight differeiikg)
between the orlistat and control groups (ES: effeice; Cl.
confidence interval; N: Number).
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2.4.2 Glycaemic values

The reduction in both HbAlc and FPG in the orlisteatment groups was greater than in
the control groups (Table 2-2).

2.4.2.1 HbAlc

Pathan (2004) reported the largest HbAlc changeCarndo (2005) the smallest. Overall
mean HbA1c levels decreased more in the treatmrenipg than in the control groups (-
11.05 mmol/mol, 95% CI: -15.0 to -7.0 vs -4.08 mfmall, 95% CI: -4.8 to -3.2p
<0.001), and the overall effect size difference wia$2 mmol/mol (95% CI: -10.3 to -1.9,
p <0.004). This indicates a difference in HbAlc bedwehe treatment groups and the
control groups; it was significantly greater withistat (Figure 2-5 and Table 2-6) There
was no significant difference in HbAlc changes leetwthe treatment and control groups
at 3 months (-6.46 mmol/mol [95% CI -14.06 to 1,18%0.095), and concerning this there
was considerable heterogeneity between studfes99.3%,p =0.001). Among studies
reporting 6-monthly outcomes, the additional chamg@&ibAlc in the treatment groups
was -5.04 mmol/mol (95% CI: -5.86 to -4.21 mmol/jnoHeterogeneity remained
considerable f1=82.8%,p <0.001). At 12 months, the additional HbAlc chaimyehe
orlistat treatment groups was —5.29 mmol/mol (95%-Z.31 to -3.27 mmol/mol), again
with considerable heterogeneity #100%,p <0.001). The greatest effect from orlistat on
HbAlc level occurred after 3 months duration int&dges -11.36 mmol/mol (95% CI: -
17.53 to -5.19 mmol/mol)Figure 2-4 and Table 2-5)
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Figure 2-4 Mean HbAlc change in all patients raogiwrlistat or placebo by duration.

Orlistat Control
Duration  N. of Pooled estimate Heterogeneity Pooled estimate Heterogeneity
(Months)  studies N N
ES 2 0 ES 2
(95%CI) P ") P (95%CI) P P
-11.36 -4.33
3 5 725 (-17.53 to -5.19) 0.001 99.4 0.001 720 (-6.02 t0 -2.63) 0.001 90.8 0.001
-10.86 -4.57
6 9 1021 (-13.02 to -8.69) 0.001 99.3 0.001 953 (-6.16 t0 -2.97) 0.001 98.7 0.001
12 4 s -9.06 0001 884 0001 819 -3.98 0.001 849  0.001

(-10.29 to -7.82)

(-5.07 to -2.89)

Table 2-5 Pooled estimate of mean HbAlc (mmol/nsbBnge by duration in orlistat and
control groups (ES: Effect size; CI: confidencesmtl; N: Number).
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Treatment Control %

Author Country N mean SE N mean SE ES (95% CI) Weight
3 months
Kopelman (2009) UK 124 -6(0.90) 126 -4(0.90) —_— -2.00(-451,051) 572

Hanefeld (2002) Germany 195 -9.8 (1.37) 188 -7.5 (0.76) —_— -2.30(5.36,0.76)  5.66

Kuo (2006) Taiwan 30 -19(0.01) 30 -2(0.01) . -17.00(-17.03,-16.97) 5.84
Kelley (2002)  US 274 -9.8 (0.44) 276 -3.71(0.44) —?— -6.19(-7.41,-497) 581
Berne (2005)  Sweden 111 -12(2.18) 109 -7.5(163) ———— -440(-9.73,093) 533
Subtotal (--squared = 99.3%, p = 0.000) -<j>— -6.46 (-14.06,1.13)  28.35
:
6 months |
Guy-Grand (2004) France 97 -6(0.03 96 -1(0.03) : * 5.00(5.10,-4.90) 584
Pathan (2004)  Bangladesh 21 -22 (2.48) 15 -12 (L.75) —0—:— -10.00 (-15.97, -4.03)  5.22
Kelley (2002)  US 274 88 (L0) 276 -2.5(0.54) —?— -6.21(-842,-4.00)  5.74
Halpern (2003)  Brazil 164 -6(0.13) 174 -2(0.12) [ -4.00 (-4.35,-3.65) 583
Didangelos (2004) Greece 94 -18(0.35) 32 -9(1.29) —0—: -0.00 (-11.64,-6.36)  5.70
Hanefeld (2002) ~Germany 195 -9.8 (16) 188 -7.5(2.7) :—0—— 221(-834,392) 519
Kelley (2004)  US 26 -19(4.26) 26 -11(3.38) - : -8.00 (-18.66,2.66)  4.23
Cocco (2005)  Switzerland 45 -5 (0.51) 45 -1(0.39) | —— 400 (5.27,-2.73) 581
Beme (2005)  Sweden 111 -13.1(16) 109 -5.4 (3.27) + : -7.70 (-14.83,-057)  4.99
Subtotal (--squared = 82.8%, p = 0.000) :O -5.04 (-5.86,-4.21) 4854
1
12 months :
Miles (2002) us 250 -8(0.05) 254 -5(0.05) : * -3.00(-3.14,-286) 584
Kelley (2002)  US 274 -8(0.87) 276 -2 (0.87) —Io— -6.00(-841,-359)  5.73
Hanefeld (2002) ~Germany 195 -9(0.37) 188 -5(0.36) | - 400 (5.03,-297) 582
Beme (2005)  Sweden 111 -12(091) 109 -24(0.84) —_— : -9.60 (-12.04,-7.16)  5.72
Subtotal (--squared = 92.0%, p = 0.000) <":> -5.29(-7.31,-327) 2310

Overall (1-squared = 100.0%, p = 0.000) 0 612 (-10.30,-1.94)  100.00

NOTE: Weights are from random effects analysis

I I
20 10 612 0 10 20

Favours treatment Favours control

Figure 2-5 Forest plots for the HbAlc differencema¥mol) between the orlistat and
control groups by duration (ES: Effect Size; |-seuaha test of heterogeneity).

Difference
Duration . . .
(Months) N. of studies Pooled estimate Heterogeneity
ES
(95% Cl) P-value F (%) P-value
3 5 -6.46 0.09 99.3 0.001
(-14.06 to 1.13)
6 9 -5.04 0.001 82.8 0.001
(-5.86 to -4.21)
12 4 -5.29 0.001 92.0 0.001
(-7.31t0 -3.27)
-6.12 0.004 100 0.001
Total difference (-10.30 to -1.94)

Table 2-6 Pooled estimate of mean HbAlc differgna@ol/mol)
between the orlistat and control groups (ES: Effeiee; Cl:
confidence interval; N: Number).
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2.4.2.2 FPG

Kelley’'s (2004) study reported the largest FPG dgearwhile Halpern (2003) found the
smallest FPG change (Table 2-2). The mean ovePR( Fevels fell more significantly in
the treatment groups than in the placebo group®5-&hmol/l, 95% CI: -2.3 to -1.7 vs -
0.80 mmol/l, 95% CI: -1.0 to -0.5 <0.001), and the overall effect size difference was
1.16 mmol/l (95% CI: -1.4 to -0.§ <0.001). The FPG difference between the orlistdt an
control groups (-1.36 mmol/l, 95% CI: -2.59 to -B).Jover a three months duration was
larger than that at the six and twelve month irdkr\(Figure 2-7 and Table 2-8)
However, there was considerable heterogeneity leshifee studies {E98.9%,p <0.001).
Over the six and twelve month periods, the diffeemnin FPG were -1.12 mmol/l (95%
Cl: -1.34 t0 -0.90) and -1.06 mmol/l (95% CI: -1.#4-0.68), respectively. At 12 months,
heterogeneity was low%(E15.5%,p =0.31). The highest changes in FPG occurred within
three months of the commencement of the trial ur &udies, -2.42 mmol/l (Cl: -3.43 to -
1.4 mmol/l) in the treatment groups and -1.04 mhiel/.26 to-0.82 mmol/l) in the control
groups(Figure 2-6 and Table 2-7)
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Figure 2-6 Mean FPG change in all patients rengivorlistat or placebo by
duration

Orlistat Control
Duration N. of Pooled estimate Heterogeneity Pooled estimate Heterogeneity
(Months)  studies N
ES 12 ES 12
(95%Cl) P (%) P (95%Cl) P (%) P
-2.42 -1.04
3 4 604 (-3.43 10 -1.41) 0.001 98.9 0.001 595 (-1.26 t0 -0.82) 0.001 83.2 0.001
-1.91 -0.67
6 10 1271 (-2.19 t0 -1.64) 0.001 97.9 0.001 1207 (-0.95 to -0.39) 0.001 97.4 0.001
-1.77 -0.73

0.001 0.0 0.48

12 4 824 0.001 0.0 0.45 824

(-2.00 to -1.55) (-0.99 to -0.48)

Table 2-7 Pooled estimate of mean FPG (mmol/l) ghdoy duration in the orlistat and
control group (ES: effect size; Cl: confidence m&t; N: Number).
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%

Treatment Control
Author Country ~ Nmean SE N mean SE ES (95% CI) Weight
1
3 months :
Hanefeld (2002) Germany 195 -1.95(0.2) 188 -1.2(0.286) ——— -0.75 (-1.42, -0.08) 5.84
Kuo (2006) Taiwan 30 -34(0.06) 30 -0.9(0.02) - : -250 (-2.62, -2.38) 7.84
Kelley (2002) us 274 -1.91(0.07) 276 -1.16 (0.06) : - -0.75 (-0.93,-0.57) 7.75
Berne (2005) Sweden 111 -24(0.5) 109 -1.0(0.5) —_— -140(-2.77,-0.03) 3.14
Subtotal (I-squared = 98.9%, p = 0.000) <> -1.36 (-2.59, -0.13) 24.57
l
6 months :
Guy-Grand (2004) France 97 -1.39(0.02) 96 -0.5(0.02) [ -0.89 (-0.95, -0.83) 7.92
Pathan (2004)  Bangladesh 21 -2.1(0.25) 15 -2.3(0.75) : + 0.20(-1.36,1.76) 2.68
Miles (2002) us 250 -23(0.2) 254 -1.0(0.2) —0:— -130(-2.28,-0.32) 4.47
Kelley (2002) us 274 -1.71(1.0) 276 -1.16(0.9) : —_——— 0.55(-0.27,1.37) 513
Halpern (2003)  Brazil 164 -1(0.02) 174 -0.01(0.02) K 2 -0.99 (-1.05,-0.93) 7.92
Didangelos (2004) Greece 94 -25(0.11) 32 -0.1(0.16) —_— : -2.40 (-2.80, -2.00) 7.03
Hanefeld (2002) Germany 195 -1.55(0.6) 188 -0.95(0.7) :—0—— -0.60 (-1.58,0.38) 4.47
Kelley (2004)  US 26 -4.05(0.49) 26 -1.78 (0.44) | -2.27(-3.56,-0.98) 3.38
Cocco (2005) Switzerland 45 -1.74 (0.06) 45 -0.62 (0.12) - -112(-1.39,-0.85) 7.48
Berne (2005) Sweden 111 -26(0.6) 109 -0.85(0.7) —0—;— -1.75(-3.10,-0.40) 3.20
Subtotal (I-squared = 88.7%, p = 0.000) o -112 (-1.34,-0.90) 53.67
|
12 months :
Miles (2002) us 250 -2(02) 254 0.7(0.2) —0:— -1.30 (-1.85, -0.75) 6.36
Kelley (2002) us 274 -1.63(0.3) 276 -1.08 (0.3) —:—0—— 055 (-1.38,0.28) 5.09
Hanefeld (2002) ~Germany 195 -1.6 (0.18) 188 -0.7(0.23) —_— -0.90 (-1.47,-0.33) 6.27
Berne (2005) Sweden 111 -1.9(0.32) 109 -0.26 (0.45) —0—;— -1.64 (-2.73,-0.55) 4.05
Subtotal (I-squared = 15.5%, p = 0.314) <:> -1.06 (-1.44,-0.68) 21.76
. |
Overall (I-squared = 97.4%, p = 0.000) Q -1.16 (-1.47,-0.85) 100.00
|
NOTE: Weights are from random effects analysis :
I I I I I

-4 -2 -1.16 0 2 4

Favours treatment Favours control

Figure 2-7 Forest plots for the FPG difference (finhbetween the orlistat and control
groups by duration (ES: Effect Size; I-squarect té$eterogeneity).

Difference
Duration . . .
(Months) N. of studies Pooled estimate Heterogeneity
ES
(95% Cl) P-value F(%) P-value
3 4 -1.36 0.030 98.9 0.001
(-2.59 t0 -0.13)
6 10 -1.12 0.001 88.7 0.001
(-1.34 to -0.90)
12 4 -1.06 0.001 155 0.314
(-1.44 to -0.68)
-1.16 0.001 97.4 0.001
Total difference (-1.47 to -0.85)

Table 2-8 Pooled estimates for the mean FPG difterémmol/l)
between the orlistat and the control groups (E&cefsize; Cl:
confidence interval; N: Number).
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2.4.3 Relationship between weight and HbAlc

In order to investigate the relationship betweeightedifferences and HbAlc differences,
Figure 2-8 shows a regression line for the weight differeand the HbAlc difference.
The majority of the study points are clustered talvhe lower left corner of the plot for
the control groups and the upper middle for thatiment group. There are four outlier
studies, which lie away from the main data clusienoting where HbA1c reduction is far
greater than that expected for the weight lossrtego(Kuo et al, 2006; Kelleyet al,
2004; Didangelogt al, 2004; Pathaet al, 2004). The adjusted®Rs 19.3%, indicating
19.3% of the variability in the HbAlc differencenche explained by its dependence on
weight difference. The estimated coefficient foe theatment and control groups is -1.25,
which tells us the average HbAlc decreases by h&ml/mol for every 1 kg drop in
weight(Table 2-9)
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Figure 2-8 Simple linear regression between HbAlffer@nce and weight
difference at the primary end point (The circleesizepresent the sample sizes).

HbAlc Coefficient Standard P-value Confidence  R-squared  Adjusted

difference  mmol/mol error interval R-squared
Weight 1.25 0.49 0.018 0.23t0 2.26 0.229 0.193
difference

Table 2-9 Weight difference and HbAlc differencgression model for the
treatment and control groups.
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2.4.4 Effects of physical activity and placebo

The effects of physical activity and placebo welso aconsidered, and are as shown in
Table 2-1Q There was no significant difference apparent he teight differences

between those studies that included physical @gtamnd those that did not, at any of the
time points. The effect of the placebo on weigharae could only be evaluated at 6
months, and at this point no significant effect i@snd. Physical activity apparently had
no effect on HbAlc at any of the time points. Thieliaon of a placebo was associated
with a significant difference in HbAlc at 6 montlsly. FPG effects were not influenced

by either physical activity or the use of a placabany time point.

101



Total

3 months 6 months 12 months
P-value (PA)
Results Results
Weight (PA) (difference Results (difference N. of (Ctialgte\:/\r/zre]%e
N. of study between P-value N. of study | between treatment| p-value
Kg treatment and and control) study Treatment and p-value
control) control)

Yes 5 1.4 0.501 8 2.1 0.618 3 2.8 0.267
No 3 -1.3 2 -2.0 1 -1.9

Placebo
Yes 8 1.4 8 2.1 0588 4 2.6 0.686
No 0 0 2 -1.8 0 0

HbAlc (PA)
mmol/mol

Yes 2 -5.2 0.796 7 -6.9 0.432 3 6.2 0.643
No 3 -7.1 2 -3.6 1 -4.0

Placebo 0.837
Yes 5 -6.3 7 -5.3 0.012 4 -5.6
No 0 0 2 -9.5 0 0

FPG (PA)

mmol/Il
Yes 2 -1.07 0.567 8 1.1 0.603 3 1.1 0.683
No 2 -1.62 2 -0.7 1 -0.9

Placebo 0.899
Yes 4 -1.3 8 -1.0 0.513 4 -1.0
No 0 0 2 -1.1 0 0

Table 2-10 Effects of physiaativity and placebo on weight loss, HbAlc and RP&: Physical activity; N: Number).
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2.5 Assessment of bias

The risk of bias was assessed using guidelinesigedwy the Cochrane Collaboration
(Higgins & Green, 2008), and as set oufTable 2-11 Generally, bias was found to be
low in all the included studies, as shownTiable 2-12 However, allocation concealment
and blinding of participants and personnel wererapbrted in Didangelos’ (2004) study;
sequence generation was unclear, nor was it appaveith were the primary and
secondary outcomes intended in Cocco’s (2005) sty the blinding of participants and
personnel was not reported by Pathan (2004). Adl studies reported the blinding of

outcome assessment, and none reported missing data.

Type of bias Description Relevant domains in the
Risk of Bias tool

Selection bias Systematic differences between the . Sequence generation

baseline characteristics of the groups Allocation

concealment

Performance bias Systematic differences between the « Blinding of
groups in the care that is provided, or participants and
in exposure to factors other than the personnel

interventions of interest . Other sources of bias

Detection bias  Systematic differences between  Blinding of outcome
groups in how outcomes are assessment.
determined

« Other sources of bias

Attrition bias Systematic differences between + Incomplete outcome
groups in withdrawals from a study data

Selective outcome
reporting

Reporting bias  Systematic differences between
reported and unreported findings

Table 2-11 Classification scheme used to assesg®@ahrane Handbook).
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RCT Sequence Allocation Blinding of Blinding of Incomplete Selective No (%)
generation concealment participants outcome outcome outcome of
and assessment data reporting criteria
personnel in
each
study
(n=6)
P. Kopelman/2009 Y Y Y Y Y Y 6 (100)
C. Kuo/2006 Y Y Y Y Y Y 6 (100)
C. Berne/2005 Y Y Y Y Y 6 (100)
T.P. Didangelos
Y N N Y Y Y 4 (66.6)
/2004
B. Guy Grand/2004 Y Y Y Y Y Y 6 (100)
Kelley/2004 Y Y Y Y Y Y 6 (100)
M. Hanefeld/2002 Y Y Y Y Y Y 6 (100)
J.M. Miles/2002 Y Y Y Y Y Y 6 (100)
A. Halpern/2003 Y Y Y Y Y Y 6 (100)
D.E. Kelley/2002 Y Y Y Y Y Y 6 (100)
G. Cocco/2005 UNCLEAR Y Y Y Y N 4 (66.6)
M.F. Pathan/2004 Y Y N Y Y Y 5(83.3)
No. (%) of studies
containing criterion 11 (91.6) 11 (91.6) 10 (83.3) 12 (100) 12 (100) (91.6)
(n=12)

Table 2-12 Study design criteria aimed at redudirag: Abbreviations: Y, the criterion
was present (low risk of bias); N, the criterionswaot present (high risk of bias);

UNCLEAR (uncertain risk of bias).
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2.6 Summary of the main findings
« Greater reduction in weight, HbAlc and FPG in thiis@at treatment groups
compared with the control groups.

+ The reductions in HbAlc and FPG in the treatmentigroccurred quickly in the

first 3 months.

« With orlistat treatment, longer duration studiegavassociated with greater weight

loss when compared with shorter duration trials.
« There was no significant effect of adding physalivity to the overall outcomes.

« There was a significant effect of the absence pfagebo on HbAlc differences

between orlistat and control group at 6 monthstthma
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2.7 Discussion

The initial systematic review and meta-analysithef RCTs was conducted to describe the
effects of orlistat on glycaemic control among eats with overweight and obesity. It was
found that the addition of orlistat to lifestyle artges increased weight loss, and was
associated with greater reductions in both HbAld BRG levels that were clinically
significant. The addition of physical activity tbe regimen did not significantly affect
overall weight loss or glycaemic control. There vedso little evidence that the use of a

placebo influenced the observed results.

A previous systematic review by Avenell al (2004) reported a weight reduction in the
first year across eight RCTs including patienthbwith and without diabetes. Only one of
these studies met the criteria for the revi@dollander et al, 1998); however, the
published data were not sufficient for inclusionfagher information would have been
required but was not available from either the authf the study or the authors of the
systematic review. The mean weight difference beiwbe orlistat plus diet group and the
placebo plus diet groups after 12 months was -B®X95% CI: -3.48 to -2.54 kgp
<0.00001). Of eight RCTs, six RCTs reported a FR@&came and three reported a
difference in HbAlc (both in patients with and vaith diabetes). The mean HbAlc change
difference was -1.85 mmol/mol (95% CI: -2.62 to09. mmol/mol,p <0.00001), and the
mean FPG difference was -0.24 mmol/l (95% CI: -@840.14 mmol/lp <0.00001). Both
the HbAlc and FPG reductions in Avenell's study evemaller than the research results,
and this is probably because the non-diabetic pigtimcluded in Avenell’s analysis had

lesser capacity for glycaemic improvements, degpiater weight losses.

All the results in the studies included in thisteysatic review and meta-analysis showed a
reduction in weight and glycaemic values in thestat and control groups, although the
mean reduction within the time frame in the orliggeoup was greater than in the control
groups. The reduction of weight, HbAlc and FPG wvedisically and statistically
significant after using orlistat. The reductionsHibAlc and FPG in the orlistat group
occurred in the first 3 months. They were followag modest rises thereafter, despite
continued weight losses of up to 12 months. It migh that, as adherence to lifestyles
reduces over time, glycaemic control deteriorakdges et al (2002) found that, when
patients were treated with orlistat 120 mg, an mupment in glycaemic control occurred
quickly with the onset of caloric restriction, prim any weight loss. Additionally, Rovet

al. (2005) showed that, 6 months of orlistat treathiempatients with obesity and diabetes
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(receiving insulin) was associated with significaetiuction in the mean dose of insulin

without any correlation with weight loss being otveesl.

Ouitlier studies were identified as those whereréiselts were at a distance from the main
data cluster, for unclear reasons, although in scases these might be a consequence of
the small sample size used in the studies, or Isec#éluey recruited different patient
populations with diabetes durations<¢f years (Kelleyet al, 2004). Two studies (Kuet

al., 2006; Pathaet al, 2004) were of Asian populations, and there vgeneeral potential
reasons reported, resulting in a greater effe@ wilzen using orlistat. Asian populations
develop type 2 diabetes at lower BMIs (22 kgirarsus 30 kg/Mmin white Europeans),
because of the capacity reductions for storingrfdhe primary superficial subcutaneous
adipose tissue compartment (Sattar and Gill, 20d#4)ch might mean that less absolute
weight loss was required to improve insulin semsiti In addition, differences in the
dietary needs of the Asian population might helphvarlistat’'s action to reduce blood

glucose levels.

In this review, the effects of physical activitydathe placebo on weight loss, HbAlc and
FPG were unclear, due to insufficient numbers wdists reporting effects without physical
activity, especially over 6 to 12 months duratioBsmilarly, a low number of studies
reported outcomes in the absence of placebo; athoat 6 months duration there was a
significant effect from the absence of placebo dAkc difference (i.e. the mean HbAlc
difference in the presence and absence of placebarionths duration was -5.3 and -5,
=0.012, respectively). The reason for this mighttbat patients in the control group
effectively remembered to take their anti-diabetiedications with the placebo, or were
not disheartened when blinded to their intervent@onsequently, more studies need to be
undertaken to confirm the effects of physical agtiand placebo on weight loss and

glycaemic values.
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2.8 Research Strengths and limitations

This systematic review and meta-analysis was cdeduon the basis of the Cochrane
reviews methodology, and was reported based on MRIQuidelines. Two major
databases were used to identify relevant triale pboled estimates were derived from
twelve trials comprising 2,802 participants in tofarevious studies of orlistat included
obese patients with and without diabetes; thisamreseis the first systematic review to
focus solely on patients with diabetes excludinpetd, and the effect of orlistat on
glycaemic control. The strengths of this review evtte inclusion of RCTs, the assessment
of two types of intervention and the generatiometa-analysis.

The limitations of the review are the insufficiesample sizes in some studies and the
potential to overestimate the long-term effectsr@htment based on inferences from short
term interventions (<6 months). In addition, treatm strategies were mixed between
dietary management and a variety of oral hypoglygtaegents. There was considerable
heterogeneity between the studies identified. Témsained after the results were stratified
by length of trial and was found in the meta-analp$ weight, HbAlc and FPG. There are
a number of ways in which the patients, the intetioms and the evaluation of the
intervention’s effects might vary between studigsere were differences in the ages of the
patients and in the mean baseline weights. Didtabjts, physical environments that might
promote or inhibit physical activity and seasoraiiations in weight, might also influence
the effectiveness of weight loss interventions.

The presence of other comorbidities, such as Ili@iéute, which might affect capacity for

physical activity and use of medications that mighamote weight gain, may also vary
between the patients in different studies. Detafl&dvice given about physical activity,

and regarding whether the advice was followed wacking. Orlistat 60 mg has been
available as an over-the-counter medication inWl& since 2007, and in the EU since
2009, but as this review only included studies gisirprescription-only dose of 120mg, we
cannot say whether the use of a 60mg dose by patiéth obesity and diabetes improves
glycaemic control, and further research is needatescribe these patients.
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2.9 Research Implications

As observed above, the findings of all the includedlies show that treatment with orlistat
combined with lifestyle interventions provides bsefor individuals who are overweight
or obese with type 2 diabetes. It therefore follavat orlistat should be considered an
effective adjunctive treatment to lifestyle intemden and anti-diabetic medications to
improve glycaemic control among patients who areraeight or obese with type 2
diabetes. However, further research is needednéroothe effect of orlistat in real life;
this is investigated in Chapter 4. Future reseanth the effects of orlistat on glycaemic
control in overweight and obese patients with t@pédiabetes would be improved by the
provision of additional detail concerning physi@tivity interventions, and objective
monitoring of physical activity (e.g. by using aocalerometer). In addition, giving full
details of the behaviour change techniques useddwallow the coding of interventions
within a systematic review, which would further ln¢b build cumulative knowledge of
which interventions are effective (Miché al, 2013; Presseat al, 2015). Recordings of
comorbidities and medications and longer follow-periods beyond 12 months are
suggested. Further research is needed to measuaglitlerence to orlistat, as it is generally
believed that people do not adhere to orlistatrneat.
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Chapter 3: Evaluation of the effectiveness of
phase 1 (lifestyle) of the Glasgow and Clyde

Weight Management Service programme
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3.1 Chapter summary

There is a paucity of evidence regarding the aeffeness of weight management services.
The aim of the data collected for this chapter wa®valuate the effectiveness of the
lifestyle intervention component of the NHS Glasgand Clyde Weight Management

Service (GCWMS), particularly to achie¥® kg weight loss, exploring the effects of age,
sex, initial weight, BMI, and co-morbidities suck diabetes and hypertension. In this
prospective cohort study, all the individuals witarted GCWMS between 2008 and 2014
were included. Last observation carried forward QUK), and programme completers were
reported using mean weight changes with 95% condéidantervals, and 5 kg and 5%

weight losses at the end of the lifestyle programvaee observed.

Of 23,650 patients referred to GCWMS, 13,255 (56.G#%tended assessment, 8,173
(61.5%) individuals attended their first sessiod &329 (55.3%) individuals attended at
least two sessions of the lifestyle programme.ha&tfirst visit, 72.9% were female, 40.5%
were from the most deprived quintile, 21.4% hadetas, 16.2% had hypertension, mean
weights and BMI were 115.2 kg and 42.2 kghespectively. In total, 30.5% of those who
opted in and attendet? sessions (7,329) losb kg by the end of the lifestyle programme,
and among 4,042 completers, 4686-(,854) lost5 kg. Weight lossX5 kg) occurred at a
higher rate among men, aged0 years, BMI>50 kg/nf. Those with diabetes mellitus,
young men, young women, and socio-economically ide@r groups achieved lesser

weight loss.

The weight management programme was effectivedioieaing 5 kg weight loss, but only
in less than 50% of those patients who completéféstyle programme. Those who did
not complete the programme (44.8% dropped out) rexpeed a lack of weight loss. A
higher proportion of the patients completing thegsramme lost5 kg. Therefore, it is

necessary to evolve the GCWMS in order to facditat improved impact.
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3.2 Introduction

The prevalence of obesity is becoming more extensithe UK, where it is becoming a
major cause of serious diseases, including camcetoronary artery disease (Kopelman,
2007). Treatment guidelines developed in the UKomemend multicomponent weight
management programmes which include calorie defiaikets, regular physical activity
(225-300 minutes/week) and behavioural componeamtd §is motivational interviewing
for the management of patients with overweight loesity (SIGN 115, 2010). The NHS
Greater Glasgow and Clyde area of Scotland hagalgtton of 1.2 million individuals.
GCWMS is among the biggest services in the UK. $hevice is provided by a team
comprising dietitians, psychologists, physiothestgpand administrative staff. GCWMS is
accessible to patients aged 18 years and overcaitiplex obesity (defined as BMI 880
kg/m? with obesity-related comorbidities, or BMIs 285 kg/nf), who have been referred
by a GP or hospital doctor.

The goal of the service is to support patientsctieve weight losses of at least 5 kg. This
Is based on good evidence that a 5 kg weight foasciinically significant target known to
improve obesity associated health conditions (Rsbaret al, 2014). GCWMS is only
successful if participants are motivated to chatiger lifestyles, and all of the eligible
patients are referred by their health professiomald they receive a leaflet about the
service. Once a referral has been sent by the @fengs have to phone the GCWMS
booking centre within two weeks to arrange an &ssent appointment. The assessment
includes questions about the patient’s weight aied kistory, their levels of activity,
physical health and moods and motivations. Furtbeempatients might undergo further
assessment from a physiotherapist or a clinicatlpspgist to direct them toward the best
treatment. GCWMS offers small group and individaedgrammes to individuals suffering

from anxiety, mild learning difficulties, sensompairment and literacy issues.

GCWMS is offered in three phases: the treatmenphase 1 (lifestyle intervention)

includes a combination of diet (600 kcal deficitet)li exercise and behavioural
interventions over nine sessions (90 min) delivemece every two weeks over a 16-week
period (9 fortnightly sessions). Behavioural intmions include patient monitoring,

motivational enhancement, and cognitive behavidimeiapy such as goal setting, problem
solving, and slowing the rate of eating. Theseisasanvolve dietician talks, encouraging
healthy eating based on the Eatwell Plate (Fooddatals Agency, 2007) and behavioural

change, in addition to weekly exercise sessionspaydhological talks (full details of the
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sessions can be seerfigure 3-1). After completing phase 1, patients can choosnter
phase 2, which consists of four sessions (one hdeliyered at monthly intervals, and
including a variety of treatment options includifgrther lifestyle advice (FWL), a
prescribed low-calorie diet (LCD) or pharmacothgrdprlistat). Phase 2 treatments are
determined by patient choice; generally, if pasesuccessfully lose5 kg, they can move
on to FWL by attending three monthly sessions @vemonths, and if they have lost less
than 5 kg, they will be selected for a LCD, or phacotherapy. Patients can then enter a
weight maintenance programme (phase 3) directlpviahg the end of the lifestyle phase,
or at the end of phase 2, dependent on the patiehtice.

Phase 3 consists of 12 sessions (one hour) daliarenonthly intervals. The patient can
choose to repeat phase 2 once again and thensem@intenance programme if they fail to
achieve their target weight loss (5 kg). In additipatients can opt for bariatric surgery if
they fail to lose 5 kg and have a BMI >40 k§/rar BMI >35 kg/nf with comorbidities
(Figure 3-2).

There is a lack of evidence evaluating multidisogaly tier 3 weight management
programmes available in the UK. Therefore, the afnthis research was to evaluate the
effectiveness of the lifestyle intervention offetegdthe GCWMS programme to achieve 5
kg or more weight loss, exploring the effects of,agex, initial weight and BMI, as well as
co-morbidities such as diabetes and hypertensiba.iiain research question posed was:
what proportion of patients lose 5 kg of weightidgrthe lifestyle phase of the GCWMS?
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GCWMS programme: the lifestyle phase

Session 1: General talk

- Programme overview;

- Causes of obesity;

- Benefits of 5-10 kg weight loss;
- Eat Well Plate;

- Becoming more active;

- Lifestyle diaries.

Session 3: Planning for success

- Menu planning, shopping, and guide to
food labelling;

- Binge eating.

Session 5: Go do it

- Solve unhelpful thinking - thoughts,
feelings, and behaviour;

- Diet quiz.

Session 7: Keep it real

- Diet myths/fad diets, and the balance
of good health;

- Staying motivated to be active;

- Body image.

Session 2: Taking control

- PDP;

- Barriers and benefits to becoming m¢
active.

Session 4: Changing habits
- Cooking and eating out/takeaways;
- Dealing with social pressure to eat;

- What you can do to incorporate physi
activity.

Session 6: Riding the craving wave
- Cravings vs. hunger;
- Practical dietary tips;
- Physical activity quiz.

Session 8: The journey so far

- Relapse prevention;

- Support;

- High risk situations;

- What activity changes have been made

Session 9: Programme review and phase

2 offering

bre

cal

J

Figure 3-1 Patients’ journey at the lifestyle phase
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GP Referral ~ _Optin Assessmer

Optin

Phase 1 Lifestyle programme 16 weeks (fortnightly)

Weight loss <5 kg
Phase 212 weeks, monthly)

Weight loss >5 kg

Low calorie diet Further weight loss
OR
Pharmacotherapy
Weight loss <5 k wr:t loss >5 kg
Phase 3
Bariatric surgery Maintenance programme

Patient with BMI >35 with co-morbidities or BMI >4€g/m2 12 monthly sessions

Figure 3-2 Diagram of the phases of the GlasgowGgde Weight Management Service.
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3.3 Materials and methods
3.3.1 Data source

The data were collected by the dietitians at theetivhen the participants attended their
sessions at the GCWMS. The subjects’ weight anghthevere measured by the dietitians
on calibrated scales, and then noted. These dat tiwen recorded and transferred to a
database by the dietitians. This prospective cadtadty used data obtained for all referrals
made to the GCWMS from 2008 to 2014. The data wellected on a live database and
stored on a Microsoft Structured Query Languagel(S&erver. The data analyst at

GCWMS extracted the data by running a SQL queryefaech table including all of the

requested fields. The output from each of the SQérigs was transferred to a comma-
delimited text file and then transferred to theaddévelopment manager. After this, the

text files were imported into an access database.

3.3.2 Inclusion and exclusion criteria

Of the 23,650 patients identified, 13,255 opted ihie service for assessment (by phoning
the service after referral and making an appointin@f these, 8,226 patients opted into
the lifestyle programme, and the final number dfigrds attending the first session was
8,173 patients. Of these 8,173 patients, 7,32%iddals attended at least two sessions in
the lifestyle phase and were included in the amaly8gure 3-3). Therefore, because the

weight would not change if the individuals attenaetdly one session, only those patients
attending at least two sessions with weights resmbrdiere included in the baseline

characteristics and weight change outcomes®,329).

Since human error is always possible, the data wlkeeked and cleaned by the author.
Records with ages below zero, a height of 1m &, lasd a weight of less than 30 kg were
excluded, as they were unlikely to produce valithdindividuals aged less than 18 years
and with a BMI below 30 kg/fmwere excluded, because the programme is for aditlts
BMI >35 kg/nf or 30 to 34.9 kg/fmwith co-morbidities, and therefore the data are
unlikely to be valid. Therefore, 53 patients wexreleded because of their age (below 18
years) and BMI (less than 30 kgimIf the same patient was referred more than once,
information from the earliest referral only wasliuded (Morrisonet al, 2011; Dixonet

al., 2012), and the same referral was used in phase 2
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All referrals N=29,593

Repeat referrals Unique patients N=23,650
N=5,943

Patients attended the
assessment N=13,255

l

Patients opted to the
lifestyle phase N=8,226

l 53 patients with invalid data

Final patients who attended
>1 session N=8,173

i

Attended>2 session
N=7,32¢

Figure 3-3 Flowchart showing all the referralshe GCWMS between 2008 and 2014.
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3.3.3 Definition of programme completion

It has been established that attendance is dirgelgted to weight loss; therefore,
programme completion was defined prior to analgsisompletion of the programme with
attendance at 80% of the sessions; i.e. seven ¥ s@ssions attended during the lifestyle
phase. Those who completed six or fewer sessiors lafeelled non-completers.

3.3.4 Variables definitions

Co-morbidity information regarding the presenceatwssence of diabetes mellitus and
hypertension were obtained using data from the &®rmal form. The patients were
classified as having diabetes and hypertensiomhié&ewas noted on their GP referral form
or mentioned by the patients at assessment. Howasesocial, educational and economic
information were not available for the patients, @gimated socioeconomic status using
the Scottish Index of Multiple Deprivation (SIMDJBcotland is divided into 6,505
datazones by postcode of residence; each containaca350 households and has a mean
population of 800 people. The SIMD for each dataznconstructed using information
pertaining to seven domains: income and benefitapl@yment, health, education
(including skills and training), housing, crime daaccess to services. The SIMD is used to
derive quintiles of socioeconomic status for thetsh population; ranges from 1 (most

deprived) to 5 (least deprived).

Finally, age was categorised into six groups: 183839, 40-49, 50-59, 60-69 ard0
years. BMI was categorised into four groups: (3M3dy/nf), (35-39.9 kg/rf), (40-49.9
kg/n?) and £50 kg/nf). Weight was categorised into five groups7% kg), (75-99 kg),
(100-124 kg), (125-149 kg) ang150 kg).

3.3.5 Statistical analysis and weight loss outcomes

Missing data relating to weight are very common rgha patient has left a programme
early or not attended an appointment. Where daarassing, the method of LOCF was
used. In other words, when the weight measurengemhigssing, it is replaced by the
participant’s last observed value. The charactesisif patients at referral, assessment and
the first session were reported. However, patiewegghts at the first session were also
used as a baseline for this research. Mean welgiitge and 95% ClI, 5 kg and 5% weight

loss were reported. Differences in the means betwlee two groups and more than two
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groups were tested using a t-test and ANOVA tesipectively. A stratified analysis was
used to estimate the effects of potential confougpdactors on weight change. These
factors were sex, age, deprivation, initial weiBMi, and presence of diabetes/or
hypertension. All the statistical analyses werefqguared using Stata version 12.1
(StataCorp, College Station, Texas).
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3.4 Results
3.4.1 Referral number by GP practice code

In order to investigate whether there was any vViarian GPs referral rates for patients to
the weight management programme, the number ameémege of referrals by GPs to the
GCWMS were identified. Over a six-year duratiorgnfr 2008 to 2014, around 386 GP
practices made 29,593 referralable 3-1shows that 107 GP practices had fewer than 10
referrals in total within a six-year period. Thiguates to 27.7% of GPs making <10
referrals. On the other hand, 69 practices madedset 100-250 referrals, and just five GP
practices made more than 250 referrals. The bat ofaresents the variation between the
numbers of referrals by different GP practices. Tiegority of these practices had 100

referrals or fewer, and some had very low refemaghbers to GCWM$Figure 3-4).
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Referral number Number of %

categories practices
<10 107 27.7
10- <50 87 22.5
50- <100 118 30.5
100- 250 69 17.8
>250 5 1.3

Table 3-1 Number of referred patients to the GCWiké#n
2008-2014 by GP practices code.
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Figure 3-4 Number of referred patients to the GCWivtin 2008-2014
by GP practice code.
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3.4.2 Referral and baseline characteristics
3.4.2.1 Referral

Of the 23,650 patients referred between 2008 ant¥h 2Wable 3-2 shows baseline
characteristics), the highest proportion of pateeferred were aged between 40-59 years
(47.8%). The majority of these referred patientsemgoman (71.1%), the mean age was
46.2 years and the men were older than women (n@ems 49.0 and 45.1 years,
respectively). The majority of the patients werethie most deprived quintile of SIMD
(47.4%) with only 9.8% in the least deprived guetiThe mean initial weight at referral
was 111.2 kg, range 25-286 kg. BMI was also higle; mean BMI at referral was 40.6
kg/n?, and the range 15.1-112.5 kg/rRatients with a BMI lower than 30 kgfmwere then
excluded due to invalid data. Most of the patidrad a BMI between 35 and <50 kg/m
(76.4%). 18.4% and 13.4% of the patients had desb@nd hypertension, respectively.
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N=23,650 N=13,255 (56%) N=7,329 {31

Variables At referral At assessment Atfirstvisit | Ref/ 1visit
Age N % N % N % %
18-29 3,624 | 15.3 | 1,635 | 123 671 9.2 18.5
30-39 3,950 | 16.7 | 2,066 | 15.6 | 1,050 | 14.3 26.5
40-49 5816 | 246 | 3,296 | 249 | 1,821 | 24.8 31.0
50-59 5482 | 23.2 | 3,241 | 245 | 1,946 | 26.6 35.5
60-69 3,455 | 146 | 2,152 | 162 1,374 | 18.7 39.5
>70 1,204 | 5.1 721 5.4 437 6.0 36.0
Missing 119 0.5 144 11 30 0.4
Gender
Male 6,778 | 28.7 | 3,693 | 27.9 | 1,979 | 27.0 29.0
Female 16,823 | 71.1 | 9,543 | 72.0 | 5345 | 72.9 31.5
Missing 49 0.2 19 0.1 5 0.1
SIMD
Most deprived | 11,206 | 47.4 | 5,738 | 43.3 | 2,966 | 40.5 26.5
2 4,427 | 18.7 | 2,480 | 18.7 | 1,410 | 19.2 32.0
3 3,101 | 13.1 | 1,884 | 142 | 1,099 | 15.0 355
4 2,456 | 10.4 | 1,497 | 113 891 12.2 36.0

Least deprived| 2,321 9.8 1,495 | 11.3 924 12.6 40.0
Not known 139 0.5 161 1.2 39 0.5

BMI
30-34.9 3,393 | 143 | 1,464 | 11.0 840 11.5 24.5
35-39.9 8,934 | 37.8 | 4620 | 349 | 2,346 | 32.0 26.0
40-49.9 9,124 | 38.6 | 5576 | 42.1 | 3,197 | 43.6 35.0

>50 2,032 8.6 1,501 | 11.3 946 12.9 46.5
Missing 167 0.7 94 0.7
Weight kg
<75 327 14 119 0.9 44 0.6 13.5
75-99 7,268 | 30.7 | 3,700 | 27.9 | 1,930 | 26.3 26.5

100-124 10,373 | 43.9 | 5850 | 44.1 | 3,252 | 44.4 31.5
125-149 4335 | 183 | 2,669 | 20.1 | 1,558 | 21.3 36.0

>150 1,345 | 5.7 917 6.9 545 7.4 40.5
Missing 2 0.0
Diabetes
No 19,287 | 81.6 | 10,563 | 79.7 | 5,757 | 78.6 30.0
Yes 4,363 | 184 | 2,598 | 196 | 1572 | 214 36.0
Missing 94 0.7
Hypertension
No 20,492 | 86.6 | 10,211 | 77.0 | 6,139 | 83.8 30.0
Yes 3,158 | 13.4 | 2,950 | 22.3 | 1,190 | 16.2 37.6
Missing 94 0.7

Table 3-2 Characteristicsof patients at refersdeasment and at first visit.
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3.4.2.2 Attendance

In total, 7,329 participants attended at leastsBisas and their characteristics can be seen
in Table 3-2 The average weight of those patients who attemddelast one session was
115.2 kg (range 52.6 to 271.9 kg), (129.2 kg in rapd 109.9 kg in women). The mean
BMI in the first session of the lifestyle phase w2 kg/nf (range 30.04 to 85 kghp
(42.0 in men and 42.3 in women). The majority @& gatients had a BMI between 35 and
<50 kg/nf (75.6%), and nearly (70.7%) of patients weighetivben 75 to 124 kg. 72.9%
of the patients present at the first session wengafes, and in the most deprived quintile
(40.5%) of the SIMD with only (12.6%) in the leaksprived quintile. 21.4% and 16.2% of

the patients at the first session respectivelyesatf from diabetes and hypertension.

3.4.2.3 Opt in rate

Table 3-2shows just 31% of the total referred patientsnaléel at least 2 sessions. There
was a low opt in rate for young people comparedh witl people, as only 18.5% of the
referred patients aged from 18-29 years atterxfedessions, whereas 39.5% of referred
patients aged (60-69 years) attended at leasts?osss In total, 31.5% and 29.0% of the
referred females and males respectively attendeditst session. There was a slightly
higher opt in rate from referral to first sessionirfid for those from the highest quintile of
SIMD versus the lowest (40.0% vs. 26.5%). Furtheemthe opt in rate was higher among
heavier people than lighter ones; for example, ¥6d the referred patients with a BMI
>50kg/nf turned up compared to 24.5% of those with BMI =3dqytt. Therefore,

more than 100 kg, or with a BMI of more than 40rkg/had a higher opt in rate. Just
36.0% and 30% of the referred patients with anthauit diabetes respectively attended the
first session. Moreover, 37.6% of the referredgrati with high blood pressure turned up;
whereas, 30.0% of referred patients with normabdl@ressure attended? sessions.

Likewise, those with diabetes or hypertension hadgher opt-in rate than the patients

without diabetes and those with normal blood pressu
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3.4.2.4 BMI classification for individuals attendin g at least one session

Nearly two thirds (56.2%) of the 8,173 GCWMS patsereferred between 2008-2014 and
who attended at least one session had a baseline>Bbkg/nf; the distribution of BMI
data is positively skewedFigure 3-5), and according to WHO groups (2014b), this
percentage of patients are classified as clasdb#dsgTable 3-3)
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Figure 3-5 Histogram of baseline BMIs among 8,178igmts attending the
GCWMS, 2008-2014.

Obesity classes Frequency Percentage
30-34 Class | 939 11.4
35-39 Class Il 2,633 32.2
>=40 Class Il 4,601 56.2
Total 8,173 100

Table 3-3 Baseline Body Mass Index of the 8,173 GC3\patients, 2008-
2014.
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3.4.3 Weight loss outcomes
3.4.3.1 Completers and non-completers

In total, 4,042 patients (55.1%) completed thestijee programme, attending 80% of the
total sessions. A higher proportion of men complete lifestyle programme than women,
almost 60% and 53% respectively. In addition, thepprtion of patients from the most
affluent areas was higher than from the most dedriareas in cases of programme
completion (62% vs. 51.8%). Age30 years, BMI>50 kg/nf and weight=150 kg were
associated with a greater proportion of programmmptetion. In addition, a higher
proportion of patients with diabetes and hyper@msiompleted the programme (57.8%
and 57.0%, respectively) compared to patients wh® @bese without diabetes or
hypertensior{Table 3-4)
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Total (completers & non-completers) (attendeatast 2 sessions)

Completers (subgroup of totagn@ed at least 7 sessions)

N ch'\a/llﬁgg \;Vr?éggé% P- Lost>5 kg Lost >5% N (%) of Mean weight change | Lost>5 kg Lost >5%
cl value N (%) N (%) total and 95% ClI N (%) N (%)
Al 7329 | -3.58 (-3.6t0-3.4) (2?6?;;, | (215‘570‘/'; || 4042551 | 5.09(5210-49) | 1854 (46%) 1591 (39
Gender Male 1979 | 451 (4710-42) | 762(385) 575 (29) 1186 (59.9) -6.14 (-6.410)5.8) 643 (54) 499 (42)
Female 5345 -3.23(-3.3t0-3.1 1468 (27.5 1239 2853 (53.3) -4.65 (-4.8 10 -4.4) 1209 (42 aqss)
Missing 5 3
SIMD 1 (most deprived)| 2,966  -3.32 (-3.4 to -3.1 847 (28.5) 703 (24) 1537 (51.9) -4.91 (-5.1t0)4.6) 690 (45) 589 (38)
2 1,410 | -3.60 (-3.8t0-3.3) 448 (32) 381 (27) 85.7) 5.17 (-5.4 10 -4.8) 379 (48) 324 (41)
3 1,099 -3.67 (3.9t0-3.4)| 0.001 336 (30.5) 283 (26)) 4@@5.8) -5.06 (-5.4 t0 -4.6) 274 (44.5) 234 (38)
4 891 -3.80 (-4.0 to -3.5) 279 (31) 235 (28.5 fEB5) -5.30 (-5.7 to -4.8) 235 (46) 204 (40)
5 (least deprived) 924 -4.06 (-4.310 -3.7 319 (34| 262 (285) 573 (62) -5.30 (-5.6 to -4.9) 268 (47)] 232 (40.5)
Missing 39 19
Age <29 671 -2.27 (2.6 t0-1.9) 140 (21) 103 (15) 288 (42.9 -3.84 (-4.410 -3.2 04136) 81 (28)
30-39 1,050 | -3.41(-3.6t0-3.1 309 (29.5 240 (23| 536 (50.9) -5.15 (-5.5 t0 -4.7) 254 (47) 201 837.
40-49 1,821 | -3.62(-3.8t0-3.4 563 (31) 453 (25| 974 (53.1) -5.47 (-5.7t0 -5.1) 474 (48.5) 395 B0.
50-59 1,946 | -3.82(-4.0t0-3.6) 0.001 627 (32) 523 (27) 1108 (56.9) -5.22 (-5.5 t0 -4.9) 518 (47) 436 (39)
60-69 1374 | -3.94(-41t0-3.7 458 (33) 418 (30.§ 849 (61.7) -5.10 (-5.3 t0 -4.8) 390 (46) 361 §2.
>70 437 -3.59 (-4.0to -3.1) 127 (29) 129 (29.5 G22) -4.50 (-4.9t0 -4.1) 108 (40) 110 (40.5
Missing 30 15
Male <29 109 -3.75 (-4.7t0 -2.7) 39 (36) 23(21) 52 (47.7) -5.70 (-7.3 0 -4.0) 26)(5 18 (34.5)
30-39 211 -4.24 (-5.0t0 -3.4) 78 (37) 49 (23) 1335) 6.25 (-7.310 -5.1) 65 (57.5) 41 (36)
40-49 449 -4.64 (-5.110 -4.1) 0.56 168 (37.5 123 (7.5 247 (55) -6.88 (-7.6 t0 -6.1) 144 (58) 107 (43)
50-59 599 -4.55 (-4.91t0 -4.1) 232 (39) 178 (30)) 88&.7) -6.23 (-6.8 10 -5.6) 192 (53.5) 150 (42)
60-69 481 -4.69 (-5.110 -4.2) 194 (40) 155 (32)) 78&7.9) -5.79 (-6.310 -5.2) 173 (53) 142 (435
>70 117 -4.30 (5.0 to -3.6) 46 (39) 43 (37) 81259.] -5.07 (-5.9t0-4.2) 39 (48) 37 (45.5)
Missing 12 8
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Total (completers & non-completers) (attendeldast 2 sessions)

Completers (subgroup of totadr(ded at least 7 sessions)

N Mean weight change P.value Lost>5 kg Lost >5% N (%) of Mean weight change | Lost>5 kg Lost >5%
and 95% ClI N (%) N (%) total and 95% ClI N (%) N (%)
Female <29 562 -1.98 (-2.2 t0 -1.6) 101 (18) 80 (14) 236 (41.9 -3.43(-4.0t0 -2.8 (38) 63 (26.5)
30-39 839 -3.22 (-3.5t0-2.9) 0.001 231 (27.8) 191 (23] 423 (50.4) -4.85 (-5.3t0 -4.4) 189 (44.5 160)(38
40-49 1,372 -3.29 (-3.5t0 -3.0) 394 (29 329 (24) 725 (54.8) -4.98 (-5.3 t0 -4.6) 329 (45.5 287.539
50-59 1,347 -3.48 (-3.6 10 -3.2) 394 (29 344%35.| 749 (55.6) -4.72 (5.0 t0 -4.4) 325 (435 288)(
60-69 893 -3.54 (-3.710-3.3) 264 (29.5) 263 (29.5) 522 (58.4 -4.66 (-4.918y4. | 217 (41.5) 219 (42)
>70 320 -3.33(3.7t0-2.9) 81 (25) 86 (27) 191639| -4.26 (-4.610-3.8) 69 (36) 73 (38)
BMI 30-34.9 840 -2.93 (-3.2t0 -2.6) 193 (23) 220 (26) 468 (55.7 -4.09 (-4.4t0 -3.7 63135) 187 (40)
35-39.9 2,346 -3.34(3510-31)| (001 668 (28.5) &RY) 1258 (53.6) -4.86 (-5.0 to -4.6) 561 (44.5 42%43)
40-49.9 3,197 -3.66 (-3.8t0 -3.5) 994 (31 779 (24| 1754 (54.8) -5.17 (-5.3t0 -4.9) 818 (46.5 637.5)
>50 946 -4.44 (4710 -4.1) 377 (40) 236 (25) 562 4) 6.18 (6.6 t0 -5.7) 312 (55.5) 205 (36.5
Weight <75 44 -2.19 (-3.410 -0.8) 5 (11.5) 12 (27) 21 (47.7) -3.27 (4.0t0-25 18Y( 9 (43)
75-99 1,930 -2.86 (-3.010 -2.6) 440 (23 503 (26) 1033 (53.5) -4.08 (-4.310 -3.8) 370 (36) 417 (30.5
100-124 3,252 -3.48 (-3.6 t0 -3.3) 0.001 969 (30, 83Hp5. | 1765 (54.2) -4.88 (-5.0 to -4.6) 791 (45) 699.63
125-149 1,558 -4.12 (-4.3t0 -3.9) 575 (37, 377 (24| 899 (57.7) -5.88 (-6.2 t0 -5.5) 489 (54.5 348)(3
>150 545 -5.23 (-5.6 t0 -4.8) 243 (44.5) 151 (27.5) 324 (59.4) -7.32 (-8.0t0 -6.5) 200 (61.5) 128 £39.
Diabetes No 5,757 -3.67(3710-35) [ (001 1801 (31) 1496 (26) 3133 (54.4) 5.26 (-5.410)5.00 1487 (47.5) 1270 (40.5)
Yes 1572 -3.24 (-3.410 -3.0) 431 (27.5) 378 (24) 909 (57.8) 44 (-4.710-4.2) 367 (40.5) 321 (35.5
Hypertension No 6,139 -3.53 (-3.6 t0 -3.4) 0.03 1844 (30) 1560 (25.5) 3364 (55 5.01 (-56.2t0)4.9 1547 (46) 1331 (39.5)
Yes 1,190 -3.83 (-4.0to -3.5) 388 (32.5) 314%p6.| 678 (57) -5.08 (-5.4 to -4.7) 307 (45) 260 (38.5

Table 3-4 Subgroup analyses for the lifestyle plrdgbe GCWMS, using the LOCF method. First refisrfeom 2008 to
2014 inclusive 1§ =7,329).P-values were determined by using a t-test and ANQ¥#t p-value <0.05 considered
statistically significant) (Cl: Confidence Intery®&: Number).
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After completing the lifestyle intervention programe, the results showed completers
(those attending at least 7 sessions) had greaighted losses than non-completers (those
attending fewer than 7 sessions). The mean welgnge and 95% CI in completers and
non-completers was -5.09 kg (95% CI: -5.2 to -9 &nd -1.72 kg (95% CI: -1.8 to -1.6
kg), respectively. In addition, the mean weightradein completers and all patients (total)
was -5.09 kg and -3.58 kg respectively. By the ehthe lifestyle phase, almost 55% of
patients who attended at least two sessions, #isndad at least seven sessions; and of
these ‘completers’, 46% lost 5 kg or more. 30.5%lbpatients (7,329) lost at least 5 kg at
the end of the lifestyle pha¢€able 3-5) Appendix 1 represents the mean weight change
by the number of sessions attended, in order tabksh whether a smaller number of
sessions attended by the patients could lead tmiaatly significant weight loss. Those
who attended more sessions achieved a greater weigh than the participants who

attended fewer sessions.
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Mean weight change
0, 0,

N % and 95% CI (kg) Lost >5 kg Lost>5%
Phase 1 (total)
Completers

_ 4,042 55.1| -5.09 (-5.2 to -4.9) 1,854 (46%) 1,580.%%)

(>7 sessions)
Non-completers< 3,287 | 44.8| -1.72(-18t0-1.6) | 378 (11.5%) 283%8)
sessions)

Total (All)
_ -3.58 (-3.6 t0 -3.4) 2,232 (30.5%)| 1,874 (25.5%)
(>2 sessions)

Overall % success 23,650 - 9.4% 8%

Table 3-5 Weight loss at the end of the lifestyfeage from the first session in the same
phase and the overall % success for referred pat{€h Confidence Interval).
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3.4.3.2 Sex, age and SIMD

Generally, men were more successful at achieviadgtkg target weight loss (mean losses
in men and women were 4.51 and 3.23 kg, respeglivEatients in the least deprived
quintile lost more weight in both groups (complstand others) than the patients in the
most deprived quintile did; however, deprivatiom aiot appear to affect the proportion
losing their target weight. The success rates feight loss for men in all age groups,
ranging from 30 to 70 years, were around 40% (3%08%) compared to around 30% (27.5
to 29.5%) in women. Young men and young women basl $uccess; 36% men vs. 18% of

women aged under 30 years achieved 5 kg weight loss

3.4.3.3 Initial BMI, diabetes and hypertension

Those patients who were heaviest (B¥I0 kg/nf and weight>150 kg) achieved the

greatest proportion of individuals losing 5 kg oone (40% and 44.5%). Patients with
diabetes were less likely to achieve the kg target weight loss (27.5% for those with
diabetes and 31% for those without); the total me&aight change, and 95% CI in people
with diabetes and people without diabetes were4-8® (95% CI: -3.4 to -3.0 kg) and -

3.67 kg (95% CI: -3.7 to -3.5 kg) respectively. @ other hand, participants with
hypertension were generally more successful andohie 5 kg target weight than patients
without hypertension (the mean weight change of 9BP4n patients with and without

hypertension was -3.83 kg (95% CI: -4.0 to -3.5&gl -3.53 kg (95% CI: -3.6 to -3.4 kg),
respectively.

3.4.3.4 Target weight loss (5 kg and 5%)

5 kg and 5% weight loss were looked at as theggetsare mentioned in the guidelines
(SIGN 115, 2010). Therefore, in terms of meeting kg and 5% weight loss target, male
patients performed better than female patients wi88.5% losing?5 kg and 29%5%
when compared to 27.5% losia® kg and 249%5%. However, young men and young
women €29 years) had the lowest proportion of individulalsing their target 5 kg or
more. The heaviest participants5Q kg/nf) comprised the greatest proportion (40%) of
individuals losing 5 kg or more, compared with tighter individuals €35 kg/nf).
Individuals without diabetes and those with hypesiten were more successful at losing
>5%. In total, 55.1% of those participants who srGCWMS completed the lifestyle
phase programme, and of those, 39.5% had lost 5%z of their initial weight. Overall,
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among all the patients who attended at least 2ase5525.5% lost5% of their initial
body weight(Table 3-5)

3.4.3.5 Overall percentage success

Of the 23,650 participants who were referred toGBNVMS between 2008-2014, 9.4% of
patients lost at least 5 kg and 8% BS%o of their starting weight (Table 3-5).
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3.5 Summary of the main findings

* There was a low number of referrals from each healactice across the six-year
duration studied; 27.7% of the total GPs had <i€rrals.

* Many people referred to the GCWMS never attendath anly 31% of referred
patients attending their first session.

* The majority of those referred were women, from thest deprived areas, with
BMIs between 35 and 50 kgfmdid not have diabetes and had blood pressure

within the normal range.
« Half of the patients attending at least one sess®Enm classified as class Il obese.

* A higher proportion of men, those from the leagprdeed areas, those who were

older and those with a higher initial body weigbimpleted the lifestyle programme.

e Patients aged 60-69 years, men, those from the tegwived areas, those with
higher BMIs, those with high blood pressure, ardiviiduals without diabetes were

more likely to lose 5 kg.

» This lifestyle (phase 1) programme was effectivadtieving 5 kg weight loss, but
only for fewer than 50% of the patients who congidethe lifestyle phase. A greater
proportion of those completing the programme (altel>7 sessions) lost their
target £5 kg) compared with non-completers.

* In terms of the % success for all patients refeteeGCWMS, 9.4% and 8% lost 5

kg and 5%, respectively.
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3.6 Discussion

This research evaluated the first phase (lifestglelsCWMS q =7,329). The service’s
established goal is for attendees to achieve at & kg weight loss, because there is
evidence that moderate weight loss of 5-10 kg ®o@ated with significant clinical
benefits in individuals with obesity (Avenetit al, 2004). This research evaluated the
effectiveness of the lifestyle phase of this lasgeight management programme by
reporting the proportion of patients who lost aske5 kg of weight during the lifestyle
phase. Overall, the study found that 9.4% of al platients referred lost at least 5 kg and
30.5% of the participants who attended at leagtsgiens lost5 kg. Among those patients
who completed the lifestyle phase, over 46% achi¢kieir target weight loss.

3.6.1 GP practice referral

There was a variation between the numbers of wfeifrom each GP practice. Low
referral rates from the majority of GPs practicall mot have occurred due to a lack of
with obesity needing a weight management programime Scottish Health Survey
(2011) reported that 24% of adults in Glasgow drese; therefore, the possible reasons
might have been patients preferring not to enrch Wweight management programme, or
GPs’ lack of concern or interest in the programmeaddition, GPs might have preferred
to avoid disputes with patients because of the esessful overall percentage weight loss
among referred patients, as fewer than 10%6%t of their initial weight. It is important

to consider that the practice size and location m#iyence the number of referrals.

A previous qualitative study explored GPs’ view@bmanaging patients with obesity
(21 GPs from 15 different practices in London)cdncluded that GPs believe obesity
management to be the patient’'s responsibility, anodare unwilling to offer medical
solutions (Epstein and Ogden, 2005). A further igaiale study (conducted in Portugal
and interviewed 16 GPs) reported that GPs are émifyunegative when discussing their
role in treating patients with obesity (Teixegtal, 2015). The majority of GPs believe
that they will struggle to make any improvementsiy by advising their patients to
adopt long term lifestyle changes. GPs also comaaeah some barriers, such as lack of
patient motivation, insufficient time allocated tpunselling, lack of training, and
communication problems with patients when talkingowt their weight. Additional
previous studies have reported that 83% of GPs dvoaike weight as a problem with
patientswho are obese, but only 15% discussed weight mamagfewith them (Laws,
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2004). Overall, the existing research found thas @knk the main cause of obesity is
eating too much, an issue that is within patieoatsitrol. The recommendations about what
could be done to help motivate GPs’ and other pyneare staff on this issue are

discussed in Chapter 7.

3.6.2 Referred patients’ characteristics

In order to examine how representative the refepaulilation to those who were eligible
in NHS Greater Glasgow and Clyde, data from thettiStoHealth Survey (2008-2011)
were examined by another researcher (Daniel SEudtract in UKCO, 2015). A total of
40% of the eligible population were men, of whonmlyoB8.6% were referred to the
GCWMS; and there was an over-representation of geuadults (aged 18-29) and those
with a higher BMI. A total of 15.3% of the referrpdrticipants were aged 18-29 compared
with 5.9% of the eligible population; 8.6% of thosith a BMI >50 kg/ni were referred,
compared to 0.7% of the eligible population. Howevewas found that the spread of
deprivation was similar in both the eligible pogida and the participants referred to the

GCWMS, which might indicate that they have greatsd and fewer resources.

Despite prevalence of obesity in both sexes beimyjes, just 28.7% 1§ =6,778) of all
patients § =23,650) referred to the GCWMS from 2008 to 2014eneen. Similarly, only
18.5% of the referrals to a North Somerset schdfé% to Weight Watchers and 10.7%
to Slimming World audits were for men (Dixethal, 2012); leading to the conclusion that
fewer men are referred to UK weight managementreenirhis research shows that the
majority of the referred individuals were women .[®b), indicating a reluctance among
men to enrol in a lifestyle programme, or a relactaamong clinicians to refer men; this is
consistent with the previous research (89.3% of riferred patients were women in
Stubbset al, 2011 and 81.5% in Dixoat al, 2012). Additionally, this finding concurs
with another study that reported 73.7% of partictpareferred to Special Lifestyle

Management (SLiM) were women.

A previous study evaluated the rate of weight fos34,271 participants referred for a 12-
week course of Slimming World sessions (Stubbsal, 2011). Of the referred patients,
89% were women, and it has been suggested thist tmghecause this programme failed

to recognise gender concerns.
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Other suggested reasons might be the fact that mere are in full-time employment
(38%) compared with female (25%) (The Scottish Gonvent, 2012) and therefore cannot
commit to attending regular daytime appointmentsh@&cause the associations for men
with increasing body size differ from those for wemn(i.e. men who are overweight and
obese are generally less interested in their wdlgdn their female counterparts (Grety
al., 2009; Stibb, 2004). Moreover, in case of illnesen are less likely to consult a
physician and also generally less likely to paptite in health services offered (Mansfield
et al, 2003). A previous systematic review of the ek for the management of obesity
in men was funded by the Health Technology Assessmpmgramme in the UK, and
recommended providing a weight management progranmmsocial places, such as
workplaces and sports clubs, to attract men tolenraveight management programmes
(Robertsoret al, 2014). In addition, according to the predictimighe Foresight report
more men than women are overweight or obese; thuber alterations to practices are
needed to increase referral rates for men and tablesh why men do not engage with

weight management programmes (Government Offic&émnce, 2007).

This research and previous findings in the two istudhat evaluated the GCWMS show
that most of the referred individuals were from thest deprived areas (47.4%), compared
to those from the most affluent areas; (62% in Momet al. and 43.3% in Loguet al.
studies). The reason might be because of the ultiits overcoming long term unhealthy
food habits (Turrellet al, 2002) and their lower level of education (Drewski and
Specter, 2004).

3.6.3 Opt-in and dropout rate

GCWMS offers longer term support, of up to two weao individuals who choose to
continue losing weight. However, some patients skamo leave the programme after the
first or second month, possibly due to factors saghveight regain, failure to lose weight,
or confidence brought about by their weight losscess, as they believe they can follow
the same treatment plan at home independently utitth@ assistance of the service. This
explains the reasons for the missing data and ukang OCF method. A previous study (
=124), which recruited patients with BMI >30 kd/from outpatients’ clinic in Croatia or
via GP referral to a weight management study fomighths, was performed to identify
factors that predict dropout rates. This study thtime overall drop rate was 32.3% and
resulted from reasons ranging from lack of motwat{15.3%), to psychological problems

or health-related issues (8.0%). Moreover, it watspossible to contact the patients (6.4%)
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due to unhappiness with the programme (2.4%); ditiath to their lower education level
(Hadziabdicet al, 2015).

Young patients dropped out of the programme aghdrirate than older people (81.5% of
young patients aged 18-29 years dropped out) asddbult is consistent with previous
findings of the multidisciplinary tier 3 of the Fakham weight management service
(FWMS) (Jenningt al, 2014). It was found that the mean age of paxicis who were
assessed but not recruited was lower than those atteaded (45.2 vs. 52.7 years,
=0.001). A possible explanation of this might be griority given to family members and
children or work commitments. Another possible exition is insufficient weight loss

reducing their motivation to attend sessions.

Moreover, patients from the most deprived areazeweore likely to drop out, as only
26.5% of the total number of patients referred edrp. This could be due to a lack of
transportation or the need to prioritise work. gHer proportion of patients with BNH50
kg/m? had turned up, possibly due to their concern their body weight was damaging
their overall health. In contrast, a RCT (2 yeatsation in the US) compared weight loss
achieved through self-help weight loss and witheaighed commercial programme (12
weeks), and suggested that most of the patientsdndygped out had higher starting BMIs
(Heshkaet al, 2003). This discrepancy could be due to theeddfice in the BMI at
baseline between the two studies for recruitedepj individuals with BME>30 kg/nf
were included in this research, whereas, Hegtlkal's study included patients with BMI
27-40 kg/mi. The RCT thus stopped at BMI =40 kd/mwhile the current study includes
patients with much higher BMIs, some with BMI ofG-kg/n.

A further interesting finding was that referredipats with hypertension and diabetes had
a higher likelihood of turning up (37.6% and 36%pectively), compared with people
without hypertension and without diabetes (30% 0% respectively). It seems possible
that this result is due to high blood pressure dpaim age-related problem and therefore as
more older individuals turned up than younger otiess, creates the illusion of a highly
significant effect. Another possible explanatiomwever, might be that a diagnosis of

hypertension and diabetes heightened patientsetiagiregarding their general health.
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3.6.4 Completion rate

Some studies have used the higher threshold oft8G¥%fine programme completion; this
was consistent with the current research (Stubbsal, 2011; Dixonet al, 2012).
Elsewhere, previous studies have applied a loweskiold and defined completed cases as
participants who attended four or more appointmeng&months, five or more sessions in
6 months, or six or more sessions in 12 months (@Acde et al, 2012); defining
completers as those who attended at least hafassions (Morrisost al, 2011; Loguest
al., 2014). Studies using the current threshold tongletion (80%) may lead to a more
accurate reflection of the true effectiveness ofghie management programmes when
compared with studies that define completion asndtince of 50% of the sessions.
However, lower thresholds (around the 50% attenelaate) are a more realistic reflection
of the median number of sessions attended by pateamd therefore these studies using
these lower thresholds include more patients whempared to studies using higher
thresholds (80%) that then tend to focus on indiald that achieve higher weight losses.
80% is equivalent to the threshold of drug adheramged in the majority of medication
trials as they wish to measure the effect of exposa the full course of treatment; by
using 80% attendance then it is ensuring exposoréhé full course of behavioural
treatment. The research results show a signifiddfégrence in completion rates between
the sexes; men who completed the programme achtbeadtarget weight loss. Stubbs

al. (2011) and Browret al. (2015)reported completion rates of 57.4% in Slimming Worl
and 55.2% in SLiM respectively among women (comgangth 53.3% in the current
research).

55.1% of the participants who attended at leaste&iens completed the treatment
programme. This research shows a low completiam imiyounger participants and those
in the most deprived quintile, which is consistemith the finding of a previous
randomised trial (Heshket al, 2003). In terms of comparing completion ratehvwother
services, 56% of SLiM patients completed a 6 marrse of treatment (Browet al,
2015); and from the Lighten Up RCT at 3 months tlora 66%, 63% and 64% of
participants completed the Weight Watchers, SlimMéprld or Rosemary Conley
programmes (Jollet al, 2011). Another study reported that out of 34,patticipants
referred to Sliming World between 2004 and 2006s¢éhwho attended 12 sessions over a
three-month period; totalled 58.1%, where programtoenpletion was measured by
attendance at minimum of 10 sessions out of 12b{tat al, 2011). In conclusion, the
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completion rate at GCWMS was low but consistentvather services; hence, this is a
problem of all services and an area that needsdunnprovement.

3.6.5 Weight loss outcomes and comparison with other weig ht management

programmes

To the best of our knowledge, this research isasnery few examples of an evaluation of
the effectiveness of a lifestyle intervention maae a specialist weight management
programme targeting subjects who are obese with B30I kg/nf. The research findings
show that the NHS GCWMS achieved a 5 kg weight lmss830.5% of participants
following the lifestyle intervention. This equatesth 25.5% of participants losing 5% of
their initial body weight when a LOCF analysis sed, as the mean weight was greater
than 100 kg at baseline. In total, 46% of partinoisawho completed the programme

achieved at least 5 kg weight loss and 39.5% oirttlieiduals lost 5% of their weight.

In comparison with an earlier study by Morrisetral. (2011), which evaluated the lifestyle
phase of all patients referred to the GCWMS betw2@d and 2006, 13.6% of patients
who opted into the programme lost at least 5 kg pamed with 30.5% in the current
research. 35.5% of the patients completing the rarage lost at least 5 kg, compared
with 46% in this study. Additionally, a previous B\paper by Loguet al (2014), which
evaluated the GCWMS (2008-2009) over 12 monthsprieg that 26% of patients who
opted in and 36% of those completing the prograniact lost>5 kg at the end of the
lifestyle phase. These results are better thamabelts obtained in the earlier two studies;
this might be attributable to the fact that asgh#ent figures spanned 6 years (2008-2014)
the service may have improved over time. Anothasoe why the results are better might
be that a higher threshold for completion than tis&d in previous studies was used in this
study. As attendance is linked with successful Weitpss, higher thresholds will
selectively detect participants with higher weilgigtses. This will not affect all the patients
included in the study; however, this research itetliparticipants who attended at least 2

sessions, whereas the other two papers includédeafiatients who attended session.
In comparing the current results of the GCWMS with other tier 3 weight management

programme, the following table summarises the tssaf the three different weight
management services (GCWMS, FWMS, and SLiM):
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Results GCWMS FWMS SLiM

Mean age (years) 46.2 52.7 48.2
Sex (% of females) 71.1 70 73.7
Initial weight (kg) 115.2 124.4 135
Initial BM (kg/m?) 42.2 44.1 49.1

Mean weight change -3.58 after 4 months -3.6 after 3 months -4.1 after 6 months
(kg)

>5% weight loss (%) 25.5 after 4 months 25.2 after 3 months 24.9 after 6 months
39.5 (completers) 34.2 (completers) 32.3 (completers)

Dropout rate (%) 44.8 after 3 months 14.3 after 6 months 44 after 6 months

Completion definitions  Attended>7 Attended all the Attended all
sessions over 4 sessions (10-15 sessions (6
months sessions) over 1 sessions) over 6
year months

Table 3-6 Summary of the results from three diffien@eight management programmes
(tier 3).

In comparison with the SLiM programme in Birminghamtotal of 828 participants with
BMI >35 kg/nf with comorbidity or>40 kg/nf without comorbidity were enrolled
between 2009 and 2013, within SLiM over 48 montinsation (Brownet al, 2015). SLiM
included monthly sessions over 6 months of lifestyhterventions and behavioural
modification; and those who attended all 6 sessioar® defined as completers. The mean
weight change in the current study for all the ipgrénts (LOCF) was -3.58 kg (95% CI: -
3.6 to -3.4 kg) over 4 months duration, compareith wl.1 kg (95% CI: -3.6 to -4.6 kg) for
all the SLiM participants at 6 months duration.525.by the end of the lifestyle phase of
the current study, and 24.9% at the end of SLiMjeax@d at least 5% weight loss, and this
might be due to the higher mean weight (135 kg) BN (49.1 kg/nf) at baseline for the
SLiM patients. In cases of completion, the meargimechange was -3.7 and -5.5 kg (95%
Cl: -4.9 to -6.2 kg) at 3 and 6 months duratiortte SLIM programme, compared to -5.09
kg (95% CI: -5.2 to -4.9 kg) for the GCWMS patientéoreover, 44.4% and 32.3% of
SLiM patients lost5 kg and>5% of initial weight respectively, compared with%&nd
39.5% of GCWMS participants completing the programithe completion rate for SLIM
(56%) was very similar to that for the GCWMS; patgehad a higher BMI at baseline
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(49.1 kg/nf), and hence a lower percentage weight loss. Ilasion, SLiM achieved a
lesser result than the GCWMS; this might be duth¢ofact that SLiIM comprises a lower
intensity lifestyle treatment and patients withigher BMI than GCWMS.

Additionally, in comparison with other multidiscipary FWMS in primary care (more
details about the service are given in Chapterabep/0), the mean weight change at 3
months duration for 218 participants was -3.6 kd 25.2% of the participants lost at least
5% of initial weight. There are some similaritiesthe outcomes between this programme
and the results of the current research; in addittbe patients had almost the same
characteristics as the GCWMS participants. The FWMBuded participants with BMI
>30 kg/nf with co-morbidity or>40 kg/nf; however, it provided monthly sessions and
one-year outcomes were reported. Those includetheanFWMS were heavier than the
participants in the GCWMS (the mean weight at baselvas 124.4 kg vs. 115.2 kg).
Some limitations can be noticed as the percenta§ekg weight loss was not reported, in
addition, the FWMS was evaluated from the initigtl sp in August 2011 to August 2012,
and this relatively shorter period may not reflgstultimate effectiveness (Jenningisal,
2014).

Comparisons with other weight management servi@r @ services) outcomes are
reasonable, with caution, as tier 2 is also a tlfesweight management programme.
However, there were differences between the methsed and the duration of the studies,
in addition to the higher BMIs of the GCWMS panpiants. The GCWMS participants had
a mean BMI of 42.2 kg/fawhich is higher than the Counterweight progran{BiI 37.1
kg/n) or the Lighten Up trials (33.9 kgfnin Weight Watchers, 33.8 kgfnin Slimming
World, 33.4 kg/m in Rosemary Conley and 33.1 kg/in GP subgroup). For instance, the
Lighten Up RCT reported that the proportions ofigres achieving 5% loss in body
weight at one year follow-up in Weight Watchersptshing World, and Rosemary Conley
were 31%, 21% and 26%, respectively (Jadhy al, 2011). Additionally, there were
differences in the data collection procedures bebhathe current research and the Lighten
Up study, as they used patient self-reporting ifwalfweight; and the data were from RCTs

where the mean BMIs were below 38 k&/m

A previous study that evaluated a multicompondestyle modification of the Live Life
Better Service in the UK, from the period April Z0tb 30 April 2013, reported that 26%
of 242 participants had lost at least 5% of thaitial weight after 12 weeks duration
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(mean weight change was -4.9 kg). However, it rigatuparticipants with BM£35 kg/nf
with a comorbidity or BMI >40 kg/f which differ from the inclusion criteria for the
current research. Unfortunately, this study did regort the proportion of patients who
lost 5 kg and the outcomes for the completersltavah comparison with the current data
(Wallaceet al, 2016).

Another recent study evaluated a tier 2 multi-congm weight management programme
on referral (WMOR) that was offered through NHS tBoGloucestershire in the UK from
October 2008 to November 2010 (Birmieal, 2016). This programme included a 12 week
course of sessions consisting of dietary advicessiphl activity, and information on
behavioural change. Participants were able to aogesip meetings of Weight Watchers
as well as receiving vouchers for a 12 week coafseipervised group sessions. The mean
weight change for all participanta €559) in the study was -3.7 kg (95% CI. -3.4 to 4.1
kg). This figure is higher than the current resalf, 32% of all participants and 58% of
patients who completed the WMOR programme P8% of their initial weight. The
participants in the WMOR programme were lighter (BA28 kg/nf and co-morbidities)
than the GCWMS participants, and the definitiorcofirse completion was higher than in

the current research, which may explain the diffeeein the percentage weight loss.

Another study 1f =29,326 from 2007 to 2009) evaluated the weightngeaamong
participants referred to Weight Watchers by the NR$he UK. 33% of all patients, and
54% of those completed the programme and attenBlegdsions at Weight Watchers over
3 months lost5% initial weight (Ahernet al, 2011). This might be due to the lower
average BMI of the Weight Watchers’ patients atbas, as the average BMI in the study
was 35.1 kg/rhand 42.2 kg/rhin GCWMS. Therefore, the most successful programme is
Weight Watchers, possibly a result of the high&ratance levels it commands (Dixen
al., 2012). Only 36% of participants attended Slimgniworld completed the programme
of treatment compared with 44.8% for Rosemary Goalal 56% for Weight Watchers. In
contrast with GCWMS, the Weight Watchers programmoeonly provides group support
and dietary counselling, but also offers a varetyood products that can be purchased
from supermarkets. Additionally, it provides suppiiwrough technological media such as

smart phones and computers.

Compared with the initial experience of the apgiaa of a Counterweight programme
(1,256 participants) (more information about thegpamme is provided in Chapter 1, page
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68), the current research shows the mean weightdtier 16 weeks’ duration was -3.58
kg; the mean weight change in the Counterweighgnamames for patients at three months
(n =599)was -3.4 kg (Laws, 2004). This equates to 25.5% 25m8% of patients losing
>5% of their initial weight in the GCWMS and Counteight programmes respectively.
Of the 47.6% of those completing the Counterwegigramme by attending 4 out of 6
sessions, 28% had lost5% of weight. However, 55.1% completed the lifestyl
programme in GCWMS, and of these, 39.5% lost 5%more of their initial weight.
Therefore, when complete cases are considered, GEWd&more successful than
Counterweight programme in achieving 5% weight.Id$se possible reasons may be due
to the differences in completion rate, programme @rethodological approach, and may
be because the GCWMS patients were more motivétaa Counterweight programme
patients. It is relatively easy for Counterweigtdtients to attend appointments in a
practice provided by practice nurses, whereas Q®&/@S patients generally had to travel
further to attend sessions, perhaps indicatingdrighotivation.

3.6.6 Weight loss outcomes for subgroups
3.6.6.1 Men and women

This research shows men lost more weight than waméerms of both absolute kg and
5% of body weight at baseline, which is consisteitih others findings (Dixort al., 2012;
Morrisonet al, 2011). A previous studyn(E34,271) audited the rate and extent of weight
loss for participants referred to the Sliming Woiridthe UK between 2004 and 2009 for
12 weekly sessions. It found that the average weilghnge and percentage weight change
for men and women were -5.8 kg (-4.9%) and -3.§-BP%), respectively (Stublet al,
2011). This potentially may be related to men hgvon average a higher weight at
baseline. In the HTA report, a previous systemaétiew of RCTs assessing UK
interventions, examined the management of obesitgan only, or men and women in the
same trial. It suggested that whilst it is appdyemtore difficult for men to join a weight
loss programme in the first place, when they doio@nd embark on one, they are more
conscientious in their approach (Robertsbral, 2014). Further work is needed to ensure

the programme is more successful in women to ingpaerall retention.
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3.6.6.2 BMI

A previous study (evaluating the lifestyle phaseGEWMS between 2004 and 2006)
showed that individuals with BM#50 kg/nf were more likely to complete a programme
than those with BMIs between 35 and 39 kig/aithough they were no more likely to lose
weight when they did (Morrisoat al, 2011). While, the current research found theesam
results concerning completion status, it also riegethat those with BM#50 kg/nf were
more likely to lose 5 kg or more. In total, 23%paftients with a BMI=30-34.9 kg/and
40% of those with BMB50 kg/nf lost at least 5 kg. It is likely the greater siascamong
patients with higher BMIs was at least partiallyciese nearly 60% complete@0%

sessions.

The Counterweight Project Team (2008) evaluated:thmterweight programme of 1,906
patients with BMIs>30 kg/nf, or >28 kg/nf, and with obesity-related comorbidities, from
65 UK general practices. They found that after Idhths duration of lifestyle change, the
mean weight changes for participants with BMI <3¢ and BMI >40 kg/ri were -1.87
kg (95% CI: -3.8 to -0.05 kg) and -4.6 kg (95% &l.9 to -3.2 kQ), respectively. This is in
agreement with the current findings that show pgudints with a higher BMI lost more
weight than those with a lower BMI. Moreover, tharrent result is consistent with a
recent study reporting the weight outcomes in 1lilBam adults over 3 months attending
the Slimming World programme in the UK (Stubddsal, 2015). It was suggested that the
absolute weight loss improved when increasing th# 8ategory p <0.001), as the mean
weight change was -3.1 kg, -3.9 kg, -4.5 kg and K for those with BMIs <30 kg/m
30-34.9 kg/m, 35-39.9 kg/rh and>40 kg/nf, respectively. This might be due to greater

health concerns, and making radical changes tamabwad eating habits.

3.6.6.3 Age

Young individuals €29 years) were less likely to complete the progranamd lose weight
than older participants. In total, 42.9% of thogedx<29 years completed the programme
and their mean weight change was -3.84 kg (95%-£4% to -3.2 kg), compared with
62.2% of those agedr0 years. Generally, participants ag&® year from both sexes lost
more weight than the group aged9 years. This is broadly consistent with the rtssof
the Counterweight programme study, which evalu#ié@ participants attending the
programme for 12 months (Counterweight Project T.e2®08). The mean weight change
for those aged <25 year was -1.69 kg (95% CI: td 4.4 kg), and -2.71 kg (95% CI: -3.5
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to -1.9 kg) for those ageeb5 yearslIn addition, an earlier evaluation paper publisired
the BMJ Open, which reported the outcomes over and8th period and evaluated the
GCWMS phasesuggested that young men had the greatest sucmg®ang women the
least success (Loge al., 2014).

However, this research found that both young mehyamng women had the lowest levels
of success in losing weight, although the diffeeem@s not statistically significant for the
male group. The differences might be a result efdifferent types of intervention offered
for the patients in phase 2 (FWL, pharmacotherapyCD), as the BMJ paper evaluated
the three phases. In contrast, this research dedlyshase 1, and patients were only
offered a lifestyle interventionMoreover, this result concurs with an earlier study
evaluating the lifestyle phase of the GCWMS oveyears; this found 679 participants
aged <40 years (31.1%) completed the treatmentrgmoge, compared with 42.9% in the
age bracket60 years. Respectively, 33.1% and 35.3% of patiegesl <40 years arxb0
years lost at least 5 kg in weight (Morrisenal., 2011). As stated earlier, the possible
reasons for this might be patients’ reduced en#isusibecause they are not yet suffering

from any health issues, and the greater priorigmgito family or work commitments.

3.6.6.4 SIMD

As stated above, the majority of patients refereste in the most deprived quintile.
However, they were less likely to turn up, with p26.5% doing so compared with 40%
from the least deprived quintile. In addition, ¢kan the least deprived quintile lost more
weight than those in the most deprived quinfi®06 kg (95% CI. 4.3 to -3.7 kg) and -
3.32 kg (95% CI: -3.4 to -3.1 kg)), respectivelg. terms of programme completion, a
higher proportion of patients from the least depdivquintile completed the programme,
but there was no significant difference in weighgd in relation to socio-economic status.
A total of 62% of patients in the least deprivedntjle and 51.8% in the most deprived
quintile completed the programme, and the mean hwailgange was -5.30 kg (95% CI: -
5.6 to -4.9 kg) and -4.91 kg (95% CI: -5.1 to -4@). An evaluation of GCWMS by
Morrisonet al (2011) that covered the years 2004 to 2006 fabatl49.3% and 34.4% of
the people in the least deprived quintile and thestndeprived quintile completed the
programme. Unfortunately, there were no data fromero weight management
programmes to compare the effect of SIMD with cotrresults. A possible reason for the
poor attendance and completion of the programmé&lcas stated earlier, be due to a lack

of transportation or the need to prioritise workeTrecommendation highlights approaches
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to improve retention within the service for patempted in from more deprived areas,
such as providing education in the area itself, roiding transportation for individuals

to attend appointments.

3.6.6.5 Diabetes

The current research shows the absence of diabetesassociated with increased mean
weight loss; the mean weight change was -3.24 &go(ZI: -3.4 to -3.0 kg) and -3.67 kg
(95% CI: -3.7 to -3.5 kg) in patients with and wath diabetes, respectively. This
difference was statistically significarg;value =0.001. This finding concurs with another
study that evaluated the Counterweight programmer &6 GP practices delivering
interventions to 1906 participants with a BMBO kg/nf. It shows that the mean weight
change in patients with 12 monthly data in a Couvgeght programme was -3.30 kg (95%
Cl: -3.9 to -2.7 kg) in patients without diabetewlal.63 kg (95% CI: -2.4 to -0.7 kg) in
patients with diabetes (Counterweight Project Te&@08). This may be due to the
differences in dietary adherence or because sormaliabetic drugs may cause weight
gain. This is based on a good range of evidencwisigothat some anti-diabetic drugs,
such as metformin, GLP-1 and SGLT2, might causaymtdbss or no change in weight,
whilst others, such as SUs and TZDs, may causehivgagn (Bonora, 2007; Krentz, 2008;
Solini, 2015). Additionally, Winget al (1987) found that people who were overweight and
suffered from type 2 diabetes (12 subjects: 6 nmehGawomen) lost less weight than their
spouse without type 2 diabetes. After a behavio2@alveeks weight-control programme,
the weight change in participants with and withtyyte 2 diabetes was -7.5 kg and -13.4
kg, p <0.01, respectively.

In comparison with the SLiM programméhe mean weight change for patients with
diabetes who completed the lifestyle interventio & WMS 6 =909) was -4.4 kg (95%
Cl: -4.7 to -4.2 kg), compared with -5.7 kg for tB8&iM patients with diabetes after six
months (1 =142). In addition, a recent pilot study ¥34) evaluated the clinical outcomes
of a 12 week lifestyle intervention programme twats delivered in a primary care setting
in the UK and recruited participants with type atwktes or pre-diabetes. It was found that
the mean weight change was -3.1 kg (+2.3) afteetimonths (Huntriss & White, 2016).

The Via Christi Weight Management programme (VCWM) another weight loss
programme, established in 1994 in the US as a gramh the Health Management

Resources (HMR) that offers medically supervisedimdoss. The programme comprises
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two phases: phase 1 (LCD with behavioural modikegtand phase 2 (maintenance). In
comparison with the VCWM, a previous study soughdétermine the effect of a LCD and
behavioural change programme (12 weeks) in weighhge for patients who are obese
(BMI >30 kg/nf) with and without diabetes. From 2009 to 2010, 8idrts were reviewed
for patients with and without diabetes enrolledtie VCWM in the US. Data were
collected before and after participants underweptagramme of meal replacement and
weekly physical activity over a 12 week period; tmean ages for patients with and
without diabetes were 54 and 50 years respectiltelgund that patients with diabetes lost
an average of 11.7% of their initial body weighampared with 12.5% in those without
diabetes (Stanfordt al, 2012).It could therefore be concluded from the aboveistithat
people with diabetes were less successful at logaight, possibly because of their use of

anti-diabetic drugs, which is explored further inapter 6.

3.6.6.6 Hypertension

In this research, participants with hypertensiomemmore successful at losing the 5 kg
target weight, and the reason for this was notrckesasome anti-hypertensive medications
can cause weight gain, such as beta-blockers and stay cause weight loss, such as the
diuretic group. The current results show that pésienith hypertension lost a greater
weight than those without hypertension. This reaplbears to be consistent with another
study that aimed to evaluate rates and predictovgegght loss among 2,906 participants
with obesity in the US who received regular primagye from 2008 to 2011, and who
achieved hypertension control over a year. It fothat participants who were prescribed
antihypertensive medication (OR: 1.37, 95% CI: 1®7.76) were more likely to achieve
clinically significant weight loss, compared witlarficipants without antihypertensive
drugs (Hoet al, 2016). This might be a result of the increasautcern of participants with
hypertension about their health, leading to impdogieetary adherence. In addition, as this
study shows, older people were more likely to Itesr target weight, in which case the
results might be attributable to age interactios,tlle mean age for patients with and
without hypertension was 55.2 years and 43.8 yesspectively. However, to date few
studies have conducted detailed investigation wmght loss comparisons between

patients with and without hypertension.
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3.7 Target weight loss and clinical benefits

Currently, the GCWM target is to achieve a 5 kggheiloss. However, given the higher
BMI of individuals in this specialist weight managent service, 5 kg is equal to 4.2% of
mean body weight (mean initial weight was 115.2. KBased on the SIGN guidelines,
“weight loss targets should be based on the ppaints’ comorbidities and risks, rather
than their weight alone. As those with BMI 25-35rkg are less likely to have obesity-
related comorbidities, a 5-10% (5-10 kg) weightslas needed to reduce the risk of
metabolic disorders and cardiovascular diseaseb#gsity-related comorbidities are more
likely to be present in patients with BMI >35 kd/ra weight loss in excess of 15-20% will
be required for comorbidity improvement” (SIGN 12910).

A previous RCT that included subjects with BM27 kg/nf and aged 60 years or older,
reported that a 5% weight loss was associated weittuced knee pain and improved
physical function in patients with obesity and kresteoarthritis (Bales and Buhr, 2008).
On the other hand, another RCT included 192 patieith obesity and osteoarthritis, who
were treated with a very-low-energy diet (VLED) $4dcal/d) or a low-energy diet (LED)
(810kcal/d) for eight weeks, followed by a 1,20@lkd diet for eight weeks (Rieclet al.,
2010). It was found that patients lost 12% of thaitial body weight in both groups, with
60% of patients in both groups experiencing redwsyadptoms and improved mobility. In
addition, patients enrolled on the Cambridge WekRgjlain formula diet (800 kcal/d) were
able to achieve a 10 to 12 kg weight loss overtemggeks. This amount of weight loss
could prevent type 2 diabetes and improve metabobictrol for patients on insulin
treatment (Leeds, 2016).

Another RCT was carried out on 60 participants vetBMI >27 kg/nf and had plaque
psoriasis were recruited from the outpatients cliniDenmark (Jensest al, 2013). After
16 weeks of LED (800 to 1000 kcal/d) or routinetalig guidance (control group), the
mean weight change in the LED and control groups 148.8 kg and -0.4 kg, respectively.
The mean change in the Psoriasis Area and Sevedéx (PASI) in the LED group was -
2.3 and -0.3 in the control group. The mean diffeeeswas -2.0 (95% CI: -4.1 to 0;
=0.06), which is not statistically significant. Maver, Vilar-Gomezt al. (2015) found
that a modest weight loss (7%-10%) was associatédsignificant improvements in liver
histology in patients with obesity and non-alcobdteatohepatitis (NASH). However,
>10% weight loss was a prompt resolution of stegiahigs and improving fibrosis.
Furthermore, Johanssaat al (2011) found that with the LED programme, paptits
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who lost>15 kg showed greater improvement in the apnoeagngea index after 1 year
than those who lost 10-14.9 kg (-30 vs. 45,0.004), or those who lost less than 10 kg (-
30 vs. -15p =0.008).

Therefore, due to the higher initial BMI and rargfecomorbidities in the GCWMS, and
the clinical benefits of losing10 kg of initial weight, the weight loss target thfe
GCWMS might need to be reviewed and a higher taget
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3.8 Research strengths and limitations

The main strength of this study is that real-lifatad were obtained from the NHS,
providing the largest weight management serviceas#dt available for a programme
targeting participants with severe and complex el addition, the large sample size,
and data such as weight and height were measuredaiogd dieticians and not self-
reported. The mean weight change among all patiesfesred to the GCWMS was
reported, and not only those who completed therproghe. Therefore, it was possible to
ascertain the benefits from attending the prograrohteeatment for certain. The threshold
that defined programme completion was high whenpamed with previous studies that
used lower thresholds. On the other hand, the hitjineshold of 80% to mark programme
completion means that the weight lost by the grofiparticipants who completed the
programme was likely to be greater. In additiorg thsearch reported the outcomes for
completers and non-completers, yielding exact dfieation of the achievements of the
GCWMS.

It is both a strength and limitation of this resdathat the included sample was not
randomly allocated. However, multiple imputation® anot applicable for use in this
research as the missing data are not random, whight producemisleading results.
Moreover, BOCF was not used, because it was asstinadt could assign unrealistic
weight regain to subjects whose weight loss nedhdoend of the programme is known.
Consequently, this study benefits from the use GICE to minimise the number of
individuals who dropped out from the analysis amdltow the analysis to examine weight
loss over time. However, it would underestimate gheiloss in the short term and
overestimates it in the long term (Jorgenstnal, 2014); in addition, it ignores the
trajectory of weight loss. Jorgenseh al. (2014) randomly allocated 561 individuals to
groups receiving an anti-obesity drug or a placieind®0 weeks and measured the rate of
weight loss in each group using different analysisthods. At the end of treatment,
participants lost 6.8 kg (SE 0.66), 6.4 kg (SE P&ad 1.5 kg (SE 0.28) through LOCF,
multiple imputation, and BOCF respectively. Theeashers concluded that LOCF is a
conservative analysis and had a lower SE than thiepte imputation method.

Whilst using real-life data have massive benefttsuse in this study also caused some

problems, resulting in poorly specified information missing data. Additionally, there

was a lack of weight measurement when some refguegigents missed some of the

treatment sessions; another good source of weirgdgsnot readily available. For example,
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as GP records are not available for research atpibint, if the participant drops out it is
not possible to determine what subsequently hagbémehem. There was no control
group, as the results depended on participants\giime programme, which differed from
the approach adopted in RCTs. Generally, RCTs geodata that illustrate the efficacy,
guality and safety of an intervention as endpoirgter than real world data describing its
effectiveness. This study could therefore providerenrealistic answers in normal
conditions, in contrast to the highly standardisedtext of RCTs. The comorbidity data,
such as diabetes and hypertension are also pdigniiaeliable, as while these were
highlighted in the referral forms from GPs, no asces permitted to the patients’ medical
records to confirm this. In addition, the data &mited by the lack of additional

information regarding factors such as the changelimcal risk factors (e.g. glycaemic

control, blood pressure and lipids) or changes @disation doses. A further limitation is

that as long-term weight loss outcomes are notlabai (no GP data are available), the
opportunity to evaluate the maintenance phase wbeldseful to illustrate the effect of

GCWMS over a longer time frame.

152



3.9 Research implications

The lifestyle phase of the GCWMS programme showedast results, achievingbkg
weight loss in 30.5% of individuals who attendedeasst 2 sessions. This chapter suggests
the lifestyle treatment phase is clinically effeetfor patients who completed the treatment
programme, among whom 46% were successful in loaingpast 5 kg. In addition, it
showed that greater absolute weight loss is achieuay those with higher starting BMIs,
which might indicate that the GCWMS goal>F kg weight loss might not be sufficient to
mitigate risk adequately in patients with BMig0 kg/nf. Behavioural change is very
important if patients are to complete the programand ultimately guarantee effective
weight management. Therefore, it is necessary obvexthe GCWMS in order to facilitate
an improved impact. Some recommendations are nede@CWMS to improve their
service; such as, attracting more men to join tteg@amme, encouraging patients from
areas of higher socioeconomic deprivation to optaimd motivating patients to complete
the programme to achieve better results. The Vikesreatment phase, which includes
dietary management, exercise and behavioural et¢ions, should be considered one of
the main treatment plans at GCWMS. Therefore, | nlext chapter (Chapter 4), the
effectiveness of phase 2 treatment will be evatlidg exploring the effect of different
interventions in phase 2 (orlistat, LDL and FWL).urfher implications and

recommendation for the development of the GCWMS$ lvédldiscussed in Chapter 7.
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Chapter 4: Evaluation of the effectiveness
of different interventions in phase 2 of the
Glasgow and Clyde Weight Management

Service programme
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4.1 Chapter summary

In addition to the insufficient evidence concernihg effectiveness of weight management
services, there is a dearth of studies evaluatiegetfectiveness of different interventions
for treating individuals with obesity. The objediwf this research was to evaluate the
effectiveness of these interventions (orlistat, -lealorie diet (LCD) and further lifestyle
advice (FWL)) in phase 2 of GCWMS, setting a targeachieving>5 kg weight loss,
exploring the effects of age, sex, initial weigBiMI and co-morbidities such as diabetes
and hypertension. Subjects with BM30 kg/nf, and who had attended at least 2 sessions
in the lifestyle phase and 2 sessions in phase r2 weluded. LOCF and programme
completers were reported in terms of mean weigahghs with 95% confidence intervals,

5 kg and 5% weight losses at the end of phase &lbas a starting point of the first clinic

visit in the lifestyle phase.

Of the 4,709 individuals who chose to participatephase 2, 3,262 patients attended 2
sessions or more. Of these 536, 1,043 and 1,683npatelected orlistat, LCD and FWL,
respectively. The majority of the patients were dsm from the most deprived quintile,
had a BMI between 35 kgfand 50 kg/r, and had neither diabetes nor hypertension. The
mean weight change for the participants who optéal the service and attended at least 2
sessions in each phase (the lifestyle phase arsg@#)avas -6.56 kg (95% CI. -6.7 to -6.3
kg); and 54.9% of those lost their target weighie Tnean weight change at the end of
phase 2, starting with the first clinic visit iretlifestyle phase was -3.31 kg (95% CI: -3.7
to -2.9 kg), -2.39 kg (95% CI: -2.6 to -2.1 kg) a18.17 kg (95% CI: -10.4 to -9.8 kg) for
patients who used orlistat, LCD and FWL, respetyivia terms of target weight loss, 31%
of all patients on orlistat, 22% on LCD and 83%FML lost at least 5 kg. 39.5%, 25.5%
and 86.5% of those who were on orlistat, LCD andLEYéspectively and completed the
programme lost5 kg from their initial body weight. A greater pagion of patients who
completed the programme lost their target weigbtKg), when compared with all patients

who opted in or non-completers.

Outcomes from the phase 1 lifestyle stage influentdee selection of the phase 2
intervention. Those who were successful in thestifie phase, and who expressed a
preference for further lifestyle intervention, i@ highest weight loss by end of phase 2.
Orlistat and LCD were selected by those failingdse significant weight with lifestyle
change alone, but they did not result in large remsibachieving>5 kg weight loss.
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Targeting effective interventions at specific pa@tidns and increasing the intensity of
phase 2 interventions might improve the programroeéyall effectiveness.
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4.2 Introduction

GCWNMS followed the guidelines to treat individualgh obesity known to be eligible for
treatment, as stated in Chapter 3 (SIGN 15, 201QEN 2014). Phase 2 treatment is
offered to patients who have completed four moofthhe lifestyle programme. The three
choices offered in phase 2 are LCD or orlistaf § kg weight loss has not been achieved,
or FWL (a continuation of the phase 1 programmepiients have successfully le$ kg

in the lifestyle phase. A 1,200 or a 1,500 cal@iEn may be prescribed for patients who
offered LCD based on their personalised dietarggiption (PDP), and if they struggle to
reach their target weight loss through a low-fadt dir opted for it rather thgprescribed
diet, then they were treated with orlistat 120 thgge times a day.

Orlistat (120 mg) is a non-systemically acting $ipanhibitor, which can be taken three
times daily to help patients lose extra weight.idPas with obesity at GCWMS can use
orlistat for 3 months in phase 2; and their prol®gecommended continuing treatments
for longer than 3 months if patients have losteast 5% of their initial body weight when

starting the drug treatment. Patients can contusireg orlistat throughout the maintenance
phase (phase 3) and for up to 12 months if theyirmos losing weight. If patients gain

more than 3 kg during the programme, then the diaguld be discontinued. When

patients are discharged from the service, but anéirwuing to use orlistat, then monitoring
them becomes the responsibility of their GP. Thetsle type 2 diabetes might need longer
treatment with orlistat, as their weight loss woble expected to be slower (NHS Great
Glasgow and Clyde, 2016).

A previous systematic review and meta-analysis fRLTs by Douketiget al (2005)
investigated lifestyle, pharmacologic and surgicaehtment of weight loss (researched
from 1966 to 2003). The main objective was to itigase the absolute weight loss and the
proportion of participants who l0s6% of initial body weight and the effects of weight
loss on cardiovascular risk factors. It showed thatmean weight change after 1 year for
9,953 subjects in 19 studies receiving orlistaadlalition to lifestyle change was 6.1+2.0
kg. The mean weight change after 2 years was ®2kgd, based on LOCF. The same
study concluded that lifestyle treatment providessithan 5 kg weight loss after 2-4 years,
and that pharmacotherapy provides 5-10 kg weigtd &ter 1-2 years.

In Chapter 3, a cohort study of 7,329 patients e@slucted to evaluate the effectiveness
of lifestyle treatment; it found 30.5% of all patie who attended?2 sessions had los6
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kg. While in this study, the effectiveness of phasteeatment was evaluated by studying
the variation in effectiveness when adding anoth&rvention to lifestyle change. The
principal aim of GCWMS is to achieve a reduction5okg or more in patient's weight;
there was a lack of evidence concerning the eféédlifferent interventions on weight
management services. Therefore, the main objectivihis study was to investigate the
proportion of patients who los6 kg starting from the first clinic visit in thefdistyle phase
until the end of phase 2 for each group of patiesiag LCD, orlistat or FWL. One of the

aims of this research was to learn which intenagrgtiresulted in greater weight loss.
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4.3 Materials and methods
4.3.1 Data source

This study used the same data from the GCWMS asubed in the previous study
(Chapter 3, page 116) for evaluating the lifespli@se. Of 7,329 individuals who attended
>2 sessions in the lifestyle phase, 4,709 patiehtse phase 2 by selecting different

interventions.

4.3.2 Inclusion and exclusion criteria

The eligible subjects were adults (agetB years) with a BMI of30 kg/nf. Of 4,709
individuals, 3,262 patients attendet? sessions in phase 2. For this study, those
participants who attended fewer than 2 session® wecluded and the patients who

attended2 sessions in the lifestyle phase a2dsessions in phase 2 were included.

4.3.3 Definition of programme completion

In phase 2, the patients attended 4 monthly sessiwer a period of 3 months, and
programme completion was defined as attendi®gessions, equal to 80% of the phase 2
sessions. Therefore, weight loss outcomes weretegpdor those patients who attended
seven sessions or more in the lifestyle phase tledist three sessions in phase 2.

4.3.4 Variables definitions

Age was categorised into six groups: 18-29, 3048849, 50-59, 60-69 and70 years.
BMI was categorised into four groups: (30-34.9 KJ/nt35-39.9 kg/rf), (40-49.9 kg/rf)
and £50 kg/nf). Weight was categorised into five groups?% kg), (75-99 kg), (100-124
kg), (125-149) and>150 kg). The data included information about thespnce or absence
of diabetes and hypertension in addition to SIMDe Tpresence of hypertension and
diabetes was highlighted on the referral form leyrgferring clinician.

4.3.5 Statistical analysis

All statistical analyses were completed using Statasion 12.1 (Stata Corporation,

College Station, Texas, USA). Statistical significa was defined ap <0.05. Mean

weight change and 95% CI were reported for theetlliferent interventions used in the
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phase 2 treatment. Differences in the means bettvezigroups and across more than two
groups were tested using the t-test and ANOVA tespectively. In addition, 5 kg and 5%
weight loss were reported and the effect of age, deprivation quintiles, initial BMI,

diabetes and hypertension were explored. For ngsdata, the last observation carried

forward method was applied.
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4.4 Results
4.4.1 Baseline characteristics

Figure 4-1 shows that out of the 4,709 participants, 803 p&iavere offered orlistat,
1,686 patients were offered LCD and 2,220 werereffeFWL. 1,447 patients were
excluded because they attended fewer than 2 segsi@mase 2. Therefore, 3,262 patients
were eligible for inclusion. Of these, 536 (16.4%)043 (32.0%) and 1,683 (51.6%)
selected orlistat, LCD and FWL, respectively. LCBdeorlistat were recommended for

those patients who had not le$t kg in the lifestyle phase.

Phase 1 (attendee®
sessions)
(N=7,329)
Did not offer phase 2 Offered phase 2 (N=4,709)
(N=2,620) (Attended)
Orlistat
LCD
Attended 1 session in phasg Attended>2 sessions in
2 (N=1,447) phase 2 (N=3,262)
Orlistat
N=536

Figure 4-1 Flowchart showing the number of patiemte® offered phase 2 treatnteanc
theirinterventions at the GCWM
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Most of the patients in the first session of phaseeatment who selected one of the three
different types of interventions were female, friime most deprived quintile. A higher
proportion of patients with a BMI between 35 kg/and 49.9 kg/hand around one
fourth and one third of the patients had hypertemsind diabetes, respectivélyable 4-

1). However, the proportion of female patients whiected orlistat (81.5%) was higher
than those who selected LCD (76.7%) or FWL (66.0&ewise, the proportion of
young participants selecting orlistat in phase 2 Wwagher than those who selected LCD
or FWL. That is, 10.4%, 7.1% and 4.8% of patierdage@l 18-29 years) in phase 2
selected orlistat, LCD and FWL, respectively. Tmeportion of patients from the most
deprived quintile who selected orlistat (41.8%) wagher than those who selected LCD
(37.0%) or FWL (36.2%). In addition, the percentaepeople without diabetes who
selected orlistat was greater than that of thegmaoips who selected LCD or FWL.
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N=536 N=1,043 N=1,683
(16.4%) (31.9%) (51.5%)
Variables 7,329 Orlista_t LCD FWL
Lifestyle phase | (>2 sessions) (>2 sessions) (=2 sessions)
Age N % N % N % N %
18-29 671 9.2 56 104 74 7.1 80 4.8
30-39 1,050 14.3 107 20.0 115 11.0 217 12.9
40-49 1,821 24.8 152 28.3 209 20.0 403 23.9
50-59 1,946 | 26.6 135 25.2 286 27.4 487 28.9
60-69 1,374 18.7 69 12.9 259 24.8 381 22.6
>70 437 6.0 15 2.8 93 8.9 112 6.7
Missing 30 0.4 2 0.4 7 0.7 3 0.2
Gender
Males 1,979 27.0 98 18.3 243 23.3 570 33.9
Females 5345| 72.9 437 81.5 800 76.7 | 1,111| 66.0
Missing 5 0.1 1 0.2 2 0.1
SIMD
Most deprived | 2,966 | 40.5 224 41.8 384 37.0 610 36.2
2 1,410| 19.2 118 22.0 191 18.3 351 20.9
3 1,099| 15.0 78 14.6 180 17.2 250 14.9
4 891 12.2 57 10.6 123 11.7 224 13.3
Least deprived| 924 12.6 52 9.7 161 15.4 238 14.1
Not known 39 0.5 7 1.3 4 0.4 10 0.6
BMI
30-34.9 840 11.5 46 8.6 164 15.7 187 11.1
35-39.9 2,346 | 32.0 171 31.9 318 30.5 499 29.5
40-49.9 3,197 | 43.6 254 47.8 439 42.1 736 43.7
>50 946 12.9 65 12.1 122 11.7 261 15.5
Weight kg
<75 44 0.6 3 0.5 14 1.3 4 0.2
75-99 1,930 26.3 154 28.7 331 31.7 373 22.2
100-124 3,252 | 444 241 45.0 458 43.9 739 43.9
125-149 1558 | 21.3 106 19.8 177 17.0 411 24.4
>150 545 7.4 32 6.0 63 6.0 156 9.3
Diabetes*
No 5757| 78.6 442 82.5 755 724 | 1,309| 77.8
Yes 1572 21,4 94 175 288 27.6 374 22.2
Hypertension*
No 6,139| 83.8 451 84.2 860 825 | 1,394| 828
Yes 1,190| 16.2 85 15.8 183 17.5 289 17.2

Table 4-1 Characteristics of patients in phase @OL low calorie diet; FWL:

further weight loss). (*): Diabetes/Hypertensioglighted on referral form.
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4.4.2 Phase 2 selection

Table 4-2shows the results for the lifestyle weight lossgghand the patient’s selection
in phase 2. The mean weight changes at the erftediféstyle phase for participants who
were offered orlistat, LCD or FWL were -1.40 kg ¥9%I: -1.6 to -1.1 kg), -1.89 kg (95%
Cl: -2.0 to -1.7 kg) and -8.27 kg (95% CI: -8.4-80 kg), respectively. Those who did not
select any intervention in phase 2 lost -1.6 kg496I: -1.7 to -1.5 kg) in the lifestyle

phase.

Mean weight change and 95%

Intervention N .

Orlistat &2 sessions) 536 -1.40 (-1.6 to -1.1)
LCD (=2 sessions) 1,043 -1.89 (-2.0t0 -1.7)
FWL (>2 sessions) 1,683 -8.27 (-8.4 t0 -8.0)

Never chose phase 2 2,620 -1.6 (-1.7 to -1.5)

Table 4-2 Lifestyle phase outcomes (mean weighhghpamong different group choices
in phase 2 (CI: Confidence interval; N: Number).
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4.4.3 Effect of orlistat

4.4.3.1 Weight loss outcomes for all participants a  nd completers for those

who selected orlistat in phase 2

Table 4-3shows that 45.7%n(=245) of those patients £536) who started the GCWMS
were considered to have completed the lifestylesphend phase 2 (orlistat); of those,
39.5% had lost5 kg and their mean weight change was -4.33 kg (€3%4.9 to -3.6
kg). On the other hand, 31% of all patients (congpteand non-completers) had lost 5 kg
or more and their mean weight change at the emdhase 2 was -3.31 kg (95% CI: -3.7 to
-2.9 kg).

Phase 1 + Phase 2 Mean weight change

(orlistat) N % and 95% CI (kg) Lost 25 kg Lose5%
Completers
(=7 p1 and>3 p2 245 45.7 -4.33 (-4.9 to -3.6) 97 (39.5%) 81 (33%)
sessions)

Non-completers

(<7 pl anck3 p2 291 45.2 -2.45 (-2.9t0 -1.9) 69 (24%) 58 (20%)
sessions)
Total 536 -3.31 (-3.7 t0 -2.9) 166 (31%) 139 (26%)

(>2 sessions)
Table 4-3 Cumulative weight loss at the end of phagorlistat) from first clinic visit in
lifestyle phase (CI: Confidence interval; pl: phase2: phase 2; N: Number).
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4.4.3.2 Mean weight change and target weight loss (5 kg) for subgroup of
participants who selected orlistat in phase 2

Table 4-4 shows that out of 536 individuals who were offertistat and attended?2
sessions, 81.5% were female and 41.8% were froormtist deprived quintile. The mean
age was 46.5 years and the mean weight and BMI W&B6 kg and 42.5 kg/m
respectively. In total, 82.5% and 84.2% of patiehgsl no diabetes or hypertension,
respectively. There was no difference in the probporof males (30.5%) to females (31%)
achieving their target weight loss at the end aiggh2. There was no clear trend between
initial BMI or weight and successful weight losseMand women aged/0 years had
more success with weight loss; however, the sasipke of these two groups €2 andn

=13 respectively) was small. In addition, preseacebsence of diabetes or high blood
pressure and deprivation did not seem to affeciptioportion of patients achieving their

target weight loss.
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Total (completers & non-completers) Completers
N Mean weight change P- Lost>5 kg Lost >5% N (%) of ch’\gﬁgg \;Vﬁéggé% LOE;25 Lost >5%
and 95% ClI value N (%) N (%) total cl N (%) N (%)
Al 536 -3.31 (-3.7t0-2.9) 165 (31%)| 139 (26%) M455) | -4.33 (-4.9t0 -3.6) (3;’_;% ) | 81(33%)
Gender Male 98 -3.33 (-4.310-2.3) 30 (30.5) 19 (19.5) 48 (49) -4.46 (-5.7t0-3.1) (385) | 12 (25)
Female 437 -3.29 (-3.710 2.8) 093 135 (31) 120 (27.5)196 (45) | -4.28(-5.0t0-3.5)| 78 (40) 69 (35)
Missing 1 1
SIMD dleé”r““‘jg 224 -3.13 (-3.8 10 -2.4) 61 (27) 48 (21.5)| 111 (49.5) -4.45(-5.610-3.2) 1(a7) | 31(28)
2 118 -3.66 (-4.310 -2.9) 40 (34) 33 (28) 47 (40 -AH410-35) | 20 (42.5) 16 (34)
3 78 -3.94 (-4910-2.9) | 0.46 33 (42.5) 27 (34.5 34 (43.5) -4.73 (-6.1 t0 -3.3) 16 (47)| 15 (44)
4 57 -2.66 (-3.4 10 -1.8) 14 (24.5) 13 (23) 29 (51 BWM.5t0-1.8) | 10(345) 9(31)
digﬁi:f 52 -3.01 (-4.3t0 -1.6) 17 (32.5) 16 (31) 22 (42 wB9t0-24) | 941 | 8(365)
Missing 7 2
Age <29 56 -2.99 (-4.4 t0 -1.5) 17 (30.5) 14 (25) 24 (43) -4.97 (-7.1t0-2.7)  40.6) | 9 (37.5)
30-39 107 -2.54 (-3.4 10 -1.6) 27 (25) 21 (19.5 47 (44 B#.6t0-1.7) | 13(27.5) 10 (21)
40-49 152 -3.42 (-4.0t0 -2.7) 48 (31.5) 38 (25) 70 (46 H“b.At0-3.4) | 31(445) 23(33)
50-59 135 -3.83 (-4.7 10 -2.8) 032 46 (34 39 (29) 65 (48 -4. /4 to -3.1) 26 (40) | 22 (34)
60-69 69 -3.14 (-3.9t0 -2.3) 60 (29) 17 (42.5 30 (43.5) .3(-5.4t0-3.2) | 13(435) 11(36.5)
>70 15 -4.46 (-6.0 to -2.8) 6 (40) 8 (53.5) 8 (53.5 -4(IR51t0-2.7) | 3(37.5)| 5(62.5)
Missing 2 1
Male <29 9 -4.74 (-9.710 0.2) 5 (55.5) 3(33.5) 5 (55.5) 456 (-6.9t0-2.1)  4RY | 1(20)
30-39 18 -3.60 (-6.0 to -1.1) 7 (39) 3 (165 11)(6 | -3.82(-75t0-0.1)| 4(36.5) 2(18)
40-49 22 -3.36 (-5.3t0-1.4) | 0.79 5 (22.5) 3(13.5) 37)( | -5.69 (-10.8t0 -0.5) 3(43)| 2(285)
50-59 27 -2.69 (-4.4 t0 -0.9) 6 (22) 5 (18.5 108 | -472(62t0-3.1)| 4(365)| 3(27)
60-69 20 -2.94 (-4.7 t0 -1.1) 6 (30) 3 (15) 13 (65) -4.03(-6.1t0-1.9)| 5(38.5) 3(23)
>70 2 -6.75 (-10.6 t0 -2.8) 1 (50) 2 (100 1 (50) 4.80 0 1 (100)
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Total (completers & non-completers) Completers
N Mean weight change P- Lost>5 kg Lost >5% N (%) of ch’\alllﬁgg \;Vr?éggé% LOE;25 Lost >5%
and 95% ClI value N (%) N (%) total cl N (%) N (%)
Female <29 47 -2.65 (-4.1t0 -1.1) 12 (25.5) 11 (23.5)| 19 (405)  -5.08 (-7.8t0-2.3) 8(42) 8 (42)
30-39 89 -2.32 (-3.2t0-1.3) 20 (22.5) 18 (20 (@65) | -2.95(-4.51t0-1.3) 9 (25) 8 (22)
40-49 129 -3.41 (-4.0t0 -2.7) 013 42 (32.5) 35 (27 (€2 -4.27 (-5.2t0-3.3)| 27 (43.5 21 (34)
50-59 108 -4.11 (-5.2 to -3.0) 40 (37) 34(315)  (5@) -4.81 (-6.7t0-2.8)| 22 (40.5 19 (35)
60-69 49 -3.23 (-4.1t0 -2.2) 14 (28.5) 14 (28.5) 7(34.5) | -4.60 (-5.810-3.3) 8 (47) 8 (47)
>70 13 -4.11 (-5.8 t0 -2.4) 5 (38.5) 6 (46) 7 (54) 4.02 (-5.6t0-2.4) 3 (43) 4 (57)
Missing 2
BMI 30-349| 46 -3.52 (-4.4 10 -2.5) 14 (30.5) 18 (39) 15 (32.5) 4.17 (-5.3t0-2.9) | 5 (33.5) 9 (60)
35-39.9 | 171 -3.16 (-3.7 t0 -2.5) 56 (32.5) 48 (28) 81 (47.5) 4.54 (-5.2t0 -3.8) 39 (48) 33 (40.5)
40-49.9| 254 -3.53 (-4.1t0 -2.8) 0.55 79 (31) 63 (25 116 (35|5 -4.54 (-5.6 t0 -3.3) 43 (37) 34 (29.5)
250 65 -2.66 (-3.810 -1.5) 17 (26) 10(15.5) 33 (50.5 -3.1(-4.5t0-1.6) 10 (30) 5 (15)
Weight <75 3 -3.26 (-6.9 10 0.4) 1(33.5) 1(335 2(66.5)  54(-9.1t0 0.07) 1 (50) 1 (50)
75-99 154 -3.40 (-3.9t0 -2.8) 54 (35) 61 (39.5 70 (45.5) 4.43 (5.2t0-3.6) | 34 (485 40 (57)
100-124) 241 -3.06 (-3.6 to -2.5) 0.38 68 (28) 50 (20.5)  10%) -3.77 (-4.4 10 -3.0) 35 (33) 24 (225
125-149| 106 -4.00 (-5.2t0 -2.7) 35 (33) 23 (21.5 52 (49 2%(-7.5t0-3.0) | 21 (405 13 (25)
2150 32 -2.41 (-4.4 10 -0.3) 8 (25) 4(125 15 (47)  .381(-7.3t0 -1.3) 6 (40) 3 (20)
Diabetes No 442 -3.39 (-3.8t0 -2.9) 140 (31.5)| 117 (265) 200 (45) -4.38 (-5.1t0-3.6)| 81 (40.5) 68 (34)
Yes 94 -2.93(3.8t0-2.0) | 040 26 (27.5) 22 (23.5) 45 (48) 410 (-521t0-2.9) (36.5) 13 (29)
Hypertension No 451 -3.35 (-3.8 10 -2.9) 137 (30.5) 116 (25/5) 203 (45) -4.28 (-5.0 t0 -3.5) 75 (37 64 (31.5
Yes 85 -3.07(39t0-22) | 062 28 (33) 22 (26) 41 (48) -4.52 (-5.5t0 -3.4 21(51) 16 (39)

Table 4-4 Subgroup analyses of weight loss fromlifiestyle phase until the end of phase 2 (patiewit® chose
orlistat). P-values were determined using t-test and an ANO&% p-value <0.05 considered statistically significant)
(CI: Confidence interval; N: Number).
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4.4.3.3 Weight loss outcomes at the end of lifestyl

phase 2 for the group of patients who selected orli stat

Table 4-5shows that of the 536 patients still enrolledh&t €nd of phase 2 (orlistat) who
had already attended the lifestyle phase, 73.2%dss than 5 kg in the lifestyle phase and
18.6% gained less than 2.5 kg. Whereas, at theokptase 2 (phase 1 + orlistat phase),
50.3% had lost less than 5 kg and 10.6% had gdes=dthan 2.5 kg. In terms of target
weight loss, 2.5% of the patients le&t kg at the end of the lifestyle phase, comparet wi

30.9% at the end of orlistat phase.

Lifestyle phase

Phase 1+21=536)

Weight change (N=536)
N (%) N (%)
>7.5 4 (0.7) 8(1.4)
5-<75 4(0.7) 6 (1.1)
Weight gain
25-<5.0 21 (3.9) 29 (5.4)
0-<25 100 (18.6) 57 (10.6)
0->(-2.5) 229 (42.7) 119 (22.2)
-2.5-> (-5.0) 164 (30.5) 151 (28.1)
Weight loss
-5.0 - < (-7.5) 10 (1.8) 101 (18.8)
>-7.5 4(0.7) 65 (12.1)

Table 4-5 Weight gain and weight loss in the ljisphase, the lifestyle

phase + phase 2 for the patients who selectedatrlis
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4.4 .4 Effect of LCD

4.4.4.1 Weight loss outcomes for all participants a nd completers who
selected LCD in phase 2

Of the 1,043 patients who selected LCD, 51.5% cetepl the programme; 37% of the
patients were from most deprived quintile; 76.7%eviemale; the mean age was 52.4
years; and the mean weights and BMIs was 111.5nkij44.7 kg/m, respectively. In
addition, 27.6% and 17.5% of the patients had desband hypertension respectively.

At the end of phase 2, of the patients who used LZX% and 18% had logb kg and
>5%, respectively; and the mean weight change wa9 g (95% CI: -2.6 to -2.1 kg). In
terms of completing the programme, treatment bgnaihg seven or more sessions in the
lifestyle phase and three or more sessions in phasgean weight change was -2.84 kg
(95% CI: -3.1 to -2.5 kg); and around 25.5% and2®of completers had losb kg and
>5%, respectivelyTable 4-6)

Phase 1 + Phase 2 o Mean weight change o
(LCD) N % and 95% CI (kg) Lost >5 kg Lost>5%
Completers
(=7 pl and>3 p2 538 515 -2.84 (-3.110 -2.5) 137 (25.5%) 111 (26).5
sessions)
Non-completers i X ) o o
(<7 p1 anck3 p2 505 48.4 1.91(-2.3t0-1.4) 91 (18%) 76 (15%)
sessions)
Total 1,043 -2.39 (-2.6 t0 -2.1) 228 (22%) 188 (18%)

(>2 sessions)
Table 4-6 Cumulative weight loss at end of phageCD) from the first clinic visit in the
lifestyle phase (CI: Confidence interval; p1: phase2: phase 2; N: Number).
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4.4.4.2 Outcomes for subgroups who selected LCD in phase 2

Table 4-7shows that young men (ageB9 years) were more successful at achieving their
target weight loss (33%), whereas a small propor(i6%) of young women (aget9
years) lost5 kg. Deprivation did not affect the proportionitag their target weight. In
general, older participants lost significantly maveight than younger onep €0.001);
and the lighter patients at baseline lost signifigamore weight than the heaviest patients
(p =0.02). There was no statistically significant eiffnce between people with diabetes
and those without diabetes in terms of their welgbs, the mean weight change was -2.26
kg (95% CI: -2.6 to -1.8 kgand -2.40 kg (95% CI: -2.7 to -2.0 kg):value =0.53. In
addition, there was no difference between thoshk aiid without hypertension in terms of
weight loss | =0.22).
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Total (completers & non-completers) Completers
N Mean weight change P- Lost>5 kg Lost>5% | N (%) of ch'\:\ﬁgg gféggé% Lost>5 kg | Lost>5%
and 95% ClI value N (%) N (%) total cl N (%) N (%)
Al 1,043 -2.39 (-2.6 to -2.1) 228 (22) 188 (18) ®3B5)| -2.84(-3.1t0-2.5)| 137(25.5) 111 (20.5)
Gender Male 243 -2.41 (-2.8t0 -1.9) 0.03 59 (24) 29 (12) 129 (53)| -2.78 (-3.3t0-2.2) 32 | 18(14)
Female 800 -2.38 (-2.7 t0 -2.0) 169 (21) 159 (20) 09 61) | -2.86 (-3.2t0 -2.4) 102 (25) 93 (23)
Missing
SIMD dl (most | 384 | 48(-3.0t0-18) 98 (25.5) 69(18) | 197(51)| -2.85(34t0-2.3)  (28) 39 (20)
eprived)
2 191 -2.07 (-2.5t0 -1.5) 34 (18) 30 (15.5 96 (50 B(3.0t0 -1.6) 19 (20) 15 (15.5)
3 180 -2.45(-3.0t0-1.8) | 0.86 36 (20) 31(17) 88 (49 -3(A12 to -2.2) 26 (29.5) 23 (26)
4 123 -2.59 (-3.2t0 -1.9) 31 (25) 28 (22.5 65 (53 2(8.7 10 -2.0) 19 (29) 16 (24.5)
dié'f?j‘jé) 161 | 531(3.0t0-15) 29 (18) 30(185) 89(55) L(B5t0-22) | 18 (20) 19 (21)
Missing 4 3
Age <29 74 -0.34 (-2.5t0 1.8) 13 (17.5) 10 (13.5) 32 (43) -2.13 (-4.6 10 0.3 28)( 7 (22)
30-39 115 -2.68 (-3.6 t0 -1.6) 26 (22.5) 19 (16.5 59(51) .77®(-3.7t0-1.8)| 15 (25.5) 10 (17)
40-49 209 -2.08 (-2.5t0 -1.6) 42 (20) 30 (14.5 101 (48) 67(-3.3t0-1.9) | 26 (25.5) 20 (20)
50-59 286 2.23(2.7t0-1.7) 0.001 59 (20.5) 50 (17.5) 142 (49|5)-2.09 (-2.7t0-1.4) | 28 (19.5) 22 (155
60-69 259 -3.02 (-3.5t0 -2.4) 65 (25) 56 (21.5) 147 (56/5) 3.60 (-4.1t0-3.0) | 42 (28.5) 34 (23)
>70 93 -3.08 (-3.6 t0 -2.5) 23 (24.5) 22 (23.5 54 (58) .5-4.2t0-2.7) 18 (33) 18 (33)
Missing 7 3
Male <29 6 -3.41 (-6.7 t0 -0.04) 2 (33) 1 (16.5) 4 (66.5) -4.10 (-7.8t0 -0.3 1)(25| 1(25)
30-39 19 -2.96 (-3.9 t0 -1.9) 4 (21) 0 9 (47) -3(=2116 to -1.7) 2 (22) 0
40-49 45 -1.24 (2.1t0-0.2)| 0.18 8 (17.5) 2(45 38)( | -1.68(-3.2t0-0.1) 3(17.5) 1 (6)
50-59 69 -2.48 (-3.4 10 -1.5) 18 (26) 9 (13) 35890| -3.04(4.0t0-2.0)| 11 (31.5) 4 (11.5)
60-69 82 -2.81 (-3.4t0 -2.1) 22 (27) 13 (16 48%5 | -2.82(3.7t0-1.9) 13 (27) 8 (16.5)
>70 17 -2.44 (-4.0 10 -0.8) 5 (29.5) 4(23.5 128 | -2.62 (-4.6t0-0.6) 5 (35.5) 4 (28.5)
Missing 5 2
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Total (completers & non-completers) Completers
N Mean weight change P- Lost>5 kg Lost>5% | N (%) of ch'\gﬁgg \;V:ci,ggé% Lost>5 kg | Lost>5%
and 95% ClI value N (%) N (%) total cl N (%) N (%)
Female <29 68 -0.07 (-2.4 10 2.3) 11 (16) 9 (13) 28 (41) -1.85 (-4.6 10 0.9 7 (25) (26.5)
30-39 96 -2.62 (-3.8t0 -1.4) 22 (23) 19 (20 58)(5| -2.70 (-3.8to -1.5) 13 (26) 10 (20)
40-49 164 -2.32 (-2.810-1.7) 0,001 34 (20.5) 28 (17 (BY) -2.87 (-3.6t0-2.1)| 23(27.5 19 (22.5
50-59 217 -2.15 (-2.7 to -1.5) 41 (19) 41 (19 “9) | -1.79 (2.6 t0-0.9) 17 (16) 18 (17)
60-69 177 -3.11 (-3.8 t0 -2.4) 43 (24) 43 (24 96)( | -3.98(-4.7t0-3.2) 29 (29) 26 (26)
>70 76 -3.22 (-3.7t0 -2.6) 18 (23.5) 18 (23.5) B8B5) | -3.80(-4.4t0-3.1)| 13(325 14 (35)
Missing 2 1
BMI 30-34.9 | 164 -2.95 (-3.310 -2.5) 37 (22.5) 48 (29) 93 (56.5 -3.57 (-4.1t0 -3.0) (29) 32 (34.5)
35-39.9 | 318 -2.40 (-2.8 10 -1.9) 70 (22) 68 (21.5 168 (53) 81(-3.3t0-2.2) 48 (28.5) 45 (26.5
40-49.9 | 439 -2.39 (-2.710 -1.9) 0.04 93 (21) 58 (13) 220 (50) 2.84 (-3.310-2.3) 49 (22) 28 (12.5
=50 122 -1.35 (-2.910 0.2) 29 (23.5) 14 (11.8) 57%6| -1.74(-3.3t0-0.1)| 14 (24.5) 7 (12)
Weight <75 14 -3.03 (-4.310-1.7) 3(21.5) 5 (35.5) 8 (57) -4.21 (-5.110 -3.2 3.87 4 (50)
75-99 331 -2.77 (-3.1t0 -2.4) 71 (21.5) 91 (27.5) 184 (55|5)-3.05 (-3.5 to -2.5) 47 (25.5) 56 (30.5
100-124 | 458 -2.41 (-2.8t0-1.9) | 0.02 93 (20) 66 (14.5 239 (52) 83(-3.310-2.3) 57 (24) 38 (16)
125-149 | 177 -2.18 (-3.1t0-1.1) 47 (26.5) 21 (12) 79 (44.5) .18(-4.1to0-2.1) 26 (33) 12 (15)
2150 63 -0.67 (-2.2 10 0.8) 15 (25) 5 (8) 28 (44.5) N(R.7102.2) 5 (18) 2(7)
Diabetes No 755 -2.40 (-2.7 to -2.0) 174 (23) 145(19) | 390 (51.5) -2.90 (-3.3t0-2.4) 01126) 85 (21.5)
0.53
Yes 288 | 526(-2610-1.8) 55 (19) 43(15)| 148 (5155) 6R(-3.1t0-2.1) | 37 (25) 27 (18)
Hypertension No 860 -2.31 (-2.6 t0 -1.9) 190 (22) 157 (18) | 431 (50)] -2.84(3.2t0-2.4)  126.5) 96 (22)
Yes 183 2.77 (3.3 10 -2.2) 022 39 (21) 31(17)| 107 (585) 8&(-3.4t0-2.2) | 23(21.5) 16 (15)

Table 4-7 Subgroup analyses of weight loss fronlitestyle phase up to the end of phase 2 (pathts chose LCD).
P-values were determined with a t-test and ANOVA tgsvalue <0.05 considered statistically significa(@)l:
Confidence interval; N: Number).
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4.4.5 Effect of FWL

4.45.1 Weight loss outcomes for all participants a nd completers who
selected FWL in phase 2

Patients who were offered FWL in phase 2 did welbse weight in the lifestyle phase. At
the end of phase 2, out of 1,683 subjects who edfdfWL, 62.5% completed the
programme and continued to do what had been sdatéssthem in the lifestyle phase.
The majority of the patients were females from thest deprived quintile. However, a
higher proportion of men and those from the leasprided quintile completed the
programme. A higher proportion of men and womerdagk years completed the FWL
programme than those age@9 years or 30-39 years. The mean age of patiehts w
selected the FWL was 51.8 years, and men were g@ggnetder than the women (mean
ages 53.8 and 50.7 years, respectively). Their nB¥rs and weights were 42.8 kgim
and 118.7 kg, respectively. In addition, 22.2%rafividuals had diabetes and 17.2% had
hypertension.

Among the 1,683 patients offered FWL, 1,394 (8366} lat least 5 kg and 1,297 (77%)
lost >5%; and the mean weight change was -10.17 kg (99%-10.4 to -9.8 kg).
Furthermore, of the 1,054 individuals who completteel programme, 86.5% lost 5 kg or
more and 82% lost5% at the end of phasgRable 4-8)

Phase 1 + Phase 2 o Mean weight change o
(FWL) N % and 95% Cl (kg) Lost >5 kg Lost>5%
Completers
(=7 pl and>3 p2 1,054 62.6 -11.13 (-11.5t0-10.7) 913 (86.5%) @5200)
sessions)
Non-completers i X ) o o
(<7 p1 anck3 p2 629 37.3 8.56 (-9.0 to -8.1) 479 (76%) 431 (68.5%)
sessions)
Total 1,683 -10.17 (-10.4 t0 -9.8) 1,394 (83%) 1,297 (77%)

(>2 sessions)
Table 4-8 Cumulative weight loss at the end of prHagFWL) from first clinic visit in the
lifestyle phase (CI: Confidence interval).
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4.4.5.2 Outcomes for subgroups who selected FWL in phase 2

Table 4-9shows men lost more weight than wompr=Q.001); the heaviest subjectsiQ
kg/m?) were lost significantly more weight than the atlyeoups, and were among the
greatest proportion losirgb kg. Individuals without diabetes lost more weititean people
with diabetes, and so the mean weight change waS4kg (95% CI: -10.8 to -10.1 kpg;
=0.001). However, there was no difference betwbherd with and without hypertension in
terms of weight losg(=0.90).
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Total (completers & non-completers) Completers
N Mean weight change P- Lost>5 kg Lost >5% N (%) of Mean weight change Lost>5 kg Lost >5%
and 95% ClI value N (%) N (%) total and 95% ClI N (%) N (%)
All 1,683 | -10.17 (-10.4 to -9.8) 1394 (83) 1297 (77) 1054 (62.6)| -11.13 (-11.5 to -10.7) 913 (86.5) &2)
Gender Male 570 -10.97 (-11.5 t0 -10.3 468 (82) 414 (72.5) 368 (64.5)  -11.97 (-12.7 ta2)1 319 (86.5) 291 (79)
Female 1111 -9.76 (-10.1t0 -9.4 0001 926 (83) 8834)y9.| 684 (61.5) | -10.68(-11.1to0-10.2) 594 (87) %335)
Missing 2 2
SIMD dﬁé??\?esé) 610 -10.24 (-10.7 t0 -9.7) 510 (83) 468 (76.5) 388 (63.5 -11.33 (-12.0 t0.6}.0 339 (87) 320 (82.5)
2 351 -9.77 (-10.4 t0 -9.1) 286 (81.9) 262 (74.5) 11%60) -10.53 (-11.3 t0 -9.6) 180 (85) 165 (78)
3 250 -10.36 (-11.1t0-9.6)] 0.74 209 (83.5) 195 (78), 4161.5) | -11.37 (-12.3t0-10.3 137 (89) 130.%584
4 224 -10.42 (-11.2 to -9.5) 190 (85 180 (80.5) 0 8R.5) | -11.58 (-12.7 to -10.4 126 (90) 120 (35.5
dSeé'r?\f‘esé) 238 -10.23 (11.1 to -9.3) 194 (81 187 (78) 155 (65 -10.89 (-11.9 to -9.8) 129 (83) 127 (82)
Missing 10 6
Age <29 80 -9.20 (-10.5 t0 -7.8) 63 (78.5) 58 (72.5) 47 (58.5) -10.06 (-12.0 to }8.p 39 (83) 37 (78.5)
30-39 217 -10.4 (-11.3 to -9.5) 175 (80) 155 (71) 123 (56.5)-11.52 (-12.7 to -10.3) 105 (85) 96 (78)
40-49 403 -10.90 (-11.6 to 10.1) 336 (83) 310 (76.5 262 (69) -12.02 (-12.9 to -11.1), 224 (85.5) 210 (80)
50-59 487 -10.06 (-10.6 t0 -9.4) 0009 398 (81.5] 374 (76.5 300%% | -11.24 (-12.0t0-10.4 258 (86) 245 (81.5
60-69 381 -10.14 (-10.7 to -9.5) 331 (87) 310 (81.5 244 (64) -10.75 (-11.4 to -10.0) 222 (91) 212 (87)
>70 112 -8.44 (-9.2 t0 -7.5) 90 (80) 89 (79.5) 77 (68.5)  .0P(-10.1to -8.0) 66 (85.5) 65 (84.5)
Missing 3 1
Male <29 19 -11.16 (-14.4 to -7.8) 15 (79) 14 (73.5) 11 (58) -12.52 (-17.4 to -7.6) (89) 9 (82)
30-39 57 -9.75 (-11.8 t0 -7.6) 41 (72) 27 (475 (29 -11.15 (-14.2 to -8.0) 21 (75) 15 (53.5)
40-49 109 -12.26 (-13.8t0 -10.6) 0.14 90 (82.3) 79%y2. 69 (63) -13.35 (-15.3 to -11.3| 58 (84) 54 (78)
50-59 188 -10.92 (-12.0t0 -9.8 153 (81 139 (3.8 117 (62) -12.42 (-13.8 to -11.0 102 (87) 93 §j9.
60-69 157 -11.12 (-12.2 to -10.0) 136 (86.5) 123)(7 | 114 (72.5) | -11.55(-12.7 to -10.3) 105 (92) 83)(
>70 39 -8.69 (-10.4 to -6.9) 32 (82) 30 (77) 29574 | -9.08 (-11.1 to -7.0) 24 (82.5) 23 (79)
Missing 1
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Total (completers & non-completers)

Completers

N Mean weight change P- Lost>5 kg Lost >5% N (%) of Mean weight change Lost>5 kg Lost >5%
and 95% ClI value N (%) N (%) total and 95% ClI N (%) N (%)
Female <29 61 -8.59 (-10.0 to -7.1) 48 (78.5) 44 (72) 36 (59) -9.30 (-11.4 to -7.2 (88) 28 (78)
30-39 160 -10.67 (-11.6 t0 -9.6 134 (83 128 (y9.5 95(59.5) | -11.63 (-12.9t0-10.3 84 (§8.5 81 (85)
40-49 293 -10.40 (-11.1t0 -9.6 245 (83 230 (78) 192 (65.5) | -11.54 (-12.5t0 -10.5 165 (86) 155580
50-59 298 -9.47 (-10.0 to -8.8) 0009 244 (82 234 (78.4) 182 (61) | -10.42 (-11.2t0 -9.5) 155 (85) 151 (83)
60-69 224 -9.46 (-10.0 to -8.8) 195 (87 186 (83) 30(58) | -10.06 (-10.8 to -9.2) 117 (90) 115 (88.5
>70 73 -8.30 (-9.2t0 -7.3) 58 (79.5 59 (81) 48%95 | -9.06 (-10.1 to -7.9) 42 (87.5) 42 (87.5)
Missing 2 1
BMI 30-349 | 187 -8.16 (-8.8 t0 -7.4) 141 (75.5) 141 (75.5) 114 (61)| -9.17 (-10.0t0)8.3 94 (82.5) 95 (83)
35-39.9 | 499 -9.31 (-9.8 t0 -8.8) 413 (82.5 410 (82) 311 (62) 10.23 (-10.8 to -9.5) 272 (87.5) 270 (87)
40-49.9 | 736 | .10.57 (-11.0 to -10.0) 0.001 620 (84) 560 (76) 474 (45-11.61 (-12.2 to -10.9) 413 (87) 383 (81)
250 261 | -12.16 (-13.1t0-11.2 222 (85 188 (72) 155.5) | -12.99 (-14.2 to -11.7) 136 (87.5) 118 (76)
Weight <75 4 -5.65 (-7.7 t0 -3.5) 3(75) 3(75) 2 (50) -6.75 (-6.8 t0 -6.6) 2 (100) (120)
75-99 373 -8.31 (-8.710-7.8) 296 (79) 309 (82.5 218)(5| -8.80 (-9.3 to -8.2) 179 (83) 188 (87)
100-124 | 739 -9.78 (-10.2t0-9.3) | 0.001 615 (83) 581 (78.5) 473 (64) -10.91 (-11.4 to -10.3) 417 (88) 399 (84.5
125-149 | 411 | -11.20(-11.9t0-10.4 342 (83 291 (70.5 B | -12.50 (-13.4 to -11.5) 227 (86) 202 (76.5
2150 156 | -13.94 (-15.3t0-12.5 140 (89.5 115(73.5) 9 (68.5) | -13.80 (-15.4to-12.1 90 (91) 75 (75.5
Diabetes No 1,309 | -10.54 (-10.8to -10.1 1102 (84) 1022 (78) 819 (62.5) -11.51 (-11.9 taB)1 713 (87) 673 (82)
Yes 374 -8.92 (-9.5 t0 -8.3) 0001 294 (78.5 277 (74) 235 (63) 9.85 (-10.5 to -9.1) 202 (86) 193 (82)
Hypertension No 1,394 | -10.17 (-10.5t0-9.8 1,157 (83) | 1,080 (77.5) 879 (63)|  -11.17 (-11.61@.7) 760 (86.5) 722 (82)
Yes 289 | _10.22 (-10.9t0 -9.5) 090 239 (82.5 219 (75.5 1768 | -11.0 (-11.9 to -10.1) 155 (88.5) 144 (82)

Table 4-9 Subgroup analyses of weight loss fronlitestyle phase up to the end of phase 2 (patwhts choose FWL)P-values
were determined using a t-test and ANOVA tgsvdlue <0.05 considered statistically significaf@f): Confidence interval; N:

Number).
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4.4.6 Cumulative effects of different phases - entr y to phase 2 of the

programme depended on the lifestyle phase weight lo SS

To explore the difference between the effects @f lifestyle phase and the different
interventions in phase 2, those who selected at]is&iCD and FWL were divided into 3
groups (tertiles) based on mean weight chafggu(e 4-2). Overall, the majority of the
patients in the FWL group lost more weight in tiesltyle phase and continued to lose
weight in phase 2. Those who selected FWL and LE&$2 inost of their weight in the
lifestyle phase compared with phase 2. Converseligtat intervention showed a notably
positive effect for the group of patients who gaimveeight in the lifestyle phase, or who
lost a small amount of weight in the lifestyle phadJnfortunately, the group of
participants who completed the first 2 phases ahekcted the LCD did not achieve their
weight loss targets. It is important to considee ihtensity and duration of phase 2

treatment.
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4.4.7 Overall outcomes at the end of phase 2

Of 3,262 patients enrolled within the GCWMS wheeatted phase 2 through the lifestyle
phase, 54.9% lost at least 5 kg and 49.7%36%b of their initial weight at the beginning
of the lifestyle phase. The mean weight change-@&®6 kg (95% CI: -6.7 to -6.3 kg). The
maximum weight loss was achieved by patients wiectsd FWL as 83% of them lost at
least 5 kg of weight compared with 31% and 22%hoke who selected orlistat and LCD
respectively(Table 4-10)

Mean weight change

. 0 0,
Intervention N % and 95% CI (kg) Lost >5 kg Lost>5%
Orlistat &2 sessions) 536 16.4 -3.31 (-3.7 to -2.9) 166 (31%) 139 (26%)
LCD (>2 sessions) 1,043 32.0 -2.39 (-2.6 to -2.1) 228422 188 (18%)
FWL (>2 sessions) 1,683 51.6 -10.17 (-10.4t0-9.8)  1(8%%) 1,297 (77%)
O"eraghﬂstgeze”d of 3262 6.56 (6.710-6.3) 1,793 (54.9%) 1,623 (49.7%)

Table 4-10 Total lifestyle phase + phase 2 outcoamesweight change among groups of
patients who selected different interventions @nfidence interval; N: Number).

180



4.5 Summary of the main findings

e 44.5% of those patients who attended the lifegiiiiese went on to attend phase 2.

« Those patients who did well (losb kg) in the lifestyle phase were offered FWL in
phase 2.

* The majority of the patients participating in theete different interventions lost
most of the weight in the lifestyle phase. Howewerterms of completion, those
who were on orlistat reached their weight lossetang phase 2, although just 2.5%
had lost>5 kg in the lifestyle phase.

« There was no difference in weight loss outcome®raieg to sex, SIMD, age,
initial BMI, and presence or absence of diabetes laypertension in the weight

loss of the orlistat group.

* There was a variation between initial BMI and measight change for those on
LCD and FWL (i.e. the mean weight loss was higlmethie lighter participants on
LCD and higher in heaviest people on FWL).

« Patients who did well in the lifestyle phase com¢id to lose weight in phase 2.

* Those on LCD experienced a smaller amount of wdiggg than the patients on

FLW or orlistat interventions.
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4.6 Discussion

This study set out to assess the impact of difteir@erventions on weight loss, such as
FWL, LCD and orlistat, by reporting weight changetammes at the end of the second
phase of a NHS weight management programme (pha3é@e research demonstrated that
NHS GCWMS achieved a 5 kg weight loss in 54.9%hef participants who attended at
least 2 sessions in phase 2 when the LOCF analygsused. This equated to 49.7% of
patients losing 5% of their body weight. 83% ofdbelecting FWL lost at least 5 kg at
the end of phase 2, compared with 31% and 22% uicjmants selecting orlistat and
LCD, respectively. Therefore, 77% of patients sadgcFWL, 26% selecting orlistat, and
18% of patients selecting LCD lost 5% of their bagsight.

4.6.1 Opt in and baseline characteristics

The results reported in this chapter outline tHeotiveness of the different interventions
offered for patients in the phase 2 treatment efléinger weight management programme.
The mean BMIs for those participants offered amtisatnd LCD was lighter than the
participants who offered the FWL intervention, icating that they might have been
heavier when starting the lifestyle phase. SIGNdglimes stated that the most effective
first line for the prevention and management ofsitlyes dietary and lifestyle intervention
(SIGN 115, 2010). In total, 45.5% of participantsnpleting the lifestyle phase dropped
out and did not complete the weight managementranogne. The reason for this is
unknown, although it might be that the patients heldieved the desired weight loss and
felt that they no longer needed the service, osipbsit indicated a lack of success and
weights regain (Loguet al, 2014). Other factors might include health-radapeoblems,

lack of motivation and disappointment.

Of the participants included in phase 2, 51.5%ctete FWL, based on success losing
weight during the lifestyle phase. In general, ghbr proportion of patients from the most
deprived quintile, females and those with a BMMan 40 and 49.9 kg/ntontinued to
opt in to phase 2; however, men, those in leastivdeparea, older individuals and patients
with higher BMIs had low dropout rates. The suggéstasons for the higher dropout rate
in younger patients are, as mentioned in the pusvithapter, the priority given to work
and to caring for children, and the lack of tramgeon for those in the most deprived
areas, which might lead them to leave the prograniihesewith higher BMIs had lower
dropout rates, which might be due to concern abmit health. 44% of patients included
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in phase 2 had a BMt40 kg/nf, and currently the goal of GCWMS is to achieveds k
weight loss. Hence, the GCWMS goal of >5 kg weilgilsis might not be sufficient to
ensure functional improvement in patients with BMIO kg/nf as it falls short of the

target of 10-15% weight loss set by SIGN guidelines

4.6.2 Weight loss outcomes and comparisons with oth er weight

management programmes

To the best of our knowledge, this is the firstdgtiio evaluate the effectiveness of each
intervention in a real-life weight management pevgme; whereas, previous studies
evaluated a single intervention or programme phasegardless of the types of

interventions.

A tier 3 service of the Fakenham programme (FWM&)orted that 44.1% of all
participants and 53.8% of completers [B5%6 of initial weight after six months (Jennings
et al, 2014) (full details in page 70). FWMS offersifadtyle change for participants to
help them achieve their target weight loss over ywar. The patients were considered for
treatment with orlistat, LELDs or bariatric surgefyhey met the clinical criteria. During
the period of study, just 36 participants were gribgd orlistat due to a national shortage
of the drug; 9 patients were prescribed LELDs. iis study did not report the results for
each intervention, it is not possible to compaeerésults of phase 2 of the GCWMS with
FWMS. There are no other tier 3 service provideed have published the outcomes of

each intervention.

4.6.2.1 Orlistat

Orlistat (360 mg/day) users in phase 2 had conpblite lifestyle intervention in phase 1.
Mean weight loss improved (-1.9 kg) for all 536tmapants using orlistat, compared with
the same group of participants (-1.4 kg) in thesliyle phase. In the HTA journal, a
previous systematic review of eight RCTs by Aveeelal (2004) stated that the addition
of orlistat to the diet was accompanied by weiglsslat 12 months; the mean difference in
weight between orlistat plus diet versus placels pliet was -3.01 kg (95% CI: -3.48 to -
2.54 kg). This suggests that using orlistat atberissuance of dietary advice can improve

long-term weight loss.
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While several RCTs have studied the effect of talisn weight loss, the majority of them
reported the effects on patients who spent at laagtar using the drug. A RCT was
undertaken to assess the efficacy of orlistat tonmte weight loss in patients with a BMI
28-47 kg/nf over 2-years duration (Sjostroet al, 1998). In total, 743 participants from
15 European centres entered four-week single bliybocaloric diet, and then were
assigned to orlistat 360 mg or placebo. At the @rttie first year, the mean weight change
for the orlistat and placebo groups was -10.3 kaj @1 kg, respectively. Moreover, the
mean weight loss at the end of the first 3 montigHe orlistat and placebo group was -

7.2 kg and -5.2 kg, respectively.

Another one-year RCT compared the effect of otlisd80 mg versus placebo on
cardiovascular disease in 339 participants with 8Métween 30 and 50 kgfrfrom 8
centres in Australia and New Zealand. The mean htdags at a one-year duration for
those who used orlistat in conjunction with a lijés change was -4.7 kg (Swinbughal,
2005). Additionally, based on the HTA programmeyavious RCT by Miciet al.(1999)
reviewed the clinical effectiveness of orlistattive treatment of obesity over 6 months
duration. This tested 119 patients with B&BO kg/nf recruited for a two-week diet and
then randomised to receive orlistat 360 mg or aqida. The mean weight change in the
orlistat group was -10.7 kg compared with -7.3 kRghe placebo group (O'Meaea al.,
2001). A prospective randomised study was carrigda evaluate the efficacy and safety
of orlistat 360 mg in 80 patients with obesity (B¥80 kg/nf) at an outpatient department
in India over a 24 week duration. The mean weidjainge reported was -1.59 kg, -4.65 kg
and -5.25 kg at 8 weeks, 16 weeks and 24 weeksectgely (Jairet al, 2011).

A cohort trial, based on real life datsgsessed the effect of orlistat on body weight 8ver
years, when delivered in a primary care setting ibK population. Mean BMI in that
study was 37.2 kg/fn and the weight change in the first 4 months fbr 98,420
participants was -0.94 kg/month (95% CI: -0.93@®5 kg/month), meaning the patients
lost 2.82 kg after 3 months duration (Dougtasl, 2015).

The SIGN guidelines and United States guidelinesmanend orlistat for patients with
BMI >30 kg/nf or 28 kg/nf plus comorbidity, who have not achieved their ¢éangeight
loss through lifestyle intervention. However, basedthe above results, the evidence for
the effectiveness of orlistat on obesity dependtherresults of RCTs, and it is not known
how the efficacy measures in the trials relateftecéveness in the general population. In
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conclusion, orlistat was approved for obesity tresit based on its positive benefits as
established in RCTs; however, in real life, orlista associated with a lesser effect on
weight loss than in RCTs (Douglasal, 2015). The current study showed a lower level of
weight loss (-3.31 kg within 3 months) than thatiaeed in RCTs (-7.2 kg at the end of 3

months).

For the subgroup of participants with type 2 diabethe current results of the effect of
orlistat in real life on weight loss (-2.93 kg (9524 -3.8 to -2.0 kg) at 3 months) was less
than the weight loss observed in the systematiewewand meta-analysis of the RCT (-
3.67 kg (95% CI: -4.30 to -3.04 kg) at 3 monthsggp 90). In the LOOK AHEAD study,
of the 722 individuals who lost less than 5% (ah@nths) of their initial weight after an
ILI, 291 patients took orlistat for 6 months andtl@n additional 1.8% of their weight
(Waddenet al, 2009); a result comparable to GCWMS. This maypbeause the patients
in the GCWMS and the LOOK AHEAD study had first gothrough the lifestyle
intervention phase and then used orlistat; whike ghlrticipants in the RCTs underwent
lifestyle interventions and took orlistat at thengatime. Therefore, the latter may have
been on a low-fat diet following the lifestyle intention and certain fats may need to be
present in the diet for orlistat to have effect.

Due to the unpleasant side effects of orlistathsag oily stools, patients may stop taking
this medication. A longitudinal study undertaken bipllywood and Ogden (2011)
recruited 566 individuals who was prescribed aatidty their GP and were registered on
the Xenical support system. These patients contpletbaseline questionnaire within the
first three months of starting the treatment afiddiup a follow-up questionnaire after six
months. Patients who stopped taking the medicdijosix months, those who continued
taking the medication and those who reported flexaéalherence based on their diet were
grouped as non-adherers, adherers and lifestyleredy respectively. The researchers
found that within six months, 47.5%, 30.4% and 22.tould be classified as non-
adherers, adherers and lifestyle adherers, respBctiTherefore, it is recommended that
clinicians should not focus only on advising patseabout the consequences of eating a
high fat diet, but should also promote healthy aigtchanges and inform patients about
the effectiveness of this kind of medication on gi®timanagement. Also, it is important
that health care professionals, GPs, patients,pafidy makers understand the possible

effects of orlistat use as part of the protocalaatine weight management services.
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4.6.2.2 LCD

To date, a number of trials appear to have sugdebi LCD (800-1800 kcal/day) is
associated with modest weight loss (5-6%) at 12thsoduration. A previous systematic
review and meta-analysis of 80 RCTs aftdryear follow-up by (Franzt al, 2007)
reported weight loss at 6, 12, 24, 36, and 48 nwiitin different interventions. The
intervention for 51 studies was diet alone, andntiegan weight losses at 6, 12, 24, and 48
months was -4.9, -4.6, -4.4, and -3.0 kg, respeltivMoreover, a previous RCT,
performed in three hospitals in the Netherlands &l hospitals in Poland reported a
weight change at 12, 24 and 36 months of femalemsatwith obesity and breast cancer.
The mean weight difference between the treatmemtiyand the control group at 12
months was -6.2 kg (95% CI: -9.0 to -3.4 kg); hoarethe sample size for the study was
small, reflecting the wide confidence interval (Méaardet al, 1993). Additionally, a
recent RCT was conducted in the Netherlands onaBficipants with BMI =28-35 kg/fn
with no comorbidities randomised to a LCD (1,25@lktay) for 12 weeks. It found the
mean weight change was -8.2 kg (Viekal, 2016); whereas, the mean weight change in
the current study for a group of participams={1,043) selecting LCD (600 kcal deficit
diet) was -2.39 kg. However, the aforementioneal suffered from a small sample size in
contrast with the current research and differerthiogological used.

In the lifestyle phase, LCD was selected by théep&t; however, in phase 2, a prescribed
LCD was offered to the patients, giving a daily inglan. The participants in the current
study were recruited for lifestyle interventions fomonths prior to the selected LCD, and
they had lost -1.89 kg (95% CI: -2.0 to -1.7 kghisTmight reflect the fact that this group
of participants were less motivated to lose weigtrithermore, some of the participants
suffered from diabetes, which may have caused mméest weight loss, as it is known
that people with type 2 diabetes lose less weighm those without diabetes (Stanfetd
al., 2012).Based on the above and the intensity of the progrartmonthly follow up),
those who selected LCD as part of a routine weigahagement programme were less
likely to lose weight compared to those in RCTsthaugh, in GCWMS, this was
effectively rescue therapy; i.e. giving prescridgdD to those who had failed to lose
weight.

A RCT undertaken by Jakicet al (2012) was conducted with 363 individuals who aver

overweight or obese with a BMI in the range of Zbkg/nt. Of these individuals, 198

were allocated randomly to a stepped-care weigbd Iatervention (STEP), while 165
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were allocated randomly to a standard behavioumaight loss intervention (SBWI).
Although the intervention combining physical exsesia hypocaloric diet and counselling
on a week or month basis for a year and a halfapaéied to participants in both groups,
the programme was fixed in the case of the SBWugyavhile the programme could be
adjusted according to weight reduction goals indase of the STEP group. The results
revealed that, upon completion of the year-andia-peogramme, the SBWI group
achieved a higher average weight reduction tharStreP group, with an average weight
difference of -1.3 kg (95% CI: -2.8 to 0.2 kg). Theight percentage decreased by -8.1%
(95% CI: -9.4% to -6.9%p <0.001) and -6.9% (95% CI: -8.0% to -5.8p650.001) in the
SBWI group and the STEP group, respectivelgwever, the real interest is in the rate of
success of the intensification of the programmeapde 5 steps to intesify the programme
including phone counselling and liquid meal reptaeats, only 5% of the participants
moved back to the target weight loss trajectoryirduthe study. Therefore, it could be

concluded that rescue interventions may not work.

With regard to the difference between men and womearms of weight loss, a previous
study by Wamstekest al. (2005) recruited 66 participants with obesity (&men and 18
men) to be treated in an outpatient clinic in treti¢rlands from September 2000 to June
2001 for 8 weeks. They were treated by LCD (80061k€al/day) with meal replacement
and the mean weight change was 10.2%. Moreovere tvas no significant difference
between men and women in terms of percentage wéight which concurs with the
current research finding (-2.41 kg (95% CI: -2.8%® kg) in men and -2.38 kg (95% CI: -
2.7 to -2.0 kg) in women).

4.6.2.3 FWL

The current study shows that participants who dedl wm the lifestyle phase were offered
FWL and continued to lose weight in phase 2, bairttveight loss in this phase was not
considerable (-1.9 kg) compared with (-8.27 kgihia lifestyle phase. The possible reasons
might be the higher number of sessions in thetlifegphase (fortnightly) compared with
phase 2 (monthly). However, this group of partiogawere still more motivated to lose
weight than those who selected orlistat or LCD83% had lost at least 5 kg weight by the
end of the lifestyle phase. After that, weight lptsteauing might be expected at the end of
phase 2, and patients may experience some difésuh losing weight. An example from
the systematic review and meta-analysis of longtBCTs, found weight loss starts to

plateau across all interventions after 6 months.example, when adding exercise to LCD,
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this resulted in a mean weight loss of -7.9 kg andhths, then plateaus at -6.7 kg at 12
months (Franezt al, 2007). Unfortunately, the data did not expldia teasons why those
who were selected for the FWL lost more weighthe tifestyle phase when compared
with those in the LCD and orlistat group in phasd&&haviour and psychological effects
may be suggested as possible reasons for thislditian, it could be that the members in
the group selected for the FWL were heavier (melsih\Bas 42.8 kg/rf), more motivated
and more likely to be male (33.9%) than the memioérthe groups who were offered
orlistat or LCD.

4.6.3 Completion and weight loss outcomes for subgr oups

Among those participants offered FWL and who congalehe lifestyle phase and phase 2
of the programme, 86.5% lost their target weigist Kg); demonstrating they had met their
target and achieved further meaningful weight @& CI: -11.5 to -10.7 kg). Overall,
the patients who completed the programme by attegrrell sessions in the lifestyle phase
and>2 sessions in phase 2 lost more weight than thecaopleters; however, a minority
of people who used orlistat or LCD also lost thanget weight. This might be due to the
higher threshold for completion applied, and thsuasption that attendance is directly
correlated with weight loss. 45.2%, 48.4% and 37d@%he patients offered orlistat, LCD,
and FWL respectively, did not complete the reqeisiumber of sessions. This might be
because they did not reach their weight loss targetdue to the limited choices of

appointment times and the service design.

The findings showed that the patients without diebdéost more weight than patients with
diabetes when selecting FWL in phase 2; this islyiko be due to differences in dietary
adherence, as suggested in the previous chaptaright be because most of the patients
were using anti-diabetic drugs, a common side-efféevhich is weight gain. In addition,
patients with diabetes might suffer from other cbogpions, such as neuropathy, foot
ulcers or heart disease. Therefore, increasing iqdysctivity, which is an important
aspect of the treatment of patients with obesgwisually unsuccessful. However, there
was no difference between the weight losses of Ipaefth and without diabetes offered
orlistat or LCD, possibly because those with diabewere successful at remembering to
take the orlistat tablet with their anti-diabetiedication. This research and that in the
previous chapter explored the effects of gendeviC5lage and initial BMI on weight
change. A previous study by Stubfisal (2011) reviewed the rate and extent of weight

loss in a primary care/commercial weight managenpmntnership system of 34,271
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participants referred to Slimming World; it was folthat regardless of sex, age and initial
weight, if a patient is able to complete a programofh treatment and is encouraged to
achieve reasonable weight loss in the first wedy will be likely to succeed in achieving

their target weight loss.

4.6.4 Early weight loss prediction

It was found that many more patients achieved tiaegret weight loss in the lifestyle phase
than in phase 2, for each of the different intetiars. This may be because the lifestyle
phase was more effective than phase 2. Anotheilpessxplanation could be that weight
loss begins quickly then starts to slow naturaByupbset al, 2011). In total, 83% of the
patients selecting FWL had lost their targeh kg) at the end of the phase 2 treatment. In
this group of patients, most weight was lost itlifian the lifestyle phase, which indicated
that early weight loss was a strong predictor @csgsful and long-term weight loss. This
might be because early weight loss was a signtkteaparticipants were more motivated.
Additionally, the Look AHEAD trial included 2,327apticipants with type 2 diabetes in
the intensive lifestyle intervention (ILI); as inéluals who had not achieve@% weight
loss within one month were 5.6 (95% CI: 4.5, 7ifes more likelihood of not achieving

10% or more weight loss within one year (Unetlal, 2014).

Further analysis was performed for 2,290 Look AHEAdarticipants, to test the
relationship between the first two months of weilyil#s and weight 8 years later. It was
found that those who achieve@% weight loss in the first month 86% at second month
were more likely to achieve a clinically signifi¢anweight loss by year 8 (Unicét al,
2015). Another study by Jeldt al (2011) reported that during commercial programmes
most weight is lost over 2 months and loss levéfl©weer the following 12 months. The
current findings show that initial body weight gosly influences the rate of weight loss,
which is in agreement with a previous systematicesg by Finkleret al (2012). This
review examined the factors that might impact thee rof weight loss, and included 35
studies published between January 1995 and Dece2ibér The same review also found
that age was a significant factor in predicting thtge of weight loss with diet, which is
consistent with the current research, in which opaeticipants lost more weight compared
to younger individuals. This might be because caamgk improved in older adults more
than in younger adults, or because of the patigdmtgher level of concern about their
health.
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4.6.5 Attrition rate

A previousLancetstudy by Jeblet al (2011) found that the attrition rates in commalrci
weight loss programmes or in routine clinical pi@etappear to be highest in the UK
(64%), compared with Australia (41%) and Germary242 This is probably because of
difficulties ensuring flexible appointments for peipants or possibly due to a lack of
success (Holzapfeet al, 2014). This study and the previous literaturggasted a
correlation between attendance and weight lossoftinfately, it is not possible to explore
the attrition rate comparative to the amount ofgheilost, as there was no information
about the weight status of those who did not att&wanilarly, both attrition and weight
loss are time-dependent, so it is not easy to kstiatvhether the association between a
short duration of attendance and poorer weight imgRusal. Overall, 45.2%, 48.4% and
37.3% of the participants on orlistat, LCD and F¥eéspectively, dropped out and did not
complete their sessions. Hence, there was a haftrion rate in the LCD and orlistat
groups compared with those on FWL; the reasonshisrmay be due to the challenge of
adhering to a very LCD, or not meeting weight ltagjets and/or dissatisfaction with the

side effects of orlistat.

It is not possible to compare the attrition rateha end of phase 2 of the GCWMS with
other tier 2 services as the results of each intdgron were not reported by other services.
However, the attrition rate at the end of the tijes phase of the GCWMS can be
compared with other tier 2 programmes: in the Cenmtight programme, attrition was
52.4% at 3 months, 70% at 6 months and 77.5% atdriths (Laws, 2004); in a study of
Weight Watchers’ attendees, 44% of participantgpplea out after 3 months and did not
complete the programme (Aheet al, 2011); the attrition rate over three monthshia t
Rosemary Conley and Slimming World was 55.2% arfh,6despectively. Another study
by Hicksonet al. (2009) reported a high dropout rate for patievite attended an intensive
weight management clinic (IWMC) or standard dietetre in the UK and had a BMB2
kg/m?. Over six months, participants attended lifestytervention sessions, 45% attended
the IWMC and 55% the standard care. However, ddehenly 53% and 19% respectively
completed the programme. Unfortunately, the reasonshe high drop-out rate in that
study were not investigated; however, it has begyested that it is important to identify

motivated patients.

With respect to the tier 3 programmes, the totalpdut rate at the end of the lifestyle
phase of the GCWMS (4 months) was 44.8%, compargd.3% in the FWMS (within
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6 months) (Jenningst al, 2014).This striking difference might be due to the diéfet
choices of appointment times in primary canemay have been influenced by the fact that
the individuals attending the FWMS programme weaotivated by the fact that attendance
could help them qualify for a bariatric surgeryereél. Attrition rate is not comparable in
different weight management programmes due to tlierehces in the treatment
programme setting. Encouraging support from a heate provider is aimed at motivating
participants to complete the programme treatmengrder to reduce dropout rates, but

underlying factors such as location and timingmg@ntment should be considered.
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4.7 Research strengths and limitations

As stated in the previous chapter, this researctefiied from access to a diverse-socio-
economic population and a large sample size, infdhma of the GCWMS data set. This
assisted in evaluation of the effectiveness oflitestyle phase and phase 2, and furthered
understanding of diverse individuals’ challengesaatrol their weight. The data used in
this research were extracted from a large NHS weigdinagement service providing a
real-life follow-up cohort study. A key strength olfie present study was that the
effectiveness of each intervention in phase 2 weaduated separately, to determine the
effectiveness of the interventions relative todifée change to achieve target of weight
loss. A specific strength of the study was that dlwecomes of all patients referred to
GCWMS were reported, rather than only the outcomieshose who completed the
programme. It was observed that attendance is iassdowith weight loss; therefore, a
higher threshold was used to define programme cetiopl There was no selection bias,
as the data pertaining to all participants refen@dhe GCWMS were included in the
study. In addition, the findings were high qualig the measurements were objective and

not self-reported.

This analysis of real-life clinical data is by n@ams considered definitive in this area, and
the limitations affecting the available data makienipossible to conduct a full exploration
of all explanatory variables. A number of additibaaalyses exploring sex, age, initial
BMI and socioeconomic status have already beendadel@ther complicating the study
method and previous research through the additfomudtivariate models lacking key
variables would not alter the clinical message rawigle further meaningful insights into
this complex area. The major limitations in thisidst are lack of data because some
patients missed their treatment sessions, and becsame patients did not complete the

programme of treatment.

It was estimated that around 45%, 48% and 37% efirttividuals offered orlistat, LCD

and FWL, respectively did not complete the treatmprogramme. There was no
information given about those who were never refitrto the GCWMS, and it was
unfortunate that the data did not include inform@atiabout why the patients did not
complete the programme of treatment. The study odefgcted cumulative weight loss
over a 3 months’ duration, plus 4 months of treatime the lifestyle phase, but did not
report weight loss in phase 3 over 12 months, whadiermed weight maintenance. NICE
(2014) recommends that in terms of weight managénmarventions outcomes after
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twelve months of results are crucial. Thereforethier research should be undertaken to
investigate the effectiveness of the maintenanogramme (phase 3).
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4.8 Research implications

This study confirmed that the patients who compldétee programme were more likely to
lose>5 kg. Outcomes from the phase 1 lifestyle stageente the selection of the phase 2
intervention. Those who do well in the lifestyleagke are offered FWL and have the
highest weight loss by the end of phase 2. Orligstat LCD are offered for those who
failed to lose significant weight with lifestylecsde but do not result in large numbers
achieving >5 kg weight loss. Conversely, 83% of plagients who selected FWL losb

kg. Therefore, the findings of this study suggestuanber of important implications to
improve future weight management programmes, ssctaggeting effective interventions
at specific populations and increasing the intgnsft phase 2 interventions to improve
overall effectiveness. The real-life data showedimal effect of orlistat and LCD on
weight loss, and more research might be neededndirm their effect. Encouraging
women, young people and those from the most deppaveas to complete the programme
might improve its overall effectiveness. Furtherkvshould be conducted to determine the
effective interventions for patients referred tagi® management programmes, in order to

stratify patients into different treatment modaliti based on results and evidence.

Chapters 3 and 4 evaluated the effectiveness of MGWh achieving target weight loss,
and a portion of the results showed that patienth wiabetes lost less weight than
participants without. The SIGN guidelines highlighte drugs treatment plan for
individuals with obesity and diabetes. Thereforethe subsequent chapters (5 and 6), the
prescribing pattern for anti-diabetic drugs will ipgestigated, and the observed effects of

these medications on weight change reported.
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Chapter 5: Prescribing patterns for weight-
neutral, mixed and weight-gaining anti-
diabetic medications at Glasgow and Clyde

Weight Management Service
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5.1 Chapter summary

A number of different anti-diabetic drug groups aged to treat patients with type 2
diabetes. They use different mechanisms to corttfobd glucose levels and have
differential effect on body weight. Previous resbars have studied the prescribing
pattern of anti-diabetic medications for patientthvdiabetes. Some of this has suggested
an association between obesity and anti-diabetidicagon; accordingly, the SIGN
guidelines launched in 2010 highlighted treatmendance for patients with both diabetes
and obesity. The aim of this study was to obseneeprescribing pattern for anti-diabetic
drugs in subjects with type 2 diabetes and obeRityas hypothesized that patients with
obesity and diabetes were less likely to be priesdriweight-gaining drugs. The second
objective of the research was to determine whetiemtroduction of the SIGN guidelines
influenced prescribing practice, in terms of thdtgras of weight-neutral, mixed and

weight-gaining anti-diabetic drugs prescribed.

A cross-sectional study was carried out includidglaindividuals of both sexes with type
2 diabetes referred to the GCWMS. Their anti-digbdtugs were classified into three
categories based on their effect on body weighhguthe Diabetes Update Guide to Meds
& Kit, 2015 and the British National Formulary, ZD{BNF). These categories included
weight-neutral, mixed and weight-gaining anti-diédemedications. The number and
percentage of drug groups prescribed, and the propoof patients on weight-neutral,
mixed and weight-gaining anti-diabetic drugs wesparted. Furthermore, a repeat cross-
sectional design was used to infer differenceshen gatterns of the prescribing of anti-

diabetic drugs following the introduction of theGN guidelines.

A total of 3,063 individuals were included in tlagidy (55.3% females and 44.5% males).
The mean BMIs for females and males were 41.1 kgtm 40.2 kg/h respectively, and
overall the mean BMI at baseline for all age growas lower among patients on weight-
gaining anti-diabetic drugs. Metformin was the masimmonly prescribed drug for
patients with obesity and type 2 diabetes, ancdryllireas (SUs) and thiazolidinediones
(TZDs) were the least prescribed drugs. A totafl 68% of the subjects were prescribed
weight-neutral anti-diabetic drugs and 39.4% weardle mixed drug regimen. A total of
12.7% of the subjects were on drugs known to cawsght gain, and a further respective
11.6% and 13.8%p(=0.13) were on weight-gaining drugs prior to am@ year after the
SIGN guidelines were issued.
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In conclusion, there was no change in the antiatiabprescriptions issued by GPs to
patients with obesity and type 2 diabetes afteiS@&N guidelines were released.

197



5.2 Introduction

In the UK, the majority of patients with type 2 ldedes are overweight or obese, estimated
at 80-90% (Diabetes UK, 2009). The risk of typaabdtes in people with obesity (defined
as BMI >35 kg/m) is between 50-80 times higher than that in thaisie a BMI <23 kg/ni
(Chanet al, 1994). Obesity is the major risk factor for thevelopment of type 2 diabetes.
However, many other factors, such as age, gendeiS&#vD, may influence the risk of
type 2 diabetes. In terms of sex, a study by S&@it3) suggested that men’s have higher
visceral fat levels result in higher liver fat amgulin resistance compared with women of
similar BMI. This is consistent with an earlier dyuby Logueet al (2011) that found that
men developed diabetes in a lower BMI range congpavith women across the age
spectrum. The incidence of type 2 diabetes inceea@th age, the highest prevalence
(10.4% of women and 15.7% of men) being found betw85 and 74 years of age in
England (Craig & Mindell, 2008). Furthermore, peophith type 2 diabetes are less
overweight with increasing age, and older patientsy not be treated as aggressively.
These factors might affect the prescribing of amibetic drugs - patients with higher
BMIs may be prescribed weight-neutral drugs orqmdsi over 70 years of age may be
prescribed weight-gaining drugs. Prescription pcacinay also be influenced by patients’
sex. Women are more likely to develop osteopordisesr men with age; the SIGN
guidelines (SIGN 116, 2010) recommend that the oiskone fractures form part of the

consideration when treating patients with pioglitae.

According to evidence, the majority of the oraliahfbetic medications available are
associated with weight gain, which makes the mamagé of type 2 diabetes in
individuals with overweight and obesity more chadjimg (Solini, 2015). According to the
SIGN guidelines and the American Association ofniCal Endocrinologists (AACE),
patients with obesity and type 2 diabetes shouldptmided with an individualised
intervention, to include a lifestyle interventioand pharmacotherapy or surgery to

promote weight loss, in order to improve glycaenaatrol.

Treatment for patients with obesity and type 2 eiab is advised to proceed according to
the obesity management algorithm. It is importamtfollow the algorithm and the
guidelines when treating this group of patientsy as general practitioners will be the
main prescribers, it is important that they havdear understanding of why patients with
diabetes and obesity require specific treatmemsplanless patients have uncontrolled
glycaemic levels (NHS Scotland, 2014).
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Due to the availability of numerous classes anditictusion of multiple drugs in each
class, it is essential for physicians to presctitemost helpful oral hypoglycaemic drug
for each patient, depending on their particularagion. Various anti-diabetic drugs can be
used to control blood glucose while ensuring weighit remains neutral, such as
Biguanides, Glucagon-like peptide-1 agonist (GLRdonists), Dipeptidylpeptidase-4
inhibitors (DPP-1V inhibitors) and Sodium-glucose-ttansporter-2 inhibitors (SGLT2
inhibitors). However, some are known to cause weggin, such as SUs and TZDs
(Inzucchiet al, 2015). Accordingly, drugs that assist weight@émain neutral or promote
weight loss should be the first-line treatment atignts with obesity and type 2 diabetes
(Bonora, 2007). However, the decision about whichgdreatment to start for patients
with diabetes and obesity depends not only on theight, but also on the drug’s efficacy,

associated side effects, cost and the patient tartapof the treatment (Hollander, 2007).

Often, clinical guidelines can take as long as &y¢o be completely implemented (NICE,
2007). While, new guidelines and recommendationandigg drugs treatments are
expected to be rapidly transferred into clinicalagiice, in reality, there is often
considerable variation in the compliance of cliang. Titler (2008) suggested that
implementing the change in the guidelines migheta&veral weeks to months, based on
the nature of the practice change. A previous stuydZuspidiet al, (2002) investigated
whether GPs in Italy manage patients with hypertenaccording to the recommendation
of the WHO (1999) guidelines. Six hypertension atignt centres participated and 228
patients were included in the study. It was fouhdt tonly 10% of the physicians were
complied with the guidelines; the researcher suggethat the impact of guidelines on
patients’ treatment in clinical practice seemedpberal. Therefore, it might be possible to
test a hypothesis that there would be a reductigeroportion of patients being prescribed
weight-gaining anti-diabetic medication after theblocation of SIGN guidelines in 2010.
However, it might be argued that the introductidrtbee guidelines need not necessarily
have a measurable effect in the situation thatcpleeg was already being performed

completely in accordance with good clinical praetic

Little evidence exists regarding the patterns efghescription of anti-diabetic medications
to patients with diabetes and obesity referred éggiat management services. The aim of
this research is to describe the proportion ofgpdsi with diabetes referred to the GCWMS
from 2008 to 2014 on weight-neutral, mixed and \Weiggining anti-diabetic medications,
and to compare the results based on three phases:
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Phase 1. Before the SIGN guidelines were releasédiarch 2010 (from January 2008 to
the end of February 2010).

Phase 2: A one-year-long transitional phase (froandi 2010 to February 2011).

Phase 3: After the release of the guidelines (fdanch 2011 to May 2014).

In addition, the study also aims to evaluate thpaot of age, sex and SIMD on anti-
diabetic drugs prescribing. Hence, it could conably be hypothesised that a reduction
would be witnessed in the proportion of patienttgpeprescribed weight-gaining anti-

diabetic medication after the publication of th&8lguidelines in 2010.
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5.3 Materials and methods
5.3.1 Study procedure

Once the patients were referred, all medicationgwaported into the GCWMS database
from the Scottish Care Information (SCI) gatewalemal. Search terms were used to
ascertain the anti-diabetic drugs used for clasdibn and codingccording to the BNF,

2016 categories. The anti-diabetic medications weoerded in the GCWMS database

using their generic names or their trade names.

These drugs were classified into seven groups: a&igies, DPP-1V inhibitors, GLP-1
agonists, SGLT2 inhibitors, TZDs, SUs and insulnugs in all of these anti-diabetic drug
groups were available in the UK in 2015, and tldfierent trade names in addition to any
combined medications available in the UK were idiet using the Diabetes Update
Guide to Meds & Kit (Diabetes UK, 2015), and BNF1B((Table 5-1) Based on the
SIGN guidelines and a range of RCTs (Pi-Sunyer828@trupet al, 2009; Phungt al,
2010;Astrupet al, 2012) (page 72-75), the drugs were then categraccording to their
effect on body weight as weight-neutral, mixed amdght-gaining drugs. With respect to
the strength of evidence used in the formulatiothefe guidelines, high-quality evidence,
such as meta-analyses and systematic reviews oBR&@TRCTs with a very low or low

risk of bias, was used to make recommendationgdtients with obesity.

After this, each category was classified into ddfg groups, according to whether the
expected weight change outcome might increase oredse when patients used a

combination of drug groups from the same category.

1. Weight neutral:
la. Metformin only
1b. Metformin +DPP-IV +/OR GLP-1 +/OR ST

2. Mixed:
2a(SUs)AND (Metformin +/OR DPP-IV +/OR GLP-1 +/OR SGLT2)
2b(TZDs + SUs) OR (TZDs)AND (Metformin +/OR DPP-IV +/OR GLP-1 +/OR
SGLT2)
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3. Weight gaining:

3a. SUs only
3b. SUs + TZDs

3c. any combination including insulin

5.3.2 Data source, inclusion and exclusion criteria

Participants of both sexes, agetl8 years, referred to the GCWMS between 2008 and
2014 using anti-diabetic medication were includ&dy patient on insulin only or on any
combination not described above was excluded.alniumbers in each subgroup, mean
BMI, BMI categories, sex, SIMD and age were ideatif and the subgroups combined
according to their effect on body weight (i.e. 1b+4and 2a +2b). A comparison was then
performed between the number and the types ofdgetbetic drugs given to patients
referred before the SIGN guidelines, during thstfyrear, and one year after the guidelines

were released.

5.3.3 Statistical methods

The results were reported as number, mean + SDpancentages. The differences in
patient characteristics, such as mean age and B&te tested using an independent t- test

for the following two groups:

- Patients with type 2 diabetes and obesity refietoethe GCWMS on weight-neutral were
compared with those referred on mixed drugs.

- Patients with type 2 diabetes and obesity refetoehe GCWMS on weight-neutral were

compared with those referred using weight-gainireglization.

A Chi-square test was used to measure the catefjovariables; in addition, the
differences between the proportions of patienterretl (before and one year after the
SIGN guidelines were published) on weight-gaininggs were tested using the chi-square
test. A limited number of studies suggested thewes van association between the
prescribing of anti-diabetic drugs and the baseatihage, sex, BMI and SIMD (Kamrai &
Sac deva, 2010; Leat al, 2013); therefore, a stratified analysis was usedontrol the
effect of these known determinants (confoundingdia} among the variable®-value
was considered as significant if <0.05 and alldtadistical analyses were carried out using

State version 12.1 (StataCorp, College Stationa$kx
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SuU TZD SGLT2 Inhibitors GLP-1 Agonists DPP-IV Biguanides Insulin Combined Medications
Inhibitors
Glibenclamide Pioglitazone Canagliflozin Liraglutide Sitagliptin Metformin Insulin Aspart | Pioglitazone + Metformin

(Daonil®) (Actos®) (Invokana®) (Victoza®) (Januvia®) (Glucophagé) (Novorapid®) (Competact®)
(Euglucon®)

Gliclazide Rosiglitazone Dapagliflozin Exenatide Vildagliptin Metformin M/R Insulin Lispro Vildagliptin + Metformin
(Diamicron®) (Avandia®) (Forxiga®) (Bydureon®) (Galvus®) (Glucophage SF) (Humalog®) (Eucreas’)

(Diamicron Mr ®) (Byetta®)

Glipizide Empagliflozin Lixisenatide Saxagliptin Actrapid® Sitagliptin + Metformin
(Minodiab®2 (Jardiance®) (Lyxumia®) (Onglyza®) Humulin & (Janumet®)
(Glibenesé
Tolbutamide Alogliptin Insulin Glargine | Saxagliptin HMetformin

(Tolbutamide®) (Vipidia ®) (Lantus®) (Komboglyze®)
Linagliptin Novomix® 30 Alogliptin + Metformin
(TRAJENTA ®) (Vipdomet®)
Glimepiride Humulin M3® Linagliptin + Metformin
(Amaryl ®) (Jentaduetd”)
Humalog® Rosiglitazone + Metformin
Mix25, (Avandamet®)
Humalog® Mix50
Humulin® R
Levemir®

Table 5-1 Medications available in the UK in 20486dording to The Diabetes Update Guide to Meds & 2015 and BNF, 2016).
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5.4 Results
5.4.1 Baseline characteristics

In total, 3,193 of the subjects referred to the G@8Vfrom 2008 to 2014 were taking anti-
diabetic drugs: 72 individuals were excluded beeghsy were on insulin treatment only,
and 58 patients were excluded because they wedédferent combinations of anti-diabetic
drugs to those described above. Of the remaind6633individuals met the inclusion
criteria for this study. Out of the 3,063 particips 1,693 (55.3%) were females and 1,364

(44.5%) were males.

The participants were further categorised basedheir age: 112 (3.6%) individuals
belonged to the age group 18-29 years; 280 (9.12¢mis were aged 30-39 years; 676
(22.0%) patients were aged group 40-49 years; 986L%0) were aged 50-59 years; 757
(24.7%) were aged 60-69 years; and 252 (8.2%) wgeel>70 years. Mean weights for
males and females were 122.4 and 105.5 kg, respbctip =0.001); however, this is
because on average the men were also taller. TWessea small but significant difference
showing that the referred men were less obesetiieawomen. The mean BMIs for males
and females was 40.2 and 41.1 kg/nespectively f =0.0004). It is estimated that 20.4%
of the individuals had a BMI in the range 30-3489,2% were in the range 35-39.9, 38.6%
were in the range 40-49.9, and 9.7% were in thgeaB0 kg/nf; furthermore, 46.8% of
the patients with diabetes were from the most d@egriquintile and 11.3% from the least

deprived quintile.

The weight-neutral drug category of Metformin (gooGa) was the most commonly
individually prescribed drug (43.7%), followed byixed drugs category of SUs with one
or more weight-neutral anti-diabetic drug (group) 2@5.5%). Whereas, the least
prescribed drug group included weight gaining drogtegory of SUs plus TZDs (group
3b) (1.70%)Table 5-2)
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5.4.2 The association between BMI and anti-diabetic ~ drugs prescribing

It can be seen from Table 5t2at there was an association between a patiet’sadd
their drugs prescription. People with higher BMlererless likely to be prescribed weight-
gaining drugs. However, patients with higher BMIsr&v more likely to be prescribed
metformin (1a) p =0.015). Meanwhile, a higher proportion of partamps with lower
BMIs were prescribed weight gaining drugs (groupaBd 3b) compared with those with
BMI >40 kg/nf. The strongest association found was between BMtlamgrescription of
drugs. However, it remains necessary to investigaepossibility that age and sex might

be confounding factors.

Anti- 30-34.9 35-39.9 40-49.9 >50 Total P-value
diabetic
drugs
category
1-Weight- N % N % N % N % N %
neutral
la 244 39.1 412 43.0 535 45.2 148 49.3 1339 43.7 0.015
1b 21 3.4 36 3.8 55 4.6 14 4.7 126 4.1 0.51
Total 265 425 448 46.8 590 49.8 162 54.0
2- Mixed
2a 182 29.1 251 26.2 283 24.0 62 20.6 778 25.4 0.019
2b 76 12.2 118 12.3 182 15.4 53 17.7 429 14.0 0.028
Total 258 41.3 369 38.5 465 39.4 115 38.3
3-Weight-
gaining
3a 35 5.6 61 6.4 41 3.5 8 2.7 145 4.7 0.003
3b 19 3.0 18 1.9 9 0.7 4 1.3 50 1.7 0.003
3c 47 7.5 60 6.3 78 6.6 11 3.7 196 6.4 0.15
Total 101 16.1 139 14.6 128 10.8 23 7.7
Number of
patients 624 (20.4%) 956 (31.2%) 1,183 (38.6%) 300 (9.7%) 3,063

Table 5-2 Number and percentage of anti-diabetixigrbased on the patients’ BMI. N:
Number. P-values were determined using the Chi-square tastrénd p-value <0.05
considered statistically significant). (1a. Metfanmonly; 1b. Metformin+DPP-IV+/OR
GLP-1 +/OR SGLT2; 2a. (SUs) AND (Metformin +/OR DIP +/OR GLP-1 +/OR
SGLT2); 2b. (TZDs + SUs) OR (TZDs) AND (MetformifGR DPP-IV +/OR GLP-1
+/OR SGLT2); 3a. SUs only; 3b. SUs + TZDs; 3c. Aaynbination including insulin).
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5.4.3 The association between age and anti-diabetic ~ drugs prescribing

Table 5-3 shows an association between age and drug presospilder people>40
years) were more likely to be prescribed mixed-dr(ga, 2b) § =0.001) or weight-
gaining drugs (SUs (3a) and SUs plus TZDs (3p)X0.001 and 0.046, respectively).
However, younger participants (18-29 years) wereentikely to be prescribed metformin
(1a) (p =0.001), than older people@0 years). This association might be due to theceff
of BMI, which will be explored later. For exampls older patients generally have lower
BMIs than younger ones, it is possible that theafimight be a result of differences in
BMI.
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Anti- 18-29 30-39 40-49 50-59 60-69 >70 Total
diabetic
category

P-value
Twegne | N | % N % N % N % N % N % N %
neutral
1a 95 | 848 | 174 | 62 | 310 | 459 | 411 | 417 | 256 | 338 | 93 | 369 | 1339 | 43.7 0.001
1b 1 1 15 | 54 | 38 5.6 42 4.2 25 3.3 5 2 126 4.1 0.033
Total 96| 858 | 189 | 67.4 | 348 | 515 | 453 | 459 | 281 | 371 | 98 | 389
2- Mixed
2a 7| 62 | 52 | 185 | 162 | 24 270 | 274 | 225 | 297 | 62 | 246 | 778 25.4 0.001
2b 3| 25 | 15 | 54 | 93 | 138 | 150 | 152 | 128 | 17.0 | 40 | 159 | 429 14.0 0.001
Total 10| 87 | 67 | 239 | 255 | 37.8 | 420 | 426 | 353 | 467 | 102 | 405
3-Weight-
gaining
3a 1 1 4 15 | 25 3.7 42 4.2 46 6.0 27 | 107 | 145 48 0.001
3b 0 0 1 0.3 8 1.2 17 1.7 15 2.0 9 3.6 50 1.7 0.046
3c 5| 45 | 19 | 68 | 40 5.9 54 5.5 62 8.2 16 | 63 | 196 6.4 0.26
Total 6| 55 | 24 | 86 | 73| 108 | 113| 114 | 123 | 162 | 52 | 206
NS;‘;Z%SO“ 112 (3.6%) | 280 (9.1%) 676 (22.0%) 986 (32.2% TENA%) 252 (8.2%) 3,063

Table 5-3 Number and percentage distribution of-éiabetic drugs category based on age group abmst N:

Number. P-values were determined using the Chi-square testtriend p-value <0.05 considered statistically
only; 1b. MetformiDPP-IV+/OR GLP-1 +/OR SGLTZ2; 2a. (SUs) AND (Metfarm
+/OR DPP-IV +/OR GLP-1 +/OR SGLT2); 2b. (TZDs + SW@R (TZDs) AND (Metformin +/OR DPP-IV +/OR GLP-

significant). (1a. Metformin

1 +/OR SGLT2); 3a. SUs only; 3b. SUs + TZDs; 3¢/ eambination including insulin).
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5.4.4 The association between sex and anti-diabetic ~ drugs prescribing

Table 5-4 shows that there was an association between sexaatidliabetic drugs

prescriptions; generally, men were more likely ® frescribed weight-gaining drugs
(14.3%) than women (11.5%) €0.02). Moreover, men were more likely to be pribsat

mixed-drugs (group 2a and 2b) than women. On therobhand, metformin (group 1a)
alone was prescribed more frequently to females tnales. The data showed it was
prescribed to 49.7% of females and 36.0% of theesnfl=0.001). The factor responsible
for this difference might not necessarily be the ekthe patients. It may depend on the

weight of the patients, which will be explored fate

Anti-diabetic drug(s) Males Females Total
category
P-value
N % N % N %
1-Weight-neutral
la 492 36.0 842 49.7 1334 43.7 0.001
1b 76 5.5 50 3.0 126 4.1 0.001
Total 568 41.6 892 52.7
2- Mixed
2a 384 28.1 394 23.3 778 255 0.002
2b 217 16.0 212 12.5 429 14.0 0.007
Total 601 44.1 606 35.8
3-Weight-gaining
3a 87 6.4 57 3.4 144 47 0.001
3b 22 1.6 28 1.6 50 1.6 0.92
3c 86 6.3 110 6.5 196 6.4 0.82
Total 195 14.3 195 11.5 0.02
Number of patients 1,364 (44.5%) 1,693 (55.3%) 3,057
(6 missing)

Table 5-4 Number and percentage of anti-diabeticgs based on the patients’
sexes. N: NumbeR-values were determined using the Chi-square ¢edténd
(p-value <0.05 considered statistically significanf}a. Metformin only; 1b.
Metformin+DPP-IV+/OR GLP-1 +/OR SGLT2; 2a. (SUs) BN(Metformin
+/OR DPP-IV +/OR GLP-1 +/OR SGLT2); 2b. (TZDs + SWBR (TZDs) AND
(Metformin +/OR DPP-IV +/OR GLP-1 +/OR SGLTZ2); 3aUs only; 3b. SUs +
TZDs; 3c. Any combination including insulin).
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5.4.5 The association between SIMD and anti-diabeti ¢ drugs prescribing

The socioeconomic status of the patients did noetate with the prescribing patterns for

anti-diabetic drugs; thp-value for each group of drugs was >0.05 as se€haible 5-5)
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Anti- Most deprived 2 3 4 Least Total
diabetic deprived
drugs
category
P-value
1-Weight- N % N % N % N % N % N %
neutral
la 628 43.7 255 45.4 176 44.1 120 39.3 | 154 44.3 1333 | 437 0.54
1b 62 4.3 24 4.3 17 4.3 10 3.3 13 3.7 126 4.1 0.92
Total 690 48 279 49.7 193 48.4 130 42.6 | 167 48.0
2- Mixed
2a 367 25.5 144 25.6 99 24.8 81 26.5 82 23.6 773 25.4 0.91
2b 201 14.0 72 12.8 56 14.0 45 14.7 55 15.8 429 14.0 0.78
Total 568 395 216 38.4 155 38.8 126 41.2 | 137 39.4
3-Weight-
gaining
3a 62 4.3 21 3.7 20 5.0 22 7.2 19 55 144 4.8 0.16
3b 20 1.4 9 1.6 7 1.8 6 2.0 8 2.3 50 1.7 0.78
3c 96 6.7 37 6.6 24 6.0 21 6.91 17 49 195 6.4 0.77
Total 178 12.4 67 11.9 51 12.8 49 16.1 44 12.6
Number
of 1,436 (46.8%) 562 (18.3%) 399 (13.0%) 305 (10.0%) 348 (11.3%) 3,050
patients (11 missing)

Table 5-5 Number and percentage of anti-diabebagibased on the patients’ socioeconomic status.

P-values were determined using the Chi-square tstrénd p-value <0.05 considered statistically

significant). (la. Metformin only; 1b. MetformiDPP-IV+/OR GLP-1 +/OR SGLT2; 2a. (SUs) AND

(Metformin +/OR DPP-IV +/OR GLP-1 +/OR SGLT2); 2d.ZDs + SUs) OR (TZDs) AND (Metformin

+/OR DPP-IV +/OR GLP-1 +/OR SGLT2); 3a. SUs onljp. BUs + TZDs; 3c. Any combination

including insulin).
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As the main association was between BMI and dr@gqibing, the other factors are
viewed as confounders of this association. In otddurther investigate the relationship
between sex and the prescription of anti-diabetigsl, the results were subdivided into

more specific BMI rangeflable 5-6)

Drugs BMI categories (kg/nt)
30-34.9 35-39.9 40-49.9 >50
Sex
F M F M F M F M

N@) | N©@) | N©) | N (%) N@) | N©) | N@%) | N @)

158 105 274 172 371 218 115 47
Weight-neutral

(476) | (36.2) | (51.6) | (40.7) (546) | (435) | (575) | (47.0)

120 138 181 188 235 230 70 45
Mixed

(36.1) | (47.6) | (34.1) | (444) | (345) | (459 | (35.0) | (45.0)

54 47 76 63 74 53 15 8
Weight-gaining
(163) | (162) | (43) | (@49 | @09 | o6 | (7.5 (8.0)
332 290 531 423 680 501 200 100
Total
(100) (100) (100) (100) (100) (100) | (100) (100)
P-value for weight- 0.98 0.80 0.86 0.88

gaining drugs
Table 5-6 Stratification of the relationship betwesex and the prescribing of anti-diabetic
drugs by BMI (N: Number; F: Female; M: Male).
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Table 5-4 shows that women were more likely to tesgribed weight-neutral drugs and
men more likely to be prescribed weight-gaining gsru(group 3a). Following
stratification by BMI category, Table 5-6 illustealt that there was no difference in the
proportion of men and women on weight-gaining drapen take into account BMP¢
values for the different BMI categories were 0.080, 0.86 and 0.88). For example, for
patients with a BMI between 30 and 34.9 k@j/the percentages of women and men on
weight-gaining drugs were 16.3% and 16.2% respelgtivl herefore, this association
was not because of the patients’ sex itself, bughinhave been because men in the
weight-gaining group (group 3a) were lighter thaonven; the mean BMIs of men and
women were 38.5 kg/frand 39.2 kg/mrespectively.

With regard to the association between age and gregcribing, Table 5-3 shows that
older people were more likely to be prescribed Wegpining anti-diabetic drugs, while
younger people were more likely to be prescribedgkteneutral anti-diabetic drugs.
However, this relationship may be explained bypghgent’'s BMI, as older patients were
more likely to be lighter. In order to further irstgate the relationship between age and
the prescription of anti-diabetic drugs, the reswere subdivided into finer BMI ranges
(Table 5-7)
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Drugs

BMI categories (kg/nt)

30-34.9 35-39.9 40-49.9 >50
Age categories (year)

18- 30- 40- 50- 60- >70 18- 30- 40- 50- 60- >70 18- 30- 40- 50- 60- >70 18- 30- 40- 50- 60- >70

29 39 49 59 69 29 39 49 59 69 29 39 49 59 69 29 39 49 59 69

N N N N N N N N N N N N N N N N N N N N N N N N

% % % % % % % % % % % % % % % % % % % % % % % %

9 30 46 80 69 31 25 54 107 128 97 37 52 80 141 197 96 24 10 25 54 48 19 6
Weight-neutral

75 731 | 455 | 42.1 35 37 711 | 529 | 424 | 38.8 | 37.8 | 86.7 63 51.3 | 50.3 | 35.7 40 83.3 | 69.4 | 55.1 a7 6.4 54.5

89.3
1 7 41 81 92 36 1 15 71 140 108 34 6 37 106 154 135 27 2 8 37 45 18 5
Mixed
8.3 171 | 405 | 42.6 | 46.7 | 434 35 19.7 | 35.1 | 46.4 | 43.2 | 34.7 10 29.1 | 385 | 39.3 | 50.2 45 16.7 | 222 | 37.7 | 441 | 349 | 454
6

2 4 14 29 36 16 2 7 14 34 45 27 2 10 28 41 38 9 0 3 7 9 4 0
Weight-gaining

16.7 | 9.7 138 | 152 | 183 | 193 | 7.1 9.2 119 | 11.3 18 275 | 33 7.9 10.1 | 105 | 141 15 0 8.3 7.1 8.8 9.7 0

| 12 41 101 190 197 83 28 76 202 302 250 98 60 127 275 392 269 60 12 36 98 102 41 11
Tota

100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

P-value
0.002 0.001 0.001 0.26

Table 5-7 Stratification of the relationship betwege and the prescribing of anti-diabetic drug8bl (N: Number; %: percentage).
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As the weight-gaining drugs were more likely topsescribed to those with a lower BMI
(Table 5-2), following the subdivision of patierdscording to age, it was found that the
association between BMI and drug prescribing wasfamded by the patient’s age.
Table 5-7 shows that quite a similar proportiorpafients aged between 30 and 39 years
(9.7%, 9.2%, 7.9% and 8.3%) were using weight-gamrugs in the four different BMI
categories (30-34.9, 35-39.9, 40-49.9 a0 kg/nf respectively). Among those patients
with a BMI of at least 50 kg/fmthe proportion using weight-gaining drugs wasegatly
age-independent.

Alternatively, Table 5-3 showed that a higher pmipo of older people used weight-
gaining anti-diabetic drugs compared with youngatigmts. Furthermore, Table 5-7
shows that among the patients with a BMI of betw86nand 34.9 kg/f a higher
proportion (18.3%) of patients aged between 60&hgears used weight-gaining drugs
compared to the proportion (9.7%) of patients ag@¢9 years. This may indicate that
people lose more weight at older ages, which mayltrén them being prescribed more
weight-gaining anti-diabetic drugs. Therefore, aindbe concluded that the initial BMI
may partially confound the relationship betweengmtage and drug prescribing.
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5.4.6 Characteristics and proportion of patients in different anti-diabetic
categories

Table 5-8shows patients prescribed weight-neutral drugsnhean BMIs 2 kg/rhhigher
than those prescribed weight-gaining drugs, and thhifference was statistically
significant ¢ =0.001). In addition, individuals who were presedbweight-neutral drugs
were younger than those on mixed or weight-gaiminggs (mean ages were 50.7, 55.6
and 56.6 years, respectively; and this differenes statistically significantp(=0.001).
Meanwhile, there was no difference in the initidlB between those on weight-neutral

drugs and patients on mixed drugs=0.08).

Mean

Drug subgroup Total | Mean BMI p-value weight Mean age p-value
categories (n) +SD +3D +SD
1.Weight- la (1=1,339) 1&2 1&2
neutral 1,465 41.2 p-value= 113.0 50.7 p-value=
(£7.0) 0.08 (+22.8) (£12.9) 0.001
1b (=126)
2. Mixed 2a (=778) 1&3 1&3
1,207 40.7 p-value= 113.8 55.6 p-value=
(£7.0) 0.001 (£22.7) (£10.2) 0.001
2b (h=492)
3. Weight 3a (=145)
gaining
3b (h=50) 391 39.2 108.5 56.6
(£6.2) (x21.6) (x11.5)
3c (h =196)

Table 5-8 Characteristics of included patients ddpg on type of anti-diabetic
categoriesP-values were determined using a t-tgsvélue <0.05 considered statistically
significant) (SD: standard deviatiom; number).
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5.4.7 Proportion of patients in different anti-diab  etic categories after the
SIGN guidelines were released

Overall, respectively, 47.8%, 39.4% and 12.7% efiticluded patients were on weight-
neutral, mixed and weight-gaining anti-diabetic mation. The proportion of patients
taking weight-neutral drugs before March 2010 wé2%, compared with 46.8% during
the first year and 48.5% a year after the guidsliestablished. Likewise, a higher
proportion of patients were prescribed weight-gagnanti-diabetic drugs (13.8%) a year
after the publication of the current SIGN guidetineompared with before the guidelines
were released (11.6%), although this difference madsstatistically significantp(=0.13)
(Table 5-9)and(Figure 5-1).
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Transitional After
N of all 33{3;%;22 phase (for a publication of
patients (n =1,037) year) guidelines
Category (total) % (from Jénuary % (f(n =1l\)|03821 % " (n =|\9/188)h %
- rom Marc rom Marc
(n=3,063) 2008 ‘zoofgi’r”ary 2010 to 2011 to May
February 2014)
2011
1.Weight-
neutral 1,465 47.8 500 48.2 486 46.8 479 48.5
2. Mixed
1,207 394 416 40.1 418 40.3 373 37.7
3. Weight-
gaining 391 12.7 121 11.6 134 12.9 136 13.8
p-value =0.1%

(The difference in the proportion of patients ongheigaining drugs before and after the SIGN guitksiwere
published was examined).

Table 5-9 Proportion of patients referred in difietr anti-diabetic drugs categories
based on three phases of the SIGN guidelireslues were determined using the

Chi-square tespfvalue <0.05 considered statistically significant).

=)}
o

48.5

% of patients
) w £ w
[= (=} (= [}

—
o

1.7

13.8

Weight-neutral Mixed  Weight-gaining
Anti-diabetic drugs categories

m Before the guidelines

B Transitional phase (for a

year)

After publication of

guidelines

Figure 5-1 Proportion of patients by GP prescrilpagiern of anti-diabetic
drugs before, during one year, and one year diterdlease of the SIGN

guidelines.
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5.4.8 Prescribing trends over the time

In order to explore whether there were any yeaye®m- trends towards gradually
improving compliance with guidelines, the presargirend for the three categories of
anti-diabetic medications were report&igure 5-2 shows no clear trend over time for
patients prescribed weight-neutral drugs. The ameein the prescribing percentage of
weight-neutral drugs seen in the final year (20d¥ght be a result of changes in the
groups of drugs approved for the treatment of ypBabetes since 2013. However, the
only convincing trend over time was a small inceeas the volume of weight-gaining
drugs prescribed, although it is not clear if ahgrge occurred after the release of the
SIGN guidelines in 2010. As a result, there ismahidation of a change in practice.
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(8]
(=)

——Weight-neutral
——Mixed

]
[e]

Weight-gaining

Prescribing percentage

=
(=]

=

2008 2009 2010 2011 2012 2013 2014
(n=215) (n=822) (n=381) (n=437) (@=451) (1=407) (n=130)
Year

Figure 5-2 Yearly prescribing trend for differenitiadiabetic drugs categories from
2008 to 2014 for patients who referred to the GCWMS

Therefore, a number of other factors (for exampie lower BMIs of the subjects

towards the end of the study) may be responsibtetie modest increases in the
prescription of weight-gaining drugs. Paradoxicaitywas found that people had higher
BMis in later years compared with the earlier ye&® instance, the mean BMI of the
patients in 2008 was 38.7 kgfntompared to 39.2 kg/nin 2014.
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5.5 Summary of the main findings

The majority of the patients with diabetes were demaged 40-<70, with BMIs

30-<50, and from the most deprived quintile.

Metformin was the highest prescribed anti-diabelticg, and the group of SUs
plus TZDs was least prescribed to participants othbsexes. In addition,
metformin was prescribed more to women than med;ahigher proportion of

men were prescribed SUs groups compared with women.

The rate of metformin prescription rose as age edsad and BMI increased.
However, the frequency with SU and SUs + TZDs werescribed was

predominantly higher in older patients.
There was no association between SIMD and antieti@drugs prescribing.

Patients on weight-neutral anti-diabetic drugs weeavier and younger than

those on weight-gaining anti-diabetic drugs.

Overall, 47.8% of patients referred to the GCWMS8 arcluded in this research
were on neutral anti-diabetic drugs, and 12.7% wareweight-gaining anti-

diabetic drugs.

There was no significant difference in the presngbhabits noted after the
guidelines were establisheg£0.13).
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5.6 Discussion

The principal objective of this research was tedaine whether the prescription of anti-
diabetic drugs to patients with type 2 diabetes w@ssistent with the patients’ BMIs.
The secondary aim was to investigate whether ttredaction in March 2010 of the
SIGN guidelines was associated with a change iotipes of prescribing anti-diabetic
drugs. Additionally, based on the GCWMS data for patiemith obesity and type 2
diabetes, the pattern of prescribing anti-diabeticgs was investigated; as were the
effects of age, sex and SIMD. According to the BslotDiabetes Survey in 2015; at that
time, around 5.3% of adults in Scotland had beagrbsed with diabetes and prevalence
was higher among men than women (6.0% and 4.5%gectsgely) (NHS Scotland,
2015). To our knowledge, this is the first studyastigating the proportion of patients
with obesity in different anti-diabetic drug cateigs; whereas previous evaluations of
prescribing patterns for anti-diabetic medicatiompatients with diabetes were carried out
at tertiary hospital level irrespective of BMI.

5.6.1 Baseline characteristics

In Scotland, 55.7% of patients diagnosed with t@pdiabetes are male (NHS Scotland,
2014). However, in this research, just 44.6% ofghtents with diabetes included in this
study were male, as more females had chosen tbiarttee programme. The majority of
patients with obesity and diabetes were in thegagep 50-59 years, followed by the age
group 60-69 years, concurring with previous stud®&sareett al, 2015; Vengurlekaget

al., 2008). The increasing prevalence of diabeteksgse age groups may be consequence
of their change in life style, stress, and lackeakrcise (Vengurlekaet al, 2008).
However, the sample might have been biased, a®®6f3he total patients(=7,329)
who enrolled in the weight management programmesweithe 50-59 year age group,
which may explain the higher prevalence of diabetehkis group of patients.

5.6.2 Prescribing pattern

As all patients on insulin only were excluded, #hdbkat remained were the type 2
diabetes patients. Metformin (group l1a) was thetroosimonly prescribed drug, which
is consistent findings in other research (Shae¢eid., 2015; Dhanaragt al, 2013, Filion

et al, 2009; Kamrai & Sachdeva, 2010). The reasonHis ¢ould be that patients with
obesity who have received metformin reportedly dess weight and present with lower
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hypoglycaemic effect than patients on other hypoagynic drugs, such as SUs group or
TZDs group (Lealet al, 2013). A previous study (2-years follow-up) of8&7
participants, suggested that irrespective of BMgtformin was the most commonly
prescribed drug for patients with diabetes (Hartmetral,, 2015). However, this research
found that a low proportion of patients were irhertthe SUs (4.8%) or SUs + TZDs
(1.7%) group, possibly because these groups are prone to causing excessive weight
gain meaning they are not ideal for use in patievith obesity. These findings were
consistent with a previous study that reported @ldd TZDs were not prescribed for
subjects with a BMI between 35-40 kd/iKamrai & Sachdeva, 2010).

When reviewing the literature, minimal data werarfd on the association between
patient’s age, sex and initial BMIs and anti-diabelrugs prescribing. Previous studies
have also reported that some drugs have an adettest on elderly people, such as SUs
that may cause hypoglycaemia, and other studiesmeend metformin for people with

high BMIs. Therefore, these factors might or migbt justify prescribing.

5.6.3 Impact of BMI

Metformin was prescribed for individuals with a hegy BMI, and weight-gaining drug
groups (group 3a and 3b) were prescribed more &vieqts with a lower BMI. This
might be because metformin does not cause weight while SUs and TZDs drug types
are avoided in patients with obesity, as they caxeess weight gain (Leat al, 2013;
Kamrai & Sachdeva, 2010). This indicates that tiveas an association between initial
BMI and the prescribing of anti-diabetic drugshaligh it is possible that these results
were confounded by age. The proportion of patieitis a relatively low BMI (between

30 and 34.9 kg/f) that were prescribed weight-gaining drugs washéiigin older
patients (that is, those aged at least 70 yeaas) tiose aged between 18 and 29 years.
Therefore, the results may show an inverse relghipnbetween BMI and age when

prescribing anti-diabetic drugs.

There was an association between sex and develd@bgtes; this may be explained by
a previous study that investigated the relationdbepveen sex and BMI at diabetes
diagnosis in Scotland. The large £95,059) study concluded that men were diagnosed
with type 2 diabetes at lower BMIs than women (Le@h al, 2011). The potential
mechanisms for this include men having more vidcand hepatic fat than women and

being less insulin-sensitive (Geer and Shen, 206&)wever, the current results
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concluded that sex did not influence the relatigndbetween BMI and anti-diabetic
drugs prescribing. The DiaRegis cohort stuay8,807) reported an increased likelihood
of treatment with metformin and GLP-1 drugs amoubjects with a BMI 0£30 kg/nf,

and a lower probability of treatment with SUs asuhn (Hartmanret al, 2015).

5.6.4 Impact of age

The current research shows an association betwgen aamd anti-diabetic drugs
prescribing. For example, there was a statisticaigynificant difference in metformin
prescribing in different age groups, particulargtween young and the old participants
(chi-square test represeptvalue =0.001). This shows that metformin was pibed
more frequently for young patients as monotheraplyile older patients required a
combination of anti-diabetic drugs to achieve bigtgcaemic results. On the other hand,
a previous study of 492 patients from Indian ha@dpfound metformin was prescribed
more for older people and the authors suggestsdtight be due to the increase risk of
hypoglycaemia in elderly people who are also bdnegted with SUsgonsequently,
metformin is a good option for controlling hypoghgmia (Kamrai & Sachdeva, 2010).
These differences might also explain the effecoifer confounding factors, such as
initial BMI. This research suggested that the retahip between patients’ ages and the
prescribing of anti-diabetic drugs was confoundgdhie initial BMIs for those with BMI
>50 kg/nf. Young patients have higher BMIs, which would eipl the higher
prescribing of weight-neutral anti-diabetic drugghis group. An equivalent relationship
was seen in older patients, whose lower BMIs migkplain the increase in the
prescription of weight-gaining anti-diabetic dru@arlier findings confirmed that there
was a marked decrease in patients’ BMIs in lindhhie increased in age at the time of
diabetes diagnosis (Loge¢al, 2011).

5.6.5 Impact of sex

Other observations include that metformin was preed more in females than in males,
while SUs were prescribed more in males. Thesdrnfgsdare consistent with previous
results carried reported in the Netherlands, itudysthat investigated the new revised
guidelines for the treatment with hypoglycaemicrageetween 1998 and 2003 (Lab

al., 2006). This might also be due to the fact thatimber of females stopped taking SUs
to avoid weight gain, particularly as a result edema, switching to metformin to aid

glycaemic control and promote weight loss or remagutral (Lubet al, 2006). The
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current research suggested an association betwsertype and anti-diabetic drugs
prescribing, but there were other confounding fiesctbat might explain this relationship,
such as BMI. Obviously, women were heavier than raethe baseline, which may
explain the higher rate of prescribing of weight#mal anti-diabetic drugs. In conclusion,
the current results were consistent with a preveiudy by Ewenighet al (2012), which

found that only age and initial BMI could influenttee prescribing of anti-diabetic drugs.

5.6.6 Prescribing before and after release of the SIGN gu  idelines

This research found no significant difference bemvehe percentages of patients on
weight-neutral, mixed and weight-gaining anti-diédenedications, before and one year
after the SIGN guidelines were releas€te SIGN guidelines set out a clear treatment
plan for patients with diabetes and obesity; aimingencourage GPs to prescribe the
appropriate anti-diabetic drugs for individuals lwidbesity to elevate the proportion of
patients on weight-neutral drugs (SIGN 116, 20TWere was no improvement in the
prescribing trend in weight-gaining drugs over tfears from 2008 to 2014, which
contradicts the current hypothesis. Therefore aty@ication of trend and regression tests
was not considered to be appropriate. The sligbtease in weight-gaining drugs
prescribing over the years was not contrary to wight have been expected, as weight-
gaining prescriptions went up while BMIs also waerd. Therefore, this might be
explained by GPs’ habits or patients’ inabilitydontrol their blood glucose level. The
percentage of patients on weight-gaining anti-diabdrugs was slightly higher amongst
those referred after one year after the SIGN gundslwere released (13.8%), compared
with 11.6% before the release of the SIGN guidslimespite recommendations for GPs
to review patient history and the anti-diabeticsgrébing patterns for patients before
referring them to the GCWMS. Additionally, the remmendation is to try prescribing
weight-neutral or mixed drugs for this group ofipats; unless there are specific clinical

indicators to the contrary.
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5.7 Research strengths and limitations

The main strength of this research is the largeptasize, derived from one of the largest
weight management services available, and providljgctive measures of weight and
height. To the best of our knowledge, this is tingt Study comparing the proportion of
patients on anti-diabetic drugs before and after iGN guidelines were released. In
addition, it is the first study to explore the pmelsing patterns of anti-diabetic drugs for
individuals with obesity and diabetes (the inclugedticipants had a BMI ¢f30 kg/nf).
Conversely, much of the research to date has ctiateth on prescribing patterns for
patients with diabetes only (Kamrai & Sachdeva, @0Xescribing trends for anti-
diabetic prescribing over time (Filiaet al, 2009). Selection bias was minimal, with only
1.8% of patients excluded (on account of their ¢&in drug regimens that could not be
classified into one of the group3)he prescribing information is likely to be accerahs

all the medication came through the SCI gateway.

Conversely, one of the weaknesses of this stuggtisntial information bias, as the drugs
were categorised according to their effect on bagyght alone, instead of looking at
each group of drugs on an individual basis. Likewithe results of the proportion of
patients who were on weight-gaining drugs mightehbeen affected by (group 3c), as
some of the patients were prescribed insulin witeeg had uncontrolled glycaemia by
oral hypoglycaemic agents. In addition, this stdéy not show the prescribing patterns
for some drugs regimens as classified into thregslcategories. On the other hand, the
classification of anti-diabetic drugs in this resda was dependent on the SIGN
guidelines and a good range of RCTs, which detexchthe effect of these drugs on body
weight. Nevertheless, the SIGN guidelines wereasad in 2010, and a group of anti-
diabetic drugs (SGLT2 inhibitors) were subsequeagigroved for use in 2013. However,
this group of drug was issued with new guidelinésis might therefore lead to the

conclusion that there was strong evidence of aatagkationship in this classification.
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5.8 Research implications

This research confirms that half of individuals twitype 2 diabetes referred to the
GCWMS took weight neutral-anti-diabetic drugs, ardund 12.7% were on weight-
gaining anti-diabetes medication. Metformin was tineg most prescribed for patients
who are obese with type 2 diabetes, while SUs fgRa) or SUs plus TZDs (group 3b)
were the least prescribed drugs. The results ofdkearch indicate that the prescribing
practice for type 2 diabetes was broadly consisteth that recommended in the
guidelines and that no significant improvementsid@¢dae madeln contrast, after the
SIGN guidelines were released, there was no changee proportion of patients on
weight-gaining anti-diabetic drugé/hilst there might be good reasons why they were on
them, such as uncontrolled blood glucose, it raisesjuestion about whether it could be
lower. Therefore, the SIGN guidelines for treating pasemtith obesity and type 2
diabetes should be followed by GPs to ensure tegcpption of weight-neutral or mixed
anti-diabetic drugs for patients who are obese typie 2 diabetes. Due to the limitations
in the evidence for the effects of anti-diabetiagd in enhancing or inhibiting weight
gain among participants who had joined the weiglmagement programme, the effect of
these drugs will be observed in the next chaptethEr implications will be discussed in
chapter 7.
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Chapter 6: The association between anti-

diabetic drug prescribing and weight change

226



6.1 Chapter summary

Many of the anti-diabetic agents used to targetehylycaemia are associated with
weight gain, which as explained in the previousptéig creates an additional challenge
when treating patients with obesity and type 2 elieb. However, some anti-diabetic
drug groups are known to cause weight neutral @oime cases cause weight loss. The
objective of this research was to study the eftédtaseline anti-diabetic drugs on weight

change for participants enrolled in a lifestyle @ programme at the GCWMS.

An intervention cohort study was conducted usingebae anti-diabetic drugs data
pertaining to a group of participants agelB years, of both sexes, with type 2 diabetes
who had attended at least 2 sessions in the lieeptyase of the GCWMS. Based on the
BNF and Diabetes Update Guide to Meds & Kit, 2ah®, anti-diabetic drugs prescribed
were classified into three categories: weight-redutmixed and weight-gaining. Mean
and percentage weight loss from the different diaibetic group and the different
categories were reported and analysed using & thtezddition, the mean weight change
of the total number of patients who attended tfestyle phase, 5 kg and 5% weight loss

were reported.

Of the 998 eligible participants, 459 (46%), 412.8%0) and 127 (12.7%) individuals
were on weight-neutral, mixed and weight-gainingi-diabetic drugs, respectively.
Patients taking the weight-gaining drugs had poorgcomes compared with those on
weight-neutral drugs. Mean weight changes for atigmts on weight-gaining and
weight-neutral anti-diabetic drugs was -2.5 kg (96%0-3.2 to -1.8 kg) and -3.3 kg (95%
Cl: -3.8 to -2.9 kg) f§ =0.05), respectively. In terms of completion, patiteeon weight-
neutral drugs lost more weight than those on weggimiing drugs; with mean weight
changes of -4.9 kg (95% CI: -5.5 to -4.2 kg) andB-Bg (95% CI: -4.2 to -2.5 kg),
respectively |p =0.005). In contrast, there was no significantetéhce between the two

groups, in terms of mean percentage weight.

In conclusion, patients on weight-neutral anti-@@étd drugs had a greater outcome
compared with those on weight-gaining drugs. Theey be good reasons to prescribe
weight-gaining medications, however, weight gainldavorsen blood glucose. It may be

possible to improve weight loss by prescribing rdixe weight-neutral drugs instead.
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6.2 Introduction

In the past 20 years, new anti-diabetic drugs lh@en released and additional drugs have
been developed to control blood glucose (Hollan@6f7). The mechanisms of these
drugs might alter body weight by enhancing weigisislor promoting additional weight
gain (Krentz, 2008). The majority of people diagebswith type 2 diabetes are
overweight or obese, and new groups of anti-diabefiugs have recently been
established for use in the management of type [Zetka associated with obesity (Krentz,
2008). Although, it is a challenge to treat indivéds with type 2 diabetes and obesity,
due to some of the anti-diabetic agents, such d3sTahd SUs, being associated with
weight gain (Kenkreet al, 2013), requesting an effective anti-diabeticgdoapable of
reducing body weight is the best approach to tleeessful treatment of individuals with
type 2 diabetes and obesity (Solini, 2015; Pi-Sur3@09).

The majority of the literature reports that thereatly used anti-diabetic drugs that may
cause weight to remain neutral or cause weightaossnetformin, GLP-1, DPP-IV and
SGLT2; while insulin, SUs and TZDs may cause weigain. UKPDS suggested that
SUs can cause 5 kg weight gain over a 10-year gp@fidreatment (UKPDS, 1998); and
another study reported that a 1-4 kg weight gaiasisociated with using SUs, before
body weight steadies after six months (Krentz amile, 2005). In addition, in the
PROACTIVE trial, TZDs such as pioglitazone produeedaverage 3.6 kg weight gain
over three years; whereas (Dormargtyal, 2005), according to the findings of the
Diabetes Reduction Assessment with ramipril andglitgzone Medication (DREAM)
trial, rosiglitazone yielded a 2.2 kg weight gavep a four-year period (Gerstegt al.,
2006). Likewise, in a 16-week study (with a smalimber of participantsn =14) that
evaluated the effect of pioglitazone on glucoseakspt individuals apparently gained
weight [3.0+ 3.0 kg  <0.001)] (Malone, 2005).

The American Diabetes Association (ADA), and thedpean Society for the Study of
Diabetes (EASD), have recommended that metformwoulshbe used as a first-line
treatment for patients with normal weight or thedeo are obese with type 2 diabetes,
because it is not associated with weight gain amaday promote modest weight loss. In
addition, the UKPDS found that participants withesiby and type 2 diabetes who
received metformin gained less weight than thoseStis (UKPDS, 1998). GLP-1 is
another anti-diabetic drug that can be offeredrwmmte or neutralise weight loss. In a
six-month study, it was found that exenatide predusignificant weight loss (0.9 kg)
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when prescribed to patients on both metformin abld, Suggesting a possible 2.5 kg
weight loss when added to metformin (Borna, 2007).

Moreover, 27 RCTs show that GLP-1 was associateld significant weight reduction
and a mean weight loss of -1.74 kg (95% CI: -3d.10t48 kg) (Phungt al, 2010). A
recent meta-analysis of 25 trials involving exesatiadministered twice daily or once
weekly or liraglutide used for 20 weeks, showeddéh@as a mean weight difference
between the treatment group and control group & K& (95% CI. -3.6 to -2.2 kg)
(Kenkreet al, 2013). In patients with obesity and type 2 diabeDPP-IV inhibitors are
an option for those who have failed to meet glydadargets with metformin alone, and
they are neutral on body weight (Borna, 2007; Kemdtral,, 2013). A previous study of
701 patients (24 weeks) suggested no weight difterdoetween two groups of patients
on metformin alone, versus metformin plus sitagligCharbonneekt al, 2006).

SGLT?2 inhibitors have recently been approved fpet? diabetes treatment, and are also
associated with weight loss. A previous RCT of 2elss’ duration, with dapagliflozin
2.5mg, 5 mg and 10 mg added to of metformin treatpfeund a significant decrease in
body weight in test subject (-2.2, -3.0 and -2.9rkgpectively), compared with -0.9 kg in
the control group (Baileyet al, 2010). A significant reduction in body weight sva
recorded in a 52-week study, in which empagliflogias added to insulin treatment for
patients who are obese with uncontrolled diabetesmean differences in empagliflozin
10 mg and 25 mg versus placebo were -2.39 kg (95%3@0 to -1.39 kgp <0.001) and
-2.48 kg (95% CI: -3.48 t0 -1.47 kg;<0.001) (Rosenstoadt al, 2014).

It was established in Chapter 5 (page 204) thatthere differences in baseline weight
associated with different prescribed anti-diabetiedications, and it was established in
Chapter 3 (page 129) that baseline weight was errdétant of subsequent weight loss.
Therefore, the aim of this research was to obs#rgeeffect when given anti-diabetic
drugs from different categories (weight-neutral,xed and weight-gaining oral
hypoglycaemic agents) on body weight in individyadsticipating in the lifestyle change
programme at the GCWMS. This research hypothedisatdwhile the prescription of
some anti-diabetic drugs might inhibit weight loseme may actively enhance weight
loss. Therefore, the research question posed waspaients on weight-gaining anti-
diabetic medications less likely to lose weightia GCWMS?
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6.3 Materials and methods
6.3.1 Study procedure

This intervention cohort study analysed the effgfcanti-diabetic medication known to
promote or inhibit weight loss for patients withpéy 2 diabetes and referred to the
GCWMS. The same methods as described in the prewbapter were followed,; i.e.
using the BNF to identify the anti-diabetic drugegzribed to participants referred to the
GCWMS. Anti-diabetic medications were classifiedoirthree categories according to
their effect on body weight (Chapter 5, page 198319

1. Weight neutral:

la. Metformin only
1b. Metformin +DPP-IV +/OR GLP-1 +/OR SGL2

2. Mixed:

2a(SUs)AND (Metformin +/OR DPP-IV +/OR GLP-1 +/OR SGLT2)
2b(TDZs + SUs) OR (TZDs)AND (Metformin +/OR DPP-IV +/OR GLP-1 +/OR
SGLT2)

3. Weight gaining:

3a. SUs only
3b. SUs + TDZs

3c. Any combination including insulin

6.3.2 Inclusion and exclusion criteria

Participants of both sexes with type 2 diabetesgdad8 years and attendirx sessions

in the lifestyle phase were included. The reasoiniduding only those who attended the
lifestyle phase was to avoid any additional efféaim the anti-obesity agents that might
also be used in the phase 2 treatment of the GCWWM§ramme. The lifestyle phase
included a combination of diet (600 kcal/day defidiet), exercise, and behavioural
changes over a 16-week period. Individuals notrahtoypoglycaemia drugs and patients

on insulin only or any combination not prescrib&dee were excluded.
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6.3.3 Statistical methods

The results were reported as a number, percentagan weight change, confidence
intervals, 5 kg and 5% weight loss for all patiefits=998) and for subgroups of
individuals who had completed the lifestyle phageakiending ¥7 sessions) over 16
weeks. These were applied to the three categondseach subgroup. Differences in
mean weight change and mean percentage weight elveeg analysed using the t-test
(between two groups) and ANOVA (more than two ggjufor continuous data. The
Bonferroni (pairwise) test was used to adjust foultiple comparisons.Statistical
significant was defined g$<0.05, and all statistical analyses were perforosadg Stata
version 12.1 (StataCorp, College Station, Texa®)ally, to minimise the effect of
potential confounding factors, such as initial Bidéx and age, a stratified analysis was

used.
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6.4 Results

Of the 3,063 participants included in the previampter, 998 patients with type 2
diabetes attended the lifestyle phase of the GCWhween 2008 and 2014, were
included in the study. Further, 459 (46%), 412 344d). and 127 (12.7%) patients were on
weight-neutral, mixed and weight-gaining anti-diédedrugs, and 49.5% of the
participants were women, 40.5% were men and theamage was 55.2 years. The mean
BMIs and weights at baseline for individuals usimgight-neutral, mixed and weight-
gaining drugs were 42.5, 41.4 and 40.6 Kgamd 116, 114.2 and 112.3 kg, respectively.

6.4.1 The association between anti-diabetic drug gr  oups prescribing and

weight change

Table 6-1shows the mean weight change for patients on mmeitioonly (weight-neutral,
group 1a) was -3.3 kg (95% CI: -3.8 to —2.9 kgy @rwas -2.5 kg (95% CI: -3.8 to -1.3
kg) for those on group 1b (weight-neutral). On tileer hand, the mean weight change
for the 257 patients who were on mixed drugs (grdajpwas -3.4 kg (95% CI: -3.9 to -
2.9 kg) and 27% lost5 kg. Similarly, 24.5% out of 155 patients in takimixed drugs
(group 2b) lost5 kg with a mean weight change of -2.7 kg (95%-8MH4 to -2.1kg). The
effects of SUs alone (weight-gaining, group 3alody weight found that 27.5% of the
40 patients in this group losb kg and the mean weight change was -2.3 kg (95% CI
3.9 to0 -0.7 kg); while there was a reduction of B3995% CI: -4.6 to -1.2 kg) in the body
weight of 18 patients who took SUs + TZDs (weighing group 3b) and 27.5% losb
kg. The results further show that the 69 patientsowsed insulin with oral
hypoglycaemic drugs (weight gaining, group 3c) & kg (95% CI: -3.3 to -1.68 kg)
and 24.5% achieved their target of 5 kg weight.ldsgelation to the 5% weight loss,
Table 6-1 shows 30% and 27.5% of all patients iougs 3a and 3b, respectively,
achieved a 5% weight loss, and these percentages higher than weight loss

percentage for the other groups.
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Mean weight change Lost>5kg Lost5%

0,
Group N % and 95% CI (kg)

la. Metformin

Completersx7 sessions) 226 53.5 -5.0 (-5.6 to -4.3) 106 (47%) 84 (37%)
Non-completers<{7 sessions) 196 46.4 -1.4 (-1.9to -1.0) 17 (8.5%) 11(5.6%)
Total &2 sessions) 423 -3.3(-3.8t0 -2.9) 123 (29%) X5H%)

1b. Metformin +DPP-IV +/OR GLP-

1 +/OR SGL
Completers*7 sessions) 22 61.1 -3.6 (-5.4t0 -1.8) 7 (32%) 2255%)
Non-completers<{7 sessions) 14 38.8 -0.8 (-2.3t0 0.5) 1 (7%) 1 (7%)
Total &2 sessions) 36 -2.5(-3.8t0-1.3) 8 (22%) 6 (16.5%)
2a. (SU) AND (Metformin +/OR
DPP-IV +/OR GLP-1 +/OR SGLT2)
Completersx7 sessions) 145 56.4 -4.6 (-5.2 to -4.0) 59 (40.5%56 (38.5%)
Non-completers<{7 sessions) 112 43.5 -2.0 (-2.6 t0 -1.3) 11 (10%) 10 (9%)
Total &2 sessions) 257 -3.4 (-3.9t0 -2.9) 70 (27%) 66 (25.5%)
2b. (TZD +/OR SU) AND
(Metformin +/OR DPP-IV +/OR
GLP-1 +/OR SGLT2)
Completersx7 sessions) 91 59.7 -3.8 (-4.7 to -2.9) 29 (32%) (4B86)
Non-completers<{7 sessions) 64 40.3 -1.2 (-1.9t0 -0.5) 4(6.0%) (5.8%)
Total &2 sessions) 155 -2.7 (-3.4t0-2.1) 38 (24.5%) 32 (20.5%)
3a SU only
Completersx7 sessions) 22 55 -3.9 (-6.1 to -1.6) 7 (32%) 85%9
Non-completers<{7 sessions) 18 45 -0.3(-2.6t0 1.8) 4 (22%) 4 (2%
Total &2 sessions) 40 -2.3 (-3.9t0-0.7) 11 (27.5%) 12 (30%)
3b. SU +TZD
Completersx7 sessions) 13 72.2 -3.3(-5.5t0-1.2) 4 (30.5%) (3045%)
Non-completers<{ 7 sessions) 5 27.7 -1.6 (-5.2t0 1.8) 1 (20%) (0,794
Total &2 sessions) 18 -2.9 (-4.6t0-1.2) 5 (27.5%) 55%)
3c. Any combination including
insulin
Completers*7 sessions) 41 58.4 -3.1(-4.1t0-2.1) 18 (34.5%) 14 (27%)
Non-completers<{7 sessions) 28 41.5 -1.6 (-3.0t0 -0.1) 4 (11%) 144)
Total &2 sessions) 69 -2.5(-3.3t0 -1.68) 22 (24.5%) (2B%0)

Table 6-1 Weight loss outcomes at the end of kfegthase for patients with diabetes on one
of the seven groups of anti-diabetic drlé%sg



6.4.2 The association between anti-diabetic drug pr  escribing and weight

change, by category
6.4.2.1 Mean weight change and mean % weight loss

Seven groups were combined into three drug categdepending on the effects reported
on their body weights: weight-neutral, mixed andighiegaining anti-diabetic drugs
(Table 6-2. Patients on the weight-neutral drugs lost moeeght than those on the
weight-gaining drugs by the end of the lifestyleatiment phase (16 weeks); mean weight
change was (-3.3 kg, 95% CI: -3.8 to -2.9 kg ané K, 95% CI: -3.2 to -1.8 k@
=0.05), respectivelyHigure 6-1). The statistical test lies on the borderline, slibws a
significant clinical difference. However, there was statistically significant difference
between the two categories in terms of the pergenteeight change, as tipevalue =
0.17. There were no significant differences betwienpatients on weight-neutral drugs
and those on mixed drugs in terms of mean weighgé or percentage weight loss, as
the total mean weight change in the mixed drugsgoay was -3.2 kg (95% CI: -3.5 to -
2.8 kg) and the mean percentage weight loss w8%s-2or both categories. The lowest
mean percentage weight loss occurred in patientsy useight-gaining anti-diabetic
agents; the mean percentage weight loss was -208fbthis was not significantly
different to that of patients in the other drugecatries Figure 6-2).
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Figure 6-1 The mean weight change (kg) and the 8&ftidence intervals at the

end of lifestyle phase for all patients and congketon three different anti-
diabetic drug categories.
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Figure 6-2 The percentage weight change (%) and &8tdence intervals at the end
of lifestyle phase for all patients and completensthree different anti-diabetic drug
categories.
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6.4.2.2 Target weight loss (5 kg and 5%)

With regard to target weight loss, 28.5% of theivitlials using weight-neutral drugs
had lost>5 kg, whereas 26% and 26.5% of subjects on mixedwaight-gaining drugs
lost>5 kg, respectively. In total, 24.5% of patientsvegight-gaining anti-diabetic drugs
lost 5% or more, while 22% and 23.5% of patientt ¥5% when they took weight-
neutral and mixed drugs, respectively (as seerallleT6-2, which presents weight losses

of 5% or more).
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N Mean weight p-value p-value Mean % weight p- p-value Lost >5 kg Lost>5%
Drugs categories (Total =998) % change and 95% | (total) (completers) | change and 95% | value | (completers)
B Cl (kg) Cl (total)
1- Weight-neutral
drugs
Completers%7 248 54.0 | -4.9(-5.51t0 -4.2) 4.1 (-4.6 10 -3.6) 113 (45.5%)| 89 (36%)
sessions)
Non-completers Al i 0 o
(<7 sessions) 211 46.0 1.4 (-1.8 to -1.0) 18 (8.5%) 12(5.5%)
Total &2 sessions) 459 -3.3(-3810-2.9) 41g- 182 -2.8 (-3.32t8) | 189 182 131 (28.5%) 101 (22%)
2- Mixed drugs 0.73 0.14 0.98 0.31
Completers%7 236 57.2 | -4.3(-4.810-3.8) 3.8 (-4.2 to -3.3) 93 (39.0%) 85 (36.0%
sessions)
Non-completers i X 0 o
(<7 sessions) 176 42.7 1.7 (-2.2t0 1.2) 15 (8.5%) 13 (7.0%)
Total &2 sessions) 412 -3.2 (-3.5t0 -2.8) -2.8 (-3.1t0 -2.4) 108(26%4) 98 (23.5%)
> Vgeight'gaining 183 183 183 183
rugs
0.05 0.005 0.17 0.06
Completers7 76 50.8 | -3.3(-4.2t0-2.5) 3.2 (-4.0 t0 -2.4) 25 (33%) 22 (29%)
sessions)
Non-completers 110 ) 0 o
(<7 sessions) 51 40.1 1.1 (-2.2 to -0.9) 9 (17.5%) 9 (17.5%)
Total &2 sessions) 127 -2.5(-3.2t0-1.8) -2.3(-2.9t0-1.7) 34 (26.5%) 31(24.5%)

Table 6-2 Weight loss outcomes for patients wittet® diabetes receiving different categories of@diabetic drugP-values were determined using
t-test p-value <0.05 considered statistically significai) Number; Cl. Confidence Interval).
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6.4.2.3 Weight change outcomes for the completers

Patients who completed the lifestyle phase of tlognamme by attending seven sessions
or more, lost the most weight across all three gso#Patients on weight-neutral drugs and
those who had completed the programme lost morghivéhan the patients on weight-
gaining drugs. The mean weight changes ranged f4oerkg (95% CI: -5.5 to -4.2 kg) and
-3.3 kg (95% CI: -4.2 to -2.5 kg, =0.005), respectively (Table 6-2). On the otherdhan
there was no significant difference between the gnmups in terms of their percentage
weight loss as p-value =0.06; the mean percentage weight lossendight-neutral and
weight-gaining groups was 4.1% and 3.2%, respdgtiv@verall, the mean percentage
weight loss was not significantly different amorge tthree different drug categories.
Patients on mixed drugs lost -4.3 kg (95% CI. 14.83.8 kg), which is equivalent to 3.8%
weight loss. Among the 248 patients with type 2odtas (on weight-neutral drugs) who
completed the lifestyle phase, 113 (45.5%) losteast 5 kg; meanwhile, of the 236
patients on mixed drugs, 93 (39.0%) had lost 5 kgiore. Moreover, 25 (33%) patients
on weight-gaining drugs (out of the 76 who completige programme) lost at least 5 kg.
Patients on weight-gaining drugs were less likelyose>5% of their body weight, when

compared with the other patients in different dcategories.
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6.4.3 Weight loss outcomes for subgroups
6.4.3.1 Sex

The null hypothesis is that the weight changes aataal with anti-diabetic prescribing
would be no different in men and women. Overallitipgpants who were prescribed
weight-gaining anti-diabetic drugs lost less weithtan those on weight-neutral drugs. The
mean weight loss in individuals on weight-gainingi-aiabetic drugs was -2.5 kg (95%
Cl: -3.2t0 -1.8 kg), compared to -3.3 kg (95% I8 to -2.9 kg) for weight-neutral drugs,
and thep-value was 0.05, which indicates the difference stafistically significant (Table
6-2). On the other hand, the difference betweerghteieutral and mixed drugs was not
statistically or clinically significant, as the nredifference was -0.1 kg and the 95% CI
overlapped. Since men were more likely to be pileedrweight-gaining anti-diabetic
drugs (Table 5-3) and to achieve target weight (@dsble 3-4), sex may have confounded

the association between weight loss and anti-dadeig type.

The mean weight change for men and women usinghtveigutral drugs was -3.93 kg
(95% CI: -4.7 to -3.0 kg) and -2.98 kg (95% CIl:4-30 -2.5 kg) respectively; this
difference was statistically significanp £0.02) (Figure 6-3). However, there was no
difference between men and women in terms of tieeafisnixed or weight-gaining anti-
diabetic drugsTable 6-3) The results show that a higher proportion of msed mixed
drugs (45.4%) compared with those used weight-aEu35.4%) or weight-gaining
(43.3%) drugs, but they lost less weight than thescribed weight-neutral medications.
The mean weight change in the weight-gaining gneap -2.51 kg (95% CI: -3.7 to -1.2
kg), compared with -3.93 kg (95% CI: -4.7 to -3d) land -3.32 kg (95% CI: -3.8 to -2.8

kg) in the weight-neutral and mixed drug groupspestively.
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Figure 6-3 The mean weight change (kg) and the 86@tidence intervals
at the end of the lifestyle phase in both sexdbrnge different anti-diabetic
drug categories.
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6.4.3.2 BMI

The null hypothesis is that the weight changes@ataal with anti-diabetic prescribing are
no different in heavier and lighter patients. Ollerthere was a linear trend between
weight loss and higher BMIs in each drug categdiyt this relationship was not
significant and the Cls overlappéBigure 6-4). In terms of initial BMI difference, those
with BMI >50 kg/nf on weight-neutral drugs lost more weight thanees with BMI 30-
34.9 kg/mi. The mean weight loss was -3.98 kg (95% Cl: -5.02t9 kg) and -2.48 kg
(95% CI: -3.2 to -1.6 kg) respectively (Table 6-3pwever, the Bonferroni test shows that

the difference between these two categories wastavstically significantg =0.35).

-0.5
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-1.5
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2 5 i + Weight change BMI =30-34.9
& ke/m?2
2.5 B Waight change BMI =35-39.9
% u i ke/m2
5 -3 + Weight change BMI =40-49.9
= kg/m?2
-3.3 * > Weight change BMI =50 kg/m2
" X I
| i
-4.5

Weight-ncutral Mixed Weight-gaining

Drugs categories

Figure 6-4 The mean weight change (kg) and the 86fAfidence intervals at the end of
the lifestyle phase, across different BMI categorgé patients in three different anti-
diabetic drug categories.
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6.4.3.3 Age

The null hypothesis: the weight changes assocmai#d anti-diabetic prescribing are no
different in younger and older patients. When therall results were split according to the
age of the patients, some differences in weighhgéa in each of the three groups were
observed, but the Cls overlappgtgure 6-5). Generally, as older people were more likely
to be prescribed weight-gaining anti-diabetic dr@able 5-2) and to achieve target
weight loss (Table 3-4), age may confound the asson between weight loss and drug
type. However, no statistically significant diffee was found across age categories in
each drugs group. Thevalues for weight-neutral, mixed and weight-gagnarugs were
0.55, 0.44 and 0.55 respectively (Table 6-3).

*
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=
%, a i EWeight change Age 30-39 years
% -2 4 4 Weight change Age 18-29 years
% = 5& AWeight change Age 40-49 years
g < Weight change Age 50-39 ycars

[ Weight change Age 60-69 years

Weight change Age =70vyears

#
N
X X >

- 5¢

Weight-neutral Mixed Weight-gaining
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Figure 6-5 The mean weight change (kg) and the 86fAfidence intervals at the end of
the lifestyle phase, across different age categaifgatients in three different anti-diabetic
drug categories.

243



6.4.3.4 SIMD

The null hypothesis: the weight changes assocmai#d anti-diabetic prescribing are no
different in people with different socioeconomiatsises. In general, whilst patients in the
least deprived area were more likely to achieve tiaeget weight loss (Table 3-4), socio-
economic status did not influence the prescribifqmti-diabetic drugs (Table 5-8). It
might therefore be expected that SIMD may not hmvd#ounded the association between
weight loss and drug type. Weight loss among tlars&veight-neutral, mixed or weight-

gaining anti-diabetic drugs did not vary by soctm®omic circumstance.
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Weight-neutral drugs (n =459)

Mixed-drugs (n =412)

Weight-gaining drugs (h =127)

Mean weight (%) P Mean weight change (kg) and (%) P Mean weight change (%) P
change (kg) and (95% ClI) (kg) and (95% ClI)
(95% ClI)
Category (n)
Male (404) -3.93 (-4.7 to -3.0) 35.4 0.02 -3.32 (-3.8 10 -2.8) 45.4 0.59 -2.51(-3.7t0-1.2) 433 0.98
Female (594) -2.98 (-3.4t0 -2.5) 64.6 -3.12 (-3.6 to2.5) 54.6 -2.50 (-3.21t01.7) 56.7
BMI 30-34.9 kg/m (179) -2.48 (-3.2t0 -1.6) 15.3 0.08 -2.80 (-3.4t0 -2.1) 17.2 0.27 -2.86 (-3.9t0-1.7) 22.8 0.84
BMI 35-39.9 kg/ni (301) -2.82 (-3.5t0 -2.0) 26.4 -2.83 (-3.31t0 -2.3) 31.3 -2.04 (-3.4t0-05) 30.7
BMI 40-49.9 kg/mi (414) -3.68 (-4.3 to -3.0) 457 -3.5(-4.2t0-2.8) 41.0 -2.61(-3.8t0-1.4) 378
BMI >50 kg/nt (104) -3.98 (-5.0to -2.9) 12.6 -3.70 (-5.3 to -2.0) 10.4 272 (-47t0-07) 87
Age 18-29 years (24) -2.01 (-3.6t0 -0.3) 4.4 -1.69 (-4.6t01.2) 0.5 -0.29 (-1.6t0 1.0) 1.6
30-39 years (78) -2.66 (-3.7 to -1.6) 12.2 0.55 -1.72 (-2.8 t0 -0.6) 3.9 0.44 -3.98 (-6.9 t0 -0.9) 4.7 0.55
40-49 years (186) -3.54 (-4.4 to -2.6) 22.9 -2.79 (-3.5t0 -2.0) 15.5 -2.31 (-3.81t0 -0.8) 134
50-59 years (330) -3.64 (-4.4 t0 -2.8) 30.9 -3.13 (-3.7t0 -2.4) 36.2 -2.45(-3.8t0-1.0)  30.7
60-69 years (289) -3.2(-4.1t0-2.3) 22.9 -3.48 (-4.1t0 -2.8) 33.0 -3.02(-42t0-1.8) 378
>70 years (91) -3.00 (-4.6 to -1.4) 6.7 -3.75 (-5.2 t0 -2.2) 10.9 -1.20(-2.7t00.3)  11.8
SIMD: 1 (most deprived) (396) -2.92 (-3.51t0-2.2) 41.9 -3.04 (-3.6 to -2.4) 38.2 -271(-36t0-1.7) 378
2 (202) -3.28 (-4.0 to -2.5) 215 0.39 -2.78 (-3.5t0 -1.9) 19.0 0.45 -1.86 (-3.6t0-0.7)  20.5 0.15
3 (146) -3.85(-4.9t0 -2.7) 14.0 -3.67 (-5.0t0 -2.3) 14.6 -1.10 (-2.4t0 0.2) 17.3
4 (124) -3.05 (-4.5 to -1.5) 9.4 -3.1(-4.0to -2.2) 14.8 -3.48 (-5.2t0-1.0)  15.7
5 (least deprived) (126) -4.05 (-5.3t0 -2.7) 13.2 -3.88 (-4.9 t0 -2.8) 134 -4.14 (-7.2t0 -1.0) 8.7

Table 6-3 Stratified analysis of weight loss witinete different categories of anti-diabetic drugserad of the lifestyle phasa:(number; Cl: Confidence

Interval).
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6.5 Summary of the main findings

The mean initial BMI at baseline was higher inwWeight-neutral drug group.

Patients on the weight-neutral anti-diabetic diioags more weight than the patients

on weight-gaining drugs.

There was no significant difference in terms ofceatage weight loss between the
three different groups; this might be attributataléhe differences in initial weight

between the groups.

In terms of lifestyle programme completion, a higlpeoportion of patients on
weight-neutral anti-diabetic medication achieveeirtharget weight loss compared

with the other groups.

In terms of lifestyle programme completion, meanghtloss was higher in those
on metformin only, and lower in those on any cormabon, including insulin,

followed by those on SUs + TZDs.
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6.6 Discussion
6.6.1 Weight loss outcomes

Previous trials have reported the effect of ardbétic drugs on body weight when patients
are being treated by controlling their blood glueeostheir normal daily life. However, this
is the first study to report the effects of thesagd on the body weight of individuals with
diabetes when referred to a weight management amuge for obesity treatment. In other
words, this study has represented the effects tfdabetic drugs on weight change
alongside lifestyle change. The lifestyle changeplémented included a 600 kcal deficit
diet, exercise, and behavioural intervention. ONjerdne patients on metformin or
metformin and mixed anti-diabetic drugs lost moreight than the individuals on SUs,

SUs + TZDs and any drugs combination including linsu

Those who used metformin with weight-neutral drggsoup 1b) lost less weight than
those on metformin alone (group 1a), and the diffee was statistically significant. The
mean weight change was -2.5 kg (95% CI. -3.8 t8 kij) and -3.3 kg (95% CI: -3.8 to -
2.9 kg). This might be because those on one meaiicate usually more adherent to their
medication, hence not having had their medicatinoogeased, and are possibly also more
adherent to diet and physical activity comparedhwihose taking multiple drugs.
Additionally, it may be because of the differentation of diabetes, as those who had type
2 diabetes for a shorter period of time were peshapre amenable to behaviour change

than those who have lived with diabetes for sewarats without attempting weight loss.

In terms of using drugs that may cause weight ghere was no difference between group
3a and group 3b in terms 86 kg weight loss, as 27.5% of those in both grdops at

least 5 kg of their initial weight. In terms of tipercentage weight change, there was no
statistically significant difference between papgants in the weight-neutral drugs category
and those in the weight-gaining drugs categorys Thight be because the mean weight at

the baseline was higher in the weight-neutral groampared with the weight-gaining

group.

However, due to the low number of patients in safthese groups, the drug groups were
combined into three categories depending on th#acte on body weight. To our
knowledge, this is the first study to target pasewith diabetes and obesity enrolled in a
weight management programme. Due to the uniquesfabe study, it is hard to compare
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it with previous studies, because the data repongulevious studies were collected from
general practices or specialised diabetes cemégpective of BMI.

6.6.2 Comparisons with other findings

The results reported here on the effect of metfoyn§Us and TZDs on body weight
confirmed previous trial results, which showed tiha@re was an association between using
metformin, and stable or lower weighleanwhile, SUs and TZDs might cause weight
gain in patients with diabetes. For instance, amiegastudy (1-year duration) of 639
individuals with type 2 diabetes showed groups atfgmts who received SUs plus TZDs
gained an average of 2.8 kg compared with a resluaif 1 kg in metformin plus SUs
group (Hanefelcet al, 2004). In addition, a four-year randomised stotiy,360 subjects
with type 2 diabetes uncontrolled by lifestyle mtntion and treated with metformin,
rosiglitazone or glibenclamide showed individuatstihe metformin group lost weight;
however, a weight gain occurred in glibenclamidd apsiglitazone groups, but this was
most significant in rosiglitazone group when congglwvith either of the other groups
(Kahnet al, 2006). Moreover, a retrospective study (1-yaaation) of 2,641 participants
reported that patients on metformin had lost amageweight of -2.6 kg (95% CI: -2.5 to
-2.9 kg), and those on SUs had gained 0.3 kg (95%0 to 0.8 kg); a result consistent
with the current findings (Kostest al, 2015).

The reason for the effects of metformin on bodygheis that it might influence body fat
distribution in people with type 2 diabetes (Gol&g08). A randomised study of 26
weeks’ duration reported metformin significantlycdeased visceral fat mass compared
with placebo, whereas rosiglitazone did not (Halst al., 2002). DPP-1V and GLP-1 in
combination with metformin resulted in weight lagsweight remaining neutral, compared
with SUs or TZDs; which agrees with the resultagdrevious study, irrespective of study
duration (Phungt al, 2010).

6.6.3 Lifestyle programme completion

There was no significant variation in completioratgs between patients and drug
category, as the percentage range for the thregaaes was from 54% to 59%. This
research found that the total and completer patieito are diabetic on weight-neutral
drugs lost more weight than the patients on weggiting anti-diabetic drugs, and there

was no difference with those on mixed drugs. Thightnbe because of the effects of these
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drug categories on body weight or due to the effetbther factors, such as initial BMI or
patient age. At baseline, this research showedpht@nts on weight-gaining drugs were
older and weighed less than individuals on weighitral drugs. Findings reported in
Chapter 3 and a study by Morrisen al. (2011) that evaluated the lifestyle phase of the
GCWMS programme, showed that heavier and older Ipesmg more likely to lose their
target weight. Generally, as the participants m weight-neutral group were heavier and
younger than the patients in the weight-gaininggdrgroup, it could be concluded that the
main reason they lost more weight could be dué&éceffect of the drugs on body weight

in addition to other factors.

Earlier studies have reported that men and womey ivatheir behaviour and attitudes
toward their diabetes. For instance, Nothwehr anan$ (2000) suggested that women
were more likely to follow a diet to control bloaducose, but undertook less physical
activity than men. However, the current resultsvsltbat the relationship between anti-
diabetic drugs and weight change was not confoubgezex. Based on these results, men
were the most represented in the mixed drugs gid®m4%). It might therefore be
expected that this group would lose the most waidiie drugs themselves had no effect,
and that the patients’ sex was entirely confoundiegrelationship. Another example was
that as women accounted for the highest propordifgpeople in the weight-neutral drugs
group (64.6%), this group might have been expettetbse lowest amount of weight.
However, the lowest proportion of men was in thegikeneutral drugs group, and they
lost the largest amount of weight. The null hypsteean therefore be accepted, making it

likely that the relationship between drug type amdght loss was not confounded by sex.

A previous 26-week RCT compared the effect of luide or rosiglitazone with
glimepiride on weight change and glycaemic coninal,041 participants. It reported that
sex does not influence the effect of liraglutidevegight change, which is consistent with
the current results (Mareg al, 2009). In addition, in a two-year follow up dktDiaRegis
cohort study, Hartmanet al (2015) found that the association between aatrelic drugs

and weight change was not influenced by the sgpabent age.

In terms of BMI factor, the results show that thesss a strong linear relationship between
weight loss and BMI, although this relationship wast statistically significant. These
results are in agreement withetial (2013), who showed that baseline BMI had no éffec
on weight change in Chinese patients with type &belies who used metformin. In
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addition, the results show that there was no $i@lly significant difference between the
age categories in terms of mean weight change.efdrey; it might be possible to accept
the null hypothesis; the results confirm that age BMI did not confound the relationship

between anti-diabetic drugs prescribing and weiggtt.

In terms of socio-economic status, a higher proporof patients from the most affluent
areas were on weight-neutral drugs (13.1%), contbyéhose on weight-gaining drugs
(8.6%). However, they lost almost the same amotimiedght -4.05 kg (95% CI: -5.3 to -

2.7 kg) and -4.14 kg (95% CI: -7.2 to -1.0 kg).niay thus be concluded that the
association between weight change and drug typenatasonfounded by SIMD.

6.6.4 Target weight loss

In terms of achievement of target weight los$ (kg) in the weight-gaining drug
categories, there were modest differences in theeptages of patients losing 5 kg or
more, and between the total number of patientst@dompleters, as the difference was
just 6.5% compared with the other groups. Thisdatdis that patients in this category
gained some weight during the weight managemengramome; this might be a
consequence of the effects of drugs such as SU3s Bad insulin. The majority of the
patients in the mixed and weight-gaining drug catieg who lost5 kg, lost>5% of their
body weight, compared with patients who used weighitral anti-diabetic drugs. This
might be due to their higher initial weight and ®8Bk&!I in the weight neutral-drugs group
compared with the other groups.

6.6.5 Recommendation

Despite there are beneficial effects of weight loss glycaemic control and reducing
cardiovascular risk in people with diabetes, weggih seems to be a barrier to controlling
blood glucose, and is commonly associated withudee of some anti-diabetic drugs. This
might cause patients to become discouraged froreramhto their treatment. Therefore,
physicians should consider the weight effects dfi-diabetic drugs when managing
patients with obesity and type 2 diabetes, sottiey can offer them weight-neutral anti-
diabetic drugs that will supplement the patiengga to embark upon a healthier lifestyle.
In general, patients with obesity and diabetes rgreater difficulty losing weight than

people without diabetes (Wirgt al, 1987), and many anti-diabetic drugs are assatiat

with weight gain. Therefore, patients should be oemaged to enrol in a weight
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management programme to achieve their glycaemic vagight targets, and attempts
should be made to provide patients with alternathedications that are not associated

with weight gain, or to reduce these agents witltmmpromising glycaemic control.
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6.7 Strengths and limitations

A key strength of the present study was that thésfirst research to observe the effects of
anti-diabetic drugs on weight change among paditip with type 2 diabetes referred to
attend a lifestyle weight management programmes Titervention cohort study, which
has quite a large sample size, reported the meaghiv®ss and the mean percentage
weight loss, which provides a comprehensive dateasd powerful results. Use of the
GCWMS provided a good sample of individuals withalgites from different

demographics, all of whom were referred for obesignagement.

Notable limitations of the research include infotima bias, as each anti-diabetic drug
category was classified into specific groups; andhe anti-diabetic groups were not
included. Therefore, this might have reduced theeoled association. Another weakness
of the study was that the data did not providerimfation regarding the patients’ duration
of type 2 diabetes, or how long they had used alhays to the study, both of which may
influence or decrease the efficacy of some drugsels. Moreover, there was no
information about the doses of anti-diabetic drpgsscribed to the patients. One source of
weakness in this research, and one which could affigeted the anti-diabetic drugs effect
on weight change was the short duration of studypatcomes were reported after the
lifestyle phase (16 weeks). Therefore, a furthedgtcould be undertaken to assess the

long-term effects of anti-diabetic medication ongid change.
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6.8 Research implications

In conclusion, due to the lack of evidence fromeotlources investigating the effect of
anti-diabetic drugs on weight change among patientslled in a weight management
programme, it is not possible to compare the rexflthis research with earlier empirical
findings. The ADA recommended an anti-diabetic dimgtype 2 diabetes with the ability
to reduce hyperglycaemia, while the SIGN guidelirgsorted a clear treatment plan for
patients with obesity and type 2 diabetes. Basetherabove, and because many patients
with type 2 diabetes are overweight or obese, tmeeay be good reasons why GPs
prescribed weight-gaining drugs. However, it maypbssible to improve weight loss by
optimising anti-diabetic drug prescribing. Furtihesearch, possibly of a qualitative nature,
would be needed to determine whether there is st¢opehange anti-diabetic drug
prescribing. Further analysis using multi-variabégression was considered, but it was
found that a regression model cannot easily bedfitb change measures and there was no
simple approach that could have been used to aeliney (Chiolercet al,, 2013). In future
investigations, it might be possible to test theoagmtion between weight loss and
reductions in the doses of certain medicationdh) siscthe hypoglycaemic agents and anti-

hypertensive drugs. Further implications will bealissed in the following chapter.
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Chapter 7: Conclusion
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7.1 Relationship between thesis chapters

One of the risk factors for the development of dias mellitus is obesity. While weight
loss can be achieved through lifestyles modificetjcnumerous RCTs have demonstrated
that the additional use of orlistat, the only diiggnsed in the UK specifically for the
treatment of obesity, can increase this benefite @ach RCT was a two-year study
supported by La Roche (O’'Meagaal, 2001); others were considered in a HTA repaort. |
2010, the SIGN guidelines recommended that the aaugd be used in weight loss
management as an adjunct to lifestyle interventidhge impact of orlistat on patients with
obesity in terms of diabetic outcomes, includingsF&nd HbAlc, has been examined in
medium- and small-scale research studies. A fuikample of the approved clinical use
of orlistat is in the GCWMS, where the drug canebgloyed within the multidisciplinary
weight management programme. Chapter 2 thereforgpiised a systematic review of the
impact of the use of orlistat in the managemergatients who are overweight or obese in

terms of their glycaemic values, along with a matalysis of the literature.

In the United Kingdom, there are typically fourrfieof weight management services
programmes. Two of these are tier 2 services gjilesnterventions) and tier 3 services
(specialist weight management programmes). The Ni&&identified four main gaps in

the literature concerning these programmes (NIC&l42 Firstly, there have been
insufficient trials that directly compare differdifestyle weight management programmes
in the United Kingdom. Secondly, small sample siaesl temporally restricted data
collection points limit the usefulness of existirgyidence. The third limitation is

inadequate evidence regarding the relative effesaof different interventions in terms of
weight loss. Finally, the effectiveness of weightd programmes varies according to

socioeconomic group, gender and age; insufficiertemce exists regarding this.

Based on the above, GCWMS referrals over the pérosd 2008 to 2014 were considered
in Chapter 3, to investigate the impact on weiglss|of lifestyle intervention (phase 1).
The influence of diabetes status, age, the SIMDalrBMI and sex were considered for
this large sample size. Chapter 4 examined theaeffi of a range of interventions on
weight loss, for example, LCD, FWL and orlistat sk 2) for these patients.

Finally, Chapter 3 demonstrated that there wagrifsiant difference in terms of weight

loss between patients with and without diabetes wieoe referred to the GCWMS.

Additionally, a wide range of RCTs have reporteat $ome anti-diabetic drugs might have
255



weight-neutral or weight-loss effect, whilst someymncause weight gain without any
correlation with BMI. As the SIGN guidelines of ZD%et out a treatment plan for patients
who are overweight or obese with type 2 diabetegstigation of the commitment of GPs
to prescribing hypoglycaemic agents prior to refleto weight management services was
necessary. Therefore, in Chapter 5, the pattepnesicribing anti-diabetic drugs to patients
referred to the GCWMS was studied. Following omfrthis, Chapter 6 described the

impact of different classes of anti-diabetic drogsweight loss.
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7.2 Review of principal findings

This thesis evaluated the effectiveness of GCWMS®lmesity treatment, and reviewed the
impact of the anti-obesity drug orlistat on glycaemontrol in patients with obesity and
type 2 diabetes. The prescribing patterns for diatbetic drugs were investigated and their

effect on weight loss observed.

Chapter 2 presented a systematic review and melgsisy, demonstrating that a regime of
orlistat 120 mg three times per day, in associatuith lifestyle intervention resulted in
greater glycaemic control and significantly imprdweeight loss than was possible with
lifestyle interventions alone. In the first thre@mths of orlistat use, reductions were seen
in FPG and HbAlc; moderate rises were also subsdgumbserved, despite weight loss
continuing for up to one year. Neither weight loss glycaemic value were conclusively
found to be affected by the combination of physalivity and a placebo, as insufficient

studies using this regime were available.

Fewer than half of the patients completing thestife phase of the GCWMS in the cohort
studies examined in Chapters 3 and 4 achieved ghtvlass of 5 kg. It was found that
those most likely to finish the programme and aghithe target weight loss were male,
older, lived in more affluent areas, had higher BMiInd without diabetes. Approximately
50% of the participants had lost 5% or more ofrtivetial weight, and approximately 55%
had lost at least 5 kg by the end of phase 2. Tipasents who performed well were
selected to proceed to the FWL programme; appraeiyaix out of seven of these
achieved their target weight loss. While the pasiarsing orlistat successfully lost weight,
only 30% achieved their target weight loss. Thervention found to be least effective

was LCD, with fewer than one-quarter of patientsi@ang their target losses.

Approximately half the patients in the cross-sewiostudy described in Chapter 5 were
prescribed weight-neutral anti-diabetic drugs. Heeve comparing 2008 and 2014, i.e.
following the publication of the SIGN guidelines #9010, there was no change in the
pattern of prescribing drugs triggering a decreaseeight. The least frequently prescribed
medication was SUs plus TZDs; the most commonlysgieed was metformin.

Furthermore, the study revealed that other confmgnthctors might have influenced the

prescription of anti-diabetic drugs; these were Bi¥ithe outset and age.
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Chapter 6 described an intervention cohort studywas observed that, while not
statistically significant, there was a clinicallygsificant improvement in weight loss
among the GCWMS patients on weight-neutral antbeli@ medication compared to those
on weight-gaining anti-diabetic drugs. However,réh&as no significant difference in
terms of percentage weight loss. A potential reasorthis is that the former patients’
initial weights were higher than those of the latjeoup. A total of 30.5% of patients
completing the programme on the SUs plus TZDs regimmchieved their target weight

loss; for the metformin group, this figure rosentarly half of all patients (47%).

258



7.3 Strengths and limitations

Each individual chapter of this thesis has disaligbe strengths and limitations of the

respective studies. Therefore, this section corsidieose associated with the overall

methodology used throughout the research, whichaaseen seen, comprised five studies
— a systematic review and an associated meta-asafgswell as a cross-sectional study
and prospective cohort studies.

The systematic review and meta-analysis were paddrin accordance with the Cochrane
methodology and reported according to PRISMA gungsl. The review included RCTs
and assessed the impact of physical activity anglaéebo, evaluating two forms of
intervention. However, it only considered liter&uiconcerning patients who are
overweight or obese with type 2 diabetes. Evidewfcsignificant bias was assessed in
accordance with the guidelines of the CochraneaBolation and no significant bias was
found. Further use of the guidelines in terms ef fhstatistic investigated consistency in
the studies’ results. This identified the statigpressing the proportion of inconsistency
(quantified as a percentage) that cannot be acedufdr by random probability or
sampling error alone (Higginet al, 2003). Analysis using this parameter produces a
readily quantifiable and interpretable measure mfonsistency, with an associated
uncertainty level that is independent of sample.sithe values of’lcan be interpreted
across four broad ranges: ‘Considerable heterogen@i® =75-100%), ‘Substantial
heterogeneity’ @i =50-90%, ‘Moderate heterogeneity” €30-60%) and ‘Might not be
important’ (F =0-40%). The current results show a considerabterhgeneity between
studies that reported the HbAlc and FPG outcontes overall  between the studies that
reported the HbAlc and FPG outcomes was (100%0.001 and 97.4%jp =0.001,
respectively). In addition, there was substantielelfogeneity between the studies that
reported the weight changé &76.6%,p =0.001), except for the studies that reported the

weight change after three months.

Therefore, further research might be needed to eathe effect of orlistat on glycaemic

control in real life for patients with obesity atyppe 2 diabetes. In the systematic review of
RCTs, orlistat can result in adverse gastrointaktieactions; as the participants in the
research — both patients and study personnel —tthayle been influenced by the presence
of such reactions, as they could have inferred drer not a placebo had been

administered.
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There are a large number of factors that can inflaghe pattern of prescribing medication
for patients with type 2 diabetes. This thesishis first to investigate such a pattern for
anti-diabetic medication used by patients refet@e weight management programme,
and benefitted from the large sample size offengdhle GCWMS. The thesis is also the
first to observe the effect of the anti-diabetiagh on weight loss. The resultant dataset
incorporated patients from a wide range of socimremic backgrounds and enabled
impact of this programme to be examined with respeatients’ age, BMI, SIMD and
sex. While the research was stratified for manyhquatential confounding factors, residual

ones remain possible in any observational studids®nature.

A range of sources of missing data resulted in sbhmigations in the study, which also
reduced the variables available in the evaluatiaihe® phase 3 maintenance phase. As this
was a prospective study that included all patieefisrred to the GCWMS, it is likely that
selection bias was almost certainly not presenthan cross-sectional study. However,
information bias may have been present as realdwdnhical data were used. Attrition
bias and information bias may have occurred inctiteort studies. Some patients did drop
out of the GCWMS, but data explaining the reasongHis were not available. Inadequate
data regarding the doses of anti-diabetic drugsl usxh before and after the lifestyle
intervention programme prevented exploration of thmpact of weight loss on the

prescription of the dose of hypoglycaemic drugs.

260



7.4. Research in relation to other findings

In this section, the results of the research asrteg in the preceding chapters were

highlighted and compared to other important regeareas.

In this research, the systematic review and me#sdysis of RCTs showed orlistat is an
effective treatment for improving glycaemic contimpeople who are overweight or obese
with type 2 diabetes, when used as an adjunctdstyie interventions. This is consistent
with the results of the Cochrane review (Padetal, 2004), which reviewed patients both
with and without diabetes. It also included an gsial of a subgroup of patients, reporting
outcomes only for patients with diabetes. In tleatiew of five studies, the mean HbAlc
and FPG were -4.15 mmol/mol (95% CI: -6.44 to -In@6ol/mol) and -1.03 mmol/l (95%

Cl: -1.49 to -0.57 mmol/l) after one year. Threetlése studies were included in the
current review (Bernet al, 2005; Kelleyet al, 2002; Mileset al, 2002), and the results

reported were similar. The mean differences in HbAahd FPG were —5.29 mmol/mol
(95% CI: -7.31 to -3.27 mmol/mol) and -1.06 mm@Bb% CI: -1.44 to -0.68 mmol/l)

respectively.

The respective mean differences in HbAlc and FR@dsn orlistat and the control group
in another systematic review (Avenell al, 2004) of six studies were -1.85 mmol/mol
(95% CI: -2.62 to -1.09 mmol/mol) and -0.24 mmdBb% CI. -0.34 to 0.14 mmol/l).
Therefore, the finding of this thesis that glycaembntrol is promoted by orlistat is
supported by these findings, although the reviewAwénell et al (2004) included only

trials with follow-ups at one year and involvingtigats with and without type 2 diabetes.

A systematic review in an HTA report (O’'Meaga al, 2001) also investigated the effect
of orlistat on weight loss, comparing the loss igraup prescribed orlistat with that in a
control group. It reported that the trial groupsiaged mean weight changes of -1.24 kg
(95% CI: -2.6 to -0.1 kg), -3.41 kg and -2.9 kg¥®@¥I: -3.6 to -2.1 kqg) after three months
(two studies), six months (two studies) and oner y#aur studies) respectively. The

research reported in this thesis also showed loneain weight differences at 6 and 12
months (the mean weight difference at 6 and 12 hsownias -2.23 kg (95% CI: -2.73 to -

1.74 kg) and -2.64 kg (95% CI: -3.09 to -2.19 kegpectively; a potential reason for this
might be the inclusion of participants both withdamithout diabetes. However, at three
months, the thesis results showed greater weigngds (-1.73 kg (95% CI: -2.12 to -1.34
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kg)) as the patients were using 120 mg of orlisagtter than the 50-60 mg prescribed in
the review study.

Similar results were found in the previous two ssdevaluating the GCWMS (Morrison
et al, 2011; Logueet al, 2014) and Chapters 3 and 4 of this thesis —ithdhe lifestyle
intervention of the NHS GCWMS led to effective waidoss, albeit for less than half of
the patients completing the programme. The weigbdds achieved were comparable with
other NHS Tier 3 weight management programmes, ascBLIM (Brownet al, 2015)
and the FWMS (Jenning al, 2014). Similar commercial programmes, such asQRV
(Birnie et al, 2016), Slimming World, Rosemary Conley and Ceumgight (The
Counterweight Project Team, 2008) also producedlainmesults. However, 33% of
patients on the Weight Watchers programme lostat|5% of their initial weight (Ahern
et al, 2011), compared to 25.5% of GCWMS patients,asg@nting a higher success rate.

Chapter 5 also showed consistency with previougiestu Patients with lower BMIs were
more likely to be prescribed drugs associated wigight gain, such as TZDs or SUs,
while patients with higher BMIs were more likelylte given weight-neutral drugs such as
metformin. A previous study reported that for patseon SUs, the percentages with BMIs
of <25, 25-<30, 30-<35 and35 kg/nf were 36.6%, 30.6%, 26.3% and 27.4%
respectively; the corresponding proportions ofgrat prescribed metformin were 74.6%,
83.5%, 84.5% and 86.9%p-yalue <0.001) respectively (Hartmaret al, 2015). A
previous study with a largen(=57,518) dataset reported that 90% of patients were
prescribed metformin. This is consistent with theésearch, in which metformin was the
most frequently prescribed anti-diabetic medicatiwhile TZDs and SUs were the least
frequently prescribed. According to primary cardadim the United Kingdom, between
2009 and 2013, 0.1% and 7.9% of patients were pbest TZDs and SUs respectively
(Sharmaet al, 2016). This research was also in line with thgults of a previous study,
which found a connection between the prescribinguaf-diabetic medications and sex,
initial BMI and age (Kamrai & Sachdeva, 2010).

Chapter 6 described the first piece of researclestgating the effect of anti-diabetic
medication on weight change for patients with diyesiho were referred to a weight
management service. Therefore, any comparison wrgvious findings is difficult.

However, the results were broadly in agreement wi#vious trials that determined that
GLP-1, metformin and DDP-4 inhibitor were all assted with weight loss in type 2

diabetics (Kostewt al, 2015; Phunget al, 2010). They also supported another review
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study (Krentz and Bailey, 2005), systematic reviemsl meta-analyses (Domeet al.,
2015), which reported that SUs and TZDs were sicgmitly associated with weight gain.
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7.5 Recommendations
7.5.1 Recommendations for healthcare professionals
7.5.1.1 Referrals to weight management programmes

As the worldwide incidence of obesity continuesiriorease, GPs are under increasing
pressure to take a proactive lead in the prevergtimhtreatment of the illness. Moreover,
people with obesity appear increasingly willingsiek counselling for weight loss from
GPs rather than from dieticians or other medicafgssionals (Taet al, 2006). As this
research highlighted a relatively low referral raiehe GCWMS, it is appropriate to make

some recommendations for GPs.

In order for GPs to lead obesity management, liteisessary to increase awareness of the
influence their beliefs can have on practice. Gitsukl be encouraged to modify these
beliefs where necessary in order to facilitate.tfisis should be considered during the
education of GPs at medical school and during ttesidencies, in which a lack of obesity
training has to date been associated with a lon@dénce of discussion of exercise and
diet with patients who are obese (Rueikal, 2013). Therefore, there is a requirement for
improved training and knowledge in the field of sity during GPs’ education and
training. Once qualified, they require access tibebend more effective guidelines, wider
referral options, improved tools for obesity sciegnand management and, importantly,
greater coordination with other medical specialti#bere may be some culture of
discomfort surrounding the discussion of obesitye@oming this may be helped not only
by improved training, as previously mentioned, lalgo by social and environmental
changes. At a wider level, improved health policgggater community involvement and a
reorganization of healthcare structures and theades placed on GPs should also be

implemented.

This research demonstrates that men are less litelparticipate in weight loss
programmes than women, a finding consistent witlvipus studies. This is, perhaps,
surprising, given the increasing prevalence of nodlesity in the United Kingdom and the
acknowledged link between obesity and poor he&ttayet al, 2009). However, as little
research has been carried out into men’s engageamghtparticipation in weight loss
programmes, this is a relatively poorly understpbdnomenon. Therefore, it is important
for GPs to be proactive in addressing the situatioaddition to an increased awareness of

this particular aspect of the obesity problem, GRsst take responsibility for identifying
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men with obesity and encourage them to enrol ingltemanagement programmes.
Initiatives that may help address the issue mightude assisting with the initiation of
programmes in appropriate locations, such as thd&place. Furthermore, men who are
obese need to be actively motivated to reduce thieight. Increasing awareness of the
health issues that may result from their high weighrticularly as they grow older, can
lead to increased concern about potential serioaslitons such as heart attacks, which

may help encourage them to attend weight manageseevites.

7.5.1.2 Implementing guidelines on the prescription of anti-diabetic drugs

Clinical guidelines are an important means of imprg the quality of care. They are
frequently developed and disseminated in healtheystems across the world, but
adherence varies greatly. There are many potare@aions for the variation in the degree
to which different guidelines are followed in priaet Some examples are the means by
which they are developed, the content of the recentiations, the type of problem being
addressed and the body or organization dissemg#tie guidance (Grol and Grimshaw,
2003). Barriers to adherence to guidelines reparted previous study included a lack of
awareness of their existence, a lack of agreemdht av awareness of the content, or
impediments related to patients or working envirents (Casey, 2013).

However, in terms of diabetes research and thdtaesuecommendations included in the
guidelines for its treatment, changes are usuallyidty transferred to daily clinical
practice. This is particularly true of drug treatrtsege as the major pharmaceutical
companies are very proactive in promoting theidpits for use in hospitals, primary care
settings and community pharmacies. Despite thisiesGPs have continued to prescribe
weight-gaining anti-diabetic medications for patgewith obesity and type 2 diabetes even
after the publication of the 2010 SIGN guidelinéghis might be because some
practitioners are not aware of the effect of thesalications on weight-gain, while some
of them may be aware of this effect but might beivated by other reasons influencing
their decisions, such as the cost of the drugs Bs’ Gabits. In addition, it might be
believed that these drugs reduce the risk of carapiins from diabetes, based on the
UKPDS study that showed that a reduction in oreased control of blood glucose
(HbA1c) reduces the risk of complications. Howevenst studies carried out subsequent
to the UKPDS have actually simply looked at redgdmood glucose without looking at
the outcomes, and assumed that they would be the.SEhe true reasons for GPs’ inertia
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in terms of prescription might be determined thtosgrveys, including those carried out

online.

It might be possible to change the practice oftheale professionals using interventions
that deemed to be consistently effective. Exampheght include audit and feedback,
various types of reminder systems (either compsgdrior manual), or participation in
workshops, enabling them to discuss and engageaittipe in order to reach consensus
that treatment guidelines for a given clinical gevb are appropriate. More traditional
methods, such as educational meetings on dialedéesronic publications or audio-visual
educational material, may prove less effective ¢Bstral, 1998). A previous systematic
review by Jefferyet al. (2015) reviewed the evidence about the effedtiterventions that
improve adherence to the CVD guidelines. It incthd®8 RCTs examining different
interventions, such as education, audit and fedgbacademic detailing, and other
interventions. The authors concluded that, degpigesmall number of studies and their
lower quality, many interventions show the potdntaimprove GPs’ adherence to the
CVD guidelines. Educational intervention comparedisual care resulted in a statistically
significant improvement in adherence to the guigdj the mean difference was 0.58%
(95% ClI: 0.35t0 0.8).

In summary, GPs must review patients’ anti-diabetedication regimes prior to referral
to the GCWMS. Doctors must aim to achieve famifjawith the latest guidelines on the
pharmaceuticals available to them, including neugdgroups and their potential effect on

patients’ weight.

Qualified pharmacists are increasingly involvedthe prescription of medications for a
limited range of indications. Broadly speaking, abdishing wider, collaborative

programmes for management of drug-therapy alonggthiees could be beneficial in the
prescription of drugs to sufferers of chronic dsesaor to patients with complicated drug
regimes. Therefore, a further important means g@iraving the prescribing of anti-diabetic

medication to patients with overweight or obesitywd be to involve pharmacists, who
could monitor the progress of patients’ care betwasits to their doctors. The relevant
expertise of pharmacists could enable them to neartlag prescription of anti-diabetic

medications and monitor the patient’s adherencieagprescribed regimen. For example,
in the period between appointments to see thelretigs physician (which may be three or

even six months), a patient could visit the phaistafor routine monitoring. At these
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visits, the pharmacist could measure the patiéBlvd and blood glucose levels and use
these to determine whether any changes to thestyife, body weight, glucose control or
drugs are required in order to change their glucmsdrol and prevent any elevation in
their BMI. The process might also incorporate resndisease management technology to
enable interlink patients to have more frequent itoang while reducing the number of
pharmacist visits required. If the patients coupdbad their blood glucose meter readings
electronically each week, their BMIs could be cleztkvhen attending the pharmacist

appointment and decisions regarding the onwardrpssgof their care made at that time.

The outcomes of pharmacist interventions in thattnent of type 2 diabetes were
identified by Pousinhet al (2016) in a recent systematic review. The reviesiuded 36
RCTs, involving 5,761 patients in total. It founikat pharmacist interventions brought
about more significant improvements in multiplecmmes than was achievable with usual
care; for example, in terms of HbAlc, fasting blapdcose, blood pressure, lipid profile,
and medication adherence. HbAlc was evaluated ist@éies, of which 24 yielded a
greater reduction in outcome. When the intervengimup was compared with the control
group, the difference between the groups ranged #18% to -2.1%. When measuring
BMI outcomes, 14 RCTs reported mean BMI fell betwdee baseline and final follow-up
in case where there was pharmacist interventione Vhriations reported between
treatment and control groups ranged from +0.4 kgém2.77 kg/m. In eight studies, a
greater improvement in medication adherence wasreed in the intervention groups than

in the control groups, but of these, only two répdra statistically significant difference.

A further systematic review assessed the effeqihairmacists’ interventions on subjects
suffering from chronic kidney disease (Salgadaal, 2012). A total of 37 studies were
identified, including 4,743 patients with kidneyoptems. It was found that pharmacists
recognised 2,683 drug-related problems in 1,209 gy@ants. Pharmacists’ interventions
reduced the incidence of end-stage renal failusibjects with diabetic nephropathy (14.8
versus 28.2 / 100 patients), and reduced meanlisyBtood pressure from 175.8 mmHg to
145.3 mmHg,p =0.02. Additionally, pharmacist interventions redd the mean FPG in

patients with chronic kidney disease from 11.6 mhtol9.0 mmol/l,p =0.001.
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7.5.2 Clinical implications and recommendations for the GCWMS

The findings of this research demonstrated modesilts for the GCWMS compared to
Weight Watchers and other commercial weight managereervices. Therefore, several

recommendations to improve the results furtheoffiexed.

Accessibility

It is important that the GCWMS programme be as sgibée as possible to everyone for
whom it would be of benefit. There is wide scope flxilitating this. A wide choice of
appointment times, including evenings and earlymmgs to enable access for people at
work during the day, would encourage them to cotegdlee programme.

Patients from the most deprived areas

Patients from areas with the highest levels of gammnomic deprivation must be
encouraged to participate in the GCWMS programrhe;gdrovision of transport would

assist with this. Educational classes in more depriareas to provide people with clear
and concise information about healthcare and thefiis of weight loss and the GCWMS

would increase motivation.

Physical activity

More frequent physical activity sessions might ioya the engagement of young people
and men, motivating them to participate in and cetepthe programme. It should be
noted that not all interventions will suit or befeetive for all people. Successful

participation not only requires motivation but alsguires an appropriate intervention to

be selected.

Phase 2

In phase 2, the overall outcomes of the programngitnibe improved by increasing the
frequency of the sessions (for example, holdingnitioa a fortnightly, rather than monthly,
basis) and by contacting the patients each weekral\effectiveness might be increased
by raising the intensity of the phase 2 intervamgiand by targeting effective interventions
at more specific populations. This is based onené that patients lost most of their

weight during the lifestyle phase of nine sessidmtnightly), compared with phase 2.
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Multidisciplinary team

Just as coordination with other specialties iscamamended course of action for GPs, it is
recommended that the GCWMS should also work inwwtjon with pharmacists and
GPs to maximize the benefits of the service. Weigks might be enhanced and the
proportion of patients completing the programmeeased by including these three groups
on the management team. As well as the abilityufiply medicine safely (and to identify
suitable patients to whom it could be administerga)armacists’ expert knowledge
regarding drugs would enable the provision of infation and advice about adverse side-
effects and interactions, as well as monitoringipigants to maximise the drug’s efficacy.
The physicians’ role might include working with tiegans to provide advice on healthy
lifestyles, exercise and nutrition. Practice nunses/ be a useful addition to the team as
they can improve overall diabetes care by monitprisk factors, ensuring attendance at
screening, work with the GP to optimise medicatiand insure that individuals have the
necessary education and skills to manage the ¢ondit

Orlistat

Orlistat was shown in the systematic review andaraetalysis of RCTs to be of benefit for
patients with type 2 diabetes, resulting in a chily significant improvement in glycaemic
control. For this purpose, it is an effective adjuto lifestyle intervention and anti-diabetic
drugs among patients who are obese and overweiththis form of diabetes. The review
showed that there were statistically significaritedlences in absolute weight loss between
treatment and control groups. As the mean diffexdmetween the groups was sometimes
small, the clinical significance is uncertain, nrakithis a decision for healthcare
professionals involved in the treatment of patiewith obesity. It is important to consider

the possible adverse effects of orlistat when amErgg its use in patients’ treatments.

Some differences were observed between the wemgd hchieved through orlistat
reported in the RCTs and its effect in the GCWM8e TGCWMS studies found weight
loss to be lower than the figure derived from tlgstematic review and meta-analysis of
the RCTs. In GCWMS, the mean weight loss at seventihs was -2.93 kg (95% CI: -3.8
to -2.0 kg); from the meta-analysis, the mean welgks at three months was -3.67 kg
(95% CI: -4.30 to -3.04 kg). Differences in selenticriteria, programme setting and the
intensity of support may have contributed to the#éerences. These differences are
summarized in the table below:
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Differences

RCTs

GCWMS

Inclusion criteria

Intervention

Support

BMI>25 kg/nf

Participants with type 2
diabetes

Orlistat + lifestyle change for
3 months

- Individual treatment
- Regular weight checks

BMI>30 kg/nf

Participants with type 1 or
type 2 diabetes

Lifestyle intervention for 4
months, then orlistat for 3
months

- Group support
- Monthly weight checks

- Contacting patients regularly
by phone

- Monthly session

Table 7-1 Differences between using orlistat in R@Rd in real life weight management
service.

Using orlistat from the beginning of the lifestyilgtervention might therefore improve
weight loss in the GCWMS. This therefore highlightee need for a post-approval
evaluation of the effectiveness of orlistat as\waekd in a weight management programme

centre or in routine primary care.

Target weight loss definition

The lifestyle treatment phase of GCWMS is clinigaffective for patients completing the
treatment programme. However, for patients with BMO kg/nf, other risks might not be
improved by a weight loss target>b kg, and this goal may be insufficient. Therefane,
weight loss target for the GCWMS might need todagawed and a higher target set.

Medication prescribing

This thesis has provided evidence to support thectedf anti-diabetic drugs on weight
change. The results suggest that referral to Jifesveight management with appropriate
hypoglycaemic agents is a suitable course of adi@oonsidered for all patients who are
obese with type 2 diabetes. These medications dhmilprescribed on an individualised
basis, and the regimen should take into accountp#igent’'s current BMI and weight

profile.
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7.5.3 Obesity prevention in Scotland

Obesity is a growing problem and forecasts pretiat it will continue to affect the health
and economy of the population in the future. Ther clear link between the difference in
a person’s intake of food and expenditure of eneagyl their weight change, as
demonstrated through energy gap models. Excesg\ematake is one of the driving

factors of the increase in obesity.

Scotland provides a good quality and different eanginterventions for the treatment of
obesity, but very much needs to take action onigbpsevention. Governments are the
most important players in terms of reducing thesdlgeepidemic; the promotion and
protection of public goods including public healthis one of their key responsibilities
(Gortmakeret al, 2011). Therefore, it is critical for the goveramt to monitor childhood
and adult obesity, as well as the main aspectbeliving environment that affect them
and are affected by them. While the use of highges might be effective at reducing
obesity (for example, increasing the duty on al¢@mal foods with a high caloric content
to discourage consumers from purchasing them teguéntly), there are arguably more
positive measures that can be taken. One governdepdrtment, the Food Standards
Agency, is responsible for protecting public healith regard to food. It is important that
they continue to work towards reducing obesity emdupport the food and drink industry
in this aim. The proportion of low-energy food athks must be increased at the expense
of energy-dense alternatives, and products mugintento be altered to reduce portion
sizes, salt and sugar content and saturated faemorClear product labelling enables
consumers to choose healthier options. The goverhsigould play a role through its
educational departments, working with the food stduto provide more nutritious meals
to children. Schools themselves must also play teit, both through physical education
and through measures such as teaching about headtltyg and reducing television

viewing.

Physical activity increases energy expenditurereiasing such activity is an effective
intervention in helping to prevent obesity. Therefat is essential that each community
has access to a suitable physical environment Hiddren to enjoy a positive healthy
lifestyle. Provision of facilities in the workplacend community to enable adults to
exercise (for example, swimming, walking, runnioggling or jogging) would also be of
benefit. Furthermore, obesity prevention is knowmn ke strongly associated with
sustainable food supply and poverty reduction, taldng measures to achieve these
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objectives is likely to result in benefits in ternod reducing obesity (The Scottish
Government, 2010).
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7.5.4 Future Research

This is the first research into the effect of atfibetic medication on weight loss in

patients with diabetes who referred to weight managnt programmes. Indeed, research
into the effectiveness of such weight managemeagrpammes themselves remains an
emerging field in the United Kingdom. Thereforeisitexpected that the studies presented
in this thesis will provide a foundation for futuresearch. Such research is required both
to corroborate the findings of the thesis and teestigate the new questions that have

arisen from the studies described in it.

Two issues that emerged were that women and yoeiogl@ are less likely to achieve their
target weight loss, while men are less likely thhaymen to enrol in weight management
programmes. Further research is required to inyestithe potential reasons for these
factors. There was a noticeable difference in tiegght loss determined from the meta-
analysis of the RCTs and that seen at GCWMS;stiggested that a further study should
be carried out to confirm this. Furthermore, itasommended that a direct comparison of
the effect of orlistat on blood glucose control viieeén RCTs should be made in a
prospective study of real life data from the GCWN8rther research into orlistat trials is
also recommended to investigate the effect of maysictivity and placebo on weight loss,
HbAlc and FPG, as there is currently a lack of ismdn this area. Moreover, if the
GCWNMS starts offering orlistat at the beginningtlod lifestyle phase, further research in
the form of a RCT into the use or non-use of atigh patients with type 2 diabetes at the
start of the lifestyle interventions is recommended

As this research evaluated the effectiveness of pivases of the weight management
programme (the lifestyle phase (four months) andsph2 (three months)), a study
investigating the maintenance phase would be baakfiVhen combined with this work,

such a study over a 12-months period would progeid®mmprehensive evaluation of the
effectiveness of the GCWMS. It should be standedlisolling evaluation built into

GCWMS with set reports so that the effect of angrndes can be monitored in a timely
fashion and acted upon. In addition, qualitativeeegch or employing a questionnaire
would be useful to assess the reasons for a hdjogout rate, and might help to improve
the completion rate. This thesis represents ontheffirst analyses of the patterns of
prescribing and subsequent effects of anti-diabétigs on weight change in patients
referred to GCWMS. Combining the findings of Chapté and 6 with the dataset and
patients’ hospital records would provide a sigmifit baseline dataset for a study into the
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overall effectiveness of the programme. This woettéhble a study to be carried out to
examine the effect of the doses of anti-diabetiggdron weight loss in patients who have
completed the entire programme. In addition, it ldobe interesting to study the
association between weight loss and any changesestribed medications, as well as the
effect of GCWMS on diabetes outcomes by conducaingohort study. It would be
valuable to conduct a piece of qualitative reseaechploying a survey or interviews, to
consider the reasons why guidelines are not follhwsnce practitioners continue to

prescribe weight-gaining anti-diabetic drugs fotigrats with obesity.
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Appendix 1. Mean weight loss by the number of sessi on attended

at the lifestyle phase

Number of N % Mean weight change and
session (7,329) 95% CI (kg)

2 sessions 734 10.0 -0.54 (-0.6 to -0.3)
3 sessions 664 9.1 -1.17 (-1.3t0 -0.9)
4 sessions 553 7.5 -1.57 (-1.8 t0 -1.3)
5 sessions 540 7.4 -2.1(-2.4t0-1.7)

6 sessions 836 11.4 -3.06 (-3.3t0 -2.8)
7 sessions 1,326 18.1 -3.72 (-3.9t0 -3.5)
8 sessions 1,599 21.8 -5.23 (-5.4t0 -5.0)
9 sessions 1,077 14.7 -6.64 (-6.9 t0 -6.3)

305



Appendix 2: Permission to use GCWMS data

Acute Services Division N H s
h\fd

Greater Glasgow
and Clyde

Rehabilitation and Assessment
Directorate

Glasgow & Clyde Weight Management Service
Mansionhouse Unit
100 Mansionhouse Road
Langside
GLASGOW, G41 3DX
Tel 0141 201 6115
Fax 0141 201 6117
E-mail gwms@ggc.scot.nhs.uk
Website www.nhsggc.org.uk/gcwms

Mr Nasser M N Aldekhail Date: 20" December 2013
Flat 4/2, Renfrew Chambers Your Ref:

136 Renfield Street Our Ref:  SB/SA

Glasgow

Enquiries to: Dr Susan Boyle

G2 3AU Extension: 0141 201 6115

Dear Nasser

Re: Request for access to GCWMS data

Thank you for your letter requesting permission for access to data from GCWMS. Your request was discussed
at GCWMS Operational Research Group meeting on 4" December 2013 and there was agreement in principle
to permit access.

As a next step, we would like to invite you to our next meeting on Wednesday, 19" March 2014 at 9.30 am to
allow you to present your proposal to the group. We would like to hear what your research questions are and
more detail on the data/variables you wish to examine.

Please let me know if you will be available to attend the meeting on the above date.

Yours sincerely

r Susan Boyle
Consultant Clinical Psychologist
Glasgow & Clyde Weight Management Service

cc: Dr David Morrison, Chair of Research Group

Delivering better health

www.nhsggc.org.uk 40367
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