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Abstract

Insulin therapy (IT) is initiated for patients with type 2 diabetes mellitus when glycaemic
targets are not met with diet and other hypoglycaemic agents. The initiation of IT improves
glycaemic control and reduces the risk of microvascular complications. There is, however,
an associated weight gain following IT, which may adversely affect diabetic and
cardiovascular morbidity and mortality. A 3 to 9 kg insulin associated weight gain (IAWG) is
reported to occur in the first year of initiating IT, consisting predominantly of adipose tissue.
The potential causes for this weight gain include: an increase in energy intake linked to a fear
of hypoglycaemia, a reduction in glycosuria, catch-up weight, and central effects on weight
and appetite regulation. Patients with type 2 diabetes on IT often have multiple co-
morbidities, including obesity, that are exacerbated by weight gain, making the management
of their diabetes and obesity challenging. There are several treatment strategies for patients
with type 2 diabetes, who require IT, that attenuate weight gain, help improve glycaemic
control, and help promote body weight homeostasis. This review addresses the effects ofi

insulin initiation and intensification on IAWG, and explores its potential underlying
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mechanisms, the predictors for this weight gain, and the available treatment options for

managing and limiting weight gain.
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Introduction

Type 2 diabetes mellitus (T2D) is a serious challenge to healthcare services worldwide '. The
pathophysiology of T2D is complex, involving multiple mechanisms affecting multiple
organs. Insulin resistance and the inability to secrete sufficient insulin to overcome this
resistance are central to its pathophysiology. Pancreatic islet beta-cell (-cell) dysfunction
and loss begins prior to the diagnostic glycaemic thresholds for diabetes, as exemplified by
only 40-60% of B-cell function being present by the time of diagnosis 2. Insulin therapy (IT)
is required when progressive loss of -cell function leads to deteriorating glycaemic control.
Data from the United Kingdom Prospective Diabetes Study (UKPDS) showed that 44% of
patients require IT 6 years after diagnosis **. IT, followed by intensification,”” is the most
effective treatment for glycaemic control, and is associated with reductions in micro-vascular
complications (retinopathy, nephropathy, and neuropathy). However, there is an associated
weight gain with IT. In the United Kingdom (UK), of the 3.2 million people with diabetes, an
estimated 80-85% are overweight or obese °, in whom weight gain could be potentially
detrimental. Several studies have observed a weight gain of 3-9 kg within the first year of
insulin treatment >"''. Most of this insulin associated weight gain (IAWG) has been reported
to occur within the first 3 years of IT'.

While insulin initiation can initially improve glycaemic control, its introduction does
not always translate into long-term sustained glycaemic improvement. In a retrospective
cohort study, following insulin initiation, the majority of participants (73%) remained with a
glycated haemoglobin (HbAlc) >7.5% 6 months later”®. The association of weight gain and
worsening insulin resistance could theoretically contribute to the suboptimal HbAlc value at
6-months. Other explanations include patients’ reluctance to adhere to IT due to their
concerns about potential weight gain. The complexity of managing insulin treated patients
who gain weight is a clinical challenge, as these patients may experience cycles of repeated
weight gain and declining glycaemic control. This review examines the potential mechanisms
for the weight gain observed with insulin therapy, how these may impact on the clinical

management of patients with T2D, and the treatment options available for limiting IAWG.

Insulin initiation and intensification in T2D

Clinical guidelines advocate treatment intensification, including insulin initiation, when oral
or other agents are unable to maintain a HbAlc at 6.5-7.5% (48-58 mmol/mol) '*'*. Contrary
to these recommendations, insulin initiation occurs much later despite poor glycaemia. A

retrospective cohort study of 154 UK general practices, involving 5064 T2D patients on
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multiple oral agents, showed that the mean time to insulin initiation was 7.7 years, despite a
mean HbAlc of 9.85+1.96% (95 mmol/mol) . This late initiation of insulin was also
reported from a study of 155,917 T2D patients in whom insulin initiation was delayed until
the mean HbA lc was 9.5+2.3%'°. Overall, insulin usage among T2D patients in the UK and
United States is between 20-29.1% '"'®. Between 2014-2015, only 66.1% of all UK T2D
patients achieved the recommended HbA ¢ target of <7.5% (<58 mmol/mol) °; only 26.6%
of insulin treated patients attained this glycaemic target13.

Many barriers exist that delay the timely introduction and intensification of IT in

5,20
“ and

T2D. Evidence suggests that the two primary obstacles are: the fear of weight gain
the fear of hypoglycaemia *'. These two fears were reported in approximately 50% of the
2713 T2D patients surveyed in a global diabetes psychosocial survey involving 13 countries,
The Diabetes Attitudes, Wishes and Needs study (DAWN study) 22 This reluctance to initiate
and use IT has been termed ‘psychological insulin resistance’ (PIR) and is reported to be
common among clinicians as well as patients . Among healthcare professionals, despite the
known benefits of early insulin initiation, issues attributed to PIR include lack of training,
and experience and confidence, in insulin initiation’***. The time required to educate patients
in insulin administration is another factor ***°. The glycaemic burden associated with not

initiating IT may ultimately increase the risk of diabetes-associated complications*®. Whether

delaying IT treatment exacerbates weight gain when insulin is finally started is unclear.

Insulin-associated weight gain

latrogenic weight gain with anti-hyperglycaemic drugs is common, this is especially so
following sulphonylureas and insulin initiation. For insulin, there is a close association
between total exogenous insulin dose and weight gain, and pre-treatment insulin resistance as
measured by the hyperinsulinemic euglyacemic clamp ’. Rapid insulin intensification
required to achieve normoglycaemia has been associated with significant weight gain >°. In
one study, insulin initiation and intensification over 4 weeks (aimed to achieve normal
glycaemia among 14 subjects with T2D) resulted in a body weight increase from 93.5+5.8 to
102.2+6.8 kg (P<0.001). The weight gain correlated with the total exogenous insulin dose
(r=0.62, P<0.02) and mean day-long serum insulin levels (r=0.67, P<0.01)’. These
observations and others” suggest that rapid insulin intensification to achieve normoglycaemia
can be associated with significant weight gain. Any weight increase is undesirable for the
majority of patients with T2D who are already overweight or obese >’. However, there is

inter-individual variation on the amount of IAWG, with some patients gaining and others
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actually lose weight **. Importantly, although not a universal finding, the weight gain

3132 with an increase

associated with IT has mostly been attributed to an increase in fat mass
in total body water also seen in poorly controlled subjects with T2D 2930 An increase in body
fat, particularly in intra-abdominal fat, has the potential to exacerbate further weight gain,
insulin resistance, and increased cardiovascular disease risk *>***.

The risk-benefit relationship between improvement in glycaemic control and the
associated weight gain is an important consideration in IT initiation and titration. Although
weight gain per se is a recognised risk factor for cardiovascular disease risk (CVD), it
remains unclear whether IAWG has a similar impact. IAWG has been associated with a
worse cardio-metabolic risk profile among patients who gain weight following IT, with
higher total and LDL-cholesterol, and greater total body, trunk and subcutaneous fat™®.
Another impact of IAWG is on renal glomerular hyperfiltration, a known CVD risk factor®”.
Insulin therapy has also been reported to increase systolic but not diastolic blood pressure,
with a weak positive correlation found between systolic blood pressure and weight gain
(r=0.22; P<0.O2)36. Despite these potential cardio-metabolic risks, [AWG in T2D patient has
not been associated with an increase in CVD mortality or post myocardial infarction re-
infarction rates®’. However, the large number of cardio-protective drugs routinely taken by

insulin treated T2D patients may have attenuated or masked the impact of IAWG on CVD

risk.

Predictors of insulin associated weight gain

Predicting those individuals most at risk of IAWG would be of clinical benefit. The literature
highlights independent predictors of IAWG as diabetes-related distress, initial insulin dose,
older age, HbAlc change (improvement in HbA1c), higher baseline body mass index (BMI),

pre-treatment insulin resistance and the increase in insulin dose 13038 “The effect of HbAlc

change on IAWG is relatively small, accounting for only 12%°. Physical activity levels
while not predictive of IJAWG, a non-significant reduction in physical activity has been
reported following insulin initiation ''.

A greater baseline body mass index (BMI) has been associated with less IAWG '**,
In a longitudinal study of 155,197 T2D patients starting IT, obese patients gained

significantly less weight than those with a BMI <30kg/m’ '°

, with individuals with a BMI
>40kg/m” actually losing weight over a 24-month period (-2.2kg, (95% CI -2.2 to -1.1). This

finding is in agreement with a sub-analysis of the CREDIT (cardiovascular risk evaluation in
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people with type 2 diabetes on insulin therapy) study, that showed the independent predictors
of IAWG were a higher baseline HbAlc, a higher insulin dose at both baseline and 1 year,
and a lower baseline BMI *. The reasons why all studies have not observed that patients with

41,42

higher BMI gain less weight remains unclear. Possible explanations include alterations in
body composition, greater motivation of obese patients to maintain or lose weight, alterations

in insulin absorption, action and or disposal, and reduced patient compliance to IT.

M echanisms of insulin associated weight gain
The mechanisms behind IAWG are incompletely understood, although much appears related

to the known physiological actions of insulin (Figure 1).

Anabolic effects of Insulin
Insulin is an anabolic hormone that stimulates cell growth and promotes the storage of fatty
acids in adipose and muscle tissue, stimulating muscle hypertrophy and inhibiting proteolysis

4 Tt has been proposed that IAWG might result from supra-physiological levels of serum

insulin, producing an anabolic response state that favours an increase in lean mass *.
However, evidence to support this hypothesis, particularly in humans, is lacking. In rodents,
insulin promotes protein synthesis*’, but in humans, this relationship is more complex, and is
dependent on amino acid availability and muscle blood flow *’. Although muscle breakdown
(catabolism) is reduced by IT, which could theoretically promote muscle gain, this effect is
blunted in both older people and those with insulin resistance *’, who together represent the
majority of insulin treated T2D patients. Studies assessing body composition changes
following IWAG have reported that despite some increase in lean mass following insulin
initiation, there is a significantly greater gain in fat mass, particularly truncal fat *°'2
However, poor glycaemic control often can affect the reliability of body composition

measurement techniques °.

Central effects of insulin on appetite, weight regulation, and inflammation

Insulin has a critical role in maintaining metabolic homeostasis™. The peripheral effects of
insulin contrast with its central nervous system effects. The hypothalamus is the key regulator
of appetite and responds to changing levels of both circulating insulin and the adipocyte
hormone, leptin. These two hormones work synergistically to maintain adipose tissue
homeostasis by exerting an inhibitory effect on food intake®. Central administration of

insulin to rodents results in a decrease in food intake and an increase in satiety hormones .
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In rodents fed a high fat diet, hypothalamic insulin resistance occurs °'. Selective decreases in
insulin receptor expression in the hypothalamus is accompanied by the rapid onset of
hyperphagia and increased subcutaneous fat mass, suggesting that the disruption of brain
insulin signalling is key to energy storage >>. The central effects of insulin in humans,
however, have been traditionally difficult to study.

Intranasal insulin administration that bypasses the blood-brain barrier enables the
elevation of insulin levels in the cerebrospinal fluid®, allowing for the first time an
opportunity to study the central effect of insulin in humans. Intranasal insulin has been
reported to increase satiety in the post-prandial state™ and also to be associated with
peripheral insulin sensitivity™. These effects appear to be influenced by gender, and are
blunted in obese individuals®®, suggesting that the action of insulin within the brain may have
inter-individual variability.

Obese compared to lean individuals have increased activation of the brain reward
centres in response to palatable food >’. The concentrations of insulin in the brain are strongly
linked to the release of dopamine, a neurotransmitter linked with reward *. In non-obese
insulin resistant individuals, using [18F] fluorodeoxyglucose positron emission tomography,
studies have shown greater brain insulin resistance within the central brain networks involved
in reward and appetite, suggesting that this might contribute to difficulties in changing eating
behaviours *°. Consequently, this may contribute to a diminished sense of reward following
food ingestion, resulting in compensatory increased intake of palatable foods ®. Currently,
there is limited insight into the action of insulin within obese, insulin-treated patients and
how this relates to IAWG. Any potential disruption to hypothalamic insulin sensitivity or
signalling could potentially influence eating behaviour, body weight and adiposity °'.

Sustained exposure to nutrient excess in T2D and obesity is associated with systemic
and localised inflammation in the liver, muscle and adipose tissue ®, characterised by
elevated levels of C-reactive protein, interleukin-6, and tumour necrosis factor-alpha (TNF-a)
62 These inflammatory cytokines impair the hypothalamic response of insulin on satiety ©,
with TNF-a being a key inhibitor of insulin action through its effect on the insulin receptor
substrate-1 (IRS-1) *. This suggests an-interplay between hypothalamic inflammation and
central insulin resistance resulting in a suppression of insulin signalling affecting
anorexigenic hormone release, energy homeostasis, and subsequently peripheral insulin
resistance. These changes, in theory, would promote weight gain, insulin resistance, and

increased exogenous insulin requirement.
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Reduction in Glycosuria

Glycosuria is common in uncontrolled diabetes, occurring when the maximal capacity of the
renal tubular glucose transporters in the kidney are exceeded. Glucose reabsorption is
increased in T2D, which further exacerbates hyperglycaemia. The oral hypoglycaemic class
of drugs known as the sodium glucose transporter (SGLT2) inhibitors enhance glycosuria and
promote weight loss *°. In T2D patients with poor glycaemic control, glycosuria is
proportional to fasting plasma glucose concentration 10 Part of the weight gain following
insulin initiation results from a reduction or elimination of glycosuria and improved glucose
utilisation '®®’. In a randomised control trial using high dose basal bedtime insulin and a
daytime sulphonylurea, the 24-hour urinary glucose excretion reduced from 37.4 to 5.6g/day,
equivalent to a net calorific retention of 119.3kcal/day accounting for the weight gain
reported ¢, This level of calorie retention could result in up to 5kg weight gain over a year. In
another study comparing IT initiation alone or in combination with metformin, glycosuria
decreased significantly in both groups, causing a net energy increase equivalent to
198kcal/day '°, which in the IT only group resulted in a 7.5 kg gain over the subsequent 12
months. Combining insulin treatment with SGLT2 inhibitors could potentially not only
improve hyperglycaemia, but also help attenuate IAWG or even promote weight loss,

although this weight loss may be modest in obese T2D patients®.

Exogenous I nsulin Versus Normal Insulin Physiology

The pharmacodynamics/pharmacokinetic (PD/PK) profile of exogenous IT differs markedly
from endogenous insulin. In health, insulin is secreted by pancreatic -cells into the portal
circulation where it acts on the liver to suppress endogenous hepatic glucose production and
increases glucose uptake before approximately 50% is degraded within the liver °®. The
remaining circulating insulin increases glucose uptake in peripheral tissues before being
degraded by the kidneys, the liver and insulin sensitive tissues. Subcutaneous IT
administration (s.c) has a non-physiological insulin profile. It requires time to be absorbed
into the bloodstream, where it initially circulates in the systemic circulation, increasing
peripheral action in muscle and adipose tissue before reaching the liver where it undergoes
delayed degradation®. The physiological release of endogenous insulin in healthy subjects
limits postprandial glucose excursions that occur in T2D. The variability of glucose
excursions independent of the elevated mean glucose concentration has been linked with

diabetes-related complications’’.
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The pharmacodynamics (PD) effect of insulin to lower blood glucose is closely
determined by its pharmacokinetic (PK) profile ”'. The PD/PK of the available therapeutic
s.c. insulins are determined by their biochemical modifications of the human insulin molecule
and their formulations. There is an inevitable time lag between insulin absorption from
subcutaneous tissue and its transport to target tissues and the subsequent signalling and
metabolic responses’'. There is a marked variability of insulin absorption and its metabolic
action between the different commercial insulin preparations with the older human insulin
preparation having a greater intra-individual variation than the newer longer acting insulin
analogue preparations **72. The rate of exogenous insulin absorption can be slower and the
duration of action longer when insulin doses and BMI are higher ", common features of
insulin resistant T2D patients. Increased glucose variability and reduced suppression of
hepatic glucose production has the potential of escalating insulin requirements further and
exacerbating IAWG.

The pharmacokinetic limitations of traditional intermediate acting human insulin to

create a peakless overnight plasma profile >

, may potentiate nocturnal hypoglycaemia,
compensatory eating behaviour and glucose variability that leads to weight gain. The basal
insulin analogues that produce a flatter and longer insulin profile of action that extend out to
24 hours have the potential to lessen nocturnal hypoglycaemia and glucose variability.
Recently, newer ultra-long basal analogue insulins whose PK profiles extend beyond 24
hours have been shown to have a stable steady-state profile and greater reproducibility and
less day-to-day variability of action”’. These properties achieve similar glycaemic control and
weight gain reduction, but are associated with fewer hypoglycaemic episodes, particularly at
night when compared with the long acting basal insulin analogue insulin ’®’". More research

is needed to assess if there are any longer-term benefits of these new ultra-long acting

insulins on IAWG 78,

Therisk of Hypoglycaemia

Insulin therapy significantly increases the risk of hypoglycaemia °. Irregular meals have been
identified as the most common behavioural factor leading to episodes of severe
hypoglycaemia * and are also linked with poorer weight maintenance *°. Consequently, in
obese insulin treated T2D patients, irregular meal patterns can further increase weight gain,
and or, impede weight loss. The potential fear of hypoglycaemia, particularly nocturnal and
the associated compensatory consumption of carbohydrates or ‘defensive snacking’ is

another factor linked to weight gain ®'. Hypoglycaemia can manifest as hunger, which is
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often over-treated with high-calorie, high-fat, high sugar foods. Fear of hypoglycaemia is also
a frequent reason for non-adherence to IT, resulting in chronic hyperglycaemia and further IT
up-titration by clinicians. Fixed doses of insulin, particularly biphasic human insulin and
rapid acting insulin, can increase hypoglycaemia risk if meals are missed or meal timing is
irregular, resulting in defensive snacking later on. It is important that clinicians educate
patients on the time action profiles of their insulin and how to adjust their insulin and food
intake according. Eliminating snacking to treat hypoglycaemia or the fear of hypoglycaemia
will reduce energy intakes, glucose variability and potential weight gain. Patients must,

however, be informed on how to treat hypoglycaemia appropriately.

‘Catch-up’ weight gain

Prior to the diagnosis of diabetes and IT initiation, weight loss is commonly reported 1282
contributed in part to poor glycaemic control and associated glycosuria. The reason that IT
encourages weight gain may also be explained by physiological mechanisms regulating body
weight that elicit a counter-regulatory response to return to the original weight ®. This
explanation is supported by a retrospective cohort study that showed that the weight at
diabetes diagnosis was 6 kg (P=0.0001) less than the reported maximal lifetime weight.
While weight loss occurred prior to insulin initiation, patients regained weight gradually, up
to 2.6 kg less than their maximal lifetime weight of 86+17.0 kg (P<0.012). The weight gain
in this study cohort was highly correlated with maximal lifetime weight prior to T2D
diagnosis '?, suggesting that weight gain following insulin initiation may be ‘catch-up’

weight.

Management of weight gain with insulin ther apy
Reduced adiposity in T2D patients improves glycaemic control and lessens CVD risk factors

84,85

including dyslipidaemia and hypertension . Despite this evidence weight issues are

8687 “although patients will attempt weight loss if advised by

infrequently raised by clinicians
a healthcare practitioner, even if the advice is brief *. In a UK primary care study, 52% of
physicians and 28% of nurses reported having concerns about raising the issue of weight,
with the most common reason being the potential emotional reaction of the patient®’. Cultural
and ethnic backgrounds may also be a barrier among certain at-risk populations % Not
mentioning body weight could lead to patients perceiving that their weight is unimportant and

unrelated to their diabetes and glycaemic management *°. This clinical inertia regarding

discussing weight places patients at significant risk of sub-optimal care, as it placing greater
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focuses on disease markers such as HbAlc and escalation of IT and potentially further weight

gain.

Effective use of diabetes phar macother apy

A targeted use of diabetes pharmacotherapy can be an effective strategy in helping to manage
IAWG. Weight gain following IT is partially attenuated with the addition of metformin,
which has an insulin sparing effect of up to 25% compared to placebo 1051 Specifically, food
intake is reduced'®, possibly mediated by changes in hypothalamic appetite regulatory
centres. One proposed mechanism is that improved insulin resistance in the hypothalamus
results in decreased orexigenic hormones and increases in the incretin hormone glucagon-like
peptide-1 (GLP-1) °*%. Another mechanism, although not fully explained, is through
metformin’s modulatory action on the gastrointestinal microbiome, which may reduce low-

4% with a downstream impact on hypothalamic function. Using 4-

grade inflammation
compartment modelling to assess individual body composition, metformin and insulin use
showed a greater deposition of fat free mass compared to insulin alone *, with improved
insulin sensitivity and reduced insulin requirements. Clinically, evidence suggests that
adding metformin to an existing stable insulin regimen may prevent weight gain better than
combining metformin and insulin at initiation **.

Obese insulin resistant T2D patients require more exogenous insulin for glycaemic
control, resulting in greater hyperinsulinemia and progressive weight gain than less insulin
resistant T2D patients. The starting doses of insulin independently predict body weight gain
¥ As hyperinsulinemia is associated with increased hunger, desire for sweet foods and

% it follows that initiation with the smallest insulin doses to achieve

greater food intake,
glycaemia is preferable and that any achievable dose reduction could aid weight loss.

Not all insulin preparations predispose equally to IAWG. Recent trial data on the long
acting basal insulin analogues have reported reduced nocturnal hypoglycaemia and
potentially less weight gain following initiation. Weight gain with the basal insulin analogue
insulin detemir °’ has been reported to be less than half that of the intermediate acting insulin
Neutral Protamine Hagedorn insulin (NPH; 1.2kg vs. 2.8kg, P<0.001, respectively) °7, with
the greatest weight loss seen in patients with a BMI above 31kg/m’**. Recent data suggest
that the weight-sparing properties of insulin detemir may not be related to the reduced risk of
hypoglycaemia, ‘defensive snacking’ or hypoglycaemia-induced hunger . Instead, other

proposed mechanisms include reduction in energy intake, central nervous system-mediated

effects on satiety, and a greater relative effect on the liver, thus restoring the portal/peripheral
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gradient”. Further studies are required to fully establish the weight neutrality observed with
the initiation of insulin detemir. The ultra-long acting insulin, degludec, with a duration of
action exceeding 24 hours appears to have no advantage over insulin glargine, a basal
analogue insulin with a duration of action up to 24 hours, on limiting IAWG, although the
risk of hypoglycaemia was reduced' """,

Long acting GLP-1 receptor agonists are novel class of injectable anti-diabetic
medications that improve glycaemic control while inducing weight loss'®. In a meta-
analysis, the combination of a GLP-1 receptor agonist with a basal insulin gave a greater
mean weight loss (-3.22kg, 95% CI -4.90 to -1.54) compared to insulin alone'”. Moreover, in
combination with basal-bolus insulin, the mean weight loss was -5.66kg (95% CI -9.8 to -
1.51). In a randomized clinical trial of insulin glargine and IDegLira, the combination of
insulin degludec and the GLP-1 receptor agonist liraglutide, IDeglLira was associated with
greater weight loss and fewer hypoglycaemic episodes '**. Although there would appear to be
a benefit of combining a GLP-1 receptor agonist with insulin, the between-study
heterogeneity of the various clinical trials reported limit the ability to generate best practice
advice for clinical care.

By inducing glycosuria, sodium-glucose cotransporter-2 (SGLT-2) inhibitors improve
glycaemic control, and reduce body weight and visceral fat mass in T2D patients **'*. For
T2D patients treated with insulin, the addition of an SGLT-2 inhibitor for T2D patients

treated with insulin has resulted in a reported weight loss of 0.96-3.5kg ¢*-1°¢17

. This weight
loss is significantly less the anticipated weight loss (6-7kg) from the reported energy loss of
300kcal/day. Compensatory metabolic adaptations may account for the difference, although
this remains to be confirmed ®. Reports of euglycaemic diabetes ketoacidosis in insulin
treated T2D patients treated with SGLT-2 inhibitors have emerged®'®®, resulting in the US
Food and Drug Administration and European Medicines Agency issuing warnings'*"''°. In
those insulin treated patients with long-standing T2D and low endogenous insulin secretion, a
reduction in food or fluid intake should be closely monitored''’. If there are concerns, SGLT-
2 inhibitors should be stopped or avoided.

Other anti-obesity medications have been used to limit IAWG. Orlistat, a
gastrointestinal lipase inhibitor, is one of the few medications licenced to aid weight loss. In
obese T2D patients treated with insulin, 120mg orlistat, three times a day, combined with a
reduced energy diet resulted in a significantly greater weight loss (-3.89+0.27 kg) compared

to placebo (-1.27+0.28 kg, P<0.001) '''. There were also improvements in glycaemic control

with reductions in total and LDL cholesterol and insulin dose compared to diet therapy alone
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(-8.1 vs. -1.6 units/day, respectively, P=0.007)""". Pramlintide, a synthetic amylin analogue,
has also been shown to reduce both weight and HbAlc when using with IT in T2D
patients''2. In a post-hoc analysis of two long-term trials''?, 120ug pramlintide given to
overweight and obese insulin-treated T2D patients resulted in a very modest mean weight
loss of -1.5 kg at week 26, with a placebo-corrected difference of -1.8 kg (P<0.0001).
Stratification according to baseline BMI showed that the weight lowering effect of
pramlintide was more pronounced as BMI increased (placebo-corrected difference: BMI=35
to 40 kg/m* -2.4kg; BMI>40 kg/m* -3.2kg). Those with the highest BMI also had the
greatest reduction in total daily insulin ''%. Consistent with observed anorexigenic effects of

11

amylin in rodent models '"’, pramlintide has been shown to reduce energy intake by

"4 The clinical use of

approximately 23% (202kcal) in insulin-treated T2D patients
pramlintide remains limited due its commercial cost, nausea and need to adjust insulin to
avoid the increased risk of hypoglycaemia. Other recent drugs licensed for obesity, need to be

H5-118 - ther licensed anti-

further studied in the context of T2D patients treated with insulin
obesity drugs have significant side effects including cardiovascular side effects that may
preclude their use in insulin treated T2D patients. To date evidence supports consideration of
a long-acting GLP-1 receptor agonist to minimise IAWG or promote weight loss in insulin
treated T2D'*1**,

Short-term intensive IT in the early stages of diabetes, lasting only 3 weeks, has been
reported to significantly improve glycaemic control and B-cell function, and to attenuate
weight gain for up to 1 year compared to diet and oral hyperglycaemic agents ''*'*°. In
contrast, continuous IT resulted in a significant 2.7kg (P=0.01) weight gain '*'. Therefore,
early short-term IT may alleviate the potential weight gain caused by insulin initiation '*°
Although the underlying mechanisms are unclear, short-term intensive I'T might help reduce
gluctoxicity and lipotoxicity and attenuate the potential anabolic effect of hyperinsulinaemia
on fat mass gains. Another potential mechanism may be early muscle preservation that
promotes insulin sensitivity. Failure to meet glycaemic targets not only influence diabetes
complications but also quality of life, as psychological wellbeing improves once glycaemic

122 Thus, delaying insulin early on in diabetes could be psychologically

targets are met
detrimental. In a randomised study, the greatest predictor of sustained drug-free diabetes
remission over 48 weeks following short-term intensive IT was early intervention in disease
progression, particularly in the first 2 years after T2D diagnosis '>. Patients who had a lower

baseline HbAlc and better B-cell function also benefited from early IT '2. These
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observations on short-term intensive IT question the current diabetes pharmacotherapy
algorithm for T2D in which insulin is introduced late in the management pathway.
Accumulating evidence indicates that different insulin regimes affect weight gain and

124,125 although this is not universally seen’’. The Treating to

glycaemic control differently
Target in Type 2 Diabetes (4-T) study compared three different insulin regimes used to
initiate insulin in insulin naive patients with suboptimal glycaemic control on oral agents.
Comparison was made between a twice daily biphasic insulin preparation, NovoMix 30, a
prandial short acting analogue insulin, aspart, and a once daily basal insulin analogue, insulin
detemir. Weight gain over three years in those initially commencing with basal insulin was
less (3.6 kg) than with the biphasic insulin (5.7 kg) or prandial insulin (6.4 kg). In addition,
those randomised to the basal insulin alone had fewer hypoglycaemic episodes (1.7 per
patient per year) than the biphasic (3.0 per patient per year) or prandial (5.7 per patient per
year) insulin approaches. Although at 1-year the HbAlc reduction was greatest in patients on

124,125 . . .
“°_In a non-interventional observational

the prandial insulin, this not seen at 3-years
study, a comparison of basal and premixed insulin found premixed insulin was associated
with greater weight gain (2.3kg vs. 1.2kg, P<0.001) and more overall and nocturnal
hypoglycaemic episodes. Compared to basal plus mealtime insulin, basal insulin was
associated with less weight gain (-1.4kg, P=0.002), but a higher relative risk of nocturnal
hypoglycaemic episodes (RR=2.0, P=0.021)"*°. In an analysis of first time insulin users
selected from the UK General Practice Research Database, those on premixed insulin gained
more weight than other insulin regimes. The specific types of insulins were not identified in
this study thus limiting the full clinical relevance of this data **. Any cost-effectiveness
analysis of the different insulin preparation and insulin regimes should factor in weight gain

and risk of hypoglycaemia when choosing insulin regimens for T2D management both

initially and long-term.

Therapeutic interventions

Weight loss remains one of the most important aspects of T2D management, and although
lifestyle interventions are effective, their long-term success is dependent on weight-loss
maintenance '>’. Table 1 summarises the weight loss, glycaemic, CVD and insulin related

outcomes of the different interventions available for obese insulin treated T2D patients.

To date, the most effective treatment for both weight reduction and glycaemic control is

bariatric (metabolic) surgery '**, with a 58 to 95% reported T2D remission '*° particularly
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following either a biliopancreatic diversion (BPD) or Roux-en-Y gastric bypass (RYGB).
The percentage of patients achieving T2D remission varies depending on how diabetes
remission is defined'*’. Despite high remission rates in non-insulin treated T2D patients,
lower remission rates occur in patients on IT B! both in the short and mid-term'*?, with
figures ranging from 19.3 to 75.2%"**"**. Following RYGB, insulin-treated patients were
reported to be 7.25 times less likely to have diabetes remission '*°. Studies addressing the
predictors for diabetes remission in insulin treated T2D patients include shorter duration of
diabetes, lower HbAlc, younger age, and larger percentage excess body weight loss
(%EBWL) 2. In addition, insulin cessation varies between bariatric procedures, with 62%
and 34% of RYGB and LAGB patients respectively ceasing IT at 1 year '**, although some

have reported completely stopping IT at 60 months follow-up '**

. Independent predictors of
IT cessation are the selected procedure, not taking basal bolus IT, age, preoperative BMI and
%EBWL "**'** It should be noted, that even following bariatric surgery over time glycaemic
control often deteriorates and IT is required '**.

Over the last few decades, there has been intense scientific interest and speculation in
the mechanisms involved in mediating bariatric surgery’s success in patients with T2D.
These have included changes in gut hormone profiles, reprogramming intestinal glucose
metabolism, bile acid metabolism, changes to gut microbial environment, and energy
restriction (independent of weight loss) *°. Although clearly beneficial, bariatric surgery is
invasive and is associated with complications. Its use is limited by constraints on funding and
operative capacity, meaning that it is only available to a fraction of potentially eligible
subjects. Other clinically effective non-invasive management strategies are needed for the

vast majority of obese T2D patients who may prefer a non-surgical approach, are not be

eligible for surgery, or are unable to access surgery.

Intensive lifestyle intervention (ILI) consisting of energy restriction, dietary change, physical
activity, and behaviour change alongside patient education, has been used to promote weight
loss in obese T2D patients >’. Although T2D patients treated with insulin struggle to lose
weight*>%

The Look Action for Health in Diabetes (AHEAD) study observed that T2D participants

, studies have shown that ILI may be more effective than conventional approaches.

treated with insulin randomised to ILI, lost on average 7.6+7.0% of their initial weight,
although taking insulin was associated with a reduced chance of diabetes remission®*"**. In
another study that aimed to attenuate the weight gain associated with commencing insulin %,

the use of ILI allowed patients to achieve a non-significant weight reduction of -0.6kg.
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However, compared to the standard care group who gained 4.6 kg, there was an absolute
clinically significant difference of 5.2 kg (P<0.001) between the groups. These studies
highlight that attenuation of weight gain, and even weight loss, is achievable in T2D patients
on insulin using ILI.

Weight loss using ILI can have a dramatic initial effect on reducing insulin doses 139,
The long-term success relies on continuation of these lifestyle changes, which is increasingly

difficult following cessation of ILI '°

and also appears even more challenging in patients
with T2D '*'. Behaviour change improves weight loss and long-term weight maintenance '*%;
and should accompany lifestyle changes. A multidisciplinary team approach is recommended
to support obesity and diabetes management to aid outcome '*'**. The inherent issues around
resources and time, and trained personnel, for translating ILI research into clinical practice

has resulted in a disparity in the weight loss achieved in the clinical setting.

L ow Carbohydrate Diets

Given the importance of weight loss in managing T2D, there has been extensive debate about
the most effective dietary approach for weight loss. The variability of postprandial plasma
glucose is directly influenced by the quantity and load of dietary carbohydrate '**. Therefore,
the use of low-carbohydrate diets (LC) diets for both weight loss and diabetes management
has attracted particular interest'”. LC diets appear to be more effective than traditional low-

fat approaches for weight loss, at least up to one year '*®'%’

, as well as offering greater
improvements in both HbAlc and glucose variability '**'*°. This is despite the weight loss
difference between LC and low fat diets being between 1-2 kg and hence of questionable
clinical significance. Moreover, adherence to any energy-reduced diet is rarely sustained
long-term and drop-out rates from clinical trials employing LC diets can be as high as 35-
500, 146147150

There is some evidence that diets in which the carbohydrate content is reduced below
50-60 g per day may have a beneficial effect on HbAlc, triglycerides and high density
lipoproteins (HDL-C), which may be independent of weight loss '**'*’. Clinically significant
reductions in plasma glucose concentrations of approximately 4 mmol/L are also observed on
isocaloric low-carbohydrate, high-protein diets '*', an effect not observed with other diets. An
important advantage of LC diets for the management of T2D is that they reduce the
requirement for exogenous insulin, with evidence showing significant reductions at 6 and 12

months "**'*?, but not beyond **. The role of LC diets in insulin-treated T2D patients is not

clear as studies to date have differed with respect to weight loss achieved and T2D treatment
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at baseline '**'*°. Nevertheless, the results to date are promising and highlight the need for
future clinical trials with groups matched at baseline for confounding factors such as T2D
duration, current insulin regimen and dose, and use of hypoglycaemic agents.

Since exogenous insulin dose is related to weight gain, for those who can follow and
enjoy a LC diet over the long-term, one advantage would be reduced weight gain. For
clinicians wishing to employ this approach in practice, several caveats exist. First, the cut-off
below which carbohydrate restriction is most effective is unclear, and mere restriction (for
instance from 50% to 35% of calories from carbohydrate) does not appear to affect glycaemic
control in the absence of weight loss. Furthermore, replacement of carbohydrate with foods
high in saturated fat can lead to increases in low-density lipoprotein cholesterol (LDL-C)"°.
By contrast, reducing saturated fat to less than 10% results in a favourable reduction of LDL-

C and other markers of CVD risk '*®. Finally, within clinical practice, close supervision is

required to adjust hypoglycaemic agents and insulin to avoid hypoglycaemia.

Very low and low energy formula diets

Obesity guidelines from the Scottish Intercollegiate Guidelines Network (SIGN) in 2010,
suggested that patients with a BMI over 35kg/m” require a 15-20% weight loss to cause
sustained improvement in morbidity '*°. Despite persistent efforts in clinical practice, weight
loss remains significantly less than recommend by SIGN 7. Acute energy restriction, in the
form of formula very low energy diets (VLED) of less than 800kcal/day, has been shown to
produce clinically significant weight loss'>®. According to the twin cycle hypothesis, the
combined accumulation of fat in the liver and secondarily in the pancreas promotes the onset
and progression of T2D '*. Liver and pancreatic fat can be dramatically reduced by rapid and

10 While this approach appears to be attractive, there are

pronounced (~15%) weight loss
concerns about the rapidity of weight loss, and the likelihood of weight regain following diet
cessation '**, possibly due to alterations in counter-regulatory gut hormones '®' and a return
to old eating habits. Reassuringly, recent evidence suggests that after weight loss with VLED,
long-term weight maintenance is achievable '*.

In early onset T2D patients who are insulin naive, the use of an 8-week VLED has
been shown to normalise hepatic insulin sensitivity and first phase and total insulin secretion,
corresponding with reductions in hepatic and pancreatic fat 160, Improvements maintained in
40% of patients for up to 6 months. Offering acute energy restriction has the potential to
result in remission of T2D in those patients that respond'®. The use of VLED in insulin

treated obese T2D patients has been observed to result in significant weight loss, metabolic
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improvements, reduction of pericardial fat, and improved quality of life '**'®.

Methodological limitations preclude the generalisability of these findings within routine
clinical practice. Although there is evidence for the use of VLED for T2D patients managed
by diet alone or alongside oral-hyperglycaemic medications, there is a lack of comparable
evidence to help guide their use with those currently treated on insulin. An ongoing
randomised control trial “Diabetes Intervention Accentuating Diet and Enhancing
Metabolism II” (DIADEM-II, ISRCTN21335883) will hopefully on completion provide this

guidance.

Conclusions

IAWG is multifactorial, involving biological, systemic, peripheral and behavioural
mechanisms. Although weight gain is typically seen after insulin initiation, this is not
inevitable, as with the appropriate education and interventions weight gain may be
preventable. The benefits of weight loss are clear, both in terms of improving glycaemic
control and reducing medication burden. Clinical treatment tends to focus on intensification
of pharmacotherapy as the solution for inadequate glycaemic control, resulting in
disempowerment of patients from managing their own condition. There is a need for a shift in
clinical practice from the traditional focus on achieving glycaemic targets through insulin
intensification to a greater focus on weight loss and limiting weight gain.

The key mechanisms causing IAWG appear to be the reduction of glycosuria,
‘defensive snacking’ against hypoglycaemia, ‘catch-up’ weight gain and the un-physiological
route of administration of exogenous insulin. The challenges and limitations of traditional
lifestyle approaches, particularly the translation of research findings into clinical practice,
have resulted in other treatment options being sought. Bariatric surgery is currently the most
effective treatment for obese T2D, even for insulin treated patients, but constraints on
funding and accessibility mean that this option is unavailable to the many who would benefit.
The use of low carbohydrate diets and very low energy diets have gained interest as
potentially viable treatment options for T2D patients struggling with their weight or unable to
access bariatric surgery. Questions still remain regarding the long-term application and
sustainability of these diets, but on-going clinical trials should shed light on their utility in
clinical practice. It is clear from recent evidence that not all individuals will respond to either
acute energy restriction or bariatric surgery, and there remain questions about the predictors
of success around diabetes improvement and remission. Although remission and insulin

cessation is possible, this tends to be temporary and therefore patient counselling regarding
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the potential need for reinstatement of insulin treatment should be included during clinical
consultations. Further research is required to understand the factors mediating IAWG to
allow the tailoring of different approaches employed in clinical practice to mitigate the

vicious cycle of weight gain, poor glycaemia, and treatment intensification.
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Figure L egends:

Figure 1 - Mechanisms of weight gain associated with insulin treatment

Insulin associated weight gain (IAWG) is multifaceted. A) Insulin is key to appetite and
reward regulation in the hypothalamus and ventral striatum. Nutrient excess can cause
hypothalamic insulin resistance and low-grade inflammation, with TNF-a inhibiting insulin
action through suppression of IRS-1 (insulin receptor substrate-1). Insulin resistance reduces
insulin activation of POMC/CART (pro-opiomelanocortin/cocaine and amphetamine
regulated transcript) neurons and suppression of AgRP/NPY (agouti related
peptide/neuropeptide Y) neurons, therefore potentially increasing appetite and dietary intake.
B) Weight gain is often seen before diabetes diagnosis, but in the year preceding diabetes
diagnosis and prior to insulin initiation, patients often lose weight. IAWG has been proposed
to be due to the body ‘catching-up’ to the maximal weight before diabetes. C) Insulin is an
anabolic hormone and as such increases FA (fatty acid) storage in adipose tissue, proteolysis
and muscle hypertrophy. With super-physiological levels of exogenous insulin within the
periphery, this may in part be responsible for gains in fat and lean tissue. D) Uncontrolled
hyperglycaemia can cause glycosuria within T2D; thus, insulin causes the re-uptake of the
calories that would be lost within the urine, causing weight gain seen following insulin
initiation. E) Episodes of hypoglycaemia increase with the introduction of insulin therapy, the
un-physiological nature of exogenous insulin, and irregular meal intake. This can cause
weight gain through ‘defensive snacking’, non-adherence of medication causing
hyperglycaemia and escalation of insulin therapy and a feeling of increased hunger and
therefore nutrient excess causing weight gain.
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Table 1. Summary of weight loss strategies for insulin associated weight gain: This table summarises the effects of the different weight loss
strategies on weight loss, surrogate markers of cardiovascular disease and insulin reduction.

Weight L oss FU WL (kg) HbA1c (%) FPG BP (mmHg) Lipids (mmol/mol) Insulin Insulin
Strategies (months) Reduction | (Ukg*
: -1
SBP DBP T. Chol LDL-Chol (unit) day™)

Intensive 6-60 -7.7to+35 -1-to +0.3 -0.8 -19to-4 -2to-4.2 -0.2 -0.1 - -
L |fe£tyl e27,84,166,167
Orlistat™1%8 6-12 -39t0-7.1 -0.62 - - - - - -8.1t0-30 0.64-0.85
GL p-11%3104163170 | & -14t0-5.7 -01to-1.81 |- 7 2 -0.12 -0.07 -18.1t0-29 | 0.25-0.89
Pramlintide *2¥ [ 4-12 -1.1t0-25 -053t0-0.73 | -1.6t0-1.7 - - - - -21to11.7 | 0.48-0.73
173
SGLT-2 12-24 -0.9t0-35 -058t0-1.01 |-1.05t0-1.89 |-05t0-75 | -1.2t0-29 |-41to+0.7 |-93to+L7 | -09to+41 | 0.61-0.9
I nhibitor 19617
Low CHO diets™* | 6-24 -0.7to-11.1 -0.02to-1.5 -0.1to-1.1 -16.6to+5 | -8.1t0+0.2 | -0.1t0-0.7 -05t0+0.1 | -7t0-49.3 0.45-0.69
154,175-177
VLED - Initial 1-4 -12.4t0-272 | - - - - - - - -
VLED —Long 4-18 -8.6t0-154 -0.2t0-3.8 -0.3t0-4.3 -16to+1 9to+1 -0.02t0-1.1 - 0-0.34
t e m163-165,178,179
Bariatric 12-60 53.81068.8 -1to-2.1 -23t0-4 -3.3t0-83 | -5.8t0-8.1 -05t0+0.1 | -62.3t0-72 | 0.47-0.77
Sur gery*#13 (%EWL)
134,135,166,180-182

NOTE: FU = follow up, WL = weight loss, EBWL = excess body weight loss, HbA1c = glycated haemoglobin, FBG = fasting blood glucose,
BP = blood pressure, SBP = systolic blood pressure, DBP diastolic blood pressure, T. Chol = total cholesterol, LDL-Chol= low density
lipoprotein cholesterol, DM=diabetes, U kg™ day*=units per kilogram per day
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