Review Paper

Insulin Therapy and Type 2 Diabetes:
Management of Weight Gain

Samy |. McFarlane, MD, MPH

The potential for insulin-related weight gain in
patients with type 2 diabetes presents a therapeu-
tic dilemma and frequently leads to delays in the
initiation of insulin therapy. It also poses consid-
erable challenges when treatment is intensified.
Addressing insulin-related weight gain is highly
relevant to the prevention of metabolic and car-
diovascular consequences in this high-risk popula-
tion with type 2 diabetes. In addition to lifestyle
changes (eg, diet and exercise) and available med-
ical interventions to minimize the risk of weight
gain with insulin treatment, familiarity with the
weight gain patterns of different insulins may
help deal with this problem. The use of basal
insulin analogs may offer advantages over con-
ventional human insulin preparations in terms of
more physiologic time-action profiles, reduced
risk of bypoglycemia, and reduced weight gain.
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chieving and maintaining near-normal glyce-
mic control are therapeutic challenges for
patients with type 2 diabetes, and many will
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eventually require exogenous insulin for adequate
management. While recent advancements and dis-
coveries in the area of insulin treatment should
facilitate insulin use, insulin remains underutilized
in the United States,' and glycemic control is not
achieved in >60% of patients with type 2 dia-
betes.”> One frequently encountered barrier to
insulin use is patient apprehension over the possi-
bility of insulin-related weight gain.’

This article highlights the necessity of starting
insulin therapy early and committing to ongoing
insulin treatment in many patients with type 2 dia-
betes, and it discusses approaches for managing
insulin-related weight gain.

DELAYS IN STARTING INSULIN THERAPY
Early initiation of insulin therapy and the resultant
improved glycemic control in patients with type 2
diabetes not only reduces macrovascular and micro-
vascular complications but also improves the car-
diovascular  profile’; reduces glucotoxicity and
blood glucose variability; decreases morbidity, mor-
tality, and health care costs; and improves quality
of life.* Ryan and colleagues’ demonstrated that
early insulin therapy also helps preserve and main-
tain function of pancreatic islet B-cells in patients
with type 2 diabetes.

Despite the potential benefits of early insulin ini-
tiation in patients with type 2 diabetes, delays in
starting insulin are common, even when glycemic
control is inadequate.* In a large longitudinal
cohort study of 3891 patients with type 2 diabetes
receiving oral antidiabetic agents, only about 42%
of patients added insulin despite failures to attain
or maintain hemoglobin A;. (HbA,.) levels <8%.
Patients in whom HbA ;. levels <8% were attained
but not maintained were not more willing to
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Table. Postulated Factors Related to Weight Gain in Insulin-Treated Patients With Type 2 Diabetes

FACTOR

POSTULATED EFFECTS

Anabolic effects of insulin

Attenuation of insulin-evoked satiety

Frequent hypoglycemic episodes

Excessive reliance on insulin to normalize glucose readings

Genetic factors

Low insulin-like growth factor II levels prior to insulin
initiation

Correction of glycosuria

Catch-up process

Stimulation of lipogenesis in muscle fibers and adipose tissue
Enhanced hunger and increased food intake

Defensive snacking

False sense of freedom to eat

Greater central weight gain and dyslipidemia

Poor regulation of fat mass

Reduced energy loss and improved utilization of calories
Regain of uncontrolled diabetes-induced weight loss

initiate insulin therapy than were those in whom
the goal was maintained, and more than half of
these patients remained on oral agents alone for an
average of nearly 3 years despite the additional
glycemic burden.® It is not unusual for patients
to have type 2 diabetes for 10 to 15 years, with
significant complications, before insulin therapy is
initiated.*

Among the multiple concerns determining
patients’ and health care practitioners’ reluctance to
initiate and intensify insulin therapy,*” the appre-
hension regarding possible insulin-related weight
gain frequently becomes a major factor,® and
insulin is frequently regarded as the last resort in
the treatment of type 2 diabetes. The Diabetes
Attitudes, Wishes, and Needs (DAWN) study
revealed that >50% of nurses and general practi-
tioners delay the start of insulin until it becomes
“unavoidable.”” The suboptimal glycemic control
that may ensue with this practice can have devas-
tating long-term macrovascular and microvascular
consequences, including cardiovascular disease,
nephropathy, retinopathy, and neuropathy, along
with the associated increases in mortality risks.’

When instituting early intervention with insulin
in overweight patients with type 2 diabetes, it is
important to assess the possible presence of a meta-
bolic syndrome and to address the manifestations
of this syndrome that may relate to insulin resis-
tance. For example, insulin resistance and hyper-
insulinemia may lead to increased sympathetic
activation resulting in vasoconstriction, sodium
retention, increased cardiac output, and hyperten-
sion.'” Insulin resistance may also account for sub-
stantial dyslipidemia—often known as atherogenic
dyslipidemia—characterized not only by elevated
low-density lipoprotein (LDL) cholesterol levels but
also by smaller and denser LDL particles, elevated
triglyceride-rich very-low-density lipoprotein and
intermediate-density cholesterol levels, decreased
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high-density lipoprotein cholesterol values, and
increased LDL oxidation. Increasing insulin levels
with the addition of exogenous insulin for the con-
trol of hyperglycemia may initially appear contrain-
dicated in patients with evidence of metabolic
syndrome, so it is imperative to simultaneously
address insulin resistance and the metabolic situa-
tion.'! While discussing management options for
these entities is beyond the scope of this paper, sev-
eral recent publications offer detailed descriptions
of these options.'*12

POSTULATED CAUSES OF INSULIN-
RELATED WEIGHT GAIN (TABLE)
Anabolic effects of insulin on muscle fiber and adi-
pose tissue have long been recognized, and some of
the weight gain associated with insulin can be
attributed to this.'® In addition, attenuation of insu-
lin-evoked responses in brain networks that control
appetite and reward in insulin-resistant patients can
lead to enhanced hunger and increased food
intake.' Mild but frequent episodes of hypoglyce-
mia resulting in defensive snacking have long been
recognized as another possible reason for weight
gain in patients receiving insulin.®'* A false sense
of freedom to eat has also been cited, as patients
allow themselves to consume more food and rely
on insulin to normalize glucose levels.!®

Genetic factors may also be important contribu-
tors to weight gain with insulin use. In the Diabetes
Control and Complications Trial with intensive
insulin therapy, adult patients (N=1168) with a
family history of type 2 diabetes had greater central
weight gain and dyslipidemia compared with
patients with no such family history,'® suggesting
that increased weight gain with intensive therapy
might be at least partly explained by genetic traits.

The correction of glycosuria reduces energy loss,
improves utilization of calories, and may lead
to weight gain. It has also been argued that a
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“catch-up” process of regaining diabetes-induced
weight loss should be expected and that it has no
long-term consequences on cardiovascular risk or
lipid profile."” However, most experts agree that
weight gain in type 2 diabetes can have serious
consequences and should be managed appropri-
ately."'® It is known that bioactive mediators
released by adipose tissue trigger alterations in lipids,
coagulation, and fibrinolysis that lead to endothelial
dysfunction and atherosclerosis'® as well as to a state
of chronic, low-grade inflammation with metabolic
and cardiovascular consequences.'**°

Noninsulin substances that have an insulin-like
action do not necessarily have weight-enhancing
effects. For example, baseline levels of insulin-like
growth factor II (IGF-II) were shown to be an inde-
pendent risk factor for weight gain in a S-year fol-
low-up study of 224 patients with type 2
diabetes.”?! More than 40% of participants had
gained >2.0 kg at the 5-year follow-up. However,
in the subgroup of patients with normal weight at
baseline (body mass index [BMI] <26), mean IGF-
IT levels were inversely related to weight gain and
were significantly lower in those who gained
>2.0 kg than in the patients with stable weight
(454 vs 620 ng/mL; P=.01). This relationship was
independent of treatment effect in patients who
received insulin or sulfonylureas during the S-year
study. Although the same pattern could not be seen
in patients with higher BMIs, the study shows that
baseline IGF-II plays a role in fat-mass regulation
and that its concentration is inversely related to
future weight gain in patients with normal BMIs.*"

CHARACTERISTICS OF INSULIN-RELATED
WEIGHT GAIN

Risk of Weight Gain

Insulin resistance apparently originates in a tissue
reaction to sustained high levels of glucose and
insulin, as demonstrated by the finding that cul-
tured adipocytes of nondiabetic persons develop
insulin resistance after a few hours of such an
exposure.”> Once established, insulin resistance and
compensatory hyperinsulinemia are significant risk
factors for additional weight gain, as well as
cardiovascular disease, in patients with type 2
diabetes.”?

The addition of exogenous insulin may cause
increased weight gain in patients with insulin resis-
tance and hyperinsulinemia. In a study that
included 192 patients with type 2 diabetes, body
weight increased up to 3.0% and insulin require-
ments increased by as much as 23% during the first
year of insulin therapy (Figure 1).%°
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Figure 1. Changes in (A) body weight and (B) insulin
requirements af%er 1 year of insulin therapy according
to different baseline gody mass index (BMI) levels
(N=192).3

Long-term observations of patients receiving
intensive insulin therapy have registered higher rates
of weight gain. In the UK Prospective Diabetes
Study Group, weight gain was significantly greater
at 10 years in the intensively treated group (mean,
3.1 kg; P=.0001) than in the conventionally treated
group of patients with type 2 diabetes.”* The Dia-
betes Control and Complications Research Group
reported a 33% increase in the mean adjusted risk
of becoming overweight with intensive insulin ther-
apy and a mean 4.6-kg greater weight gain in
5 years in patients with type 1 diabetes receiving
intensive therapy vs patients receiving conventional
therapy.”

It is worth noting that weight gain with anti-
diabetic agents is not limited to insulin; it is also
associated with several insulin secretagogues (eg,
sulfonylureas, meglitinides) and insulin sensitizers
(eg, thiazolidinediones).'®>®

Recent studies have shown that glycemic vari-
ability per se contributes to weight gain. Lower
plasma glucose concentrations at the end (120th
minute) of an oral glucose tolerance test correlated
(r = —.42; P<.0001) with long-term weight gain in
a prospective observational study involving 259
participants (25 with impaired glucose tolerance
and 9 with type 2 diabetes mellitus) with weight
regain following weight loss (n=44; r=-.50;
P=NS).>” While the sensitivity to glucose homeosta-
sis varies among individuals, glycemic variability
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may predispose to obesity over time*® and should
be factored in when considering the addition of
insulin.

Pattern of Weight Gain

Increases in body weight during the first 6 months of
insulin therapy are typically related to glucose con-
trol and can be primarily attributed to the decrease
of glycosuria and the process of weight “regain” pre-
viously discussed. Further into treatment, there seems
to be an insulin effect that contributes to weight gain
and is independent of glycemic control. Salle and
associates®” measured the body weight and composi-
tion of 32 patients with type 2 diabetes undergoing
their first 12 months of insulin therapy (2 or 3 injec-
tions daily) and compared them with 32 patients
who had been treated with insulin for a minimum of
1 year. Body composition was determined by simul-
taneous measurements of body water spaces and
body density. After 6 months, glucose control had
significantly improved in the newly treated group
(P<.0001), as reflected by improvements in HbA.
values, whereas glucose levels remained stable in the
patients already on treatment. Body weight changed
significantly (P=.04) over 12 months only in the
newly treated patients (+2.8 kg), essentially compris-
ing fat-free mass (P=.044). Weight changes corre-
lated with HbA,. changes (P=.002) only during the
initial 6 months. After 6 months, the newly treated
patients continued to gain weight despite unchanged
HbA . levels, suggesting a potential anabolic role of
insulin unrelated to glucose control.”

WEIGHT GAIN WITH DIFFERENT INSULIN
TYPES

Evidence suggests that different commercially avail-
able insulin preparations may have dissimilar effects
on weight gain in patients with type 2 diabetes.

The newer basal insulin analogs, insulin detemir
and insulin glargine, have a relatively flat time-
action profile and a more predictable glucose-low-
ering effect when compared with neutral protamine
Hagedorn (NPH). * Their more physiologic profiles
and reduced risk of nocturnal hypoglycemia may
offer benefits with regard to weight gain.

Several studies in patients with type 2 diabetes
have demonstrated that insulin detemir induces less
weight gain than NPH. Haak and associates*® con-
ducted a 26-week multinational, open-label, paral-
lel-group trial involving 505 patients with type 2
diabetes and found that patients receiving insulin
detemir gained significantly less mean weight than
those receiving NPH insulin (1.0 and 1.8 kg,
respectively; P=.017). In another parallel-group,
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multicenter, treat-to-target trial involving insulin-
naive patients (N=476), Hermansen and col-
leagues®® documented a difference of —1.58 kg
(P<.001) in Dbaseline-adjusted final weight at
24 weeks in favor of patients with type 2 diabetes
treated with insulin detemir vs patients treated with
NPH. Another study showed that the difference
between insulin detemir and NPH with regard to
weight gain is more noticeable when insulin det-
emir is administered in the evening. In this multi-
center, randomized, open-label, 3-arm, parallel-
group trial conducted at 91 centers in Europe and
the United States, which involved patients with
poorly controlled type 2 diabetes (N=504), the
mean weight gains at 20 weeks were 0.7 kg and
1.6 kg (P<.001) for the insulin detemir and NPH
groups, respectively.>” Finally, data pooled by
Raslova and associates® from 2 randomized paral-
lel-group trials of 22- and 24-week durations
involving 900 patients reaffirmed that insulin det-
emir may provide a clinical advantage vs NPH with
regard to weight gain in insulin-treated patients
with type 2 diabetes, especially in the group of
patients with a higher BMI at baseline.

One study has established that less weight gain
occurs with insulin detemir than with insulin glar-
gine.>* Insulin detemir and insulin glargine appear to
have a similar effect on glycemic control; however,
there is less weight gain with insulin detemir due to
mechanisms currently under investigation.>>-®

MANAGEMENT OF INSULIN-RELATED
WEIGHT GAIN

Weight management may be the most important
therapeutic intervention for obese patients with
type 2 diabetes.'® A vicious cycle can easily be trig-
gered in the obese patient with diabetes because of
progressive B-cell dysfunction and insulin resistance
necessitating the administration of increasingly
higher dosages of insulin. These higher doses can,
in turn, promote more weight gain.>’

The Coronary Artery Risk Development in
Young Adults (CARDIA) study found strong posi-
tive associations between fast-food habits and
weight gain/insulin resistance and suggested that
frequent consumption of high-energy foods
increases the risk of obesity and type 2 diabetes.
Very low—energy diets can help some patients
achieve large reductions in body weight, fasting
plasma glucose, serum cholesterol/triglycerides, and
systolic and diastolic blood pressure (Figure 2).*® In
addition, a recent study involving patients with
obesity and type 2 diabetes (n=84) has shown that
a low-carbohydrate ketogenic diet leads to greater
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Figure 2. Effect of a very glou/—energy diet on short-term weight loss and fasting plasma glucose in obese patients with

type 2 diabetes (N=152).

improvements in glycemic control and more fre-
quent medication reduction/elimination than a
low-glycemic index diet.*”

It is not possible to recommend a specific num-
ber of calories to be eliminated from the diet in
order to maintain weight neutrality when starting
insulin because the number depends on each
patient’s anthropometrics and metabolic character-
istics, the level of commitment to an exercise pro-
gram, and the type of insulin prescribed, among
other factors. Guidelines for weight loss from the
US National Heart, Lung and Blood Institute for
overweight individuals with the cardiometabolic
syndrome include a moderate reduction in calorie
intake (500-1000 calories/d) if accompanied by
exercise. This would translate into a calorie goal of
1200 to 1600 calories/d for most overweight
patients,”® but this estimate does not take into
account the addition of insulin.

The management of insulin-related weight gain
cannot rely on diet alone. Even with special-
ized/comprehensive support by nutritionists and
diabetes educators, erratic adherence to a pre-
scribed diet is very commonly observed in clinical
practice.

Exercise is another important component of life-
style modification in patients with type 2 diabetes
who are receiving insulin. Skeletal muscle consti-
tutes 40% of body mass and takes up 80% of the
glucose load*'; therefore, in obese patients with
type 2 diabetes, insulin resistance in muscle is lar-
gely responsible for the impairment of glucose
removal from the circulation. Research has shown
that fatty acids derived from adipose tissue can
interfere with insulin signaling in muscle,*' and
there is accumulating evidence indicating a reduc-
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tion of fatty acid oxidation in the skeletal muscle
of obese individuals.** The capacity for fatty acid
oxidation can be improved with exercise.*! A grad-
ual and progressive exercise program is recom-
mended for most sedentary patients with type 2
diabetes in order to minimize the occurrence of
exercise-related injuries and complications and to
better adjust insulin requirements.

The use of insulin analogs can be advantageous
in patients eligible for treatment with insulin, and
as mentioned earlier, there are differences among
the analogs with regard to weight gain. Findings
from clinical trials have been supported by exten-
sive data from a very large observational study
involving 20,531 patients with diabetes from 11
countries that showed small decreases in mean
body weight in patients with type 1 (0.1 kg;
P<.01) and type 2 diabetes (0.4 kg; P<.0001) after
14 weeks of treatment with insulin detemir.*?
Among the 12,981 patients with type 2 diabetes
included in this study, a mean body weight loss of
0.7 kg (P<.0001) was also observed after 14 weeks
in a subgroup of 2377 insulin-naive patients with
type 2 diabetes and on oral antidiabetic drugs
(OADs), after initiation of insulin detemir as basal
therapy, with or without continuation of OADs.**

The addition of certain OADs to the treatment
of patients with type 2 diabetes can help with
weight control or even facilitate weight loss. Met-
formin improves glycemia, decreases insulin resis-
tance, and promotes weight loss in most patients,>”
and a recent consensus statement from the Ameri-
can Diabetes Association and the European Associ-
ation for the Study of Diabetes recognized the
combination of insulin plus metformin as a particu-
larly effective approach to treating hyperglycemia
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while limiting weight gain.* Incretin-based thera-
pies, such as glucagon-like peptide-1 (GLP-1) ana-
logs and dipeptidyl peptidase-4 (DPP-4) inhibitors,
are well tolerated: the GLP-1 analogs are associated
with weight loss, whereas the DPP-4 inhibitors are
weight-neutral. These incretin-based therapies target
the islet cell dysfunction and are potentially promis-
ing new options, either as monotherapy or in com-
bination with other antidiabetic drugs, especially in
patients with early-stage type 2 diabetes and more
severe hyperglycemia.***” However, insulin will
still be required as the first treatment approach for
patients with very high HbA . levels.

With regard to prescription weight-loss agents
such as sibutramine and orlistat, a number of
patients have tolerability problems with these medi-
cations, and long-term weight loss benefits with
these products have yet to be demonstrated.'’

Finally, several studies have shown resolution of
type 2 diabetes after Roux-en-Y gastric bypass sur-
gery in approximately 84% of patients, with a sig-
nificant reduction in fasting plasma glucose very
shortly after the procedure and concurrent reduc-
tions of C-peptide and insulin levels.*® However,
even with bariatric surgery, significant changes in
lifestyle and eating habits are required for long-
term success.

CONCLUSIONS

The management of insulin-related weight gain in
type 2 diabetes mellitus is an ongoing challenge.
Discussions on the long-term risks of postponing
insulin should be an important component of
patient education, along with information on the
risks and patterns of weight gain. Patients with an
improved understanding of the detriments of post-
poning insulin treatment, the causes of insulin-
related weight gain, and the patterns of weight gain
with different insulins may develop a sense of being
in better control of their treatment and may
become more motivated and involved in the man-
agement of their diabetes therapy.

A commitment to start insulin early to address
inadequate glycemic control and to continue with
and intensify insulin treatment as needed (despite
the possibility of weight gain) is also very critical.
In the attempt to balance the benefits and adverse
effects of insulin treatment, the choice of insulin
and concomitant medications becomes an impor-
tant management consideration. Clinical studies
show that the newer insulin analogs offer advanta-
ges over conventional human insulin preparations
in terms of more physiologic action profiles,
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reduced risk of hypoglycemia, and reduced weight
gain.
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