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Diabetes and obesity: Managing dual epidemics

he odds are high that practitioners who man-
age patients with diabetes are also managing
patients who are overweight or obese. The
numbers are staggering: more than two-thirds
of American adults with type 2 diabetes are obese,
and the need to address these dual epidemics is clear.
Many strategies exist, but how does a practitioner
select the best option for an individual patient? This
Cleveland Clinic Jowrnal of Medicine supplement on
diabetes and obesity includes articles by experts who
review the evidence on the impact of different diets
and exercise and the use of “weight-friendly” diabetes
medications, drug therapy, and metabolic surgery in
managing obesity in patients with diabetes.

For some patients with type 2 diabetes, changes
in diet and exercise are beneficial in managing the
disease and can lead to weight loss. Diets abound,
but what diets are best, particularly for patients with
obesity? Zahrae Sandouk, MD, and I review several
popular diets and what is known about their effects on
weight loss, glycemic control, and cardiovascular risk.

As for exercise, both aerobic and resistance train-
ing are essential to improve glucose regulation and
cardiovascular health. John P. Kirwan, PhD, Jessica
Sacks, and Stephan Nieuwoudt review exercise rec-
ommendations, modalities, and the metabolic ben-
efits of exercise for this patient population.

Drug therapy typically focuses on the diabetes side
of the coin and not necessarily the obesity side; how-
ever, practitioners are increasingly helping patients
establish goals on both fronts. To that end, Mary
Angelynne Esquivel, MD, and I discuss medications
for treatment of type 2 diabetes that also have weight
loss as a side effect, including glucagon-like peptide-1
receptor agonists, sodium-glucose cotransporter-2
inhibitors, neuroendocrine peptide hormones, alpha-
glucosidase inhibitors, and metformin.

Dr. Lansang reported no financial interests or relationships that pose a potential
conflict of interest with this article.

doi:10.3949/ccjm.84.51.01
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The heightened focus on addressing obesity war-
rants consideration of medications for weight loss.
Bartolome Burguera, MD, PhD, Khawla E Ali, MD,
and Juan P. Brito, MD, discuss a potential shift in
thinking: using antiobesity drugs to manage type 2
diabetes. The authors review pharmacologic thera-
pies approved for managing obesity in the context of
diabetes.

While initially used for patients with severe obesity,
bariatric surgery is now called metabolic surgery when
used for type 2 diabetes because of its dramatic impact
in reversing type 2 diabetes. Philip R. Schauer, MD,
Zubaidah Nor Hanipah, MD, and Francesco Rubino,
MD, describe the benefits of metabolic surgery and
review the evidence that led diabetes organizations
to set new guidelines with a lower body mass index
threshold than previously recommended.

The dual epidemics of diabetes and obesity present
physicians with a complex set of considerations to
help patients achieve their treatment goals on both
fronts in the battle. I hope you find this supplement
on diabetes and obesity informative and useful to you
to enhance patient care.

AL Chonran

M. Cecilia Lansang, MD, MPH
Supplement Editor

Endocrinology & Metabolism Institute
Cleveland Clinic
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Diabetes with obesity—Is there an ideal diet?

B ABSTRACT

For individuals who are overweight or obese, weight loss
is effective in preventing and improving the management
of type 2 diabetes. Together with other lifestyle factors
like exercise and behavior modification, diet plays a
central role in achieving weight loss. Diets vary based on
the type and amount of carbohydrate, fat, and protein
consumed to meet daily caloric intake goals. A number

of popular diets are reviewed as well as studies evaluat-
ing the effect of various diets on weight loss, diabetes,
and cardiovascular risk factors. Current trends favor the
low-carbohydrate, low-glycemic index, Mediterranean,
and very-low-calorie diets. However, no optimal dietary
strategy exists for patients with obesity and diabetes, and
more research is needed. Given the wide range of dietary
choices, the best diet is one that achieves the best adher-
ence based on the patient’s dietary preferences, energy
needs, and health status.

Il KEY POINTS

Weight loss in individuals who are obese has been shown
to be effective in the prevention and management of type
2 diabetes.

Diets vary based on the type and amount of carbohydrate,
fat, and protein consumed to meet daily caloric intake
goals.

Diets of equal caloric intake result in similar weight loss
and glucose control regardless of the macronutrient
content.

The metabolic status of the patient based on lipid profiles
and renal and liver function is the main determinant for
the macronutient composition of the diet.

Both authors reported no financial interests or relationships that pose a potential
conflict of interest with this article.

doi:10.3949/ccjm.84.51.02
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ccording to National Health and Nutri-

tion Examination Survey data, more than

one-third of adults in the United States are

obese and more than two-thirds of adults
with type 2 diabetes mellitus (DM) are obese.! In
light of overall increased life expectancy, the Centers
for Disease Control and Prevention estimates that
adults in the United States have a 40% lifetime risk
of developing diabetes, as diabetes and obesity remain
at epidemic levels.?

Weight loss in individuals who are overweight
or obese is effective in preventing type 2 DM and
improving management of the disease.’* Dietary
changes play a central role in achieving weight loss,
as do other important lifestyle interventions such
as exercise, behavior modification, and pharmaco-
therapy. Achieving glycemic goals with diet alone is
difficult, and for patients with DM who are also obese,
it may be even more challenging.

Medical nutrition therapy, a term coined by the
American Dietetic Association, describes an approach
to treating medical conditions using specific diets. As
developed and monitored by a physician and registered
dietitian, diet can result in beneficial outcomes and
is a front-line approach for patients with noninsulin-
dependent diabetes.” Medical nutrition therapy for
patients with type 2 DM is most effective when used
within 1 year of diagnosis and is associated with a 0.5%
to 2% decrease in hemoglobin Alc (HbAlc) levels.®
This article reviews the role of diet in managing patients
with both type 2 DM and obesity. Several diets are pre-
sented including what is known about their effect on
weight loss, glycemic control, and cardiovascular risk
prevention in patients with diabetes and obesity.

I WEIGHT LOSS AND DIET FOR PATIENTS
WITH OBESITY AND DIABETES

A person is overweight or obese if he or she weighs
more than the ideal weight for their height as cal-
culated by the body mass index (BMI; weight in
kg/height in meters squared). A BMI of 25 to 30 is
overweight and a BMI of 30 or greater is obese.” The
recommended daily caloric intake for adults is based
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on sex, age, and daily activity level and ranges from
1,600 to 2,000 calories per day for women and 2,000
to 2,600 calories per day for men. The lower end of
the range is for sedentary adults, and the higher end is
for active adults (walking 1.5 to 3 miles per day at 3 to
4 miles per hour, in addition to independent living).®

According to the American Diabetes Association
(ADA), weight loss requires reducing dietary intake
by 500 to 750 calories per day, or roughly 1,200 to
1,500 kcal/day for women and 1,500 to 1,800 kcal/day
for men.’ For patients with obesity and type 2 DM,
sustained, modest weight loss of 5% of initial body
weight improves glycemic control and reduces the
need for diabetes medications.” Weight loss of greater
than 5% body weight also improves lipid and blood
pressure status in patients with obesity and diabetes,
though ideally, patients are encouraged to achieve
weight reduction of 7% or greater.'

Evidence of benefits from lifestyle

and dietary modifications

The fact that patients with obesity and type 2 DM
have increased risk of cardiovascular morbidity and
mortality is well established.!' Multiple studies con-
sidered the effects of weight loss on cardiovascular
morbidity and mortality. Our article focuses on
dietary modifications, though most large, multicenter
trials used both diet and increased physical activity to
achieve weight loss. It is difficult to determine if diet
or physical activity had the most effect on outcomes;
however, results show that weight loss from dietary
and other lifestyle interventions leads to change in
outcomes.

Look AHEAD (Action for Health in Diabetes)
trial. This large, multicenter, randomized controlled
trial evaluated the effect of weight loss on cardiovas-
cular morbidity and mortality in overweight or obese
adults with type 2 DM. The 5,145 participants were
assigned either to a long-term weight reduction inten-
sive lifestyle intervention of diet, physical activity, and
behavior modification or to usual care of support and
education. At 1 year, the lifestyle intervention group
had greater weight loss, improved fitness, decreased
number of diabetes medications, decreased blood
pressure, and improved biomarkers of glucose and
lipid control compared with the usual care group.'? No
significant reductions in cardiovascular morbidity and
mortality were found, though an observational post
hoc analysis of the Look AHEAD data suggested an
association between the magnitude of weight loss and
the incidence of cardiovascular disease."

The diet portion of the intensive lifestyle inter-
vention consisted of self-selected, conventional
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foods while recording dietary intake during week 1.
In week 2, patients weighing less than 114 kg (250
lbs) restricted their intake to 1,200 to 1,500 kcal/
day, and patients weighing 114 kg or more restricted
their intake to 1,500 to 1,800 kcal/day. Fewer than
30% of calories were from fat, with less than 10%
from saturated fat. During week 3 through week 9,
meal replacement options and conventional foods
were used to reach caloric goals. Participants then
decreased the use of meal replacement and increased
the use of conventional foods during week 20 through
week 22.1

The mean weight loss for participants in the inten-
sive lifestyle intervention group was 8.6% compared
with 0.7% in the support and education group (P <
.001). HbA1c decreased by 0.7% in the intervention
group compared with 0.1% the support and education
group (P < .001).12

Finnish Diabetes Prevention Study. This study
evaluated lifestyle changes in diet and physical activ-
ity in the prevention of type 2 DM in participants
with impaired glucose intolerance. Participants (N =
552) were randomly assigned to the control group or
the intervention group where detailed instruction was
provided to achieve weight loss of greater than 5%."
The dietary goals included fewer than 30% of total
calories from fat, with fewer than 10% from saturated
fat, increased fiber consumption (15 g per 1,000 kcal),
and physical activity of 30 minutes daily.”” During the
trial (mean duration of follow-up 3.2 years), the risk
of type 2 DM was reduced by 58% in the intervention
group compared with the control group.?®

Diabetes Prevention Program Research Group.
A landmark study by the Diabetes Prevention Pro-
gram Research Group randomized 3,234 participates
with elevated plasma glucose levels to placebo, met-
formin, and lifestyle intervention arms.* Those in the
lifestyle intervention arm were educated about ways
to achieve and maintain a 7% or greater reduction
in body weight using a low-calorie, low-fat diet and
moderate physical activity. Results based on a mean
follow-up of 2.8 years found a 58% reduction in the
incidence of diabetes for those in the lifestyle inter-
vention arm.*

Il DIETS AND THEIR EFFECTS ON OBESITY,
DIABETES, AND CARDIOVASCULAR RISK

When patients seek consultation about diet, they fre-
quently ask about specific types of popular diets, not
the very controlled diets employed in research stud-
ies. Dietary preferences are personal, so patients may
have researched a particular diet or feel that they will
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DIABETES WITH OBESITY DIET

Summary: low-carbohydrate diet

Allows 50 to 100 g/day; < 40% calories from
carbohydrates'®2

e Foods: higher in protein (meat, poultry, fish, shellfish,
eggs, cheese, nuts, seeds); higher in fat (oils, butter,
olives, avocados); low-carbohydrate vegetables
(green salad, cucumber, broccoli, squash)

e Avoid: rice, pasta, bread

e Weight loss: rapid, 11.4 kg over 6 months reported?-?’

e Hemoglobin Alc: reduced 1.4% in 6 months,
or 0% to 2.2%"82

e Cardiovascular: lower triglyceride, higher high-density
lipoprotein cholesterol'

e Weight regain: rapid, 6 months

e Challenges: limits important nutrients; monitor lipids,
renal function, protein intake

be more adherent if only 1 or 2 components of their
meals are changed. There is no single optimal dietary
strategy for patients with both obesity and type 2 DM.
In general, diets are categorized based on the 3 basic
macronutrients: carbohydrate, fat, and protein. We
will review several popular diets, delineating content,
effects on weight loss, glycemic control, and cardio-
vascular factors.

M LOW-CARBOHYDRATE DIET

Carbohydrates are organic compounds in food that
include sugars and starches and are a source of energy
for cells in the body and the brain in particular. The
US Department of Agriculture Recommended Dietary
Allowance of carbohydrate is 130 g per day minimum
or 45% to 65% of total daily caloric intake.!® For a
1,700-calorie diet, 130 g of carbohydrate is 30% of
the total caloric intake; in a 1,200-calorie diet, it is
43%.17

In practice, the median intake of carbohydrates for
US adults is much higher, at 220 to 330 g per day
for men and 180 to 230 g per day for women.!® The
ADA recommends that all Americans consume fewer
refined carbohydrates and added sugars in favor of
whole grains, legumes, vegetables, and fruit.'8

Low-carbohydrate diets focus on reducing carbo-
hydrate intake with the thought that fewer carbo-
hydrates are better. However, the definition of a
low-carbohydrate diet varies. In most studies, carbo-
hydrate intake was limited to less than 20 g to 120
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g daily or fewer than 4% to 45% of the total calo-
ries consumed.'™ Intake of fat and total calories is
unlimited, though unsaturated fats are preferred over
saturated or trans fats.

Limiting the intake of disaccharide sugar in
the form of sucrose and high-fructose corn syrup is
endorsed because of concerns that these sugars are
rapidly digested, absorbed, and fully metabolized.
However, several randomized trials showed that sub-
stituting sucrose for equal amounts of other types of
carbohydrates in individuals with type 2 DM showed
no difference in glycemic response.’’ The resulting
conclusion is that the postprandial glycemic response
is mainly driven by the amount rather than the type of
carbohydrates. The consumption of sugar-sweetened
beverages is associated with obesity and an increased
risk of diabetes, attributed to the high caloric intake
and decreased insulin sensitivity associated with
these beverages.?!

Of the 2 monosaccharides, glucose and fructose,
that make up sucrose, fructose is metabolized in the
liver. The rapid metabolism of fructose may lead to
alterations in lipid metabolism and affect insulin sen-
sitivity.”” While the ADA does not advise against con-
suming fructose, it does advise limiting its use due to
the caloric density of many foods containing fructose.

Multiple studies have investigated the effect of
a low-carbohydrate diet on weight loss, glucose
control, and cardiovascular risk, but comparing the
results is difficult due to the varying definitions of a
low-carbohydrate diet.

Low-carbohydrate diets are associated with rapid
weight loss. A 6-month study of 31 patients with
obesity and type 2 DM found a mean weight change
of —11.4 kg (+ 4 kg) in the low-carbohydrate group
compared with —1.8 kg (+ 3.8 kg) in the high-carbo-
hydrate control group, a loss maintained up to 1
year.”? Another study of 88 patients with type 2 DM
who consumed less than 40 g/day of carbohydrate had
a weight loss of 7.2 kg over 12 months.?* Samaha et
al” compared a low-carbohydrate diet with a low-fat
diet in 132 participants with obesity (mean BMI 43),
of which 39% had diabetes and 43% had metabolic
syndrome. Those in the low-carbohydrate diet group
had significantly more weight loss over a period of
6 months (—5.8 kg mean, + 8.6 kg standard devia-
tion [SD] vs —1.9 kg mean + 4.2 kg SD, P = .002).
However, at 1 year, there was no significant difference
in weight loss between groups. At 36 months, weight
regain was 2.2 kg (SD 12.3 kg) less than baseline in
the low-carbohydrate group compared with 4.3 kg
(SD 12.2 kg) less than baseline in the low-fat group
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(P =.071).5% On the other hand, a meta-analysis
of 23 randomized trials involving 2,788 participants
found no difference in weight loss at 6 months
between those on a low-carbohydrate diet and those
on a low-fat diet.”

With respect to glucose control, low-carbohydrate
diets have been associated with a 1.4% (SD = 1.1%)
decrease in HbAlc during a 6-month period in 31
patients with obesity and type 2 DM.?” Another
6-month study of 206 patients with obesity and dia-
betes comparing a low-carbohydrate diet with a low-
calorie diet found no significant difference in HbAlc
(—.48% vs —.24%, respectively) and a weight loss
of 1.34 kg vs 3.77 kg, respectively (P < .001).”” The
change in glycemic control did not persist over time,
perhaps due to the weight regain associated with this
diet. A meta-analysis concluded that HbAlc was
reduced more in patients with type 2 DM randomized
to a lower-carbohydrate diet compared with a higher-
carbohydrate diet (mean change from baseline 0% to
—2.2%)."7

No studies of the effects of a low-carbohydrate
diet on overall cardiovascular morbidity or mortality
exist. However, Kirk et al'’ reported results of a low-
carbohydrate diet on cardiovascular risk factors such
as lipid profiles and showed a significant reduction in
triglyceride levels but no effect on total cholesterol,
high-density lipoprotein cholesterol (HDL-C), or
low-density lipoprotein cholesterol (LDL-C) levels.

The ADA has reported that low-carbohydrate
diets may be effective in the management of type 2
DM in the short term. Caution is warranted because
they could eliminate important sources of energy,
fiber, vitamins, and minerals. It is also important to
monitor lipid profile, renal function, and protein
intake in certain patients, especially those with renal
dysfunction.®

M LOW-GLYCEMIC DIET

The glycemic index (GI) is a measure of the rise in
plasma glucose 2 hours after ingesting carbohydrate in
food compared with a reference food such as glucose
that contains an equivalent amount of carbohydrate.
The GI measures the postprandial response of differ-
ent carbohydrates: high-GI foods raise blood glucose
more than medium- or low-GI foods.

Various factors affect the GI including the type of
carbohydrate, fat content, protein content, and acid-
ity of the food consumed, as well as the rate of intesti-
nal reaction to the food. The faster the digestion of a
food, the higher the GI. High-GI foods (> 70), such as
those highly processed and with high starch content,

CLEVELAND CLINIC JOURNAL OF MEDICINE

Summary: low-glycemic diet
Foods with glycemic index < 55

e Foods: whole wheat, rye, pita breads; oats, brown
rice, couscous; muesli, bulgur; most fruits; nonstarchy
vegatables

Weight loss: none; —0.32 kg*

Hemoglobin A1c: reduced 0.5%%

Cardiovascular: undetermined

Weight regain: undetermined

Challenges: limits important nutrients; glycemic index
varies with preparation and among individuals

produce higher peak glucose levels when compared
with low-GI foods (< 55). Low-GI foods include len-
tils, beans, oats, and nonstarchy vegetables.

Low-GlI foods curb the large and rapid rise of blood
glucose, insulin response, and glucagon inhibition
that occur with high-GI foods. Many low-GI foods
have high amounts of fiber, which prolongs distention
of the gastrointestinal tract, increases secretion of
cholecystokinin and incretins, and extends statiety.”®

In a meta-analysis of 19 randomized trials of over-
weight or obese patients (BMI > 25), a low-glycemic
diet did not show weight loss when compared with an
isocaloric control diet (mean difference —0.32 kg;
95% confidence interval [CI] —0.86 kg, 0.23 kg).”
On the other hand, the effect on glycemic control is
more pronounced. Another meta-analysis that
included 11 studies of patients with DM who followed
a low-glycemic diet for less than 3 months to over
6 months showed that those who followed a low-
glycemic diet had a significant reduction of HbAlc
(6 studies had HbAlc as the primary outcome,
HbAlc weighted mean difference —0.5%; 95% CI,
—0.8 to —0.2; P = .001). Five studies reported on
parameters related to insulin action, and 1 showed
increased sensitivity measured by euglycemic-hyper-
insulinemic clamp in a low-glycemic diet (glucose
disposal 7.0 + 1.3 mg glucose/kg/min) vs a high-glyce-
mic diet (4.8 mg glucose/kg/min + 0.9, P < .001).%

There are no large trials of cardiovascular mortality
or morbidity of low-glycemic diets, but some studies
have included cardiovascular parameters. A random-
ized study of 210 patients with type 2 DM evaluated
cardiovascular risk factors after 6 months of a low-
glycemic diet and high-glycemic diet. The low-glycemic
diet group had an increase in HDL-C compared with
the high-glycemic diet group (1.7 mg/dL; 95% CI, 0.8
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DIABETES WITH OBESITY DIET

Summary: low-fat diet
Allows < 30% calories from fat

e  Foods: whole wheat, rye, pita breads; oats, brown

rice, couscous; muesli, bulgur; most fruits; nonstarchy

vegatables

Avoid: saturated and trans fats

Weight loss: 5.3 kg in 6 months,*” 11% in 1 year®

Hemoglobin A1c: minimal to none

Cardiovascular: lower low-density lipoprotein cholesterol

and triglyceride, higher high-density lipoprotein

cholesterol*”

e Weight regain: 4% at 2 years®

e Challenges: differentiating types of fat, avoiding
saturated and trans fats

to 2.6 mg/dL vs —0.2 mg/dL; 95% CI, —0.9 to 0.5
mg/dL, P = .005).*° Another crossover study of 20
patients with type 2 DM on a low-glycemic diet over
2 consecutive 24-day periods revealed a 53% reduc-
tion of the activity of plasminogen activator inhibi-
tor-1, a thrombolytic factor that increases plaque
formation.*' Most studies were of short duration; thus,
weight regain was not clearly established.

The GI of low-GI foods differs based on the cook-
ing method, presence of other macronutrients, and
metabolic variations among individuals. Low-glyce-
mic diets can reduce the intake of important dietary
nutrients. The ADA notes that low-glycemic diets
may provide only modest benefit in controlling post-
prandial hyperglycemia.*

I LOW-FAT DIET

Low-fat diets have 30% or fewer calories from fat,
approximately 50 g of fat for a 1,500 kcal/day. The
intake of dietary fat and free fatty acids reduces insulin
sensitivity and enhances hepatic glucose production
contributing to hyperglycemia.”> The mechanisms by
which dietary fat and fatty acids reduce insulin sen-
sitivity include modifications of the cell membrane
composition, gene expression, and enzyme activity.
Fatty acids also promote inflammatory cytokines and
induce endothelial dysfunction. The type of fat rather
than its total amount plays a role in glycemic control
and cardiovascular disease risk.*

Different types of fats have different effects on
metabolism. LDL-C is mostly derived from saturated
fats.** Consuming 2% of energy intake from trans fat
substantially increases the risk of coronary heart dis-
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ease.” Though the ideal total amount of fat for people
with diabetes is unknown, the amount consumed still
has important consequences, especially since patients
with type 2 DM are at risk for coronary artery disease.
The Institute of Medicine states that fat intake of
20% to 35% of energy is acceptable for all adults.'

Low-fat diets along with reduced caloric intake
induce weight loss, but this cannot compete with
the rapid weight loss that patients experience with
the low-carbohydrate diet. This was shown in mul-
tiple studies including a meta-analysis of 5 random-
ized clinical trials of 447 patients with obesity who
lost less weight in the low-fat diet group compared
with low-carbohydrate diet group (weighted mean
difference —3.3 kg; 95% CI, —5.3 to —1.4 kg) at 6
months.’® Interestingly, the difference between diets
was nonexistent after 12 months (weighted mean dif-
ference —1.0 kg; 95% CI, —3.5 to 1.5 kg), which
may be due to weight regain in the low-carbohydrate
diet group.’®

Foster et al’” studied 307 participants with obesity
assigned to a low-fat or low-carbohydrate diet. Both
groups lost 11% in 1 year, and with regain, lost 7% from
baseline at 2 years. There was no statistically significant
difference between groups during the 2 years, but there
was a trend for more weight loss in the low-carbohy-
drate group in the first 3 months (P = .019).*

The low-fat diet has no to minimal improvement
in glycemic control in patients with diabetes and
obesity, regardless of the weight loss achieved. How-
ever, a low-fat diet is associated with some beneficial
effects on cardiovascular risks. Nordmann et al®*
found no difference in blood pressure between low-
carbohydrate and low-fat diets. The low-fat diet was
associated with lower total cholesterol and LDL-C
levels (weighted mean difference 5.4 mg/dL [0.14
mmol/L]; 95% CI, 1.2 mg/dL to 10.1 mg/dL [0.03-0.26
mmol/L]).*® Triglyceride and HDL-C levels were more
favorably changed in the low-carbohydrate diet (for
triglycerides, weighted mean difference —22.1 mg/
dL [-0.25 mmol/L]; 95% CI, —38.1 to —5.3 mg/dL
[—0.43 to —0.06 mmol/L]; and for HDL-C, weighted
mean difference 4.6 mg/dL [0.12 mmol/L]; 95% CI,
1.5 mg/dL to 8.1 mg/dL [0.04-0.21 mmol/L]).*¢

B VERY-LOW-CALORIE DIET

Very-low-calorie diets provide 400 to 800 calories per
day of high-quality protein and carbohydrate forti-
fied with vitamins, minerals, and trace elements.®
Very-low-calorie diets promote quick weight loss and
use commercial formulas, liquid shakes, and soups
to replace all regular meals. This type of diet results
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in rapid weight loss without leading to electrolyte
imbalances associated with starvation. It was widely
promoted in the 1970s, but then lost some of its pop-
ularity due to concerns for patients’ safety and even
death.”” For these reasons, individuals on very-low-
calorie diets should be closely monitored by a team of
health professionals.

Saris et al® reported results from 8 randomized
clinical trials ranging from 10 to 32 patients with
obesity comparing very-low-calorie diets with a low-
calorie diet of 800 to 1,200 calories a day. Over the
first 4 to 6 weeks, weight loss was between 1.4 kg and
2.5 kg per week and was higher with the very-low-
calorie diet when compared with the low-calorie
diet though not statistically significant. Interestingly,
when followed for 16 to 26 weeks, the difference
in weight loss was again not statistically significant
with no trend for more weight loss in the very-low-
calorie diet group. Another meta-analysis looking at
6 randomized clinical trials in patients with obesity
showed that weight loss with very-low-calorie diets
was statistically significant when compared with low-
calorie diets (16.1% + 1.6% vs 9.7% + 2.4% weight
loss over a period of 12.7 + 6.4 weeks).”

In general, it is believed that when individuals lose
a large amount of weight in a short period, a larger
weight regain will occur, resulting in a higher weight
than before the initial loss. This was refuted by Tsai
et al,”” who found that long-term data (1 to 5 years)
showed the percentage of weight regained is higher
with a very-low-calorie diet (62%) vs a low-calorie
diet (41%) but the overall weight lost remains supe-
rior with the very-low-calorie diet, though not statis-
tically significant (6.3% + 3.2% and 5.0% * 4.0% loss
of initial weight, respectively).

Toubro et al*® looked at 43 obese individuals who
followed the very-low-calorie diet for 8 weeks com-
pared with 17 weeks of a conventional diet (1,200
kcal/day) followed by a year of unrestricted calories,
low-fat, high-carbohydrate diet or fixed calorie group
(1,800 kcal/day). The very-low-calorie diet group lost
weight at a more rapid rate, but the rate had no effect
on weight maintenance after 6 or 12 months. Inter-
estingly, the group that followed the “unrestricted
calories, low-fat, high-carbohydrate diet” for a year
maintained 13.2 kg (8.1 kg to 18.3 kg) of the initial
13.8 kg (11.8 kg to 15.7 kg) weight loss, while the
fixed-calorie group maintained less weight loss (9.7 kg
[6.1 kg to 13.3 kg]). Saris® concluded that the rapid
weight loss by very-low-calorie diet has better long-
term results when followed up with a program that
includes nutritional education, behavioral therapy,
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Summary: very-low-calorie diet
Provides 400 to 800 calories daily with meal replacements*

e Foods: meal replacements such as Optifast, SlimFast
shakes

e Weight loss: 1.4 to 2.5 kg/week®; 16.1% over 12.7

weeks*©

Hemoglobin A1c: reduced 0.9% over 12 weeks*

Cardiovascular: little effect®

Weight regain: 62% at 5 years*

Challenges: close monitoring by professionals

required; requires meal replacements; low adherence

rate

and increased physical activity.

Very-low-calorie diets achieve glycemic control by
reducing hepatic glucose output, increasing insulin
action in the liver and peripheral tissues, and enhanc-
ing insulin secretion. These benefits occur soon after
starting the diet, which suggests that caloric restric-
tion plays a critical role. A study at the University of
Michigan showed that the use of very-low-calorie diets
in addition to moderate-intensity exercise resulted in
a reduction of HbAlc from 7.4% (+ 1.3%) to 6.5%
(£ 1.2%) in 66 patients with established type 2 DM.*
HbA1c of less than 7% occurred in 76% of patients
with established diabetes and 100% of patients with
newly diagnosed diabetes.* Improvement in HbAlc
over 12 weeks was associated with higher baseline
HbA1c and greater reduction in BML#

Long-term cardiovascular risk reduction of very-
low-calorie diets is small. One study showed that serum
total cholesterol decreased at 2 weeks but did not
differ at 3 months from baseline.* A large reduction
was observed in serum triglycerides at 3 months (4.57
mmol/L + 1.0 mmol/L vs 2.18 mmol/L + .26 mmol/L,
P =.012) while HDL-C increased (0.96 mmol/L + .06
mmol/L vs 1.11 mmol/L + .05 mmol/L, P = .009).#
Blood pressure was also reduced in both systolic pres-
sure (152 mm Hg + 6 mm Hg vs 133 mm Hg + 3 mm
Hg, P = .004) and diastolic pressure (92 mm Hg + 3
mm Hg vs 81 mm Hg + 3 mm Hg, P = .007).#

Challenges with this diet include significant weight
regain and safety concerns for patients with obesity
and type 2 DM, especially those who are taking insu-
lin, since this diet will lead to significant rapid lower-
ing of insulin levels.”® Finally, very-low-calorie diets
require a multidisciplinary approach with frequent
health professional visits.
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Summary: Mediterranean diet
Focuses on 30% to 40% calories from monounsaturated fats

e  Foods: olive oil, fresh fruits and vegetables, cereals,
beans, nuts, seeds, limited dairy, limited eggs and red
meat, wine moderately with meals

e Weight loss: 7.4 kg in 1 year*

e Hemoglobin A1c: reduced 0.4% to 0.6%*47; lower
incidence type 2 diabetes*

e Cardiovascular: systolic blood pressure reduced 7.1
mm Hg; reduced high-density lipoprotein cholesterol
ration of .2645

e Weight regain: less, 0.5 kg over 2 years*

e Challenges: slower weight loss but higher adherence
rate

M MEDITERRANEAN DIET

The Mediterranean diet focuses on the moderate
ingestion of monounsaturated fats such as olive oil
(30% to 40% of daily energy intake), legumes, fruits,
vegetables, nuts, whole grains, fish, and moderate
ingestion of wine. A study of 259 overweight (mean
BMI 31.4) patients with diabetes found a mean
weight loss of as much as 7.4 kg at a steady state after
12 months.® A systematic review of 5 randomized
clinical trials of obese adults (N = 998) showed that
sustained weight loss (up to 12 months) was greater in
the Mediterranean diet compared with a low-fat diet
(range of mean values: —4.1 to —10.1 kg vs 2.9 to
—5.0 kg), but similar to a low-carbohydrate diet (4.1
to —10.1 kg vs —4.7 to —7.7 kg).*

This diet also has a positive impact on glycemic
control and has been shown to reduce the incidence
of diabetes. Estruch et al*® conducted a randomized
controlled trial on 772 adults at high risk for car-
diovascular disease, of which 421 had type 2 DM,
assigned to Mediterranean diet supplemented either
with extra-virgin olive oil or mixed nuts compared
with a control group receiving advice on a low-fat
diet. Their primary prevention trial, PREDIMED,
looked mainly at the rate of total cardiovascular
events (stroke, myocardial infarction, cardiovascu-
lar death); however, a subgroup analysis showed that
the incidence of new-onset diabetes was reduced by
52% with the Mediterranean diet compared with
the control group after 4 years of follow-up. Multi-
variate-adjusted hazard ratios of diabetes were 0.49
(0.25-0.97) and 0.48 (0.24-0.96) in the Mediter-

ranean diet supplemented with olive oil and nuts
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groups, respectively, compared with the control
group. Intuitively, they also showed that the higher
the adherence, the lower the incidence rate.*® This
occurred despite no difference in weight loss between
the groups and may indicate that the components
of the diet itself could have anti-inflammatory and
antioxidative effects. Esposito et al*’ showed that
after 1 year of intervention in 215 patients with type
2 DM, HbAlc was lower in those assigned to the
Mediterranean diet vs those assigned to a low-fat
diet (difference: —0.6%; 95% CI, —0.9 to —0.3).
Similarly, in a 12-month trial, Elhayany et al* found
a significant difference in the reduction in HbAlc
in those on the Mediterranean diet compared with a
low-fat diet (0.4%, P = .02).

Many studies have shown a beneficial effect of the
Mediterranean diet on cardiovascular health. Estruch
et al® showed that 772 patients (143 with type 2 DM)
at high risk of cardiovascular disease who followed
a Mediterranean diet with nuts for 3 months had a
reduced systolic blood pressure of —7.1 mm Hg (CI,
—10.0 mm Hg to —4.1 mm Hg) and reduced HDL-C
ratio of —0.26 (CI, —0.42 to —0.10) compared with
a low-fat diet. There was also a reduction in fasting
plasma glucose of —.30 mmol/L (CI, —.58 mmol/L to
—.01 mmol/L).»

Il PROTEIN-SPARING MODIFIED FAST

The protein-sparing modified fast combines a very-
low-carbohydrate ketogenic diet and a very-low-
calorie diet. The initial 6-month phase consists of
fewer than 800 calories a day followed by a gradual
increase in calories over 6 months. Carbohydrate is
restricted to 20 to 50 g/day during the initial phase,
with protein intake of 1.2 to 1.5 g/kg of ideal body
weight per day.*

One of the earlier studies on protein-sparing modi-
fied fast showed that weight loss was as high as 21 kg
+ 13 kg during the initial phase and 19 kg + 13 kg
during the refeeding phase.* Weight regain is high:
in the protein-sparing modified fast, most patients
return to their baseline weight in 5 years.*

A study comparing 6 patients who were put on a
protein-sparing modified fast diet with 6 patients who
underwent gastric bypass surgery showed that the
mean steady-state plasma glucose fell from 377 mg/dL
to 208 mg/dL (P < .008) and mean fasting insulin val-
ues fell from 31.0 to 17.0 pU/mL (P < .004).>! There
were also changes in cardiovascular risk factors: mean
HDL-C values increased from 33.8 mg/dL to 40.5
mg/dL (P < .008), and factor VIII coagulant activ-
ity decreased from 194% to 140% (P < .005).>! Total
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Summary: protein-sparing modified
fast diet

Combines a very-low-carbohydrate ketogenic diet with a
very-low-calorie diet

e Foods: low in carbohydrate, high-to-moderate protein
intake, minimal fat, includes shakes and meal replace-
ment for low-calorie portion

o Weight loss: 21 kg (+ 13 kg) initially, 19 kg (= 13 kg)
refeeding*®

e Hemoglobin Alc: mean plasma glucose from 377 to
208 mg/dL; mean fasting glucose from 31 to 17 pU/mL>'

e Cardiovascular: higher high-density lipoprotein
cholesterol, lower low-density lipoprotein cholesterol
and cholesterol; not maintained at 1 year>'>?

e Weight regain: most return to baseline by 5 years®

e (Challenges: close monitoring by professionals
required; requires meal replacements; lower adherence
rate

cholesterol and LDL-C levels were also improved, but
these changes were not always maintained at follow-
up visits.”

M VEGETARIAN AND VEGAN DIETS

A vegetarian diet consists primarily of cereals, fruits,
vegetables, legumes, and nuts and generally excludes
animal foods and dairy products. Less restrictive veg-
etarian diets may include eggs and dairy products.
A vegan diet is one of the most restrictive diets and
excludes all types of animal products, including honey
and processed foods.

In 2013, Mishra et al®® conducted a randomized
clinical trial of employees with obesity and type 2
DM (N = 291) assigned to a low-fat vegan diet or no
intervention for 18 weeks. Weight decreased in the
low-fat vegan diet group compared with the control
group (2.9 kg vs 0.06 kg, respectively, P < .001). Sta-
tistically significant reductions in total cholesterol (8
mg/dL vs 0.01 mg/dL, P < .01), LDL-C (8.1 mg/dL vs
0.9 mg/dL, P < .01), and HbAlc (0.6% vs 0.08%, P
< .01) occurred in the intervention group compared
with the control group.”

Many studies of vegetarian and vegan diets have
been of short duration and used a combination of
low-fat and vegetarian or vegan diets on people that
were not all considered obese. Research is limited for
vegan and vegetarian diets, and not enough informa-
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Summary: vegetarian and vegan diets

e Foods: fruits, vegetables, cereals, legumes, whole
grains, nuts, soy, fiber; vegan excludes all animal-
derived products including dairy, eggs, honey,
processed foods

e Weight loss: 2.9-kg decrease>

e Hemoglobin Alc: reduced 0.6% (not statistically
significant)*

e  (Cardiovascular: minimal impact, if any*

e Weight regain: unknown

e  Challenges: may lack important nutrients

tion exists about the effects on glycemic control and
cardiovascular risk. Vegan and vegetarian diets may
reduce the intake of many essential nutrients. Vegans
who exclude dairy products, for example, have low
bone mineral density and higher risk of fractures due
to inadequate intake of calcium.

Il HIGH-PROTEIN DIET

Amino acids contribute to glucose synthesis through
gluconeogenesis and play a role in recycling of glucose
carbon via the glucose-alanine cycle. High-protein
diets include more than 30% of total energy intake
from protein (112 g/day assuming 1,500 kcal/day).

Parker et al’* reported a weight loss of 5.2 kg + 1.8
kg in 12 weeks in 54 patients with obesity and type
2 DM irrespective of a diet with high or low protein
content. Women on a high-protein diet lost more
total fat and abdominal fat compared with women on
a low-protein diet. Total lean mass decreased in all
patients irrespective of diet.

Studies have shown that high-protein diets can
improve glucose control. Ajala et al®® reviewed 20
clinical trials of patients with type 2 DM randomized
to various diets for more than 6 months. In the tri-
als that used a high-protein diet as an intervention,
HbA1c levels decreased as much as 0.28% compared
with the control diets (P < .001). A small study of
8 men with untreated type 2 DM compared a high-
protein low-carbohydrate diet (nonketogenic, pro-
tein 30%, carbohydrate content 20%, fat 50%) with
a control diet (protein 15%, carbohydrate 55%, fat
30%).”° The high-protein low-carbohydrate diet
group had lower HbA1c levels (7.6 mg/dL + 0.3 mg/
dL vs 9.8 mg/dL + 0.5 mg/dL) and mean 24-hour
integrated serum glucose (126 mg/dL vs 198 mg/dL)
compared with the control diet. Most of the studies
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Summary: high-protein diet
Includes > 30% calories from protein sources

e  Foods: low-fat cottage cheese, cheese, tofu, red meat,
chicken, peanut butter, fish, lentils

e Weight loss: 5.2 kg (1.8 kg) in 12 weeks**

e Hemoglobin Alc: reduced 0.28%3

e  Cardiovascular: lower low-density lipoprotein
cholesterol, reduction in abdominal fat, no change in
high-density lipoprotein cholesterol*

e Weight regain: unknown

e Challenges: must be individualized diet accounting for
cardiometabolic risk and renal profile

of high-protein diets have been small and of short
duration, and have used a combination of macronu-
trients (high protein and low carbohydrate), limiting
the ability to identify the dietary component that had
the most effect.

There are no studies evaluating cardiovascular out-
comes, but some studies have included cardiovascular
risk factors such as LDL-C levels and body fat composi-
tion. Parker et al’** showed that women on a high-pro-
tein diet lost more total fat (5.3 kg vs 2.8 kg, P = .009)
and abdominal fat (1.3 kg vs 0.7 kg, P = .006) compared
with a low-protein diet. Interestingly, no difference in
total fat and abdominal fat was found in men. LDL-C
reduction was greater in a high-protein diet compared
with a low-protein diet (5.7% vs 2.7%, P < .01).>* In
a review by Ajala et al,” the high-protein diet was the
only diet that did not show a rise in HDL-C levels after
interventions of more than 6 months.

The ADA does not recommend high-protein diets
as a method for weight loss because the long-term
effects are unknown. ADA recommendations include
an individualized approach based on a patient’s car-
diometabolic risk and renal profiles. Protein content
should be 0.8 g/kg to 1.0 g/kg of weight per day in
patients with early chronic kidney disease, and 0.8 g/
kg of weight per day in patients with advanced kidney
disease.

Il COMPARISONS AMONG DIETS

Studies comparing diets have reached varying con-
clusions and have been limited by inconsistent diet
definitions, small sample sizes, and high participant
dropout rates. A meta-analysis conducted by Ajala
et al” included 20 randomized controlled trials that
lasted 6 months or more with 3,073 individuals in
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the analysis. Low-carbohydrate, vegetarian, vegan,
low-glycemic, high-fiber, Mediterranean, and high-
protein diets were compared with low-fat, high-
glycemic, ADA, European Association for the Study
of Diabetes, and low-protein diets as controls. The
greatest weight loss occurred with the low-carbohy-
drate (—0.69 kg, P = .21) and Mediterranean diets
(—1.84 kg, P < .001). Compared with the control
diets, the greatest reductions in HbA 1¢ were with the
low-carbohydrate (—0.12%, P = .04), low-glycemic
(—0.14%, P = .008), Mediterranean (—0.47%, P <
.001), and high-protein diets (—0.28%, P < .001).
HDL-C levels increased in all the diets except the
high-protein diet.””

Il CONCLUSION

The optimal macronutrient intake for patients with
obesity and type 2 DM is unknown. Diets with
equivalent caloric intakes result in similar weight loss
and glucose control regardless of the macronutrient
contents. It is important that total caloric intake
be appropriate for weight management and glucose
control goals. The metabolic status of the patient as
determined by lipid profiles, and renal and liver func-
tion is the main driver for the macronutrient compo-
sition of the diet.

Current trends favor the low-carbohydrate, low-
glycemic, Mediterranean, and low-caloric intake
diets, though there is no evidence that one is best for
weight loss and optimal glycemic control in patients
with obesity and type 2 DM. Studies are limited by
varying definitions, high dropout rates, and poor
adherence. In addition, for many patients, weight
regain often follows successful short-term weight loss,
indicative of a low durability of results with many
diet interventions. Medical nutrition therapy and a
multidisciplinary lifestyle approach remain essential
components in managing weight and type 2 DM. The
ideal diet is one that achieves the best adherence
when tailored to a patient’s preferences, energy needs,
and health status.
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The essential role of exercise
in the management of type 2 diabetes

I ABSTRACT

Exercise is typically one of the first management strategies
advised for patients newly diagnosed with type 2
diabetes. Together with diet and behavior modification,
exercise is an essential component of all diabetes and
obesity prevention and lifestyle intervention programs.
Exercise training, whether aerobic or resistance training
or a combination, facilitates improved glucose regulation.
High-intensity interval training is also effective and has
the added benefit of being very time-efficient. While the
efficacy, scalability, and affordability of exercise for the
prevention and management of type 2 diabetes are well
established, sustainability of exercise recommendations
for patients remains elusive.

Il KEY POINTS

Exercise is often the first lifestyle recommendation made
to patients newly diagnosed with type 2 diabetes.

Together with diet and behavior modification, exercise is
central to effective lifestyle prevention and management
of type 2 diabetes.

All exercise, whether aerobic or resistance training or a
combination, facilitates improved glucose regulation.

In addition to the cardiovascular benefits, long-term
exercise promotes healthier skeletal muscle, adipose
tissue, and liver and pancreas function.

Exercise programs for patients with type 2 diabetes
should be of sufficient intensity and volume to maximize
the metabolic benefit while avoiding injury and cardio-
vascular risk.
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ype 2 diabetes has emerged as a major public
health and economic burden of the 21st cen-
tury. Recent statistics from the Centers for Dis-
ease Control and Prevention suggest that dia-
betes affects 29.1 million people in the United States,!
and the International Diabetes Federation estimates
diabetes effects 366 million people worldwide.?

As these shocking numbers continue to increase,
the cost of caring for patients with diabetes is plac-
ing enormous strain on the economies of the US
and other countries. In order to manage and treat a
disease on the scale of diabetes, the approaches need
to be efficacious, sustainable, scalable, and affordable.

Of all the treatment options available, including
multiple new medications and bariatric surgery (for
patients who meet the criteria, discussed elsewhere
in this supplement),’” exercise as part of a lifestyle
approach® is a strategy that meets the majority of
these criteria.

The health benefits of exercise have a long and
storied history. Hippocrates, the father of scientific
medicine, was the first physician on record to rec-
ognize the value of exercise for a patient with “con-
sumption.”” Today, exercise is recommended as one
of the first management strategies for patients newly
diagnosed with type 2 diabetes and, together with
diet and behavior modification, is a central compo-
nent of all type 2 diabetes and obesity prevention
programs.

The evidence base for the efficacy, scalability, and
affordability of exercise includes multiple large ran-
domized controlled trials; and these data were used
to create the recently updated exercise guidelines for
the prevention and treatment of type 2 diabetes, pub-
lished by the American Diabetes Association (ADA),
American College of Sports Medicine (ACSM), and
other national organizations.®!°

Herein, we highlight the literature surrounding the
metabolic effects and clinical outcomes in patients
with type 2 diabetes following exercise interven-
tion, and point to future directions for translational
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TABLE 1
American Diabetes Association recommendations
for exercise in type 2 diabetes

Aerobic exercise: At least 150 minutes/week of moderate
to vigorous exercise

e Spread over 3 to 7 days/week, with no more than 2
consecutive days between exercise bouts

e Daily exercise is suggested to maximize insulin action

o Shorter durations (at least 75 minutes/week) of vigorous-
intensity or interval training may be sufficient for younger
and more physically fit patients

e May be performed continuously, or as high-intensity interval
training

Resistance exercise: Progressive moderate to vigorous
resistance training should be completed 2 to 3 times/
week on nonconsecutive days

o At least 8 to 10 exercises, with completion of 1 to 3 sets of
10 to 15 repetitions

Flexibility and balance training are recommended 2 to 3
times/week for older adults

Participation in supervised training programs is recom-
mended to maximize health benefits of exercise in type
2 diabetes

Data from Colberg et al.'®

research in the field of exercise and diabetes.

It is known that adults who maintain a physically
active lifestyle can reduce their risk of developing
impaired glucose tolerance, insulin resistance, and
type 2 diabetes.® It has also been established that low
cardiovascular fitness is a strong and independent
predictor of all-cause mortality in patients with type
2 diabetes.!"!? Indeed, patients with diabetes are 2 to
4 times more likely than healthy individuals to suf-
fer from cardiovascular disease, due to the metabolic
complexity and underlying comorbidities of type 2
diabetes including obesity, insulin resistance, dyslip-
idemia, hyperglycemia, and hypertension.!*!*

Additionally, elevated hemoglobin Alc (HbAlc)
levels are predictive of vascular complications in
patients with diabetes, and regular exercise has been
shown to reduce HbAlc levels, both alone and in
conjunction with dietary intervention. In a meta-
analysis of 9 randomized trials comprising 266 adults
with type 2 diabetes, patients randomized to 20 weeks
of regular exercise at 50% to 75% of their maximal
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aerobic capacity (VO, ) demonstrated marked
improvements in HbAlc and cardiorespiratory fit-
ness.!! Importantly, larger reductions in HbAlc
were observed with more intense exercise, reflecting
greater improvements in blood glucose control with
increasing exercise intensity.

In addition to greater energy expenditure, which
aids in reversing obesity-associated type 2 diabetes,
exercise also boosts insulin action through short-
term effects, mainly via insulin-independent glucose
transport. For example, our laboratory and others
have shown that as little as 7 days of vigorous aero-
bic exercise training in adults with type 2 diabetes
results in improved glycemic control, without any
effect on body weight.">! Specifically, we observed
decreased fasting plasma insulin, a 45% increase in
insulin-stimulated glucose disposal, and suppressed
hepatic glucose production (HGP) during carefully
controlled euglycemic hyperinsulinemic clamps.

Although the metabolic benefits of exercise are
striking, the effects are short-lived and begin to fade
within 48 to 96 hours.!” Therefore, an ongoing exer-
cise program is required to maintain the favorable
metabolic milieu that can be derived through exercise.

M EXERCISE MODALITIES

Aerobic exercise

The vast majority of the literature about the effects
of exercise on glycemic parameters in type 2 diabetes
has been centered on interventions involving aero-
bic exercise. Aerobic exercise consists of continuous,
rhythmic movement of large muscle groups, such as in
walking, jogging, and cycling. The most recent ADA
guidelines state that individual sessions of aerobic
activity should ideally last at least 30 minutes per day
and be performed 3 to 7 days of the week (Table 1).'
Moderate to vigorous (65%-90% of maximum heart
rate) aerobic exercise training improves VO, and
cardiac output, which are associated with substan-
tially reduced cardiovascular and overall mortality
risk in patients with type 2 diabetes."”

Notably, aerobic exercise is a well-established way
to improve HbAlc, and strong evidence exists with
regard to the effects of aerobic activity on weight loss
and the enhanced regulation of lipid and lipoprotein
metabolism.® For example, in a 2007 report, 6 months
of aerobic exercise training in 60 adults with type 2
diabetes led to reductions in HbAlc (—0.63% + 0.41
vs 0.31% + 0.10, P < .001), fasting plasma glucose
(—18.6 mg/dL + 4.4 vs 4.28 mg/dL + 2.57, P < .001),
insulin resistance (—1.52 + 0.6 vs 0.56 + 0.44, P =

.023; as measured by homeostatic model assessment),
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fasting insulin (—2.91 mU/L + 0.4 vs 0.94 mU/L +
0.21, P = .031), and systolic blood pressure (—6.9 mm
Hg +5.19 vs 1.22 mm Hg + 1.09, P = .010) compared
with the control group.'

Furthermore, meta-analyses reviewing the benefits
of aerobic activity for patients with type 2 diabe-
tes have repeatedly confirmed that compared with
patients in sedentary control groups, aerobic exercise
improves glycemic control, insulin sensitivity, oxida-
tive capacity, and important related metabolic param-
eters.'! Taken together, there is ample evidence that
aerobic exercise is a tried-and-true exercise modality
for managing and preventing type 2 diabetes.

Resistance training

During the last 2 decades, resistance training has gained
considerable recognition as a viable exercise training
option for patients with type 2 diabetes. Synonymous
with strength training, resistance exercise involves
movements utilizing free weights, weight machines,
body weight exercises, or elastic resistance bands.
Primary outcomes in studies evaluating the effects
of resistance training in type 2 diabetes have found
improvements that range from 10% to 15% in
strength, bone mineral density, blood pressure, lipid
profiles, cardiovascular health, insulin sensitivity,
and muscle mass.'®° Furthermore, because of the
increased prevalence of type 2 diabetes with aging,
coupled with age-related decline in muscle mass,
known as sarcopenia,?' resistance training can pro-
vide additional health benefits in older adults.
Dunstan et al*! reported a threefold greater reduc-
tion in HbA 1¢ in patients with type 2 diabetes ages 60
to 80 compared with nonexercising patients in a con-
trol group. They also noted an increase in lean body
mass in the resistance-training group, while those in
the nonexercising control group lost lean mass after 6
months. In a shorter, 8-week circuit weight training
study performed by the same research group, patients
with type 2 diabetes had improved glucose and insu-
lin responses during an oral glucose tolerance test.??
These findings support the use of resistance training
as part of a diabetes management plan. In addition,
key opinion leaders advocate that the resistance-
training-induced increase in skeletal muscle mass
and the associated reductions in HbA1c may indicate
that skeletal muscle is a “sink” for glucose; thus, the
improved glycemic control in response to resistance
training may be at least in part the result of enhanced
muscle glycogen storage.?'??
Based on increasing evidence supporting the role
of resistance training in glycemic control, the ADA
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and ACSM recently updated their exercise guidelines
for treatment and prevention of type 2 diabetes to
include resistance training.’

Combining aerobic and resistance training

The combination of aerobic and resistance training,
as recommended by current ADA guidelines, may be
the most effective exercise modality for controlling
glucose and lipids in type 2 diabetes.

Cuff et al* evaluated whether a combined train-
ing program could improve insulin sensitivity beyond
that of aerobic exercise alone in 28 postmenopausal
women with type 2 diabetes. Indeed, 16 weeks of
combined training led to significantly increased insu-
lin-mediated glucose uptake compared with a group
performing only aerobic exercise, reflecting greater
insulin sensitivity.

Balducci et al®® demonstrated that combined aero-
bic and resistance training markedly improved HbA 1c
(from 8.31% + 1.73 to 7.1% = 1.16, P < .001) com-
pared with the control group and globally improved
risk factors for cardiovascular disease, supporting the
notion that combined training for patients with type
2 diabetes may have additive benefits.

Of note, Snowling and Hopkins*® performed a
head-to-head meta-analysis of 27 controlled trials on
the metabolic effects of aerobic, resistance, and com-
bination training in a total of 1,003 patients with dia-
betes. All 3 exercise modes provided favorable effects
on HbAlc, fasting and postprandial glucose levels,
insulin sensitivity, and fasting insulin levels, and the
differences between exercise modalities were trivial.

In contrast, Schwingshackl and colleagues?’ per-
formed a systematic review of 14 randomized con-
trolled trials for the same 3 exercise modalities in
915 adults with diabetes and reported that combined
training produced a significantly greater reduction in
HbA1c than aerobic or resistance training alone.

Future research is necessary to quantify the addi-
tive and synergistic clinical benefits of combined
exercise compared with aerobic or resistance train-
ing regimens alone; however, evidence suggests that
combination exercise may be the optimal strategy for
managing diabetes.

High-intensity interval training

High-intensity interval training (HIIT) has emerged
as one of the fastest growing exercise programs in
recent years. HIIT consists of 4 to 6 repeated, short
(30-second) bouts of maximal effort interspersed
with brief periods (30 to 60 seconds) of rest or active
recovery. Exercise is typically performed on a station-
ary bike, and a single session lasts about 10 minutes.
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FIGURE 1. Tissue-specific metabolic effects of exercise in patients with type 2 diabetes.

HIIT increases skeletal muscle oxidative capacity,
glycemic control, and insulin sensitivity in adults with
type 2 diabetes.®” A recent meta-analysis that quan-
tified the effects of HIIT programs on glucose regula-
tion and insulin resistance reported superior effects for
HIIT compared with aerobic training or no exercise as
a control.”® Specifically, in 50 trials with interventions
lasting at least 2 weeks, participants in HIIT groups
had a 0.19% decrease in HbAlc and a 1.3-kg decrease
in body weight compared with control groups.

Alternative high-intensity exercise programs have
also emerged in recent years such as CrossFit, which
we evaluated in a group of 12 patients with type 2 dia-
betes. Our proof-of-concept study found that a 6-week
CrossFit program reduced body fat, diastolic blood
pressure, lipids, and metabolic syndrome Z-score, and
increased insulin sensitivity to glucose, basal fat oxida-
tion, VO, , and high-molecular-weight adiponectin.”
HIIT appears to be another effective way to improve
metabolic health; and for patients with type 2 diabetes
who can tolerate HIIT, it may be a time-efficient, alter-
native approach to continuous aerobic exercise.

I BENEFITS OF EXERCISE FOR SPECIFIC
METABOLIC TISSUES

Within 5 years of the discovery of insulin by Banting
and Best in 1921, the first report of exercise-induced
improvements in insulin action was published,
though the specific cellular and molecular mecha-
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Following a meal, skeletal muscle is
the primary site for glucose disposal
and uptake. Peripheral insulin resis-
tance originating in skeletal muscle
is a major driver for the development
and progression of type 2 diabetes.

Exercise enhances skeletal muscle
glucose uptake using both insulin-dependent and
insulin-independent mechanisms, and regular exer-
cise results in sustained improvements in insulin sen-
sitivity and glucose disposal.*?

Of note, acute bouts of exercise can also tempo-
rarily enhance glucose uptake by the skeletal muscle
up to fivefold via increased (insulin-independent)
glucose transport.”> As this transient effect fades,
it is replaced by increased insulin sensitivity, and
over time, these 2 adaptations to exercise result in
improvements in both the insulin responsiveness and
insulin sensitivity of skeletal muscle.’*

The fuel-sensing enzyme adenosine monophos-
phate-activated protein kinase (AMPK) is the major
insulin-independent regulator of glucose uptake, and
its activation in skeletal muscle by exercise induces
glucose transport, lipid and protein synthesis, and
nutrient metabolism.”> AMPK remains transiently
activated after exercise and regulates several down-
stream targets involved in mitochondrial biogenesis
and function and oxidative capacity.’

In this regard, aerobic training has been shown to
increase skeletal muscle mitochondrial content and
oxidative enzymes, resulting in dramatic improvements
in glucose and fatty acid oxidation'® and increased
expression of proteins involved in insulin signaling.””

Adipose tissue
Exercise confers numerous positive effects in adipose
tissue, namely, reduced fat mass, enhanced insulin
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sensitivity, and decreased inflammation. Chronic
low-grade inflammation has been integrally linked to
type 2 diabetes and increases the risk of cardiovascu-
lar disease.”

Several inflammatory adipokines have emerged as
novel predictors for the development of atherosclero-
sis, and fat-cell enlargement from excessive caloric
intake leads to increased production of pro-inflamma-
tory cytokines, altered adipokine secretion, increased
circulating fatty acids, and lipotoxicity concomitant
with insulin resistance.®

[t has been suggested that exercise may suppress
cytokine production through reduced inflammatory
cell infiltration and improved adipocyte function.*!
Levels of the key pro-inflammatory marker C-reac-
tive protein is markedly reduced by exercise,'** and
normalization of adipokine signaling and related
cytokine secretion has been validated for multiple
exercise modalities.*

Moreover, Ibafiez et al** demonstrated that in addi-
tion to significant improvements in insulin sensitiv-
ity, resistance exercise training reduced visceral and
subcutaneous fat mass in patients with type 2 diabetes.

Liver

The liver regulates fasting glucose through gluconeo-
genesis and glycogen storage. The liver is also the
primary site of action for pancreatic hormones during
the transition from pre- to postprandial states.

As with skeletal muscle and adipose tissue, insulin
resistance is also present within the liver in patients
with type 2 diabetes. Specifically, impaired suppres-
sion of HGP by insulin is a hallmark of type 2 diabe-
tes, leading to sustained hyperglycemia.*

Approaches using fasting measures of glucose and
insulin do not distinguish between peripheral and
hepatic insulin resistance.* Instead, hepatic insulin
sensitivity and HGP are best assessed by the hyper-
insulinemic-euglycemic clamp technique, along with
isotopic glucose tracers.!®

Although more elaborate, magnetic resonance
spectroscopy may also be used to assess intrahepatic
lipid content, as its accumulation has been shown to
drive hepatic insulin resistance.* Indirect measures
of hepatic dysfunction may be made from increased
levels of the circulating hepatic enzymes alkaline
phosphatase, alanine transaminase, and aspartate
transaminase. '

From an exercise perspective, we have shown that
7 days of aerobic training, in the absence of weight
loss, improves hepatic insulin sensitivity."® It has also
been shown that hepatic AMPK is stimulated during
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exercise, suggesting that an AMPK-induced adaptive
response to exercise may facilitate improved suppres-
sion of HGP# We have also shown that a longer
12-week aerobic exercise intervention reduces hepatic
insulin resistance, with and without restricted caloric
intake.*® Further, HGP correlated with reduced vis-
ceral fat, suggesting that this fat depot may play an
important mechanistic role in improved hepatic
function.

Pancreas
Insulin resistance in adipose tissue, muscle, or the
liver places greater demand on insulin secretion from
pancreatic beta cells. For many, this hypersecretory
state is unsustainable, and the subsequent loss of beta-
cell function marks the onset of type 2 diabetes.
Fasting plasma glucose, insulin, and glucagon levels
are generally poor indicators of beta-cell function.
Clinical research studies typically use the oral
glucose tolerance test and hyperglycemic clamp
technique to more accurately measure the dynamic
regulation of glucose homeostasis by the pancreas.*
However, few studies have examined the effects of
exercise on beta-cell function in type 2 diabetes.
Dela and colleagues’ showed that 3 months of
aerobic training improved beta-cell function in type
2 diabetes, but only in those who had some residual
function and were less severely diabetic. We have
shown that a 12-week aerobic exercise intervention
improves beta-cell function in older obese adults and
in patients with type 2 diabetes.’>” We have also
found that improvements in glycemic control that
occur with exercise are better predicted by changes
in insulin secretion as opposed to peripheral insulin
sensitivity.’* It has also been shown that a relatively
short (8-week) HIIT program improved beta-cell
function in patients with type 2 diabetes.”®> And we
recently found that a 6-week CrossFit training pro-

gram improved beta-cell function in adults with type
2 diabetes.*®

Il SUMMARY, CONCLUSIONS,
AND FUTURE DIRECTIONS

Regular exercise produces health benefits beyond
improvements in cardiovascular fitness. These
include enhanced glycemic control, insulin signaling,
and blood lipids, as well as reduced low-grade inflam-
mation, improved vascular function, and weight loss.

Both aerobic and resistance training programs
promote healthier skeletal muscle, adipose tissue,
liver, and pancreatic function.!® Greater whole-body
insulin sensitivity is seen immediately after exercise
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and persists for up to 96 hours. While a discrete bout
of exercise provides substantial metabolic benefits in
diabetic cohorts, maintenance of glucose control and
insulin sensitivity are maximized by physiologic adap-
tations that only occur with weeks, months, and years
of exercise training.>*

Exercise intensity,!! volume, and frequency’® are
associated with reductions in HbAlc; however, a
consensus has not been reached on whether one is a
better determinant than the other.

The most important consideration when recom-
mending exercise to patients with type 2 diabetes is
that the intensity and volume be optimized for the
greatest metabolic benefit while avoiding injury or
cardiovascular risk. In general, the risk of exercise-
induced adverse events is low, even in adults with
type 2 diabetes, and there is no current evidence that
screening procedures beyond usual diabetes care are
needed to safely prescribe exercise in asymptomatic
patients in this population.!®

Future clinical research in this area will provide
a broader appreciation for the interactions (positive
and negative) between exercise and diabetes medica-
tions, the synergy between exercise and bariatric sur-
gery, and the potential to use exercise to reduce the
health burden of diabetes complications, including
nephropathy, retinopathy, neuropathy, and periph-
eral arterial disease.

Moreover, basic research will likely identify the
detailed molecular defects that contribute to diabetes
in insulin-targeted tissues. The emerging science sur-
rounding cytokines, adipokines, myokines, and, most
recently, exerkines is likely to deepen our understand-
ing of the mechanistic links between exercise and
diabetes management.

Finally, although we have ample evidence that
exercise is an effective, scalable, and affordable
approach to prevent and manage type 2 diabetes, we
still need to overcome the challenge of discovering
how to make exercise sustainable for patients.
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Optimizing diabetes treatment
in the presence of obesity

I ABSTRACT

Evidence of a neurophysiologic mechanism that involves
hormones from adipocytes, pancreatic islet cells, and
the gastrointestinal tract implicated in both obesity and
diabetes has led to a search for drugs that not only either
target obesity and diabetes or reduce hemoglobin Alc,
but also have weight loss as a potential side effect. The
authors review medications approved for the treatment
of type 2 diabetes mellitus (including pramlintide, also
approved for type 1 diabetes) that also have weight loss
as a side effect. Drugs discussed include glucagon-like
peptide-1 (GLP-1) receptor agonists, sodium-glucose
cotransporter-2 (SGLT-2) inhibitors, neuroendocrine
peptide hormones, alpha-glucosidase inhibitors, and
metformin. Where appropriate, the authors comment on
the cardiovascular effects of these drugs.

Il KEY POINTS

The rationale for GLP-1 receptor agonists is that peripheral
GLP-1 activates a cascade of centrally mediated signals
that ultimately result in secretion of insulin by the
pancreas and slowing of gastrointestinal motility. It also
exerts an anorexic effect by acting on central pathways
that mediate satiation.

SGLT-2 inhibitors have relatively weak glycemic efficacy.
Inhibition of SGLT-2 alleviates hyperglycemia by decreas-
ing glucose reabsorption in the kidneys and by increasing
excretion in the urine, suggesting urinary loss of glucose
(and hence caloric loss). This is thought to contribute to
weight reduction in addition to initial weight loss from
fluid loss due to osmotic diuresis.

Meta-analyses so far have shown that alpha-glucosidase
inhibitors have either a neutral or a beneficial effect on
body weight.

Both authors reported no financial interests or relationships that pose a potential
conflict of interest with this article.

doi:10.3949/ccjm.84.51.04
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iabesity was a term coined by Sims et al’

in the 1970s to describe diabetes occurring

in the setting of obesity. Today, the link

between type 2 diabetes mellitus (DM),
obesity, and insulin resistance is well recognized, and
80% of people with type 2 DM are overweight or
obese.?? Unfortunately, weight gain is a known side
effect of most agents used to treat type 2 DM (eg,
insulin, sulfonylureas, thiazolidinediones), and this
often leads to nonadherence, poor glycemic control,
and further weight gain.

During the past several years, evidence has emerged
of a neurophysiologic mechanism that involves hor-
mones from adipocytes, pancreatic islet cells, and
the gastrointestinal tract implicated in both obesity
and diabetes.? This has led to research for drugs that
not only either target obesity and diabetes or reduce
hemoglobin Alc (HbAlc), but also have weight loss
as a potential side effect.

In this paper, we review medications approved for
the treatment of type 2 DM (including pramlintide,
also approved for type 1 DM) that also have weight
loss as a side effect. Drugs we will discuss include
glucagon-like peptide-1 (GLP-1) receptor agonists,
sodium-glucose cotransporter-2 (SGLT-2) inhibitors,
neuroendocrine peptide hormones, alpha-glucosidase
inhibitors, and metformin. Where appropriate, we
also comment on the effects of the drugs on cardio-
vascular outcomes.

B GLP-1 RECEPTOR AGONISTS

Mechanism of action

GLP-1 is a hormone produced from the proglucagon
gene in the alpha cells of the pancreas, in the L cells
of intestinal mucosa (predominantly in the ileum and
distal colon), and in structures of the nervous system
including the brainstem, hypothalamus, and vagal
afferent nerves.* Food in the gastrointestinal tract,
especially if high in fats and carbohydrates, stimu-
lates secretion of GLP-1 in the L cells, which in turn
amplifies insulin secretion in a glucose-dependent
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manner (the incretin effect).* Gluca-
gon secretion is inhibited by GLP-1
during times of hyperglycemia but

TABLE 1

Sites of action and physiologic effects of glucagon-like peptide-1

not hypoglycemia, thereby prevent-

ing inappropriately high levels of Site of action

Physiologic effects Remarks

the hormone.” Peripheral GLP-1
activates a cascade of centrally medi-
ated signals that ultimately result in
secretion of insulin by the pancreas
and slowing of gastrointestinal motil-
ity.” Lastly, GLP-1 exerts an anorexic
effect by acting on central pathways
that mediate satiation.®

Pancreas

Vagal afferent
neurons

system

Central nervous

These actions are
glucose-dependent
Effects mediated via vagal

signaling to the gastroin-
testinal tract and the

Stimulates insulin secretion
Inhibits glucagon secretion
Slows gastric emptying
Decreases gastric acid secretion
Stimulates pancreatic insulin

secretion pancreas
Suppresses appetite and Satiety and reward centers
reduces food intake of the brain

Recent studies suggest that GLP-1
receptor agonist drugs have prolifera-
tive, anti-apoptotic, and differentia-
tion effects on pancreatic beta cells,
thereby leading to improved glycemic control.” Table
1 summarizes the sites of action and physiologic effects
of GLP-1.7

Bioactive forms of GLP-1 are rapidly degraded in
the circulation by the dipeptidyl peptidase-4 enzyme.
GLP-1 receptor agonists have slightly altered molecu-
lar structure and longer duration of action than native
GLP-1. Short-acting GLP-1 agonists (eg, exenatide,
lixisenatide) have more effect on gastric emptying
and lower postprandial blood glucose levels, whereas
long-acting GLP-1 agonists (eg, liraglutide, albig-
lutide, dulaglutide, semaglutide, exenatide) have a
greater effect on fasting glucose levels.*

Effects on HbA1c and weight loss

As a class, GLP-1 receptor agonists have been proven
to cause significant reduction in HbAlc levels. In
a meta-analysis of 17 randomized controlled trials
involving patients with type 2 DM with subopti-
mal control on 1 or 2 oral agents, GLP-1 agonists
decreased HbAlc levels by 1% (treatment differ-
ence 0.5% to 1.6%) compared with placebo.®* HbAlc
reductions from each GLP-1 agonist along with dos-
ing, administration, and weight loss benefit are shown
in Table 2.9-14

Of the current GLP-1 agonists, exenatide and
liraglutide have been on the market the longest, thus
studied more in terms of weight reduction.

Exenatide. Exenatide BID was the first GLP-1 ago-
nist, approved by the US Food and Drug Administra-
tion (FDA) in 2005 for the treatment of type 2 DM.
In a 30-week triple-blind, placebo-controlled study
of 336 patients already on background therapy with
metformin, progressive weight loss was noted with
exenatide 5 pg (—1.6 + 0.4 kg) and exenatide 10 pg

CLEVELAND CLINIC JOURNAL OF MEDICINE

Based on data from lepsen et al.”

(—2.8 + 0.5 kg) compared with placebo (—0.3 + 0.3
kg; P <.001)."> A meta-analysis of 14 trials with 2,583
patients showed significant weight reduction with
both exenatide 5 ng twice daily (a difference of —0.56
kg, 95% confidence interval [CI] —1.07 to —0.06, P
= .0002) in 8 trials and exenatide 10 pg twice daily
(a difference of —1.24 kg, 95% CI —1.69 to —0.78,
P < .001) in 12 trials, after treatment for more than
16 weeks.'®

Liraglutide. Liraglutide has a longer half-life than
exenatide and is administered once daily. It is not a
first-line therapy for type 2 DM and is recommended
as an add-on. Approved daily doses for type 2 DM are
1.2 mg and 1.8 mg.

Multiple studies of glycemic control and weight loss
with liraglutide have been conducted since its intro-
duction to the US market in 2010. In the Liraglutide
Effect and Action in Diabetes (LEAD) series of tri-
als, liraglutide use as monotherapy or in combination
with oral agents was associated with significant dose-
dependent weight loss.!” Liraglutide monotherapy (at
1.2 mg and 1.8 mg) compared with glimepiride in the
LEAD-3 trial led to significant weight reduction (2.1
kg and 2.5 kg, respectively, P < .001) after 16 weeks,
and was sustained up to 52 weeks.!® Addition of lira-
glutide (at 1.2 mg and 1.8 mg) to metformin plus
rosiglitazone resulted in significant weight loss (1.02
kg and 2.02 kg, respectively) whereas the addition
of placebo caused a 0.6-kg weight gain (P < .001)."”
The SCALE study randomized 846 adults with type 2
DM who were overweight to obese (body mass index
[BMI] > 27 kg/m?), were taking O to 3 oral antihyper-
glycemic agents (metformin, thiazolidinedione, and
a sulfonylurea), and had stable body weight and an
HbA1c of 7% to 10% to liraglutide 1.8 mg, liraglutide
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TABLE 2

Currently approved glucagon-like peptide-1 receptor agonists for diabetes mellitus

Generic name

Hemoglobin A1c Weight change

(Brand name) Administration? Dose reduction (%) (kg)
Exenatide BID Within 60 minutes before breakfast and dinner 5 pg BID 0.5t 0.7 -1.1t0-2.7
(Byetta)® 10 pg BID 0.7 to-1.7 -1.5t0-2.9
Liraglutide Once daily at any time of day 0.6 mg QD
(Victoza)'® 1.2mg QD 0.8to 1.1 +0.3t0-2.6
1.8 mg QD 05t0 1.5 -0.2t0-2.8
Exenatide QW Once every 7 days at any time of day 2 mg QW 13t01.6 -2.0to-2.7
(Bydureon)™
Albiglutide Once every 7 days at any time of day 30 mg QW 0.7t00.8 -0.4t0-1.2
(Tanzeum)' 50 mg QW 0.6 t0 0.9
Dulaglutide Once weekly at any time of day 0.75 mg QW 0.7t0 1.6 +0.2t0-2.8
(Trulicity)' 1.5 mg QW 0.8t01.6 -0.9to-3.1
Lixisenatide Within 60 minutes before main meal 10 ug QD 0.6t00.9 +0.31 to 2.7
(Adlyxin)™ 20 pg QD

2 All drugs administered by subcutaneous injection.
BID = twice daily; QD = once daily; QW = once every 7 days

3.0 mg, or placebo. Mean weight loss after 56 weeks
was 6.0% (6.4 kg) with liraglutide 1.8 mg, 4.7% (5.0
kg) with liraglutide 3.0 mg, and 2.0% (2.2 kg) with
placebo.?®

In 2016, high-dose once-daily liraglutide 3.0 mg
(Saxenda) was approved by the FDA for weight loss.
In a double-blind randomized trial of liraglutide 3.0
mg vs placebo in patients who had a BMI of at least
30 or who had a BMI of at least 27 plus treated or
untreated dyslipidemia or hypertension, Pi-Sunyer et
al*! reported a mean weight reduction of 8.4 + 7.3
kg with liraglutide vs 2.8 + 6.5 kg with placebo (a
difference of —5.6 kg, 95% CI —6.0 to —5.1, P <
.001) after 56 weeks. Furthermore, 63.2% of patients
in the liraglutide group lost at least 5% of body weight
vs 27.1% with placebo, and 33.1% in the liraglutide
group lost 10% or more of body weight vs 10.6% in
the placebo group (P < .001).2! Of note, liraglutide
3.0 mg is not indicated for type 2 DM per se.

In a 2012 meta-analysis of randomized controlled
trials of adults with and without type 2 DM, with a
BMI of 25 or greater, and who received GLP-1 recep-
tor agonists at clinically relevant doses (exenatide >
10 pg/day, exenatide > 2 mg/week, or liraglutide > 1.2
mg/day), those taking GLP-1 receptor agonists had
more weight loss than those on a control interven-
tion (oral antihyperglycemic, insulin, or placebo) at a
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Data based on package inserts.>'*

minimum of 20 weeks, with a weighted mean differ-
ence —2.9 kg (95% CI —3.6 to —2.2) in 21 trials and
6,411 participants.”

GLP-1 agonists currently being investigated for
obesity treatment are lixisenatide, albiglutide, taspo-
glutide, and oxyntomodulin.”

Cardiovascular outcomes

The presence of GLP-1 receptors in blood vessels and
myocardium has led to the hypothesis that GLP-1
receptor agonists can improve cardiovascular disease
outcomes.”* In the pivotal Liraglutide Effect and
Action in Diabetes: Evaluation of Cardiovascular
Outcome Results (LEADER) trial, 9,340 patients
with type 2 DM and increased cardiovascular disease
risk were randomized to liraglutide vs placebo.” The
hazard ratio (HR) for time to the primary end point of
cardiovascular death, nonfatal myocardial infarction,
or nonfatal stroke was 0.87 (P = .01 for superiority,
P < .001 for noninferiority) for liraglutide compared
with placebo after 3.8 years. The incidence of death
from any cause or cardiovascular cause was also lower
with liraglutide.”

Adverse effects

Tolerable transient nausea and vomiting are reported
adverse effects; these symptoms occur early in ther-
apy, usually resolve in 4 to 8 weeks, and appear to
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be associated with greater weight loss.?® Although no
causal relationship between GLP-1 receptor agonist
use and pancreatitis or pancreatic cancer has been
established to date, several cases of acute pancreatitis
have been reported.”” Alternative therapies should be
considered in patients with a history of or risk factors
for pancreatitis.

Combined with insulin

A product that combines insulin glargine and lix-
isenatide (Soliqua) is FDA-approved for patients
with type 2 DM. In a 30-week randomized controlled
trial of the combination product vs insulin glargine
alone in patients with type 2 DM not controlled on
basal insulin with or without up to 2 oral agents, the
combination product resulted in an HbA1c reduction
from baseline of 1.1% vs 0.6% for insulin glargine
alone (P < .001).?” Mean body weight decreased by
0.7 kg with the combination product and increased
by 0.7 kg with insulin glargine (P < .001).7 In a
24-week study of a lixisenatide-insulin glargine com-
bination vs insulin glargine in insulin-naive patients
taking metformin, there was a reduction in HbAlc
of about —1.7% from baseline in both groups, while
the combination group had a 1-kg weight reduction
compared with a 0.5-kg weight increase in the insulin
glargine group (P < .001).%8

Il SGLT-2 INHIBITORS

Mechanism of action

In a healthy normoglycemic person, about 180 g of
glucose per day is filtered into the glomerular filtrate
and reabsorbed into the circulation.”” SGLT-2 facili-
tates the reabsorption of glucose in the proximal con-
voluted tubule of the kidneys. Approximately 90% of
glucose reabsorption is mediated by SGLT-2 found
in the S1 and S2 segments of the proximal convo-
luted tubule, and the remaining 10% by SGLT-1
in the S3 segment. At serum glucose levels above
180 g, the reabsorptive capacity of the nephron is
overwhelmed, resulting in glycosuria.*® SGLT-2
expression is also increased in patients with diabetes,
thus leading to increased glucose reabsorption into
the circulation, further contributing to hyperglyce-
mia.’® Inhibition of SGLT-2 alleviates hyperglycemia
by decreasing glucose reabsorption (30% to 50%
of filtered glucose) in the kidneys and by increas-
ing excretion (50 mg to 80 mg of glucose) in the
urine.’! SGLT-2 inhibitors currently FDA-approved
are canagliflozin (Invokana), dapagliflozin (Farxiga),
and empagliflozin (Jardiance).

CLEVELAND CLINIC JOURNAL OF MEDICINE

HbA1c

SGLT-2 inhibitors have relatively weak glycemic
efficacy. A meta-analysis of SGLT-2 inhibitors vs
other antidiabetic medications or placebo found that
SGLT-2 inhibitors appeared to have a “favorable
effect” on HbAlc, with a mean difference vs placebo
of —0.66% (95% CI —0.73% to —0.58%) and a mean

difference vs other antihyperglycemic medications of

—0.06% (95% CI 0.18% to 0.05%).*

Weight loss

The same meta-analysis found that SGLT-2 inhibitors
reduced body weight (mean difference —1.8 kg, 95%
CI —3.50 kg to —0.11 kg).”* And in a randomized con-
trolled trial, monotherapy with canagliflozin 100 mg/
day and 300 mg/day resulted in body weight reduction
of 2.2% (1.9 kg) and 3.3% (—2.9 kg), respectively,
after 26 weeks.”” A Japanese study showed a dose-
related total body weight loss with empagliflozin vs
placebo ranging from 2.5 + 0.2 kg (5-mg dose) to 3.1
+ 0.2 kg (50-mg dose) after 12 weeks.** Bolinder et al®®
reported that adding dapagliflozin 10 mg to metformin
in patients with type 2 DM reduced total body weight
by —2.96 kg (95% CI —3.51 to —2.41, P < .001) at
week 24. Whole-body dual-energy x-ray absorptiom-
etry and magnetic resonance imaging findings in this
study revealed a decrease in fat mass and visceral and
subcutaneous adipose tissue after treatment with dapa-
gliflozin, thus suggesting urinary loss of glucose (and
hence caloric loss) contributing to weight reduction
in addition to initial weight loss from fluid loss due to
osmotic diuresis.”®> A continuous decline in total body
weight was observed in a 78-week extension study
resulting in —4.54 kg (95% CI —5.43 to —3.66 kg) at
week 102, along with further reduction in total body fat
mass as measured by dual-energy x-ray absorptiometry.*®

Cardiovascular outcomes

The landmark study Empagliflozin, Cardiovascular
Outcomes and Mortality in Type 2 Diabetes (EMPA-
REG) involving 7,020 patients was the first large
cardiovascular outcomes trial in patients with type 2
DM and overt cardiovascular disease. A relative risk
reduction of 14% (12.1% to 10.5%, HR 0.86, 95% CI
0.74 to 0.99) in major adverse cardiovascular events
(cardiovascular death, nonfatal myocardial infarction,
and nonfatal stroke) was observed with empagliflozin.’?
Rates of all-cause mortality and hospitalization for
heart failure relative risk reductions were 32% (8.3%
to 5.7%; HR 0.68 [0.57, 0.8]) and 35% (4.1% to 2.7%;
HR 0.65 [0.50, 0.85]), respectively, with empagliflozin.
The mechanism behind this cardiovascular benefit is
unknown but is currently being explored.’?

VOLUME 84 ¢ SUPPLEMENT 1 JULY 2017  S25



DIABETES TREATMENT WITH OBESITY

Adverse effects

Increased risk of urinary tract and genital infections
are known adverse effects of SGLT-2s. Other effects
noted include postural hypotension from volume
depletion and a transient increase in serum creatinine
and decrease in glomerular filtration.?

I NEUROENDOCRINE PEPTIDE HORMONE:
AMYLIN ANALOGUES

Mechanism of action

Amylin is a 37-amino-acid neuroendocrine peptide
hormone secreted primarily by pancreatic beta cells.
[t promotes early satiety, and its anorexigenic effects
are mediated by its action on the neurons of the area
postrema in the brain.*® After a meal, amylin decreases
gastric acid secretion and slows gastric emptying. It is
co-secreted with insulin in a 1:20 amylin-to-insulin
ratio and inhibits glucagon secretion via a centrally
mediated mechanism.”

Pramlintide (Symlin) is an amylin analogue admin-
istered subcutaneously immediately before major
meals. It decreases postprandial glucose levels and has
been approved by the FDA as an adjunct to prandial
insulin in patients with type 1 and type 2 DM.%

HbA1c

Amylin secretion is impaired in type 1 and type 2 DM,
and small but significant reductions in HbAlc have
been observed with addition of pramlintide to usual
insulin regimens. In patients with type 1 DM, HbAlc
levels were reduced by 0.4% to 0.6% after 26 weeks
on 30 pg 3 times daily to 60 pg 4 times daily of pram-
lintide added to insulin.*** And pramlintide 120 pg
added to usual antihyperglycemic therapy in patients
with type 2 DM has been reported to decrease HbAlc
by 0.7% at week 16 or 26.9:4

Weight loss
A meta-analysis of 8 randomized controlled trials
assessed the effects of pramlintide on glycemic con-
trol and weight in patients with type 2 DM treated
with insulin and in obese patients without diabetes.*
In these trials, patients took at least 120 pg of pram-
lintide before 2 to 3 meals for at least 12 weeks; a
total of 1,616 participants were included. In the type
2 DM group, pramlintide reduced body weight by
2.57 kg (95% CI —3.44 to —1.70 kg, P < .001) vs
control, over 16 to 52 weeks.¥ The nondiabetic obese
group had a weight loss of —2.27 kg (95%CI —2.88 to
—1.66 kg, P < .001) vs control.¥

Pramlintide and a pramlintide-phentermine com-
bination are currently under investigation for treat-
ment of obesity.?
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Cardiovascular outcomes

Cardiovascular outcomes in patients treated with
pramlintide have not been studied to date, but reduc-
tions have been observed in markers of cardiovascular
risk including high-sensitivity C-reactive protein and
triglycerides.*

Adverse effects

Transient mild-to-moderate nausea is the most com-
mon adverse effect of pramlintide. Hypoglycemia has
also been reported, more frequently in patients with
type 1 DM, which is possibly associated with inad-
equate reduction in insulin.

Il ALPHA-GLUCOSIDASE INHIBITORS

Mechanism of action

Alpha-glucosidase inhibitors competitively inhibit
the alpha-glucosidase enzymes at the brush border of
the small intestine. Taken orally before meals, these
drugs mitigate postprandial hyperglycemia by pre-
venting the breakdown of complex carbohydrates into
simpler monosaccharides, thus delaying their absorp-
tion.*” These agents may be used as monotherapy or
in combination with other antihyperglycemic agents.
They work independently from insulin, although they
have been shown to potentiate GLP-1 secretion.*®
Acarbose and miglitol are currently approved in the
United States. Acarbose has been more extensively
studied worldwide.

HbA1c

Alpha-glucosidase inhibitors have been reported to
reduce mean HbAlc by 0.8% (95% CI —0.9% to
—0.7%), as well as fasting and postprandial glucose,
and postprandial insulin levels.*

Weight loss

There is conflicting evidence on whether alpha-glu-
cosidase inhibitor therapy has a neutral or beneficial
effect on body weight. A Cochrane meta-analysis
observed significant BMI reduction with acarbose,
although no effect on body weight was noted,”
whereas in another meta-analysis, body weight was
significantly reduced by 0.96 kg (95% CI —1.80 to
—0.12 kg) when acarbose was added to metformin.*
A review of pooled data from worldwide post-mar-
keting studies for acarbose reported a weight reduc-
tion after 3 months of 0.98 + 2.11 kg in overweight
patients and 1.67 + 3.02 kg in obese patients.’!

Cardiovascular outcomes

In the Study to Prevent Non-Insulin-Dependent Dia-
betes Mellitus (STOP-NIDDM), when compared with
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placebo, treatment of patients with impaired glucose
tolerance with acarbose significantly reduced the inci-
dence of cardiovascular events (HR 0.51, 95% CI 0.28
t0 0.95, P = .03), myocardial infarction (HR 0.09, 95%
CI 0.01 to0 0.72, P = .02), and newly diagnosed hyper-
tension (HR 0.66, 95% CI 0.49 to 0.89, P = .006).>

Adverse effects

Although mild, gastrointestinal effects of flatulence
and diarrhea can be bothersome and result in discon-
tinuation of the drug in most patients.

Il METFORMIN

Mechanism of action

Metformin is the first-line antihyperglycemic agent
for type 2 DM recommended by the American Dia-
betes Association and European Association for the
Study of Diabetes.”>** The main action of metformin
is to decrease glucose production in the liver. In the
small intestine, metformin stimulates the L cells to
produce GLP-1, and in skeletal muscle, it increases
glucose uptake and disposal.>®

HbA1c
As monotherapy, metformin has resulted in HbAlc
reductions of 0.88% to 1.2%.%

Weight loss

Reduced food intake®®” and gastrointestinal intoler-
ance’® occurring early in therapy have been noted to
account for weight loss in short-term studies of non-
diabetic obese patients treated with metformin.”
Long-term trials of patients with and without diabe-
tes have yielded mixed results on weight reduction
from metformin as monotherapy or adjunct therapy.
In the United Kingdom Prospective Diabetes Study
(UKPDS), metformin had resulted in approximately
1.5 kg of weight gain (slightly less than the 4-kg weight
gain in the glibenclamide group).®® Improved antihy-
perglycemic efficacy of other antihyperglycemic agents
(insulin, sulfonylureas, and thiazolidinediones) with
addition of metformin led to dose-lowering of the anti-
hyperglycemic agents, ultimately resulting in ameliora-
tion of weight gain; this has also led to small weight
reductions in some studies.”” In the Diabetes Preven-
tion Program study of patients with impaired glucose
tolerance, metformin treatment resulted in an average
weight loss of 2.1 kg compared with placebo (—0.1 kg)
and lifestyle intervention (—5.6 kg; P <.001).%

Cardiovascular outcomes
Metformin has been observed to decrease micro- and
macrovascular complications. Compared with diet
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alone, metformin was associated with a 39% reduc-
tion in the risk of myocardial infarction, and a 30%
lower risk of a composite of macrovascular diseases
(myocardial infarction, sudden death, angina, stroke,
and peripheral disease).®

Adverse effects

The most common adverse effect of metformin is gas-
trointestinal intolerance from abdominal pain, flatu-
lence, and diarrhea.”” Metformin-associated lactic
acidosis is a serious and potentially life-threatening
effect; and vitamin B,, deficiency may occur with
long-term treatment.®

Il TAKE-HOME POINTS

As more medications and interventions are being
developed to counter obesity, it also makes sense to
select diabetes medications that do not contribute to
weight gain in patients who are already overweight
or obese. The effects of available medications can be
maximized and treatment regimens individualized
(based on patients’ needs and preferences, within the
limitations of drug costs and side effects), along with
lifestyle modification, to target diabesity.
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Antiobesity drugs in the management
of type 2 diabetes: A shift in thinking?

I ABSTRACT

Antiobesity medications can improve metabolic control
for patients with type 2 diabetes mellitus (DM) and
obesity, but are underutilized. In this review, we describe
the role of antiobesity drugs in the context of medically
supervised and comprehensive weight-loss interventions
and propose a pragmatic therapeutic algorithm for
patients with type 2 DM and obesity that incorporates
the use of antiobesity drugs early in the course of
management.

Il KEY POINTS

Obesity contributes to type 2 DM and worsens its control.
Yet insulin therapy and most first-line diabetes drugs
cause weight gain as a side effect.

We believe that physicians should include body weight
along with blood glucose levels as targets of therapy in
patients with type 2 DM.

Several drugs are approved for weight loss, and although
their effect on weight tends to be moderate, some have
been shown to reduce the incidence of type 2 DM and
improve diabetic control.

A stepwise approach to managing type 2 DM and obesity

starts with lifestyle interventions and advances to adding
(1) metformin, (2) a glucagon-like peptide-1 receptor
agonist or a sodium-glucose cotransporter-2 inhibitor, and
(3) one of the approved weight-loss drugs.

All authors reported no financial interests or relationships that pose a potential
conflict of interest with this article.
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besity is a leading public health concern,
affecting nearly 60 million adult Ameri-
cans.! It is a major risk factor for the devel-
opment of insulin resistance and type 2
diabetes mellitus (DM).? More than 90% of patients
with type 2 DM have obesity, and obesity is a major
obstacle to achieving long-term glycemic control.’
Clinical studies have demonstrated that a 6- to
7-kg increase in body weight increases the risk of
developing type 2 DM by 50%, while a 5-kg loss
reduces the risk by a similar amount.* As a result,
most patients who have a body mass index greater
than 40 kg/m? suffer from type 2 DM.> Strong evi-
dence exists that bariatric surgery and its resulting
weight loss has positive effects on fasting blood sugar,
hemoglobin Alc (HbAlc), lipid profiles, and other
metabolic variables.®
When combined, obesity and type 2 DM carry a
significant burden of micro- and macrovascular com-
plications such as retinopathy, nephropathy, neuropa-
thy, and cardiovascular disease. As a result, a high
prevalence of morbidity and mortality is seen among
patients with obesity and type 2 DM; those between
the ages of 51 and 61 have a 7-times higher mortality
rate compared with nonobese normoglycemic people,
and patients with diabetes alone have a 2.6-times
higher mortality rate.”

M A DILEMMA IN THE CLINIC:
FOCUS ON THE SUGAR OR THE WEIGHT?

Although type 2 DM and obesity go hand in hand,
clinicians tend to focus on the sugar and neglect
the weight, concentrating their efforts on improv-
ing blood glucose indices, and prescribing in many
instances medications that cause weight gain. As a
result, we are faced with a rising epidemic of obesity,
perpetuating a preexisting epidemic of diabetes.

An optimal, comprehensive approach to managing
patients with type 2 DM should encompass both the
control of dysglycemia and its associated comorbidi-
ties, obesity being the key player.® However, clinical
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practice is often misaligned with the evidence. For
instance, many of our first-line oral treatments for
type 2 DM (except for metformin) are associated with
weight gain.” With time, control of glycemia becomes
more and more ineffective, at which point therapy
is intensified with insulin, further exacerbating the
weight gain.!°

Therefore, it seems counterintuitive to treat a
disease for which obesity is one of the main risk fac-
tors with medications that promote weight gain. Yet
healthcare providers are faced with a therapeutic
dilemma: should they focus their efforts on improving
patients’ glycemic control, or should they invest in
helping these patients lose weight? Although an ideal
approach would incorporate both aspects, the reality
is that it is far from practical.

A few issues impinge on integrating weight loss
in the care of type 2 DM. Although the American
Medical Association recognized obesity as a disease
in 2013, some providers still perceive obesity as a
self-inflicted condition that is due to bad lifestyle
and behavior.!! Many clinicians may also have
low expectations for patients’ success, and often
lack the time and knowledge to intervene regard-
ing nutrition, physical activity, and psychological
issues pertinent to the management of obesity in
type 2 DM. Therefore, in many cases, it seems less
complicated and more rewarding for both patients
and physicians to concentrate on improving the
HbA ¢ value rather than investing efforts in weight
loss. For diabetic patients with obesity, this could
mean that clinicians may prescribe glucose-lowering
therapies, such as insulin and sulfonylureas, at the
expense of weight gain. Additionally, clinicians
often experience the need to provide recommenda-
tions more aligned with metrics that dictate reim-
bursement (eg, HbAlc targets) within healthcare
systems that still raise concerns regarding obesity
visit reimbursements.

Lastly, the lack of trustworthy or pertinent evi-
dence (lack of comparative effectiveness research)
for antiobesity medications may limit their use in
daily practice. Physicians have had little confidence
in the efficacy of antiobesity drugs, and often raise
significant safety concerns, especially after witnessing
important fiascos in this field, eg, dexfenfluramine,
rimonabant, and sibutramine.>!*!?

As a result, many of our patients with obesity and
type 2 DM may not consider the need for weight loss,
and may not even be aware that type 2 DM is caused
by obesity and physical inactivity in the first place.
Others have accumulated a significant degree of frus-
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tration, and have “thrown in the towel” already after
unsuccessful weight-loss efforts, many of which were
not medically supervised.

For all of the above reasons, both clinicians and
patients often concentrate their efforts on treating
blood glucose numbers rather than the “obesity-
diabetes” as a whole.!* And as a result, our practices
are slowly filling up with patients with obesity and
type 2 DM who are treated primarily with insulin,
resulting in a progressive (and untreated) obesity and
diabetes epidemic.

I DRUGS FOR TREATING OBESITY AND TYPE 2 DM

Because the body strongly defends its fat cells, the
common advice to simply “eat less, move more”
cannot be expected to bring about meaningful and
lasting weight reduction or control of HbAlc. How-
ever, weight-loss drugs (Table 1), used in conjunc-
tion with an interdisciplinary lifestyle intervention
program, may provide more success regarding both
issues. Here we discuss a few pharmacologic thera-
pies approved for the management of obesity in the
context of type 2 DM, and vice versa. Taking into
account that dosages of these medications should be
individualized to achieve a weight-loss goal with the
lowest effective dose possible.

Orlistat

Orlistat (Xenical) is the only weight-loss drug
approved by the US Food and Drug Administration
(FDA) that acts outside the brain. It inhibits pancre-
atic lipases, resulting in up to 30% less fat absorption
in the gut. Orlistat has been approved for long-term
use by the FDA.

Benefits. In the XENical in the Prevention of
Diabetes in Obese Subjects study, treatment with
orlistat resulted in a significant reduction in the
cumulative incidence of type 2 DM after 4 years of
treatment (9.0% with placebo vs 6.2% with orlistat),
corresponding to a risk reduction of 37.3%.!® Mean
weight loss after 4 years was significantly greater in
the orlistat group (5.8 vs 3.0 kg with placebo; P <
.001).1¢ Other benefits of orlistat included a reduction
in low-density lipoprotein cholesterol independent of
that expected from change in body weight.!®

Adverse effects include flatulence with discharge
and fecal urgency after high-fat dietary indiscretions.
Serum levels of fat-soluble vitamins (A, D, E, and
K) were lower with orlistat than with placebo,'* and
a fat-soluble vitamin supplement should be taken
2 hours before or after taking orlistat. Serious but
very uncommon adverse events such as kidney dam-
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TABLE 1

Drugs approved by the US Food and Drug Administration for treatment of obesity?

Drug

Mechanism of action

Effect

Daily dosage®

Orlistat (Xenical)

Phentermine
(Adipex-P, Lomaira)

Phentermine and
topiramate extended-
release (Qsymia)
Bupropion and
naltrexone sustained-
release (Contrave)

Diethylpropion
(Tenuate, Tenuate
Dospan)
Lorcaserin (Belviq)
Liraglutide
(Saxenda)

Inhibits pancreatic and gastric
lipase

Augments central norepinephrine
release

Augments central norepinephrine
and gamma-amino butyric acid
release

Inhibits dopamine and
norepinephrine reuptake; blocks
opioid receptor

Augments central norepinephrine
release

Activates serotonin 5-HT, . receptor

Activates glucagon-like peptide 1
receptor

Decreases fat absorption
Decreases appetite

Decreases appetite

Decreases appetite

Decreases appetite

Decreases appetite
Decreases appetite

120 mg 3 times a day with each main
meal containing fat

8 mg to 37.5 mg once daily

Phentermine 3.75 mg/topiramate 23 mg
once daily (initial); phentermine 7.5 mg/
topiramate 46 mg once daily (maintenance)

1 tablet (bupropion 90 mg/naltrexone 8 mg)
once daily in morning (intial); 2 tablets
(bupropion 180 mg/naltrexone 16 mg)
twice daily (usual); maximum daily dose:
bupropion 360 mg/naltrexone 32 mg

25 mg 3 times a day (immediate release);
75 mg once daily, midmorning
(controlled release)

10 mg twice a day (immediate release)
3 mg subcutaneously once a day

2 Average weight loss is about 5 to 10 kg by 1 year.
5 By mouth, except for liraglutide.

age have been reported.!” Kidney and liver function
should be monitored while taking orlistat.

Phentermine

Phentermine (Adipex-P, Lomaira), a sympatho-
mimetic amine, is the most commonly prescribed
antiobesity drug in the United States. A schedule IV
controlled substance, it is FDA-approved for short-
term use (up to 12 weeks). Its primary mechanism of
action is mediated by reduction in hunger perception.
[t was first developed in the 1970s and is available in
doses ranging from 8 mg to 37.5 mg daily.'

Benefits. In a randomized trial, at 28 weeks,
weight loss was 1.5 kg with placebo and 5.3 kg with
phentermine.”” No long-term (> 1 year) randomized
controlled trials of the effectiveness of phentermine
monotherapy in weight loss have been conducted.

Adverse effects. Dizziness, dry mouth, insomnia,
constipation, and increase in heart rate were most
common."

Phentermine is contraindicated in patients with
coronary artery disease, congestive heart failure,
stroke, and uncontrolled hypertension. Currently,
no data exist on the long-term cardiovascular effects
of phentermine. We believe phentermine, used in
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Based on data from Lexicomp Online."

patients at low to intermediate cardiovascular risk, is a
useful “jumpstart” tool, in combination with lifestyle
changes, to achieve weight loss and improve meta-
bolic values for those with type 2 DM and obesity.

Phentermine is a controlled substance per Ohio
law. Patients must be seen once a month by the pre-
scribing provider and prescriptions are limited to a
30-day supply, which must be filled within 7 days of
the date of the prescription. Phentermine can only be
prescribed for a maximum of 3 months and must be
discontinued for 6 months before patients are eligible
for a new prescription.

Phentermine and topiramate extended-release

Obesity is a product of complex interactions between
several neurohormonal pathways. Approaches simul-
taneously targeting more than one regulatory pathway
have become popular and quite efficient strategies
in treating patients with obesity.”’ Stemming from
such approaches, antiobesity drug combinations such
as phentermine and topiramate extended-release
(Qsymia) have become increasingly recognized and
used in clinical practice. The combination of these 2

medications has been approved for long-term use by
the FDA.
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Phentermine and topiramate extended-release is a
fixed-dose combination that was approved for weight
loss in 2012. Topiramate, an anticonvulsant, and
phentermine exert their anorexigenic effects through
regulating various brain neurotransmitters and result in
more weight loss when used together than when either
is used alone. Several clinical trials evaluated the effi-
cacy of low doses of this combination in weight loss.

Benefits. In a randomized trial in patients with
obesity and cardiometabolic diseases, at 56 weeks, the
mean weight loss was:

® 1.2% in the placebo group

® 7.8% in the group receiving phentermine 7.5 mg

and topiramate 46 mg

® 9.8% in the group receiving phentermine 15 mg

and topiramate 92 mg.*!

Patients in the active treatment groups also had
significant improvements in cardiovascular and meta-
bolic risk factors such as waist circumference, systolic
blood pressure, and total cholesterol/high-density
lipoprotein cholesterol ratio. At 56 weeks, patients
with diabetes and prediabetes taking this preparation
had greater reductions in HbAlc values, and fewer
prediabetes patients progressed to type 2 DM.2

Adverse effects most commonly seen were dry
mouth, paresthesia, and constipation.?!

This combination is contraindicated in pregnancy,
patients with recent stroke, uncontrolled hyperten-
sion, coronary artery disease, glaucoma, hyperthyroid-
ism, or in patients taking monoamine oxidase inhibi-
tors. Women of childbearing age should be tested
for pregnancy before starting therapy, and monthly
thereafter, and also be advised to use effective meth-
ods of contraception while taking the medication.
Topiramate has been associated with the develop-
ment of renal stones and thus should be used with
caution in patients with a history of kidney stones.

Bupropion and naltrexone sustained-release
Bupropion and naltrexone sustained-release (Con-
trave) is another FDA-approved combination drug
for chronic weight management. Bupropion is a
dopamine and norepinephrine reuptake inhibitor
approved for depression and smoking cessation, and
naltrexone is an opioid receptor antagonist approved
for treating alcohol and opioid dependence. The com-
bination of these 2 medications has been approved
for long-term use by the FDA.

Benefits. In a randomized trial in patients with
obesity and type 2 DM, weight loss at 56 weeks was:

e 1.8% with placebo

e 5.0% with naltrexone 32 mg and bupropion 360

mg daily.
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Absolute reductions in HbAlc were:

e 0.1% with placebo

® 0.6% with naltrexone-bupropion.

Improvements were also seen in other cardiometa-
bolic risk factors such as triglyceride and high-density
lipoprotein cholesterol levels.?

Adverse effects. The most common adverse effect
leading to drug discontinuation was nausea. Other
adverse effects reported were constipation, headache,
vomiting, and dizziness.*?

Naltrexone-bupropion is contraindicated in patients
with a history of seizure disorder or a diagnosis of
anorexia nervosa or bulimia, or who are on chronic
opioid therapy.

Diethylpropion
Diethylpropion (Tenuate, Tenuate Dospan) is a
central nervous system stimulant similar to bupro-
pion in its structure. It was approved by the FDA
for treating obesity in 1959. It should be used as part
of a short-term weight-loss plan, along with a low-
calorie diet. Diethylpropion is also a controlled sub-
stance and, as with phentermine therapy, patients
are required to be seen once a month by their pre-
scriber. Diethylpropion cannot be prescribed for
more than 3 months.

Benefits. Weight loss in a randomized trial at 6
months:

e 3.2% with placebo

® 9.8% with diethylpropion 50 mg twice a day.?’

After 6 months, all participants received diethyl-
propion in an open-label extension for an additional
6 months. At 12 months, the mean weight loss pro-
duced by diethylpropion was 10.6%.% No differences
in heart rate, blood pressure, electrocardiographic
results, or psychiatric evaluations were observed.

Adverse effects. As with phentermine, common
side effects of diethylpropion include insomnia, dry
mouth, dizziness, headache, mild increases in blood
pressure, and palpitations.”

Lorcaserin
Lorcaserin (Belviq) was approved by the FDA for
chronic weight management in June 2012. It exerts its
effects through binding selectively to central 5-HT, .
serotonin receptors, with poor affinity for 5-HT,,
and S—HTZB receptors. Nonselective serotoninergic
agents, including fenfluramine and dexfenfluramine,
were withdrawn from the market in 1997 after being
reported to be associated with valvular heart abnor-
malities.”* Lorcaserin has been approved for long-
term use by the FDA.

Benefits. Mean weight loss at 1 year in the Behav-
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ioral Modification and Lorcaserin for Overweight and
Obesity Management in Diabetes Mellitus trial®® was:

® 1.5% with placebo

® 5.0% with lorcaserin 10 mg once daily

® 4.5% with lorcaserin 10 mg twice daily.

Absolute reductions in HbAlc values were:

® 0.4% with placebo

® 0.9% with lorcaserin 10 mg once daily

® 1.0% with lorcaserin 10 mg twice daily.

Absolute reductions in fasting plasma glucose val-
ues were:

® 11.9 mg/dL with placebo

e 27.4 mg/dL with lorcaserin 10 mg once daily

® 28.4 mg/dL with lorcaserin 10 mg twice daily.”

Adpverse effects. The most common adverse effects
were headache, dizziness, and fatigue. There was no
significant increase in valvulopathy on echocardiog-
raphy of participants receiving lorcaserin compared
with placebo.”

Liraglutide

Liraglutide (Saxenda, Victoza) is a glucagon-like
peptide-1 (GLP-1) receptor agonist. Native GLP-1 is
a hormone secreted by intestinal L cells in response
to consumption of fat and carbohydrate-rich foods.
[t stimulates the release of insulin and suppresses any
inappropriately elevated postprandial glucagon lev-
els. In addition to its effect on glucose metabolism,
GLP-1 also reduces appetite and delays gastric emp-
tying in humans.?® Unlike the extremely short half-
life of native GLP-1 (estimated at 1 to 2 minutes),
liraglutide has a half-life of 13 hours, allowing it to be
given once daily.?® Liraglutide medication has been
approved for long-term use by the FDA.

Benefits. The Liraglutide Effect and Action in
Diabetes 1-5 studies compared the effects of liraglu-
tide monotherapy with antidiabetic oral medications
or insulin, as well as in combination with antidiabetic
oral agents. Liraglutide (Victoza) at doses approved
for type 2 DM of 1.2 mg and 1.8 mg daily had signifi-
cant effects in reducing HbAlc by 0.48% to 1.84%
and weight by 2.5 kg to 4 kg.?"*® At a dose of 3.0 mg,
liraglutide (Saxenda) is approved for chronic weight
management. This dose of liraglutide has been shown
to be effective and safe in patients with type 2 DM
and obesity.

In the 56-week SCALE Diabetes trial,? liraglutide
at a dose of 3.0 mg resulted in 6.0% weight reduction,
compared with 2.0% in the placebo group. Of partici-
pants receiving 3.0 mg of liraglutide, 54.3% achieved
more than 5% weight loss at 56 weeks compared
with 21.4% with placebo. Liraglutide also resulted in
significant improvements in HbAlc (mean change
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—1.3% vs —0.3% with placebo), fasting and post-
prandial glucose levels, and fasting glucagon levels.?’

The Liraglutide Effect and Action in Diabetes:
Evaluation of Cardiovascular Outcome Results trial
has shown liraglutide to significantly reduce rates of
major cardiovascular events (first occurrence of car-
diovascular death, nonfatal myocardial infarction, or
nonfatal stroke) in patients with elevated cardiovas-
cular risk factors.*® These findings make liraglutide
a favorable choice for high-risk patients with type 2
DM, obesity, and cardiovascular disease.

It is important to indicate that if a 5% weight loss
is not achieved by 3 months with any of these weight-
loss medications, it would be reasonable to stop the
medication and consider switching to a different
medication. These medications work best when
combined with diet and increased physical activity.
Weight-loss medications should never be used during
pregnancy.

Women of childbearing age should be advised to
use effective contraception methods while taking any
of the above antiobesity medications.

Diabetes medications associated with weight loss:
Metformin and SGLT-2 inhibitors

Although not FDA-approved for weight manage-
ment, metformin has anorexigenic effects that aid in
weight loss. It also inhibits hepatic glucose production
and improves peripheral insulin sensitivity, making it
a useful agent in patients with type 2 DM and obesity.

A meta-analysis of 31 trials showed that metfor-
min reduced body mass index by 5.3% compared with
placebo.’’ Metformin should be considered as a first-
line agent in obese patients with type 2 DM.

In healthy people, nearly all glucose is filtered in
the glomerulus, but then 98% of it is reabsorbed in the
proximal tubule by sodium-glucose cotransporter-2
(SGLT-2). Drugs that inhibit SGLT-2 increase uri-
nary glucose excretion and, as a result, help control
hyperglycemia. Another, off-label effect of excreting
more glucose is weight loss: a sustained weight loss of
about 3 kg to 5 kg in clinical studies.’? Although they
can be used as monotherapies, SGLT-2 inhibitors are
usually used as add-on therapies in patients with type
2 DM.

I AN ALGORITHM FOR TREATMENT

In an ever-changing field of antiobesity medicines,
practitioners are challenged daily with the “when’s
and how’s” of prescribing antiobesity drugs. The addi-
tion of type 2 DM to the picture makes the choice of
drug therapy even more challenging. Here, we pro-
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Not on target

Not on target

Not on target

FIGURE 1. Therapeutic algorithm for patients with obesity and type 2 diabetes mellitus.

pose a practical therapeutic algorithm (Figure 1) that
incorporates antiobesity drugs in the management of
patients with type 2 DM and obesity.

First, we believe that lifestyle interventions by
optimization of nutrition and physical activity should
be the cornerstone therapy in the management
plan of any patient with type 2 DM and obesity.
These interventions are best implemented through
a comprehensive, multidisciplinary approach that
integrates the care of dietitians, physical therapists,
exercise physiologists, psychologists, and social work-
ers.” Patients need also to be seen frequently, ie, at
least once every 3 months. The possibility of seeing
patients in group-shared medical appointments on a
monthly basis could also be considered.

We also believe that metformin should be added
early in the course of treatment for its known benefits
of improving insulin sensitivity and suppressing appe-
tite. Target HbA 1¢ goals and body weight in patients
with type 2 diabetes and obesity should be tailored
to the individual based on age, general health status,
risk of hypoglycemia, capacity to do physical activity,
and associated comorbidities. If no improvements are
seen (HbAlc > 7% and < 3 % weight loss) despite
lifestyle changes and the addition of metformin, the
possibility of adding a GLP-1 receptor agonist or an
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SGLT-2 inhibitor as a second-line therapy should be
considered. Both classes of medications aid in lower-
ing HbA1c and promote further weight loss.

If no clinical progress is achieved at 3 months, the
possibility of adding an FDA-approved weight-loss
medication, as discussed above, should be strongly
considered. Of note, this algorithm targets differ-
ent endogenous pathways for weight loss and thus
minimizes weight regain through compensatory
mechanisms.

I THE NEED FOR PATIENT-CENTERED
WEIGHT-LOSS CONVERSATIONS

Patient-centered care has become a core quality
measure in our healthcare systems and a key to our
patients’ success. The decision to start an antiobesity
drug should therefore reflect careful consideration of
medical and personal patient issues, all of which are
valued differently by patients.**

Individualized therapy is even more relevant
among patients suffering from a significant burden
of disease. About 80% of patients with diabetes live
with at least 1 other medical condition,*® and each of
these patients spends over 2 hours a day, on average,
following doctors’ recommendations.*® If antiobesity
medications are prescribed without careful consid-
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eration of the patient’s preexisting workload, they
will be destined to fail. Therefore, it becomes crucial
to first account for the patient’s ability to cope with
therapy intensification. This requires careful delib-
eration between healthcare providers and patients, in
aims of targeting a weight-loss plan that fits patients’
goals and is aligned with providers’ expectations.

Healthcare systems also play a key role in sup-
porting better conversations about obesity in type 2
DM patients. They could implement multifaceted
initiatives to promote shared decision-making and
the use of decision aids to advance patient-centered
obesity practices.’” Policymakers could redesign qual-
ity measures aimed at capturing the quality of obesity
conversations, and develop policies that support bet-
ter education for clinicians regarding the importance
of addressing obesity with adequate communication
and patient-centered skills. Guidelines are often too
disease-specific and do not consider comorbidities in
their context when providing recommendations.’®
Thus, diabetes societies should respond to the need
to guide care for patients with diabetes and its comor-
bidities, particularly obesity.

I CONCLUSIONS

Obesity is a serious global health issue and a leading
risk factor for type 2 DM. Lifestyle measures are the
cornerstone of preventing and treating obesity and
type 2 DM. Emerging data support the effectiveness
of intensive, interdisciplinary weight-loss programs
in patients with diabetes. The use of antiobesity
drugs should be considered in patients who have not
achieved adequate responses to lifestyle interven-
tions. Medications should be tailored to the indi-
vidual’s health risks and metabolic and psychobehav-
ioral characteristics. In many cases, the addition of
weight-loss drugs will help accomplish and maintain
the recommended 10% weight reduction, resulting
in improvement in glycemic control and significant
reduction in cardiovascular risk factors. New studies
combining antiobesity and antidiabetes medications
in the context of lifestyle interventions will help
define the optimal therapeutic approach for patients
with type 2 DM and obesity.

B REFERENCES

1. Ogden CL, Carroll MD, Fryar CD, Flegal KM. Prevalence of
obesity among adults and youth: United States, 2011-2014. NCHS
Data Brief 2015; (219):1-8.

2. Lyznicki JM, Young DC, Riggs JA, Davis RM; for the Council on
Scientific Affairs, American Medical Association. Obesity: assess-
ment and management in primary care. Am Fam Physician 2001;
63:2185-2196.

3. World Health Organization (WHO). Obesity and overweight fact

CLEVELAND CLINIC JOURNAL OF MEDICINE

(UL N

10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

21

22.

23.

24.

sheet. www.who.int/mediacentre/factsheets/fs311/en. Updated June
2016. Accessed June 22, 2017.

. Daniels J. Obesity: America’s epidemic. Am ] Nurs 2006; 106:40-49.
. Colditz GA, Willett WC, Rotnitzky A, Manson JE. Weight gain

as a risk factor for clinical diabetes mellitus in women. Ann Intern

Med 1995; 122:481-486.

. Schauer PR, Bhatt DL, Kirwan JP, et al; STAMPEDE Investigators.

Bariatric surgery versus intensive medical therapy for diabetes-
5-year outcomes. N Engl ] Med 2017; 376:641-651.

. Oldridge NB, Stump TE, Nothwehr FK, Clark DO. Prevalence

and outcomes of comorbid metabolic and cardiovascular conditions

in middle- and older-age adults. ] Clin Epidemiol 2001; 54:928-934.

. Garber AJ, Abrahamson M]J, Barzilay JI, et al. Consensus state-

ment by the American Association of Clinical Endocrinologists and
American College of Endocrinology on the comprehensive type 2
diabetes management algorithm—2016 executive summary. Endocr
Pract 2016; 22:84—113.

. McFarlane SI. Antidiabetic medications and weight gain: implica-

tions for the practicing physician. Curr Diab Rep 2009; 9:249-254.
UK Prospective Diabetes Study (UKPDS) Group. Effect of
intensive blood-glucose control with metformin on complications
in overweight patients with type 2 diabetes (UKPDS 34). Lancet
1998; 352:854-865.

Beal E. The pros and cons of designating obesity a disease: the new
AMA designation stirs debate. Am ] Nurs 2013; 113:18-19.
Kraschnewski JL, Sciamanna CN, Stuckey HL, et al. A silent
response to the obesity epidemic: decline in US physician weight
counseling. Med Care 2013; 51:186-192.

Potter MB, Vu JD, Croughan-Minihane M. Weight management:
what patients want from their primary care physicians. ] Fam Pract
2001; 50:513-518.

Pappachan JM, Viswanath AK. Medical management of diabesity:
do we have realistic targets? Curr Diab Rep 2017; 17:4.

Lexicomp Online, Lexi-Drugs, Hudson, OH: Wolters Kluwer Clinical
Drug Information, Inc., 2017.

Torgerson ]S, Hauptman J, Boldrin MN, Sjostrém L. XENical
in the prevention of diabetes in obese subjects (XENDOS) study: a
randomized study of orlistat as an adjunct to lifestyle changes for the
prevention of type 2 diabetes in obese patients. Diabetes Care 2004;
27:155-161.

Buysschaert B, Aydin S, Morelle J, Hermans MP, Jadoul M,
Demoulin N. Weight loss at a high cost: orlistat-induced late-onset
severe kidney disease. Diabetes Metab 2016; 42:62-64.

Colman E. Anorectics on trial: a half century of federal regula-
tion of prescription appetite suppressants. Ann Intern Med 2005;
143:380-385.

Aronne L], Wadden TA, Peterson C, Winslow D, Odeh S, Gadde
KM. Evaluation of phentermine and topiramate versus phenter-
mine/topiramate extended-release in obese adults. Obesity (Silver
Spring) 2013; 21:2163-2171.

Solas M, Milagro FI, Martinez-Urbistondo D, Ramirez M],
Martinez JA. Precision obesity treatments including pharmaco-
genetic and nutrigenetic approaches. Trends Pharmacol Sci 2016;
37:575-593.

Gadde KM, Allison DB, Ryan DH, et al. Effects of low-dose,
controlled-release, phentermine plus topiramate combination on
weight and associated comorbidities in overweight and obese adults
(CONQUER): a randomised, placebo-controlled, phase 3 trial.
Lancet 2011; 377:1341-1352.

Hollander P, Gupta AK, Plodkowski R, et al; for the COR-
Diabetes Study Group. Effects of naltrexone sustained-release/
bupropion sustained-release combination therapy on body weight
and glycemic parameters in overweight and obese patients with type
2 diabetes. Diabetes Care 2013; 36:4022-4029.

Cercato C, Roizenblatt VA, Leanca CC, et al. A randomized
double-blind placebo-controlled study of the long-term efficacy and
safety of diethylpropion in the treatment of obese subjects. Int ]
Obes (Lond) 2009; 33:857-865.

Gardin JM, Schumacher D, Constantine G, Davis KD, Leung
C, Reid CL. Valvular abnormalities and cardiovascular status fol-

VOLUME 84 « SUPPLEMENT 1 JULY 2017 S45



ANTIOBESITY DRUGS IN MANAGEMENT OF DIABETES

25.

26.

27.

28.

29.

30.

31.

S46 CLEVELAND CLINIC JOURNAL OF MEDICINE

lowing exposure to dexfenfluramine or phentermine/fenfluramine.
JAMA 2000; 283:1703-1709.

O’Neil PM, Smith SR, Weissman NJ, et al. Randomized placebo-
controlled clinical trial of lorcaserin for weight loss in type 2 diabetes
mellitus: the BLOOM-DM study. Obesity (Silver Spring) 2012;
20:1426-1436.

Amori RE, Lau ], Pittas AG. Efficacy and safety of incretin therapy
in type 2 diabetes: systematic review and meta-analysis. JAMA
2007; 298:194-206.

Blonde L, Russell-Jones D. The safety and efficacy of liraglutide
with or without oral antidiabetic drug therapy in type 2 diabetes:
an overview of the LEAD 1-5 studies. Diabetes Obes Metab 2009;
11(suppl 3):26-34.

Buse ]JB, Rosenstock ], Sesti G, et al; for the LEAD-6 Study
Group. Liraglutide once a day versus exenatide twice a day for type
2 diabetes: a 26-week randomised, parallel-group, multinational,
open-label trial (LEAD-6). Lancet 2009; 374:39-47.

Davies MJ, Bergenstal R, Bode B, et al; for the NN8022-1922
Study Group. Efficacy of liraglutide for weight loss among patients
with type 2 diabetes: the SCALE diabetes randomized clinical trial.
JAMA 2015; 314:687-699.

Marso SP, Daniels GH, Brown-Frandsen K, et al; for the
LEADER Steering Committee on behalf of the LEADER Trial
Investigators. Liraglutide and cardiovascular outcomes in type 2
diabetes. N Engl ] Med 2016; 375:311-322.

Salpeter SR, Buckley NS, Kahn JA, Salpeter EE. Meta-analysis:
metformin treatment in persons at risk for diabetes mellitus. Am ]

32.

33.

34.

35.

36.

37.

38.

Med 2008; 121:149-157.

Vasilakou D, Karagiannis T, Athanasiadou E, et al. Sodium-
glucose cotransporter 2 inhibitors for type 2 diabetes: a systematic
review and meta-analysis. Ann Intern Med 2013; 159:262-274.
Burguera B, Jesus Tur J; Escudero A]J, et al. An intensive life-
style intervention is an effective treatment of morbid obesity: the
TRAMOMTANA study—a two-year randomized controlled clini-
cal trial. Int ] Endocrinol 2015; 2015:194696.

Hargraves I, LeBlanc A, Shah ND, Montori VM. Shared deci-
sion making: the need for patient-clinician conversation, not just
information. Health Aff (Millwood) 2016; 35:627-629.

Lin P-J, Kent DM, Winn AN, Cohen ]JT, Neumann PJ. Multiple
chronic conditions in type 2 diabetes mellitus: prevalence and con-
sequences. Am ] Manag Care 2015; 21:e23-e34.

Russell LB, Suh D-C, Safford MA. Time requirements for diabetes
self-management: too much for many? ] Fam Pract 2005; 54:52-56.
Serrano V, Rodriguez-Gutierrez R, Hargraves 1, Gionfriddo MR,
Tamhane S, Montori VM. Shared decision-making in the care of
individuals with diabetes. Diabet Med 2016; 33:742-751.

Wyatt KD, Stuart LM, Brito JP, et al. Out of context: clinical
practice guidelines and patients with multiple chronic conditions: a
systematic review. Med Care 2014; 52(suppl 3):S92-S100.

Correspondence: Bartolome Burguera, MD, PhD, Endocrinology and
Metabolism Institute, F-20, Cleveland Clinic, 9500 Euclid Avenue, Cleveland,
OH 44195; burgueb@ccf.org

VOLUME 84 ¢ SUPPLEMENT 1

JULY 2017



PHILIP R. SCHAUER, MD

Director, Bariatric and Metabolic Institute, Cleveland Clinic

ZUBAIDAH NOR HANIPAH, MD

Bariatric and Metabolic Institute, Cleveland Clinic;

Department of Surgery, Faculty of Medicine and Health Sciences,
University Putra Malaysia, Selangor, Malaysia

FRANCESCO RUBINO, MD
Department of Metabolic and Bariatric Surgery,
Diabetes and Nutrition Science Division,

King's College London, UK

Metabolic surgery for treating
type 2 diabetes mellitus:

Now supported by the world's leading diabetes organizations

M ABSTRACT

The term metabolic surgery describes bariatric surgical
procedures used primarily to treat type 2 diabetes and
related metabolic conditions. Originally, bariatric surgery
was used as an alternative weight-loss therapy for patients
with severe obesity, but clinical data revealed its metabolic
benefits in patients with type 2 diabetes. Metabolic
surgery is more effective than lifestyle or medical manage-
ment in achieving glycemic control, sustained weight loss,
and reducing diabetes comorbidities. Perioperative adverse
events are similar to other gastrointestinal surgeries. New
guidelines for type 2 diabetes expand use of metabolic
surgery to patients with a lower body mass index.

I KEY POINTS

Randomized clinical trials have shown that metabolic
surgery is statistically superior to medical treatment in
achieving targeted glycemic levels along with improvements
in weight loss, remission of metabolic syndrome, reduction
in medications, and improvements in lipid levels.

The safety of metabolic and bariatric surgery has
significantly improved with the advent of laparoscopic
surgery, resulting in complication profiles similar to those
of cholecystectomy and appendectomy.

Metabolic surgery is now recommended as standard
treatment option for type 2 diabetes in patients with body
mass index levels as low as 30 kg/m?.
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ype 2 diabetes mellitus (DM) and obesity are

chronic diseases that often coexist. Combined,

they account for tremendous morbidity and

mortality. Approximately 85% of all patients
with type 2 DM have a body mass index (BMI) cate-
gorizing them as overweight (BMI 25.0-29.9 kg/m?)
or obese (BMI > 30.0 kg/m?) (Figure 1).! Obesity
is strongly associated with diabetes and is a major
cause of insulin resistance that leads to the cascade
of hyperglycemia, glucotoxicity, and beta-cell fail-
ure, which ultimately leads to the development of
microvascular (neuropathy, nephropathy, retinopathy)
and macrovascular (myocardial infarction, stroke)
complications. Treatment guidelines emphasize that
both diabetes and obesity should be treated to opti-
mize long-term outcomes.”” Metabolic surgery is the
only diabetes treatment proven to result in long-term
remission in 23% to 60% of patients depending upon
preoperative duration of diabetes and disease severity.
This review presents the evidence supporting use of
metabolic surgery as a primary treatment for type 2
DM, potential mechanisms for its effects, associated
complications, and recommendations for its use in
expanded patient populations.

M LIMITATIONS OF LIFESTYLE MANAGEMENT
AND MEDICATIONS

First-line therapy with lifestyle management and
second-line therapy with medications, including oral
agents and insulin, are the mainstays of type 2 DM
therapy. Although these approaches have reduced
hyperglycemia and cardiovascular mortality, many
patients have poor glycemic control and develop
severe diabetes-related complications. A study using
data from the National Health and Nutrition Exami-
nation Survey (N = 4,926) to evaluate success rates
of lifestyle management plus drug therapy found that

just 53% of patients with type 2 DM maintained a
hemoglobin Alc (HbAlc) below 7%.% Similarly,
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FIGURE 1. Relative distribution of body mass index of patients with diabetes.
SHIELD = Study to Help Improve Early Evaluation and Management of Risk Factors Leading to Diabetes (2004); 4,266

of 127,420 survey respondents with diabetes (type 1 = 368; type 2 = 3,898).

NHANES = National Health and Nutrition Examination Survey (1999-2002); 998 of 11,441 survey repondents with

diabetes (type 1 and 2).

only 51% of those patients achieved a systolic and
diastolic blood pressure less than 130/80 mm Hg, and
only 56% achieved a low-density lipoprotein choles-
terol level less than 100 mg/dL. Altogether, only 19%
of the study cohort achieved all 3 therapy targets.
Documented limitations of lifestyle counseling and
drug therapy include behavior maladaptation, limita-
tions in drug potency, nonadherence to medications,
adverse effects, and economic deterrents.’

M METABOLIC SURGERY FOR TYPE 2 DM

For patients with obesity and type 2 DM in whom
lifestyle management and medications do not achieve
desired treatment goals, bariatric surgery has emerged
as the most effective treatment for attaining signifi-
cant and durable weight loss. These gastrointestinal
(GI) procedures, which reduce gastric volume with
or without rerouting nutrient flow through the small
intestine, were developed to yield long-term weight
loss in patients with severe obesity. It is now known
that they also cause dramatic improvement or remis-
sion of obesity-related comorbidities, especially type
2 DM. Research has shown that these effects are not
only secondary to weight loss but also depend on
neuroendocrine mechanisms secondary to changes
in GI physiology. For these reasons, bariatric surgery
is increasingly used with the primary intent to treat
type 2 DM or metabolic disease, a practice referred to
as metabolic surgery.

Between 150,000 and 200,000 bariatric proce-

dures are performed annually in the United States,
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and nearly 500,000 worldwide.® The
most common procedures are sleeve
gastrectomy (SG, 49%), Roux-en-Y
gastric bypass (RYGB, 43%), lapa-
roscopic adjustable gastric banding
(LAGB, 6%), and biliopancreatic
diversion with duodenal switch
(BPD-DS, 2%) (Figure 2).”'° The
development of laparoscopic, mini-
mally invasive approaches to these
procedures, starting in the mid-1990s,
has significantly reduced rates of peri-
operative morbidity and mortality.

For more than 2 decades, indica-
tions for metabolic surgery reflected
guidelines from a 1991 National Insti-
tutes of Health (NIH) consensus con-
ference, which suggested considering
surgery only in patients with a BMI of
40 kg/m? or greater or a BMI of 35 kg/
m? or greater and significant obesity-
related comorbidities.!! Guidelines published in 2013
expanded the recommendations to include adults
with a BMI of at least 35 kg/m? and an obesity-related
comorbidity, such as diabetes, who are motivated to
lose weight.* These recommendations were primarily
designed to guide the use of surgery as a weight-loss
intervention for severe obesity. However, guidelines
published in 2016 support use of metabolic surgery as
a specific treatment for type 2 DM.’

Potential mechanisms resolving type 2 DM:
More than weight loss

Bariatric surgery has been shown to have profound
glucoregulatory effects. These include rapid improve-
ment in hyperglycemia and reduction in exogenous
insulin requirements that occur early after surgery and
before the patient has any significant weight loss.!>!?
Additionally, experiments in rodents showed that
changes to GI anatomy can directly influence glucose
homeostasis, independently of weight loss and caloric
restriction.!

Although the exact molecular mechanisms under-
lying the effects of metabolic surgery on diabetes
are not fully understood, many factors appear to
play a role, including changes in bile acid metabo-
lism, GI tract nutrient sensing, glucose utilization,
insulin resistance, and intestinal microbiomes.!”
These changes, acting through peripheral or central
pathways, or perhaps both, lead to reduced hepatic
glucose production, increased tissue glucose uptake,
improved insulin sensitivity, and enhanced beta-
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Sleeve gastrectomy
Frequency 49%

Roux-en-Y gastric bypass
Frequency 43%

FIGURE 2. Most common metabolic surgical procedures.

cell function. A constellation of gut-derived neuro-
endocrine changes, rather than a single overarching
mechanism, is the likely mediator of postoperative
glycemic improvement, with the contributing factors
varying according to the surgical procedure.

I METABOLIC SURGERY OUTCOMES
Weight loss

Long-term reduction of excess body fat is a major goal
of metabolic and bariatric surgery. Weight loss is usu-
ally expressed as either the percent of weight loss or the
percent of excess weight loss (ie, weight loss above ideal
weight). A meta-analysis of mostly short-term weight-
loss outcomes (ie, < 5 years) from more than 22,000
procedures found an overall mean excess weight loss
of 47.5% for patients who underwent LAGB, 61.6%
for RYGB, 68.2% for vertical-banded gastroplasty, and
70.1% for BPD-DS.'¢ Vertical-banded gastroplasty dif-
fers from LAGB in that both a band and staples are
used to create a small stomach pouch. Excess weight
loss for SG generally averages 50% to 55%, which is
intermediate between LAGB and RYGB.!"18

The Swedish Obese Subjects study (N = 4,047), a
prospective study of bariatric surgery vs nonsurgical
weight management of severely obese patients (BMI
> 34), is the largest weight-loss study with the longest
follow-up.”” At 20 years, the mean weight loss was
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Laparoscopic adjustable
gastric banding
Frequency 6%

Biliopancreatic diversion
with duodenal switch
Frequency 2%

26% for gastric bypass, 18% for vertical-banded gastro-
plasty, 13% for gastric banding, and 1% for controls.
A 10-year study in 1,787 severely obese patients (BMI
> 35) who underwent RYGB had 21% more weight
loss from their baseline weight than the nonsurgical
match.? At 4-year follow-up in 2,410 patients, there
were significant variations in weight loss depending
on the procedure: 27.5% for RYGB, 17.8% for SG,
and 10.6% in LAGB. Between 2% and 31% regained
weight back to baseline: 30.5% for LAGB, 14.6% for
SG, and 2.5% for RYGB.® In contrast, long-term
medical (nonsurgical) weight loss rarely exceeds 5%,
even with intensive lifestyle intervention.?!

Diabetes remission, cardiovascular risk factors,
glycemic control

A meta-analysis of 19 mostly observational studies
(N = 4,070 patients) reported an overall type 2 DM
remission rate of 78% after bariatric surgery with 1
to 3 years of follow-up.?? Resolution or remission was
typically defined as becoming “nondiabetic” with
normal HbA I¢ without medications. In the Swedish
Obese Subjects study, the remission rate was 72% at
2 years and 36% at 10 years compared with 21% and
13%, respectively, for the nonsurgical controls (P
< .001).” Bariatric surgery was also markedly more
effective than nonsurgical treatment in preventing
type 2 DM, with a relative risk reduction of 78%.
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TABLE 1

Metabolic surgery for type 2 diabetes mellitus: Randomized controlled clinical trials

Remission?

Pts with BMI No. Follow-up  Remission or change P
Study <35kg/m?>  Study design pts (mo) criteria in HbA1c (%) value
DixonZ 22% LAGB vs control 60 24 HbA1c < 6.2% 73vs 13 .001
Schauer®3043 36% RYGB vs SG vs control 150 60 HbA1c < 6.0% 22vs15vs 0 .05
Mingrone3'32 0% RYGB vs BPD vs control 60 60 HbA1c < 6.5% 42 vs 68 vs 0 .003
Ikramuddin3334 59% RYGB vs control 120 24 HbATc < 6.0% 44 vs 9 .001
Liang® 100% RYGB vs control 101 12 HbA1c < 6.5% 90 vs 0 vs O° .0001
Halperin3® 34% RYGB vs control 38 12 HbA1c < 6.5% 58 vs 16 .03
Courcoulas®’3® 43% RYGB vs LAGB vs control 69 36 HbA1c < 6.5% 40vs29vs 0 .004
Wentworth3® 100% LAGB vs control 51 24 FBG < 7.0 mmol/L 52 vs 8 .001
Parikh* 100% RYGB/LAGB/SG vs control 57 6 HbA1c < 6.5% 65vs 0 .0001
Ding* 34% LAGB vs control 45 12 HbA1c < 6.5% 33 vs 23¢ 46
Cummings* 25% RYGB vs control 43 12 HbA1c < 6.0% 60vs5.9 .002
Shah* 85 RYGB vs control 80 24 HbA1c < 6.5% 60 vs 2.5 <.001

Remission criteria:

2 Remission was primary or secondary end point; HbA1c value without diabetes medications, unless otherwise specific.

® Remission was not precisely defined; HbA1c < 6.5% by extrapolation.
¢ Intermittent diabetes medications.

BMI = body mass index; BPD = biliopancreatic diversion; FBG = fasting blood glucose; HbA1c = glycated hemoglobin; LAGB = laparoscopic adjustable gastric band;

RYGB = Roux-en-Y gastric bypass; SG = sleeve gastrectomy

Modified from Schauer PR, et al. Clinical outcomes of metabolic surgery: efficacy of glycemic control, weight loss, and remission of diabetes. Diabetes Care 2016; 39:908-911.
©2016 American Diabetes Association. All rights reserved. Material from this publication is used with the permission of American Diabetes Association.

A systematic review published in 2012 evaluated
long-term cardiovascular risk reduction after bariatric
surgery in 73 studies and 19,543 patients.’* At a mean
follow-up of 57.8 months, the average excess weight
loss for all procedures was 54% and rates of remission
or improvement were 63% for hypertension, 73% for
type 2 DM, and 65% for hyperlipidemia. Results from
12 cohort-matched, nonrandomized studies compar-
ing bariatric surgery vs nonsurgical controls suggest
that improvements in surrogate disease markers such
as HbAlc, blood pressure, lipids, and body weight
after surgery translate to reduced macrovascular and
microvascular events and death.” One of these stud-
ies involving male veterans who were mostly at high
cardiovascular risk reported a 42% reduction in mor-
tality at 10 years compared with medical therapy.?

In the Swedish Obese Subjects study, the mortality
rate from cardiovascular disease in the bariatric surgi-
cal group was lower than for control patients (adjusted
hazard ratio, 0.47; P = .002) despite a greater preva-
lence of smoking and higher baseline weights and
blood pressures in the surgical cohort.”” For patients
with type 2 DM in this study, surgery was associated

S50 CLEVELAND CLINIC JOURNAL OF MEDICINE

VOLUME 84 ¢ SUPPLEMENT 1

with a 50% reduction in microvascular complica-
tions.”” After 15 years of follow-up, the cumulative
incidence of microvascular complications was 41.8
per 1,000 person-years for control patients and 20.6
per 1,000 person-years in the surgery group (hazard
ratio, 0.44; P <.001).

These observational, nonrandomized study data
suggest that in patients with type 2 DM, bariatric
surgery is significantly better than medical manage-
ment alone in improving glycemic control, reducing
cardiovascular risk factors, and lowering long-term
morbidity and mortality associated with type 2 DM.

I METABOLIC SURGERY: CLINICAL TRIALS

During the past 10 years, 12 randomized controlled tri-
als (RCTs) have compared metabolic surgery vs medi-
cal treatment for type 2 DM (Table 1).25* All the tri-
als included obese patients with type 2 DM (N = 874;
range 38-150 patients per study) with follow-up from
6 months to 5 years. Surgeries were RYGB (9 studies),
LAGB (5 studies), SG (2 studies), and BPD-DS (1
study); some studies had multiple surgery types. The
severity of type 2 DM varied significantly from mild
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(mean HbAlc 7.7%, < 2-year onset,
no insulin)?® to advanced (mean
HbA1c 9.3%, duration 8.3 years, 48%
on insulin).?? The BMI ranged from
25 to 53 kg/m?, with 11 of 12 studies
including patients with BMI less than
35 kg/m?. Demographics of age, sex,
and ethnic background were similar,
although 3 studies¥** included a
significant number of Asian patients.
For most studies, the primary end
point was the success rate of reaching
remission, defined as an HbA1c target
at or below 6.0% to 6.5% without a
need for diabetes medications.

Collectively, these RCTs showed
that surgery was significantly supe-
rior to medical treatment in reach-
ing the designated glycemic target (P < .05 for all).
The one exception showed that diabetes remission
for LAGB vs medical treatment was 33% and 23%,
respectively.* This result might be due to patients in
this study having advanced type 2 DM (HbAlc 8.2%
+ 1.2%, with 40% on insulin), and they likely had
reduced beta-cell function. Overall, surgery decreased
HbAlc by 2% to 3.5%, whereas medical treatment
lowered it by only 1% to 1.5%. Most of these stud-
ies also showed superiority of surgery over medical
treatment in achieving secondary end points such as
weight loss, remission of metabolic syndrome, reduc-
tion in diabetes and cardiovascular medications, and
improvement in triglycerides, lipids, and quality of
life. Results were mixed in terms of improvements in
systolic and diastolic blood pressure or low-density
lipoproteins after surgery vs medical treatment, but
many studies did show a corresponding reduction in
medication usage.

Durability of the effects of surgery was demon-
strated in a 5-year study that showed superior and
durable weight loss and glycemic control (remission)
with both RYGB and BPD in severely obese patients
(BMI > 35) vs medical therapy.’’ Similarly, Schauer
et al¥ showed that RYGB and SG were more effec-
tive than intensive medical therapy in improving or,
in some cases, resolving hyperglycemia for 5 years. In
the RCTs, patients who preoperatively had shorter
duration of diabetes, lower HbAlc levels, no insulin
requirement, and more postoperative weight loss were
more likely to achieve diabetes remission.

Although previous guidelines and payer coverage
policies had limited metabolic surgery to severely
obese patients (BMI > 35 kg/m?), nearly all RCTs
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FIGURE 3. Postoperative complication rates of surgical procedures in patients with type 2
diabetes mellitus: US data.
CABG = coronary artery bypass graft; RYGB = Roux-en-Y gastric bypass

Reprinted with permission from John Wiley & Sons (Aminian A, et al. How safe is
metabolic/diabetes surgery? Diabetes Obes Metab 2015; 17:198-201.)
©2014 John Wiley & Sons Ltd.

showed that the surgical procedures, especially
RYGB and SG, were equally effective in patients
with BMI 30 to 35 kg/m?. This is particularly impor-
tant given that most patients with type 2 DM have
a BMI less than 35 kg/m?. The effect of surgery in
these patients with mild obesity is also durable out to
at least 5 years.”

No RCT was sufficiently powered to detect differ-
ences in macrovascular or microvascular complica-
tions or death, especially at the relatively short follow-
up, and no such differences have been detected thus
far. The STAMPEDE (Surgical Therapy and Medica-
tions Potentially Eradicate Diabetes Efficiently) trial®
showed that bariatric surgery (RYGB or SG) did not
appear to worsen or improve retinopathy outcomes at
5 years compared with intensive medical management.

I METABOLIC SURGERY: ADVERSE EVENTS

Surgical complications

Owverall, rates of perioperative morbidity and mortality
of bariatric surgery are similar to those of common,
relatively low-risk abdominal procedures such as cho-
lecystectomy and appendectomy. The NIH-supported
Longitudinal Assessment of Bariatric Surgery study
reported a low 30-day mortality rate of 0.3% in 4,776
patients and a 4.3% incidence of major adverse events
in the early postoperative period.* A study from the
American College of Surgeons (> 65,000 patients)
showed that laparoscopic RYGB had perioperative
morbidity and mortality rates of 3.4% and 0.3%,
respectively, similar to those for laparoscopic cho-
lecystectomy (3.7% and 0.7%) and appendectomy
(4.5% and 0.5%) (Figures 3 and 4) and much lower
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FIGURE 4. Mortality rates of 8 procedures in patients with diabetes (2008-2012).

CABG = coronary artery bypass grafting; RYGB = Roux-en-Y gastric bypass

Reprinted with permission from John Wiley & Sons (Aminian A, et al. How safe is
metabolic/diabetes surgery? Diabetes Obes Metab 2015; 17:198-201.)
©2014 John Wiley & Sons Ltd.

than for laparoscopic colectomy (12.0% and 1.7%).4

Table 2 summarizes early and late postoperative
complications of metabolic surgery. Although rare
(< 1%), cardiopulmonary complications such as
myocardial infarction and pulmonary embolism are
the major causes of mortality, representing 70% of
all perioperative deaths.® Intestinal leakage at the
anastomosis or staple line is the most serious early
surgical complication after RYGB (0.1%-5.6%) and
may potentially lead to peritonitis. Bowel obstruction
(0.5%—-2%) and marginal ulcers (1%—5%) may also
occur months to years after RYGB.¥# Staple-line
leakage (1%—-5%) and gastric stenosis (1%—-5%) are
the most common surgical complications of SG.!

For BPD-DS, perioperative complications are similar
to those for RYGB. Although LAGB is safe, with a very
low mortality rate (< 0.3%), late complications such
as band slippage, erosion, migration, and surgical port
infection occur in about 20% of patients.*” Reoperation
for poor weight loss or complications after LAGB is
common, occurring in approximately 50% of patients.*
In general, patients at higher risk of complications after
bariatric surgery are those with high BMI, older age,
multiple comorbidities, smoking, or previous revisional
operations; men are also at higher risk.*

Nutritional deficiencies

Postoperative nutritional deficiencies are typically
associated with diminished nutrient intake or the
malabsorptive effect of bariatric procedures. They are
more common after RYGB and BPD-DS and less com-
mon after SG and LAGB. In addition, there is a high

prevalence of nutritional deficiencies (35%-80%)
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in patients seeking bariatric surgery;
thus, poor preoperative nutrition
may be a factor in the development
of postoperative deficiencies. Com-
mon preoperative nutrient deficien-
cies are vitamin A (11%), vitamin
B, (13%), vitamin D (40%), zinc
(30%), iron (16%), ferritin (9%),
selenium (58%), and folate (6%).%!
Recommendations are to assess for
these deficiencies and correct any
identified before surgery.

Mild anemia after bariatric proce-
dures is common, occurring in 15%
to 20% of cases, and it is believed to
result from reduced absorption of iron
and B, ,, as well from pre-existing iron
deficiency anemia in premenopausal
patients.’? Deficiencies in trace min-
erals (selenium, zinc, and copper) and vitamins (B,
B, A, E, D, and K) can occur after bariatric proce-
dures, especially after BPD-DS.”* Nutrient deficien-
cies can be prevented or corrected with appropriate
vitamin, iron, and calcium supplementation.**

Bone mineral density may decrease after bariat-
ric surgery (14% in the proximal femur).” Reduced
mechanical loading after weight loss, reduced con-
sumption and malabsorption of micronutrients (cal-
cium, vitamin D), and neurohormonal alterations
are potential underlying mechanisms of bone mineral
density reduction after bariatric surgery. Rates of bone
fracture and osteoporosis are not well delineated, rais-
ing questions about whether bone loss after bariatric
surgery is clinically relevant or a functional adapta-
tion to skeletal unloading. However, the extreme
malabsorptive procedures of BPD-DS have been asso-
ciated with severe calcium and vitamin D deficien-
cies, leading to decreased bone mineral density and
0steoporosis.

Protein malnutrition also can occur after these
extreme malabsorptive procedures. Patients require
postoperative oral protein supplementation (80-100
g/day) and lifelong monitoring for nutritional com-
plications after these procedures.*®

Additional complications

Other late complications of bariatric surgery that
are less clear in incidence and cause include kidney
stones, alcohol abuse, depression, and suicide. One
study of patients after RYGB (N = 4,690) reported
a significantly higher prevalence of kidney stones
than in obese controls: 7.5% vs 4.6%, respectively.’?
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Proposed causes of kidney stone formation following
bariatric surgery include hyperoxaluria, hypocitratu-
ria, and elevated urine acidity.’®

The prevalence of alcohol-use disorder after bar-
iatric surgery ranges from 7.6% to 11.8% and appears
to be higher in patients with a history of alcohol use.”
Paradoxically, while bariatric surgery has been shown
to significantly decrease depression,” some studies
suggest that a slight increase in the risk of suicide
may occur,’!’ while others do not.®> A recent review
concluded that accurate rates of suicide after bariatric
surgery are not known, but practitioners should be
aware of this concern and appropriately screen and
counsel their patients.®’

Although the 12 RCTs reported in Table 1 were
not powered to detect differences in treatment-related
complications, the overall rates of complications were
consistent with those in observational studies.” The
most common surgical complications were anemia
(15%), need for reoperation (8%), and GI (5%-10%).
The 30-day surgical mortality rate was 0.2% (1 death)
among the 465 surgical patients. Complications were
not limited to the surgical patients. In the medical-
treatment control group of the STAMPEDE trial,*
anemia (16%) and weight gain (16%) were common.
Investigators reported challenges with medication
compliance, including adverse effects leading to dis-
continuation of medications. Mild hypoglycemia was
common, with no significant differences between the
surgical and medical treatment groups.

B METABOLIC SURGERY: COST EFFECTIVENESS

The cost of bariatric procedures varies considerably
but, in general, ranges from $20,000 to $30,000,
similar to the cost of cholecystectomy, hysterectomy,
and colectomy. Retrospective analyses and modeling
studies indicate that metabolic surgery is cost-effec-
tive and may present a cost savings in patients with
type 2 DM, with a break-even time between 5 and 10
years.**% The cost savings, largely based on assump-
tions of long-term effectiveness and safety, result from
reductions in medication use, outpatient care costs,
and long-term complications of type 2 DM.

M WHO SHOULD HAVE METABOLIC SURGERY?

Until recently, there was no clear national or interna-
tional consensus on the role of metabolic surgery in
treating type 2 DM. In 2015, the 2nd Diabetes Surgery
Summit (DSS-II) Consensus Conference published
guidelines that were endorsed by more than 50 diabe-
tes and medical organizations.” The recommendations
cover many clinically relevant issues, including patient
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TABLE 2
Complications after metabolic surgery

Frequency

Complications (%)
Sepsis from anastomotic leak 0.1-5.6
Hemorrhage 1-4
Cardiopulmonary events <1
Thromboembolic disease 0.34
Death 0.1-0.3
Late complications for LAGB

Band slippage 15

Leakage 2-5

Erosion 1-2
Late complications of bypass procedures

Anastomotic stricture 1-5

Marginal ulcer 1-5

Bowel obstruction 0.5-2
Micronutrient and macronutrient deficiencies
from RYGB 2-3 years postoperatively

Iron deficiency 45-52

Vitamin B, deficiency 8-37

Calcium deficiency 10

Vitamin D deficiency 51

Fat-soluable vitamin deficiencies (A, D, E, and K) and  1-5
protein calorie malnutrition from BPD-DS procedures

BPD-DS = biliopancreatic diversion with duodenal switch; LAGB = laparoscopic
adjustable gastric banding

From Schauer PR, et al. Clinical outcomes of metabolic surgery:

efficacy of glycemic control, weight loss, and remission of diabetes.
Diabetes Care 2016; 39:908-911. ©2016 American Diabetes Association.
All rights reserved. Material from this publication is used

with the permission of American Diabetes Association.

selection, preoperative evaluation, choice of proce-
dure, and postoperative follow-up. The consensus con-
ference delegates concluded that there is sufficient evi-
dence demonstrating that metabolic surgery achieves
excellent glycemic control and reduces cardiovascular
risk factors.

According to the DSS-II guidelines, metabolic
surgery should be recommended to treat type 2 DM
in patients with class III obesity (BMI > 40 kg/m?)
regardless of glycemic control and in those with class
IT obesity (BMI 35.0-39.9 kg/m?) when hyperglyce-
mia is inadequately controlled by lifestyle and optimal
medical therapy. Surgery should also be considered for
patients with type 2 DM and BMI 30.0 to 34.9 kg/
m? if hyperglycemia is inadequately controlled despite
optimal treatment with either oral or injectable medi-
cations. These BMI thresholds should be reduced by
2.5 kg/m? for Asian patients.
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FIGURE 5. Algorithm for the treatment of type 2 diabetes, as recommended by the 2nd Diabetes Surgery Summit's voting delegates.

From Rubino F, et al. Metabolic surgery in the treatment algorithm for type 2 diabetes: a joint statement by international diabetes organizations. Diabetes Care 2016; 39:861-877.
©2016 American Diabetes Association. All rights reserved. Material from this publication is used with the permission of American Diabetes Association.

The treatment algorithm from
DSS-II  incorporates  appropriate
use of all 3 treatment modalities:
lifestyle intervention, drug therapy,
and surgery (Figure 5).° The 2017
Standards of Care for Diabetes from
the American Diabetes Association

TABLE 3
American Diabetes Association's recommendations
for the treatment of type 2 diabetes mellitus

Body mass index category (kg/m?)

23.0° or 27.5% or include th kev indicati in th
Treatment 25.0-26.9 27.0-29.9 30.0-34.9 35.0-39.9 >40 tnctude those key Thdlcations 1n the
recommendations for metabolic sur-
Diet, physical activity, t T t t t gery (Table 3).2
and behavioral therapy
Pharmacotherapy t t t t B SUMMARY
Metabolic surgery t t t Recent evidence from multiple RCTs

has provided level la evidence sup-
porting metabolic surgery as an effec-

@ Cutoff points for Asian American individuals.

t Treatment may be indicated for selected motivated patients.
From American Diabetes Association. Obesity management for the treatment of type 2 diabetes. Sec. 7.
In: Standards of Medical Care in Diabetes—2017. Diabetes Care 2017; 40(supp! 1):S57-563.
©2017 American Diabetes Association. All rights reserved. Material from this publication
is used with the permission of American Diabetes Association.
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tive treatment for type 2 DM. These
studies have shown the superiority of
surgery vs medical therapy in achiev-
ing excellent and durable glycemic
control as well as benefits in long-
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term weight loss, medication reduction, dyslipidemia,
overall quality of life, and other cardiovascular risk
factor reductions. Metabolic surgery is the only diabe-
tes treatment proven to result in long-term remission
in 23% to 60% of patients.

The safety of metabolic surgery has significantly
improved with the advent of laparoscopic surgery and
recent national quality improvement initiatives that
have made gastric bypass and SG as safe as cholecys-
tectomy and appendectomy. Although observational
studies suggest that metabolic surgery is associated
with a reduction in cardiovascular and diabetes com-
plications and mortality, these observations have not
been confirmed in long-term RCTs.

Based on the published evidence, metabolic sur-
gery is now endorsed as a standard treatment option,
which provides patients and practitioners with a pow-
erful tool to help combat the life-impairing effects of
type 2 DM.
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In the United States, 57.9% of patients with diabetes mellitus
(DM) have at least 1 diabetes-related complication and 14.3%
of patients with diabetes have 3 or more diabetes-related
complications.” Achieving glycemic control in patients with
DM reduces the development and progression of retinopathy,
nephropathy, and neuropathy. Aggressive treatment of dyslip-
idemia and hypertension decreases macrovascular complica-
tions.2* The techniques for monitoring blood glucose and the
various treatment options available to manage glycemic con-
trol in patients with diabetes are reviewed below.

Measuring Glycemic Control

The primary techniques available to assess the quality of a
patient’s glycemic control are self-monitoring of blood glu-
cose and interval measurement of hemoglobin Alc (HbA1c).
Continuous glucose monitoring is also available and may be
appropriate for select patients, such as patients with brittle
diabetes and those using insulin pumps.

Self-monitoring of blood glucose

For patients with type 1 DM and patients with insulin-depen-
dent type 2 DM, self-monitoring of blood glucose allows
patients to adjust insulin dosing to prevent hypoglycemia and
hyperglycemia.>>” The American Diabetes Association (ADA)
guidelines recommend that patients with type 1 DM self-
monitor their glucose:

¢ Before eating

e At bedtime

e Before exercise

e If hypoglycemia is suspected

¢ Until hypoglycemia is corrected
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e Postprandially upon occasion

¢ And before critical tasks (ie, driving).t

Patients should be educated about how to use real-time
blood glucose values to adjust their food intake and medical
therapy.

It is commonly recommended that patients with type 2 DM
self-monitor their blood glucose levels, but the evidence to
support the effectiveness of this practice is inconclusive. Ini-
tial studies showed reductions in HbA1c with self-monitoring;
however, the inclusion of beneficial health behaviors such as
diet and exercise in the analyses makes it difficult to assess the
effectiveness of self-monitor blood glucose alone.?®

The ADA recommends that nonpregnant adults maintain
blood glucose levels of 80 mg/dL to 130 mg/dL preprandial and
less than 180 mg/dL postprandial.® The blood glucose goals for
patients with gestational diabetes are 95 mg/dL or less pre-
prandial and either 140 mg/dL or less 1-hour postprandial or
120 mg/dL or less 2-hours postprandial.

HbA1c

HbA1c tests reflect the mean blood glucose values over a 3-month
period and can predict patients’ risk of microvascular complica-
tions.’®"" The ADA recommends that patients with stable glycemic
control have an HbA1c test at least twice a year. Quarterly HbA1c
testing is suggested for patients with a recent change in therapy
or for patients not meeting their glycemic goals.?

Measurement of HbA1c is influenced by the red blood cell
turnover rate; therefore, anemia, transfusions, and hemoglo-
binopathies can cause inaccurate test values. The ADA recom-
mends that nonpregnant adults maintain HbA1c levels near
7%. For patients with diabetes who become pregnant, the goal
is HbA1c levels less than 6.0%.8 The ADA also recommends that
select patients, especially those with a long life expectancy and
little comorbidity, adopt glycemic targets near normal levels
(HbA1c < 6.5%), providing the target can be achieved without
significant hypoglycemia.?
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TABLE 1
Glycemic treatments by therapeutic category

Insulin sensitizers

Biguanide: metfomin (Fortamet, Glucophage, Glumetza, Riomet)
Thiazolidinedione: pioglitazone (Actos), rosiglitazone (Avandia)

Insulin secretagogues

Sulfonylureas: chlorpropamide (Diabinese), glimepiride (Amaryl),
glipizide (Glucotrol), glyburide (Micronase, Glynase)

Glinides: repaglinide (Prandin), nateglinide (Starlix)

Alpha-glucosidase inhibitors

Acarbose (Precose), miglitol (Glyset), voglibose

Incretin-based therapies

Glucagon-like peptide-1 agonists: albiglutide (Tanzeum), dulaglutide
(Trulicity), exenatide (Bydureon, Byetta), liraglutide (Saxenda,
Victoza), lixisenatide (Adlyxin)

Dipeptidyl peptidase-4 inhibitors: alogliptin (Nesina), linagliptin
(Tradjenta), saxagliptin (Onglyza), sitagliptin (Januvia)
Sodium-glucose transporter-2 inhibitors

Canagliflozin (Invokana), dapagliflozin (Farxiga), empagliflozin
(Jardiance)

Amylinomimetic

Pramlintide (SymlinPen 120, SymlinPen 60)

Dopamine agonist

Bromocriptine (Cycloset)

Insulin

Rapid-acting
Aspart insulin (Novolog)
Glulisine insulin (Apidra)
Lispro insulin (Humalog)

Short-acting

Regular insulin (HumuLIN R, HumuLIN R U-500 KwikPen,
NovoLIN R, NovoLIN R ReliOn)

Intermediate-acting

Isophane insulin, NPH insulin (Humulin N, Novolin N)
Long-acting

Detemir insulin (Levemir)

Glargine insulin (Basaglar KwikPen, Lantus, Lantus SoloStar,
Toujeo SoloStar)

Degludec insulin (Tresiba)
Premixed

Several types intermediate-acting and short-acting insulin
combined are available

Glycemic Treatment

Treatment options to control blood glucose include insulin
sensitizers, insulin secretagogues, alpha-glucosidase inhibi-
tors, incretin-based therapies, sodium-glucose cotransporter-2
(SGLT-2) inhibitors, amylinomimetics (pramlintide), dopamine-
receptor agonists (bromocriptine), and insulin (Table 1).82

Insulin sensitizers

Biguanides (metformin)

Metformin is the only available biguanide. Metformin should
be used as a first-line therapy in patients with type 2 DM when-
ever possible.”® Metformin suppresses hepatic glucose output
and primarily affects fasting glycemia; however, reduced post-
prandial glucose concentrations also occur.

The most common side effects of metformin are diarrhea,
nausea, and abdominal discomfort. Metformin has the poten-
tial to produce very rare but life-threatening lactic acidosis

S58 CLEVELAND CLINIC JOURNAL OF MEDICINE

VOLUME 84 ¢ SUPPLEMENT 1

Based on information from the American Diabetes Association® and Inzucchi et al."

(< 1 in 100,000). The use of metformin is contraindicated in
patients with a glomerular filtration rate less than 30 mL/min,
with acidosis, hypoxia, or dehydration.®

Metformin usually does not lead to hypoglycemia when
used as monotherapy. It can lead to weight loss (3%-5% of
body weight), and it has been shown to decrease plasma tri-
glyceride concentrations (10%-20%).5'4">

Thiazolidinediones

Thiazolidinediones (TZDs) primarily enhance the insulin sensi-
tivity of muscle and fat tissue and mildly enhance insulin sen-
sitivity of the liver. TZDs lower fasting and postprandial blood
glucose levels.

Maijor side effects of TZDs include weight gain, with an
increase in subcutaneous adiposity, and fluid retention. Fluid
retention typically manifests as peripheral edema, but heart
failure can occur on occasion. These agents should be avoided
in patients with functional class Ill or IV heart failure. The PRO-
active trial of the TZD pioglitazone found that pioglitazone did
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not increase cardiovascular risk compared with placebo.'® TZDs
have been associated with an increased risk of fractures, par-
ticularly in women. When used as monotherapy, TZDs do not
cause hypoglycemia. Pioglitazone lowers triglyceride levels,
increases high-density lipoprotein cholesterol, and increases
the low-density lipoprotein cholesterol particle size.®15-'8

Insulin secretagogues

Insulin secretagogues such as sulfonylureas and glinides
stimulate secretion of insulin from the pancreas regardless of
the ambient glucose concentration.

Sulfonylureas

Sulfonylureas lower fasting and postprandial glucose levels.
The main side effects include weight gain (about 2 kg upon ini-
tiation) and hypoglycemia. The UK Prospective Diabetes Study
(UKPDS) trial showed a decrease in microvascular complica-
tions with the use of sulfonylureas.” Caution should be used
in patients with liver or kidney dysfunction or patients who fre-
quently skip meals. Newer, second-generation sulfonylureas (ie,
glipizide and glimepiride) may have less risk of hypoglycemia
because their action is somewhat glucose dependent.®'7:°

Glinides

Glinides, which include repaglinide and nateglenide, have a
rapid onset of action and a short duration of action, so they
are a good option for patients with erratically timed meals.
Glinides have a lower risk of hypoglycemia than sulfonylureas.
Caution must be used with glinides in patients with liver dys-
function. Dosing is immediately before meals.5?

Alpha-glucosidase inhibitors

Alpha-glucosidase inhibitors such as acarbose, miglitol, and
voglibose block the enzyme alpha-glucosidase in the cells of
the brush border of the small intestine, which delays absorption
of carbohydrates. Alpha-glucosidase inhibitors primarily affect
postprandial hyperglycemia without causing hypoglycemia.
Abdominal cramps, bloating, flatulence, and diarrhea are the
most common side effects. Use of alpha-glucosidase inhibi-
tors should be avoided in patients with severe hepatic or renal
impairment. Dosing is prior to carbohydrate-containing meals.#%

Incretin-based therapies

Therapies that target the incretin hormones to increase insulin
production include glucagon-like peptide-1 (GLP-1) receptor
agonists and dipeptidyl peptidase-4 (DPP-4) inhibitors.

GLP-1 agonists

Exenatide, liraglutide, albiglutide, and dulaglutide are synthetic
analogs of the GLP-1 hormone. GLP-1 is produced in the small
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intestine; it stimulates insulin secretion and inhibits glucagon
secretion in a glucose-dependent manner. It also delays gastric
emptying and suppresses appetite through central pathways.
GLP-1 agonists primarily decrease postprandial blood glucose
levels; however, a moderate reduction in fasting blood glucose
and some weight loss can also occur.

The major side effects are gastrointestinal complaints
such as nausea, vomiting, and diarrhea. Hypoglycemia does
not occur unless GLP-1 analogues are combined with a sul-
fonylurea or insulin. There is a slightly increased risk of acute
pancreatitis in patients using GLP-1 agonist medications, and
patients must be warned to discontinue use of these medica-
tions if abdominal pain occurs.

Dosing of GLP-1 agonist medications is either twice daily,
daily, or weekly by subcutaneous injection.®?'

DPP-4 inhibitors

DPP-4 is an enzyme that rapidly degrades GLP-1. Suppression
of DPP-4 leads to higher levels of insulin secretion and sup-
pression of glucagon secretion in a glucose-dependent manner.

The DPP-4 inhibitors such as linagliptin, sitagliptin, saxa-
gliptin, and alogliptin are given orally once daily. An increased
risk of acute pancreatitis has been reported in some patients.
Dose reduction is needed in patients with renal impairment for
most of these medications.5?2

SLGT-2 inhibitors

SGLT-2 inhibitors include canagliflozin, dapagliflozin, and
empaglifiozin and are the newest group of antidiabetic
medications. These medications inhibit glucose reabsorption
in proximal tubule of the kidney leading to glycosuria, which
lowers the blood glucose concentration, lowers blood pressure,
and leads to some weight loss. Empagliflozin was shown to be
cardioprotective in some patients.?

SGLT-2 inhibitors are given once a day in the morning and
the primary side effects are polyuria and genital yeast infec-
tions. These medications are contraindicated in patients with
severe end-stage renal disease and those who are on dialysis.2?

Pramlintide (amylinomimetics)

Pramlintide, an amylinomimetic, is a synthetic drug that acts
like amylin, a hormone secreted by beta cells that suppresses
glucagon secretion, slows gastric emptying, and suppresses
appetite through central pathways. Pramlintide acts primarily
on postprandial blood glucose levels.

The side effects of pramlintide are gastrointestinal com-
plaints, especially nausea. Currently, pramlintide is approved
only as an adjunctive therapy with insulin, and it can be used
in patients with type 1 DM or type 2 DM. The dose for type 1
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DM is 15 g before each meal subcutaneously, and for type 2
DM it is generally 60 p.g before meals.”

Dopamine-receptor agonist (bromocriptine)

Bromocriptine is a central dopamine-receptor agonist, and
when given in rapid-release form within 2 hours of awaken-
ing in the morning, it improves glycemic control for patients
with type 2 DM. The mechanism of action resulting in improved
glycemic control is unknown. Studies have demonstrated the
cardiovascular safety of bromocriptine.?

Side effects of bromocriptine include hypotension, somno-
lence, and nausea. Individuals with psychiatric disorders may
experience exacerbation while taking bromocriptine. Bro-
mocriptine is taken with food to diminish nausea.?’

Insulin

Insulin and insulin analogues remain the most direct method
of reducing hyperglycemia. There is no upper limit in dosing for
therapeutic effect, so it can be used to bring any HbA1c down
to near-normal levels. Other benefits of insulin include reduc-
ing triglyceride levels and increasing high-density lipoprotein
cholesterol.

Hypoglycemia is a concern with use of insulin, and studies
have shown that episodes for which the patient required assis-
tance due to the hypoglycemia occurred between 1 and 3 times
per 100 patient-years." Weight gain can occur after initiation of
insulin therapy, and patients typically gain 2 kg to 4 kg.®

Initiation and Titration of Therapy

All patients with type 1 DM require insulin therapy. There are
2 regimens available: basal-bolus and insulin-pump therapy.
Patients with type 2 DM often require insulin, which can be
combined with oral hypoglycemic agents. Regimens include
basal insulin only, twice-daily premixed insulin, basal-bolus
therapy, and insulin-pump therapy.?®

Basal-bolus therapy

The basal-bolus regimen combines a long-acting agent for
basal-insulin needs that is used once or twice daily and a
rapid-acting agent for prandial coverage. Traditionally, 50% of
the total daily dose is given as basal insulin (detemir, glargine,
degludec) and the remaining dose as prandial insulin divided
equally before meals (regular, lispro, glulisine, or aspart).

The meal dose of insulin can be fixed, but it is better to
determine the dose based on the carbohydrate content of the
meal. To do so, patients should be educated about carbohy-
drate counting and the dose of insulin required to cover the
carbohydrate content of the meal. Consultation with a diabe-
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tes educator is needed for patients to effectively dose insulin
based on the carbohydrate content of meals. Patients are also
provided with a sliding scale of supplemental insulin to use as
a third component of therapy when the blood glucose level is
higher than desired.

The starting total daily insulin dose is typically 0.3 U/kg for
patients with type 1 DM and 0.5 U/kg for patients with type 2
DM if no other medications are used. The ADA recommends
adding basal insulin at 0.1 to 0.2 U/kg for patients with type
2 DM once they need it. The key to good glycemic control is
self-monitoring of blood glucose by the patient and frequent
adjustment of the regimen until control is achieved.?

Insulin-pump therapy

The insulin pump allows the use of different basal insulin rates
at different periods of the day for greater flexibility with daily
dosing. The insulin pump also allows administration of the
meal bolus as a single discrete bolus or as an extended bolus
(square bolus) over a certain period of time, which allows a
better match between insulin delivery and glucose absorp-
tion from the meal in patients with abnormalities of gastric
emptying. Use of an insulin pump should be considered in the
following patients:

e Patients unable to achieve target goals with basal-bolus

regimens

e Patients with frequent hypoglycemia, dawn phenomenon,

or brittle diabetes

e Pregnant patients

e Patients with insulin sensitivity or those requiring more

intense monitoring due to complications.

Recently, continuous glucose monitors have been developed
that measure interstitial glucose levels. Continuous glucose
monitoring has been shown to lower HbA1c in adult patients
with type 1 DM.%

Gestational diabetes

In patients with gestational diabetes, insulin therapy is indi-
cated when exercise and nutritional therapy are ineffective
in controlling prandial and fasting blood glucose levels. Basal
therapy alone may be sufficient, but a basal-bolus regimen is
often required.®

Summary

e Glycemic control reduces the development and progres-
sion of complications of diabetes such as retinopathy,
nephropathy, and neuropathy.

¢ The primary techniques available to assess the quality of
a patient’s glycemic control are self-monitoring of blood
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glucose and interval measurement of HbA1c.

e Available treatment options to control blood glucose
include insulin sensitizers, insulin secretagogues, alpha-
glucosidase inhibitors, incretin-based therapies, SGLT-2
inhibitors, amylinomimetics (pramlintide), dopamine-
receptor agonist (bromocriptine), and insulin.
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