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This activity offers CE credit for:

1. Medicine (AMA)
2. Nurses (ANCC)
3. Other
All other attendees will receive a Certificate of Attendance

Activity Overview:

The goal of the educational program is to provide practitioners with up-to-date evidence-based treatment
recommendations for type 2 diabetes, including individualized glycemic targets, choice of glucose-
lowering medications based on end-organ protection and HbA1c lowering, and strategies to avoid
hypoglycemia by adjusting insulin regimens.

The educational program includes a written evidence report (print monograph) and several non-CME/CE
components:

1. Summary document of top 4-5 key messages

2. “Academic detailing” educational sessions in clinicians’ offices with specially trained outreach
educators (pharmacists, nurses, physicians) who present the material interactively

3. Patient education information (brochure/tear off sheets)

This program synthesizes current clinical information on this topic into accessible, non-commercial,
evidence-based educational material, to be taught interactively to providers by specially trained clinical
educators.

Learning Objectives:
Upon completing this activity, participants should be able to:

¢ Individualize the HbA1c target (often around 7% for most patients, but adjusting the goal based
on co-occurring conditions, hypoglycemia risk, functional status, and other patient factors).

o Select initial treatment based on relevant comorbidities and HbA1c lowering need.

o Assess response to treatment, ensure appropriate medication taking behaviors, and optimize
doses before adding insulin to achieve HbA1c goal.

» Continuously encourage exercise and healthy diet strategies for weight management.

» Manage overall health by preventing complications and screening for diabetes-related
complications.
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Introduction

Diabetes mellitus, of which 90-95% of cases are type 2, is one of the most common chronic conditions in
the U.S." Of the remaining 5-10% of diabetes cases, the majority are type 1, with pancreatic,
monogenetic, secondary, and other forms of diabetes comprising a small percentage of cases. Type 1
and type 2 diabetes combined affect approximately 38.4 million Americans (11.6% of the adult
population).” The incidence has risen steadily over the past 20 years with some flattening of the trend in
recent years, primarily among non-Hispanic white individuals.? Troublingly, nearly 1 in 4 affected people
do not know they have diabetes.! Despite the relative flattening in recent years, the number of U.S. adults
with diagnosed diabetes is projected to nearly triple by 2060.3

Figure 1: Prevalence of diabetes (type 1 and type 2) in U.S. adults?

20

16 -

Total diabetes f
12 - ﬁ/
8 Diagnosed diabM\

4 /

Undiagnosed diabetes

Percent

0 | | | | | | | | | | |

1999- 2001- 2003- 2005- 2007- 2009- 2011- 2013- 2015~ 2017- August
2000 2002 2004 2006 2008 2010 2012 2014 2016 March  2021-
2020 August

2023

Survey period

Diabetes is more common among older adults and among certain racial and ethnic groups (Figures 2 and
3, next page).
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Figure 2: Diabetes prevalence (diagnosed and undiagnosed) by age?
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Figure 3: Percentage of U.S. adults aged 18 or older with diagnosed diabetes, by race/ethnicity’
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Diabetes is associated with a wide range of complications including heart disease, stroke, kidney disease,
neuropathy, and retinal damage as well as increased mortality.* Rates of complications vary significantly
by race. For example, diabetes-related end-stage renal disease is much more prevalent among patients
who are Black than patients of other races or ethnicities.>® In 2021, diabetes was the 8"-leading cause of
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death in the U.S., with about 103,000 death certificates listing diabetes as the underlying cause of death
and almost 400,000 death certificates listing diabetes as a related cause of death.’

Despite decades of attention to the problem of diabetes, the advent of new pharmacological treatment
options, and better means of monitoring blood glucose levels, roughly half of those currently treated for
diabetes are not achieving the general target of 7% glycated hemoglobin (HbA1c).” In fact, the average
HbA1c at initiation of second-line anti-diabetic therapies actually increased from 7.7% to 8.6% in 2003
compared to 2015.8

This high rate of treatment inertia and inadequacy is driven by many factors. Patients often find it difficult

to make the lifestyle changes needed for better glycemic control, and clinicians, trying to manage multiple
issues in addition to diabetes, often lack the time or resources to take all of the steps required for optimal

diabetes care.%'°

Successful management is based on the following elements:

 patient education, lifestyle modification, and self-monitoring

» ongoing clinical contact to determine whether glucose and other cardiovascular risk factors are
optimized, and if medication initiation or adjustment is necessary

o detection and prevention of complications

o treatment of related conditions such as hypertension and hypercholesterolemia

This monograph provides practical, evidence-based information to help clinicians manage diabetes more
successfully, with a specific emphasis on older adults. The monograph has been updated with the most
recent guidance from professional organizations such as the American Diabetes Association (ADA), as
well as data from new clinical trials and systematic reviews related to type 2 diabetes care. Although it
focuses largely on medication therapy, the monograph also addresses diagnosis, monitoring, and other
practice-relevant areas.

BOTTOM LINE: Diabetes is very common and is associated with a wide range of complications.
Despite decades of work, about half of those currently treated for diabetes are not achieving
target glucose levels.

Making the diagnosis

Diabetes is sometimes detected when a patient presents with symptoms of uncontrolled hyperglycemia
such as polyuria or polydipsia. In such patients, a single plasma glucose measurement of 2200 mg/dL is
generally adequate to make the diagnosis.'" More often, however, the diagnosis is made in an
asymptomatic patient either through routine screening or when hyperglycemia is detected incidentally as
part of a panel of laboratory tests (Table 1, next page).
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Table 1: Diagnosing diabetes (American Diabetes Association criteria)'?

Patient presentation  Test and threshold ‘ Notes
Symptomatic Random plasma glucose =200
e.g., polyuria, mg/dL
polydipsia, weight
loss, diabetic
ketoacidosis
Asymptomatic Fasting plasma glucose =126 e Fasting is defined as no caloric intake for
mg/dL at least 8 hours before the test.

e Repeat on a second day to confirm or
use second test (e.g., HbA1c).

e Fasting glucose 100-125 mg/dL indicates
impaired fasting glucose (IFG).

HbA1c 26.5% e HbA1c of 5.7-6.4% indicates prediabetes
(need repeat test to confirm).

Oral glucose tolerance test; ¢ Most sensitive and listed as conditional

plasma glucose 2200 mg/dL 2 recommendation by some guidelines for

hours after 75 g glucose load select high-risk individuals who are

diagnosed with prediabetes by HbA1c.
— However, used infrequently due to
inconvenience, despite being
potentially helpful in older adults, for
whom HbA1c may be less accurate.
e Glucose 140-199 mg/dL indicates
impaired glucose tolerance (IGT); repeat
test recommended for clinical

confirmation.
HbA1c: non-enzymatic glycation of red blood cells accrued over the lifespan of the red blood cell and measured on
average in the red blood cell population.

In 2021, 97.6 million American adults met the diagnostic criteria for “prediabetes,” defined as a fasting
glucose level between 100-125 mg/dL or an HbA1c of 5.7%-6.4%, which corresponds to 38% of the U.S.
adults over the age of 18." However, only 19% of U.S. adults reported knowing they had prediabetes,
which mirrors the high rates of underdiagnosis for diabetes."

While it has only been more explicitly addressed in guidelines published over the past two decades, the
concept of prediabetes has been in the medical lexicon since at least the 1960s."® The American Diabetes
Association (ADA) is careful to point out that prediabetes should not be thought of as a unique clinical
entity. The high prevalence and lack of awareness of prediabetes, however, is worth considering because
the condition is associated with increased risk of developing diabetes.!" Estimates of how likely somebody
with prediabetes is to develop diabetes are still debated, however, and depend on which test or diagnostic
criteria are used and in which population.

For example, the TOPICS 3 cohort study followed 2,092 patients with prediabetes for nearly five years
and found that the probability of progression to diabetes was only 7-9% (depending on which type of test
was used).™ Moreover, in some populations there does not appear to be any increased risk of developing
clinically-important diabetes. For example, one study of 3,412 community-based older adults (mean age
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75) found that patients with prediabetes were more likely to die (19%) than develop diabetes (9%) over
the subsequent five-year period."® This may be due to the known modest rise in HbA1c with aging, related
to changes in red blood cell half-life among other factors, which can result in the over-diagnosis of
clinically relevant diabetes in this age group.

Other estimates, however, suggest a higher risk. Calculations from a set of 16 cohort studies of the
annualized risk of developing diabetes reported that between 25% and 50% of patients with an HbA1c of
6.0-6.5% would develop diabetes over a period of five years.'® Further complicating matters is the fact
that most of these studies do not address whether individuals with prediabetes are more likely to progress
to having the microvascular or macrovascular complications of diabetes, nor do they address whether
treating prediabetes delays the onset of these complications.

Limitations notwithstanding, among a general population, being diagnosed with prediabetes is associated
with at least some increased risk of developing diabetes. As such, the ADA recommends targeted
screening for prediabetes and diabetes (Table 2).

Table 2: Who should be screened for prediabetes and diabetes?'?

Age ‘ BMI ‘ Other Risk Factors Frequency
235 Any* None required Screen
every 3
years
<35 225 One or more of the following: Screen
(=23 if First-degree relative with diabetes every 3
Asian) Physically inactive years

High-risk race or ethnicity

History of gestational diabetes or delivery of baby weighing >9 Ibs
Hypertension

Polycystic ovary syndrome

Low HDL/high triglycerides

Vascular disease

*%

Any Any Prediabetes on previous testing (IFG, IGT, HbA1c of 5.7-6.4%) Screen
annually

IFG = impaired fasting glucose; IGT = impaired glucose tolerance

*United States Preventative Task Force (USPSTF) recommends screening only for individuals who have
overweight/obesity'”

** For women with gestational diabetes the recommended screening is every 1-3 years (annually if on insulin in
pregnancy or other high-risk characteristic).

Regardless of which test of glucose level is chosen, in the absence of symptoms (e.g., polyuria,
polydipsia, weight loss) and hyperglycemia 2200 mg/dL, two different tests from the same sample or two
tests (same or different test types) on separate samples are required to diagnose diabetes or
prediabetes.'?

Currently, HbA1c is the most commonly used test in clinical practice owing largely to its ease of use and
general reliability. However, it is important to recognize the limitations of HbA1c testing in screening for
diabetes. For most adults, HbA1c remains the least sensitive of all the testing methods. For example, one
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study found that using HbA1c¢ criteria alone to diagnose diabetes may result in 70% fewer new diabetes
diagnoses compared with using fasting plasma glucose or oral glucose tolerance tests.'®'® HbA1c
accuracy may also be affected by any condition that can change red blood cell half-life, such as anemia,
hemolysis, hemodialysis, red cell dyscrasias (sickle cell, GEBPD deficiency), or recent transfusion of red
blood cells. It's particularly important to recognize that the diagnostic accuracy of HbA1c levels may
decrease with age.?° This is because the lower rate of red blood cell turnover with age increases the time
hemoglobin is exposed to circulating blood glucose levels which can, in turn, lead to higher HbA1c levels.
This can increase the risk of false positive results, as was demonstrated in a study of 3,245 patients from
China (Figure 4).%

Figure 4: Age and diagnostic accuracy of HbA1c levels?®
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However, aside from in patients with conditions that make HbA1c inaccurate, no recent studies show that
patients who have normal HbA1c but have abnormal plasma fasting glucose or oral glucose tolerance
tests are at significantly increased risk of complications from diabetes. Furthermore, trials for the newest
anti-diabetes drugs, namely the sodium-glucose cotransporter-2 inhibitors (SGLT-2is) and glucagon-like
peptide-1 receptor agonists (GLP-1RAs), use HbA1c for their inclusion criteria.?'?2 Taken in totality, there
is strong evidence for using HbA1c to diagnose diabetes and to make pharmacologic management
decisions for most patients with diabetes.

BOTTOM LINE: Diabetes can be diagnosed with HbA1c, fasting plasma glucose, or 2-hr. plasma
glucose testing following an oral glucose load. HbA1c testing is commonly used because it is
easy to administer and provides a long-term picture of glucose levels. HbA1c tests are less
accurate in older adults and in patients with certain comorbidities.
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Preventing or delaying diabetes

Lifestyle changes, medication-based interventions, or a combination of both may reduce the risk of
progression to type 2 diabetes in some patients with prediabetes.

Lifestyle modification

Relatively modest weight loss is associated with significant reductions in diabetes-related risk factors with
the American College of Cardiology (ACC)/American Heart Association (AHA) recommending a loss of at
least 3%-5%23 and the ADA recommending at least 7%-10%."" The specific type of diet and balance of
macronutrients appears less important than adherence to any calorie-restricted diet that avoids highly
processed foods and excessive amounts of sugar, salt, and saturated fats.?* When a specific diet is
requested, given that diabetes is a risk factor for cardiovascular disease, it may be appropriate to
recommend one with known benefits for reducing cardiovascular risk factors (such as the Dietary
Approaches to Stop Hypertension, DASH, diet)?® or cardiovascular disease risk itself (such as the
Mediterranean diet).® An increase in moderate-intensity physical activity to at least 150 minutes/week is
also recommended by the ADA for diabetes prevention."

The first large trial of lifestyle modification to prevent diabetes was the Finnish Diabetes Prevention
Study in which patients with prediabetes and overweight were randomly assigned to usual care (oral and
written education about diabetes at baseline and annually thereafter) or a program of weight loss,
reduced dietary saturated fat, and 4 hours of exercise weekly.?” Over four years, lifestyle modification
reduced the incidence of diabetes by 58% (lifestyle modification group: 3.2 cases per 100 person-years;
control group: 7.8 cases of diabetes per 100 person-years). After an additional three years of follow-up,
the effect of lifestyle modification remained substantial, reducing the incidence of diabetes by 43%.28

The Diabetes Prevention Program (DPP) also studied patients with prediabetes and overweight,
randomizing them to general lifestyle modification plus placebo, general lifestyle modification plus
metformin, or an intensive lifestyle modification program (diet, exercise 2150 minutes/week targeting a
7% reduction in body weight, and individualized counseling sessions weekly for the first 24 weeks and
monthly thereafter).?® As in the Finnish study, the incidence of diabetes among patients in the intensive
lifestyle modification arm (mean follow-up 2.8 years) was reduced by 58% compared to placebo (lifestyle
modification group: 4.8 cases per 100 person-years; control group: 11.0 cases of diabetes per 100
person-years). Patients in the metformin arm had a 31% relative risk reduction (7.8 cases of diabetes per
100 person-years) compared to placebo.?® In addition, lifestyle modification was more effective with
increasing age (6.3, 4.9, and 3.3 cases per 100 person-years, in the 25-44, 45-59, and 60-85 year age
groups, respectively, see Figure 5).3°
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Figure 5: Diabetes rates by age group in the Diabetes Prevention Program study?’
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Long-term follow-up of the DPP showed that the benefits of preventing or delaying diabetes with lifestyle
intervention or metformin can persist for at least 20 years.>' Compared with placebo, patients with
intensive lifestyle had a 24% relative decrease in incident diabetes (rate difference -1.59 cases per 100
person years; 95% ClI: -2.25 to -0.93) and patients prescribed metformin had a 17% relative decrease
(rate difference -1.17 per 100 person years; 95% ClI: -1.85 to -0.49). By age group, metformin and lifestyle
intervention slowed progression to diabetes in the 25-44 year group and the 45-59 year group, but among
those 60 years and over, only lifestyle slowed progression to diabetes (by 36%, rate difference -1.91
cases per 100 person years; 95% Cl: -3.15 to -0.67), while metformin was no different than placebo.

The 2025 Prevencion con Dieta Mediterranea (PREDIMED) trial found that an intensive intervention
using a Mediterranean diet with a 600 kcal/day reduction plus increased physical activity was more
effective than an ad libitum Mediterranean diet for reducing diabetes incidence in overweight/obese
persons with metabolic syndrome.3? With a median 6-year follow-up, the absolute risk for developing
diabetes in the control group was 12.0% (95% CI: 11.9%-12.1%, 349 cases) and 9.5% in the intervention
group (95% CI: 9.4%-9.5%, 280 cases) with an adjusted hazard ratio (HR) of 0.69; 95% CI: 0.59-0.82.

While these trials have shown that lifestyle modification can reduce the risk of developing diabetes among
patients with prediabetes, there are several caveats. First, these trials used fasting plasma glucose or oral
glucose tolerance tests rather than the now more commonly used HbA1c assays to assign prediabetes
and diabetes status to trial participants. Because these measures are more sensitive than HbA1c, the risk
of progressing to diabetes was much higher in the trial populations that population-based estimates
suggest using HbA1c measurements; for example, over 30% of patients in the placebo group of the DPP
trial developed diabetes within four years, which is higher than the 7-9% incidence over five years seen in
previous studies.™ In fact, by the end of the DPP trial, the average HbA1c differed by less than
approximately 0.2% between groups, and the average HbA1c was less than 6.4% in all groups.

Whether these small differences in HbA1c translate to meaningful clinical outcomes is unclear. For
example, results from the Diabetes Prevention Program Outcomes Study specifically suggest that
there were no significant benefits seen with either metformin or lifestyle intervention with regard to heart
disease or the development of kidney disease or diabetic retinopathy.®® Taken in conjunction with
previously discussed evidence that older adults have relatively low risk of progressing from prediabetes to
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diabetes,® lifestyle modifications for the specific purpose of reducing the progression of prediabetes to
diabetes should be recommended selectively and tailored to individual patients.

Since 2018, Medicare has covered CDC-approved services such as the DPP. To find a nearby program,
see links to Medicare-approved programs at AlosaHealth.org/Prediabetes.

Pharmacologic treatments that reduce diabetes risk

Multiple trials have been conducted of pharmacologic treatments aimed at reducing the progression of
prediabetes to diabetes. For example, the STOP-NIDDM trial found that treatment with acarbose reduced
the development of diabetes in people with prediabetes by 25% with mean follow-up 3.3 years, but
gastrointestinal symptoms limited adherence.?* Another study, the ACT NOW trial, found that pioglitazone
reduced the risk of type 2 diabetes progression by 72% compared to placebo after a median follow-up of
2.4 years but caused significant weight gain and edema.3® A separate study, the SCALE trial randomly
assigned 2,254 adults with prediabetes to liraglutide 3 mg subcutaneously once daily vs. placebo.¢ After
160 weeks, 47% of participants in the liraglutide group and 55% of the placebo group had dropped out,
but in the 1,128 remaining adults diabetes was diagnosed in 2% vs. 6% respectively (66% reduction).
These results are in addition to the DPP that showed the efficacy of metformin for reducing the risk of
diabetes.

Building off the SCALE trial, which studied a GLP-1RA with known weight loss properties, there have
been multiple studies exploring whether weight loss drugs may reduce the risk of developing diabetes.
Most notably, the STEP 1 trial randomly assigned 1,961 overweight and obese participants to
semaglutide plus lifestyle interventions or placebo plus lifestyle interventions. Of these participants,
43.7% had prediabetes. They found that among participants with prediabetes at baseline, 84.1% of
participants in the semaglutide group, as compared with 47.8% of participants in the placebo group,
reverted to normoglycemia by trial end.®” More recently, the STEP 10 trial randomly assigned 138 patients
with obesity and prediabetes to either subcutaneous semaglutide 2.4 mg weekly or placebo with a 52-
week follow-up.3® Patients in the semaglutide group lost a mean of 13.9% of bodyweight (standard
deviation [SD] 0.7%) compared to 2.7% (SD 0.6%) in the placebo group, and 81% of the semaglutide
group reverted to normoglycemia vs. 14% of the placebo group (OR 19.8; 95% CI: 8.7-45.2).

Other studies of weight loss drugs that are not typically used as anti-diabetes medications have also been
studied in trials, including orlistat (XENDOS trial) and phentermine/topiramate (SEQUEL ftrial), both of
which showed modest reductions in progression to diabetes.3%4°

The dual glucose-dependent insulinotropic polypeptide (GIP)/GLP-1RA tirzepatide was evaluated in the
SURMOUNT-1 trial of 1,032 patients with prediabetes, a BMI 230 kg/m?, or BMI 227 kg/m? plus one
obesity-related complication.*! Patients were randomly assigned to one of three dosing regimens (5 mg,
10 mg, or 15 mg once weekly) or placebo. At three-year follow-up the mean percent change in body
weight among the participants who received tirzepatide was -12.3% with the 5-mg dose, -18.7% with the
10-mg dose, and -19.7% with the 15-mg dose, compared with -1.3% among those who received placebo
(P<0.001 for all comparisons with placebo). Fewer participants received a diagnosis of type 2 diabetes in
the tirzepatide groups than in the placebo group (1.3% vs. 13.3%; HR 0.07; 95% CI: 0.0 to 0.1).
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Table 3: Medications to help prevent development of diabetes

Intervention Intervention Placebo Relative Side effects Dosing
(% widiabetes) (% wi/diabetes) risk schedule
reduction
metformin 850 mg?° 22% 29% 31% Gl, usually Twice
transient daily, or
daily for
XR
acarbose 100 mg3 32% 42% 25% Bloating, Three
flatulence times daily
pioglitazone 30 mg 5% 17% 72% Heart failure Once daily
or 45 mg* exacerbation,
weight gain
liraglutide 3 mg3® 6% 2% 79% Gl, gallbladder | Once daily
tirzepatide 5 mg, 10 1.3% 13.3% 93% Gl, mild to Once
mg, and 15 mg*! moderate weekly

None of the medications discussed or listed in the table above has an FDA-labeled indication for the
prevention or delay of diabetes. The 2025 ADA guidelines for prevention or delay of diabetes suggest
lifestyle interventions for patients with prediabetes (i.e., weight loss of at least 7%, and moderate-intensity
exercise) with metformin for those at high risk of type 2 diabetes, especially those aged 25-59 with BMI
>35 kg/m?, fasting glucose 2110 mg/dL, or HbA1c 6%, and those with prior gestational diabetes.*?

BOTTOM LINE: Intensive lifestyle modification, including weight loss and increased moderate-
intensity exercise can reduce the risk of developing diabetes. Although lifestyle modification can
be more effective than pharmacotherapy, especially in older adults, metformin and other glucose-
lowering agents may also reduce the risk of diabetes, but the variable benefits must be weighed
carefully against side effects and costs.

Overall goals of diabetes care

The goal of diabetes treatment is to optimize plasma glucose levels to relieve symptoms (when present),
prevent diabetic emergencies, and reduce the risk of macrovascular (e.g., cardiac) and microvascular
(e.g., ophthalmologic, neurologic, and renal) disease. An HbA1c goal of <7% is appropriate for many
nonpregnant adults, although this goal can be modified in light of variables such as age, comorbidities, or
vulnerability to hypoglycemia (Figure 6).
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Figure 6: Individualized HbA1c goals*®

HbA1c goal
<6.5% <7% <8% <8.5%
Tighter target Typical Relaxed target Looser target
Newly diagnosed, Best target for Older patients Older patients with
younger patients most patients with comorbidities frailty, end-stage
without cardiac or reduced disease, or limited
disease functional status life expectancy

In older adults, focus on avoiding hypoglycemia
and relaxing treatment targets, while continuing medications
to prevent clinically important complications.

HbA1c levels provide a measure of average blood sugar levels in the preceding 2-3 months (Table 4).
Lowering HbA1c to around 7% has been shown to reduce microvascular complications, and (with early
intervention) may also be associated with a lower risk of macrovascular disease,* although less stringent
HbA1c targets are appropriate for selected patients.

Table 4: Correlation between HbA1c level and plasma glucose levels*

Mean plasma glucose (past 3 months)

HbA1c (%) mg/dL mmol/L
6 126 7.0

7 154 8.6

8 183 10.2

9 212 11.8

10 240 13.4

11 269 14.9

12 298 16.5

Several trials inform the current recommendations for targeting an HbA1c of <7% in most individuals.
These studies include the United Kingdom Prospective Diabetes Study (UKPDS), the Action to Control
Cardiovascular Risk in Diabetes (ACCORD) trial, the Action in Diabetes and Vascular Disease: Preterax
and Diamicron Modified Release Controlled Evaluation (ADVANCE) trial, and the Glucose Control and
Vascular Complications in Veterans with Type 2 Diabetes (VADT) trial.

The oldest trial is the UKPDS, which ran from 1977 until 1997. Patients with newly diagnosed type 2
diabetes were randomly assigned to intensive glucose control with medication (insulin/sulfonylurea or, in
patients who had overweight/obesity, metformin) versus dietary interventions. In the trial, the intensive
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group achieved a mean HbA1c of ~7% compared with ~8% in the diet group. Long-term outcomes from
the study found that intensive glucose control with medications reduced long-term diabetes-related
clinical outcomes (sudden death, death from hyperglycemia or hypoglycemia, fatal or nonfatal myocardial
infarction, angina, heart failure, fatal or nonfatal stroke, renal failure, amputation, vitreous hemorrhage,
retinal photocoagulation, blindness in one eye, or cataract extraction),compared to diet alone. Ten-year
follow-up data from UKPDS published in 2008%° revealed that although the between-group differences in
HbA1c levels did not persist after the first year of the trial, patients randomly assigned to the
sulfonylurea—insulin group still lowered their 10-year risk for all diabetes-related endpoints (9% relative
risk [RR] reduction compared to dietary intervention alone, P=0.04), microvascular disease (24% RR,
P=0.001), myocardial infarction (15% RR, P=0.01) and death from any cause (13% RR; P=0.007). In the
metformin group (compared to dietary group), significant risk reductions persisted for any diabetes-related
end point (21% RR, P=0.01), myocardial infarction (33% RR, P=0.005), and death from any cause (27%
RR, P=0.002). In summary, the UKPDS study showed that early intensive blood glucose control can
reduce both microvascular and macrovascular events in patients with diabetes.

While UKPDS studied the effects of medication versus diet on diabetes outcomes in patients newly
diagnosed with the disease, other trials more explicitly studied intensive versus standard glucose goals in
patients with longer diabetes duration. These trials showed inconsistent results (Table 5). Overall, neither
the ACCORD trial,*® the ADVANCE trial,*” nor the VADT trial*® found significant reductions in
macrovascular events with more intensive glycemic control compared to less-intensive control, with
ACCORD actually showing increased mortality in the intensive control arm (aiming for a HbA1c target of
6% or lower), and only the ADVANCE trial found evidence that an intense HbA1c goal reduced
microvascular events. The implications of these data are detailed below.

Table 5: Long-term outcomes in key trials*>43

Mean diabetes
duration (years)

UKPDS

0 (just diagnosed)

ACCORD

10

ADVANCE

8

VADT

11

Target HbA1c

<6% vs. 7-7.9%

<6.5% vs. local
guidelines

<6% vs. difference
of 1.5%

Median follow-up

Achieved HbA1c

10 years & 20
years

~7% vs. ~ 8%

3.5 years
(stopped early)

6.4% vs. 7.5%

5 years

6.5% vs. 7.3%

5.6 years

6.9% vs. 8.4%

Macrovascular Significant No significant No significant No significant
events reduction difference difference difference
Microvascular Significant No data Significant No significant
events reduction reduction difference
CV death Significant Significant No significant No significant
reduction increase difference difference
All-cause mortality | Significant Significant No significant No significant
reduction increase difference difference
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Intensive vs. conventional glucose control

The ACCORD trial found that patients assigned to a target HbA1c level under 6% had an increased risk
of death. In contrast, no increase in mortality with similarly intensive glycemic control was seen in the
ADVANCE?* or VADT*® studies. Furthermore, of these three trials, only ADVANCE found a decreased risk
of microvascular complications in the intervention group. Given that the actual HbA1c achieved by the
intervention group in each of these three studies was similar, it is unclear exactly why intensive glycemic
control did not have consistent results across the trials. Most pertinently, it remains unclear why there was
increased mortality in ACCORD.

While considering what may have caused the differences in results, it is also important to note that an
increased risk of hypoglycemic events in ACCORD is unlikely to be the culprit. While hypoglycemic events
in both the intervention and control groups were associated with increased risk of mortality in ACCORD,
subsequent analysis of the trial data suggest symptomatic severe hypoglycemia did not account for the
difference in mortality between the two study arms.*® This is important as it suggests that the excess
mortality was not necessarily from attempting to gain adequate control of diabetes, but possibly
secondary to other factors like patient selection or the therapeutic route clinicians took to achieve a lower
HbA1c.

Given these disparate results, four large meta-analyses published between 2009 and 2011 were
published on the topic (Table 6). They showed reductions in the risk of myocardial infarction with intensive
vs. standard glycemic control, although a greater than two-fold increase in the risk of severe
hypoglycemic events.

Table 6: Summary of meta-analyses of intensive versus standard glycemic control

i i . Risk of severe
CV disease or Myocardial CV death All-cause

Analysi .
nalysis events infarction mortality hypoglycemia

All comparisons are more-intensive glucose control versus conventional control

Turnbull 2009%° | Major CV MI reduced by | Not Not Significantly
(4 studies, events reduced | 15% significantly significantly increased (HR
N=27, 049) by 9% different different 2.48; 95% CI:
1.91-3.21)
Ray 2009 (5 Coronary heart | Non-fatal Ml Not
studies, N= disease reduced by significantl
33,040)" reduced by 17% Not assessed di?ferent Y| Notassessed
15%
Boussageon Non-fatal Mi Not Not Significantly
2011 (13 studies reduced by significantly significantly increased (RR
(N=34,533)% Not assessed | 19% different different 2.33; 95% ClI:
1.62-3.36)
Hemmingsen Non-fatal Mi Not Not Significantly
2011 (14 reduced by significantly significantly increased (RR
studies, N= Notassessed | 159, different different 2.39; 95% CI:
28,614)% 1.71-3.34)

CV = cardiovascular; HR = hazard ratio; Ml = myocardial infarction; RR = risk ratio.
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The UKPDS, ADVANCE, ACCORD, and VADT differ across multiple variable categories including but not
limited to patient populations, disease characteristics, treatment goals, and medications used.
Furthermore, they were all conducted in an era during which diabetes was treated very differently than it
is since the advent of medication classes with known cardiovascular benefits, specifically GLP-1RAs and
SGLT-2is. As such, these trials offer only general guidance for the treatment of diabetes which may be
especially relevant in individuals with inadequate glycemic control despite use of first-line medications
with cardiorenal benefits. Namely, UKPDS suggests that early control of diabetes is easier to achieve with
medications and doing so likely reduces both microvascular and macrovascular events, while all the trials
suggest limited benefit to aiming for an HbA1c lower than 7% regardless of the population studied.

What is the most appropriate HbA1c target?

The potential benefits of lowering HbA1c aggressively must be weighed against the potential increased
risk of hypoglycemic episodes, especially in frail older patients.>* While data shows that the risk of both
microvascular and macrovascular events increases as HbA1c increases above 6.5% (Figure 7),%° the
aforementioned trials suggest that certain populations may benefit more than others. While for most
adults, an HbA1c target of <7% remains appropriate, it is important to recognize that microvascular
complications typically take years to develop so there is little to no benefit of intensive glycemic control in
individuals with limited life expectancy or advanced comorbid illnesses. Thus in individuals with advanced
long-term illnesses, advanced age, those with cognitive impairment, or advanced chronic disease where
the risk of hypoglycemia is high, an HbA1c target of <8% may be appropriate alongside the goal of
preventing symptomatic hyperglycemia. It is important to consider individualized HbA1c targets that
balance long-term complication risks with overall safety and quality of life.

Figure 7: Risk of microvascular (left) and macrovascular (right) complications by HbA1c level®®
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Given that the UKPDS and other studies showed protection from microvascular disease with an HbA1c
target <7% compared with higher targets, it is reasonable to target the lowest possible HbA1c achievable
without hypoglycemia during the first 10 years of the disease.

BOTTOM LINE: Aiming for HbA1c levels near or below 7% soon after the diagnosis of diabetes
may reduce the risk of microvascular and macrovascular complications. The greatest clinical
benefit of intensive glycemic control occurs early in the course of the disease. A reasonable
HbA1c target is 7% for most non-pregnant adults with few comorbidities if it can be achieved with
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minimal hypoglycemia. A looser target may be appropriate based on patient factors, such as
comorbidities, frailty and life-expectancy. Higher HbA1c targets may be appropriate in selected
patients. For example, <8% may be appropriate in older adults or any patients with substantial
comorbidities given the many risks associated with targeting lower HbA1c levels.

Patient blood glucose self-monitoring

Although periodic office-based HbA1c testing is unquestionably valuable, some debate exists about
whether all patients with diabetes should monitor their own glucose levels as part of diabetes self-
management, either with finger-stick blood tests (i.e., blood test monitoring [BTM]), or continuous glucose
monitoring (CGM). Some studies have suggested that self-monitoring with either approach may positively
impact health behaviors in the short term (<6 months), and this evidence was used in older guidelines
suggesting that glucose self-monitoring be a routine part of self-management.5¢-% However, newer data
suggests that, for patients with diabetes who do not require insulin therapy, any effect of self-monitoring is
small and all but disappears after 12 months.>® While the effectiveness of glucose self-monitoring (BTM or
CGM) in patients not on insulin therapy remains questionable, self-monitoring remains vital in people on
insulin therapy for dose titration and for monitoring hypoglycemia. In fact, the latest ADA guidelines
recommend CGM for all patients on insulin therapy (whether with type 1 or type 2 diabetes) and that
CGM be “considered” for adults with type 2 diabetes treated with non-insulin glucose-lowering
medications.®®

For patients who are monitoring their glucose levels, monitoring can be done after fasting, before meals,
or 1-2 hours after meals and should be tailored to their glucose pattern, medication regimen, and
circumstances. The general blood glucose goals are between 80 and 130 mg/dL when fasting, with
postprandial (1-2 hours after meal) glucose levels below 180 mg/dL." These targets can be raised for
patients at increased risk of hypoglycemia. For patients on insulin or making rapid changes in therapy,
monitoring 3-4 times per day is optimal. For patients meeting their HbA1c targets and not on insulin,
monitoring once per day or less may be acceptable.®' In patients with normal fasting blood sugars in the
morning but high pre-meal glucose throughout the day, adding postprandial glucose monitoring can help
identify isolated postprandial glucose elevation and achieve better glycemic control.

Patients must also be taught how to recognize and treat hypoglycemia (plasma glucose <70 mg/dL).
Symptoms can include adrenergic symptoms (sweating, anxiety, palpitations, hunger, tremor, irritability),
and in severe cases, neuroglycopenic symptoms (confusion, lethargy, seizure, or even death).
Neuroglycopenic symptoms in the absence of preceding adrenergic symptoms are diagnostic of
hypoglycemia unawareness. Recommended treatments include taking 15g of carbohydrate (about 40z of
milk or glucose—containing beverages such as fruit juice and non-diet soda, 2 glucose tabs), waiting 15
minutes to recheck the glucose, and treating with another 15g of carbohydrate if blood glucose remains
low. Patients with recurring problematic hypoglycemia can be provided with glucagon for emergency
injection at home or at work, which can be administered by a bystander in the situation where the patient
has neuroglycopenic symptoms.

In addition to fasting and post-prandial glucose checks, CGM is another tool available to monitor glucose
levels, especially given that HbA1c levels can mask important variations in glycemic variability between
patients. As illustrated in Figure 8, two patients with identical HbA1c levels may have very different
patterns of glycemic variation, with wide swings in glucose levels being more problematic in terms of both
symptoms and long-term outcomes.®2
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Figure 8: Identical HbA1c levels but different glycemic variability (GV) in two patients®?
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Results from the Diabetes Control and Complications Trial, a study of intensive vs standard control of
blood sugar in patients with type 1 diabetes, found that nearly 90% of the difference in risk of retinopathy
between groups was due to factors other than glycemic exposure (i.e., HbA1c times duration of diabetes),
suggesting other factors, and specifically glycemic variability, likely contribute directly to diabetes
complications.®® Another example from an analysis of data from the Diabetes Control and Complications
Trial found an 80% increased hazard for nephropathy for every 1% increase in HbA1c standard
deviation.®* While these specific examples come from the type 1 diabetes literature, there is little reason
to think that the biologic mechanisms do not extend to patients with type 2 diabetes, and glycemic
variability, along with HbA1c level, is now frequently posited as an important consideration for all
individuals with diabetes.%®

Based on this understanding, the ADA recommends continuous glucose monitors (CGM) for patients on
multiple daily insulin injections while also suggesting providers may consider CGM for patients on only
basal insulin regimens as well.** CGM tracks many metrics that can be acted upon, most notably time in
range values that refer to time per day spent within a prespecified glucose range, below a target glucose
range, and above a target glucose range.®® While trials studying whether CGM itself reduces
macrovascular or microvascular complications of diabetes have not been conducted, experts have
extrapolated the robust literature showing poor outcomes related to having glucoses that are out of range
to conclude CGM-driven management of insulin regimens can likely play an important role in preventing
complications from diabetes.®”

For patients with type 1 diabetes, CGM has shown consistent ability to reduce hypoglycemia.85°
However, the data is less consistently positive in trials of patients with type 2 diabetes. For example, the
DIAMOND study group randomly assigned 158 patients on multiple daily insulin injections to continuous
glucose monitoring vs usual care and found no difference in severe hypoglycemia.”® As another example,
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the MOBILE study group randomly assigned 175 patients on basal insulin to continuous glucose
monitoring vs usual care and similarly found no differences in severe hypoglycemia. Alternatively, in an
exploratory analysis of data from the MOBILE trial, there was slightly less time spent with glucose <70
mg/dL for patients assigned to CGM (-0.24% of time; 95% Cl: =0.42% to —0.05%, P =0.02).”"

While the reduction in risk of hypoglycemia for patients with type 2 diabetes described by these studies is
not overwhelming, both trials showed that HbA1c was lower in the CGM group compared with usual care
(-0.3% and -0.4% in the DIAMOND and MOBILE studies, respectively, with both p=0.02). Thus, these
individuals on regimens with high risk for hypoglycemia (particularly the MDI population in DIAMOND)
were able to achieve lower HbA1c without an increase in hypoglycemia. Furthermore, these trials were
small and included populations that may have been lower risk of having hypoglycemia (for example, the
MOBILE study group excluded patients with significant renal disease). As such, it may be that CGM for
patients with type 2 diabetes can reduce the risk of clinically significant hypoglycemia in specific higher-
risk patient populations, and it is still recognized as having benefits for glucose monitoring over standard
intermittent glucose checks for many patients on insulin, including increased levels of patient satisfaction
with treatment.”273

BOTTOM LINE: All patients on insulin should check their blood glucose levels at home with either
blood glucose monitors or, ideally, a CGM. CGM may be considered in patients with type 2
diabetes being treated with non-insulin glucose-lowering medications.

Special considerations for older adults with diabetes

Many geriatric syndromes can impact the management of diabetes, including multimorbidity,
polypharmacy, cognitive and sensory impairments, frailty, and a lack of financial or social supports.™
These issues can raise the risk of diabetes treatment-related adverse events, impede adherence to diet
and lifestyle interventions, and introduce problematic drug-disease and drug-drug interactions.
Observational data show that both higher and lower HbA1c levels are associated with higher mortality
rates in older adults.”

Figure 9: Mortality in adults 250 years old is associated with both higher and lower HbA1c levels™
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Age and duration of diabetes are both independent risk factors for diabetes-related morbidity as well as
mortality.”® This may be due to the complications of the disease itself as well as complications from
treatment of the disease. Even a single episode of acute hypoglycemia is associated with cognitive
decline which over time may have detrimental effects.”” For example, in one prospective cohort study of
older adults with diabetes, hypoglycemic episodes were more likely to occur both before and after a
diagnosis of dementia, raising the question of whether there is a bidirectional relationship between
hypoglycemia and dementia.”® Other observational data supports this possibility; for example, a 2018
meta-analysis of 13 studies found that severe hypoglycemic episodes were associated with a nearly two-
fold increased risk of incident dementia (RR 1.77; 95% Cl: 1.35-2.33).”° However, it is important to note
that these studies are observational, and it is certainly possible that this correlation between
hypoglycemia and subsequent risk of dementia is due to residual confounding such as undiagnosed mild-
cognitive impairment.

Regardless, other examples of associations between diabetes treatments and complications in older
adults are ubiquitous in the literature. For example, patients with diabetes who have lower HbA1c levels
(i.e., around 6%) on insulin therapy have a significantly higher risk for falls (OR 4.36 for risk of falling in
patients with HbA1c <6% vs. HbA1c >8%; 95% ClI: 1.32-14.46).8° The potential benefit of tight glycemic
control is also diminished in individuals with either low life expectancy (no time to develop complications)
or in people who already have end-stage microvascular complications (nothing to prevent). Such
concerns highlight the larger magnitude of the harms older adults experience from both diabetes and
diabetes treatments. HbA1c targets should, therefore, be individualized using a shared decision-making
paradigm and taking into account patient characteristics and the use of other drugs with potential effects
on glycemic control (Table 7).

Table 7: Considerations for HbA1c targets in older adults'!

HbA1c Average Average Rationale
goal FBG target bedtime
range glucose target
(mg/dL) range (mg/dL)
Healthy <7.5 80-130 80-150 « significant life
o few comorbidities expectancy
e functionally and cognitive e goal is to prevent
intact future macrovascular
and microvascular
complications
Complex/intermediate <8 90-150 100-180 e intermediate life
e multiple chronic comorbidities expectancy
OR ¢ high treatment
e two or more IADL impairments burden
OR e atrisk for
¢ mild to moderate cognitive hypoglycemia and
impairment falls
Very complex/poor health <8.5* 100-180 110-200 o limited life
o residency in a long-term care expectancy
facility OR ¢ uncertain benefit
» end-stage chronic illnesses e high risk of
OR hypoglycemia and
e two or more ADL impairments falls
OR
e moderate to severe cognitive
impairment
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BOTTOM LINE: Older adults with hypoglycemia or lower HbA1c levels have worse outcomes
(cognition, falls, mortality, etc.). Simplifying insulin regimens and personalizing HbA1c targets in
high-risk older people can reduce treatment burden and the risk of hypoglycemia.

Non-insulin pharmacologic treatment of diabetes

The major classes of oral glucose-lowering agents and non-insulin injectable agents for treating patients
with type 2 diabetes are summarized in Table 8.

Table 8: Non-insulin glucose-lowering agents

Route Class Examples (Brand names)
Oral Biguanide metformin (Glucophage)
Sulfonylureas (SUs) glyburide (Diabeta, Micronase)
glipizide (Glucotrol)
glimepiride (Amaryl)
Thiazolidinediones pioglitazone (Actos)
Dipeptidyl peptidase (DPP)-4 inhibitors alogliptin (Nesina)
linagliptin (Tradjenta)
saxagliptin (Onglyza)
sitagliptin (Januvia)
SGLT-2is bexagliflozin (Brenzavy)
canagliflozin (Invokana)
dapagliflozin (Farxiga)
empagliflozin (Jardiance)
ertugliflozin (Steglatro)
GLP-1RA semaglutide (Rybelsus)
Injectable | GLP-1RAs dulaglutide (Trulicity)
exenatide (Byetta)
exenatide XR (Bydureon)
liraglutide (Victoza)
lixisenatide (Adlyxin)
semaglutide (Ozempic)
Dual agonist (glucose-dependent Tirzepatide (Mounjaro)
insulinotropic polypeptide [GIP] and
GLP-1RA)

These medications differ in their mechanisms of action, their side effects, and their cost. Other
medications such as meglitinides, repaglinide (Prandin, generics) and nateglinide (generics), and
acarbose, are still available but not typically recommended, though may be continued in patients who are
at treatment goal and not having side effects.
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Reductions in HbA1c

Many studies have compared the ability of non-insulin glucose-lowering agents to reduce HbA1c, a
surrogate for long-term glycemic control in patients with diabetes. The controversy surrounding
rosiglitazone has prompted questions about how well this surrogate marker, in isolation, can provide a
complete picture of a drug’s clinical worth. The importance of HbA1c reduction was again revisited with
the advent of the SGLT-2is and GLP-1RAs, which showed that these agents could reduce the risk of
macrovascular events independent of HbA1c reduction. However, the trials of HbA1c control (especially
UKPDS) and epidemiologic studies linking higher HbA1c with significantly more morbidity highlight why
HbA1c reduction remains important. Patients may also experience physical symptoms or psychological
distress related to inadequate glycemic control. As such, understanding how different agents lower HbA1c
is still important for making rational therapeutic choices.

Numerous trials have evaluated the effectiveness of individual agents to reduce HbA1c compared to
placebo, and results show these agents can lower HbA1c by about 0.5-2.5% (Table 9).

Table 9: Expected reductions in HbA1c of different glucose-lowering agents?2-84

Class HbA1c lowering

Biguanide 1-1.5%
Sulfonylureas 1-1.5%
Thiazolidinediones 1-1.5%
DPP-4 inhibitors 0.5-1%
SGLT-2is 0.5-1%
GLP-1RAs 1-1.5%
GIP/GLP-1RA 2-2.5%

In general, older drugs have been tested in patients with higher baseline HbA1c levels, a situation in
which greater reductions in HbA1c are possible regardless of therapy type.®
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Table 10: Other relevant outcomes
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SGLT-2 inhibitors
canagliflozin (Invokana)
empagliflozin (Jardiance)

bexagliflozin (Brenzavvy)
dapagliflozin (Farxiga)
ertugliflozin (Steglatro)

uTl,
ketoacidosis,
genital infections,
hypotension,
fractures (cana)

Gl side effects
common,
pancreatitis

GIP/GLP-1 RA
tirzepatide (Mounjaro)

GLP-1 RA
dulaglutide (Trulicity)
liraglutide (Victoza)
semaglutide (Ozempic)
semaglutide (Rybelsus)

potential
benefit

neutral’ Gl side effects

common,
pancreatitis

exenatide (Bydureon) tral tral
lixisenatide (Adlyxin) neutra R
biguanide . . Gl intolerance
otential otential
metformin (Glucophage) pbenefit pbenefit (start low, or use

extended release)

fractures,
bladder cancer

thiazolidinediones (TZD) potential
pioglitazone (Actos) benefit

DPP-4 inhibitors

linagliptin (Tradjenta) neutral

joint pain,

. S|tagI|pt|n (Januwa) ____________ neutral pancreatitis
alogliptin (Nesina) potential .
saxagliptin (Onglyza) risk

sulfonylureas
glyburide (DiaBeta, Glynase) | nheutral * *
glimepiride (Amaryl)

glipizide (Glucotrol) * * *
insulin

lispro, aspart, glulisine, * * *

regular, NPH

glargine, degludec, detemir| neutral * *

*No data available. 'Semaglutide (Ozempic) improves quality of life metrics.
GIP =glucose-dependent insulinotropic polypeptide; GLP-1 RA =glucagon-like peptide-1 receptor agonist;
HF =heart failure; UTl =urinary tract infection
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In addition to their effects on HbA1c levels, non-insulin glucose-lowering agents differ in their impact on
other clinically important outcomes, which are summarized in the table below and detailed in the following
pages.

Cardiovascular outcomes

All glucose-lowering medications reduce HbA1c, but the true goal when treating diabetes is to reduce
clinically important outcomes such as end-organ damage (e.g., cardiovascular disease, nephropathy,
neuropathy, and retinopathy) or death. Although this was ultimately disproven, after an analysis
suggested that rosiglitazone (Avandia) was associated with increased risk of cardiovascular outcomes
despite lowering HbA1¢,® the FDA required, between 2008 and 2020, that newly-approved glucose-
lowering medications be evaluated for CV risk through at least one randomly assigned, placebo-
controlled trial. These mandated trials led to the discovery that select SGLT-2is and GLP-1RAs provide
cardiovascular benefit for patients with type 2 diabetes and established cardiovascular disease (CVD).

Conversely, other glucose-lowering medications (e.g., DPP-4 inhibitors) have not been definitively proven
to reduce CV events, but many have been shown not to increase CV risk compared to placebo.

These findings, along with subsequent studies showing that SGLT-2is and GLP-1RAs have benefits for
other health outcomes, have fundamentally altered the precision with which diabetes can be treated.
While older agents had been proven to reduce HbA1c, few published trials with large sample sizes
compared individual agents to other drugs or to placebo with respect to macrovascular and microvascular
outcomes. As such, attempting to prevent complications from diabetes was largely attempted via targeting
a surrogate outcome (e.g., HbA1c) using medications with the most appropriate side-effect and cost
profile for the patients. Now, the goal remains the same (to prevent complications from diabetes), but
clinicians can consider how to tailor specific pharmacologic choices to target patients’ specific
complication profiles and not rely solely on targeting an HbA1c to achieve their ends.

Note that as they relate to SGLT-2 inhibitors and GLP-1 RAs, cardiovascular disease (CVD) typically
refers to 3-point MACE outcomes, which includes a composite of cardiovascular death, nonfatal
myocardial infarction, or nonfatal stroke. All SGLT-2 inhibitors, and some GLP-1 RAs, also have been
shown to reduce heart failure, which is typically considered separately despite still being a cardiovascular
outcome and which is captured by broader measures (e.g., 4- and 5-point MACE).

SGLT-2 inhibitors

Two SGLT-2is have been shown to reduce the risk of CVD: empagliflozin and canagliflozin.

The 2015 Empa-Reg Outcome Study looked at the effects of empagliflozin, when added to standard
care (which could include other glucose-lowering agents), on CV morbidity and mortality.?? 7,020 patients
were randomly assigned to one of three arms: 10 mg empagliflozin/day; 25 mg empagliflozin/day; or
placebo. After a median follow-up of 3.1 years, there was a 14% reduction in CV events (i.e., death from
cardiovascular causes, nonfatal myocardial infarction, or nonfatal stroke) in the pooled empagliflozin
group compared to placebo (HR 0.86; Cl, 0.74-0.99; P=0.04).22 There were no significant between-group
differences in the rates of myocardial infarction or stroke, but the empagliflozin group had significantly
lower rates of death from cardiovascular causes (3.7%, vs. 5.9% in the placebo group; 38% relative risk
reduction), hospitalization for heart failure (2.7% vs. 4.1%); 35% relative risk reduction), and death from
any cause (5.7% vs. 8.3%; 32% relative risk reduction).?? Because the drug works by increasing urinary
glucose excretion, there were significantly more cases of genital infection among both male and female
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patients in the empagliflozin group: 42 cases (1.8%) in the placebo group vs. 153 cases (6.5%) in the
group assigned to 10 mg empagliflozin; and 148 (6.3%) in the group assigned to 25 mg empagliflozin.

The CANVAS and CANVAS-R trials randomly assigned 10,142 patients to the SGLT-2i canagliflozin (100
or 300 mg/day) vs. placebo and found a reduced risk of CV events (HR 0.86; 95% CI: 0.75-0.97), but
increased risks for amputation, fracture, and genital infections in males and females.®”

Two additional SGLT-2is have not been found to reduce CVD risk, but both have been shown to be
noninferior to placebo with regard to cardiovascular safety. DECLARE-TIMI 58 was a noninferiority trial
with 17,160 adults randomly assigned to dapagliflozin 10 mg/day vs. placebo with median follow-up 4.2
years.® Dapagliflozin did not reduce major adverse cardiovascular events (HR 0.93; 95% CI: 0.84-1.03
vs. placebo) but did reduce the rate of hospitalization for heart failure (in 2.5% vs. 3.3%, respectively,
p<0.05) and renal adverse events (in 4.3% vs. 6.6%, p<0.05). The VERTIS CV ftrial, another non-
inferiority trial, randomly assigned 8,246 patients to ertugliflozin versus placebo and, after a median
follow-up of 3.5 years , concluded ertugliflozin did not reduce cardiovascular events compared with
placebo (HR 0.97; 95% Cl: 0.85-1.11).8° Similar to the DECLARE-TIMI 58 study, subsequent analyses of
the VERTIS CV trial did show that ertugliflozin reduces the risk of first hospitalization for heart failure (HR,
0.70; 95% CI, 0.54—-0.90). This latter finding adds credence to the belief that while CV event reduction
may not apply to all SGLT-2is, some of the clinical benefits from these medications are a medication class
effect.®

GLP-1RAs

Multiple GLP-1RAs have been shown to reduce the risk of CVD. These include liraglutide, dulaglutide,
and semaglutide (injection).

The Liraglutide Effect and Action in Diabetes: Evaluation of Cardiovascular Outcome Results—A
Long Term Evaluation (LEADER) trial randomly assigned 9,340 adults to liraglutide 1.8 mg once daily
vs. placebo with median follow-up 3.8 years.?' Both groups received “standard care” which could include
other glucose-lowering agents. The primary end point (composite of cardiovascular death, nonfatal
myocardial infarction, or nonfatal stroke) occurred in 13% of the liraglutide group vs. 14.9% in the placebo
group (HR 0.87; 95% CI: 0.78-0.97). Death from cardiovascular causes was also significantly lower with
liraglutide (4.7% vs. 6%, HR 0.78; 95% CI: 0.66-0.93). There were no significant differences between
groups, however, in rates of nonfatal myocardial infarction, nonfatal stroke, or hospitalization for heart
failure.

The REWIND trial randomly assigned 9901 patients over the age of 50 to dulaglutide (1.5 mg) or
placebo.®! After a median follow-up of 5.4 years, the primary composite endpoint (non-fatal myocardial
infarction, non-fatal stroke, or death from cardiovascular causes) occurred in 12% of patients assigned to
the GLP-1RA and 13.4% of patients assigned to placebo (HR 0.88; 95% CI: 0.79-0.99), but there was no
difference in all-cause mortality between the two groups. Of note, REWIND was the only cardiovascular
outcome trial involving GLP-1RAs or SGLT-2is which included many patients at risk of a first event (i.e. for
primary prevention) unlike other studies involving mostly, or all, patients with established ASCVD.

The SUSTAIN-6 trial randomly assigned 3,297 adults 250 years old to semaglutide (0.5 or 1 mg once
weekly) vs. placebo with median follow-up of 2.1 years.®? The primary outcome (composite of
cardiovascular death, nonfatal myocardial infarction, and nonfatal stroke) occurred in 6.6% vs. 8.9%
respectively (HR 0.74; 95% CI: 0.58-0.95). The rate of nonfatal stroke was lower with semaglutide (1.6%
vs. 2.7%, HR 0.61; 95% CI: 0.38-0.99), but there were no significant differences in all-cause or
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cardiovascular mortality, nonfatal myocardial infarction, or hospitalization for heart failure or for unstable
angina.

As of this writing only one FDA-approved oral formulation of a GLP-1RA is on the market: semaglutide
(Rybelsus). In the PIONEER 6 trial, 3,183 patients were randomly assigned to receive oral semaglutide or
placebo in a cardiovascular outcome trial. Oral semaglutide was shown to be non-inferior to placebo with
regard to the primary composite CV outcome (HR 0.79; 95% CI: 0.57-1.11; P<0.001 for noninferiority;
P=0.17 for superiority). However, death from cardiovascular causes was substantially lower in the oral
semaglutide group (HR 0.49; 95% CI: 0.27-0.92). °! In part because of the mortality findings, the
cardiovascular safety of oral semaglutide was also evaluated in the SOUL trial. This superiority trial
randomly assigned 9,650 patients with type 2 diabetes and high cardiovascular risk to daily oral
semaglutide (maximum dose 14 mg) or placebo with a mean follow-up of 47.5 months.®® The primary
outcome (a composite of death from cardiovascular causes, nonfatal myocardial infarction, or nonfatal
stroke) occurred in 12% of the semaglutide group vs. 13.8% in the placebo group (HR 0.86; 95% CI:
0.77-0.96). Rates of serious adverse events were relatively high in both groups, but less in the oral
semaglutide group (47.9% vs. 50.3%, P=0.02). Gastrointestinal disorders were more common with oral
semaglutide than with placebo 5.0% vs. 4.4%.

In 2025, preliminary results from the SURPASS-CVOT trial showed that tirzepatide was noninferior to
low-dose dulaglutide for protection from cardiovascular events.®* This is the first cardiovascular outcomes
trial assessing the effect of a diabetes agent compared to an active comparator (dulaglutide) that has
already showed CV risk reduction (dulaglutide in REWIND study). The study randomly assigned 13,165
patients with established atherosclerotic disease and diabetes to weekly tirzepatide (maximum dose 15
mg) or dulaglutide 1.5 mg for a median duration of 4 years. Patients in the tirzepatide group showed an
8% risk reduction for the composite endpoint of CV death, myocardial infarction, or stroke compared to
dulaglutide (absolute event rates of 12.2% and 13.1%, respectively). This met the prespecified criteria for
noninferiority (p<0.001), but not for superiority (p=0.09). Additionally, in an imputed placebo analysis, the
study showed that tirzepatide reduced 3-point MACE by 28% and all-cause mortality by 39% compared to
placebo, suggesting possible extended cardioprotective effects with this dual incretin therapy.®®

There were no significant differences in major CV events, CV mortality, all-cause mortality, hospitalization
for heart failure, or serious adverse events in two other trials of GLP-1RAs: EXSCEL (10,782 patients
randomly assigned to extended-release exenatide 2 mg per week vs. placebo)® and ELIXA (6,068 adults
=30 years old with type 2 diabetes and an acute coronary event in the previous 180 days randomly
assigned to lixisenatide 10-20 mcg once daily vs. placebo).®’

DPP-4 inhibitors

Despite having a mechanism related to the GLP-1RA pathway, DPP-4 inhibitors have not been shown to
have the same ability as the GLP-1RAs to reduce CVD risk. Even though the DPP-4 inhibitors saxagliptin
and alogliptin have been associated with higher risk of heart failure relative to placebo, these agents have
not been found to increase the risk of major adverse cardiovascular events.%%

Other studies have found a similar absence of increased cardiovascular risk with DPP-4 inhibitors. For
example, in the CAROLINA trial, 6,042 patients with poorly controlled diabetes and increased risk for
CVD were randomly assigned to linagliptin or a sulfonylurea (glimepiride). The primary outcome (3-point
MACE) was not significantly different between groups (HR 0.98; 95% CI: 0.84-1.14; P <0.001 for
noninferiority, P = 0.76 for superiority).'® Other trials have shown other members of the DPP-4 inhibitor
medication class also do not appear to reduce risk of macrovascular events.'®! For example, in the
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SAVOR-TIMI 53 trial, 1,222 patients were randomly assigned to saxagliptin versus placebo. After a
median follow-up of over two years, there was no difference between cardiovascular events between the
groups (HR 1.00; 95% Cl: 0.89-1.12; P=0.99 for superiority; P<0.001 for noninferiority).*°

Studies assessing the effects of DPP-4 inhibitors on cardiovascular morbidity and mortality more
generally have not shown significant or consistent benefits. For example, two observational studies, a
case-control study with 1,499,650 adults'? and a retrospective cohort study with 57,737 adults,'® found
no significant differences in rates of heart failure hospitalization between patients using DPP-4 inhibitors
vs. other oral anti-diabetic drugs. A network meta-analysis of 236 trials including 176,310 participants
found that use of DPP-4 inhibitors was not associated with lower mortality compared to placebo or no
treatment (HR 1.02; 95% CI: 0.94-1.11).104

Older agents

Compared with studies of drugs approved around or after the FDA mandated that drugs for type 2
diabetes be studied for their cardiovascular safety, older drugs have not been studied with the same
intentionality in large, randomly assigned, controlled trials. Those that have been studied were often also
assessing other aspects of treating diabetes (for example, the UKPDS studied multiple medication
regimens and different intervention targets) or included only select populations (for example, the UKPDS
included only individuals with newly diagnosed diabetes). Some of the trials of metformin, sulfonylureas,
and thiazolidinediones are described here.

In one component of the UKPDS trial, patients without overweight or obesity with newly-diagnosed
diabetes were randomly assigned to intensive therapy (defined as fasting plasma glucose target < 6
mmol/L [108 mg/dL]) with insulin, intensive therapy with a sulfonylurea (chlorpropamide or glyburide), or
diet alone, and were followed for 10 years.'® Intensive drug therapy with either regimen was substantially
more effective than diet alone for lowering HbA1c, reducing the risk of microvascular complications, and
reducing CV morality, although the reduction in the risk of myocardial infarction was borderline significant
(RR 0.84; 95% CI: 0.74-1.00)."% No differences in CV outcomes were found between patients treated
with sulfonylurea versus insulin.

In a second component of UKPDS, patients with >120% ideal body weight were randomly assigned to a
conventional regimen (primarily diet alone), intensive therapy (defined as fasting plasma glucose target <
6 mmol/L) with metformin, or intensive therapy with insulin or a sulfonylurea (glyburide or
chlorpropamide).’® In contrast to the results in patients without overweight, in patients with overweight
metformin significantly reduced the risk of diabetes-related death, death from all causes, and stroke
compared to diet alone.' Other smaller trials have also suggested that metformin may perform favorably
compared with sulfonylureas with regard to CVD outcomes.'®” Metformin did not reduce rates of
microvascular complications or myocardial infarction.

The PROactive study (PROspective pioglitAzone Clinical Trial In macroVascular Events) randomly
assigned 5,238 patients with type 2 diabetes and macrovascular disease to either pioglitazone (Actos) or
placebo in addition to their glucose-lowering regimen.'® The primary endpoint was a composite of all-
cause mortality, non-fatal myocardial infarction, stroke, acute coronary syndrome, endovascular or
surgical intervention in the coronary or leg arteries, or amputation above the ankle. This endpoint was not
significantly reduced in patients treated with pioglitazone (HR 0.90; 95% CI: 0.80-1.02), but a secondary
composite outcome (all-cause mortality, non-fatal myocardial infarction, or stroke) was reduced by 16% in
pioglitazone-treated patients (HR 0.84; 95% CI: 0.72-0.98).
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Data are mixed and difficult to compare across studies due to a lack of standard outcomes and methods
(as contrasted with the literature surrounding the GLP-1RAs and SGLT-2is). However, these data may
suggest that intensive control of blood sugar early in the disease course could have cardiovascular
benefits, that metformin may reduce cardiovascular events compared with other drug classes, especially
sulfonylureas, and that pioglitazone may also have cardiovascular benefits (based largely on the
PROactive and IRIS trials).'®®

Heart failure

Robust evidence demonstrates that SGLT-2is, as a class, can prevent clinically significant heart failure
(HF) exacerbations. For example, a 2019 meta-analysis of 34,322 patients randomly assigned to either
an SGLT-2i or placebo concluded that those randomly assigned to the SGLT-2i were 23% less likely to
have cardiovascular death or hospitalization for heart failure (HR 0.77; 95% ClI: 0.71-0.84)."° The only
SGLT-2i not included in this meta-analysis was ertugliflozin, but analysis of that drug in the VERTIS CV
trial did show reduction in the risk of first hospitalization for heart failure (HR, 0.70; 95% CI: 0.54—0.90).%°

SGLT-2is have been proven to reduce risk of hospitalization due to heart failure even in patients without
diabetes. For example, in the EMPEROR-Reduced ftrial, 3,730 patients with heart failure with reduced
ejection fraction (ejection fraction<40%) were randomly assigned to empagliflozin versus placebo. They
found a 25% reduction in cardiovascular death or hospitalization due to heart failure (HR 0.75; 95% CI:
0.65-0.86), which remained significant regardless of patients’ diabetes status."" DAPA-HF produced
similarly significant findings for patients with reduced ejection fraction randomly assigned to taking
dapagliflozin.’'? Moreover, the EMPEROR-Preserved trial randomly assigned 5,988 patients with heart
failure with preserved ejection fraction (HFpEF, ejection fraction >40%) to empagliflozin versus placebo
and also found benefit: cardiovascular death or hospitalization due to heart failure was 21% less likely in
the empagliflozin group (HR 0.79; 95% CI: 0.69-0.90).

Regardless of diabetes status and ejection fraction, evidence supports the use of SLGT-2is in patients
with heart failure.

GLP-1RAs, too, may offer benefits for those with heart failure. The dual-agent tirzepatide, for example,
was shown in the SUMMIT trial to improve heart failure outcomes in 731 patients with type 2 diabetes and
HFpEF."3 At 104 weeks of follow-up, patients in the tirzepatide group had a 38% reduced risk of death
from CV causes or worsening heart failure compared to the placebo group (HR 0.62; 95% CI: 0.41-0.95).
In addition, with 52 weeks of follow-up, quality of life scores increased by 19.5 points in the tirzepatide
group vs. 12.7 points in the placebo group (P<0.001).

For semaglutide, the STEP-HFpeF-DM trial evaluated quality of life outcomes among 616 patients with
HFpEF, obesity, and type 2 diabetes and found significant improvements in 6-minute walk distance and
changes in quality of life scores among patients randomly assigned to semaglutide vs. those randomly
assigned to placebo.'*

Semaglutide may also improve symptoms of frailty among patients with heart failure. A 2025 analysis of
data from the Research Study to Investigate How Well Semaglutide Works in People Living With
Heart Failure and Obesity (STEP-HFpEF) program (N=1,145) found that semaglutide-mediated weight
loss was similar across frailty strata, with the greatest improvements in quality of life scores at 52 weeks
among the most frail patients (mean difference on frailty index 11%; 95% CI 8.1%-13.8%) compared to
non-frail patients."'® Semaglutide also reduced the burden of frailty during follow-up (OR for being non-
frail at 52 weeks 3.16; 95% Cl: 2.44-4.09).
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Pioglitazone increases the risk of heart failure events (mainly due to fluid retention). In the PROactive
trial, 281 patients (11%) taking pioglitazone reported any heart failure compared to 198 patients (8%) of
patients who were in the placebo arm (p<0.0001). This included a significant increase in patients requiring
hospitalization for heart failure but not mortality. A meta-analysis of 19 trials of pioglitazone found a 1.41-
fold risk in serious heart failure with pioglitazone vs. placebo (95% Cl: 1.14-1.76)."8"7 Current diabetes
guidelines therefore recommend avoiding pioglitazone in people with symptomatic heart failure.'811®

BOTTOM LINE: Non-insulin glucose-lowering medications each reduce HbA1c by about 0.5-2.5%.
Selected SGLT-2is and GLP-1RAs have been proven to reduce the risk of cardiovascular events.
Other agents, especially metformin and pioglitazone, may also have cardiovascular benefits,
though the evidence is not as consistent and robust as it is for SGLT-2is and GLP-1RAs. Other
agents have not consistently been shown to have cardiovascular benefits. SGLT-2is also have
robust evidence for preventing heart failure hospitalizations in patients with and without diabetes
regardless of ejection fraction while GLP-1RAs have emerging evidence of benefit in people with
heart failure and preserved ejection fraction. Pioglitazone should be avoided in patients with heart
failure.

Kidney disease

SGLT-2is have the most robust proven renoprotective effects. Additionally, some GLP-1RAs may also be
able to prevent new onset microalbuminuria.

Multiple trials show that SGLT-2is prevent decline in renal function as evidenced by reducing glomerular
filtration rate (GFR) decline and reducing the risk of a doubling of serum creatinine. For example, in the
EMPA-REG OUTCOME ftrial, 4,125 patients were randomly assigned to empagliflozin or placebo. A
composite outcome of nephropathy was 39% less likely to occur in the empagliflozin group (HR 0.61;
95% ClI: 0.53-0.70)."?° Especially noteworthy, doubling of serum creatinine was 44% less likely to occur in
the empagliflozin group, and progression to renal replacement therapy was 55% less likely to occur in the
empagliflozin group (both statistically significant findings). Moreover, the difference from placebo in the
change from baseline in the estimated GFR (eGFR) for empagliflozin was 4.7 mL/min/1.73 m? (95% Cl:
4.0-5.5; P<0.001), meaning that empagliflozin improved eGFR relative to placebo.

It's important to note that a small drop in GFR upon initiation of an SGLT-2i is expected, but this drop is
related to changes in tubuloglomerular feedback rather than a true change in renal function and is
generally reversible; these agents have been shown to be renoprotective over longer time frames.'?! Post
hoc analyses from major trials (e.g., EMPA-REG OUTCOME, CREDENCE) show that an initial eGFR
decline 210% is not associated with increased risk or loss of benefit, and that most patients experience a
smaller initial GFR dip."??

Multiple other trials show similar results. For example, the 2019 CREDENCE trial randomly assigned
4,401 patients with type 2 diabetes and reduced kidney function (eGFR 30 to 90 mL/min/1.73 m? and
albuminuria) to the SGLT-2i canagliflozin 100 mg/day vs. placebo with median follow-up of 2.6 years (trial
stopped early for benefit).'?3 All patients were also on stable doses of an angiotensin-converting enzyme
(ACE) inhibitor or an angiotensin receptor blocker (ARB). The risk of the renal-specific composite
outcome (end-stage kidney disease, doubling of serum creatinine, or death from renal or CV causes) was
34% lower with canagliflozin (HR 0.66; 95% CI: 0.53-0.81), and the risk of end-stage kidney disease was
lower by 32% (HR 0.68; 95% CI: 0.54-0.86).
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These types of results are consistent across nearly all trials, suggesting the renoprotective effects of
SGLT-2is are a class effect. In fact, the renoprotective effects of SGLT-2is have been proven even in
patients without diabetes. For example, in the DAPA-CKD ftrial, 4304 patients with CKD but without
diabetes were randomly assigned to receive dapagliflozin or placebo.'®* The trial was stopped early for
efficacy — the composite primary outcome (decline in the estimated GFR of at least 50%, end-stage
kidney disease, or death from renal or cardiovascular causes) was 39% (HR 0.61; 95% CI: 0.51-0.72)
less likely to occur in the dapagliflozin group. Similarly, the EMPA-KIDNEY ftrial, which included patients
with a GFR as low as 20, was stopped early in 2022 for efficacy.'?®

The GLP-1RAs may also be useful for preventing progression of renal disease (typically defined as new-
onset or persistent macroalbuminuria, a persistent doubling of serum creatinine, a persistent decline in
eGFR <45, the need for renal replacement therapy, or death from kidney disease). Current evidence
supports that GLP-1RAs can prevent the formation of new persistent albuminuria, but they may not
prevent GFR decline or provide patients already experiencing albuminuria with as much improvement in
renal function as the SGLT-2is. In the LEADER trial, the incidence of a composite outcome of renal or
retinal microvascular events was lower in the liraglutide group than in the placebo group (HR 0.84; 95%
ClI: 0.73-0.97), a difference driven by a lower rate of nephropathy in the liraglutide group (1.5 vs. 1.9
events per 100 patient-years of observation (HR 0.78; 95% CI: 0.67-0.92). In the SUSTAIN-6 trial, new or
worsening nephropathy occurred in 62 patients (3.8%) in the semaglutide group vs. 100 (6.1%) in the
placebo group (HR 0.64; 95% CI: 0.46-0.88).2".92.126

Pooled analysis from these trials was published in early 2022 and found semaglutide/liraglutide lowered
albuminuria from baseline to 2 years after randomization by 24% (95% CI: 20%—27%; P<0.001) versus
placebo and concluded that semaglutide/liraglutide reduced the rate of GFR decline compared with
placebo.' Finally, in an exploratory analysis of the REWIND trial, the composite renal outcome (defined
as the first occurrence of new macroalbuminuria, a sustained decline in eGFR of 30% or more from
baseline, or chronic renal replacement therapy) was 15% less likely to occur in the dulaglutide group (HR
0.85; 95% CI: 0.77-0.93). Again, this effect was driven by reducing incidence of new macroalbuminuria
(HR 0.77; 95% CI: 0.68-0.87).128

The 2024 FLOW trial randomly assigned 3,533 patients with type 2 diabetes and kidney disease to
semaglutide 1 mg vs. placebo with a mean follow-up of 3.4 years (15.6% of patients in the trial were on
an SGLT-2i at baseline, but no significant interactions were observed in subgroup analyses).'?® Patients in
the semaglutide group had a 24% lower risk for the primary outcome of major kidney disease events
compared to placebo (HR 0.76; 95% CI: 0.66-0.88) and a 21% reduced risk for kidney-specific events
(HR 0.79, 95% CI: 0.66-0.94).

Weight loss

Because 80-90% of people with type 2 diabetes have overweight or obesity, weight management is an
important goal of diabetes management. The medications capable of inducing the most weight loss
appear to be the GLP-1RA and dual GIP/GLP-1RA medications. A 2023 meta-analysis of 40 studies
(26,490 patients) found that tirzepatide 15 mg was associated with the most weight loss (mean difference
compared to placebo 10 kg) with other GLP-IRAs, SGLT2is and combinations being associated with
lower, but still clinically meaningful, weight reductions (Figure 10).82
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Figure 10: Meta-analysis of diabetes medications and associations with changes from baseline
bodyweight 82

Comparison: other vs 'Placebo’

Treatment (Random Effects Model) MD 95% CI
Tirzepatide 15 mg -10.08 [-10.45; -9.72]
Tirzepatide 10 mg -8.27 [-8.66; -7.88]
SGLT2i + GLP-1 RA L ] -5.47 [-6.16;-4.79]
Tirzepatide 5 mg -5.45 [-5.85; -5.06]
Dulaglutide 4.5 mg -3.61 [-4.08; -3.15]
Semaglutide 2 mg : 3 -3.53 [-4.36;-2.70]
SGLT2i -3.44 [-4.11;-2.77]
Dulaglutide 3 mg -3.16 [-3.62; -2.69]
GLP-1 RA -2.63 [-2.96;-2.29]
iGlarLixi E 0.05 [-0.37; 0.46]
iDeglLira 0.10 [-0.34; 0.54]
Basal insulin 152 [ 1.13; 1.91]
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Basal-bolus insulin | | : 3.60 [ 2.66; 4.54]
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Because of their efficacy for inducing weight loss, GLP-1RAs and dual GIP/GLP-1RAs medications are
being used for weight loss in patients with or without diabetes. For example, the SURMOUNT-5 trial
compared the efficacy for weight loss of tirzepatide vs. subcutaneous semaglutide in 751 patients with
obesity but without type 2 diabetes.' At 72 weeks of follow up, the mean percent change in weight was
=20.2% (95% Cl: —21.4% to —19.1%) with tirzepatide and —-13.7% (95% CI: —=14.9% to —12.6%) with
semaglutide (P<0.001).

Similar results were shown in the SURPASS-2 trial comparing three doses of tirzepatide (5 mg, 10 mg,
and 15 mg) to subcutaneous semaglutide 1 mg in 1,879 patients with type 2 diabetes.'! Reductions in
body weight were greater with tirzepatide than with semaglutide (the mean reductions in body weight with
tirzepatide at the respective doses were -7.6 kg, —-9.3 kg, and —11.2 kg, as compared with —=5.7 kg with
semaglutide (P<0.001 for all comparisons).

While GLP-1RAs and dual GIP/GLP-1RAs are perhaps the most potent diabetes medications with regard
to weight loss, SGLT-2is may also have some weight loss effects. For example, a 2012 systematic review
of SGLT-2is used in dual or triple therapy for patients with type 2 diabetes concluded that these agents
effectively reduced weight compared with placebo.'*? By contrast, sulfonylureas and pioglitazone
generally cause weight gain and metformin has variable effects on weight.'3?

Liver disease

Approximately 70% of patients with type 2 diabetes have either metabolic dysfunction-associated
steatotic liver disease (MASLD) or metabolic-associated steatohepatitis (MASH), both of which are
leading causes of cirrhosis.”* MASLD (formerly called nonalcoholic fatty liver disease) is the presence of
steatotic liver disease with at least one cardiometabolic risk factor associated with insulin resistance (e.g.,
prediabetes, diabetes, atherogenic dyslipidemia, or hypertension) without other identifiable causes of
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steatosis.* MASH is a more severe stage of MASLD involving not only fat accumulation in the liver but
also inflammation and liver cell injury.

Clinicians may underestimate the prevalence of MASLD and MASH and not use appropriate screening
strategies in people with prediabetes or type 2 diabetes. The fibrosis-4 index (FIB-4) is a cost-effective
strategy for screening patients with prediabetes or with type 2 diabetes for at-risk MASH, with a cutoff
value of 1.3 suggesting a higher risk of future cirrhosis and a need for ultrasound elastography testing. 34
Because the FIB-4 may be less reliable in older adults, a cutoff of > 2.0 may be a better threshold for
referral for ultrasound elastography in adults over age 65."3* In patients with low FIB-4 scores, repeat the
screening every 2-3 years. If FIB-4 is high, do elastography and if it shows moderate to advanced fibrosis,
consider referral to hepatology.'®*

The 2025 ADA guidelines recommend that in adults with type 2 diabetes, MASLD, and overweight or
obesity, consider treatment with a GLP-1RA or a GIP/GLP-1RA based on evidence from some recent
trials. 34

Results of an ongoing phase 3 randomly assigned trial comparing subcutaneous semaglutide (2.4 mg
once weekly) to placebo in 800 patients with biopsy-defined MASH and moderate or advanced (F2 or F3)
fibrosis, with or without type 2 diabetes found a resolution of steatohepatitis in 62.9% in the semaglutide
group vs. 34.3% in the placebo group (P<0.001) at 72 weeks of follow-up."® A reduction in fibrosis
without worsening steatohepatitis was reported in 36.8% of the semaglutide group vs. 22.4% of the
placebo group (P<0.001). In August 2025, the FDA approved semaglutide for treating adults with
noncirrhotic MASH who have moderate to advanced fibrosis.'3¢

Preliminary data about tirzepatide demonstrate similar findings. A phase-2 dose-finding trial randomly
assigned 190 patients with biopsy-confirmed MASH and stage F2 or F3 fibrosis to one of three doses of
tirzepatide (5 mg, 10 mg, or 15 mg) vs. placebo.’®” At one-year follow-up the percentages of patients who
met criteria for resolution of MASH without worsening of fibrosis was 62% in the 15 mg group; 56% in the
10 mg group; 44% in the 5 mg group; and 10% in the placebo group (P<0.001 for all comparisons).

A meta-analysis of 25 trials involving 2,600 patients with MASLD/MASH who used GLP-RAs for a median
of 24 weeks found decreases in liver fat deposition and improved histological steatosis, hepatocellular
ballooning, and lobular inflammation in patients on a GLP-RA vs. placebo or another active agent.'3®

BOTTOM LINE: GLP-1RAs and dual GIP/GLP-1RAs appear to have the most consistent beneficial
effects on body weight. SGLT-2is have robust evidence for renoprotective effects in patients with
chronic kidney disease both with and without diabetes, while GLP-1 receptor agonists may delay
progression of diabetic kidney disease. GLP-1RAs and GIP/GLP-1RAs are recommended for
patients with MASLD and overweight or obesity.

Potential adverse events

Hypoglycemia

The clinical consequences of hypoglycemia include increased risk of falls, car crashes, confusion, and
increased risk of dementia.”®® Many patients with diabetes experience episodes of hypoglycemia, even
without drug therapy. The occurrence of such episodes in patients with obesity on diet therapy alone over
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the 10-year follow-up of the UKPDS were 0.7% (major episodes) and 7.9% (minor episodes)."%
Importantly, some patients may not realize they are having symptoms of hypoglycemia (“hypoglycemia
unawareness”) which increases the adverse effects of this condition. Hypoglycemia unawareness may be
rooted in factors such as altered brain glucose sensing, cerebral adaptations, or impaired hormonal
regulation.'3®

Metformin, pioglitazone, SGLT-2is, DPP-4 inhibitors, and GLP-1RAs do not appear to increase the risk of
hypoglycemia compared to placebo.'%'#! In contrast, because the sulfonylureas act by increasing insulin
secretion, they increase the absolute risk of hypoglycemia by 4-9% compared to both placebo and other
oral agents.' This is particularly relevant for patients whose HbA1c is close to 7%, and in older adults.
Longer-acting sulfonylureas such as glyburide increase the absolute risk of hypoglycemia by 2% (95% CI:
0.5%-5%) compared to shorter-acting sulfonylureas such as glipizide and glimepiride.'*° Accordingly, the
latter agents are safer in patients with renal insufficiency and in older adults .

Gastrointestinal (Gl) intolerance

Nausea, vomiting, and diarrhea are common side effects of metformin, occurring in up 60% of patients.'33
They are substantially lower in patients receiving sulfonylureas, thiazolidinediones, meglitinides, and the
DPP-4 inhibitors. To minimize the side effects of metformin, the ADA recommends beginning with a low
dose (500 mg taken once or twice a day with meals), and if Gl side effects have not occurred after 5-7
days, increasing the dose to 850 mg or 1000 mg before breakfast and dinner. Alternatively, an extended
release formulation of metformin could be tried.

Gl side effects are also common with GLP-1RAs. The general approach to reduce the risk of Gl side
effects is to start with low doses, titrate slowly and remain on lower doses if therapeutic effectiveness is
achieved, treat specific symptoms (e.g., GERD) as needed, alter eating behaviors (eat smaller meals, eat
slowly, avoid trigger foods), consider proton-pump inhibitors or H2-blockers, and adjust the dose, pause,
or switch agents if GI symptoms persist. The QR code below links to an article by Wharton et al. that
reviews current strategies for managing Gl side effects of GLP-1RAs.

The 3 Es of managing side effects

education and explanation to patients
escalation to an appropriate dose
effective management of Gl side effects

Pancreatitis

The Trial Evaluating Cardiovascular Outcomes with Sitagliptin (TECOS) evaluated the incidence of
acute pancreatitis and pancreatic cancer in 14,671 patients with type 2 diabetes and cardiovascular
disease who were treated with the DPP-4 inhibitor sitagliptin.'*® The rate of pancreatitis was low and not
significantly different in patients randomly assigned to sitagliptin vs. placebo (0.3% vs. 0.2%, P=0.065).
Cases of pancreatic cancer were numerically fewer with sitagliptin (9 [0.1%]) vs. placebo (14 [0.2%)]
P=0.32). The study authors also performed a meta-analysis with two other DPP-4 inhibitor studies
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(involving alogliptin® and saxagliptin®) with cardiovascular outcomes and found an increased risk for
acute pancreatitis (RR 1.78; 95% CI: 1.13-2.81) but no significant effect for pancreatic cancer (RR 0.54;
95% Cl: 0.28-1.04).

Similar evaluations have been done for the GLP-1RAs. For example, a 2025 meta-analysis of 62 trials
(N=66,232 patients taking GLP1RAs) evaluating rates of pancreatitis and pancreatic cancer found no
significant risks for pancreatitis when data were stratified by background medications (RR 1.28; 95% ClI:
0.87-1.87) and no observed overall risk for pancreatic cancer (RR 1.30; 95% CI: 0.86-1.97).144

Another meta-analysis of 36,397 patients concluded there was no increased risk for pancreatic cancer
compared with other treatments (OR 1.06; 95% CI: 0.67-1.67). However, there may be an increased risk
of pancreatitis with some GLP-1RAs. For example, the FDA has warned that exenatide should be
discontinued and not restarted if pancreatitis occurs, and that other agents be considered in patients with
a history of pancreatitis.'*® And a case-controlled study (n= 2,538) reported that GLP-1RA users had
significantly increased odds of hospitalization for acute pancreatitis than non-users (OR 2.24; 95% CI:
1.36-3.68).14¢ Other observational studies have produced similar results indicating that both DPP-4
inhibitors and GLP-1RAs may be associated with increased risk of pancreatitis,’#’ though the connection
is not uniform across all observational studies.'*® The exact mechanism of the cause of pancreatitis is
unclear, but may include both the direct effects of GLP-1RAs on beta-cell function as well as the potential
effects of rapid weight loss on increased risk of pancreatitis. 4150

Although the observed associations are weak and absolute risks of pancreatitis and pancreatic cancer
are very low, if a patient develops acute pancreatitis on therapy without a clear alternative cause, a GLP-
1RA or DPP-4 inhibitor should be stopped.

Fractures

Pioglitazone increases the risk of fracture in women. In the PROactive trial, 5.1% of pioglitazone-treated
women had a fracture compared with 2.5% of patients on placebo.®® No increased risk of fracture was
observed in men.

The SGLT-2is have been implicated in increasing fracture risk. For example, in the CANVAS trials,
canagliflozin was associated with an increased rate of fracture (15.4 per 1,000 patient years vs. 11.9 per
1,000 patients years, p=0.02).8” However, this result has not been consistently seen in meta-analyses of
the drug class. For example, in one meta-analysis of randomly assigned-controlled trials, in a population
of 20,895 patients being randomly assigned to an SGLT-2i was not associated with an increased fracture
rate.s! Similar null findings were reported in a meta-analysis limited to older adults, suggesting that any
effects SGLT-2is have on bone health and fracture risk may be small or may not be a class effect.'*2

Bladder cancer

The FDA issued a safety announcement in 2011 that the use of pioglitazone for more than one year may
also be associated with an increased risk of bladder cancer. A 2017 meta-analysis of 26 trials of
pioglitazone, however, found no significant increased risk, although the Cl includes differences that may
be clinically important (RR 1.13; 95% CI: 0.96-1.33)."%3
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Thyroid cancer

The GLP-1RAs all carry a black box warning advising that the drugs are contraindicated in patients with a
personal or family history of medullary thyroid carcinoma, or in patients with multiple endocrine neoplasia
syndrome type 2 (MEN-2). Patients could be counseled that the data on which the warning is based are
from preclinical studies in rodents and that similar issues have not been found in human clinical data
likely due to differences in GLP-1 receptor expression between rodents and humans.

Ketoacidosis

SGLT-2is increase the risk of diabetic ketoacidosis, often with more modest glucose elevation than
expected (known as “euglycemic DKA”). Counsel patients about the risk of diabetic ketoacidosis and
advise them to pause an SGLT2i during febrile or Gl ilinesses, if they decrease their intake of food or are
on a ketogenic diet, or if they have planned surgery.

Genital infection

Because they increase the glucose content of urine, SGLT-2is increase the risk of genital mycotic
infections, particularly yeast infections, compared to other classes of glucose-lowering medications'* as
well as Fournier’'s gangrene (compared to placebo).'® Counsel patients about these risks so that they
seek help quickly for any suspected genital infection. Encourage good hygiene practices in women and
men, especially uncircumcised men (i.e., “clean under the hood”).

BOTTOM LINE: Metformin, pioglitazone, SGLT-2is, DPP-4 inhibitors, and GLP-1RAs do not appear
to increase the risk of hypoglycemia. Sulfonylureas increase the risk of hypoglycemia more than
these agents. Metformin and GLP-1RAs frequently cause some gastrointestinal intolerance,
although for metformin and GLP-1RAs, these side effects can be reduced by gradual dose
escalation and behavioral change and usually diminish over time. Pioglitazone increases the risk
of fracture. SGLT-2is pose an increased risk of genital infections, particularly yeast infections, and
DKA.

Initiation of therapy: Which drug to choose?

For decades, metformin had been recommended as first-line therapy for most patients with type 2
diabetes. However, copious amounts of data have now proven that GLP-1RAs, GIP/GLP-1RAs, and
SGLT-2is have unique abilities to reduce complications from diabetes above what would be expected
simply by their HbA1c lowering ability. As such, 2025 ADA Standard of Care guidelines state that these
drugs are considered first line for patients with established or high risk of CVD, CKD, heart failure, or
overweight/obesity, with metformin still first-line for patients without these factors.'*®
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Figure 12: Preferred treatment options*
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clinical outcomes and not only HbA1c levels, as well as data on drug side effects.

Given that most patients in the trials of SGLT-2is and GLP-1RAs were taking metformin, there is still some
debate about whether their ability to modify ASCVD risk is dependent on patients being on metformin. If
this were the case, then it would suggest that metformin might still have a role as the initial therapy in
treating diabetes.'>” However, subsequent subgroup analysis of numerous trials have suggested that the
effects of SGLT-2is and GLP-1RAs are independent of metformin. For example, one meta-analysis of six
trials that enrolled 51,743 patients reported that those who were randomly assigned to receive an SGLT-2i
and were not on metformin still had an 18% reduction in risk of having a major adverse cardiovascular
event compared with placebo (HR 0.82; 95% CI: 0.71-0.86). "5 Concerning the GLP-1RAs more
specifically, one meta-analysis of four trials that enrolled 43,456 patients found that those randomly
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assigned to receive a GLP-1RA and who were not on metformin still had a 20% reduction in risk of having
a major adverse cardiovascular event compared with placebo (HR 0.80; 95% ClI: 0.72-0.90)."%°

Of course, these guidelines may not apply to all patients due to contraindications to or intolerance of
specific medications. Furthermore, as most GLP-1RAs come in an injectable form, some patients may be
reticent to begin them. Table 11 summarizes situations in which metformin and other agents may be
contraindicated. The FDA updated its renal guidelines for metformin in 2017 with recommendations to
obtain an eGFR prior to initiating therapy and annually thereafter (although more frequently for those at
risk for renal impairment).'®® Metformin is contraindicated in patients with eGFR <30 due to increased risk
of lactic acidosis without appropriate renal clearance and should be avoided or dose-reduced in patients
with eGFR between 30 and 45.

Table 11: Non-insulin glucose-lowering agents contraindications and warnings

Contraindications and warnings

Metformin  renal disease or dysfunction
— avoid initiating if eGFR <45, dose reduce if eGFR is between
30-45, and do not continue if eGFR <30
e acute or chronic lactic acidosis
Sulfonylureas » hypoglycemia
e renal impairment:
— glyburide not recommended if CrCl <50 mL/min
— glipizide not recommended if CrCl <10 ml/mL
» avoid glyburide in older adults due to its prolonged action

Pioglitazone e heart failure
 fracture in women with osteoporosis
DPP-4 inhibitors e pancreatitis

 heart failure (saxagliptin, alogliptin)

o dose adjust in CKD (except linagliptin)

GLP-1RAs * idiopathic pancreatitis

GIP/GLP-1RAs e use with caution in patients with severe renal impairment,
severe gastroparesis, or other causes of delayed gastric emptying

» contraindicated in patients with a personal or family history of
medullary thyroid carcinoma, or in patients with MEN 2

SGLT-2is » hypotension, orthostasis

¢ avoid in severe renal impairment (GFR<20)

o monitor for genital infection, or ketoacidosis (in both type 1 and

type 2 diabetes)
Sources: package inserts for metformin, glyburide, glipizide, alpha-glucosidase inhibitors, meglitinides, DPP-4
inhibitors, GLP-1RAs, SGLT-2is; and FDA safety information for thiazolidinediones and SGLT-2is.

BOTTOM LINE: GLP-1RAs, dual GIP/GLP-1RAs, or SGLT-2is are appropriate as initial agents for
patients with increased ASCVD risk, HF, CKD, or obesity as indicated. Metformin remains an
appropriate first line agent for patients without these comorbidities. All medication decisions
should be made considering cost, side effect profiles, contraindications to receiving certain
therapies, and patient preferences.
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Combination therapy

Using a dual-agent medication such as a GIP/GLP-1RA, or adding a second non-insulin agent to an
existing treatment regimen can help patients achieve better glycemic control. Clinical trials have
consistently shown an additive effect of such combinations, probably because drugs act by
complementary, but different, mechanisms. In general, the addition of a second agent from a different
class lowers HbA1c by an additional 1% over treatment with maximum doses of a single agent.8%133

Dual agents

A 2025 meta-analysis of 10 randomly assigned controlled trials with 42,651 participants (2,820 on a
combination of an SGLT-2i and GLP-1RA, the rest on either SGLT-2i (37.1%) or GLP-1RA (20.1%)
monotherapy or treatment as usual (TAU) (42.8%).'8" Patients using combination therapy had superior
cardiovascular, weight, and HbA1c outcomes versus monotherapy, although they also had higher rates of
Gl adverse events. Patients on combination therapy had a lower risk of hospitalization for heart failure vs.
GLP-1RA monotherapy (RR 0.37; 95% CI: 0.22-0.65) or vs. SGLT-2i monotherapy (RR 0.37; 95% ClI:
0.19-0.75).

GIP/GLP-1RA therapy was also associated with a significantly lower risk of major adverse cardiac events
versus TAU (RR 0.73; 95% CI: 0.61-0.88). Patients on combination therapy had greater weight loss and
HbA1c reduction versus SGLT-2i monotherapy (MD = -2.20 kg; 95% CI: -3.09 kg to -1.31 kg and MD -
0.74%; 95% CI: -1.21% to -0.27%), respectively, while no difference was observed in comparison to GLP-
1RA monotherapy. The incidence of nausea and diarrhea was higher with combination therapy versus
SGLT-2i monotherapy (MD = 3.34; 95% CI: 1.74-6.43 and MD = 1.75; 95% CI: 1.10-2.77), respectively
than vs. GLP-1RA monotherapy.

Combinations

In 2019, the VERIFY trial randomly assigned 1598 patients to begin monotherapy (metformin) versus
combination therapy (metformin and a DPP-4 inhibitor). They found that those randomly assigned to the
combination therapy group maintained HbA1c <7% for longer even after monotherapy group participants
had DPP-4i added to their regimens.®2 Furthermore, those initially randomly assigned to the combination
therapy group had a lower risk of requiring more than two agents (HR 0.74; 95% CI: 0.63—0.86).

Studies of older medications such as metformin, sulfonylureas, and pioglitazone demonstrate modest
add-on reductions in HbA1¢."83.164 Several short-term randomly assigned trials have shown that exenatide
reduces HbA1c by 0.5%-1.0% when added to sulfonylureas and/or metformin in patients whose glucose
was poorly controlled.%8165-167 |n two separate 6-month trials, liraglutide added to metformin or a
sulfonylurea reduced HbA1c by about 1.0% compared to metformin or sulfonylurea alone.'®® A 2012
systematic review of SGLT-2is used in dual or triple therapy for patients with type 2 diabetes concluded
that these agents were effective in reducing HbA1c levels compared with placebo.®?

BOTTOM LINE: Adding a second agent from a different class may lower HbA1c by an additional
1.0% and could help prevent treatment failure. Combining an SGLT-2i with GLP-1RA may enhance
cardioprotective and HbA1c effects, but also increases the risk of Gl side effects. Agent- and
patient-specific factors such as comorbidities, dosing frequency, adverse effect profiles, and cost
often guide choice rather than comparative effects on HbA1c lowering.
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Monitoring and regimen intensification

After confirming that a patient has type 2 diabetes and not type 1 or a rarer type of diabetes (e.g.,
pancreatogenic diabetes or monogenic diabetes), and after initiating therapy, the ADA recommends
repeating an HbA1c every 3 months until a target HbA1c is achieved (typically <7%) and at least every 6
months thereafter.'5®

In asymptomatic patients, a second agent is often added if HbA1c remains above target after
approximately 3 months of optimal monotherapy. However, as discussed previously, evidence from the
VERIFY trial suggests that beginning combination therapy within weeks of diagnosis may reduce the risk
of treatment failure by over 25%."%2 This was in a trial setting, and the ability to quickly uptitrate
medications in practice is much more likely to be limited by side effects, cost, or patient preference.

Many therapeutic options exist for patients who are poorly controlled on monotherapy with GLP-1RAs,
SGLT-2is, or metformin. Like selecting an initial agent, this should again be driven by the patient’s
comorbidities and HbA1c-lowering needs. Before advancing the regimen, titrate the existing medication(s)
to their optimal doses and inquire about adherence as seemingly ‘inadequate’ responses to prescribed
regimens may be the result of patients not taking their medications as directed.'®® Lifestyle measures
should be assessed and optimized, as feasible.

As is the case when considering an initial therapy, for patients with established CVD, an SGLT-2i or GLP-
1RA with cardiovascular benefit is recommended as the second agent if a patient is not already on the
medication. If patients have heart failure or CKD with microalbuminuria, then an SGLT-2i is preferred over
a GLP-1RA (assuming the patient was not prescribed the agent for initial therapy), though for patients
without microalbuminuria a GLP-1RA is reasonable as well. If a patient was started on an SGLT-2i or
GLP-1RA as a first line agent, it is also reasonable to consider metformin as a second-line agent. If a third
agent is needed, many of the other classes may be tried, with the caveats that clinicians should avoid
adding a DPP-4 inhibitor to a GLP-1RA and avoid pioglitazone in patients with heart failure.

In patients without CVD or high risk for CVD, heart failure, or CKD, then medication-specific factors
should determine which agent is the best option for step-up therapy. For example, if weight is a concern,
then an SGLT-2i, GLP-1RA, or a GIP/GLP-1RA are preferred. If cost or insurance factors are an issue,
then metformin, pioglitazone, and sulfonylureas are affordable options. Insulin may be added at any point
if it is preferred, though in patients with CVD, heart failure, or CKD, patients should be encouraged to
begin a non-insulin agent with proven benefit. Alternatively, if the patient has overt symptoms (e.g.,
polyuria, polydipsia, weight loss) associated with uncontrolled diabetes, insulin should be recommended.

Monitor patients regularly for side effects, and continue education and motivation to achieve lifestyle
changes. For all patients, reinforce weight control and exercise recommendations at every visit, even
after medications have been started. Ultimately, many patients may require insulin therapy (usually in
combination with other agents) to maintain optimal glucose control, particularly with longer diabetes
duration which is associated with progressive insulin deficiency.®

BOTTOM LINE: Repeat HbA1c testing every 3 months until a target level is achieved (typically
<7%) and at least every 6 months thereafter. When a second agent is needed, selection should be
based on patient comorbidities, glucose lowering needs, and cost.

Treatment of type 2 diabetes | 37



Insulin therapy

Many patients with type 2 diabetes will eventually require insulin therapy.8® Data from the National Health
and Nutrition Examination Survey indicate that only 50% of patients with type 2 diabetes achieve HbA1c
<7%."

Unfortunately, despite convincing evidence for benefit, insulin often is not started even when clinicians
and patients are aware of poor glucose control.'7%-172 Patients’ fear of injections and the discomfort of
injections are major barriers to use, as well as low perceived efficacy and a belief that adding insulin
therapy is a sign of treatment and lifestyle failure.'”7# Physicians worry about hypoglycemia, lack of time
to adequately instruct patients regarding insulin use, a sense of failure at being unable to manage blood
glucose with non-insulin medications, and the belief that insulin should only be started when “absolutely
essential.”173.174

When should insulin therapy be initiated for type 2 diabetes?

Generally, insulin is required for patients who do not respond adequately to non-insulin glucose-lowering
therapy or who have high baseline blood glucose. Current ADA guidelines suggest initiation of insulin in

newly-diagnosed patients if they have hyperglycemic symptoms and/or very high plasma glucose levels
(2300 mg/dL or HbA1c 210%)."%¢

Most patients with type 2 diabetes produce some endogenous insulin even in the latter stages of disease.
Accordingly, the more complex and intensive strategies needed for type 1 diabetes are not typically
needed.® Initial therapy is usually with a basal insulin (unless the patient is markedly hyperglycemic
and/or symptomatic).

Basal insulin provides relatively uniform insulin coverage throughout the day and night to control blood
glucose by suppressing hepatic glucose production between meals and during sleep. Either intermediate-
acting (NPH, dosed once or twice daily) or long-acting (glargine or deludec, dosed once daily) insulins
may be used.®> Weekly insulins are also nearing regulatory approval and marketing. Basal insulin is
usually given at bedtime to control unrestricted overnight gluconeogenesis with subsequent high pre-
breakfast (fasting) glucose levels. NPH may also be given in the morning if pre-dinner blood glucose
levels are high, but patients may need to be advised to eat lunch if using a morning NPH dose to avoid
hypoglycemia especially if the morning dose is higher than the evening dose.

Most patients with type 2 diabetes requiring insulin therapy can be successfully treated with basal insulin
alone. However, because of progressive reduction in endogenous insulin secretion, particularly in the
early post-prandial phase, some will need prandial insulin therapy with shorter-acting insulins or pre-
mixed insulins (which combine intermediate-acting and short or rapid-acting insulin).&

Insulin may also be indicated for patients who are pregnant, require high-dose glucocorticoid therapy, or
are intolerant of other glucose-lowering agents, as well as for hospitalized patients.'®

Insulin preparations

Figure 13 depicts currently available insulin preparations; they are described in more detail below.
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Figure 13: Comparison of human insulin preparations and insulin analogs'’®
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Short-acting insulin (regular insulin)

Regular (short-acting) insulin was the first insulin used to manage the rapid glucose increase that occurs
after meals. Its onset, however, does not closely mimic that of the normal postprandial insulin burst.
Onset for regular insulin occurs 30-60 minutes after injection, with a peak at 2-3 hours. This means that
for maximum effect, regular insulin should be administered at least 30 minutes prior to mealtime.

Rapid-acting insulin analogs

Recombinant DNA technology has led to the development of insulin analogs with pharmacokinetic profiles
that more closely mimic post-meal endogenous insulin release. They are rapidly absorbed, peak at 1
hour, and have a shorter duration of action than regular insulin. For patients with type 2 diabetes, a meta-
analysis of 42 randomly assigned controlled trials found no benefit of rapid acting insulin over regular
insulin in managing HbA1c or in reducing hypoglycemic episodes.'’® Still, outside of clinical trial settings,
because these analogs are given closer to mealtime, they do confer theoretical benefits of reducing the
likelihood that a patient takes insulin and then has an interruption that leads to a delayed meal and may
therefore be a better option for many patients, and they represent the vast majority of non-long acting
insulin prescriptions.'”” Given their similar pharmacokinetic profile, there is also little evidence that any of
the rapid-acting analogs would provide consistent benefit over another for most patients with type 2
diabetes.

Note that ultrarapid-acting insulins are also available. These are insulin analogs formulated with additional
compounds, for example with niacinamide (aspart) or treprostinil and citrate (lispro), to increase speed of
absorption. In multiple trials these agents were found to be non-inferior to rapid-acting insulin; however,
given that their onset of action is only minutes earlier than their rapid-acting counterparts, it's unclear if
they offer a clinically significant benefit for most patients with type 2 diabetes.'’®

Basal insulin options
Intermediate-acting (basal) insulin

NPH is absorbed more slowly than regular insulin (onset of action 1-3 hours) and has a longer duration of
action (10-20 hours). It takes 4-8 hours to reach peak effectiveness; because there is a peak effect, there
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is a modest increase in hypoglycemia during this period."”® When used as basal insulin, it can be given
once or twice daily.

Long-acting (basal) insulin analogs

Insulin glargine is a long-acting insulin analog. Its onset of action is about 1-2 hours after subcutaneous
injection. It has a steady activity plateau with minimal evidence of a peak, and a 24-hour duration of
action (the range is approximately 18-26 hours, with shorter duration when low doses are used, which
means for some patients BID dosing is needed).'® As a basal insulin, it is usually injected once daily, and
is frequently given at bedtime. However, if nighttime hypoglycemia occurs, the timing of the injection
should be changed to the morning. One trial suggests that morning glargine may provide better glucose
control than bedtime glargine.8!

Ultralong-acting insulin

There are two commonly used ultralong-acting insulins available: insulin degludec and insulin glargine
U300 (3x concentrated version of glargine). Both have an onset of action ~2-4 hours after subcutaneous
injection. Insulin degludec has a half-life of ~25 hours while insulin glargine U300 has a half-life of ~19
hours, and both have no substantial peaks. Both ultralong-acting insulins are stable for over 36 hours and
can have a duration of action up to 48 hours.'®

Differentiating between basal insulin options

All basal insulins provide largely equivalent HbA1c lowering ability when titrated appropriately. However,
the longer-acting the insulin is, the lower the risk for hypoglycemia.

Multiple studies have shown that NPH and long-acting analogs provide similar levels of HbA1c control.
For example, the LANMET trial compared treatment with glargine and metformin vs. once-daily NPH at
bedtime and metformin in type 2 diabetes.® It found similar glucose control in both groups, but there
were fewer hypoglycemic events in the first 12 weeks in the glargine group (though this difference
disappeared by the end of the trial at 36 weeks). NPH, however, often requires more injections per day
and confers a higher risk of hypoglycemia compared with long-acting insulin analogues.®''8* Data from
observational studies, in which NPH is generally dosed BID as opposed to in most comparative trials, are
more mixed, and one propensity-matched study of 25,489 patients initiated on basal insulin found HbA1c
was 0.22% lower in patients taking NPH (compared with long-acting analogs) while there were no
differences in hypoglycemia-related emergency department visits.>

Long-acting and ultralong-acting insulin have similar abilities to lower HbA1c, but ultralong-acting analogs
may have lower risk of hypoglycemia. For example, in the DEVOTE trial, 7,637 patients with type 2
diabetes at high-risk for cardiovascular events were randomly assigned to degludec or glargine U100 and
were followed for 24 months. There were no differences between cardiovascular outcomes or HbA1c
between groups, but there were fewer hypoglycemic events in the degludec group (absolute difference of
1.7 percentage points, p<0.001 for superiority).'®* These findings of similar HbA1c control and slightly
fewer hypoglycemic episodes with ultralong-acting analogs (including both degludec and glargine U300
compared with glargine U100) have been further replicated in meta-analyses of multiple clinical trials.®

Furthermore, the timing of degludec dosing may be more flexible than glargine U100, and may be
beneficial for patients in whom compliance is a concern.'®

Taken together, the trial evidence shows that all basal insulins may provide largely equivalent HbA1c
lowering with longer-acting insulins possibly posing a lower risk for hypoglycemia. As such, while insulin
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glargine U100 is frequently the first basal insulin used in the US, when insurance coverage allows,'”” for
patients with adherence issues or at particularly high-risk of hypoglycemia, ultralong-acting insulin or
once-weekly insulin may be reasonable alternatives to try.

Premixed (biphasic) insulin combinations

Premixed insulin combinations contain a fixed ratio of faster and intermediate-acting insulins. These
combinations can be used to provide both steady state and prandial insulin requirements. Premixed
insulin combinations are available for both human insulin preparations (regular and a formulation with a
similar activity to NPH), as well as newer insulin analogs (lispro and aspart combined with an NPH-like
insulin).

These combinations can simplify treatment by reducing the number of injections needed, while providing
both basal and postprandial coverage. As a result, these products provide the theoretical benefit of
improving adherence. The fixed ratios, however, can be limiting when attempting to tailor therapy to
individual needs, particularly in patients with variable carbohydrate intake. Evening dosing of a premixed
formulation can cause nocturnal hypoglycemia, as the NPH-component peaks during a time of minimal
glucose intake and production. The combinations are generally given twice a day, before breakfast and
dinner, but can be given at once-a-day or three-times-a-day intervals.

While there are theoretical benefits to premixed insulin, and while some clinical trials suggest that HbA1c
may be improved over basal insulin alone,'®”:18 other clinical trials have suggested they are generally
equivalent or inferior to commonly used basal and basal/bolus regimens. For example, in the DURABLE
trial, patients were randomly assigned to either glargine U100 or lispro protamine/lispro (75/25) mix. After
24 weeks, HbA1c reduction was similar (-1.8 vs -1.7%) in both premixed and glargine groups, but patients
in the premixed group had higher doses of insulin and 5 more hypoglycemic events per patient per
year.'®® Moreover, in the GINGER trial, 310 subjects were randomly assigned to glargine U100 and
glulisine vs. twice daily premixed insulin. After the 52-week trial, HbA1c was significantly lower in the
basal-bolus group (-1.31% vs. -0.80%) while there were no significant differences in hypoglycemic
events." As such, while premixed insulin may be used in select clinical circumstances, it is most often
reserved for individuals who eat fixed meals and otherwise have issues with medication adherence.

Concentrated insulins

Concentrated insulins may be useful for patients with significant insulin resistance who require high daily
insulin needs by allowing higher insulin dosing at lower injection volumes (as higher volumes may have
unreliable absorption and may increase the risk of scarring or lipoatrophy). These products include: lispro
U200 (Humalog), regular U500 (Humulin), glargine U300 (Toujeo), and degludec U200 (Tresiba). Some of
these concentrated insulins have been directly compared with alternative options (for example, glargine
U100 versus glargine U300). Additionally the pharmacokinetic profiles of these drugs do differ by varying
degrees. For example, while glargine U100 and U300 are generally similar, there are large
pharmacokinetic differences between regular insulin and regular U500. More specifically, regular U500
insulin has a significantly longer time-to-peak concentration and time to maximum effect, which gives it
some characteristics of intermediate-acting insulins.'®! Given the unique pharmacokinetics of regular
U500, consultation with an endocrinologist is recommended due to the high risk of hypoglycemia.
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Insulin delivery options

In addition to traditional vials/syringes, all insulins can be delivered with pen devices that can be easier
and safer for patients to use because they do not require any calculations and needles are retractable.
Some pens include features such as smart phone app integration to suggest dosing, keep a record of
insulin administrations, and remind patients of missed injections. In addition, some insulins can also be
delivered in a patch, pump, or as an inhalation.

BOTTOM LINE: Insulin is indicated in patients with high plasma glucose levels that have not
responded to non-insulin pharmacologic therapy or patients with baseline glucose levels 2300
mg/dL or HbA1c 210%. In most patients, the introduction of insulin should not be delayed when
HbA1c targets are unlikely to be met with non-insulin agents. All basal insulins provide roughly
equivalent HbA1c lowering ability, but longer-acting insulins may pose lower risks for
hypoglycemia.

Choosing an insulin regimen

Generally, before beginning basal insulin, providers should attempt to use a non-insulin medication for
most patients with type 2 diabetes as long as the patient has a HbA1c less than 10%, is not having
symptoms of hyperglycemia, and has no other contraindications to the medication class. When patients
meet criteria to begin insulin, it is reasonable to begin with basal insulin (rather than prandial or
premixed). Therapy can then be stepped-up by adding prandial insulin."

Treating to target

A commonly-used algorithm for basal insulin intensification comes from the Treat-to-Target trial.5' This
randomly assigned controlled trial demonstrated that most patients who were inadequately controlled on
one or two oral agents could achieve an HbA1c <7% by following the simple schedule shown in Table 12.

Table 12: Insulin initiation and titration

o Start with 10 units of basal insulin (either intermediate or long-acting insulin) at bedtime.

e Adjust insulin dose every week, based on the mean self-monitored fasting blood glucose (FBG)
values from the previous 2 days.

If mean FPG is: Increase insulin by:

100-120 mg/dL 2 units
120-140 mg/dL 4 units
140-180 mg/dL 6 units

>180 mg/dL 8 units

The Treat-to-Target Trial (2003) randomly assigned 756 patients with overweight with type 2 diabetes
and inadequate glycemic control (HbA1c 7.5%-10%) with oral glucose-lowering agents to bedtime
glargine or NPH insulin titrated to target levels using a simple algorithm.®' At the end of the 24-week
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study, NPH and glargine were equally effective in achieving HbA1c levels of < 7%, with about 60% of
patients reaching this goal in each group. More nocturnal hypoglycemic events occurred in the NPH
group (33% vs. 27%; p<0.05).

A similar Target-To-Treat (2006) trial was conducted to compare NPH insulin with detemir in patients with
type 2 diabetes with suboptimal glycemic control on oral therapy.'® HbA1c reductions were similar in both
groups. About two-thirds of participants in each group reached an HbA1c of 7%. Patients treated with
detemir had significantly fewer hypoglycemic events than patients treated with NPH (26% vs. 16%;
P=0.008). Both long-acting insulin (glargine and detemir) and NPH were equally effective in reducing
HbA1c, but long-acting insulins may be preferred in patients at higher risk for hypoglycemic events.

In summary, trials suggest that there is likely little benefit to initiating a multi-dose insulin regimen
compared with either basal insulin (or even a GLP-1RA for those not already on one) with regard to
HbA1c lowering ability, and there is increased risk of hypoglycemia and weight gain with more frequent
insulin dosing regimens. There are likely few differences between rapid-acting analogs and outcomes.
Ultimately, the choice of which insulin regimen to initiate should be based on the relative costs, number of
injections required, and risk of hypoglycemia for the particular patient. The algorithm in Figure 14 provides
some strategies for tailoring the initiation and intensification of insulin therapy.

Figure 14: Algorithm for initiating and intensifying insulin

¢ Initial dose: 10 units or 0.1-0.2 mg/kg

Start basal insulin * Titrate based on self-monitored
fasting glucose

If still above HbA1c goal

e Start with 4 units or 10% of basal dose

* Titrate based on self-monitored
post-prandial glucose

Add mealtime
insulin at the largest
meal of the day

If still above HbA1c goal

Add mealtime insulin * If using pre-mixed insulin, dose up
at other meals to twice daily

Dosing regimens for older adults

Older adults using complex insulin regimens (e.g., basal-bolus regimens) may be at increased risk of
hypoglycemia. A simplified insulin regimen for older adults has been proposed by Munshi et al., which

Treatment of type 2 diabetes | 43



was shown in a small, single-arm implementation study to reduce hypoglycemic events at 8 months
without compromising control of hyperglycemia or HbA1c levels (Figure 15).1%2

Figure 15: Simplified insulin regimen for older adults with type 2 diabetes

Remove mealtime insulin
and add non-insulin drugs

Change basal insulin + Change mealtime insulin

Optimize basal insulin

* Convert all basal insulin Dose < 10 units ;| Dose > 10 units

to once-daily versions Discontinue and : * Decrease 50%
* Give dose in the morning add non-insulin : and add non-insulin

' agent* ¢ agent”
* Titrate insulin
Titrate based on weekly fasting ' down as non-insulin
glucose (goal 90-150 mg/dL) agent increases
If 50% of readings If two readings
are above goal, < 80 mg/dL,

increase by 2 units | | decrease by 2 units

BOTTOM LINE: For patients with type 2 diabetes who need insulin, most can be successfully
treated with a single dose of basal insulin at bedtime. This dosing for basal insulin is simple and
no convincing evidence exists showing that any other initial approach (such as starting with
prandial or premixed insulin) provides superior glucose control or safety.

Combining insulin with other glucose-lowering agents

When initiating insulin, most guidelines recommend adding it to existing therapy. Meta-analyses have
demonstrated significant reductions in fasting serum glucose and HbA1c levels, and a lower daily insulin
dose (11 units less a day) when insulin is added to existing therapy compared to using insulin alone."93-195
A randomly assigned controlled trial comparing different combinations of oral therapy with insulin found
that adding insulin to metformin caused more weight loss, fewer hypoglycemic events, and better glucose
control than adding insulin to a sulfonylurea.'®® As a result, it is often recommend that secretagogues
(e.g., sulfonylureas, meglitinides) should be weaned or discontinued when insulin therapy is initiated or
intensified, but other oral and injectable (e.g., GLP-1RAs) agents that are not secretagogues can be
continued."

Current ADA guidelines recommend GLP-1RA and insulin as first-line combination therapy in people with
type 2 diabetes who require insulin therapy.'" This is based on evidence that combination therapy is safe,
reduces weight, and is equivalent or superior to adding additional insulin.
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For example, the TRANSITION-T2D open-label trial showed that in patients with well-controlled type 2
diabetes (HbA1c <7.5%) who were on multiple daily insulin (MDI) prandial injections (<120 units/day)
replacing the multiple injections with once-weekly subcutaneous semaglutide maintained, or improved
HbA1c levels after 26 weeks.'” Mean change in HbA1c in the semaglutide group was -0.5% vs. 0.0% for
the MDI group (P=0.009), and insulin total daily dose decreased 56% with semaglutide and increased
6.7% with MDI.

Similar findings came from the SURPASS-6 trial, which randomly assigned 1,428 patients with type 2
diabetes who were taking basal insulin to one of three doses of tirzepatide (5 mg, 10 mg, or 15 mg
weekly) or thrice-daily insulin lispro with a 52-week follow up.'®® In an analysis that pooled the tirzepatide
groups, the mean change from baseline in HbA1c with tirzepatide was -2.1% vs —1.1% with insulin lispro,
resulting in mean HbA1c levels of 6.7% vs 7.7% (estimated treatment difference; —0.98% 95% CI:
-1.17% to —0.79%). Patients in the tirzepatide group also lost more weight (mean change from baseline -
9.0 kg vs. 3.2 kg with insulin lispro) and had fewer hypoglycemia events (0.4 events per patient-year with
tirzepatide vs. 4.4 events per patient-year with insulin lispro).

These results have also been shown in meta-analyses. For example, in a meta-analysis of 15 trials with
4,348 participants comparing the combination of GLP-1RAs and basal insulin vs. other glucose-lowering
treatments showed improved mean reductions in HbA1c with the combination (-0.44%; 95% CI: -0.60% to
-0.29%), an improved likelihood of achieving the target HbA1c of 7-0% or lower (RR 1.92; 95% CI: 1.43-
2.56), no increased risk of hypoglycemia (RR 0.99; 95% CI: 0.76-1.29), and a mean weight reduction 3.22
kg (1.54 kg-4.90 kg)."®® Another meta-analysis of 26 trials with 11,425 patients comparing the same
combination vs. other injectable treatments showed similar results: reduced HbA1c with combination
treatment (weighted mean difference [WMD] -0.47%; 95% CI: -0.59% to -0.35%), more patients at HbA1c
target (RR 1.65; 95% CI: 1.44-1.88), similar hypoglycemic events (RR 1.14; 95% CI: 0.93-1.39), and
weight reduction (WMD -2.5 kg; 95% CI: -3.3 to -1.7, result limited by significant heterogeneity).2°

Many other trials using older diabetes medications have shown improved reductions in HbA1c levels with
combination therapy. For example, in the DUAL V trial, patients with HbA1c 7-10% on glargine and
metformin were randomly assigned to either increased glargine dose or combination degludec/liraglutide.
HbA1c reduction was greater with degludec/liraglutide group (-1.81% vs -1.13% for the glargine group,
P<0.001 for superiority), and there was also more weight loss and less hypoglycemia with the
combination drug.?°" In another study, the DUAL VII Trial randomly assigned patients with HbA1c 7-10%
on basal insulin to degludec/liraglutide versus glargine and prandial aspart. They found HbA1c reductions
were similar and there was a 60% lower risk of hypoglycemia in the degludec/liraglutide group.2°? It
should be noted that in these trials, the average HbA1c was ~8.0-8.5%, and patients were not
experiencing symptoms of hyperglycemia.

When placing patients on combination therapy, remember that the side effect profiles will mirror that of
both drugs individually. For example, evidence suggests that insulin-thiazolidinedione combinations
effectively reduce glucose,?® but fluid retention and other safety concerns about the thiazolidinediones
make other options, such as a GLP-1RA, a better first-line combination choice, particularly in patients at
risk for heart failure.?°* When combining insulin with a GLP-1RA, insulin dose reductions vary with HbA1c
levels and patient factors, as summarized in Table 13.
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Table 13: Insulin titration when starting a GLP-1RA"97:205

HbA1c level & patient factors % basal dose | % bolus dose
reduction reduction

<7% 20% 50%

7.1-8.0% 10-20% 25%

> 8.0% WITH glycemic variability, hypoglycemia 10% 25%

unawareness, or severe hypoglycemic events

WITHOUT glycemic variability, hypoglycemia No adjustment | 10-20%
unawareness, or severe hypoglycemic events

BOTTOM LINE: Combining insulin with other glucose-lowering agents can improve glucose
control and enhance weight loss to a greater extent than therapy with insulin alone. Insulin
combined with GLP-1RAs offer the greatest synergy for clinical effect and a relatively low risk of
adverse events.

Maintaining overall health

Patients with diabetes have high rates of hypertension, hyperlipidemia, liver disease, cardiovascular
disease and many other comorbidities. Optimal management should include close attention to these
related medical conditions and aggressive therapy where appropriate using multifactorial interventions.

For example, the Steno-2 study examined the effects of multifactorial interventions on microvascular and
macrovascular complications and mortality in middle-aged adults recently diagnosed with type 2
diabetes.2% The trial randomly assigned 160 patients with type 2 diabetes and microalbuminuria to
conventional treatment or to intensive target-driven therapy involving a combination of medications and
focused behavior modification. Targets for intensive therapy included HbA1c <6.5%, fasting total
cholesterol <175, triglycerides <150, systolic BP <130, and diastolic BP <85. All patients received
ACEI/ARB and aspirin in addition to a range of antihyperglycemic agents to treat their diabetes. The
multicomponent intervention was associated with reductions in mortality (HR 0.55; 95% CI: 0.36-0.83),
CV mortality (HR 0.38; 95% CI: 0.19-0.75), and microvascular complications such as retinopathy
progression (HR 0.67; 95% CI: 0.51-0.89) and progression to diabetic nephropathy (HR 0.52; 95% CI:
0.32-0.84) over a median follow-up of 21.2 years.

Interestingly, the achieved HbA1c in the intensive-treatment group was 7.9%, much higher than the
achieved HbA1c levels of the intensive groups in ACCORD (6.4%), ADVANCE (6.5%), and VADT (6.9%)
These trials focused primarily on lowering glucose levels, and found no benefit, or even harms, from such
aggressive glycemic control.
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Diet and exercise

Much of the steady increase in diabetes prevalence stems from increasing rates of obesity. As described
earlier, good evidence suggests that weight loss of 3%-10% can reduce insulin resistance and the risk of
developing diabetes.?”-?® Once a patient has been diagnosed with the disease, weight management
programs for patients with type 2 diabetes and obesity or overweight are associated with improved
health-related quality of life and physical fitness, and reduced diabetes symptoms.2%” Moreover,
aggressive weight management also benefits other conditions associated with diabetes, such as
hypertension and dyslipidemia.28:209

The most rigorous exploration of how lifestyle modification can impact diabetes outcomes is the Action
for Health in Diabetes (Look AHEAD) study. This long-term (2001-2012) clinical trial examined the
effects of intensive lifestyle intervention compared with diabetes support and education on cardiovascular
outcomes in 5,145 adults with type 2 diabetes and overweight (most patients used glucose-lowering
drugs).?'® Look AHEAD found that intensive lifestyle intervention can produce sustained weight loss and
improvements in fitness, glycemic control, and some cardiovascular risk factors, although no differences
in cardiovascular event rates were observed after a median follow-up of 4 years.?'® However, compared
to the usual care arm, those in the intensive lifestyle intervention arm who successfully lost at least 10%
of their body weight did experience reduced cardiovascular events.?" Moreover, follow-up studies using
the Look AHEAD cohort have shown numerous benefits for individuals who lost weight; for example,
there were improvements in urinary incontinence, sleep apnea, and depression.?'2-214

Working with patients on a structured program to reduce caloric intake can help promote weight

reduction, although sustained weight loss remains challenging for many patients.?” Evidence does not
support the superiority of any particular diet type or mix of macronutrients (e.g., carbohydrate restriction or
diets based on glycemic index/load).?* As such, when a specific diet is requested, given that diabetes is a
risk factor for cardiovascular disease, it may be appropriate to recommend one with known benefits for
reducing cardiovascular risk factors (such as with the DASH diet?® or Mediterranean diet?).

Structured exercise programs can also improve blood sugar control even if patients do not lose weight in
the process.?'®216 Current guidelines recommend at least 150 min/week of moderate-intensity aerobic
physical activity (50—70% of maximum heart rate), spread over at least 3 days per week with no more
than two consecutive days without exercise, if possible and clinically appropriate.?'” A 2011 study found
that structured exercise training consisting of aerobic exercise, resistance training, or both, lasting more
than 150 minutes per week, leads to greater HbA1c reductions than less demanding regimens.2'® A 2012
meta-analysis of five observational studies of high vs. low total physical activity in patients with diabetes
found a 40% reduction in all-cause mortality in patients with high physical activity (HR 0.60; 95% CI: 0.49-
0.73), but residual confounding may exist.2'® Even moderate levels of exercise, however, can be
beneficial 21°

Combined aerobic-resistance exercise programs are the most effective for supporting blood sugar
control.':215220 Before undertaking exercise more intense than brisk walking, sedentary people should be
evaluated by a clinician. Electrocardiogram exercise stress testing for asymptomatic patients at low risk of
coronary artery disease is not recommended, especially in patients starting low to moderate intensity
regimens or who are at low cardiovascular risk. In higher-risk patients or those who are proposing high-
intensity exercise regimens, careful screening for symptoms, including atypical anginal equivalents,
should be conducted at a healthcare visit. In select high risk patients, especially those going from
sedentary to high-intensity exercise, professional societies have suggested stress testing prior to regimen
initiation, with weak evidence to support the recommendation.''®22! The 10-year CV risk for any given
patient can be determined using an ACC/AHA risk calculator. A link to the tool is available at

Treatment of type 2 diabetes | 47



AlosaHealth.org/Diabetes. Patients prone to hypoglycemia or who have developed symptoms of
retinopathy or neuropathy will require extra caution in devising an appropriate exercise regimen.

BOTTOM LINE: In addition to slowing the progression from prediabetes to diabetes, lifestyle
modifications can also improve glycemic control and have many other health benefits in patients
with diabetes. Programs combining diet and exercise are especially effective. While sustained
success with these approaches alone can be difficult, they remain an important component of a
multimodal approach to treating diabetes.

Controlling hypertension

ADA-recommended blood pressure (BP) targets for many people with diabetes are <130 mmHg systolic
(SBP) and <80 mmHg diastolic (DBP), targets that are also endorsed by the American Heart
Association. 8222 Blood pressure should be checked at every visit, with two or more measurements (or
an average of two or more readings) of SBP =130 mm Hg or DBP = 90 mg suggesting clinical
intervention.

All patients with a blood pressure >120/80 mm Hg should be advised about lifestyle modifications that can
help reduce blood pressure, including weight reduction, salt restriction, a DASH diet, quitting smoking,
and exercise.??2 Many of these interventions may also improve glycemic control. Patients with blood
pressure >130/80 mm Hg should (in addition to lifestyle therapy) have prompt initiation and titration of
drug therapy to achieve blood pressure targets.

Patients with diabetes and hypertension should be started on an angiotensin converting enzyme inhibitor
(ACEI), angiotensin receptor blocker (ARB), thiazide diuretic, or calcium channel blocker (CCB), all of
which have been shown to help reduce cardiovascular risk in patients with diabetes.??* ACEI- or ARB-
based treatments can also slow the progression of nephropathy and reduce albuminuria.??* About 10% of
patients may have side effects when treated with ACEI (most often cough), and these patients can be
switched to an ARB, or, because ACEls and ARBs are equally effective for reducing blood pressure,
patients can simply be started on an ARB.?25226 Many patients with diabetes will require treatment with
multiple drugs to achieve target blood pressures, especially if initial BP is > 140/90 mm Hg. For patients
who need a second drug in addition to an ACEI or ARB, a CCB could be considered.??” If ACEls, ARBs, or
diuretics are used, monitor eGFR and serum potassium levels 7—14 days after initiation or after a dose
change and then at least annually.

The central importance of blood pressure control for reducing morbidity and mortality in patients with
diabetes was demonstrated in the UKPDS 10-year follow-up study.??® As with glycemic control, the
differences in blood pressure initially achieved between the two study groups (tight control vs. less tight
control) disappeared within 2 years of trial termination. While patients with tight glycemic control had
persistent improvements in clinical status, patients randomly assigned to tight blood pressure control did
not sustain in the post-trial follow-up the risk reductions found during the trial for diabetes-related
endpoints, diabetes-related death, microvascular disease, and stroke.

These findings suggest that good control of hypertension must be continued if its benefits are to be fully
realized and that, in general, BP targets even lower than those recommended in guidelines may be
beneficial. By contrast, more lenient blood pressure control was not associated with reduced CV events in
the ACCORD ftrial.
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For example, the 2025 BPROAD ftrial randomly assigned 12,821 patients with type 2 diabetes in China to
intensive treatment targeting SBP <120 mm Hg or standard treatment targeting an SBP <140 mm Hg.??°
The primary outcome was a composite of nonfatal stroke, nonfatal myocardial infarction, treatment or
hospitalization for heart failure, or death from cardiovascular causes. After a median follow-up of 4.2
years primary outcome events occurred in 393 patients in the intensive-treatment group and 492 patients
in the standard-treatment group (HR 0.79; 95% CI: 0.69-0.90). The treatment groups did not differ
significantly in the incidence of serious adverse events, but symptomatic hypotension and hyperkalemia
occurred more frequently in the intensive-treatment group.

These results have caused a reassessment of BP goals that had been based on older studies such as the
ACCORD-BP frial, which also compared intensive vs. standard BP control (<120 mmHg vs. <140 mm Hg
systolic) in patients with diabetes at high risk for CV events.23° After a mean follow up of 4.7 years,
patients assigned to intensive BP reduction did not have a significant benefit in the composite CV events
outcome (1.9% in the intensive group versus 2.1% in the usual care group; P=0.2) or all-cause mortality
(1.3% vs. 1.2%; P=0.55). Serious adverse events, such as hypotension, hyperkalemia, and bradycardia,
were more common (3.3% vs. 1.3%; p<0.001).

In light of current evidence, antihypertensive medications should be adjusted aggressively in patients with
diabetes to maintain blood pressure at or below target levels. Clinicians should be aware of “clinical
inertia,” the reluctance of both patients and prescribers to add new medications, even when the potential
benefits are large.?®"

Some patients with diabetes and hypertension require special consideration. Pregnant women should
have hypertension aggressively controlled to <140/90 mm Hg, but ACEls and ARBs are contraindicated.
Patients with very elevated blood pressure or with poorly-controlled blood pressure despite multiple
medications may require specialist consultation. Older patients may need somewhat slower adjustment of
antihypertensive medications.

BOTTOM LINE: Treat blood pressure >130/80 mm Hg in most patients with diabetes. Prescribe a
thiazide diuretic, ACEI, ARB or CCB to lower blood pressure, using an ACEI or ARB if albuminuria
is present. Multiple agents may be needed.

Hyperlipidemia

All patients with diabetes should have their cholesterol checked upon diagnosis, and then annually
thereafter or more frequently if indicated.'® Lifestyle interventions including diet modification and exercise
are warranted for all patients with CV risk factors or CV disease. Treatment with statins for patients with
diabetes is based on presence of existing or previous cardiovascular disease (i.e., primary vs. secondary
prevention), age, and risk factors.
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Primary prevention

Table 14: Recommendations for primary prevention with statin in patients with type 2 diabetes

Qualifier Recommended statin intensity*
20-39 years With ASCVD risk factors Moderate
40-75 years No ASCVD risk factors Moderate
With ASCVD risk factors High
>75 years Already on statin Continue statin
Not on statin Moderate (after discussion of
risks/benefits)

* Lifestyle interventions should be continued with statin therapy
ASCVD= Atherosclerotic cardiovascular disease

Statin intensity is defined both by the drug and dose (Table 15). With multiple statins now available
generically, most patients can use an affordable, generic statin that will lower their LDL to target levels.?32
Patients with diabetes and ASCVD and LDL =70 mg/dL may also benefit from the addition of ezetimibe or
a proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibitor to a statin.?3?

Table 15: Classification of high- and moderate-intensity statin therapy'®

High-intensity statin therapy

Moderate-intensity statin therapy

Lowers LDL cholesterol by 250%

Lowers LDL cholesterol by 30% to 50%

atorvastatin 40-80 mg
rosuvastatin 20-40mg

atorvastatin 10-20 mg
rosuvastatin 5-10 mg

simvastatin 20-40 mg
pravastatin 40-80 mg
lovastatin 40 mg
fluvastatin XL 80 mg
pitavastatin 2-4 mg

Note that statins are associated with a small increased risk of developing incident diabetes. A 2010 meta-
analysis (13 trials, 91,140 patients) found that statin therapy was associated with a 9% increased risk for
the development of diabetes (OR 1.09; 95% CI: 1.02-1.17), with the risk highest in trials with older
participants. Treatment of 255 (95% CI: 150-852) patients with statins for 4 years was estimated to result
in one extra case of diabetes, so the risk is low both in absolute terms and when compared with the
reduction in coronary events.?3* The well-demonstrated benefit of statins in preventing cardiovascular
events is more clinically important than the small increase in risk of inducing or exacerbating diabetes.

Secondary prevention

For people of all ages with diabetes and existing ASCVD, high-intensity statin therapy should be added to
lifestyle therapy to obtain an LDL cholesterol reduction of 250% from baseline with an LDL cholesterol
goal of <55 mg/dL for those with established ASCVD and <70 for those at high risk of ASCVD.""® Add
ezetimibe or a PCSKS9 inhibitor if these goals are not achieved on the maximum tolerated dose.
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BOTTOM LINE: Patients with cardiovascular risk factors or cardiovascular disease should be
prescribed a statin, regardless of age. Patients with diabetes over age 75 should continue a statin
if they are already on one or consider a statin if they are not.

Antiplatelet medication

Primary prevention

Antiplatelet treatment, specifically with aspirin, was once recommended for most adults with diabetes.?3°
Now aspirin for primary prevention (i.e., in patients without CVD) is uncertain. Diabetes has often been
considered to be a coronary heart disease “risk equivalent” (i.e., people with diabetes without prior
myocardial infarction are seen as having the same risk of fatal or non-fatal Ml as non-diabetic patients
with a previous MI), yet data have not supported this risk equivalency.?*

The 2018 ASCEND trial randomly assigned 15,480 people (mean age 63 years) with diabetes but no
CVD to aspirin 100 mg/day vs. placebo with mean follow-up 7.4 years.?®” No significant differences were
found in rates of nonfatal MI, nonfatal ischemic stroke, transient ischemic attack, or any arterial
revascularization. The rate of any serious vascular events was lower in the aspirin group (RR 0.88; 95%
Cl: 0.79-0.97). Rates of serious gastrointestinal bleeding, however, were significantly higher in the aspirin
group (RR 1.36; 95% CI: 1.05-1.75), as was the rate of “other major bleeding” (RR 1.7; 95% CI: 1.18-
2.44). In subgroup analyses by age, the evidence for CV benefit with aspirin was less robust for patients
>60 years, while the evidence for major bleeding was clearly significant. Similar results were also found in
the ASPREE trial in 19,114 older adults without CVD or diabetes. Low-dose (i.e., 100 mg) aspirin resulted
in a significantly higher risk of major hemorrhage and did not result in a significantly lower risk of CVD
compared to placebo.?*®

In light of the evidence, the ADA and the U.S. Preventive Services Task Force (USPSTF) have tepid
recommendations for the use of aspirin for primary prevention. The ADA suggests that low-dose aspirin
may be considered for primary prevention in those with diabetes who are at increased risk of
cardiovascular disease, between the ages of 50 and 70, and not at increased risk of bleeding."® The
USPSTF suggests low-dose aspirin may be considered for primary prevention in those with an increased
risk of cardiovascular disease, who are between the ages of 40 and 59, and who do not have any
increased risk of bleeding.?® But for adults age 70 and older, the bleeding risk from aspirin may outweigh
the benefit, as demonstrated by the data from ASCEND and ASPREE.

Secondary prevention

Randomly assigned controlled trials have indicated that aspirin can reduce the incidence of myocardial
infarction in patients with existing cardiac disease. Virtually all patients with diabetes and known coronary
artery disease should be treated with aspirin unless there is a compelling contraindication. For patients
who cannot tolerate aspirin, clopidogrel (Plavix) may be an alternative antiplatelet agent.?*° Clopidogrel is
also commonly used in patients with recent acute coronary syndromes, coronary stent insertions, or
peripheral vascular disease.?*'

BOTTOM LINE: The benefit of aspirin for the primary prevention of cardiovascular events in
patients with diabetes is unclear. An individual clinical decision must be made weighing the
degree of cardiovascular risk and the risk of bleeding. For adults > 70, the risks may outweigh the
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benefits. However, patients with diabetes and established coronary artery disease should
generally be treated with low-dose aspirin unless contraindicated.

Smoking

All patients with diabetes should be strongly encouraged not to smoke because smoking significantly
increases the risks for CVD, stroke, and death—risks already raised by diabetes itself. A study in smokers
with newly-diagnosed type 2 diabetes found that at 1-year follow-up, smoking cessation was associated
with amelioration of metabolic parameters as well as reduced blood pressure and albuminuria.?*2
Although tobacco smoking is one of the hardest habits to break, several effective interventions are
available. These include nicotine replacement therapy (e.g., patches or gum), bupropion (Zyban,
Wellbutrin SR), varenicline (Chantix), and counseling programs. The addition of pharmacological therapy
to counseling may be more effective than either therapy alone.?*3

The importance of screenings

Because patients with diabetes are at higher risk for a wide range of diseases, screening tests play an
important role in health maintenance. The table below summarizes current screening recommendations
for some common conditions.
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Table 16: Screening tests for diseases associated with diabetes

Complication Recommended screening

Cardiovascular
diseases

Continuously assess blood pressure and increase medications to achieve and
maintain goals

Peripheral arterial disease:

— Use ankle-brachial index testing for peripheral artery disease

Hyperlipidemia

Annual lipid panel

Renal disease

Annual screening of:
— Urinary albumin to creatinine ratio
— Estimated glomerular filtration rate (eGFR)

Retinopathy

Typically annual screening with a dilated eye exam or retinal photography

Liver disease

Screen all patients with the FIB-4, regardless of liver enzymes

(MASLD/MASH) | ¢ A cutoff of > 2.0 may be a better threshold for referral for ultrasound
elastography or an enhanced liver fibrosis test in older adults
Peripheral o Comprehensive foot exam annually, which may include monofilament testing.
neuropathy e Encourage patients to conduct daily foot exams
Bone health o Assess fracture risk using a tool like FRAX, although this may underestimate true
risk in patients with diabetes
» Recommend DEXA in women age 65 and older or if younger with 2-3 additional
risk factors
o Advise patients to consume 1000 mg calcium daily, ideally from dietary sources
» Use bone-directed medications (e.g., alendronate) when indicated.
Vaccination o Get recommended vaccinations
— Influenza, COVID-19, pneumococcal, RSV, zoster, Tdap, and Hep B
Smoking e Ask about tobacco use and recommend nicotine replacement, bupropion,

varenicline, or counseling programs as appropriate

Mental health

Screen for depression and anxiety
Assess for cognitive changes throughout the lifespan, especially in patients who
have severe hypoglycemia.

Sleep health o Ask patients about sleep quality
o Counsel patients on healthy sleep behaviors
o Refer patients who require assessment for sleep disorders
Oral health e American Dental Association recommends at least once or twice yearly visits for
patients, more if needed?®**
Cognitive o Use tests such as the Mini-Mental State Examination, Mini-Cog, or Montreal
function Cognitive Assessment for early detection of mild cognitive impairment or

dementia in adults 265 years

Bariatric surgery

Bariatric surgery for patients with morbid obesity can often result in remission of type 2 diabetes. Termed
“metabolic surgery” in some guidelines, it should be considered as an option to treat type 2 diabetes in
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surgical candidates with a BMI 230.0 kg/m? (227.5 kg/m? in Asian Americans) who do not achieve
improvements in weight and diabetes control with nonsurgical methods.?!”

Multiple trials have proven the safety and efficacy of bariatric surgery for improving type 2 diabetes control
or even achieving diabetes remission. For example, a 2012 trial randomly assigned 60 patients between
the ages of 30 and 60 years with BMI 235, a history of at least 5 years of type 2 diabetes, and HbA1c
27.0% to receive conventional medical therapy or undergo either gastric bypass or biliopancreatic
diversion.?* At two years, diabetes remission had occurred in no patients in the medical-therapy group,
75% in the gastric-bypass group, and 95% in the biliopancreatic-diversion group (p<0.001 for both
comparisons).?4® At two years, the average baseline HbA1c of 8.7% had decreased in all groups, but
patients in the two surgical groups had the greatest degree of improvement (mean HbA1c 7.7% in the
medical-therapy group, 6.4% in the gastric-bypass group, and 5.0% in the biliopancreatic-diversion

group).

The STAMPEDE trial, compared the efficacy of intensive medical therapy alone versus medical therapy
plus Roux-en-Y gastric bypass or sleeve gastrectomy in 150 patients with obesity and uncontrolled type 2
diabetes.?*6 Baseline mean HbA1c was 9.2%. After 12 months, glycemic control significantly improved in
all three groups, although with better control in the two surgery arms: mean HbA1c was 7.5% in the
medical-therapy group; 6.4% in the gastric-bypass group (p<0.001); and 6.6% in the sleeve-gastrectomy
group (P=0.003). These results were reassessed 5 years after the trial and continued to show benefit for
the surgery groups: patients who underwent surgical procedures had nearly 2% larger decreases from
their baseline HbA1c than did those randomly assigned to medicine therapy alone (2.1% vs 0.3%,
p<0.001).24" The durability of these effects has been seen outside of trial scenarios as well, with multiple
studies showing HbA1c lowering effects lasting for >5 years.24824°

As such, bariatric surgery can be a useful therapeutic alternative for adults with type 2 diabetes,
especially when the diabetes or its associated comorbidities are difficult to control with lifestyle
interventions and medication.

Supporting treatment goals for older adults

As noted previously, older adults with diabetes have higher rates of comorbid conditions such as
functional disability, muscle loss, mobility impairment, frailty, and coexisting illnesses. These patients may
also require greater caregiver support and are at greater risk for cognitive impairment, depression, uri-
nary incontinence, falls, and polypharmacy.

Given the complexity and breadth of health concerns among older adults with diabetes, a holistic team
approach to care can be useful for some patients. This may include the participation of such professionals
as dieticians, diabetes educators, social workers, physical therapists, home health care workers, and a
host of medical specialists such as podiatrists, endocrinologists, and cardiologists. Primary care clinicians
do help coordinate such care teams when they are needed, but their most common role remains to
perform the monitoring summarized above and managing medications to achieve the personal goals
created for each patient.

Clinicians can encourage healthy lifestyle habits at each visit, such as supporting weight loss if
appropriate and recommending a diet rich in whole grains, nuts, fruits, and vegetables instead of
processed foods. Exercise can be promoted at whatever level is achievable by the patient, with a
minimum goal of 150 minutes of moderate intensity activity every week. Combining aerobic activity with
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some form of resistance training has been shown to be more effective than resistance or aerobic exercise
alone.??°

Another core part of overall diabetes care is attending to patients’ psychosocial needs, including family
issues, behavioral and emotional factors, and social determinants of health such as socioeconomic
status.?%® Diabetes poses complex challenges for people with diabetes and their families or caregivers.
These challenges can result in clinically significant behavioral or mental health problems. These, in turn,
are associated with reduced short-term (i.e., <6 months) glycemic stability and increased mortality risk.2°

Clinicians should routinely monitor and screen for psychosocial concerns and, when appropriate, refer to
appropriate associated health care professionals. Brief, person-centered psychosocial interventions can
be integrated into routine diabetes care by creating an emotionally safe and supportive environment for
disclosure of sensitive information. Validating an individual's experiences, asking open-ended questions,
and employing empathetic listening can foster trust and increase engagement with diabetes treatment
decisions.

Older adults are also at especially high risk for hypoglycemia, which should be considered in selecting
their regimens.?5' The ADA recommends that all individuals taking insulin or who are at risk for
hypoglycemia should receive structured education for hypoglycemia prevention and treatment, with
ongoing education for those who experience hypoglycemic events.** One common point of emphasis is
the “rule of 15”, which is to suggest to patients with hypoglycemia that they consume 15 grams of fast-
acting carbohydrates (that include high-sugar low-fat options like glucose tablets, juice, or candy), waiting
15 minutes, then recheck blood sugar anytime readings are <70 mg/dL.2%?

Another point of emphasis is ensuring older adults using insulin have glucagon prescriptions (specifically
premixed or nasal forms that are ready to use in emergencies). Patients who experience one or more
episodes of level 2 or 3 hypoglycemia should have their treatment plan re-evaluated, which may include
deintensifying or switching diabetes medications if appropriate (see Table 13 on page 46).

In patients using insulin, who are by definition at high risk of hypoglycemia, CGMs are recommended. If
available and affordable, CGMs can allow tailoring of treatment for older adults with diabetes and a
reduced risk of hypoglycemia episodes even when they are not on insulin.?®® CGMs were also associated
with reduced HbA1c levels (0.33%) over 12 weeks in one meta-analysis of 14 RCTs, regardless of use of
insulin.?%*
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Putting it all together

Diet and exercise interventions can have a major impact on glucose control, can slow the
progression of prediabetes to diabetes, and can improve other CV risk factors in patients with
established diabetes.

Target a HbA1c of 7% for most patients with diabetes. Modify the goal (e.g., <8%) for older
patients because the benefit of tight glycemic control in this population is generally diminished
and risks are greater.

Choice of initial and step-up therapy should be driven by patient comorbidities.

Use a GLP-1RA, GIP/GLP-1RA, or an SGLT-2i as first-line treatment for patients with established
or high risk of CVD, CKD, heart failure, or overweight/obesity. Consider metformin as first-line for
patients without these risk factors.

Focus on adherence before titrating doses or adding a new drug.

Intensifying treatment regimens early with additional oral agents may slow time to treatment
failure and should be guided by patient comorbidities and medication side effect profiles.

Add insulin promptly when oral agents are not sufficient to achieve HbA1c target or initially if
patient has severe hyperglycemia.

Manage hypertension and hyperlipidemia aggressively and focus on smoking cessation when
relevant to help prevent diabetes-related complications.

Continuously promote the importance of a diet rich in whole grains, fresh fruits, and vegetables,
and encourage moderate-intensity exercise.

Recommend continuous glucose monitors for all patients on insulin therapy and tailor time in
range to promote normoglycemia.

Adjust insulin therapy when adding a GLP-1RA or to reduce treatment burden in older adults.
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Appendix 1: Renal adjustments for glucose-

Class

Medications

lowering agents in type 2 diabetes

Starting daily Maximum

dose

daily dose

Action if eGFR (mL/min)

<60 but

>45

<45
but
>30

<30
but
>15

<15 or
ESRD

Biguanide metformin 250-500mg | 2,550 mg
start*
Sulfonylureas glyburide 25-5mg 20 mg
12 mg
(micronized)
glipizide 5mg 40 mg (IR) 2.5 2.5
2.5mgin 20 mg (XL) | mg/d, mg/d,
elderly slow slow
titration | titration
glimepiride 1-2mg 8 mg 1 mg/d,
slow
titration
Thiazo- pioglitazone 15-20mg 45 mg
lidinedione
DPP-4 alogliptin 25mg 25mg 12.5 12.5 6.25 | 6.25
inhibitors mg/d mg/d mg/d | mg/d
linagliptin 5 mg 5 mg
saxagliptin 25-5mg 5 mg
sitagliptin 100 mg 100 mg
SGLT-2 bexaglifiozin | 20 mg 20 mg
inhibitors canaglifiozin | 100 mg 300 mg 100
mg/d
dapaglifiozin | 5 mg 10 mg
empagliflozin | 10 mg 25 mg
ertugliflozin 5 mg 15 mg
GLP-1 receptor | dulaglutide 0.75mgwkly | 4.5mg
agonists weekly
exenatide 10 mcg 20 mcg
exenatide XR | 2 mcg wkly 2 mg wkly
liraglutide 0.6 mg 1.8 mg Limited
data
lixisenatide 10 mcg 20 mcg
semaglutide
injection 0.25 mg wkly | 2 mg wkly
oral 3 mg 14 mg
GIP/GLP-1 RA | tirzepatide 2.5 mg wkly 15 mg wkly

= no adjustment needed;
contraindicated; wkly = weekly

= dose reduction, limited data, or use with caution; red = avoid or

* risk vs. benefit if taking, max dose: 1000mg; ** may continue canagliflozin 100 mg if albuminuria > 300 mg/day;

# don't start dapagliflozin for diabetes in patients with eGFR <45, and discontinue it for patients with diabetes without
CKD if eGFR < 30. For patients with CKD, do not start if eGFR is < 25; & empagliflozin can be started in patients with
eGFR > 20 with CKD and HF, not for glycemic control
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Appendix 2: Costs

The various glucose-lowering agents vary widely in cost. Because sulfonylureas, metformin, and
pioglitazone have been on the market for many years, generic versions exist, and their monthly cost is
low. In contrast, the newer antidiabetic agents are protected by patents and cost significantly more.
Insulin products now include biosimilars for insulins lispro and glargine.

Costs of medications

Non-insulin medications (1 month supply)
sulfonylureas | $5-$15
metformin $9-$29

pioglitazone || $16

DPP-4 inhibitors $160-$636
SGLT-2 inhibitors $60-$844
GLP-1 receptor agonists h $402-$1,177
GIP/GLP-1 receptor agonist (tirzepatide) $1,274

Insulin-containing products (1000 units)

regular 100 units/mL vial $25-$62

$29-$36

regular 100 units/mL pen [ short-acting

regular (Humulin R KwikPen) 500 units/mL $226 Il fong-acting
aspart 100 units/mL vial $58-$93
aspart 100 units/mL pen $57-$109
lispro 100 units/mL vial $82-$417
lispro 100 units/mL pen $82-$327
lispro-aabc (Lyumjev KwikPen) 200 units/mL $145

glulisine (Apidra SoloStar) 100 units/mL $129

Medicare limits out-of-pocket
costs for covered insulin to
$25-$62 $35 per month.

$29-$143

glulisine (Apidra vial) 100 units/mL $102

NPH 100 units/mL vial
NPH 100 units/mL pen

detemir (Levemir FlexTouch) 100 units/mL $327
detemir (Levemir vial) 100 units/mL
glargine 100 units/mL vial $77-$314
glargine 100 units/mL pen $35-$314

glargine (Toujeo SoloStar) 300 units/mL
glargine (Toujeo SoloStar Max) 300 units/mL
degludec (Tresiba vial) 100 units/mL
degludec (Tresiba FlexTouch) 100 units/mL
glargine + lixisenatide (Soliqua)

100 units + 33 mcg/mL

degludec + liraglutide (Xultophy)

1,054
100 units + 3.6 mg/mL 81,

I T T T T T T T T T 1
0 $100 $200 $300 $400 $500 $600 $700 $800 $900  $1,000

Prices from goodrx.com, October 2025. Listed doses are based on Defined Daily Doses by the World Health Organization, when available,
or package inserts; they should not be used for dosing in all patients. All doses shown are generics when available, unless otherwise noted.
These prices are a guide; patient costs will be subject to copays, rebates, and other incentives.

58 | Treatment of type 2 diabetes



References

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Centers for Disease Control and Prevention. National Diabetes Statistics Report.
https://www.cdc.gov/diabetes/php/data-research/index.html. Accessed October 17, 2025.

Gwira JA, Fryar CD, Gu Q. Prevalence of Total, Diagnosed, and Undiagnosed Diabetes in Adults:
United States, August 2021-August 2023. NCHS Data Brief. 2024(516).

Lin J, Thompson TJ, Cheng YJ, et al. Projection of the future diabetes burden in the United States
through 2060. Popul Health Metr. 2018;16(1):9.

Centers for Disease Control and Prevention. National diabetes statistics report: estimates of
diabetes and its burden in the United States. U.S. Department of Health and Human Services,
Centers for Disease Control and Prevention. Published 2017. Accessed.

Haw JS, Shah M, Turbow S, Egeolu M, Umpierrez G. Diabetes Complications in Racial and
Ethnic Minority Populations in the USA. Curr Diab Rep. 2021;21(1):2.

Karter AJ, Ferrara A, Liu JY, Moffet HH, Ackerson LM, Selby JV. Ethnic Disparities in Diabetic
Complications in an Insured Population. JAMA. 2002;287(19):2519-2527.

Fang M, Wang D, Coresh J, Selvin E. Trends in Diabetes Treatment and Control in U.S. Adults,
1999-2018. New England Journal of Medicine. 2021;384(23):2219-2228.

Raghavan S, Warsavage T, Liu WG, et al. Trends in Timing of and Glycemia at Initiation of
Second-line Type 2 Diabetes Treatment in U.S. Adults. Diabetes Care. 2022.

Hawatmeh S, Meier M, Qaiyum O, et al. Diging deep into diabetes—barriers to achieving
glycemic control in diabetic patients in a resident-run clinic. Diabetes. 2018;67(Supplement
1):667-P.

Pihoker C, Braffett BH, Songer TJ, et al. Diabetes Care Barriers, Use, and Health Outcomes in
Younger Adults With Type 1 and Type 2 Diabetes. JAMA Netw Open. 2023;6(5):e2312147.
Draznin B, Aroda VR, Bakris G, et al. Standards of Medical Care in Diabetes-2022. Diabetes
Care. 2022;45(Suppl 1):S1-S258.

American Diabetes Association Professional Practice C. 2. Diagnosis and Classification of
Diabetes: Standards of Care in Diabetes-2025. Diabetes Care. 2025;48(1 Suppl 1):S27-S49.
Prediabetes Study. New England Journal of Medicine. 1965;273(23):1283-1283.

Heianza Y, Hara S, Arase Y, et al. HbA1c 5-7-6-4% and impaired fasting plasma glucose for
diagnosis of prediabetes and risk of progression to diabetes in Japan (TOPICS 3): a longitudinal
cohort study. Lancet. 2011;378(9786):147-155.

Rooney MR, Rawlings AM, Pankow JS, et al. Risk of Progression to Diabetes Among Older
Adults With Prediabetes. JAMA Intern Med. 2021;181(4):511-519.

Zhang X, Gregg EW, Williamson DF, et al. A1C level and future risk of diabetes: a systematic
review. Diabetes Care. 2010;33(7):1665-1673.

Jonas DE, Crotty K, Yun JDY, et al. Evidence Synthesis No. 207. AHRQ Publication No. 21-
05276-EF-1. Rockville, MD: Agency for Healthcare Research and Quality; 2021.

Cowie CC, Rust KF, Byrd-Holt DD, et al. Prevalence of diabetes and high risk for diabetes using
A1C criteria in the U.S. population in 1988-2006. Diabetes care. 2010;33(3):562-568.
Karnchanasorn R, Huang J, Ou HY, et al. Comparison of the Current Diagnostic Criterion of
HbA1c with Fasting and 2-Hour Plasma Glucose Concentration. J Diabetes Res.
2016;2016:6195494.

Wu L, Lin H, Gao J, et al. Effect of age on the diagnostic efficiency of HbA1c for diabetes in a
Chinese middle-aged and elderly population: The Shanghai Changfeng Study. PloS one.
2017;12(9):e0184607.

Marso SP, Daniels GH, Brown-Frandsen K, et al. Liraglutide and Cardiovascular Outcomes in
Type 2 Diabetes. N Engl J Med. 2016;375(4):311-322.

Zinman B, Wanner C, Lachin JM, et al. Empagliflozin, Cardiovascular Outcomes, and Mortality in
Type 2 Diabetes. N Engl J Med. 2015;373(22):2117-2128.

Jensen MD, Ryan DH, Apovian CM, et al. 2013 AHA/ACC/TOS guideline for the management of
overweight and obesity in adults: a report of the American College of Cardiology/American Heart
Association Task Force on Practice Guidelines and The Obesity Society. Circulation. 2014;129(25
Suppl 2):5102-138.

Treatment of type 2 diabetes | 59


https://www.cdc.gov/diabetes/php/data-research/index.html

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Sacks FM, Bray GA, Carey VJ, et al. Comparison of weight-loss diets with different compositions
of fat, protein, and carbohydrates. N Engl J Med. 2009;360(9):859-873.

Appel LJ, Moore TJ, Obarzanek E, et al. A clinical trial of the effects of dietary patterns on blood
pressure. DASH Collaborative Research Group. N Engl J Med. 1997;336(16):1117-1124.
Estruch R, Ros E, Salas-Salvado J, et al. Primary Prevention of Cardiovascular Disease with a
Mediterranean Diet Supplemented with Extra-Virgin Olive Oil or Nuts. New England Journal of
Medicine. 2018;378(25):e34.

Tuomilehto J, Lindstrom J, Eriksson JG, et al. Prevention of type 2 diabetes mellitus by changes
in lifestyle among subjects with impaired glucose tolerance. N Engl J Med. 2001;344(18):1343-
1350.

Lindstrom J, llanne-Parikka P, Peltonen M, et al. Sustained reduction in the incidence of type 2
diabetes by lifestyle intervention: follow-up of the Finnish Diabetes Prevention Study. Lancet.
2006;368(9548):1673-1679.

Knowler WC, Barrett-Connor E, Fowler SE, et al. Reduction in the incidence of type 2 diabetes
with lifestyle intervention or metformin. N Engl J Med. 2002;346(6):393-403.

Crandall J, et al. The influence of age on the effects of lifestyle modification and metformin in
prevention of diabetes. J Gerontol A Biol Sci Med Sci. 2006;61(10):1075-1081.

Knowler WC, Doherty L, Edelstein SL, et al. Long-term effects and effect heterogeneity of lifestyle
and metformin interventions on type 2 diabetes incidence over 21 years in the US Diabetes
Prevention Program randomised clinical trial. Lancet Diabetes Endocrinol. 2025;13(6):469-481.
Ruiz-Canela M, Corella D, Martinez-Gonzalez MA, et al. Comparison of an Energy-Reduced
Mediterranean Diet and Physical Activity Versus an Ad Libitum Mediterranean Diet in the
Prevention of Type 2 Diabetes : A Secondary Analysis of a Randomized Controlled Trial. Ann
Intern Med. 2025.

Goldberg RB, Orchard TJ, Crandall JP, et al. Effects of Long-term Metformin and Lifestyle
Interventions on Cardiovascular Events in the Diabetes Prevention Program and Its Outcome
Study. Circulation. 2022;145(22):1632-1641.

Chiasson JL, Josse RG, Gomis R, Hanefeld M, Karasik A, Laakso M. Acarbose for prevention of
type 2 diabetes mellitus: the STOP-NIDDM randomised trial. Lancet. 2002;359(9323):2072-2077.
DeFronzo RA, Tripathy D, Schwenke DC, et al. Pioglitazone for diabetes prevention in impaired
glucose tolerance. N Engl J Med. 2011;364(12):1104-1115.

le Roux CW, Astrup A, Fujioka K, et al. 3 years of liraglutide versus placebo for type 2 diabetes
risk reduction and weight management in individuals with prediabetes: a randomised, double-
blind trial. Lancet. 2017;389(10077):1399-1409.

Wilding JPH, Batterham RL, Calanna S, et al. Once-Weekly Semaglutide in Adults with
Overweight or Obesity. New England Journal of Medicine. 2021;384(11):989-1002.

McGowan BM, Bruun JM, Capehorn M, et al. Efficacy and safety of once-weekly semaglutide 2.4
mg versus placebo in people with obesity and prediabetes (STEP 10): a randomised, double-
blind, placebo-controlled, multicentre phase 3 trial. Lancet Diabetes Endocrinol. 2024;12(9):631-
642.

Garvey WT, Ryan DH, Henry R, et al. Prevention of type 2 diabetes in subjects with prediabetes
and metabolic syndrome treated with phentermine and topiramate extended release. Diabetes
Care. 2014;37(4):912-921.

Torgerson JS, 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(1):155-161.
Jastreboff AM, le Roux CW, Stefanski A, et al. Tirzepatide for Obesity Treatment and Diabetes
Prevention. N Engl J Med. 2025;392(10):958-971.

American Diabetes Association Professional Practice C. 3. Prevention or Delay of Diabetes and
Associated Comorbidities: Standards of Care in Diabetes-2025. Diabetes Care. 2025;48(1 Suppl
1):S50-S58.

American Diabetes Association Professional Practice C. 6. Glycemic Goals and Hypoglycemia:
Standards of Care in Diabetes-2025. Diabetes Care. 2025;48(1 Suppl 1):S128-S145.

Diabetes C, Complications Trial Research G, Nathan DM, et al. The effect of intensive treatment
of diabetes on the development and progression of long-term complications in insulin-dependent
diabetes mellitus. N Engl J Med. 1993;329(14):977-986.

60 | Treatment of type 2 diabetes



45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Holman RR, Paul SK, Bethel MA, Matthews DR, Neil HA. 10-year follow-up of intensive glucose
control in type 2 diabetes. N Engl J Med. 2008;359(15):1577-1589.

Gerstein HC, Miller ME, Byington RP, et al. Effects of intensive glucose lowering in type 2
diabetes. N Engl J Med. 2008;358(24):2545-2559.

Patel A, MacMahon S, Chalmers J, et al. Intensive blood glucose control and vascular outcomes
in patients with type 2 diabetes. N Engl J Med. 2008;358(24):2560-2572.

Duckworth W, Abraira C, Moritz T, et al. Glucose control and vascular complications in veterans
with type 2 diabetes. N Engl J Med. 2009;360(2):129-139.

Bonds DE, Miller ME, Bergenstal RM, et al. The association between symptomatic, severe
hypoglycaemia and mortality in type 2 diabetes: retrospective epidemiological analysis of the
ACCORD study. BMJ. 2010;340:b4909.

Turnbull FM, Abraira C, Anderson RJ, et al. Intensive glucose control and macrovascular
outcomes in type 2 diabetes. Diabetologia. 2009;52(11):2288-2298.

Ray KK, Seshasai SR, Wijesuriya S, et al. Effect of intensive control of glucose on cardiovascular
outcomes and death in patients with diabetes mellitus: a meta-analysis of randomised controlled
trials. Lancet. 2009;373(9677):1765-1772.

Boussageon R, Bejan-Angoulvant T, Saadatian-Elahi M, et al. Effect of intensive glucose lowering
treatment on all cause mortality, cardiovascular death, and microvascular events in type 2
diabetes: meta-analysis of randomised controlled trials. BMJ. 2011;343:d4169.

Hemmingsen B, Lund SS, Gluud C, et al. Intensive glycaemic control for patients with type 2
diabetes: systematic review with meta-analysis and trial sequential analysis of randomised clinical
trials. BMJ. 2011;343:d6898.

Lipska KJ, Krumholz H, Soones T, Lee SJ. Polypharmacy in the Aging Patient: A Review of
Glycemic Control in Older Adults With Type 2 Diabetes. JAMA. 2016;315(10):1034-1045.
Zoungas S, Chalmers J, Ninomiya T, et al. Association of HbA1c levels with vascular
complications and death in patients with type 2 diabetes: evidence of glycaemic thresholds.
Diabetologia. 2012;55(3):636-643.

Norris SL, Engelgau MM, Narayan KM. Effectiveness of self-management training in type 2
diabetes: a systematic review of randomized controlled trials. Diabetes Care. 2001;24(3):561-
587.

American Diabetes Association. Self-monitoring of blood glucose. Diabetes Care. 1994;7::81-86.
American Diabetes Association. Consensus statement on self-monitoring of blood glucose.
Diabetes Care. 1987;10:95-99.

Malanda UL, Welschen LM, Riphagen, I, Dekker JM, Nijpels G, Bot SD. Self-monitoring of blood
glucose in patients with type 2 diabetes mellitus who are not using insulin. Cochrane Database
Syst Rev. 2012;1:Cd005060.

American Diabetes Association Professional Practice C. 7. Diabetes Technology: Standards of
Care in Diabetes-2025. Diabetes Care. 2025;48(1 Suppl 1):S146-S166.

Riddle MC, Rosenstock J, Gerich J. The treat-to-target trial: randomized addition of glargine or
human NPH insulin to oral therapy of type 2 diabetic patients. Diabetes Care. 2003;26(11):3080-
3086.

Kovatchev B, Cobelli C. Glucose Variability: Timing, Risk Analysis, and Relationship to
Hypoglycemia in Diabetes. Diabetes Care. 2016;39(4):502-510.

Lachin JM, Genuth S, Nathan DM, Zinman B, Rutledge BN, Group ftDER. Effect of Glycemic
Exposure on the Risk of Microvascular Complications in the Diabetes Control and Complications
Trial—Revisited. Diabetes. 2008;57(4):995-1001.

Kilpatrick ES, Rigby AS, Atkin SL. A1C variability and the risk of microvascular complications in
type 1 diabetes: data from the Diabetes Control and Complications Trial. Diabetes Care.
2008;31(11):2198-2202.

Hirsch IB. Glycemic Variability and Diabetes Complications: Does It Matter? Of Course It Does!
Diabetes Care. 2015;38(8):1610-1614.

Battelino T, Danne T, Bergenstal RM, et al. Clinical Targets for Continuous Glucose Monitoring
Data Interpretation: Recommendations From the International Consensus on Time in Range.
Diabetes Care. 2019;42(8):1593-1603.

Hirsch IB, Sherr JL, Hood KK. Connecting the Dots: Validation of Time in Range Metrics With
Microvascular Outcomes. Diabetes Care. 2019;42(3):345-348.

Treatment of type 2 diabetes | 61



68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Heinemann L, Freckmann G, Ehrmann D, et al. Real-time continuous glucose monitoring in
adults with type 1 diabetes and impaired hypoglycaemia awareness or severe hypoglycaemia
treated with multiple daily insulin injections (HypoDE): a multicentre, randomised controlled trial.
Lancet. 2018;391(10128):1367-1377.

van Beers CA, DeVries JH, Kleijer SJ, et al. Continuous glucose monitoring for patients with type
1 diabetes and impaired awareness of hypoglycaemia (IN CONTROL): a randomised, open-label,
crossover trial. Lancet Diabetes Endocrinol. 2016;4(11):893-902.

Beck RW, Riddlesworth TD, Ruedy K, et al. Continuous Glucose Monitoring Versus Usual Care in
Patients With Type 2 Diabetes Receiving Multiple Daily Insulin Injections: A Randomized Trial.
Ann Intern Med. 2017;167(6):365-374.

Martens T, Beck RW, Bailey R, et al. Effect of Continuous Glucose Monitoring on Glycemic
Control in Patients With Type 2 Diabetes Treated With Basal Insulin: A Randomized Clinical Trial.
Jama. 2021;325(22):2262-2272.

Wada E, Onoue T, Kobayashi T, et al. Flash glucose monitoring helps achieve better glycemic
control than conventional self-monitoring of blood glucose in non-insulin-treated type 2 diabetes:
a randomized controlled trial. BMJ Open Diabetes Res Care. 2020;8(1).

Aronson R, Brown RE, Chu L, et al. IMpact of flash glucose Monitoring in pEople with type 2
Diabetes Inadequately controlled with non-insulin Antihyperglycaemic ThErapy (IMMEDIATE): A
randomized controlled trial. Diabetes, obesity & metabolism. 2023;25(4):1024-1031.

Kirkman MS, Briscoe VJ, Clark N, et al. Diabetes in older adults: a consensus report. J Am
Geriatr Soc. 2012;60(12):2342-2356.

Currie CJ, Peters JR, Tynan A, et al. Survival as a function of HbA(1c) in people with type 2
diabetes: a retrospective cohort study. Lancet. 2010;375(9713):481-489.

Huang ES, Laiteerapong N, Liu JY, John PM, Moffet HH, Karter AJ. Rates of Complications and
Mortality in Older Patients With Diabetes Mellitus: The Diabetes and Aging Study. JAMA Internal
Medicine. 2014;174(2 258).

Verhulst CEM, Fabricius TW, Nefs G, et al. Consistent Effects of Hypoglycemia on Cognitive
Function in People With or Without Diabetes. Diabetes Care. 2022;45(9):2103-2110.

Yaffe K, Falvey CM, Hamilton N, et al. Association between hypoglycemia and dementia in a
biracial cohort of older adults with diabetes mellitus. JAMA Intern Med. 2013;173(14):1300-1306.
McMillan JM, Mele BS, Hogan DB, Leung AA. Impact of pharmacological treatment of diabetes
mellitus on dementia risk: systematic review and meta-analysis. BMJ Open Diabetes Res Care.
2018;6(1):e000563.

Schwartz AV, Vittinghoff E, Sellmeyer DE, et al. Diabetes-related complications, glycemic control,
and falls in older adults. Diabetes Care. 2008;31(3):391-396.

Leung E, Wongrakpanich S, Munshi MN. Diabetes Management in the Elderly. Diabetes Spectr.
2018;31(3):245-253.

Caruso |, Di Gioia L, Di Molfetta S, et al. Glucometabolic outcomes of GLP-1 receptor agonist-
based therapies in patients with type 2 diabetes: a systematic review and network meta-analysis.
EClinicalMedicine. 2023;64:102181.

Tsapas A, Avgerinos |, Karagiannis T, et al. Comparative Effectiveness of Glucose-Lowering
Drugs for Type 2 Diabetes: A Systematic Review and Network Meta-analysis. Ann Intern Med.
2020;173(4):278-286.

Tsapas A, Karagiannis T, Avgerinos |, Matthews DR, Bekiari E. Comparative Effectiveness of
Glucose-Lowering Drugs for Type 2 Diabetes. Ann Intern Med. 2021;174(1):141.

Davies MJ, D'Alessio DA, Fradkin J, et al. Management of hyperglycaemia in type 2 diabetes,
2018. A consensus report by the American Diabetes Association (ADA) and the European
Association for the Study of Diabetes (EASD). Diabetologia. 2018;61(12):2461-2498.

Nissen SE, Wolski K. Effect of rosiglitazone on the risk of myocardial infarction and death from
cardiovascular causes. N Engl J Med. 2007;356(24):2457-2471.

Neal B, Perkovic V, Mahaffey KW, et al. Canagliflozin and Cardiovascular and Renal Events in
Type 2 Diabetes. N Engl J Med. 2017;377(7):644-657.

Wiviott SD, Raz |, Bonaca MP, et al. Dapagliflozin and Cardiovascular Outcomes in Type 2
Diabetes. N Engl J Med. 2019;380(4):347-357.

Cannon CP, Pratley R, Dagogo-Jack S, et al. Cardiovascular Outcomes with Ertugliflozin in Type
2 Diabetes. New England Journal of Medicine. 2020;383(15):1425-1435.

62 | Treatment of type 2 diabetes



90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

Cosentino F, Cannon CP, Cherney DZ, et al. Efficacy of Ertugliflozin on Heart
Failure&#x2013;Related Events in Patients With Type 2 Diabetes Mellitus and Established
Atherosclerotic Cardiovascular Disease. Circulation. 2020;142(23):2205-2215.

Husain M, Birkenfeld AL, Donsmark M, et al. Oral Semaglutide and Cardiovascular Outcomes in
Patients with Type 2 Diabetes. New England Journal of Medicine. 2019;381(9):841-851.

Marso SP, Bain SC, Consoli A, et al. Semaglutide and Cardiovascular Outcomes in Patients with
Type 2 Diabetes. N Engl J Med. 2016;375(19):1834-1844.

McGuire DK, Marx N, Mulvagh SL, et al. Oral Semaglutide and Cardiovascular Outcomes in
High-Risk Type 2 Diabetes. N Engl J Med. 2025;392(20):2001-2012.

Nicholls SJ, Pavo |, Bhatt DL, et al. Cardiovascular Outcomes with Tirzepatide versus Dulaglutide
in Type 2 Diabetes. N Engl J Med. 2025;393(24):2409-2420.

Fadini GP. Can Dual Incretin Receptor Agonists Exert Better Cardiovascular Protection than
Selective GLP-1 Receptor Agonists? Highlights from SURPASS-CVOT. Diabetes Ther.
2025;16(10):1893-1898.

Holman RR, Bethel MA, Mentz RJ, et al. Effects of Once-Weekly Exenatide on Cardiovascular
Outcomes in Type 2 Diabetes. N Engl J Med. 2017;377(13):1228-1239.

Pfeffer MA, Claggett B, Diaz R, et al. Lixisenatide in Patients with Type 2 Diabetes and Acute
Coronary Syndrome. N Engl J Med. 2015;373(23):2247-2257.

White WB, Cannon CP, Heller SR, et al. Alogliptin after acute coronary syndrome in patients with
type 2 diabetes. N Engl J Med. 2013;369(14):1327-1335.

Scirica BM, Bhatt DL, Braunwald E, et al. Saxagliptin and Cardiovascular Outcomes in Patients
with Type 2 Diabetes Mellitus. New England Journal of Medicine. 2013;369(14):1317-1326.
Rosenstock J, Kahn SE, Johansen OE, et al. Effect of Linagliptin vs Glimepiride on Major
Adverse Cardiovascular Outcomes in Patients With Type 2 Diabetes: The CAROLINA
Randomized Clinical Trial. JAMA. 2019;322(12):1155-1166.

Rosenstock J, Perkovic V, Johansen OE, et al. Effect of Linagliptin vs Placebo on Major
Cardiovascular Events in Adults With Type 2 Diabetes and High Cardiovascular and Renal Risk:
The CARMELINA Randomized Clinical Trial. JAMA. 2019;321(1):69-79.

Filion KB, Azoulay L, Platt RW, et al. A Multicenter Observational Study of Incretin-based Drugs
and Heart Failure. N Engl J Med. 2016;374(12):1145-1154.

Yu OH, Filion KB, Azoulay L, Patenaude V, Majdan A, Suissa S. Incretin-based drugs and the risk
of congestive heart failure. Diabetes Care. 2015;38(2):277-284.

Zheng SL, Roddick AJ, Aghar-Jaffar R, et al. Association Between Use of Sodium-Glucose
Cotransporter 2 Inhibitors, Glucagon-like Peptide 1 Agonists, and Dipeptidyl Peptidase 4
Inhibitors With All-Cause Mortality in Patients With Type 2 Diabetes: A Systematic Review and
Meta-analysis. JAMA. 2018;319(15):1580-1591.

Intensive blood-glucose control with sulphonylureas or insulin compared with conventional
treatment and risk of complications in patients with type 2 diabetes (UKPDS 33). UK Prospective
Diabetes Study (UKPDS) Group. Lancet. 1998;352(9131):837-853.

Effect of intensive blood-glucose control with metformin on complications in overweight patients
with type 2 diabetes (UKPDS 34). UK Prospective Diabetes Study (UKPDS) Group. Lancet.
1998;352(9131):854-865.

Hong J, Zhang Y, Lai S, et al. Effects of Metformin Versus Glipizide on Cardiovascular Outcomes
in Patients With Type 2 Diabetes and Coronary Artery Disease. Diabetes Care. 2013;36(5):1304-
1311.

Dormandy JA, Charbonnel B, Eckland DJ, et al. Secondary prevention of macrovascular events
in patients with type 2 diabetes in the PROactive Study (PROspective pioglitAzone Clinical Trial
In macroVascular Events): a randomised controlled trial. Lancet. 2005;366(9493):1279-1289.
Kernan WN, Viscoli CM, Furie KL, et al. Pioglitazone after Ischemic Stroke or Transient Ischemic
Attack. N Engl J Med. 2016;374(14):1321-1331.

Zelniker TA, Wiviott SD, Raz I, et al. SGLT2 inhibitors for primary and secondary prevention of
cardiovascular and renal outcomes in type 2 diabetes: a systematic review and meta-analysis of
cardiovascular outcome trials. Lancet. 2019;393(10166):31-39.

Packer M, Anker SD, Butler J, et al. Cardiovascular and Renal Outcomes with Empagliflozin in
Heart Failure. New England Journal of Medicine. 2020;383(15):1413-1424.

Treatment of type 2 diabetes | 63



112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

McMurray JJV, Solomon SD, Inzucchi SE, et al. Dapagliflozin in Patients with Heart Failure and
Reduced Ejection Fraction. New England Journal of Medicine. 2019;381(21):1995-2008.

Packer M, Zile MR, Kramer CM, et al. Tirzepatide for Heart Failure with Preserved Ejection
Fraction and Obesity. N Engl J Med. 2025;392(5):427-437.

Kosiborod MN, Petrie MC, Borlaug BA, et al. Semaglutide in Patients with Obesity-Related Heart
Failure and Type 2 Diabetes. N Engl J Med. 2024;390(15):1394-1407.

Pandey A, Kitzman DW, Chinnakondepalli KM, et al. Frailty and Effects of Semaglutide in
Obesity-Related HFpEF: Findings From the STEP-HFpEF Program. JACC Heart Fail.
2025;13(10):102610.

Lincoff AM, Wolski K, Nicholls SJ, Nissen SE. Pioglitazone and risk of cardiovascular events in
patients with type 2 diabetes mellitus: a meta-analysis of randomized trials. JAMA.
2007;298(10):1180-1188.

Lindholm LH, Ibsen H, Dahlof B, et al. Cardiovascular morbidity and mortality in patients with
diabetes in the Losartan Intervention For Endpoint reduction in hypertension study (LIFE): a
randomised trial against atenolol. Lancet. 2002;359(9311):1004-1010.

American Diabetes Association Professional Practice C. 10. Cardiovascular Disease and Risk
Management: Standards of Care in Diabetes-2025. Diabetes Care. 2025;48(1 Suppl 1):S207-
S238.

Dunlay SM, Givertz MM, Aguilar D, et al. Type 2 Diabetes Mellitus and Heart Failure: A Scientific
Statement From the American Heart Association and the Heart Failure Society of America: This
statement does not represent an update of the 2017 ACC/AHA/HFSA heart failure guideline
update. Circulation. 2019;140(7):e294-e324.

Wanner C, Inzucchi SE, Lachin JM, et al. Empagliflozin and Progression of Kidney Disease in
Type 2 Diabetes. N Engl J Med. 2016;375(4):323-334.

Improving Global Outcomes Diabetes Working Group. KDIGO 2022 Clinical Practice Guideline
for Diabetes Management in Chronic Kidney Disease. Kidney Int. 2022;102(5S):S1-S127.

Kraus BJ, Weir MR, Bakris GL, et al. Characterization and implications of the initial estimated
glomerular filtration rate 'dip' upon sodium-glucose cotransporter-2 inhibition with empagliflozin in
the EMPA-REG OUTCOME trial. Kidney Int. 2021;99(3):750-762.

Perkovic V, Jardine B, Neal S, et al. Canagliflozin and renal outcomes in type 2 diabetes and
nephropathy. N Engl J Med. 2019; epub ahead of print:DOI: 10.1056/NEJMoa1811744.
Heerspink HJL, Stefansson BV, Correa-Rotter R, et al. Dapagliflozin in Patients with Chronic
Kidney Disease. New England Journal of Medicine. 2020;383(15):1436-1446.

The Empa-Kidney Collaborative Group, Herrington WG, Staplin N, et al. Empagliflozin in Patients
with Chronic Kidney Disease. N Engl J Med. 2023;388(2):117-127.

Mann JFE, @rsted DD, Brown-Frandsen K, et al. Liraglutide and Renal Outcomes in Type 2
Diabetes. New England Journal of Medicine. 2017;377(9):839-848.

Shaman AM, Bain SC, Bakris GL, Buse JB, et al. Effect of the Glucagon-Like Peptide-1 Receptor
Agonists Semaglutide and Liraglutide on Kidney Outcomes in Patients With Type 2 Diabetes:
Pooled Analysis of SUSTAIN 6 and LEADER. Circulation. 2022;145(8):575-585.

Gerstein HC, Colhoun HM, Dagenais GR, et al. Dulaglutide and renal outcomes in type 2
diabetes: an exploratory analysis of the REWIND randomised, placebo-controlled trial. Lancet.
2019;394(10193):131-138.

Perkovic V, Tuttle KR, Rossing P, et al. Effects of Semaglutide on Chronic Kidney Disease in
Patients with Type 2 Diabetes. N Engl J Med. 2024;391(2):109-121.

Aronne LJ, Horn DB, le Roux CW, et al. Tirzepatide as Compared with Semaglutide for the
Treatment of Obesity. N Engl J Med. 2025;393(1):26-36.

Frias JP, Davies MJ, Rosenstock J, et al. Tirzepatide versus Semaglutide Once Weekly in
Patients with Type 2 Diabetes. N Engl J Med. 2021;385(6):503-515.

Clar C, Gill JA, Court R, Waugh N. Systematic review of SGLT2 receptor inhibitors in dual or triple
therapy in type 2 diabetes. BMJ Open. 2012;2(5).

Bolen S, Feldman L, Vassy J, et al. Systematic review: comparative effectiveness and safety of
oral medications for type 2 diabetes mellitus. Ann Intern Med. 2007;147(6):386-399.

American Diabetes Association Professional Practice Committee. 4. Comprehensive Medical
Evaluation and Assessment of Comorbidities: Standards of Care in Diabetes-2025. Diabetes
Care. 2025;48(1 Suppl 1):S59-S85.

64 | Treatment of type 2 diabetes



135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

Sanyal AJ, Newsome PN, Kliers I, et al. Phase 3 Trial of Semaglutide in Metabolic Dysfunction-
Associated Steatohepatitis. N Engl J Med. 2025;392(21):2089-2099.

Food and Drug Administration. FDA approves treatment for serious liver disease known as
‘MASH'. https://www.fda.gov/drugs/news-events-human-drugs/fda-approves-treatment-serious-
liver-disease-known-
mash#:~:text=The%20U.S.%20F00d%20and%20Drug,and%20its%20prevalence %20is%20expa
nding. Accessed November 6, 2025.

Loomba R, Hartman ML, Lawitz EJ, et al. Tirzepatide for Metabolic Dysfunction-Associated
Steatohepatitis with Liver Fibrosis. N Engl J Med. 2024;391(4):299-310.

Wang Y, Zhou Y, Wang Z, Ni Y, Prud'homme GJ, Wang Q. Efficacy of GLP-1-based Therapies on
Metabolic Dysfunction-associated Steatotic Liver Disease and Metabolic Dysfunction-associated
Steatohepatitis: A Systematic Review and Meta-analysis. J Clin Endocrinol Metab.
2025;110(10):2964-2979.

Holzen L, Schultes B, Meyhofer SM, Meyhofer S. Hypoglycemia Unawareness-A Review on
Pathophysiology and Clinical Implications. Biomedicines. 2024;12(2).

Bolen S, Wilson L, Vassy J, et al. In: Comparative Effectiveness and Safety of Oral Diabetes
Medications for Adults With Type 2 Diabetes. Rockville (MD) 2007.

Garber AJ, Abrahamson MJ, Barzilay JI, et al. Consensus Statement 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(1):84-113.
Wharton S, Davies M, Dicker D, et al. Managing the gastrointestinal side effects of GLP-1
receptor agonists in obesity: recommendations for clinical practice. Postgrad Med.
2022;134(1):14-19.

Buse JB, Bethel MA, Green JB, et al. Pancreatic Safety of Sitagliptin in the TECOS Study.
Diabetes Care. 2017;40(2):164-170.

Wen J, Nadora D, Bernstein E, et al. Evaluating the Rates of Pancreatitis and Pancreatic Cancer
Among GLP-1 Receptor Agonists: A Systematic Review and Meta-Analysis of Randomised
Controlled Trials. Endocrinol Diabetes Metab. 2025;8(5):e70113.

US Food and Drug Administration. Exenatide Information. https://www.fda.gov/drugs/postmarket-
drug-safety-information-patients-and-providers/exenatide-marketed-byetta-information. Accessed
November 13, 2025.

Singh S, Chang H-Y, Richards TM, Weiner JP, Clark JM, Segal JB. Glucagonlike Peptide 1—
Based Therapies and Risk of Hospitalization for Acute Pancreatitis in Type 2 Diabetes Mellitus: A
Population-Based Matched Case-Control Study. JAMA Internal Medicine. 2013;173(7):534-539.
Elashoff M, Matveyenko AV, Gier B, Elashoff R, Butler PC. Pancreatitis, pancreatic, and thyroid
cancer with glucagon-like peptide-1-based therapies. Gastroenterology. 2011;141(1):150-156.
Garg R, Chen W, Pendergrass M. Acute pancreatitis in type 2 diabetes treated with exenatide or
sitagliptin: a retrospective observational pharmacy claims analysis. Diabetes Care.
2010;33(11):2349-2354.

Butler AE, Campbell-Thompson M, Gurlo T, Dawson DW, Atkinson M, Butler PC. Response to
comments on: Butler et al. Marked expansion of exocrine and endocrine pancreas with incretin
therapy in humans with increased exocrine pancreas dysplasia and the potential for glucagon-
producing neuroendocrine tumors. Diabetes 2013;62:2595-2604. Diabetes. 2013;62(10):e19-22.
Kumaravel A, Zelisko A, Schauer P, Lopez R, Kroh M, Stevens T. Acute pancreatitis in patients
after bariatric surgery: incidence, outcomes, and risk factors. Obes Surg. 2014;24(12):2025-2030.
Li X, Li T, Cheng Y, et al. Effects of SGLT2 inhibitors on fractures and bone mineral density in type
2 diabetes: An updated meta-analysis. Diabetes Metab Res Rev. 2019;35(7):€3170.

Zhuo M, Hawley CE, Paik JM, et al. Association of Sodium-Glucose Cotransporter—2 Inhibitors
With Fracture Risk in Older Adults With Type 2 Diabetes. JAMA Network Open.
2021;4(10):e2130762-e2130762.

Filipova E, Uzunova K, Kalinov K, Vekov T. Pioglitazone and the Risk of Bladder Cancer: A Meta-
Analysis. Diabetes Ther. 2017;8(4):705-726.

Food and Drug Administration. FDA revises labels of SGLT2 inhibitors for diabetes to include
warnings about too much acid in the blood and serious urinary tract infections.
http://www.fda.gov/Drugs/DrugSafety/ucm475463.htm. Published 2015. Accessed February 27
2019.

Treatment of type 2 diabetes | 65


https://www.fda.gov/drugs/news-events-human-drugs/fda-approves-treatment-serious-liver-disease-known-mash#:~:text=The%20U.S.%20Food%20and%20Drug,and%20its%20prevalence%20is%20expanding
https://www.fda.gov/drugs/news-events-human-drugs/fda-approves-treatment-serious-liver-disease-known-mash#:~:text=The%20U.S.%20Food%20and%20Drug,and%20its%20prevalence%20is%20expanding
https://www.fda.gov/drugs/news-events-human-drugs/fda-approves-treatment-serious-liver-disease-known-mash#:~:text=The%20U.S.%20Food%20and%20Drug,and%20its%20prevalence%20is%20expanding
https://www.fda.gov/drugs/news-events-human-drugs/fda-approves-treatment-serious-liver-disease-known-mash#:~:text=The%20U.S.%20Food%20and%20Drug,and%20its%20prevalence%20is%20expanding
https://www.fda.gov/drugs/postmarket-drug-safety-information-patients-and-providers/exenatide-marketed-byetta-information
https://www.fda.gov/drugs/postmarket-drug-safety-information-patients-and-providers/exenatide-marketed-byetta-information
http://www.fda.gov/Drugs/DrugSafety/ucm475463.htm

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

Food and Drug Administration. FDA warns about rare occurrences of a serious infection of the
genital area with SGLT2 inhibitors for diabetes.
https://www.fda.gov/Drugs/DrugSafety/ucm617360.htm. Published 2018. Accessed February 27
2019.

American Diabetes Association Professional Practice C. 9. Pharmacologic Approaches to
Glycemic Treatment: Standards of Care in Diabetes-2025. Diabetes Care. 2025;48(1 Suppl
1):S181-S206.

Baker C, Retzik-Stahr C, Singh V, Plomondon R, Anderson V, Rasouli N. Should metformin
remain the first-line therapy for treatment of type 2 diabetes? Ther Adv Endocrinol Metab.
2021;12:2042018820980225.

Neuen BL, Arnott C, Perkovic V, et al. Sodium-glucose co-transporter-2 inhibitors with and without
metformin: A meta-analysis of cardiovascular, kidney and mortality outcomes. Diabetes, obesity &
metabolism. 2021;23(2):382-390.

Tsapas A, Karagiannis T, Avgerinos |, Liakos A, Bekiari E. GLP-1 receptor agonists for
cardiovascular outcomes with and without metformin. A systematic review and meta-analysis of
cardiovascular outcomes trials. Diabetes Res Clin Pract. 2021;177:108921.

Food and Drug Administration. FDA revises warnings regarding use of the diabetes medicine
metformin in certain patients with reduced kidney function.
http://www.fda.gov/Drugs/DrugSafety/ucm493244.htm. Published 2016. Accessed February 27
2019.

Mousavi A, Shojaei S, Soleimani H, et al. Safety, efficacy, and cardiovascular benefits of
combination therapy with SGLT-2 inhibitors and GLP-1 receptor agonists in patients with diabetes
mellitus: a systematic review and meta-analysis of randomized controlled trials. Diabetol Metab
Syndr. 2025;17(1):68.

Matthews DR, Paldanius PM, Proot P, Chiang Y, Stumvoll M, Del Prato S. Glycaemic durability of
an early combination therapy with vildagliptin and metformin versus sequential metformin
monotherapy in newly diagnosed type 2 diabetes (VERIFY): a 5-year, multicentre, randomised,
double-blind trial. Lancet. 2019;394(10208):1519-1529.

Derosa G, Ragonesi PD, Fogari E, et al. Sitagliptin added to previously taken antidiabetic agents
on insulin resistance and lipid profile: a 2-year study evaluation. Fundam Clin Pharmacol. 2012.
Garber A, Klein E, Bruce S, Sankoh S, Mohideen P. Metformin-glibenclamide versus metformin
plus rosiglitazone in patients with type 2 diabetes inadequately controlled on metformin
monotherapy. Diabetes, obesity & metabolism. 2006;8(2):156-163.

Kendall DM, Riddle MC, Rosenstock J, et al. Effects of exenatide (exendin-4) on glycemic control
over 30 weeks in patients with type 2 diabetes treated with metformin and a sulfonylurea.
Diabetes Care. 2005;28(5):1083-1091.

DeFronzo RA, Ratner RE, Han J, Kim DD, Fineman MS, Baron AD. Effects of exenatide
(exendin-4) on glycemic control and weight over 30 weeks in metformin-treated patients with type
2 diabetes. Diabetes Care. 2005;28(5):1092-1100.

Buse JB, Henry RR, Han J, Kim DD, Fineman MS, Baron AD. Effects of exenatide (exendin-4) on
glycemic control over 30 weeks in sulfonylurea-treated patients with type 2 diabetes. Diabetes
Care. 2004;27(11):2628-2635.

Liraglutide prescribing information 2012. Available at
http://www.accessdata.fda.gov/drugsatfda_docs/label/2012/022341s0171bl.pdf.

Feldman BS, Cohen-Stavi CJ, Leibowitz M, et al. Defining the Role of Medication Adherence in
Poor Glycemic Control among a General Adult Population with Diabetes. PloS one.
2014;9(9):e108145.

Brown JB, Nichols GA, Perry A. The burden of treatment failure in type 2 diabetes. Diabetes
Care. 2004;27(7):1535-1540.

Fanning EL, Selwyn BJ, Larme AC, DeFronzo RA. Improving efficacy of diabetes management
using treatment algorithms in a mainly Hispanic population. Diabetes Care. 2004;27(7):1638-
1646.

Grant RW, Buse JB, Meigs JB. Quality of diabetes care in U.S. academic medical centers: low
rates of medical regimen change. Diabetes Care. 2005;28(2):337-442.

Korytkowski M. When oral agents fail: practical barriers to starting insulin. Int J Obes Relat Metab
Disord. 2002;26(Suppl 3):S18-24.

66 | Treatment of type 2 diabetes


https://www.fda.gov/Drugs/DrugSafety/ucm617360.htm
http://www.fda.gov/Drugs/DrugSafety/ucm493244.htm
http://www.accessdata.fda.gov/drugsatfda_docs/label/2012/022341s017lbl.pdf

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

Peyrot M, Rubin RR, Lauritzen T, et al. Resistance to insulin therapy among patients and
providers: results of the cross-national Diabetes Attitudes, Wishes, and Needs (DAWN) study.
Diabetes Care. 2005;28(11):2673-2679.

Cheng R, Taleb N, Stainforth-Dubois M, Rabasa-Lhoret R. The promising future of insulin therapy
in diabetes mellitus. Am J Physiol Endocrinol Metab. 2021;320(5):E886-e890.

Plank J, Siebenhofer A, Berghold A, et al. Systematic review and meta-analysis of short-acting
insulin analogues in patients with diabetes mellitus. Arch Intern Med. 2005;165(12):1337-1344.
Sarkar S, Heyward J, Alexander GC, Kalyani RR. Trends in Insulin Types and Devices Used by
Adults With Type 2 Diabetes in the United States, 2016 to 2020. JAMA Netw Open.
2021;4(10):e2128782.

Owens DR, Bolli GB. The continuing quest for better subcutaneously administered prandial
insulins: a review of recent developments and potential clinical implications. Diabetes, obesity &
metabolism. 2020;22(5):743-754.

Lepore M, Pampanelli S, Fanelli C, et al. Pharmacokinetics and pharmacodynamics of
subcutaneous injection of long-acting human insulin analog glargine, NPH insulin, and ultralente
human insulin and continuous subcutaneous infusion of insulin lispro. Diabetes.
2000;49(12):2142-2148.

Hirsch IB, Juneja R, Beals JM, Antalis CJ, Wright EE. The Evolution of Insulin and How it Informs
Therapy and Treatment Choices. Endocr Rev. 2020;41(5):733-755.

Fritsche A, Schweitzer MA, Haring HU. Glimepiride combined with morning insulin glargine,
bedtime neutral protamine hagedorn insulin, or bedtime insulin glargine in patients with type 2
diabetes. A randomized, controlled trial. Ann Intern Med. 2003;138(12):952-959.

Yki-Jarvinen H, Kauppinen-Makelin R, Tiikkainen M, et al. Insulin glargine or NPH combined with
metformin in type 2 diabetes: the LANMET study. Diabetologia. 2006;49(3):442-451.

Hermansen K, Davies M, Derezinski T, Martinez Ravn G, Clauson P, Home P. A 26-week,
randomized, parallel, treat-to-target trial comparing insulin detemir with NPH insulin as add-on
therapy to oral glucose-lowering drugs in insulin-naive people with type 2 diabetes. Diabetes
Care. 2006;29(6):1269-1274.

Marso SP, McGuire DK, Zinman B, et al. Efficacy and Safety of Degludec versus Glargine in Type
2 Diabetes. N Engl J Med. 2017;377(8):723-732.

Roussel R, Ritzel R, Boélle-Le Corfec E, Balkau B, Rosenstock J. Clinical perspectives from the
BEGIN and EDITION programmes: Trial-level meta-analyses outcomes with either degludec or
glargine 300U/mL vs glargine 100U/mL in T2DM. Diabetes Metab. 2018;44(5):402-409.

Birkeland Kl et al. EASD 2011. Abstract 1041.

Holman RR, Thorne Kl, Farmer AJ, et al. Addition of Biphasic, Prandial, or Basal Insulin to Oral
Therapy in Type 2 Diabetes. New England Journal of Medicine. 2007;357(17):1716-1730.
Malone JK, Kerr LF, Campaigne BN, Sachson RA, Holcombe JH. Combined therapy with insulin
lispro Mix 75/25 plus metformin or insulin glargine plus metformin: a 16-week, randomized, open-
label, crossover study in patients with type 2 diabetes beginning insulin therapy. Clin Ther.
2004;26(12):2034-2044.

Buse JB, Wolffenbuttel BH, Herman WH, et al. DURADbility of basal versus lispro mix 75/25 insulin
efficacy (DURABLE) trial 24-week results: safety and efficacy of insulin lispro mix 75/25 versus
insulin glargine added to oral antihyperglycemic drugs in patients with type 2 diabetes. Diabetes
Care. 2009;32(6):1007-1013.

Fritsche A, Larbig M, Owens D, Haring HU. Comparison between a basal-bolus and a premixed
insulin regimen in individuals with type 2 diabetes-results of the GINGER study. Diabetes, obesity
& metabolism. 2010;12(2):115-123.

de la Pefia A, Riddle M, Morrow LA, et al. Pharmacokinetics and pharmacodynamics of high-dose
human regular U-500 insulin versus human regular U-100 insulin in healthy obese subjects.
Diabetes Care. 2011;34(12):2496-2501.

Munshi MN, Slyne C, Segal AR, Saul N, Lyons C, Weinger K. Simplification of Insulin Regimen in
Older Adults and Risk of Hypoglycemia. JAMA Intern Med. 2016;176(7):1023-1025.

Johnson JL, Wolf SL, Kabadi UM. Efficacy of insulin and sulfonylurea combination therapy in type
Il diabetes. A meta-analysis of the randomized placebo-controlled trials. Arch Intern Med.
1996;156(3):259-264.

Treatment of type 2 diabetes | 67



194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

211.

212.

Pugh JA, Wagner ML, Sawyer J, Ramirez G, Tuley M, Friedberg S. Is combination sulfonylurea
and insulin therapy useful in NIDDM patients? A meta-analysis. Diabetes Care. 1992;15(8):953-
959.

Hemmingsen B, Christensen LL, Wetterslev J, et al. Comparison of metformin and insulin versus
insulin alone for type 2 diabetes: systematic review of randomised clinical trials with meta-
analyses and trial sequential analyses. BMJ. 2012;344:e1771.

Yki-Jarvinen H, Ryysy L, Nikkila K, Tulokas T, Vanamo R, Heikkila M. Comparison of bedtime
insulin regimens in patients with type 2 diabetes mellitus. A randomized, controlled trial. Ann
Intern Med. 1999;130(5):389-396.

Rodriguez P, Breslaw N, Xiao H, et al. De-intensification of basal-bolus therapy by replacing
prandial insulin with once-weekly subcutaneous semaglutide in individuals with well-controlled
type 2 diabetes: A single-centre, open-label randomised trial (TRANSITION-T2D). Diabetes,
obesity & metabolism. 2025;27(2):642-651.

Rosenstock J, Frias JP, Rodbard HW, et al. Tirzepatide vs Insulin Lispro Added to Basal Insulin in
Type 2 Diabetes: The SURPASS-6 Randomized Clinical Trial. JAMA. 2023;330(17):1631-1640.
Eng C, Kramer CK, Zinman B, Retnakaran R. Glucagon-like peptide-1 receptor agonist and basal
insulin combination treatment for the management of type 2 diabetes: a systematic review and
meta-analysis. Lancet. 2014;384(9961):2228-2234.

Maiorino MI, Chiodini P, Bellastella G, Capuano A, Esposito K, Giugliano D. Insulin and
Glucagon-Like Peptide 1 Receptor Agonist Combination Therapy in Type 2 Diabetes: A
Systematic Review and Meta-analysis of Randomized Controlled Trials. Diabetes Care.
2017;40(4):614-624.

Lingvay I, Pérez Manghi F, Garcia-Hernandez P, et al. Effect of Insulin Glargine Up-titration vs
Insulin Degludec/Liraglutide on Glycated Hemoglobin Levels in Patients With Uncontrolled Type 2
Diabetes: The DUAL V Randomized Clinical Trial. Jama. 2016;315(9):898-907.

Billings LK, Doshi A, Gouet D, et al. Efficacy and Safety of IDegLira Versus Basal-Bolus Insulin
Therapy in Patients With Type 2 Diabetes Uncontrolled on Metformin and Basal Insulin: The
DUAL VIl Randomized Clinical Trial. Diabetes Care. 2018;41(5):1009-1016.

Strowig SM, Aviles-Santa ML, Raskin P. Improved glycemic control without weight gain using
triple therapy in type 2 diabetes. Diabetes Care. 2004;27(7):1577-1583.

Buse JB, Bergenstal RM, Glass LC, et al. Use of twice-daily exenatide in Basal insulin-treated
patients with type 2 diabetes: a randomized, controlled trial. Ann Intern Med. 2011;154(2):103-
112.

Van Dril E, Allison M, Schumacher C. Deprescribing in type 2 diabetes and cardiovascular
disease: Recommendations for safe and effective initiation of glucagon-like peptide-1 receptor
agonists in patients on insulin therapy. Am Heart J Plus. 2022;17:100163.

Gaede P, Lund-Andersen H, Parving HH, Pedersen O. Effect of a multifactorial intervention on
mortality in type 2 diabetes. N Engl J Med. 2008;358(6):580-591.

Williamson DA, Rejeski J, Lang W, Van Dorsten B, Fabricatore AN, Toledo K. Impact of a weight
management program on health-related quality of life in overweight adults with type 2 diabetes.
Arch Intern Med. 2009;169(2):163-171.

Ditschuneit HH, Frier HI, Flechtner-Mors M. Lipoprotein responses to weight loss and weight
maintenance in high-risk obese subjects. European Journal of Clinical Nutrition. 2002;56(3):264-
270.

Neter JE, Stam BE, Kok FJ, Grobbee DE, Geleijnse JM. Influence of weight reduction on blood
pressure: a meta-analysis of randomized controlled trials. Hypertension. 2003;42(5):878-884.
Wing RR. Long-term effects of a lifestyle intervention on weight and cardiovascular risk factors in
individuals with type 2 diabetes mellitus: four-year results of the Look AHEAD ftrial. Arch Intern
Med. 2010;170(17):1566-1575.

Look Ahead Research Group. Association of the magnitude of weight loss and changes in
physical fitness with long-term cardiovascular disease outcomes in overweight or obese people
with type 2 diabetes: a post-hoc analysis of the Look AHEAD randomised clinical trial. Lancet
Diabetes Endocrinol. 2016;4(11):913-921.

Kuna ST, Reboussin DM, Strotmeyer ES, et al. Effects of Weight Loss on Obstructive Sleep
Apnea Severity. Ten-Year Results of the Sleep AHEAD Study. Am J Respir Crit Care Med.
2021;203(2):221-229.

68 | Treatment of type 2 diabetes



213.

214.

215.

216.

217.

218.

219.

220.

221.

222.

223.

224.

225.

226.

227.

228.

229.

230.

231.
232.

Phelan S, Kanaya AM, Subak LL, et al. Weight loss prevents urinary incontinence in women with
type 2 diabetes: results from the Look AHEAD ftrial. J Urol. 2012;187(3):939-944.

Rubin RR, Wadden TA, Bahnson JL, et al. Impact of intensive lifestyle intervention on depression
and health-related quality of life in type 2 diabetes: the Look AHEAD Trial. Diabetes Care.
2014;37(6):1544-1553.

Sigal RJ, Kenny GP, Boule NG, et al. Effects of aerobic training, resistance training, or both on
glycemic control in type 2 diabetes: a randomized trial. Ann Intern Med. 2007;147(6):357-369.
Boule NG, Haddad E, Kenny GP, Wells GA, Sigal RJ. Effects of exercise on glycemic control and
body mass in type 2 diabetes mellitus: a meta-analysis of controlled clinical trials. JAMA.
2001;286(10):1218-1227.

American Diabetes Association Professional Practice C. 8. Obesity and Weight Management for
the Prevention and Treatment of Type 2 Diabetes: Standards of Care in Diabetes-2025. Diabetes
Care. 2025;48(1 Suppl 1):S167-S180.

Umpierre D, Ribeiro PA, Kramer CK, et al. Physical activity advice only or structured exercise
training and association with HbA1c levels in type 2 diabetes: a systematic review and meta-
analysis. JAMA. 2011;305(17):1790-1799.

Sluik D, Buijsse B, Muckelbauer R, et al. Physical Activity and Mortality in Individuals With
Diabetes Mellitus: A Prospective Study and Meta-analysis. Arch Intern Med. 2012;172(17):1285-
1295.

Church TS, Blair SN, Cocreham S, et al. Effects of aerobic and resistance training on hemoglobin
A1c levels in patients with type 2 diabetes: a randomized controlled trial. JAMA.
2010;304(20):2253-2262.

Colberg SR, Sigal RJ, Fernhall B, et al. Exercise and type 2 diabetes: the American College of
Sports Medicine and the American Diabetes Association: joint position statement executive
summary. Diabetes Care. 2010;33(12):2692-2696.

Writing Committee M, Jones DW, Ferdinand KC, et al. 2025
AHA/ACC/AANP/AAPA/ABC/ACCP/ACPM/AGS/AMA/ASPC/NMA/PCNA/SGIM Guideline for the
Prevention, Detection, Evaluation and Management of High Blood Pressure in Adults: A Report of
the American College of Cardiology/American Heart Association Joint Committee on Clinical
Practice Guidelines. Hypertension. 2025;82(10):e212-e316.

Whelton PK, Carey RM, Aronow WS, et al. 2017
ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA Guideline for the Prevention,
Detection, Evaluation, and Management of High Blood Pressure in Adults: A Report of the
American College of Cardiology/American Heart Association Task Force on Clinical Practice
Guidelines. J Am Coll Cardiol. 2018;71(19):e127-e248.

Chobanian AV, Bakris GL, Black HR, et al. The Seventh Report of the Joint National Committee
on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure: the JNC 7 report.
Jama. 2003;289(19):2560-2572.

Matcher DB, McCrory DC, Orlando LA, et al. Draft comparative effectiveness review: comparative
effectiveness of angiotensin-converting enzyme inhibitors (ACEIs) and antiotensin |l receptor
antagonists (ARBSs) for treating hypertension. Durham, NC: Duke Evidence-Based Practice
Center; 2006.

Messerli FH, Bangalore S, Bavishi C, Rimoldi SF. Angiotensin-Converting Enzyme Inhibitors in
Hypertension: To Use or Not to Use? J Am Coll Cardiol. 2018;71(13):1474-1482.

Jamerson K, Weber MA, Bakris GL, et al. Benazepril plus amlodipine or hydrochlorothiazide for
hypertension in high-risk patients. N Engl J Med. 2008;359(23):2417-2428.

Holman RR, Paul SK, Bethel MA, Neil HA, Matthews DR. Long-term follow-up after tight control
of blood pressure in type 2 diabetes. N Engl J Med. 2008;359(15):1565-1576.

BiY, Li M, Liu Y, et al. Intensive Blood-Pressure Control in Patients with Type 2 Diabetes. N Engl
J Med. 2025;392(12):1155-1167.

Cushman WC, Evans GW, Byington RP, et al. Effects of intensive blood-pressure control in type 2
diabetes mellitus. N Engl J Med. 2010;362(17):1575-1585.

Phillips LS, Branch WT, Cook CB, et al. Clinical inertia. Ann Intern Med. 2001;135(9):825-834.
Law MR, Wald NJ, Rudnicka AR. Quantifying effect of statins on low density lipoprotein
cholesterol, ischaemic heart disease, and stroke: systematic review and meta-analysis. BMJ.
2003;326(7404):1423.

Treatment of type 2 diabetes | 69



233.

234.

235.

236.

237.

238.

239.

240.

241.

242.

243.

244,

245.

246.

247.

248.

249.

250.

251.

252.

253.

Grundy SM, Stone NJ, Bailey AL, et al. 2018
AHA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA Guideline on the
Management of Blood Cholesterol: A Report of the American College of Cardiology/American
Heart Association Task Force on Clinical Practice Guidelines. J Am Coll Cardiol. 2018.

Sattar N, Preiss D, Murray HM, et al. Statins and risk of incident diabetes: a collaborative meta-
analysis of randomised statin trials. Lancet. 2010;375(9716):735-742.

American Diabetes Association. Aspirin therapy in diabetes (position statement). Diabetes Care.
2004;27(S1):S72-S73.

Haffner SM, Lehto S, Ronnemaa T, Pyorala K, Laakso M. Mortality from coronary heart disease in
subjects with type 2 diabetes and in nondiabetic subjects with and without prior myocardial
infarction. N Engl J Med. 1998;339(4):229-234.

Group ASC, Bowman L, Mafham M, et al. Effects of Aspirin for Primary Prevention in Persons
with Diabetes Mellitus. N Engl J Med. 2018;379(16):1529-1539.

McNeil JJ, Wolfe R, Woods RL, et al. Effect of Aspirin on Cardiovascular Events and Bleeding in
the Healthy Elderly. N Engl J Med. 2018;379(16):1509-1518.

U. S. Preventive Services Task Force, Davidson KW, Barry MJ, et al. Aspirin Use to Prevent
Cardiovascular Disease: US Preventive Services Task Force Recommendation Statement.
JAMA. 2022;327(16):1577-1584.

Bhatt DL, Marso SP, Hirsch AT, Ringleb PA, Hacke W, Topol EJ. Amplified benefit of clopidogrel
versus aspirin in patients with diabetes mellitus. The American journal of cardiology.
2002;90(6):625-628.

Virani SS, Newby LK, Arnold SV, et al. 2023 AHA/ACC/ACCP/ASPC/NLA/PCNA Guideline for the
Management of Patients With Chronic Coronary Disease: A Report of the American Heart
Association/American College of Cardiology Joint Committee on Clinical Practice Guidelines.
Circulation. 2023;148(9):e9-e119.

Voulgari C, Katsilambros N, Tentolouris N. Smoking cessation predicts amelioration of
microalbuminuria in newly diagnosed type 2 diabetes mellitus: a 1-year prospective study.
Metabolism. 2011;60(10):1456-1464.

West R. Tobacco smoking: Health impact, prevalence, correlates and interventions. Psychol
Health. 2017;32(8):1018-1036.

American Dental Association. Your Top 9 Questions About Going to the Dentist Answered.
https://www.mouthhealthy.org/dental-care/questions-about-going-to-the-dentist. Accessed
October 24, 2025.

Mingrone G, Panunzi S, De Gaetano A, et al. Bariatric surgery versus conventional medical
therapy for type 2 diabetes. N Engl J Med. 2012;366(17):1577-1585.

Schauer PR, Kashyap SR, Wolski K, et al. Bariatric surgery versus intensive medical therapy in
obese patients with diabetes. N Engl J Med. 2012;366(17):1567-1576.

Schauer PR, Bhatt DL, Kirwan JP, et al. Bariatric Surgery versus Intensive Medical Therapy for
Diabetes - 5-Year Outcomes. N Engl J Med. 2017;376(7):641-651.

Brethauer SA, Aminian A, Romero-Talamas H, et al. Can diabetes be surgically cured? Long-term
metabolic effects of bariatric surgery in obese patients with type 2 diabetes mellitus. Ann Surg.
2013;258(4):628-636; discussion 636-627.

Hsu CC, Almulaifi A, Chen JC, et al. Effect of Bariatric Surgery vs Medical Treatment on Type 2
Diabetes in Patients With Body Mass Index Lower Than 35: Five-Year Outcomes. JAMA Surg.
2015;150(12):1117-1124.

American Diabetes Association Professional Practice Committee. 5. Facilitating Positive Health
Behaviors and Well-being to Improve Health Outcomes: Standards of Care in Diabetes—2026.
Diabetes Care. 2025;49(Supplement 1):S89-S131.

Abdelhafiz AH, Rodriguez-Manas L, Morley JE, Sinclair AJ. Hypoglycemia in older people - a less
well recognized risk factor for frailty. Aging Dis. 2015;6(2):156-167.

American Diabetes Association. Low Blood Glucose (Hypoglycemia). Diabetes Advisor Web site.
https://professional.diabetes.org/sites/professional.diabetes.org/files/pel/source/sci-
advisor_2018 low_blood_glucose hypoglycemia-newb-final.pdf. Accessed February 4 2020.
Klonoff DC, Nguyen KT, Xu NY, Gutierrez A, Espinoza JC, Vidmar AP. Use of Continuous Glucose
Monitors by People Without Diabetes: An Idea Whose Time Has Come? J Diabetes Sci Technol.
2023;17(6):1686-1697.

70 | Treatment of type 2 diabetes


https://www.mouthhealthy.org/dental-care/questions-about-going-to-the-dentist
https://professional.diabetes.org/sites/professional.diabetes.org/files/pel/source/sci-advisor_2018_low_blood_glucose_hypoglycemia-newb-final.pdf
https://professional.diabetes.org/sites/professional.diabetes.org/files/pel/source/sci-advisor_2018_low_blood_glucose_hypoglycemia-newb-final.pdf

254.  Uhl S, Choure A, Rouse B, Loblack A, Reaven P. Effectiveness of Continuous Glucose Monitoring
on Metrics of Glycemic Control in Type 2 Diabetes Mellitus: A Systematic Review and Meta-
analysis of Randomized Controlled Trials. The Journal of Clinical Endocrinology & Metabolism.

2023;109(4):1119-1131.

Treatment of type 2 diabetes | 71



Continuing education exam

CMEO evaluation links

To complete your activity posttest, evaluation and print your certificate or statement of credit immediately:

1.

Please follow the below link or scan the QR code to the right:
qrco.de/CMEO_diabetes2025

You will be prompted to create a CME Oulffitters account or if
you're a returning user, sign into your CMEO account.

Select "Take Final Exam" and complete the post-test for the
activity.

Select "Take Post-Evaluation" and complete the evaluation for
the activity.

Select "Credit Application” to claim your credit.

Select "My Certificates" to access your certificate. You will be able to print or download a PDF of
your certificate.

This website supports all browsers except Internet Explorer for Mac. For complete technical requirements
and privacy policy, visit cmeoutfitters.com/privacy/

Questions about this activity?  Alosa Health

20 Park Plaza, Suite 821
Boston, MA 02116

Email: cme@alosahealth.org
Fax: 857-350-9155

72 | Treatment of type 2 diabetes


https://qrco.de/CMEO_diabetes25
https://www.cmeoutfitters.com/privacy/

About this publication

These are general recommendations only; specific clinical decisions should be made by the
treating clinician based on an individual patient’s clinical condition.

E 2 E 2 Alosa This material is provided by Alosa Health, a nonprofit organization
<< < << Health which accepts no funding from any pharmaceutical company.

This material was produced by Zeb Saeed, MD, Instructor in Medicine; Hema Pingali, MD, Instructor in
Medicine; Alex Chaitoff, MD, MPH, Assistant Professor of Internal Medicine; Ellie Grossman, MD, MPH,
Instructor in Medicine; and Jerry Avorn, MD, Professor of Medicine, all at Harvard Medical School, except
Dr. Chaitoff, who is at the University of Michigan; Alan Drabkin, MD, FAAFP, Clinical Associate Professor

of Family Medicine, Tufts University School of Medicine; Dawn Whitney, RN, MSN, Lecturer at Northeastern
University and University of Massachusetts, Boston; Sally McNagny, MD, MPH, Chief Medical Officer;
Paul Fanikos, RPh, MPA/HA, Chief Operating Officer; and Ellen Dancel, PharmD, MPH, Director of Clinical
Materials Development, all at Alosa Health. Drs. Avorn, Pingali, and Saeed are physicians at Brigham and
Women’s Hospital in Boston, MA. Dr. Chaitoff practices at the Veterans Affairs Ann Arbor Health System and
Dr. Grossman at the Cambridge Health Alliance. None of the authors accept any personal compensation
from any drug company.

Medical writer: Stephen Braun

‘ l ' ' enns lva nia Pharmaceutical Assistance
m gEPARTMENTyOF AGING PACE Contract for the Elderly

Copyright 2025 by Alosa Health. All rights reserved. AH-001-0051 Nov 2025





